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FOREWORD 

This is the final submittal of the Solar Pilot Plant Thermal Storage Subsystem 
Research Experiment Detailed Design Report (DDR) per CDRL Item 8 under 
ERDA Contract E( 04.;. 3)-11 09. 

The technical contents of this document have been approved by ERDA. , 
Corrections and additions to the original document (submitted 22 June 1976) 
are indicated by a vertical line in the margin adjacent to the change. 
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Introduction 

PURPOSE AND CONTENT 

This report presents the Therm3.l Storage Test Item and associated test facilities 
and equipment at the level of detail required to show the ability of the design to 
meet the program objectives and to demonstrate that satisfactory interfaces have 
been determined to ensure testability. 

The Thermal Storage Subsystem Research Experiment has been classified into 
three categories: Test Item, ·Test Facility and Test Equipment. Although the 
latter two have been covered and approved in CDRL :/1:7, they have been included . 
here because additional detailed design effort was required to support the test item. 
The test :item contains all of the major hardware elements for the storage subsys-­
tern, including component installation packages. The test facility provides the ser­
vices, housing, sources/sinks and valves/piping to tie the major storage elements 
into an operating system. The test equipment provides the operating system with 
control and safety features, exercises the system during test. and provides the 
necessary data reduction capability. 

\ 
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Introduction 

PILOT PLANT BASELINE :CESIGN PERFORMANCE REVIEW 

The Thermal Storage Detail Design activity implemented t:~e design concept pre­
sented at the Conceptual Design Review for the subsystem resea::-ch experiment. 
The Pilot Plant Updated Design was used as the basis for establishing requirements 
for the subsystem research experiment. 

The basic features of the Pilot Plant Thermal Storage Subsystem include Pilot Plant 
Design and Performance Features: 

• Design Features 

345 MWH(t) storage capacity main/ superheater tankage 

Salt phase change materials: NaN03 -NaOH 

Array of five insulated cylindrical tanks/two cylindrical tanks 

Ground-level storage 

Modular heat exchangers 

Self-regulating contr.ol system 

40-year storage life 

One reserve storage tank 

• Performance Features 

Deliver 7 MW(e) net - 6 hours 

Provide 28 °C (50. 4 °F) ~uperheat 

6. 5 l\CPa/307°C {942. 7 psia/584. 6°F) discharge cycle 

12.0 :MPa/5l0°C (1740 psia/950°F) charge cycle 

Handle 31. 5 MW(tl charge rate 

Heat loss < 0. 34 pe::-cent per hour 

The selection of 12.0 MPa/510')C (17:10 psia/950°F) charge cycle was predicated on 
the phase material solidification characteristics. During the freezing process,. only 
NaN03 is precipitated from solution and it settles to the bottom of the tank. Con­
sequently, to achieve the design heat rate the charging steam must, at least be 
supplied at 327 °C (620. 6 °F). The sa:uration pressure corresponding to this tem­
perature is approximately 12.0 MPa •:1740 psia). The superheater storage unit will 
require a drop from 510°C (95C°F) to 371 °C (700°F). The condenser is capable of 
handling superheated steam at 12.0 MPa/371 °C (1740 psia/700°F). Based on this 
constraint from the storage sut system a performance I cost tradeoff was made to 
determine the "best" discharge condi:ions to the turbine based on the overall plant 
design. This resulted in the In.3.in storage discharge conditions of 6. 5 MPa/279°C 
(942. 7 psia/534 °F). 
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..-- basic main storage concept proposed at the preliminary qesign baseline review, 
.c 'irmed at the conceptual design review, and ,presented herein for the basis for 
procurement of hardware consists of the following: 

• Thermal Energy Storage Material -- Mixture of NaN03, NaOH phase 
change material. 

• Thermal Storage Charging -- Transfer o: latent heat of condensing 
steam inside circular tubes to the salt outside the tubes as latent 
heat of fusion. Use of convection and thermo-syphon effects for bu]k 

175' 
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Figure 1-2. Pilot Plant Arrangement - Thermal Storage 
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• Thermal Storage Discharging -- Transfer of heat from -:he freezing 
salts surrounding. circular tubes to water forced-circulated through 
these tubes. The water, receiving heat of vaporization,. generates 
steam vapor and is supplied to a steam drum separator where satur­
ated steam is withdra'VI"n.. The .crystallized salt is removed from the 
outside of the tubes by mechanical means. 

The basic objective of conducting the Thermal Storage Subsystem Research Experi­
ment Program is to co'nfirm anj/ or extend the Pilot Plant !Preliminary Design 
mechanization to permit preliminary design specifications to be ;>repared. 

With this objective in mind, and based on the foregoing baseline design, the com­
ponents and operating elements are detailed on the succeeding pages. 

'· 
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Summary 

THEEMAL STORAGE SUBSYSTEM RESEARCH EXPERIMENT KEY FEATURES 

The Thermal Storage Subsyst~m Research Experiment (TSS/RE) is designed to give 
maximum information for evaluating the design, performance and operating para­
meters of the proposed pilot plant configuration. 

The baseline pilot plant configuration makes it possible to design, construct and 
test a full-size heat exchange SRE module. The SRE will contain the same salt 
mixture as the pilot plant moc.ule and will exchange heat with identical vaporizer 
and condenser heat exchangers. The same control system technique will be used 
and will operate on the same basic charge and discharge cycle conditions. The 
performance of the SRE can be evaluated and the operating characteristics defined 
and directly applied to the pilot plant design. The operating experience gained dur­
ing the testing phases will permit a realistic assessment of equipment reliability 
and maintenance. 

The key design and test features of the SRE include: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2-2 

An instrumented forced circulation steam generating system that 
can be used in a number of different operating and engineering modes 
to characterize tl:e rangeability of the design and performance 
parameters. 

An instrumented steam condensing system capable of supplying 
steam at variable rates and state conditions to a serpentine con­
denser to evaluate the design and performance from trickle charge 
to full charge. 

A steam drum warming sequence to ensure a controlled experiment 
with quick safe starts. 

A vaporizer thaw steam capability to free "frozen" sc:rapers to 
reduce test turnaround time. 

An instrumented storage tank with a variable heat loss control 
system to evaluate the effects of heat loss on system design/ 
performance. 

An instrumented dua] steam trap station to evaluate the performance 
of a mechanical vers·J.s thermodynamic type trap for p:.lot plant 
application. 

A centralized mob~le SRE control center for remote integrated 
experiment operat:.ons. 

A data acquisition system to collect, store and display the test 
conditions, alarms and provide real-time computation2.l results. 

Use of the operating electric utility facility at NSP for the experi­
ment testing. 

40454 



Table 2-1. Pilot Plant/SRE Requirements 

.. .. ·~ 

Pilot Plant SRE Characteristics 

' • 320 MWH(t) main storage capacity • 1. 34 MWH(t) storage capacity 

• Salt PCM-NaN03-NaOH • . Same salt PCM-NaN03-NaOH 

z • 235 modular exchangers housed in • Single PP modular exc~1anger in a C) 
...... 5 cylindrical storage tanks square tank (j) . .... 
·fil 
Q 

• Self-regulating control system • Same control system 

• Ground level storage • Above-ground storage ·nith insulation/ 
variable heat loss control system 

-
• Deliver 7 MW(e) net or 31. 5 MW(t) 8 134.4 KW(t) discharge rate - 6 hours 

fil 
discharge rate - 6 hours 

u z I 

~ • 6, 5 MPa/307 °C discharge cycle e Same discharge cycle ex:; 
0 

12.4 MPa/510cC charge cycle Same charge· cycle (.I., • • ' p:: ' fil / 

p, • 31. 5 MW(t) charge rate • 134.4 KW(t) charge rate - 6 hours 

• H~at Loss < 0. 35o/o/hr • Variable heat loss 

I I 
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Summary 

EXP3RIMENT LAYOUT AND SCHEMA TIC 

The SRE consists of a Thermal Storage Unit, a Steam-Generc..ting System, Steam­
Condensing System, Instrumentation, controls with data reduction, support equip­
ment and facility items. 

The research experiment will be located at the NSP Riverside Power Plant in 
Minneapolis, Minnesota. The Storage Test Item will be located as shown-installed 
in a refurbished transformer vault (a) adjacent to the main building. Elements 1 
through 7 are located as sho"'r!l. The Test Control Center is l:Jcated in the main 
building on the turbine floor. Elements 8 and 9 make up the Data Acquisition and 
Control Systems. 

The Simplified SRE schematic shows the Thermal Storage Uni1 as an insulated 
square tank containing the salt phase change material. The ta:tk supports the 
vaporizer and condenser mocules, as well as the mechanisms and instrumentation. 

The.Steam Generating Systerr~ consists of the vaporizer, stean: drum, pump, con­
trols, valves, instrumentation and piping. Feedwater is pumped through the vapor­
izer and saturated steam is 'll;ithdrawn from the steam drum. The steam throttle 
valve will place th:! same type of demand on the system as the -:urbine throttle valve. 

The Steam Condensing Systerr~ consists of a condenser module, desuperheater, 
steam traps, with control valves anj piping. The desuperheater provides saturated 
steam :o the conde.:1ser module and "':he condensed steam is discharged from the 
steam :raps. The .steam thro:tle valve will load the system in the same way as the 
Receiver Steam Generator supply valve. 
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Summary 

DESIGN REQUIREMENTS 

The design requirements are predicated on the selected Pilot Plant performance 
and specified ~harge and dis::!harge cycle conditions, the characteristics of the 
selected phase change material, the engineering model test program, and the 
applicable codes and standards. 

The SRE must store 1. 34 M\HI(t) heat energy 99% (wt) N:~.N03.-1% (wt) NaOH PCM. 
The discharge or steam generation sl,stem must be capable oi operating steady-
state salt temperature of 307" C (584 F). Using a 10 per~ent rr:argin for good 
design'practice results in a design pressure of 10. 4 MPa (1505 psia). The charging 
or steam condensation systerr_ must be capable of operating at 12.27 MPa (1790 pisa). 
Using a 10 percent margin gives a design pressure of 13. 5 MPa (1958 psia). The 
salt storage structure must be capable of operating safely at a :emperature of 
335 ° C (535 °F) and handle up to 71. 0 kPa (10. 3 psig) hydrostatic loads during its 
lifetime. 

The SRE design requirements and related codes and standards are shown in 
Tables 2-2 and 2-3, respectiYely. 
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Table 2-2. SRE Design Requirements 

DESIGN REQUIREMENTS 

Item , Tempera.ture Pressure 

Steam Generation System 

Melting point of salt at start of discharge 
(NaN03 99o/o net, 1% NaOH) 303°C (578°F) 9 MPa (1306 psia) 

Maximum operating steady-state tempera-
ture limit for salt 
(1% control margin on melt temperature) 306. 7°C (584°F) . 9. 43 MPa (1368 psia) 

Design pressure for steam generation 
system (10 percent margin on maximum 

314. 4 °C (598°F) :.. operating pressure) 10. 38 MPa (1505 psia) 

Hydrostatic test pressure (1. 5x) --- 15.57 MPa (2257 psia) 

' . 
Steam Condensation System 

Maximum working saturation steam 
326. 7°C (620°F} temperature at condenser module inlet 12.28 MPa (1780 psia} 

Design pressure for steam condensing ~ 
system (10 percent margin) 335. 0°C (635°F) 13.51 MPa (1958 psia) 

Hydrostatic test pressure --- 20. 27 MPa (2937 psia) 

Storage Tank Assembly \ 
Maximum operating salt temperature 326·. 7°C (620°F·, 

Design temperature (corresponding to 
steam condensing system design) 
pressure of 1958 psia 335. 0°C (635°F) 

Design pressure for hydrostatic and 
handling loads 0, 07 MPa (10. 3 psig) 

Phase Change Material 

99 percent wt NaN03-1% NaOH maximum 
371. 1 °C (700°F) safe temperature for negligible decomposition 21.39 MPa (3100 psia) 
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Table 2-3. SRE Codes and Stand:1rds 

CODES AND STANDARDS 

Preest:re Vessels 

ASlVIE Boiler and P:-essure Vessel Code 

Section I! .. Material Specifications 

Section VIII - Pressure Vessels 

Section IX - Welding Qualifications 

Power ?i9ing (Beyond Sccpe of ASME Code) 

ANSI Bl: 1 - belt and threads 

B2. 1 - t.:t:~eqded connections 

B16. 5 - r, .... flange valves, flange fittings, bolts and gasker.s 

B16. 9 - f;,:- l>utt welded connections 

B16. 11 - for socket welded connections 

B16. 25 - f01r butt welded grooves and back up rings 

B16. 34 - fot tutt welded valves 

B18. 2 - b.,:tL,g (nuts) 

B31. 1 - fc·x: material design and fabrication 

T.EMA Standards - :o:- heat exchangers 

Storage Tank 

API Standard 620 - Recommended rules for design and construction of low p-essure 
"'torage tanks 

API Standard 650 - We-lded steel tanks for oil storage 

AN'2 - Stnctural Welding Code 

.4:sc - M.aau~l of steel construction 

AISC - Quili:y criteria and inspections 

AWS; A58. 1 - Bt:i<ding code requirements for min~mum design ·loads in b~ildup and 
otl'•er structures 

ASTM - M .. ter.ial Specifications 

A283 - fo .. 3t<>el plates 

A570 - fot st~e 1 sheet 

A233 - for. :nild steel arc welding electrodes 

A36 for structural steel ' -
Al31 - for :otructural steel for ships 

A20 - for ~eneral requirements for delivery of steel plates pressure vessels 

Electrical 

ANSI CI, NFPA70 - r~ational Electric Code 

NEMA Standards 

Circula:i115 Pumps 

AP:-E10 - cen:tifugal pumps for general refinery service 

Feedwa1er Standards 

ABMJ! Standard 1958 - :n~nimum acceptable water quality for design .,H ·- 8. 5 to 9. 5 

Conductivity (flmhos) -. 5-10 

Total 3olids (ppm) - .OJ max 

S1 0:! (·,p:n) - •· .~5 max 

02 tppm) -11.005 

Fe (ppo:n) - C•. 01 

Cu (ppm) - c. 1105 

T·:>tsll:.ardness (ppm) - c 
Organi.::s (ppm) - c 
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Summary 

SRE DESIGN POINT SELECTION 

The design poin: selected for the SRE phase change material, steam generation 
and condensatio::J. systems are based on experimental data for, the critical 
parameters whi·~h account f:Jr the physical realities of t:-"1e system. This provides 
a high degree of design confidence in the SRE. 

Engineerin~ model test results indicate that an average discharge salt heat flux of 
20.5 kW /m (6500 Btu/hr-f:2) (Fi~ure 2-3) and pipe heat flux based on outside area 
of 59.85 kW/m2 (19, 000 Btulhr-ft ) can readily be achieved when using a dilute 
eutectic composition of 99 percent (wt) of NaN03 and 1 percent (wt) NaOH (Fig-
ure 2-4) for rec::>very of 60 percent of the latent heat energy with a 12. 2°C (10°F) 
freezing point depression in the :fhase change material (Figure 2-5). A value of 
4. 828 kW/m2-°K (850 Btu/r_r-ft -°F) for the outside film coefficient (Figure 2-6) 
is used for vaporizer desigr:. 

The phenomena associated with the steam side of the heat exchanger were not ex­
perimentally ~vc.luated in the engineering model test prcgram. For a good flow 
distribution, a mass velocity ::.n excess of 3. 9 x 106 Kg/3r-m2 (0. 8 x 106 lb/hr-ft2) 
and a recirculation ratio of 5 to 1 is chosen for vaporiser tube design. Heat trans­
fer correlations with two-phc.se flow inside horizontal tubes predict an average 
coefficient of about 17.03 kVT./m2-k (3000 Btu/hr-ft2)°F. Usir:g these values an 
overall coefficient, based on outside area of 2.8675 kW/m2-k (505 Btu/hr-ft~-°F) 
is selected. 

The systems tradeoff analysis on the solar pilot plant indicates an optimum dis­
charge cycle pressure of 6. 48 MPa (940 psia). To meet the code requirements, a 
pipe size of 2. 540 em 0. D. /l. 986 em I. D., (1 in 0. D. /0. 782 in I. D.) is selected. 
One-inch 0. D. tubing has been used in all engineering model testing. Thus using 
these parameters, the SRE vaporizer having a tube length of 34. 14 m (112 ft) and 
capable of a heat rate of 134.-4 kW(t) (4. 59 x 105 Btu/hr) at 1360 Kg/hr (3000 lb/hr) 
recirculation rate (Xc = 0. 2) is required (Figure 2-7). 

The engineering model tests results for the charge cycle indicate that a salt side 
coefficient of about 511 W /m2-k (90 Btu/hr-ft2- °F) can be achieved (Figure 2-8 ). 
Theoretical calculations also predict about the same value for the coefficient. 
Systerr..s tradeoff studies indicate a charge cycle pressure of 12. 4 MPa (1800 psia), 
which results in a pipe size o~ 2. 540 em 0. D. /1. 935 em I. D. (1 in 0. D. /0. 762 in 
I. D.). Using an inside coeffieient of 13.75 kW/m2-k (2421 Btu/hr-ft2-°F) pre­
dicted from theory, an overall coefficient of 433 W/m2-k (76. 3 Btu/hr-ft2-°F) is 
arrived at. The charge heat :-ate was set to be the same as discharge heat rate. 
Thus using these parameters and total steam condensation a bare tube exchanger 
of length 166. 7 m (547 ft) is obtained. 

The Thermal Storage SRE Design/Perforrm nee Summary is shown in Table 2-4 ). 

\ 
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.. 
NaN03 -NaOH :93:1) 

-2 
6h = 4.81 X 10 kWh/kg 
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Table 2-4. Thermal Storage SRE Design 
Performance Summary 

Parameter SI Units English 
Engineering 

Tank Size (Nominal) 2. 56m x 2. 56m x 2. 53m 8. 4 ft X 8. 4 ft X L 3 ft 

Tank Weight 7260 (kgs) 16,000 (lb) 

Vaporizer Weight 2720 (kgs) 6000 (lb) 

Condenser Weight 1360 (kgs) 3000 (11:) 

Salt Weight NaN03-NaOH 29, 710 (kgs) 65' 500 (lb) 

Tank Weight- Gross 41,050 (kgs) 90, 500 (lb) 
' 

Thermal Storage Capacity 1. 34 MWH(t) 4. 60 x 106 (Btu) 

Nominal Charge Rate 134.4 KW(t) 4. 60 x 10_5 (Btu/hr) 

Mean Discharge Rate 134.4 KW(t) 4. 60 x 105 (Btu/hr) 

Discharge Heat Recovery 60% 60% 

Charge Time .. 
6 (hr) 6 (hr) 

Discharge Time 6 (hr) 6 (hr) 

Steam Condensation System 

Charge Steam Rate 412 (kg/hr) 908 (lb/hr) 

Charge Conditions 12,270 KPa/327°C 1780 psia/620°F 

Condensate Loading 2. 46 (kg /hr:-m) 1.65 (lb/hr-ft) 

Condensation Coefficient: 

Outside, ho 519 W/m2-K 91. 4 (Btu /hr-ft2- °F) 

Overall, uo 433 W/m2-K 76.3 (Btu/hr-ft2-°F) 

Pipe Size, 0. D. /I. D. 2. 54 cm/2 em 1 in. /0.732 in. 

Pipe Length 168 (m) 544 (ft) 

Configuration 1-71 leg serpentine 1-71 leg serpentine 
2. 35 m/leg 7. 7 ft/leg . 

.Steam Generation System 

*Discharge Steam Rate 272 (kg/hr) 600 (lb /hr) 

Discharge Steam Conditions 6535 KPa/280°C 948 psia/538°J' 

Recirculation Rate 5/1 5/1 

Vaporizer Coefficient: 

Outside, ho 4826 W/m2-K 850 (Btu/hr-ft2- °F) 

Overall, U0 2868 W/m2-K 505 (Btu/hr-n2- °F) 

Pipe Size, 0. D. /I. D. 2. 54 cm/1. 986 em 1 in. /0.7 82 ir:. 

Pipe Length Configuration 34.1 (m) 112 (ft) 

1-16 leg serpentine 1-16 leg serp~ntine 
with scrapers on with scrallers on 
2. 13 m/leg 7 ft /leg 
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Summary 

Desigr: Point Cor:siderations 

STEAM GENERATOR PERFORMANCE 

The mean operat~ng heat rate at the design point over the complete discharge cycle 
is expected to be 134. 81 KW(t) (4. 60 x 105 Btu/hr) with a mear~ LMTD of 17. 2C 0 

(3'1 F 0
} and overal: coefficient of 2. 867 kW /m2k (505 Btu/hr-ft2-F 0

). 

The maximum hea1 rate will c·ccur at the initial point of discharge when the salt 
temperature is 303. 3°C (578''F) and is expected to be 153.28 KW(t) (5. 23 x 105 
Btu/hr) based on a LMTD of 20. 2 °C (36. 4 °F) and initial overall coefficient, Uoi 
of 2. 782 kW fm2k (490 Btu/hr-ft2- °F), assuming a pressure qrop of 344. 7 kPa 
(50 psi;·. 

The minimum heat rate will occur at the end of the discharge cycle when the salt 
temperature is 297. 8°C (568'?), and is expected to be 117.22 KW(t) (4. 00 x 105 
Btu/hr) based on .LMTD of 14. 7°C (26. 4°F) and an overall coefficient Uof of 
2. 924 kW/m2-k (515 Btu/hr-ft2-°F). 

The mean heat rate integrated over the discharge cycle time of 6 hours is expected 
to be 134.8 KW(t) (4. 60 x 105 3tu/hr) based on a mean LMTD of 17. 3°C (31.1 °F) 
and an overall coefficient of 2. 867 kW /m2 -k (505 Btu/hr-ft2- °FL The mean or 
time averaged LMTD is calcuhted from the change in salt bath -:emperature with 
percent heat recovered obtained from the engineering model experiments. 
Figure 2- 9 ) shows the experi:nental and theoretical curve for Ealt bath temper­
ature with percent recovery arxl the LMTD versus discharge time. The mean 
P t = 6. 69 MPa (970 psia), T t = 283. 3 °C (542 °F) and T lt = 300. 5 °C ( 573 °F). sa sa sa 
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Summary 

SRE Performance Sensitivity 

DISCHARGE HEAT RATE \TERSUS DRUM PRESSURE 

Steam drum pressure is :he primary control variable for setting the discharge .heat 
rate. Recirculation rate and/or scraper speed are alternate nodes for evaluat~o~ 

The design mean heat rate from the vaporizer will be 134. 7 kW (4. 6 · 105 Btu/hr) 
at 6. 49 MPa (940 psia) stec..m drum pressure and 1. 36 ::: 103 kg /hr (3000 lb /hr) 
recirculation rate. A 20 percent reduction in drum pressure is expected to pro­
duce a 60 percent increase in output heat rate at the same recirculation flow 
condition if design mechani2ation limits are not exceeded. 

Varying the recirculation flow over a range of 6 to 1 pr:::>duces a 13 percent change 
in the output heat rate at constant steam drum pressure (Figure 2-10). 
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Summary 

SRE Performance Sensitivity 

FEEDWATER TEMPERATL"3E VERSUS DISCHARGE HEAT RATE 

The feedwater temperature to the steam drum will affect the discharge heat rate 
and si(eam rate delivered by the SRE. 

The feedwater temperature to the steam drum is expectea to vary during the test 
operations at N~P. Figure 2-11 siows that heat rate and steam rate increases 
with increase in feedwater tenperature. Writing the energy equation, ..-~ 

(1) 

(2) 

M = M ·X 
s · R e 

(3) 

it can be seen from Equation (2) that increasing the feedwater temperature in­
creases the exit steam qual:iity, since the ~H term in the denominator decreases. 
Since the inside, and hence the overall coefficient increases with steam quality, the 
heat rate will increase with feedwater temperature. The steam rate is calculated· 
from Equation (3). Compute::- calculations were done to obtain the exit quality from 
Equation (2) for a given tube length. 
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Summary 

SRE Performan:e Sensitivity 

RECIRCULATION FLOW VERSUS DISCHARGE HEAT RATE 

The recirculation flow rate in the steam generator loop will affect the discharge 
heat rate due to variation of steam side film coefficient. 

The recirculation flow through the vaporizer tubes will be varied over a range of 
4. 54 x 102 - 2. 72 x 103 kg /tr (1000- 6000 lb /hr) to determine the influence of the 
inside heat trans:fi'er coefficient on the discharge heat rate. Figure 2-12 shows 
the expected heat rates for :::"RE vaporizer, as a function of recirculation flow with 
feedwater temperature as p:~rameter. At flow rates lower than about 9. 07 x 102 
kg /hr (2000 lb /hr) the curve shows a sharp decrease because t~e effective inside 
coefficient controls. At floV'i' rates higher than about 1. 36 x 10 - 1. 81 x 103 
kg /hr (3000-4000 lb /hr) the curve begins to flatten because the outside coeffi­
cient becomes co:1trolling. 
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Summary 

SRE Performance Sensitivity 

VAPORISER SCRAPER SPEE·D VERSUS OVERALL H. T. COEFFICIENT 

The scraper sp·~ed changes the discharge heat rate by modifying the outside 
coefficient. 

The overall heat transfer coefficient varies along the tube length and is a function 
of the steam quality and :o.ass velocity, the scraper speed, the overall 6T, the 
scraper clearance and the salt· properties. All these parameters have been lumped 
into a dimensionless vat·iable f) in the scraping model described in Appendix H. 
The outside coefficient incre-ases as th.e square root of the scraping speed but de­
creases as the square rqot of 6T. Figure 2-13 shows the effect of scraper speed 
and mass veloclity on the ove·rall-cverall coefficient for the SRE vaporiser, based 
on the scraping model. The overall-overall coefficient is the overall coefficient 
integrated over the tube length. For a given flow rate, the coefficient, and hence 
the heat rate, continually increases with scraper speed. The effect of change in 
the scraper speed is noticea~le at scraper speeds lower than about 120 rpm, be­
cause at lower rpms the outside coefficient controls. At higher scraper speeds, 
the curves tend to flatten out as the outside coeffici'ent approaches the inside 
coefficient. 

2-28 40454 



700 

'iL: 
I 

N ..... 600 LL. 
I 

a::: 
:z:: 
....... 
:::::1 ..... 
Ol 500 

8 
:::::1 

' u.: 
LL. 400 UJ 
0 
(.) 

a::: 
UJ 
LL. 
Ill 300 z 
~ ..... 
..... 
< 200 UJ 
:z:: 
..J 
..J 

~ 
UJ 

100 > 
0 

I 
0 

0 
0 30 

Figure· 2-13. 

60 90 120 

inR = 3.18 X 103,kg/hr (1000 LB/HRI ==-------- .,"~ = 1.36 X 10
3 

kfhr (3000 LB/HRI 

---- r ~ . 
=----------;m~R~=-;4~.5~4~.X~102 hUlhr (10oo LB/~RI ~ 

u = f(m...', X I SCRAPER SP::ED, 6T oo 11< e 
q = U ·A ·l>T 

00 ° 
STEAM DRUM PRESSURE, P. 6.49 MPa (940 PSI AI 

OVERALL, .::l T = T Sai(TSalt = 17.2°C •:31°FI 

-OUTSIDE SURFACE AREA, A
0 

= . 2.72 M2 129.32 FT2l . 

OVERALL-OVERALL COEfFICIENT = U
00 

u =;Suo dl 

oo ~Jdl 

1 0 180 210 
SCRAPER SPEED, [RPM] 

4 -1 
,!'1 

.... 
3 OUIJ 

OJ 
-1 
c: ....... 
:z:: 
c:'. 

1 

0 

'· 

Overall H. T. Coefficient~ U versus Scraper Speed 
0 

40454 2-29 



•. 

z 
0 

•1-u \! 
w 
(/) 



SECTION III 

EXPERIMENT COMPONENTS DETAIL 
DESIGN AND INTEGRA TIDN 

40454 

/ 

3-1 



Experiment Components Detaii Design and Integration 

Experiment Detail !Design 

SPECIFICATION AND DRA WI~G SUMMARY 

The specificationa and drawings for the complete project are all included in 
Appendix A. The only excep1i::>ns are the General Construction Specification, 
Black & Veatch Specification 'V021-D-2A and the NSP Plant Modification Bill of 
Materials Package. These documents ar~ available for reference. 
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Experiment Con:ponents Detail Des:.gn and Integration 

Experiment Detc.il Design 

STORAGE TANK AND FOUKDATION SUPPORT 

The SRE Thermal Storage Ta~k will be an insulated reinforced cube-shaped steel
1 

container, mounted on an inE-ulating base. A steam vaporizer a~d steam condenser 
will b2 mounted inside the tar:.k. Tte condenser suppEes heat to melt salt and the 
vaporizer removes the hec..t :rom the salt to generate 'lapor. 

A cube-shaped tank is readBy manufactured and presents a simple shape for design, 
insulation, handiing and transport. The shape appears to be a Logical choice from 
a standpoint of both vaporizer and condenser design. 

The thermo-syphon and convection ::urrents appear the most straight-forward in a 
rectangular pattern and th= d8posits of solidified salt from the vaporizer on the 
condenser would be more uniform than other shapes. 

The tank measures 2. 53 rn Ugh x 2. 56 m wide x 2. 56 m long (8. 3 ft high~ 8. 4 ft 
wide x 8. 4 ft long) and will :told sufficient molten salt 14. 99 m3 (511. 6 ft ) or 
23,200 kg (61, 540 lb) to p:-ovide 1. 61 MWH(t) of stored latent heat of fusion. An 
ullage space of 0. 3 m (1. C ft; is provided for above the liquid level in which the 
mechanical vaporizer tube scrapers can be suspended. 

The tank will be equipped with exte:::-nal I:..beam reinforcements, insulated sectional 
covers and viewing ports above a double sectional vaporizer and a bottom-mounted 
condenser. The tank will be mounted on double grid of 20 em (8 in.) beams to pro­
vide both support and thermal isolation from the lower cc,ncrete base. Insulation 
between five upper cross bea.Dls and three longitudinal lower beams will serve to 
reduce bottom heat loss. T:"l€ upper I-beams will be welded to the tank to form a 
rigid base easily able to wit:"lstand :;tatic, dynamic and seismic loads. The lower 
I-beams will be fastened t,o :::1e con::rete base to provide firm footing. Anchoring 
will be arranged to permH be base frame to expand c..nd contra•:!t without ~tress 
build-up. The base unit l:>a::Jing will be less than 618 gms/cm2 (8. 8 lb/in ). The 
primary foundation consi~::ts ::>fa large 3. 35 m x 2. 74 m (11ft x 9ft) concrete pad. 

The concrete m·::>unting pa:i protrudes 59 em (1. 83ft c..bove grade). A recessed area 
around the foundation is a:ie~uate in volume to contain the entire molten salt volume 
in the event of ~::erious leakage. 

Mild steel-type A285 GrC has been selected for the tank :;ince the salts do not 
appear to attack it. It is also an easily weldable, readily avail3.ble standard mate­
rial sold in a wide variety of shapes. Building the SRE c.f mild steel will permit 
substantiating the use of thi:; material on the full- scale Pilot Pi.ant. The applica­
tion of block insulation and also the thermal heat losE stt:.dies will be facilitated by 
this tank design. Figure 3- ::_ shows the tank construction. 

The vaporizer units will he mounted on channel sections which will be bolted to the 
uppe:::- tank I bec..m. 

, ' 
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Tank Drainage/ 

A cont::-olled drain line will be installed for removal of the molten salt. A heatab 
quick-opening valve on an adequately sized drain line is planned to permit controlled 
drainage of the tank. This fe3.ture will be installed in the bottom of the tank. 

Tank Corrosion 

Corrosion of the mild steel is expected to be minimal. At the temperature levels 
expected, corrosion rates of .less than 0. 02 mm (0. 8 mil) per year under operating 
conditions will assure adequate system life. External surfaces not protected by 
insulation will require special paints or other coatings. The high external tem­
peratures of the tc..nk will eliminate the normal operating problems encountered by 
mild stee 1 in rusting due to condensation. 

Samples of ASTM A 285-74A Grade C Pressure Vessel Plate being used for the 
SRE tank structur2 have been cut and ground to a convenient shape and measured 
for thickness. 

The samples have been immersed in the engineering test tank facility and have beep 
exposed to the liquid salt for a period of 2350 hours. 

The samples remained during heat rejection tests and were periodically examined 
qualitatively and c..lso measured with a micrometer. The oxidizing nature of the 
salts provided a thin protective oxide coating in the steel samples within three days. 
Measurements show that after 98 days of immersion in the molten salt mixture any 
change was immeasurable using ordinary techniques. The original grinding marks 
were visible on the samples through the thin oxide coating. 

Tank Temperatures 

After charging, the thermal storage system will be exposed to only a limited range 
of temperatures. The salt freezing temperature of 298-300°C (568-578°F) will be a 
strong leveling function. Salt temperatures approximately 310°C (590°F) may be 

· reached only on prolonged charging since most of the energy will be absorbed in the 
latent heat of fusion of the material. Higher temperatures due to sensible heat 
charging can only approach the steam charging temperature 327°C (621 °F). Mini­
mum temperatures will be represented by the partly solidified salt as exposed to 
external heat losses. The walls and bottom of the tank will be cooled by heat loss 
to the outside through the insulation. The temperature of the walls will be at some 
level below the solidificatior:. temperature 298°C (568°F), depending on tank charg­
ing state and heat loss statt:..s. 

Generally, the ta:1k walls and bottom will be restricted to temperatures near the 
freezing point. 

Sto:age Tank Heat Exchangers 

The operation of the thermal cycle of the storage systems utilizes the charging 
steam to melt the salts surrounding the condenser located on the tank bottom. The 
high-temperature steam melts the salt immediately around the heat exchanger. If 
the salts are completely soHd, a liquid relief path to the upper surface of the salt 
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··1 be necessary to avoid pressures from building t.:..p since the frozen salt is 
· tser than the liquid. The steam supply lines will be brought into the tank down 
through the salt to provide such a path. In addition, a special heating coil, in­
stalled just below the condenser, will provide an emergency source of heat and 
additional liquid paths to the salt surface. 

With the salts completely molten, the volume increase will bring the salt level well 
above the vaporizer tube structure. 

The vaporizer will consist of two clusters of 8 tubes each. The tubes will be con­
nected in series to form a single serpentine path·. To maintain heat transfer rates 
during generation of steam, a scraper system driven by external motors on each 
cluster will be provided. The scrapers surrounding the tubes will be driven through 
chain drive systems. Each cluster will have its own motor drive independently 
mounted on the wall of the enclosure. This will permit removal of either of the 
sections of the vaporizer for servicing and experimental work. 

The entire structure will be insulated with a suitable high-temperature insulation. 
The cover will consist of a sheet of 12-gauge steel which is hinged on the side 
opposite where the tubing for the heat exchangers enter the tank. The cover will 
have six 2-ft-square access holes with removable panels. This entire cover will 
be insulated by three heater /insulation panels. 

The area where the tubing for the heat exchangers enters the tank will be stuffed 
with appropriate insulation to prevent heat loss. However, this is not a pressure 
vessel and if the pressure in the ullage space increases it will blow this insulation 
out. If the pressure even reached 0. 20 psi, the entire cover will start to lift and 
the excess pressure will be relieved. If any salt should come out of the tank, it 
will be directed towards the north wall. 

Barriers will be erected on the east and west sides of the tank to prevent entry into 
the north side of the tank when any of the heat exchangers is pressurized. The 
theory is that if a heat exchanger is going to fail, failure will occur while the heat 
exchanger is pressurized. 

One of the tasks required of the tank vendor is a stress analysis of the tank. 

If a heat exchanger fails and the pressure in the ullage portion of the tank in­
creases, redundant pressure sensors will sense this pressure rise and a s,ignal 
will be sent to the control room, closing all of the valves, stopping all of the 
motors, sounding an alarm, and causing a red light on the control panel to flash. 
The operator can silence the alarm by pushing the acknowledge push button. This 
will also cause the light to stay on steady red. 
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Experiment Compo:1ents Detail Design and Integration 

Experiment Detail Design 

TANK AND FOUl'DATION: TANK STRUCTURE DESIGN 

The molten salt storage tank for the SRE was designed with adequate size and 
strength for all anticipated ope:rating conditions. 

A structural design was chosen which permits easy construction with reasonable 
total weight, cost c..nd thermal losses. 

For ease of construction the ta:1k could consist of heavy r:late walls with no external 
reinforcing. Thi.3 would be the easiest to insulate but wo·.1ld be very heavy. The 
other extreme wou~d be a thin-skinned structure with many reinforcements which 
increases the cost of construction and makes the apparent outside surface larger 
and more difficul-: r.o thermally insulate. The compromise was to use five hori­
zontal :-beams as ,stiffeners f.)r 1. 27 em (0. 5 in. )-thick side walls and five trans­
verse !-beams sup:;>Drting a 1.59 em (5/8 in.)-thick bottom (Figure 3-2 ). 

With fhre equally s:;>aced horizontal !-beams on the tank w::~.lls and five equally 
spaced transvers ~ I-beams ur:der the bottom of the tank, the side and bottom plate 
thickness was obtained using A SME code data and allowing for corrosion, taking 

·the nearest thicker standard thickness plate steel (see Figure 3-3 ). 

The horizontal stif:eners 'are l-beams 0. 203 m b;x kg/m (8 in. x 18. 4 lb/ft) which 
will be welded together at the corners and welded to the outside of the tank. With 
,tie rods across the middle of the tank, these beams will pass a hydrostatic test 
pressure of 71 kPa (10. 2 psi). 

Another way of cabulating the ·::>ottom plate thickness required is given by 

T = t. (Ref. 1} 

where 

t = lVIaximu:o. distance between support in inches 

S = Stress vaLle of plate, psi, as tabulated in code 

G = Specific gravity of the liquid 

H = Liquid height 

1. Megyesy, Eugene F. , PRESSURE VESSEL HANDBOOK, Pressure Vessel 
Handbook Pul:lishing, Inc., 3920 E. 53rd St., Tulsa, OK 7-1135, 1975. 
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Figure 3-2. Thermal Storage Tank 
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""'--r this application 5 beams, 

t = 0. 61 meter (24 in.) 

S = 94. 8 MPa (13, 750 psi) for SA 285 Grade C Steel 

G =. 1. 913 

H = 7. 35ft= 2. 24 meters (88. 2 in.) 

Substituting 

T = -----;:::===2=4==========:- = 1. 02 em ( 0. 402 in. ) 
13.750 1. 254 0. 036 (1. 913) (88. 2) 

Corrosion allowance = 0. 08 em (0. 032 in.) 

T = 0. 402 + 0. 032 = 1. 10 em (0. 434 in.) 

The minimum thickness for the total bottom plate is 1. 10 em (0. 434 in.). 

Th~ side plate thickness required is given by 

-v Pn t = 2. 45L am S 

where 

L = length of the tank in inches = 256 em (100. 8 in.) 

HS 16. 8 
n = 0. 0005 for L = 100. 8 = 0. 17 

Pn = 0. 036 Q hn-~+hn 

S = 94.8 MPa (13, 750 psi) for SA 285 Grade C Steel. 

The pressure is greatest at the bottom of the tank. At a point half way between the 
bottom and ·the lowest stiffener 

Pn = 0. 036 (1. 913) (7 · 25 ~ 5· 85) 12 (1. 5) = 56.0 kPa (8. 12 PSI) 

Note: A 1. 5 factor is used as a safety factor. 

T = 2. 45 (100. 8) ')o. 0005 1 ~: ~~0 = 0. 34 em (0. 13~ in.) 

The minimum moment of inertia of the stiffener is 

L3 
I= 500 R E 
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where 

R = the rea ~tion at the beam in psi 

E = modulus of elastic~ty = 30 x 10
6 

for carbon steel 

I .R = 0. 70'7 w = 0. 707 °· 0~6 GH 
0. 707 (0. 036) (1. 913) (5. 85) 12 

= 2 

R = 1.709 X 1.5 = 2.56:1 

I = 500 [ 2. 56 (lOO. e:·3 ] = 1821 em 4 (~3. 76 in. 4> 
30 x. tc6 

For 20. 32 em (8 in.), 8. 35 Kg (lB. 4 lb) I Beam 

I = 2368 em 4 (56. 9 in. 4) 

If the tank was filled complEtely with molten salt 

R = 0. 707 (0. 033) •:1. 913) (8. 3 - 1. 4)1 2 

R = 2. 016 x 1. 5 = 3. 024 

t I = 500 f3.637 :(100. 8):] = 2148 cm4 (51.6 in. 4) 
l 30 X 10 

, Therefore, the stiffener would stil~ hold, even if the tan:~ was completely filled with 
salt with a safety margin of 50 percent. 

Calculations indicate that seismic loading on the tank wLl not pose any problem. 
At the Twin CitieE the probaJ:.le ma"~Cimum horizontal acceleration is under 0. 04 g. 
In Alburquerque this rises to 0. 08 g (Ref. 2). Th.is would cause the salt to slosh 
in the tank and the pressure would ::-ise as much as 3. 86 kPa (0. 56 psi). The tank 
would not move with respect -:o the base because the coefficient of friction between 
the tar:k and the support at least 0. 3. Figure 3-4 is a reprint of Figure 4, 
Preliminary Map of Horizontal Acceleration (Expressed As Percent of Gravity) In 
Rock with 90% Probability Of Not Being Exceeded in 50 Years from Reference 2. 

\ 

2. Algermissen, S. T. and Perkins .. D. M., "A Probabilistic Estimate of Maximum 
Acceleration in Rock in the Contiguous United States, n United States Depart­
ment of the Interior Geological Survey, Open File Report 76-416, 1976, 
45 pages. 

3-12 40454 



If 

Fl ure 4 

Preliminary Map of 
Horizontal Ar.r.eleration (Expressed As Percent Of 

Gravity) In Rock With 90 Percent Probability 
. Of Not Being Exceeded In 50 Years 

The Maximum Ac:celerollon Within n.e 60 Percent Contour AtonQ The 
San Andreas And Garlock Faults In California Is 80 Percent Of Q• 

IUslnQ The Attenuation Curves Of Schnabel And Seed. 19731 

u.s. GeotoQicol Survey Open-File Reporl 76-416. 1976 

.I 

+ + 

c rl ' , 
0 , 

105' 100' 95' 

Figure 3-4. Preliminary Map of Horizontal Acceleration 

/ 



i 

· Exp'eriment Components Detail Design and Integration 

Experiment Detail Design 

TANK AND FOUNDATION: TANK DESIGN PRESSURE 

The maximum tank pres::ure is determined by the hydrostatic test require­
ments. 

The tank will be designe:i to meet the ASME hydrostatic teat requirements. 
The hydrostc..tic test pressure (iHTP) is given by the =quation: 

(Srn ) 
W p ) J.ambient _ 

X • • Xlg ) 
. T operating. 

HTP = L 5 (1. 1 

I 

where: 
t 

J W. P •. 

•1.1 

= the ·;1.;orking hydrostatic pressure 

= a de~ign working allowance 

ST = working str.ess of steel at test conditions· 
ambient 

ST . = work'ing stress of steel at the_ actual operating conditions 
opera~mg. 

Figure _3-5 is a. plot of the working design and· the hydrosta-:ic test pressures. 

T.he: hydrostatic test will be performed by filling the :ank and a special stand 
pipe with water.: and pressurizing the unit. This gives a higher pressure dis­
tr.ibution at the tank top than will be observed· with the tank filled. with molten 
salt. Consequently, the reinforcing of the tank was designed with a, 
spacing of stiffeners to meet the hydrostatic. test rather·than to meet the load 
requirements imposed by the molten salt. 

The. SRE storage tank wCl be designed in accordance with ASME Se.ctions I 
and VIII. Construction ar_d certification will be in accordance with API 6-20 
and traceability will be maintained on all pertinent materials via mill stamps. 

\ 
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Experiment Corr:ponents Detc.il Design and Integration 

Experiment Detail Design 

VAPORIZER MODULE 

Heat energy can be extracted froiffi the thermal storage salt to generate steam by 
using forced-cir::::ulation schEme inside pipes and mechanical salt removal on out­
side o: pipes. 

The vaporizer consists of a ~-101:-izontal parallel array of high-pressure steam pres­
sure tubing using forced circ·.1~atior: inside the tubes and mechanical scraping on the 
outside to extract heat from the freezing salt. 

Utilization of the latent heat of fusion of salts for the generation of high-temperature, 
high-pressure steam requires that Low-cost salts with the correct freezing tem­
perature range be permitted 1o release their heat by freezing to the exterior sur­
face of proper heat exchangers. The use of high- pressure steel tubing permits 
considerable flexibility in the generator or vaporizer design but requires that the 
freezing salt be continuously :removed from the tubes to maintain d•:!Sirable heat 
transfer rates. The present 3RE design uses a parallel array of tubes supported 
on two frames and immersed below the salt surface. The tubes are connected in 
series at the ends and may be remo-.red as units with their frames from the salt bath. 
The straight sections of the tL:bes are surrounded by a special design of the external 
scraper which is capable of removing the salt and also agitating the...,molten salt to 
increase the heat transfer rates. 

The scrapers are turned by roller chain drives from a shaft system above the 
molten salt. Two variable-speed electric motors are used to drive the two systems. 

The vaporizer unit of the SRE is one of the 235 pilot plant heat exchanger modules, 
thus the SRE will be a full size unit which will be used directly in the pilot plant. 
This heat exchanger will experience the identical operatil!g conditions as in the pilot 
plant and have 1/235 of the pilot plant output. The vaporizer design parameters are 
summarized in Table 3-1. 

The vaporizer design details are summarized in Table 3-2 . Note that the scrapers 
are ganged together and driven with two drive motors. The scraper drive will coq­
sist of SCR controlled, permanent magnet D. C. motors with helical spur gear speed 
reducers. The SCR will accurately .~ontrol speed and torque limit. 

The piping design is compatible with the ASME and ANSI code. The tube wall thick­
ness is calculated from the erc:pirical formulae and tables given in the code book 
using a corrosion allowance. A stan:lard carbon steel pipe size was selected. 

Small-scale experiments hav·e been successfully conducted with the proposed 
scrapers. Design changes which occur during the detail design of the SRE will be 
reflected back to the pilot plant to assure that similarity is being maintained. 

\ 
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_, Table 3-1. . Vaporizer Design Parameters 

Engineering Units 
Parameters 

· Pilot Plant SRE 

Discharge Heat Rate 1. 078 x 108 Btu/hr 4. 59 x 105 Btu/hr 

4)2 
C) 1::: 

Overall Temperature Difference 31 F 0 

1::: 4J 

"'s s 4J 
Operating Pressure 1000 psia 

'"' '"' Pipe Size, 0. ti. /I. D. 1. 0 (in. l/,0. 782 (in.) o·-
.... ::::s 
1-<0" 

I 4J 4J 
Steam Quality ' 0.2 0..0:: 

Water Entrance Velocity 6. 2 ft/ sec 

Ul 
Salt Energy Density 9000 Btu/ ft 3 

1::: 
-o Heat Recovery Factor* 0.6 n;~ 

'"' "' 6500 Btu/hr-ft2 Q) -~ Salt Heat Flux** 
6.§ 

....l Overall Heat Transfer Coeff. (U) 505 Btu/hr-ft2-Fo 

Number of Modules 235 1 

1::: Salt Surface Area 16, 590 ft2 70. 60 ft2 
.':!P (Tank Top Area) 
Ul 

' 4J 
Q Salt Depth 7. 25 ft 7. 25 ft 

\ 

Heat Exchanger Tube Length 26, 300 ft 112ft 

*Heat recovery factor =fraction of latent heat of fusion utilized. 

**Salt heat flux = heat rate per unit area below heat exchangers. 

' 

40454 

SI Units 

Pilot Plant SRE 

31.59 IJIW(t) 134.4 kW(t) 

17.:! C 0 

6. 9 MPA 

2.54 {cm)/1.986 (em) 

0.2 

1. 5~ M/sec 

93. 15 kWh/M3 

o.s: 
20.5 kW/M2 

2. 87 kW (M2-K 

235 1 

1540 M2 6. 56M2 

2. 21M 2.21 M 

8016 M 34.1 M 
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Table 3-2. Vaporizer Design Details for SRE 

Parameter 

t~umber of Modules 

tiumber of Serpentines 

Number of Tubes 

Length of Tubes 

Center-Center Tube Spacing 

Tubing Type 

Corrosion Allowance 

S:::raper Unit Length 

Drive Motors 

Scraper Drive 

Scraper Sprockets 

Idler Sprockets 

Main Shaft Sprockets 

Bearings, Main Shaft 

Idler, Bearing 

Frame 

Ccntroller 

Gear Speed Reducer 

3-18 

Value 

2 

1 

l6 

.3. 13 em (7 ft) 

14 em (5.5 in.) 

Remarks 

Separate units, combined into single 
vaporizer 

Single-pass series, 180-deg reverse bends 

8 tubes per module 

Scraped length 

:!. 5 em 0. D. (1. 0 in.) Standard carbon steel steam boiler tubing 
.ASTM A192 

0. 03 em (0. 012 in.) 

e,3 em (21 in.) 
(64 units) , 

r. 27 em (1/2 in.) 
roller chain 

22 tooth (72 units) 

27 tooth (8 units) 

L 5 tooth (8 units) 

3 

Steel angle iron-bars 

2-lOV 60 Hz unit 
lSOVdc max 24 amp 
output 

2 

40454 

Inclined blade split 

5 hp variable-speed 1750 rpm totally 
enclosed fan cooled permanent magnet 
d-e motors 

Tensioned chain drive to sprocketed 
scrapers. Groups of four separate 
scrapers power from one primary chain. 

Atlas 

Atlas 

Atlas 

Graphalloy self-aligning split pillow 
block -- material designed to operate 
without lubrication. 

Graphalloy bushing-- material designed 
to operate without lubrication up to 750°F 

Angle iron-- welded. Tube bundle 
clamped under frame. 

Approximately 5 to 1 speed reduction 



Corrosion allowances do not include removal of oxide during scraping. The oxide 
- med on the surface of standard steel appears to be Fe3o which forms a strong, 

1t coating on the steel. The freezing process forms a fi~m between the scrapers 
and the vaporizer tubes. Examination of the tubes after extended scraping periods 
shows a coating of oxide on all scraped areas. Rotation of scrapers in the molten 
salt without extraction of heat would occasionally produce squeaking noises, indi­
cating abrasive metallic contact. This would immediately cease upon extraction of 
heat and the formation of films of freezing salt. 

To determine the possibility of accelerated corrosion, a program involving weighing 
and mechanically measuring a steel specimen section is being developed. Tech­
niques involving use of radioactive materials may be useful in such a study. 

The abrasion losses are in a similar category to the scraped corrosion but involve 
the mechanical interaction of tubing and scrapers. The drag force between the 
scrapers and the tubes has two components, friction and scraping force. Tests 
have shown that the total force during operation may exceed 13. 3 Nm/m (3 ft-lbf) 
of torque per foot of scraper. However: a 5595 Watt (7-1 /2 H. P.) motor will 
only produce a torque of about 7. 38 Nm/m (1. 66 ft-lbf/ft) of scraper. Each 
motor has to drive 17. 1 m (56 ft) of scrapers. Power to drive these scrapers 
is transferred via 8 sprockets and 8 drive chains. If one of the scrapers were 
to lock to the pipe due to scraper failure or some other failure all of the excess 
torque could be applied to that particular scraper and possibly damage the tube. 
To prevent this from occurring, each sprocket has a shear pin designed to 
shear at 207. 3 N (46. 6 lb) or 103. 6 N (23. 3 lb) I shear plane. That particular 
scraper will be lost but the other 7 scrapers will continue to work properly and 
damage to the vaporizer will be minimized. In the engineering model, tests 
have operated with a torque as high as 32.1 Nm/m (7. 2 ft-lbf/ft) of scraper 
length with no damage to the device. 

Studies will be made of the mechanical-fit scraping phenomena to understand more 
clearly the conditions of an abrasion process. In some pressure lubrication sys­
tems, additives are used with oils which form acids under high pressure and tem­
perature. These acids in turn attack the metal parts forming film which prevent 
the metals from welding together and subsequently tearing each other apart, form­
ing rough surfaces. Either additive or techniques to achieve long service should 
be sought. 

Discussions concerning the possibility of a program to run extended performance 
tests have been made. The existing engineering model equipment may be modified 
to both charge and discharge the storage tank simultaneously. Oil could be circu­
lated through both vaporizer and condenser with proper trimming of heat exchangers 
to maintain needed temperature gradients. Such a system could be operated for a 
lengthy time period to test longer range effects of corrosion, abrasion wear on 
drives, etc. 

Heat Transfer Tubing 

The heat transfer system consists of sixteen (16) 223. 42 em (7. 33 ft) lengths in 
2. 54 em (1 in.) 0. D. A192 steel tubing. The tubing will be bent or welded to 
180 deg bends to form two groups or modules of eight parallel tubes on 12. 70 em 
(5-in.) centers. Support plates on approximately 55. 88 em (22~in.) centers will 
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provide spacing and support for the tube. Figure 3-6 shows the assembly drawir -
With an even number Of tubes in the two modules, supply and outlet tubes of the 
same material will be brought out at one end of the module and brought up and over 
the upper surface of the tank structure. A horizontal run of about 45. 72 em (18 in.) 
will bring the lines be,y:.md the insulated portion of the tank. A second vertical bend 
and rise of 30. 48 em (!2. 0 in.) will.be terminated in a standard bolted flange for 
both inlet and outlet. A special coupling section (not drawn) will be fabricated to 
permit assembling the two modules into a single series loop. 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

MECHANISMS 

Mechanical scraping devices a.;""ld drives are required for operation of the thermal 
storage subsystem. 

Vaporizer Tube Scrapers 

Tests of the vaporizer tube sal:: buildup during heat removal show that continuous 
removal of the freezing salt iE necessary to maintain adequate heat transfer rates. 
A special external scraper C.esign has been developed and i3 shown in Figure 3-7 .. 
The sc::-aper elements ·consi:3t of steel blades with elliptical half sections which fit 
closely over the vaporizer t-1be. A series of these plates are welded into a re­
taining frame structure suc·:t that they fit closely over the \·aporizer tubes at an 
angle with the tubes. Two cf these frames with half sections of a roller chain 
sprocket are fastened togett.e::-- over a tube, and when rotat~d, scrape the covered 
length of the tube each rota:iar.. The design avoids bearings and other closed non­
scrapable surfaces since these have a tendency to freeze up the scrapers. 

The design for the SRE req·.Jire3 34. 1 m (112 ft) of vaporizer tubing, 2. 54 em (1 in) 
0. D. and 1. 986 em (0. 704 in:• I. D. The tubing will be arrayed in two modules of 
eight 2. 13m (7ft) tubes each. Each vaporizer tube will be scraped by four inde­
pendently driven scrapers 53 em (21 in) long. The design of the scrapers permits 
removal and replacement oi each scraper without disturbing the basic boiler tube 
structure. Each module will carry one reduction motor drive which rotates a 
shaft carrying chain and sprockets to transmit the power to the scrapers. 

The motor and reduction systems are mounted on the wall adjacent to the tank and 
power the mechanism via a drive shaft. The SRE drives will be· approximately 5-hp 
variable-speed, limited-torque units to facilitate test work. 

The scrapers consist of a series of inclined offset steel blades machined to form 
elliptical surfaces which fit over the heat transfer tubes. The blades are fixture 
welded to a backing bar and :wo side bars. Two units are fastened together with 
Allen screws to form a torsionally 3tiff cage with closely fitting half sections over 
the tube. When rotated, th.e entire section of the tube covered by the scraper is 
cleaned by the inclined blades. A split chain sprocket is welded near the center of 
each cage. The scrapers may be removed by unbolting the two halves. This allows 
servicing and replacement of the scraper elements without distlilrbing the high pres-
sure boiler tubing. · 

A special characteristic ci the scraper is the lack of nor:nal bearings. The entire 
tul;>e is scraped and the scraper blades act as bearings as well as scrapers. A 
relatively close fit, approximately 0. 0127 em (0. 005 inch) clearance assures good 
heat transfer. An interesting characteristic appears to be the formation of a thin 
film of salt under the scr:a.p2rs which prevents rapid wear of the assembly. Pre­
liminary tests seem to ca::1finn 'that the bearing material is being formed by salt. 
The ,scraper blades themselves are sharp edged to reduce scraping power. 
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Rotation of the scraper blades around the tubes increases turbulence and heat 
transfer due to agitation of the salt. Together with the thin films, this acts to pro­
vide relatively high heat transfer coefficients. 

Chain-sprocket drives were selected since problems with bearings, gears and 
shafts are minimized. Chains are positive drives and when lightly loaded, serve 
well unde:::- hostile environments. Chains of stainless or carbon steel are available 
for this application. 

Rotation of the scrapers withou: removal of heat often has been accompanied by 
squeaking, grating sounds indicating metal-to-metal contact. The liquid salt 
appears to have little lubricity and does a poor job of providing a lubricating film. 
During extraction of heat, the scrapers work very smoothly, indicating the presence 
of a separating film of freezing salt between scraper and heat transfer tube. Ex­
amination of the tubes during scraping shows a smooth white coating on the exterior 
of the tubes under the rotating scrapers. Calculations of the effect of the salt layer 
on the tu':Jes using an approximate thickness equivalent to the clearance show 
heat transfer rates that correspond to the actual measured data. 

The drive system for the scrap2rs consists of 22 tooth steel sprockets split in 
halves and welded to the scraper shells. The sprockets are somewhat offset from 
the scraper centers to allow one primary drive shaft drive two groups of scrapers 
with separate drive roller chains. The assembly includes an overhead drive shaft for 
each module. The drive shaft ::arries two 15 tooth adjacent sprockets for each 
parallel set of four scrapers. A roller chain from each sprocket passes down into 
the melt and over ~hree adjacent scrapers interleaving to give a maximum sprocket­
chain contact. A spring-loaded 27-tooth sprocket above themelt takes up the 
slack or:. each chain. Since fo•.Jr parallel scrapers are required, an additional 
sprocket and a short connecting chain drive one adjacent tmit. 

The torque required to rotate 1he scrapers at input shaft speeds of 200 rpm has 
been measured at 0. 69 kg-m (5 foot pounds). · 

Figure 3-7 shows the scraper unit. 

I 
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Experiment Components Detail Des:.gn and Integration 

Experiment Detail Design 

CONDENSER MODULE 

Heat energy from condensing steam can be charged into thermal storage salt 
by using a bare -:ube serpentine hec..t exchanger located at bottom of the tank, 
with natural convection heat transf~r to molten salt, with steam condensing 
on the inside of condenser t•.1bing. 

The condenser unit of SRE is a one-to-one scale model of a pilot plant con­
denser module. The physical dimensions of, and the input parameters to, . 
the S:::tE condenser unit will be sane as the pilot plant condenser module and 
are given in Ta.Jle 3-3 . Figure 3-8 shows the condenser module. 

The use of receiver steam for melting the frozen salt has been tested in the 
engineering test module by substituting hot oil for steam. During discharge 
(removal) of heat by the vaporizer section, the frozen salt settles to the tank 
bottom. The solid salt slowly becomes denser at the bottom as the less dense 
liquid works its way upward in the slurry generated. With a time period of 
several hours the material at the tank bottom becomes sufficiently dense to 
require considerable force to penetrate it with a 0. 95 em (3/8 in.) steel rod. 

Remelting the charge, normally occurring at approximately 310°C (590°F), may. 
be done by circulating a suitable high-temperature fluid through a bare tube heat 
exchanger at the bottom of the tank. The salt surrounding the tube absorbs 
heat and forms a molten sleeve around the tubing. As the volume of molten 
salt increases, the free convection currents increase the heat transfer and soon 
generate a relatively large volume of molten salt. The supply line to the heat 
exchanger is brought down through the frozen salt and serves to provide a 
tracing function or "leak" path to the surface. The salt moves up through this 
path and the large mass of still frozen salt settles downward to rest on the heat 
exchanger. A continual flow of melted salt thus works its way to the upper 
surface of the bath. This is desirable since it permits partial charging and 
dis·:::harging. With extended charging, the salt completely melts, providing a 
maximum charging condition. 

From a functional standpoint, t:te ideal heat exchanger for melting the solidified 
salt would consist of an integral tank bottom - heater with additional heating 
paths or zones on the vertical walls of the tank. This would supply the heat to 
the very lowest part of the charge, avoiding unheated volumes below heat ex­
changers. The heated wall areas would free the salt from the tank. Such a 
design employing boiler-type membrane wall heat exchanger tubing, would be 
strong, dura ':>le and maximize the quantity of salt in the tank. During melt­
down the entire charge could smoothly settle to the tank bottom as the liquid 
generated could flow up :he walls to the surface. 

The heat exchanger or condenser planned for the SRE is shown in Figure 3-8. 
The design consists of a single serpentine series of boiler tubes arrayed in two 
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Table 3- 3 . Condenser Design Parameters 

Parameters Vah:.e for Module 
Factor for Selection 

of Value 

Heat Rate 134.4 KW(H Same charge and discharge 
(4. 59 x 105 Btu/hr) rate strategy 

. 
Steam Conditions 12. 3 MPa/ 327 °C Steam conditions at receiv-

(1780 psi3./620 °F) er and salt temperature 

Steam 3-ate 412 Kg/hr (908 Jb/hr) Charge rate 

Pipe Size 2. 54 em 0. D. I 1. 860 em ANSI code and available 
I. D. , 0. 340 em wall sizes 
(1 in 0. D .. ' 0. 732 in I. D.) 

Module Size 167. 6 m (550 ft} tube Free convection heat trans-
length in a single fer coefficients and overall 
serpentine of 71 legs and ~T 

2 rows 

inclined layers, supported at the enC.s and the center by a suitable frame work 
of steel. The inlet and outlet tubes are adjacent from a vertical positioning 
standpoint to facilitate heat tracing. The condenser is designed to permit re­
moval from the SRE tank without emptying the salt from the tank. 

Detail design parameters are given :.n Table 3-3 and detailed calculations in 
Appendix E. The results of the engineering model experiment with bare tube 
serpentine excha:1ger and free convection heat transfer are detailed in 
Appendix E. 

The piping design is compatible witt the ASME and ANSI codes. 

The pipe wall thickness is calculated from the empirical formulas and the 
table of pressure-temperature ratings (Ref. ASME Boiler and Pressure 
Vessels Code, Section VIII, Tc.ble .A.CS-1}. The pipe material selected was 
carbon steel. C::>rrosion teste with the salt mixture of NaN03 and NaOH 
showed a corrosion rate of< 0. 02 nm/yr (0. 8 mil/yr) on carbon steel. Using 
a corrosion allowance of 0. 0305 em (0. 012 in.) and working pressure of 12. 3 
MPa (1780 psia) the pipe wall was determined to be 0. 340 em (0.134 in.) 
(9 gage tubing) ; 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

SALT PREMELT SYSTEM 

An independent high-pressure high-temperature heat exchanger is planned which is 
able to provide a clear melt path from the salt surface to the condenser and also 
provide heat below the condense:-· for melt down and emergency heating. 

'JI'he heat exchanger consists of c.. hairpin-type steel circular finned tube heat 
exchanger which lies on the tank bottom below the regular ccndenser. Figure 3-9 
shows the device. The inlet and outlet tubing is formed up into a 90 deg bend and 
terminates in class 1500 steel flc..r~ges. Additional vertical parallel finned tubes 
with corresponding flanges conn-2!ct with the bottom heat exchanger and are designed 
to fit close to the mc..in condenser supply and return lines. ·The upper ends of the 
tubes are unfinned and bent at 90 deg to pass over the upper edge of the tank and 
insulation. An appropriate flange permits connecting to a steam source. 

This heat exchanger will be inst3!lled before other equipment is placed above it. 
The vertical finned inlet and outl:r: tubes are in close proximity to the primary 
condenser supply and return line3, The premelter makes possible the assurance 
of a liquid ~nne arormd the conde:Ber tubing and thus a relief path from the con­
denser to the upper aurface of th= salt. During charging, tte melting salt expands, 
and if trapped, would generate considerable pressure. A liquid relief path to the 
upper surface of the salt prevents damage. Normally, this would be automatically 
done by the inlet steam line. However, under some special circumstances,· the 
additional liquid volume provided by the premelter would assure that rapid melt­
down would not generate high pressure in the spaces above the condenser. 

The unit ia also expected to be of considerable assistance in the primary melt-down. 
Powdered salt will be poured into the tank after the premelter and condenser are 
installed and functioning. 

Addition of heat from the premelter will assist in providing a molten pool of salt 
to start a larger scale melt-down. Experience has shown that pouring large 
quantities of powder into the molten salt results in a large mass of powder sur­
rounded by a shell of solid salt. Because of trapped air, the mass floats on the 
salt surface. The limited heat transfer area and poor conductivity make this a 
slow process. The starting of a melted pool and steady additions of smaller 
quantities of salt improves the rate of melt-down. The premelter permits melt-
ing the powdered salt which would normally accumulate below the regular condenser. 
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Experiment Compone:::1ts Detail Design and Integration 

Experiment Detail De sign 

INSULATION AND HEAT LOSS 

By using p:-operly designed guard heaters, heat loss from the tank exterior sur­
faces can be minimized. 

In any inst3.llation, heat will always transfer from an object at a high temperature 
to any area at a lower temperature. To eliminate heat loss through the external 
surfaces, guard heaters will be :.nstalled in all external panels. These heaters will 
each have a controller that senses the temperature outside o: the heater and turns 
the heaters on and off to give a t::m1perature within the panel equal to the setpoint. 
The controller is set at tank temperature. If the guard heater works properly, the 
panel will be at the same temperature as the wall and no heat transfer will occur. 

Figure 3-10 shows that the insuhtion required to achieve the heat loss rate of 0. 35 
percent per hour for the SRE-si!!:e tank becomes excessive both in size and cost. 

To provide the heat and insula:ion needed, panels will be constructed. A typical 
panel is shown in Figure 3-11. All of the panels are the same size and shape and 
three fit on each side and three ·:m top. The panels contain integral heaters which 
c..re controlled by a therrnostaUc controller. On any one side only one of the three 
panels will have a temperature c::mtroller and it will control all three panels. 

The temperature controller senses the temperature just outside of the heater panel 
by means of a bulb and capillary. The bulb on the controlle:- selected is 0. 48 em 
(3/16 in.) in diameter and 33.01 em (13 in.) long and is at the end of a 121.92 em 
(48 in.) capillary. The controllers have a range of from 140°C to 371 °C (300 to 
700°F) and can handle heaters using up to 35 amp of electricity at 125 Vac. 

The heaters will be constructed using 26-gauge nichrome wire which has a resis­
tance of 0. 09 ohms/em (2. 61 ohms per foot). A typical panel will have four heaters 
connected in parallel. Each heater will be constructed of approximately 77 4. 19 em 
(25. 4 ft) of the wire mounted in a serpentine with 10. 16 em (4 in.) spacing between 
wires. The maximum heat released at 120-Volt input will be 216 Watts per heater 
or 864 Watts per panel. This will give about 2600 Watts pe:r side or 12, 950 Watts 
for the whole tank excluding the bottom. 

'?uard heater panel insulation used will range from high temperature asbes- · 
::os and cement board next to the tank to 10. 16 em (4 in.) fiberglass insulation out­
side of the guard heater. 

Heater/insulation panels of a similar design will be also constructed for insertion 
between the I beams under the tank. 

The total bottom heat loss from the guard heaters will be approximately 500 Watts 
(1700 Btu/hr) and surface temp~ature of the concrete pad could reach 105 °C 
(221 °F). Because of the concre-:e pad depth, no serious heating of the surrounding 
floor is expected. The total heat loss is expected to be approximately 9000 Watts 
(30, 000 Btu/hr). 

To simulate a variable conductivity insulation approximately 15, 000 Watts of guar-' 
heater power will be installed. Provision will be made to vary the heating rate 
over different zones of the tank 3.nd to vary the total power input. To determine 
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the correct power input, thermocouples will be attached to the tank walls and 
guard heater plates to measure temperature differences. · 

The side panels will. hook onto the 1 beam stiffener that surrounds the tank. Pads 
of insulation will be attached to ·::!ach of the outside faces of the I beams between the·- -
I beams and the panels to prevent a chimney effect from developing. As each panel 
is set in ?lace a strip of insulaticn will be attached to the side adjacent to the next 
panel. The next panel will con:press the insulation, effectively sealing the gap 
and preventing heat loss between panels. The outside of the gap will also be sealed 
by a strip of sealing material. ·I 
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Exp~riment ComponentE Detail Design and Integration 

Experiment Detail Design 

PHASE CHANGE MATERIAL 

A mixture of 99 wto/o Na~03 and l~c NaOH has been selected as the best storage 
media because of its solid plus liquid phase in the operating temperature range. 

Laboratory experiments have sho·11.n that it is necessary to have a salt composition 
that forms a slurry dt::ring the free-zing process. The salt mixture must allow a 
large percentage of the material tc· freeze over a narrow temperature range and yet 
not form a complete solid at or above the surface temperature of the heat exchanger. 
A slurry or slush must be formed which retains a small amount of liquid to prevent 
the formation of a stror_g rigid ma":erial that cannot be scraped. 

The composition phas= diagram is shown in Figure 3-12. The operating tempera­
ture is shown for 70% heat recovery. Note that the composition of the liquid 
changes as the NaN03 solidifies. Note also that the solidus temperature is well 
below the steam boiling temperature. Thus, the liquid portion of the slurry will 
not solidify. · 

The DSC scan of the naterial in F!igure 3·13 also shows that the bulk of the energy 
is transferred over a small temperature range while a small portion of energy is 
held in the liquid until a much lower temperature. The dashed lines compare the 
large scale experiment:::tl results with the DSC scan. The DSC scan temperatures 
are shifted because of the high speed of the heat transfer in the test tube and sub­
cooling effects of small quantities of material. 

The NaN03 - NaOH storage media is very stable in air at temperatures considerably 
above the operating temperature of the storage unit. Appendix C includes experi­
mental data that show ~:light deco:nposition at 475°C (887°F). 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

RECEIVER-TYPE STEAM DRCM 

The steam drum design is basec on the proper separation of the entrained water in 
the two-phase flow to provide high-quality steam, the Liquid hold-up capacity 
desired, and the fluid flow and ~tate parameters. 

The preliminary design of the receiver-type steam drum is shown in Figure 3-14. 
Since the date of Figure 3-14, the design has been changed to utilize welded lugs to 
permit mounting of the steam drum on a vertical wall. Minor drum penetrations 
are not siown on this preliminc.ry dra-..ving, but will appear on the detailed drum 
design drawing. The drum is a vertical drum to obtain sufficient sensitivity to 
water hold-up changes. Some initial design specifications are: 

• Dyna-Therm separator~ Model #CC-900-. 11-2-1, in accordance 
with the attached Dyna.-Therm Drawing No. A- P-76-0135-1-1, 
herein Figure 3-14 · 

• Shell and Head Material: SA-53-B 

• Design Pressure: Int. 10.35 M:Pa (1500 psig)@ 315. 56°C (600°F) 

• Corrosion Allowance: 1. 59 m.m (0. 0625 in.) 

• Paint: 1 s/ c red lead r:rimer · 

• ASME Sect. VIII, Div. 1 construction, stamp included 

• Estimated Empty Weig:-rt: 1247 kg (2750 lb) 

• Shipment: 18-20 weeks after receipt of purchase order 

• Exit steam purity guarantee is 0. 5 ppm total dissolved solids, when 
boiler water is maintabed within ABMA units. 

• This unit designed to handle 315 kg /hr (694 lb /hr) of steam @ 6. 64 MPa 
(947 psig) @ 281. 1 °C (E·38°F) with a maximum pressure c.rop of 
535 mm {25 in.) in water. 

Two-phase flow enters on the side at the left where most of the water is separated 
by the primary separator, a centrifugal separator, illustrated in Figure 3-15. The 
steam then passes through chevron purifiers illustrated in Figure 3-16 and to the 
steam outlet at the top in Figure 3-14. The water from each of these internals falls 
to the bottom of the drum. 

The steam quality is guaranteed and will be certified to be very high quality as indi­
c~ted by less than 0. 5 total dissolved Eolids (TDS) using the sodium tracer tech­
mque. A steam drum providing .such l:igh-quality steam Will permit analysts to 
consider the steam quality to be unity to simplify thermodynamic analyses and wiL 
give the experimenters experienee with internals which will be necessary for the 
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Figure 3-14. Preliminary Design of the Steam Drum 
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/ 

steam drum in the pilot plant. Ir_ Figure 3-17 a steam drum is schematically 
illustrated in operation producing high-purity steam and compared with it is a 
simp!er se?arator producing lower quality steam. 

/ 

The internals will be designed to separate 1574 kg/hr {3470 lb/hr) of a two-phase, 
steam-water mixture with a steam quality of 20 percent corresponding to a recircu­
Lation ratio of five-to-one. The h·:::>ld-up capacity will be 132 Liters (35 gallons) to 
permit approximately nine minnte:; of hold-up capacity at the maximum steam flow 
rate of 590 kg/hr (1300 lb/hr) s·ho·.1ld the feedwater be lost. Off-design capabilities 
will permit the separation of up to 2740 kg/hr {6040 lb/hr) of a two-phase, steam­
water mixture with a steam quali:y from 4 to 30 percent. 

Blowdown will be employed to k ee:? the solids concentration s:.1fficiently low: how­
ever, blowdown will occur only d·.Iring periods when tests are not in progress. This 
means that varying heat losses du = to blowdown will not have to be measured, there­
by permitting better control of the thermodynamics of the experiments. 

The design temperature and pressure are 316°C (600°F) and 10.4 MPa {1500 psig), 
respectivell'> each with a small design margin. The normal operating temperature 
will be 281 ·c (538°F) with off-design temperatures ranging from 270 to 292°C 
(518 to 558 cF).. The normal operating pressure will be 6. 5 MPa (947 psia) with off­
design pressures ranging from 5. 5 to 7. 7 MPa (800 to 1120 psia). The steam drum 
will be hydrostatically tested to 15. 6 MPa (2250 psig). 

The steam drum separator will-be built according to ASME Code, Section VIII, 
Division 1, Unfired Pressure Vessels. Agreement that this code is proper was 
received verbally from Northern States Power Company, the owner of the site of 
the experiment. Their feedwater heaters are designed under the same code, which 
serves as a precedent. 

The steam drum will be fitted with a pressure relief valve set to 10. 4 MPa (1500 
psig), a pressure gauge and transmitter, high water and low water level alarms, ra 
water level transmitter, a water Level indicator and a simple sight gage as shown 
on the P and ID Drawing No. Ml004. Each of these instruments will pass the design 
and hydrostatic test conditions. 

The requirement specification (HRS SK-133288) governing procurement of the steam 
drum is attached as Appendix A. 
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FOR: 

FOR HIGH PURITY 

CENTRIFUGAL 
SEPARATOR 

99.5% QUALITY 

VORTEX 
BREAKER 

THERMAL Sl£EVE 

GUARANTEE 0. 5 PPM TDS 

Figure 3-17. An Illustration of a Steam Drum for Separating High 
Purity Steam and of a Simpler Separator for a 
Lower Quality Steam 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

STEAM TRAPS 

The stearr.:. traps wiL provide the necessary extraction of steam from the condenser 
with a midmum loss of live stea:n. 

The steam trap system will cons~st of a water seal at the bo-:tom of the condenser, 
a vertical siphon leg to carry the condensate from the bottom of the salt storage 
tank to the top, the shutoff and isolation valves steam traps and the discharge lines. 
Steam traps are off-the-shelf corrunercial traps designed to pass liquid with a 
minimal loss of live steam. 

An inverted bucket trap operates on the difference in density between vapor and 
condensate. Figure 3-18 is a cross se~tion view of an inverted bucket trap.':' When 
vapor fills the inverted bucket. it floats on the residual condensate in the trap to 
close the discharge port. Becat:.se of t~~e small continuous heat loss from the trap. 
the vapor in the bucket will conder:se. allowing the bucket to sink and open the dis­
charge valve. Condensate and/cr steam again enters the bucket to reinitiate the 
cycle. A small bypass port is provided in the bucket to allow noncondensible gas 
to escape. Live steG:.m will also pass through the vent. but it is usually less than 
the steam flow _requi:-ed to keep t:~e trap warm. 

The second steam trap which will be trLed is a thermodynamic trap (Figure 3-19). 
(Note that Figure 3-20 is not a cress section of the trap which will be used, but is 
used to illustrate the principle o: operation of the thermodynamic trap. ) This trap 
uses a flat disk to seal the discharge pert. If condensate is flowing, the port 
remains open. Wher: steam passes through the space between the disk and the port 
face the higher vapor velocity reC.t:.ces the pressure and the port is forced closed 
by the high pressure in the contrc·l chanber. The area of the control chamber is 
greater than the area of the port, allowing the slightly lower pressure in the control 
chamber to hold the disk closed ag3.inst the higher supply .pressure. Small vent 
passages are provided to allow the control chamber pressure to decrease slowly 
and a new cycle to be initiated. 

The inverted bucket trap is larger and more expensive but should have a longer life 
between servicing the:.n the thermodynamic trap. The thermcdynamic trap is oper­
ated on a relatively continuous tio2 cycle determined by the size of vent passages 
and control volume; the inverted bucket trap opens only when condensate fills the 
bucket, but a small flow of condensate through the bucket vent occurs continuously. 
Assuming the entering condensate is at saturation condition at 12.28 MPa 
(1780 psia), and the discharge pressure is 1. 73 MPa (250 psia), the condensate 
will flash when leaving the steam t:-ap and will have an exit q•1ality of 32. 7 percent. 
This will give the appearance that the trap is operating efficiently, but the steam in 
the discharge line is flashed condensate and not live steam being leaked through the 
trap. 

':'Catalog L-4A. Armstrong Machine Works, Three Rivers, l\lichigan 49093. 
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B 

A. FLANGE DIAMETER = 26.3 em (10 3/8 in) 

B. HEIGHT = 41.9 em (16 1/2 in) 

BB. FLANGED HE I GHT = 50.8 em (20 in) 

G. BODY 0. D. = 17. 8 em (7 in) 

Figure 3-18. 5155F Flanged Inverted Bucket Type Steam Trap 

40454 3-51 



HIGH-PRESSURE STEAM TRAP 

CLAES 2500 

PART C-500 (CLASS 25001 

MATERIAL SPECIFICATION 

BODY 

nAP BONNET 
CAST As·, M A -217 GR. WC -9 

CHROME MOLY 
STRAINER BONNET 

STUD 
ALLOY STEEL 

ASTM A-453 GR. 660 

NUT ASTM A-194 GR. 4 

SEAT AIS SERIES 400 HEAT TREATED 
- · 

CONTROL CYLINDER 17-4 PH HEAT TREATED 

CYLI'\JDER ADAPTER STAINLESS AISI SERIES 400 

VALVE STEEL AISI SERIES 400 HEAT TREATED 

BO'-Jr~ET GASKET SPIRA.L WOUND 
S=AT GASKET MIL-G-21032 

L:)CK PIN MONEL -

LOCK NUT STAINLESS AISI 3ERIES 400 

SCREEN STEEL AISI SERIES 300 0.020" PERF. 

Figure 3-19. Yarway Thermodynamic Steam Tra:_J 

3-52 40454 



HEATING CHAMBER 

OPTIONAL 
STRAINER SCREEN 

PASSAGES 

Figure 3-20. Thermodynamic Trap Schematic 
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In the SRE design the condenser is at the bottom of the salt storage tank, with all 
steam lines entering from the top. To bring the condensate out of the storage tam _ 
a syphon leg is used. A water seal is formed by a 11 U11 bend at the bottom of the 
condenser and a vertical leg carries the condensate out of the tank to the steam 
trap. In the condenser the concensate and steam are at the same pressure. The 
water seal allows the condensate to completely fill the discharge line. When the 
pressure at the steam trap is reduced due to cooling or venting, the liquid is 
forced up the vertical leg by thE steam. 

There is a reduction in the pressure in the vertical syphon leg due to the reduction 
in hydrostatic head. In low- prEssure systems this can cause flashing and water 
hammer, but should not be a pr·:lblem in the high-pressure system where a small 
reduction in temperature of the liquid causes a large reduction in the pressure. 
Heat will be lost by the vertical syphon leg to the saLt, thus no flashing in the 
syphon leg is expected. A roug:1. calculation shows that the heat transfer coefficient 
from the vertical syphon leg need only be 1 I 15 of the horizontal tube to prevent 
flashing. The steam trap orifiee is sized to provide condensate flow rates two to 
four timEs the expected flow rate. Tl:.is allows extra capacity for start up tran­
sients and allows the steam trap to cycle between full open and full closed condition. 

The purp::>se of testing two steam traps is to determine what effect the different 
operating cycles of the two traps have on condenser performance. The inverted 
bucket trap operating on a demand cycle may cause the essentially horizontal con­
de.nser to load up with condensate then purge the entire condenser in a long con­
tinuous discharge after which the condensate will start to build up again. The 
thermodynamic trap operates or_ a cycle which allows the trap to remain open when 
condensa-:e flows, but closes for a relatively fixed time after vapor reaches the trap. 
This type of cycle may tend to p.1rge t~1.e condenser in short bursts or if the flow 
rates are low enough it could allow the condensate to trickle on down the lower half 
of the condenser with a small anount of vapor flowing in the top half of the tube. 
This will greatly reduce the inside hec..t transfer coefficient. Each of the scenarios 
may be dependent upon the condensing pressure and the salt melting temperature. 

The steam traps only discharge .condensate with a very small amount of live steam 
being lost by the thermodynamic trap during each cycle. The inverted bucket trap 
loses a small amount essentially equivalent to heat required to keep the trap warm. 

For energy balance purposes, tl·_e enthalpy of the discharge from the condenser can 
be considered to be that of saturated water at the discharge temperature and pres­
sure conditions. 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

RECIRCULATION PUMP 

The recirculation pump for the TSS/RE is based on the requirement to force­
circulate water through the va:_:yorizer to produce steam over a range of experi­
mental conditions. 

The recirculation pump specifications are chiefly depended upon the design of the 
vaporizer and the operating cor_dition:; of the thermal storage unit. Appendix B 
presents a calculation of presst1re drop through the TSS/R3 vaporizer for several 
experim::mtal conditions. From these calculations, Figure 3-21 is plotted to show 
the head loss in feet of water against capacity in gallons per minute for a number 
of system pressures and heat transfer rates. The normal design point is shown to 
be 45.7 :neters (150 feet) of head loss at a water pumping rate of 30. 3 liters per 
minute (eight gallons per minut2), at a system pressure of 6. 48 MPa (940 psia), 
corresponding to a temperature of 281 °C (5 37 °F), and at h2at transfer rate of 
134. 8 kVI (0. 46 x 106 Btu/hr). 

Figure 3.-21 also contains a dashed ct.:.rve to illustrate the approximate pump 
characteristic necessary to me=t minimum acceptable TSS/RE test objectives. 
This curve was adjusted upw:trd to compensate for the 20 percent uncertainty in the 
calculated values of pressure d:-op th:::-ough the TSS/RE vaporizer. 

A version of the Kontro pump is illus-:rated in Figure 3 .. 22. Two pumps similar to 
this will be used in series as 'a rigid assembly to generate the head requirement 
shown on Figure 3- 21. 

The pump assembly will be sup:;>Lied with two motors with a total of 20 horsepower. 
They wiU be industrial quality motors suitable for the environment at NSP' s River­
side Plant. 

Figure 3-23 shows the full characteristics of the Kontro pump. 

Figure 3-24 is a drawing of the Kontr::> pump. 

The requirement specification (HRS S::<-140010) governing procurement of the 
recirculation pump is attached as Ap_r:endix A. 
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APPROXIMATE MINIMUM 
PUMP HEAD VS. PUMP 
CAPACITY CHARACTER­
ISTIC REQUIREMENT 

l ___ _ 

4 8 12 16 

CAPACITY, Q, [GPM ] 

20 

P = 4 . 91 MPA (711 PSIAl 
q "" 243 .05 KW CO .833 >: 106 BTU/ HRl 

P = 5 .36 MPA (777 PSIAl 
q ... 213 . 77 KW <0 .73 x 106 BTU/ HRl 

P = 5 .84 MPA (847 PSIA) 
c .,. 178 .63 KW (0 .61 x 106 BTU/ HRl 

=> = 6.49 MPA C940 PSIAl 
~ .,. 134.70 KW <0. 46 x 106 BTU/ HRl 

p = 6.91 MPA (1002 PSIAl 
=1 .,. 102.49 KW (0 .35 x 106 BTU/HR) 

P = 7 . 20 MPA (1044 PSIAl 
q ..,58 .57 KW (0 .2J x 106 BTU/HRl 

P = 7.81 MPA (13:;2 PSifg 
q .,.35.14 KW <0.12 x 10 BTU/HRl 

ASSUMPTIONS 

1. TOTAL 2-PHASE PIPING = 396.24 CM (130 FTl 

2. TOTAL .t.-PHASE PIPING= 609 .60 C A (20 FTl 

3. STEAM PROPERTIES EVALLATED AT STEAM 
DRUM PRESSURE 

4. T(SAL Tl = 297. 78°C (568DFJ 

q = U.A . (T SALT--SAT) 

24 

Figure 3-21, Head Loss versus Capacity for the TSS/RE 
Steam Generation System at Several Conditions 
of Pressure and Heat Flux 
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MAGNET DRIVE PUM P 

Figure 3-22 . Kontr:::> Magnetic Drive Pu:o.p 
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Figure 3-23. Kontro Pump Characteristics 
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REF 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

3-60 

DESCRIPTION _ 
IMPELLER MU 
IMPELLER TAB WASHER 
IMPELLER 
FRONT THRLS WASHER 
FRONT NECK F:ING 
CASING 
BACK NECK RING 
CASING PL.IITE 
BUSHING 
GASKET 
8ACK PLATE 

PARTS LIST 
FOR 

SEPARATE MOTOR TYPE 

REF DE:iCRI PTION 
-2 GA5KET 
"3 CONTAINMENT SHELL 
"4 BUSHING HOLDER 

' 15 SHAFT 
' 16 HOUSING 

17 TORQUE RING 
18 OU-ER MAGNET ASSEMBLY 
19 BUSHING 
~0 THRUST PAD 
21 BACK THRUST WASHER 
22 COUPLING TAB WASHER 

REF DESCRIPTION 
23 SUPPORT RING I FAN 
24 I BEARING CAP 
25 ROLLER BEARING 
26 BEARING HOUSING 
27 BEARING SPACER 
28 DRIVE SHAFT 
29 BALL BEARING 
30 SHAFT NUT 
31 SNAP RING 
32 BEARING CAP 
33 LIP SEAL 

Figur~ 3-24. Kontro Pump Drawing 
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Experiment Components Detai:. Design and Integration 

Experiment Detail Design 

DESUPERHEATEE 

A desuperheater will produce s -:eam vo"ith conditions covering the spectrum of con­
ditions necessary ""or experime::r:al evaluation of the TSS/RE. 

The source of steam for the TSS.1RE is the No. 8 unit of NSP's Riverside Plant as 
indicated on Figure 3-25. This steam has a pressure of 16. 5 MPa (2400 psig) and 
a temperature of 538°C (1000°F). As a minimum, the TSS/RE experiments will 
cover a pressure range at the eondenser of 9. 7 MPa (1400 psia) to 12.4 MPa (1800 
psia) and a temperature range of 309°C (588 °F) to 328°C (622 ° F). A device to 
change the conditic·ns of the No. 8 service steam to steam with the desired condi­
tions is called a dEsuperheater. 

The des·.1perheater selected for be T~S/RE is a Schutte and Koerting type 6970 
illustrated by Figures 3-26 L1rough 3-28. The type 6970 is useful when a combined 
pressure-reducing and desuperheating station is required when flows vary widely. 
One can obtain the desired steam concitions simply by dialing them into the pressure 
and temperature controllers associated with CV-3 and CV-6, respectively, as indi­
cated on Figures 3-28 and 3-2E. 

In a combined pressure reducing_ des·.1perheating station where flow rates vary 
widely, this unit, with adequate controls (Figure 3-27), provides dependable opera­
tion with turndown ratios of 50 to 1 and higher approaching to within 5. 6 °C (10 °F) 
of the saturated temperature of desuperheated steam. This is the widest range 
available from a desuperheat2r. 

Type 6970 desuper~1.eaters are recomnended for use where sufficient high-pressure 
steam is available t o provide tJ:-_e atomizing steam supply. The most frequent appli­
cation would be in combination reducir:g-desuperheating stations. The minimum 
atomizing steam pressure requir2d is 1. 4 times the steam pressure through the de­
superhe""-ter, and the amount required is constant. 

In the Type 6970, the water preheating and distributing device is installed in a short 
pipe section with R. F. weld r_ec ~-<: flanged connections. This unit can also be sup­
plied with a flange for mount ing through a nozzle connection on the pipe or supplied 
in a section of pipe suitable for ·nelding into the pipeline. Various mounting arrange-
ments are possible. -

This desuperheater uses a steam atomizing device , operating on the jet principle, to 
entrain cooling water, preheat, and discharge the atomized water into the superheated 
steam flow. 

Ejector--:ype steam atomizing desuperheaters (Figure 3-26) utilize steam at higher 
than line pressure to atomize water. 1n the Type 6970, the ejector action is used to 
entrain condensate :rom the pipEl:.ne. This is an important feature of this type unit. 
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SUPERHEATED 
STEAM 

FigurE 3-26. Type 6970 Steam Ejector, 
Atomizing Desuperheater 

ATOMIZI ~G STEAM 
t WATER INLET 

Figure 3-27. Type G97 0 Desuperheater 
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PRESSURE 
REGULATING 
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HIGH PRESSURE STEAM 
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ONLY 

V-0 

PRESSURE 
CONTROLLER 

WATER t 

AIR 

TEMPERATURE 
CONTROLLER 

AIR 
SUPPLY 

OESUPERHEATED 
STEAM 

•If 30 feet Is not available, contact factory 
for further assistance. 

WATER pONTROL VAlVE 

CV-6 

Figure 3-28. Typical Control Arrangement for a Steam 
Ejector, Atomizing Desuperheater 



Few problems are encountereC. in operating desuperheaters at normal pipeline 
velocities. When it is desired to approach saturation temperature within 5. 6 °C 
(10 °F), it becomes impossible to completely vaporize the liquid. Thus, while 
superheated steam is flowing through the pipeline, water accum·.1lates on the walls 
of the pipe and flows back toward the desuperheater. As it flowa back it is 
exposed to superheated steam which will vaporize it and also desuperheat the 
steam. As indicatEd in FigurE 3-27, high pressure steam enters the ejector 
steam nozzle which is precisely designed for each application. This steam 
entrains the mixtur= of fresh and excess cooling water and atomizes this water, 
which is discharged into the superheated steam line at saturation temperature. 
The preheating reduces the time required to evaporate the liquid, and the conse­
quent small particular size and turbulent stream improves heat transfer. At low 
flows the excess water runs back down the walls as described above. At high 
flows, when no excess water is required, the unit operates as a steam-atomizing 
desuperheater. 
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Experiment Components DetaC Design and Integration 

Experiment Detail Design 

INSTRUMENTATION: THERMAL STORAGE MEASUREMENT AND CONTROL 

The TSS IRE facility is designed to permit nine modes of operation (one mode is 
actually comprised of three sutmodes) through the use of measurement instrumen­
tation, on-off valves, and control valves with their associated controllers and to 
permit monitoring its performance through indicators, recordings, and data acqui­
sition. 

Each of Figures 3-29 through 3-.32 is the piping and instrument diagram (M1004) 
for the TSS/RE with emphasis by outlining with hexagons on valves, controllers, 
indicators and reccrding channe-ls, and data acquisition, respectively. Local in­
struments such as pressure gat:..ges are not outlined. Table 3-4 is a legend for 
interpreting symbols on these figures. 

The 11 on-off valves are outlined on Figure 3-29 by the use of solid hexagons: 

• V-7 Tank premelt steam 

• V-21 Vaporizer outle-: (drum isolation) 

• V-23 Drum warming steam 

• V-9 Scraper thaw steam 

• V-19 Condenser stean: (condenser isolation) 

• V-20 Thaw steam discharge (vaporizer isolation) 

• V-8 Trap select (thermodynamic trap) 

• V-22 Trap select (d-e.I~ 1a~onq pa:paAU1) 

• V-D Atomizer stea:n •:to be furnished with desuperheater) 

• V-2 No. 8 service steam 

• V-4 No . 6 feedwater 

As an example, the system logic permits only one of V-7, V-9, V-19, and V-23 to 
be open a-: once. See Appendix G for the total logic of the TSS/RE. 

The five control valves are odlbed on Figure 3-29 by the use of dashed hexagons: 

• CV-1 Main steam (:!rum-purified steam) discharge control 

• CV-5 Feedwater control (drum level control) 

• CV-10 Recirculation Cow control 

• CV-6 Desuperheater feedwater flow control (in) 

• CV-3 Desuperheater ~ervice steam flow control (in) 
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Table 3-4. List of Symbols Used on the Piping and 
Instrument Diagram M1004 

,-----------------------'---------- -····-· 
CNT Controller (at control console) 

DA Data ac_quisition (to computer) 

FE Flow element 

FT Flow transmitter 

HLA High level alarm 

HPI High pressure interlock 

HTI High temperature interlock 

IND Indicator (to control·console) 

LLA Low level alarm 

LLI Low level interlock 

LPI Low pressure interlock 

LT Level transmitter 

LTA Low temperature alarm 

LTG Light (valve status light, on control console) 

LS Level switch. 

PI Pressure indication, a pressure gauge (local) 

PS Pressure switch 

PT Pressure transmitter 

R.CD R.ecorder (strip chart) 

TE Temperature element (thermocouple) and transmitter 

TR. Trap 

SGA, ... , FWA, Pipe run designation 

'----------------------------'---------·-----
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The ~even controllers are outlined on Figure 3-30 by the use of solid hexagons: 

• PT-10 Drum pressure· control 

• FT-17 Main steam (drum-purified steam) throttling control 

• LT-2 Drum level coc.trol 

• FT-18 Recirculation flow control 

• TE-15 Desuperheater outlet temperature control 

• PT-19 Desuperheater ·outlet pressure control 

• FT-6 Feedwater flow control 

, Each' of the seven controllers hc.s a built-in indicator plus a manual control feature. 
In addition, there are 10 indicators as outlined on Figure 3-31 by the use of solid 
hexagons: 

• PT-7 

• TE-33 

• PT-9 

• TE-35 

• TE-34 

• PT-6 

• PT-5 

• TE-37 

• TE:-14 

• PT-13 

Main steam pressure (drum-purified steam pressure) 

Main steam temperature (drum-purified steam temperature) 

Recirculation water pressure 

Recirculation water temperature 

Feedwater temperature 

Feedwater pressure 

Condensate pressure (condenser discharge pressure) 

Condensate tellljperature (condenser discharge temperature) 

Premelt dischc.rge temperature (also thaw) 

Premelt dischc.rge pressure (also thaw) 

Excluding the feasibility of recording the signals to each of the seven controllers, 
there are five recording channel3, as outlined on Figure 3- 31 by the use of dashed 
hexagons which will appear on t~o three-channel strip chart recorders: 

• FT-17 Main steam flo-rJi" (drum-purified steam flow) 

• FT-18 Recirculation flow 

• FT-9 Desuperheater flow (out) 

• FT-6 Feedwater flow 

• LT-2 Steam drum liquid level 

By use of solid hexagons on Figure 3-32, 18 data acquisition points of the TSS/RE 
and other data acquisition for the thermal storage unit are outlined. In addition,, the 
status of each of the 11 on-off valves is fed into the data acquisition system as is 
that of each of the five control valves. 

• PT-10 Steam drum pressure 

• LT-2 Steam drum Jiq·..ti.d level 

• PT-7 Main steam pressure (drum-purified steam pressure) 
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• FT-17 Main steam flow (drum-purified steam flow) 
' • TE-7 . Main steam temperature (drum-purified steam temperature) 

I 

• PT-9 Recirculation pressure 
I 

• FT-18 Re.circulation flow 

• TE-8 Recirculatio? temperafure 

• PT-6 Feedwater pressure 

• FT-6 Feedwater flow 

• TE-9 .Feedwater temperature 

• PT-19 Desuperheater outlet pressure 

• FT-9 Desuperheater outlet flow ( 

• TE-12 Desuperheater outlet temperature \ 

• PT-5 Condensate pressure (condenser discharge pressure) 

• TE-ll Condensate temperature (condenser discharge temperat?I"e) 

• TE-13 Premelt discharge temperature (also thaw) 

• PT-13 Premelt discharge pressure (also thaw) 

• Up to 200 thermocouples, strain gauges, scraper torque, 
and scraper rpm data from the thermal storage unit 

• Status of each valve 

For safety purposes, there are numerous alarms and interlocks. Refer to Table 
3-4 and Figure 3-29. 

:.• 

1; The steam drum control is a three-element control: 

• Liquid-level control by LT-2 

• Steam flow control by FT -17 

• Feedwater flow control by FT-6 

See Figure 3-30. 

There are two submodes of the discharge mode for controlling steam drum pressure. 
. . 

• PT-10 controlling CV-10, CV-1 in manual, and FT-]8 not used 

• PT-10 controlling CV-1 and FT-18 controlling CV-10. 

See Figures 3-29 and 3-30. 

There is one submode ?f the discharge mode for controlling the recirculation rate: 

• FT-18 controlling CV-10, CV-1 in manual, and PT-10 not used 

See Figures 3-29 and 3-30 • 

. discussion of each control mode and submode appears elsewhere. 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

INSTRUMENTATION: THERVIAL STORAGE UNIT MEASUREMENT 

Temperature measurements will be made in the thermal storage to determine the 
performance characteristics of the vaporizer, condenser and the salt flow patterns. 

The vaporizer tube surface tempera:ure will be measured to determine the effec­
tiveness of the scrapers in augmenting heat transfer. 

Heat transfer at the vaporizer consists of three mechanisns convection from salt to 
tube wall, conductor through the tube wall, and convection and boiling on the inside 
of the ;:;ube. Conduction through the -:ube wall is well understood, but the two con­
vection mechanisms are not. To determine heat transfer coefficients for each me­
chanism, the tube wall temperature ::nust be known and the fluid temperatures must 
be known. Figure 3-33 is a C'l.:.taway section of the scraped tube showing how thermo­
couples will be enbedded in the tube wall. It is necessary to embed the thermo­
couple in the pipe wall to avoiC. disturbing the local fluid flow and obtaining false 
temperature indications. Figure 3-::,4 is an enlarged view of how the thermocouples 
are installed. The tube wall has approximately 0. 6 mm (0. 025 in.) of extra thick­
ness to allow for necking down when "the tube is bent into a serpentine. A flat will 
be rem·:>Ved 0. 6 m.m (0. 025 in.) in depth and 0. 5 mm (0. 020 in.) diameter sheathed 
thermo·:ouple placed on the ;:>i:_:le. The pipe will be welded or braze filled and filed 
back to a round profile. Becat.:.se there are no sharp transitions in the wall thick­
ness and the total length of thE flat is less than 63 mm (2. 5 in.) the tube strength 
should easily meet the pressure test requirements. 

Figure 3-35 shows the location of thermocouples on each scraper module. Each 
location "B" will have two thermocouples embedded in the tube wall--one at the top 
and one at the bottom--to detect the difference in the heat transfer in two phase 
flows where separation of phases may occur. At location 11 A",which is outside of the 
scraped area, the thermocouples will be welded to the outside of the tubes. 

In addition to the thermocouples welded to the tubes, thermocouples will be located 
in the salt between the scraperE at locations 11 B 11

• Thermocouples will be located 
on the condenser tube to determine the condenser performance. 

Figure 3-36 shows the local cor:densing vapor quality as a function of length along 
the condenser tube. This assumes thc:.t the condenser is operating at maximum 
capacity with a uniform heat transfer :;:-ate along its length. If full condensation 
occurs before the end of the condenser is reached, the condensate will be sub- cooled 
and the condenser will be opere.Hng at less than full capacity. To measure the per­
formance of the condenser, thermocouples will be welded to the condenser surface 
at the locations "A~', 11 B 11

, and rrc" in Figure 3-37. The thermocouple location 
patterns 11 A 11

, 
11 B 11

, and "C" are illustrated in Figure 3-38. The thermocouples at 
each location are staggered axially along the tube to reduce the effect of the wake 
of one thermocouple on the reaciing of the thermocouple above it. Thermocouples 
will be placed in the salt near the tube surface to measure the salt temperature 
and flow pattern. 
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gure 3-36 shows that the greatest percentage of condensate accumulates in the 
La.at 25 percent of the condenser. It is therefore most important to concentrE.:te the 
thermocouples more heavily on the last. 25 percent of the condenser. To study the 
effect of introducing superheated steam into the condenser, additional thermo­
couples will be concentrated at the beginning of the condenser. 

Eight pairs of thermocouples will be attached to the condenser downcomers aii).d the 
premelt tubes, A pair will consist of one thermocouple attached to the tube fin and 
a second one located in the adjacent salt 2. 5 em (1 in.) away. These will be used 
to monitor the development of a liquid relief path when charging is started with the 
storage syster:?- initially frozen solid. ~ 

To measure the bulk salt temperature profiles, thermocouple probes will be inserted 
into the salt. 

The bulk salt temperature changes significantly during the charge and discharge 
cycle. By measuring the temperature at several locations in the bulk of the salt an 
indication of the bulk movement of the salt can be plotted. This will aid in d2termin­
ing the best way to obtain the maximum heat recovery, the maximum vaporizer heat 
rate, and the optimum charging rate. 

Five vertical probes will be inserted into the tank, each containing nine thermo­
qouples on the tip of 10 em (4 in.) horizontal extensions. This will provide a tem­
perature reading at 30 em ( 12 in. ) spacings from the bottom to top of the tank, with 
the topmost thermocouple being located in the ullage space. 

All of the probes will be concentrated around one module such that symmetry of flow 
conditions can be checked very well without using an excessive number of th2rm·::>­
couples. Figure 3-39 shows the plan view and profile view locations of the thermo­
couple probes. Should salt flow anomalies be detected, the probes may be moved 
to a new location when the salt is fully melted, which will provide further data. 

Each wall of the salt storage tank will have four thermocouples on it as illustrat2d 
in Figure 3- 39. 

The total complement of thermocouples in the storage system will be: 

26 per scraper module 

84 on the condenser 

15 downcomers 

27 premelt and downcomers 

45 bulk salt temperature 

24 tank walls 

38 guard heaters 

285 Total 

Scraper speed and torque will be measured to obtain relationships between .scrc..per 
oower requirements and heat transfer rates. 
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>rque meters with speed pickups will be installed in the scraper drive shafts to 
monitor scraper power requirements. Panel meters on the instrument control panel 
will display torque and speed for each vaporizer scraper unit. Analog signals will 
be fed to the computer where a continuous record of torque speed and power will be 
made. This will permit correlations to be made between scraper speed and heat 
transfer coefficient, speed and torque, and between torque and slurry. 

I 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

DATA ACQUISITiON SYSTEM CONFIGURATION 

A DAC system has been configured to provide engineering data and alarm functions 
for the SRE testing. 

The data acquisition system C·J~iguration is shown in Figure 3-40. The major 
components of this configuration are the Hewlett Packard 961-1 A/R industrial 
(computer) meast:.rement syst~:n with a Tektronix 4012-6 CRT /console and a 
Versatec 1110A printer/plotter. 

All dat~ a·cquisitiot: system input and output electrical signals are connected through 
the 9611R. The da:a acquisition systerp. 9611R will have 19 analog input multiplexer 
modules with 16 differential ir:.puts each. The ranges of the analog modules are: 
2 - 0 to ±10 Vdc, 2 - 4 to 20 MaDC and 15 low level (e. g., programmable 0 to ±10 
MV through 0 to ±800 MV). Two digital I/0 modules are a.lso included in the 9611R. 
Each hc.s 12 inputs. The digital input module is an event :;ense module. The digital 
output module is a set of 12 individual relay contacts. Al.L electrical I/0 signals 
are routed through 3. set of connectors so the thermal storage SRE test connections 
may be easily replaced by the steam generator SRE test connections. 

The 9611A consists of a 2112A controller with 64K. memory and RTE III disk based 
software, a remote analog/digital communication system, a 2. 5 MW disk, a paper 
tape rec.der, and c. nine-track )JiRZI magnetic tape un~t. 
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Experiment Components Detail Design and Integration 

Experiment Detail Design 

DATA ACQUISITION SYSTE:.VI SOFTWARE 

Flow charts for the data acquisition system software to be used during SRE thermal 
storage testing have been generated. 

Data acquisition system sof:ware for the thermal storage SRE testing consists of an 
executive program and nine subprograms with supporting subroutines. A listing of 
the driver and its nine subp:::-ograms is shown in Table 3-5 and the flow charts are 
in Appendix D. 

The executive program executes a bootstrap load of itself and loads the subpro­
grams, subroutines, initial conditions, and warning/alarm level data tables. 
During operation the executive program drives the subprograms on a priority basis. 
It will s·.1spend a lower priority subprogram, execute a high-priority subprogram 
and then resume the lower subprogram. 

The alarm subprogram is enabled by a parameter at design limit as measured in 
the P4 subprogram. The data acquisition system relays will close, energize a light 
~nd audb alarm on the therrnar storage SRE control console, and print out the 
variable which caused the al3.rm, its value, and the time the alarm occurred. 

A sampl2 cycle timer (SCT) count down to zero from a preset time interval enables 
the P3 subprogram. The op2ra:tional status of seven valves is read and a logical 
determination of the thermal storage operating mode is made. 

The P4 subprogram is enabled by the P3 subprogram. It measures and converts 
all the analog data inputs and checks for alarm and warning levels. An alarm con­
dition will generate a Pl enable and warning levels generate a P5 enable. Mea­
sured data will be stored as it is taken if the respective "store data" switch is 
equal to one. 

The P5 subprogram causes a printout of the warning messages generated in the 
data measurement subprogram. The switch in this section determines if only the 
new warning messages generated in the last P4 pass will be printed or if a new list 
of all the last pass messages will be printed. 

Keyboard requests for data analysis/reductions are initiated through the P6 sub­
program. 

Displayoutput requests on the CRT or printer/plotter are processed by the P7 
subprogram. 

After a test sequence the test data dump subprogram (P8) transfers the disk stored 
data to mag tape and/or prints selected data on the printer/plotte:r. 

Background program development of almost any nature can be performed in the P9 
subprogram. A typical P9 task would be inputting an additional display (P7) or 
analysis (P6) subprogram. All background program activity will be restricted sue 
that the o::::cupied memory ana disk areas may be read but not written into. 
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Table 3-5. Data Acquisition System Software -
SHE Thermal Storage 

' 
EXEC~ DRIVER- LOAD PROGRAM AND INITIAL CONDITIONS · 

- DRIVE SUBPROGRAMS (PR lOR ITY) 

SUBPROGRAMS 

PI - ALARMS 

P2 - CHANGE INITIAL CONDIT IONS 

P3 - OPERATING MODE DETERMINATION 

P4 - DATA MEASUREMENT AND CONVERSIONS 

PS -

P6 -

P7 -

WARN lNG MESSAGES 

ANALYSIS/REDUCTION REQUESTS 

DISPLAY OUTPUT REQUESTS· 

P8 - TEST DATA DUMP 

P9 - BACKGROUND PROGRAMS 
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Experiment Components Detail. Design and Integration 

Experiment Detail Design 

CONTROL CON SOLE 

Controls and displays for operation of the thermal storage unit are housed in two 
instrument racks together with auxiliary devices and power supply. 

The con:rol consple of the thermal storage unit, Figure 3-41, has been designed 
for "sta:1d-up" o~ ration using standard mounting racks and instrument panel cases. 
Since the thermal storage ope::-ations at Riverside are of an engineering nature, the 
control ·::onsole design allows for flexibility in operation and arr3.ngement; i.e., a 
spare recorder channel for both thermocouple and 4 to 20 rna inputs is available, 
controller and indicators can lbe mounted interchangeably, and spare mounting 
space is provided for instruments and auxiliary devices. The valve control con­
sole is positioned on top of the right-hand panel. This console, shown in detail in 
Figur,e 3-42, has a schematic showing the location of tl'le ·valves. Each valve has· 
a three-pbsition switch. To the left is closed, center is automatic, and right is 
open. Above the switch is a set of lights that indicate whether the valve is open or 
closed. The switches are spring returned to the center position. 

In addition, there are indicator lights to indicate such faults as high steam drum 
level, etc. If one of these faults occurs, an audible signal is heard and the core­
spending red panel light will flash on and off. Pushing the "Acknowledge" button 
will silence the alarm and tr:e light will be on steady red. 

The mode selection push buttocs are all in a row in the panel below this one. All 
of these are of the type that light up when depressed except the acknowledge button. 
Figure 3-43 is a more detailed view of this section. Nine of the 10 indicators are 
mounted in the next rack down. The 10 indicators (Figure 3-43a) are: 

• Feedwater Pressure 

• Feedwater Temperature 

• Recirculation Water ?ressure 

• Recirculation Water Temperature 

• Main Steam DischargE Pressure 

• Main Steam Discharge Temperature 

• Condensate Pressure 

• Condensate Temperature 

• Premelt Discharge Pressure 

• Premelt Discharge Temperature 

The Premelt Discharge Temperature indicator would not fit in the panel and is 
mounted in the rack with the controllers. 
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The seven controllers are in the next panel down. _ Reading from left to right 
there are: 

• Desuperheater Outlet Pressure 

• Desuperheater Outlet Temperature 

• Feedwater Flow 

• Recirculation Flow 

• Steam Drum Pressure 

• Mail St~am Discharge Flow 

• Steam Drum Level 

The next panel down contains the controls and readouts for the recirculation pump, 
the scraper motor controls and speed indicator, and the torque meter output. Fig­
ure 3-44 shows this installation. 

The rest of the panel is reserved for auxiliary devices. 

Three recorders are located in one instrument rack and operate with 4 to 20 rna 
and thermocouple inputs. Two of these are 15.24 cm-by-15. 24 em (6-inch-by-
6-inch) recorders which may be used for trend recording. Up to 12 inputs may be 
"patched" into either of these recorders. A multipoint recorder (Figure 3-44) is 
used for recording temperatures. Up to 12 temperatures may be recorded from 
thermocouples with reference junction compensation built into the recorder. 

The ·two recorders will record the following data: 

• Feedwater Flow 

• Drum Level 

• Receiver Flow 

• Mainsteam Flow 

• Desuperheater Discharge Flow 

• Steam Drum Pressure 

The other pressures are being recorded every 5 seconds by the data acquisition 
system. 
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Experiment Components DetE:.il Design and Integration 

Experiment Detail Design 

TRAILER CONTROL CENTER 

The trailer control center pr<wides a central location for the control of the steam 
generator and thermal storage experiments. 

A 3. 05 m-by-10. 97 m (10-ft by 36-ft) trailer will provide air conditioned space for 
housing the control consoles ~nd data acquisition system. The trailer will be 
locateC. on the turbine room floor at Riverside adjacent to the 6. 71 m-by-12. 50 m 
(22-ft by 41-ft) opening in which the- steam generator is located. Valves which 
control steam and water loops in the experiments are centrally operated from the 
trailer, and all control/instrument signals to and from the trailer are electric. 
Trailer communications include: (1) intercom stations at the steam generator 
floor, thermal storage area, and the existing NSP intercommunication system; 
(2) a line to the existing Riverside Bell Telephone system. 

The various control consoles are aligned centrally in the trailer (Figure 3-45) 
providing operator access on ithe steam generator side, and access to terminals and 
auxiliary devices on the other-.. Functionally related equipment is placed adjacent 
(e. g., data acquisition display and keyboard near storage and steam generator con­
trol consoles, steam generator and radiant array controls are adjacent). The steam 
generator and thermal storage tests will not be carried out simultaneously, how­
ever, there are controls common to both (i.e., No. 8 feedwater supply and bypass, 
discharge header pressure control) and the control consoles have been placed side 
by side. 

Walls, floor and ceiling of the trailer will be metal covered and grounded for 
electric field shielding. 
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Experiment Components Detail Design and Integration 

Experiment Integration 

ACTIVATION AND TEST SCHE:JULE 

An SRE delivery ar~d activation plan h:ts been developed to permit storage experi­
ment testing by Jar_uary 1977. 

The schedule (Figure 3-46) shows the hardware procurement, software development 
and integration activities necessary for efficient coordination of site construction 
and SRE buildup. 

The stor:~.ge tank will be delivered by the supplier to Honeywell's New Brighton 
Facility NB105 (government owned) where the heat exchangers, mechanisms, heat 
loss control system,· electrical instrumentation and wiring will be installed by 
skilled technicians. It will then be tr:~.nsported to NSP for installation and hook up. 
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Experiment. Components Detail Design and Integration 

Experiment Integrc.;tion 

STORAGE TANK.ASSEMBLY AND INTEGRATION 

The storage tank, salt pre-mel:, condenser· and vaporizer detail design is· com­
plete and out for bids. 

The storage. tank went. out for bid on May f4. One. bid has been1 received· to· date .. 
It came from:· ., 

Brown-Minneapolis Tank 
P .. o. Box 3670 
St. Paul, MN 55165 

Their price is· $9, 114. 00 with delivery on or before September 1'5~ 1976: 

Other·compa.nies that are expe·::rted to bid on this item are: 

Moorhead Machinery and Boiler· Company 
3477 University Avenue N. E. 
Minneapolis~ MN 50418 

Kenny Boiler· & Manufacturing· Company 
344 Unive:::-sity Avenue 
Sf .. Paul, 1\IIN 

The salt pre-melt. went out for· bid' on Jtine 5. No responses have been received .. 

The condenser·went out for·bid on May·24, 19"76 .. No·oiQs·liave'oeen received to 
date. 

The· vaporizer went out for.·bid on June 1, 1976. So far we•have:recefved three no 
bids: However, two other con:panies have asked'for. m::>re· detail and.are· expected 
to oid.. Thes'e. companfes are: · 

Midway· Machine· Company 
2324 University Avenue 
St. Paul, MN 55114 

Dale Design Inc. 
682C Shingle Creek·Parkway 
Minneapolis, MN 

Dale Design plans to subcontract the tube bending and welding:to· 

Deltak Corporation 
74 J1 Walker Street 
Minneapolis, MN 55426 

Honeywell plans to use a porticm of. Bldg. 103 at the Tw:.n Cities· Army· Ammunition 
Plant in New Brighton; MN. for the final assembly of the pre-melt, condenser, al 
vaporizer into the tank. 
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.xperiment Components Detail Design and Integration 

Experiment Integration ' 

STORAGE TANK ASSEMBLY AND INTEGRATION- MECHANICAL 
AND ELECTRICAL 

. . 
The drawings and specifications for the mechanical and electrical installation at the 
NSP Riverside plant are complete. A bidder's conference is S·:!heduled for 8 July, 
1976. 

The drawings and specifications for the mechanical and electrical installation at 
the NSP Riverside Plant are complete. These are listed and included in Appendix 

·A . The NSP Plant Modification Bill of Materials and the General Construction 
Specification were not included, but are available. 

A bidder's conference is scheduled for 8 July. At this time, the complete program 
will be outlined and drawings and specifications will be available for those who wish 
to bid on them. The bids are due in by 1 August with contract award date of 15 
August. Work should start by 15. September, with completion due by 1 December. 
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Experiment Components Detail Design .and Integration 

Experiment Integration 

SCHEDULE OF SOURCES/SINKS (NSP TEST SITE) ., 
The schedule of sources and sinks for testing at NSP River,side 'Station remains 
essentially the same as at Concept Design Review. 

The schedule of sources and sinks is given in Figure 3-48. 

Drum fill modes at start-up have been added for both the steam generator and 
thermal storage tests using condensate from the No. 6 unit at 'Riverside. The 
temperature of the condensate water is considerably lower than that of feedwater 
.38 °C (100 °F) versus 204 °C (~00°F) thereby imposing less .thermal shock if con .. 
densate is used for drum filling rather than feedwater. 

Scraper thaw and drum warn:.ing capabilities have been added to the thermal 
storage discharge mode.: Desuperheated steam from the No. 8 Unit will be used 
to supply thaw and warming Eteam as well as the charge steam. 

/ 
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Figure 3-48. Schedule of Sources /Sinks (NSP Test Site) 



Experiment Components Detail !>esigr_ and Integration 

Experiment Integration 

STORAGE TANK ASSEMBLY AND INFEGRATION- STEAM DRUM STATION 

One responsive\ quote for the stE:am drum has been received and a second is 
expected. 

The two leading contenders for the steam drum are: 

• Dyna-Therm Corporation 
P. 0. Box 6629 
701 Richmond Avenue 
Houston,' Texas 77001 

• Wright- Austin Company 
3245 White Street 
Detroit. Michigan 48207 

The Dyna-Therm Corporation hc.s offe-red to manufacture a steam drum to HI 
specification for $9830 with deli·1ery around 15 October 1975. 

HI is waiting for a response fror:1 Wright-Austin Company. 

The Dyna-Therm Corporation steam drum would be supplied with the ANSI 900-
pound RF flanges. 

Size 

Description Quantit~ (em) (in.) 

Steam outlet 1 2.54 '1 

Leve 1 contro 1 2 5.08 .2. 

Recirculation pump bypass 1 1. 91 3/4 

Recirculation pump suction 1 5.08 2 

Recirculation pump return 1 3. 81 ' l-1/2 

Prewarming and blcwdown 1 1. 91 3/4 
(drain). combined 

Feedwater 1 1. 91 3/4 

Relief valve 1 1. 91 3/4 

Pressure transmitte::- and 1 1. 91 3/4 
indicator. combined! 

Sight gauge 2 2.54 1 
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'T'he Wright-Austin steam drum would probably be similarly equipped. 

The steam drum will be mounted on the north wall of the therm3.l storage room. 
It will be in the northeast corner as high as possible and will-be insulated to mini­
mize heat loss. The sight gauge and level transmitter will be mounted on it. 
There will be liquid level and pressure indication and recording capability in the 
control room. 

\ 
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Experiment Components Detail Design and Integration 

Experiment Integra-:ion 

STORAGE TANK ASSEMBLY .AND INTEGRATION··- STEAM TRAP STATION 

Two steam traps have been ordered to determine whether .a mechanical trap or a 
thermodynamic trap is better fo:- this application. Either one can be selected 
from the control console by operating either valve 22 to select the ·mechanical trap 
on valve 8 for the thermodynamic trap. 

The mectanical trap.selected.is an inverted buckettrap·model'5155 CVwhich·is 
·manufactured by Arn:strong Machine Works. Delivery of this trap is expected 
mid-Augt:st. This trap is some-:imes supplied with an internal check valve. How­
ever, at this operatir_g pressure the check valve tends to have a short life so the 
steam trap was ordered without it and an external check valve was substituted. 

The thermodynamic trap ordered is a 1. 91 cni (3/4 in.) c-·5oo·BSWR YARWAY with 
11 B" internals. In case the loads are lighter than those calculated, "A" internals 
can be field changed without rerr:.oving the trap .from the line. 'Delivery of this trap 
is expected on 1 October 1976. 

Both traps will have .1. 91 c~ (3/4 in.) 6. 80 x 102 kg (1500-lb) F .. S. weld neck 
flanges with raised faces. They will be selected by activating either valve 22 for 
the inverted bucket trap or valve 8 for the thermodynamic trap. .This·is done at 
the console. 
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!rperiment Components· Detail Design and Integration 

Experiment Integration 

STORAGE TANK ASSEMBLY AND INTEGRATION­
RECIRCULATION PUMP STATION 

A recirculation pump has been ordered from the Kontro Co. Inc.' 

The following· bids for th,e recirculation pump were received 

• 

• 

The Kontro Co. Inc . 
4 6 5 Main Street 
Athol, Massachusetts 01331 

2 pumps in series 
$25,379 
Delivery -- 30 Nov. 1976 

$24,790 
Chern Pump Division of Crane Co . 
Warrington Industrial Park 
Warrington, Pennsylvania 18976 Delivery -- 49-50 weeks after 

drawing acceptance 

A number of companie·s were nonresponsive. 

The Kontro pump was selected primarily because it could be delivered on time. · 
The original quote called for Mid January 1977 delivery. A premium of $3, 227 is 
being paid to insure early delivery. 

The recirculation pump will be mounted between the thermal storage tank and the 
north wall of the room. The ground in the area of the NSP plant is very soft. How­
ever, there is a pad on pilings just 76.20 em (2-1/2 feet) below the surface in th:.s 
area, so it will be excavated and a new pad poured on top to support the pump and 
motor. A new floor section will be poured around the pad. 

The recirculation pump will be supplied with these ANSI 900-pound RF flanges: 

Description 

Suction 

Discharge 

Quantity 

1 

1 

. Size 
(em) 

2. 54 

2. 54 

1 

1 

The installation will actually consist of two pumps in series. Each pump will be· · 
driven by a 7.46 kilowatt (10 H. P.) electric motor. The pump motors will be 
controlled oy a switch on the console of the thermal storage system in the control 
room. The motor starters will be interconnected so that both will always operate· 
simultaneously. 
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Experiment Components: Detail Design and. Integration 

Experiment. Integration 

STORAGE TANK ASSEMBLY AND INTEGRATION­
VALVES, PIPING AND CONTROLS 

Orders for all of the noncontrol valveE have been placed, the control valves- and 
the piping have been specified by Black & Veatch, and' the control sy:stems are 
being finalized. 

AU of the noncontrol valves were ordered, and delivery should be· completed by 
25 August 1976. 

The control valves specifications, as· determined by· Black & Veatch, were· sent out 
for bid in May. One quote has been· received. 

The piping has been specified by Bla'ck & Veatch and will be part of the bid package 
for the equipment installation wiJth the contra.ctor furnishing. it. 

The control system logic was designed. by Black & Veatch, and the hardwa:re is· now 
being specified by Honeywell. 
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Experiment Test an::i Operatior_ 

Test Objective and Goals 

EVALUATION 

The objective of the TSS/RE t·~ting is to collect a quantitative set of engineering 
data to allow the SRE design, performance and operational characteristics to be 
specified for the Pi lot Plant Configuration. 

To achieve the test objective, the following goals are set: 

a) Successfully complete a block of eight charge/discharge cycles to 
evaluate tl:e best operating range for the design. 

b) Successfully complete a olock of two·charge/discharge cycles to. 
evaluate tte performance over the·" selected" best operating range 
for the design. 

c)· Successfully complete a plock of five charge/ discharge· cycles to 
evaluate the design and performance under operational conditions. 

See Figure 4-1. 
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OBJECTIVE 

QUANTITATIVE 
SET OF DATA 

EVALUATE 

DESIGN 

PERFORMANCE 

OPERATIONAL 
CONDITIONS 
AND 
ENVIRONMENT 

• PRESSURE DROP 
• SALT CHARACTE~ISTICS 
• TRAP TYPE 
,.. SCRAPER SPEED 
• SCRAPER TORQUE 
• INSULATION THICKNESS 
• RECIRCULATION RATE 
• DRUM PRESSURE RANGE 

• HEAT RATE IN/OUT 
• HEAT RECOVERY 
• HEAT I..:OSS RATE 
• DESUPERHEATER 
• TEMP. EXCURSION IN SALT 
• PARASITIC LOSSES 

• START UP RATE 
• TRICKLE CHARGE CAP. 
• CHARGE WHILE DISCHARGE 
• CONTROL MODES 
• MATERIAL COMPATABILITY 
• TRANSIENTS 

Q SPECIFY 

PILOT PLANT DESIGN 

\ 

Figure 4-1. Test Goals 
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Experiment Test and Operatio::1 

Test Plan and Schedule 

SRE SCHEDULE 

A test plan has bee:r formulated that utilizes the program- resources to the maximum 
extent possible to achieve the test objective. 

Thermal' storage testing mus1! be completed by the first week, in April, 1977 in order 
to provlde an updated pilot pla::tt thermal storage design by June 1, 197·7. The: acti­
vation schedule for thermal st::>rage reflects an expected test start on- January 3, 
1977. This gives 95 calendar days or 70 test. days·. These test days· must be shared 
between. the steam 6enerator :md the thermal storage experiments; Allocating 30 
test days to thermal storage a::td assuming that it will take two test days to produce 
one successful test with a full set of· dats.a,results in 15 test completions. 

These tests are defined as a charge and discharge cycle. This number of tests, as· 
shown~on the sched•Jle, is adequate to quantify the design and speci:fy·the per­
formance of the. Pilot PlaJ:?-t Thermal Storage. 

See Figure 4-2. 
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Experiment Test and Operation 

Parameters and Variables for Test 

SRE TEST 
I 

The SRE/TS tests contain a ve~y limited number of variables.- four for the 
vaporizer, and four for the condenser - but the system requires many measure­
ments to quantify the effects of each of the variables. 

The operator-determined independent variables are listed below, followed by a list 
of parameters which must be measured to fully define the effects each variable has 
on the storage system performance. · 

INDEPENDENT VARIABLES 

Vaporizer Performance Varial:::les 

a) Saturation pressure 

b) Water inlet temperature at vaporizer 

c) Scraper speed 

d) Water flow rate 

Condenser Performance Variables 

a) Saturation pressure 

b) Selection of steam trap 

c) Previous ~"listory of frozen or partially solidified bath 

d) Degrees superheat of entering steam 

MEASURED QUANTI TIES 

Vaporizer Performance 

1) Inlet water to vaporizer 

a) Temperature 

b) PresEure 

c) Flow rate 

2) Discharge temperature from vaporizer 

3) Discharge steam flow from steam drum 

4) Steam drum pressure 

5) Scraper speed 

6) Scraper torque 
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7) Salt liquid level 

8) Salt temperature profiles 

9) Density versus depth and time 

Condenser Performance 

1) Steam temperature 

2) Steam pressure 

3) Steam flow rate 

4) Condenser outside wall temperature 

5) Condensate exit temperature 

6) Trap cycling rate 

7) Salt temperature profiles 

8) Salt liquid level 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTROL, MODES OF OPERATION 

The TSS/RE facility can be operated in nine different modes. 

This section covers the requirements for, and description of, the various modes 
of operation and control. Steady- state analyses have been applied to determine the 
functional characteristic of t::le defined modes. A transient analysis of the dis­
charge and charge while discharge modes will be performed prior to test opera­
tions to ensure adequate response and stability. The plan is to model the steam 
drum and vaporizer and analyze response of these elements to rapid changes of the 
drum pressure, simulating a charge in the demand heat rate. Secondly, under this 
simulated demand heat rate the feedwater, drum level sensing and output steam 
contr,ollers will be modelled and analyzed as part of the entire control loop. 

Figure 4-3 is a matrix of the nine different modes of operation of the TSS/RE and 
the associated status of the·valves. (See Figure 3-29 for outlined valves.) The 
discharge mode is actually three submodes. The symbol "M" in the matrix indi­
cates the valve will be modulating in the related mode; "O" means the valve will be 
open; no entry means the status of the valve remains in the reset (closed) position. 

Figure 4-4 is a matrix of the valve interlock requirements during operation of the 
TSS/RE. When a valve in the left column is either open or modulating as indicated 
on the diagonal of the matrix, each of the other valves must assume its status as 
shown. When there are no entries in the matrix, the valve remains in the reset 
(closed) position. 

Consider, for example, warming the drum. Referring to Figures 3-29 and 4-4 , 
when the warming mode buttons are pushed at the control console, valve No. V-23 
will open (Q) to permit steam from the No. 8 steam interface to flow into the drum 

. valve Nos. CV-1, V-2, CV-3, CV-6, and the desuperheater atomizer steam valve 
(automatic, valve "D") open as shown in Figure 4-3 . Steam losses to the thermal 
storage unit are avoided with the closure of valve Nos. V-7, V-9, and V-19 as 
shown by "C" in Figure 4-4 . 

A discussion of each mode follows. 
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Figure 4-3. The Nine Modes, One with Three Submodes, of 
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Experim.ent Test a:1d Operation 

Test Operations and~ Controls 

THERMAL, STORAGE CONTROL,, RESET MODE 

A reset mode is desirable to s.imply place all valves into a known status. 

The reset mode places all valves into their normal positrons. A new· mode, other 
than the emergency mode, cannot be instituted without first employing the reset 
mode. Associated Yal:ve states: are given in Figures 4-3 and 4.-4 . 

Related: logic diagrams. are presented in Appendix G. 

l 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTROL, EMERGENCY MODE 

For safety of personnel and protection of property, an emergency mode is re­
quired which will automatically place the system in· a safe condition. 

The emergency mode may be actuated by pressing a button on a cord, either worn 
on the operator's belt, or carried by the operator in the thermal storage facility. 
The operator at the control console can also actuate the emergency mode. Actuat­
ing the emergency mode will institute the reset mode, and in addition, will shut 
off all motors. An audible alarm will sound in the thermal storage area and at the 
console. A light will also flash at the control console. The control console opera- · 
tor can acknowledge the alarm which will turn off the audible portion and will 
change the stacking light to steady. Correcting the problem will turn off the steady 
light. See EMERGENCY STATES which follows. / 

Associated valve states are given in Figures 4-3 and. 4-4 . Related logic dia­
grams appear in Appendix G. 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTEOL, EMERGENCY STATES 

Emergency states 'during operation of the thermal storage system will be indicated 
first as alarms to the operators. followed by automatic intervention if corrective 
action is not brought about. 

Table 4-l summarizes the alarm/interlock actions for the fluid circuits of the 
thermal storage system. Simul~aneous audible/visible alarm is given to the opera­
tor prior to automatic intervention. If corrective action is not taken, or is inade­
quate, automatic intervention (interlock) takes place bringing about another simul­
taneous audible/visible alarm i:xlicating the actual interlock event. The audible 
alarms can be turned off by the operator in acknowledgement of the alarm state. 
However, the visible alarm will persist until the process variable has been 
restored within normal limits. 

From Table 4-1 it is seen that interlock action is of three kinds: trip of the 
recirculation pump, shutdown of the steam supply (from No. 8 Unit), and shutdown 
of the feedwater supply (from No. 6 Unit). Tripping of the pump occurs to protect 
it in the event of low suction or cooling water failure. Abnormally high pressures 
and temperatures of the charge and thaw steam will stop the supply of steam to the 
desuperheater. Loss of feedwater or steam to the desuperheater due to pipeline 
break will cause the isolation valves CV-4 and CV-6 to close. 

' 
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Table 4-1. Thermal Storage Alarm/Interlock Schedule (Fluids) 

PARAMETER - ALARM 

DRUM LEVEL HIGH & LOW LEVEL 

DRUM LEVEL 

OESUPERHEATER OUTLET LOW TEMPERATURE 
STEAM TEMPERATURE 

THAW (TANK) STEAM PRESSURE 

THAW (VAPORIZER) STEAM PRESSURE 

NO.6 FEEOWATE!l PRESSURE 

'No.8 MAIN STEAM PRESSURE 

RECIRCULATION PUMP C/W FLOW LOW FLOW 

RECIRCULATION PUMP C/W HIGH TEMPERATURE 
DISCHARGE TEMPERATURE 

INTER LOCI:: 

LOW LEVEL • 

HIGH TEMPERATURE 

HIGH PRE~URE 

HIGH PRE~URE 

LOW PRESSURE 

LOW PRESSURE 

LOW FLOW 

HIGH TEMPERATURE 

40454 

INTERLOCK ACTION 

TRIP RECIRCULATION PUMP 

SHUT STEAM SUPPLY VALVE (C\1-2) 

SHUT STEAM SUPPLY VALVE (CV-2) 

SHUT STEAM SUPPLY VALVE (C'V-2) 
' I 

SHUT FEEOWATER SUPPLY VAI!.VE (CV-4) 

SHUHTEAM SUPP~Y VALVE (CV-2) 

TRIP RECIRCULATION PUMP 

TRIP RECIRCULATION PUMP 

\ 
\ 
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Experiment Test and Operatior: 

Test Operations and Controls 

THERMAL STORAGE CONTROL. PRECHARGE MODE ' . 

The precharge mode will melt vertical and horizontal channels in the solid salt 
of the thermal storage unit to establish a liquid path to the surface for stress relief 
of the expanding salt. 

The precharge mode, illustrated in Figure 4-5 , is an auxiliary mode to forestall 
the possibility of damage to the thermal storage unit during the charge mode. When 
salt melts, it expands. If salt were to melt in the interior of a large block of solid 
salt due to the flow of steam in tl:e condenser coil, the pressure in the molten salt 
could increase to the point where the condenser tubes might collapse, the tank wall 
might bu1ge or rupture, or the salt might break to relieve the stress. Once melted, 
1:he salt would solidify with fissures, but there would be no certainty of stress re­
lief by this mechanism. The precharge mode dispenses with the need to rely on 
such natural fissures. 

Although all downcomers and risers in the thermal storage unit will be finned 
longitudinally, a sufficient body of experience in thermal storage has not yet been 
accumulated to be certain that they will adequately form liquid channels for stress 
relief of the expanding salts in the thermal storage unit. For this reason, the 
precharge mode was included and will be employed until proof exists that the con­
denser downcomers and risers properly relieve the thermal storage unit of these 
expansive- stresses. 

In operation, steam of any temperature and pressure within the design limits can 
be selected simply by dialing the desired conditions on the desuperheater control­
lers for valve Nos. CV-3 and CV-6, as discussed elsewhere. The steam will pass 
through the precharge tubing in 1l:e thermal storage unit from the top to the bottom, 
horizontally and back, then up tc :!reate liquid channels. Additional liquid channels 
formed by the condenser will cc·nnect with these. Passage of the incoming steam 
from top to bottom instead of from bottom to top is an essential design feature of the 
precharge mode. 

The associated valve states are g;_ven in Figures 4-3 and 4-4 . See Appendix G 
for logic diagrams associated with the precharge mode. 

\ 
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Experiment Test and Operation 

Test Operations ar_d Controls 

THERMAL STORA3E CONTROL, CHARGE MODE 

The charge mode is used to store energy in the thermal storage unit as latent heat 
by melti::1g the salt. 

In the charge mode the thermal storage unit will receive s1eam from the No. 8 unit 
of NSF's Riverside Plant as indicated in Figure 4-6 . The steam of the No. 8 unit 
has a pressure of 16. 5 MPa (2400 psig) and a temperature of 538°C (1000°F). The 
saturated steam design conditions for the charge mode are 13. 5 MPa (1958 psia) 
and 334 °C (633 °F). Saturated steam with these conditions -or lower, or super­
heated steam at temperatures up to 371 °C (700°F) and pressures up to 13. 5 MPa 
(1958 psia) may be dialed into -:he controllers for valve Nos. CV-3 and CV-6 as­
sociated with the desuperheater to deliver steam consisten: with safe operation of 
the thermal storage facility. These steam conditions will be ample· to melt the 
sodium r:itrate salt which has a melting point of 309°C (58H°F). 

Completion of the charging cycle will be indicated by salt temperature and/or 
liquid salt level in the thermal storage tank. · 

Associated valve states are given in Figures 4-3 and 4-4. See Appendix G for 
logic· diagrams associated with the charge mode. 

/ 
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Experiment Test and Operatior:. 

Test Operations and Controls 

THERMAL STORAGE CONT~CoL, THAW MODE 

The thaw mode is to release frozen scraper blades on the vaporizer. 

Since the TSS/RE is an expe:-iment, the boundaries of its operability will be probed 
in off-design experiments to determine the dynamic range of operability of the 
thermal storage unit. Under U· .. ese conditions the scraper blades may stall due to 
excessively rapid solid salt formation. 

The thaw mode will be used to free the scrapers if they freeze up during these off­
design operations by passing s-t~am directly through the va?orizer tubes. This will 
permit rapid return of the system to test operations. See Figure 4-7. 

Associated valve states are given in Figures 4-3 and 4-4 . See Appendix G for 
logic diagrams associated' with the thaw mode. 
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Experiment Test and Operation 

Test Operations and. Controls 

THERMAL STORAGE CONTROL, WARMING MODE 

A warming mode is required for safe and repeated start-up procedures for the 
TSS/RE facility. 

The warming mode will be used to bring the system up to near thermal equilibrium 
to simplify start~up and thermodynaJllic analyses. 

If water and steam at a temperature below 246°C (475°F) is suppli"ed to the vaporizer 
in the discharge mode, the temperature gradient at the vaporizer coils. may be suf­
ficiently large to freeze salt so rapidly that the scraper blades will stall. A simple 
method to avoid scraper blade stall at start-up is to warm the facility using the 
warming· mode illu.~strated in Figure 4-8 . The warming mode utilizes steam from 
the No. 8 unit with the conditions dialed on the controllers of the desuperheater 
discussed elsewhere. 

See Figures· 4 -3· and 4 .:.4 for c..ssociatE~d valve states and Appendix G for·logic. 
diagrams associated with the warming mode. 
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Experiment Test and Operation 

Test Operations and Controls . 
THERMAL STORAGE CONTROL, DISCHARGE MODE ANALYSIS 

Two basic modes of control will be used to evaluate the operating characteristics 
of the TSS/RE in the discharge mode. ' 

Referring to Figure 4-9 the steam drum pressure can be allowed to vary from be­
low the design point to the satcration pressure corresponding to the salt tempera­
tur~ or it can be controlled by using recirculation rate as a controlled variable. 

If the recirculation rate is held constant and CV -1 is throttled, the steam drum 
pressure will seek an equilibrium value ·proportional to the heat rate delivered. 
The equilibrium is described by the energy balance 

q = U(mR,Xe) · A· ~T 

and 

q = mRXe ~H 

where 

q = heat rate 

u -· overall coefficient 

~T = T( salt) - T( stearr'") 

A. = tube surface area 

mR = recirculation rate 

xe = exit steam quality 

~H = H - H sat· fw 

Hsat = saturated. vapor enthalpy 

Hfw = feedwater. enthalpy 

Solving for Xe' from Equatio:1 (2): 

xe - mR: ~H 
Substituting into Eq'.Iation (1), w: g.et. 
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For given tube area 

q = § (i.nR, ~T, steam propertie,s) (3) 

With m3. held constant, q will vary as ~T or vice versa. The drum pressure is 
directly related to ~T. At low discharge rate, ~T will go to zero. In that condi­
tion, the steam temperature will approach the salt temperature and the saturation 
press':lre will vary accordingly. Figure 4-10 shows the variation of steam drum 
pressure with heat extraction rate with recirculation flow as the parameter. 
Figure is based on a salt temperature of 298°C (568°F). The drum pressure 
is very sensitive to the heat rate. 

If drum pressure is held constant, AT will be constant and from Equation (3) heat 
rate will vary as recirculation flow, inn. Figures 4-11 and 4-12 show the varia­
tion of teat rate with recirculation flow with drum pressure as the parameter. At 
recirculation flows greater than 454 kg/hr (1000 .lb/hr) the curve is flat and heat 
rate is very insensitive to the recirculation flow rate. While at recirculation flows 
below 454 kg/hr (1000 lb/hr), the heat rate decreases almost asymtotically. This 
is because at higher flow rates the outside coefficient controls and the overall 
coefficient is insensitive to changes in inside coefficient. But at low flows the in­
side coefficient becomes controlling and, the overall coefficient depends on the re­
circulation flow and quality. 

Computer calculations were done to calculate the heat rates, using the program 
whose flow chart is presented in Appendix I . The outside coefficient was evalu­
ated using the scraping model described in Appendix 'H, and the inside coefficient 
was calculated using Rohsenow's equation, Chen's correlation and Dittus Boelter 
equation for different quality ranges. 
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Experiment Test and Operatior_ 

Test Operations and Controls 
/ 

THERM.~L STORAGE CONTROL, DISCHARGE MODE 

There are .three submodes required for the discharge mode to evaluate the dis­
charge, design, and performance capability: one submode is required for opera­
ti0nal evaluation and two subn:odes are required for design evaluation. 

Figure 4-13 is that part of the PI&D No. Ml004 which constitutes the discharge 
mode of the TSS/RE. -

4-30 

• Operational Evaluation Submode - Constant Recirculation Rate. 
Variable Pressure (CRVP). In this submode FT-18 controls CV-10, 
CV-1 is in manual, andl PT-10 is not used. This allows CV-1 to 
set a demand in the vaporizer loop similar to that which would be 
imposed by a turbine-throttling valve in the pilot plant. 

• Design Evaluation Submode - Constant Recirculation Rate, Constant 
Pressure (CRCP). In this submode PT-10 controls CV-1 and 
FT-18 controls CV-10. The purpose of this submode is to evaluate 
the heat rate capability from the thermal storage unit under con­
trolled conditions of temperature, pressure, and flow. 

• Design Evaluation Submode -Variable Recirculation Rate. Constant 
;Pressure (VRCP). In this .submode PT_;10 controls CV-10, CV-1 is 
in manual, and FT-18 is not used. This submode will.be used to 
determine the capability of controlling the heat rate with variable 
recirculation flow rate. 
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Experin:ent Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTROL, CHARGE-WHILE-DISCHARGE MODE 

The operational thermal storage facility will function in a :node of charging while 
simultaneously discharging the thermal storage unit. 

The TSS/RE will be tested in a charge-while-discharge mode, a ·combination of 
Figures 4-6 and 4-1'3, since this mode will be an operational feature of the ther-

. mal storage facility of the solar pilot plant. Due to the existence of large thermal 
time constants, switching from charge to discharge at a cloud· passage cannot be 
performed instantaneously. Tr.erefore the two modes will necessarily be in oper­
ation simultaneously. Furthermore, the best method of operating the thermal 
storage :acility to accomplish nost rapid transfer from the steam generator to the 
thermal storage facility may be shown to be a continuous but low-power discharge 
while in the charge mode. This combined mode will be evaluated with the TSS/RE. 

Associated-valve states are giv·~n in Figures 4..;3 and 4-4 . See Appendix G for 
logic diagrams associated with the charge-while-discharge .mode. 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTROL, MANUAL MODE 

For maximum flexibility in this experimental project, a manual mode is desirable 
to permit an experienced operator·to manually control the TSS/RE. 

In the manual mode each on-off and each control valve can be independently acti­
vated except as restricted by the intrinsic logic of the control system. Referring 
to Figure 3-24, examples of such restrictions are that of CV-7, CV-9, CV-19, 
and CV-23, only one can be open at any one time; V-20 and V-21 cannot be open 
at the same time; CV-10 cannot open unless V-21 is open. 

See Appendix G for the total logic diagrams for the TSS/RE. · 
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Experiment Test anC. Operation 

Test Operations and Controls 

THERMAL STORAGE CONTRO::..., CONTROL IMPLEMENTATION 
IN THE DISCHARGE MODE 

Controls are provided for maintaining drum level, drum pressure, and recirculation 
flow in the discharge mode. 

The control scheme for the discharge mode is shown in Figure 4-14. Five control 
stations are used to effect the control of water level in the drum, drum pressure, 
and recirculation flow. Drum level is controlled using three-element control. 
Drum pressure is controlled by throttling either main steam discharge or recircu­
lation flow. Recirculation flow throttling can also be effected in response to a flow 
controller. These control submodes are explained further in the following. 

Conventional three-element drum level control uses three measurements: steam 
flow, feedwater flow and drum levels. Steam flow and feedwater flow measurements 
are linearized by square root extractors. The linearized steam flow measurement 
(generated by FT-17) and the drum level measurement (generated by LT-2) are 
combined electrically in a smnmer whose output sets the control point of the feed­
water flow controller (FIC- 9) in cas cad~ fashion. Output of this controller modu­
lates the feedwater control valve, CV-5. Three-element control is used to stabilize 
drum level during load transients by endeavoring to maintain the relationship of 
feedwater and main steam flows; i.e.: steam flow is used as a feed forward signal. 
The drum level controller (UC-10) acts to restore a set drum level after a load 
change. Both the drum level and feedwater flow controllers use gain-plus-integral 
control action, and both can be manually operate,d (as during start-up of the system). 

Drum pressure, measured by PT-10, is controlled in one of two submodes as 
selected by the operator: viz, main steam throttling using controller PIC-13 to 
modulate the main steam valve, CV -1; or. recirculation flow throttling using con­
troller PIC-6 to modulate the recirculation flow valve, CV-10. But CV-10 can 
also be controlled in yet another sub mode by recirculation flow controller, FIC-14. 
In this submode, PIC-6 is not k use, and the thermal storage system can be set up 
to simulate a "turbine-following" situation. In this case CV -1 simulates a turbine 
throttle valve. Thro-ttle (or drum) pressure is maintained at the set point of con­
troller PIC-,13 acting on CV~ 1. A system load demand is imposed by manipulation 
of the set point of controller FIC-14 to set up a desired recirculation flow rate (via 
control valve CV -10), hence :o maintain a desired evaporation or main steam flow 
rate. 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAG3 CONTROL, CONTROL IMPLEMENTATION 
IN THE CHARGE MODE 

In the charge mode, steam is delivered at the required pressure and temperature 
by controlling the desuperheat of main steam from No. 8 Unit at Riverside. 

The control scheme for the charge mode is shown in Figure 4-15. Two controllers 
are used to effect de superheating. Sufficient rangeability of desuperheater perfor­
mance is available so that thaw and warming steam, as well as charge steam, can 
be provided by the de superheater. 

Main steam and feedwater from No. S. Unit, the only unit at Riverside operating at 
sufficiently high pressure, are used for supplying the de superheater. Pressure 
control of the desuperheater discharge steam is done using controller PIC-11 
operating from transmitter PT- t9 to modulate control valv~ CV-3. No. 8 main 
steam is pressure reduced from 16. 56 MPa (2400 psi) to 12.21 MPa (1770 psi) and 
6. 90 MPa (1000 psi) for charge and thaw/warming modes, ::-espectively. No. 8 
feedwater is used to ::!Ool No. 8 main steam from 537. 78°C (1000°F) to 326. 67°C 
(620°F) and 357. 22°C (675°F) fc·r charge and thaw/warming modes, respectively, 
using controller TIC-12 to modulate feedwater flow via control valve CV-6. 

Both controllers PIC-11 and TIC-12 use gain plus integral controL action, and both 
are capable of manual or automatic operation. ' 

I 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTROL, CONTROLLERS 

Controllers for the thermal storage system feature manual - automatic control 
selection, adjustable set-point,' process variable and valve position displays, and 
two- mode control action. 

The front and side view of the controllers proposed for the thermal storage system 
are shown in Figures 4-16 and 4-17, respectively. The controllers have vertical­
scale indication of the process variable (e. g., pressure, temperature, flow, level) 
and horizontal- scale indication ::>f the control station output (valve position). Pro­
cess variable scales are in engineering units while the output scale indicates per­
cent (of valve travel). Setting c-f the controller is made by thumb-wheel adjustment 
of the 19.05 em (7-1/2-inch) movable tape scale so that the set point, as indicated 
on the scale, is opposite a fixed mark midway on the vertical display window of the 
instrument. The pointer of a deviation meter moves above· and below this center 
position to indicate "off-control" levels of the process variable, but is centered 
midway on the vertical scale when "on-control. 11 

The input to the controllers from the transmitter (or square root extractor in the 
case of flow) is a 4-20 milliampere (ma) signal. The controller output, which is 
fed to the respective valve positioner, is likewise 4-20 ma signal generated by the 
error signal caused by a process variable - set point difference. When in the 
11 manual11 mode of operation, the operator can manually generate this 4-20 ma 
signal by means of "open" and "close" pushbutton switches on the face of the con­
troller.. "Bumpless" transfer between automatic and manual operation is achieved 
.using a memory circuit in the controller.. 

Infrequent adjustments to the controller are made at the side of the instrument 
(ref. Figure 4-17). These include "zero," "span," "gain,'' "integral," and 
11 control algorithm select." The latter can be used to accommodate large set point 
changes by modifying internal circuitry (making "gain'! action responsive to pro­
cess variable input rather than error signal). Gain range is continuously adjust­
able from o. 1 to 100; integral range is aajustable from "off" to o. 02 to 100 repeats 
per minute. 
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Figure 4-13. Controller (Front View) 
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Experiment Test and Operation 

Test Operations and Controls 

THERMAL STORAGE CONTRO::..., READOUTS 

Key fluid measurements in operating the thermal storage system are indicated and 
recorded on the control console. 

The readout rationale is predicc..ted or: two-man control of the thermal storage 
system using conventional supervisory displays operating continuously, together 
with those which may be printed out upon operator interrogation of the data acquisi­
tion system. The printout and CRT-display information available from the data 
acquisition system will complement that which appears on the control console. 
Readout versatility is afforded en the :!ontrol console by having spare recorder 
channels, patch panels, and the capability for parallel operation of controllers and 
recorders. 

Key fluid parameters will be diEplayed on the control console by indicators, 
indicating controllers, and recorders. Figure 4-18 shows the measurements and 
readouts for the discharge mode. The measurements are: 

· • Feedwater: pressure, temperature, flow 

• Main steam: pressure, temperature, flow 

• Recirculation loop: pressure, temperature, flow 

• Drum pressure and level 

In addition to these measurements, the flow and discharge temperatures of the 
cooling wa.ter to the recirculation pump are also indicated on the control console. 

Figure 4-19 shows the measurements a.nd readouts for the charge mode. The 
measurenents are: 

• Desuperheater discharge: pr~ssure, temperature, flow 

• ':'haw discharg~: press.1re, t~mperature 

• Condenser discharge: pressure, temperature 

?igure 4-20 shows a front view of an indicator. Indication is on a 7. 62 em (3-inch) 
vertical 'scale with servo-driven pointer driven by the 4-20 rna transmitter output 
signal. The indicator has built in level switches for activating process alarms. 
:::::t'igure 4-21 shows a recorder front view. This instrument is also servo driven 
from the 4-20 rna transmitter signal. Up to three channels may be recorded simul­
taneously; the recorder can also be "patched" accepting up to 12 inputs. It has 
built .. in level alarm switches and can be parallel operated with controllers. 
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Figure 4-20. Servoed Indicator 
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Experiment Test and Operation 

Test Program 

BLOCK I TESTS-DESIGN POINT EVALUATION 

Storage system operation and system repeatability will be demonstrated with a 
series of eight charge and discharge runs made at and around the design point. 

Four complete charge I discha:-ge cycles will be completed at the. design conditions 
to demonstrate system reliab:.lity and repeatability. Heat transfer rates, steam 
pressures and temperature will be checked and scraper torque versus percent of 
storage charge will be compared in consecutive runs to detect changes in salt 
properties of scraper wear. An attempt will be made to evaluate the accuracy of 
the data recording and data reduction system at the same time. 

The condenser will have been used previously to melt down the initial charge in the 
system. Its performance cha!'acteristics will have been quantified during the par­
tial charge runs. The four charge mode runs will be used to evaluate the dif­
ferences in the two types of steam traps, the inverted bucket trap and the thermo­
dynamic trap. It is expected that the difference in trap operation will have an effect 
upon the temperature distribution along the condenser and upon the amount of steam 
condensed. 

The next four test runs will be made to determine the therma 1 storage system per­
formance when operating at off-design conditions. 

Assumi!1g that the previous fot:..r design heat flux rate tests do not produce latent 
heat recovery factors of 60 percent, the vaporizer heat flux will be adjusted to 
determine that heat flux that can be attained and still maintain a 60 percent recovery 
factor. From the engineering model test results presented in conceptual Design 
Report (CDRL Item No. 5) the plot of Salt Heat Flux versus Percentage of Heat 
Recovered shows that the heat recovery factor R can be described by the equation: 

R(o/o) = so- 4 x lo-3 ~s 

where Qs = the salt heat flux in Btu/hr-ft2. 

This eqt;.ation is an experimental result from tests on a much smaller scale which 
may not be valid in the larger system. Unitl the higher heat flux tests are con­
ducted, it remains the only way of predicting a recovery factor as a function of heat 
rate. Information about higher than design heat rate is of more interest than iower 
heat rates and will be the first nondesign point data sought. 

Recovery factors for lower than design heat fluxes will be determined in two follow­
ing tests. It is desirable to have data at heat recovery rates above and below the 
design point to establish the slope of the system performance curves around the 
design point. This data can then be used to make the system study tradeoffs to 
optimize the pilot plant configuration. 
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- Lch of the four off-design vaporizer tests will be preceded by a condenser test. 
Le condenser tests will also be off-design performance tests each utiUzing the 

steam trap determined to be the most effective by the previous four condenser 
tests. Information sought in these tests will be condenser effectiveness versus 
length, total heat transfer rates and variation of heat rate with cor_den.ser tem­
perature and percentage of charge. 
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Experiment Test and Ope:-ation 

Test Program · 

BLOCK III TESTS-OPERATIONAL EVALUATION 

Five successful operational -:ests are required to evaluate the· SRE performance 
under operational conditions. 

The results from the Block H - Performance Evaluatl.on tests will consist of a set 
of optimum conditions for beat performance. This will include such things as the 
condenser inlet pressure c.nd temperature range, vaporizer recirculation rate, 
vaporizer scraper speed and torque level, etc. This optimum set of conditions 
and parameters will be exercised under various operating scenarios. This will 
include: · · 

a) A charging pressure/temperature/flow profile similar to that of the 
Receiver Subsystem C.uring early morning and later afternoon hours 

b) A turbine throttle po3ition profile similar to that expected from a 
central dispatcher designated load profile 

c) A charge while diEch.3.rge sequence typical of the pilot plant 

d) Start up, shut dow:1 and hold conditions typical of the pilot plant 

e) Simulated em·erger_cy conditions and associated response times for 
safe control 

An example of item (.a) abov€ is shown in Figure 4-22. Receiver steam could be 
supplied to storage 35 minutes from cold start. The conditions would be 315: 56°C 
(600°F), 3. 447 MPa (500 psia) and 10 percent of full flow. This minimum time is 
based on the fact that no heat will be transferred into the salt until the steam tem­
perature is greater than the salt temperature - 310°C. (590°F). The pressure could 

. rise to 12.42 MPa (.1800 psia) and maintain 26. 67°C (80°F) of superheat. This 
charging scenario would be the type of test conducted during operational evaluation 
of the SRE. 
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Experiment Test. and Operation 

Expected·. Test Results. 

DATA ANALYSIS 
1 

The data analysi·s will be largely done by computer working from data stored' on 
magnetic tape. 

The Hewlett Packard 9611 corr_puter system will store all of the data on magnetic 
disks or tape for future· data reduction. The computer system will be programmed 
with aU necessary conversior: factors to convert all electronic sensor signals into 
physical units and to supply real.-time data in the form of pressures, temperatures, 
mass flow rates, enthalpies, heat fluxes, charge status, etc. The system has a 
real-time plotting capability to permit continuous. plotting of the most. important 
variables under test. At the: completion of' a test~. further analysis may be per­
formed at the site or·the magnetic tape data can be processed further by· another 
computer system. An error analysis for the system is presented in Appendix ~F. 

The operator will also have. some data available from• a multipoint recorder which 
will be· used to monitor such. r-.mctions as salt temperature: charge level,_ steam· 
discharge rate· and: drum. le-vel. These signals will also go to the· data recording 
system for integration· into the data. package and the:overall test results. 

. I 
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Experimental Tests and Operation 

'-'!< xpected Results 

DATA PRESENTATION 

The experimental data will be presented graphically whenever possible for ease of 
understanding. 

The outline that follows contains a li~t of the different types of data thaJ is expected 
to be obtained during the experiment. Some of the graphs are C()mpilations of the 
results from several experiments, such as the Maximum Percent: Discharge versus 
Discharge Rate. · 

A. Calculated quantities 

1. Vaporizer data 

a) Evaporator exit quality 
b) Overall heat transfer coefficient 
c) Scraper power 
d) Percent discharge 
e) Salt settling ,rate 
f) Salt build-up thickness per revolution of scrapers 

2. Condenser data 

a) Heat flux from condenser 
b) Percent charged 
c) Degrees superheat of entering steam 
d) Salt flow rates 

B. Graphical Presentation 

1. Vaporizer data plots 
·\ 

a) Heat flux versus saturation pressure 
b) Heat flux versus scraper speed' 
c) Heat flux versus percent dischp.rge 
d) Heat flux versus exit quality 
e) Heat flux versus entrance temperature 
f) Scraper torque versus heat flux 
g) Scraper torque versus speed 
h) Scraper torque versus percent discharge 
i) Maximum percent discharge versus discharge rate 
j) Scraper power versus heat flux 
k) Pressure drop versus recirculation rate 
1) Heat rate versus recirculation rate 

2. Condenser data plots 

a) Heat flux versus saturation pressure 
b) Heat flux versus percent charge 
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c) Heat flux versus type of steam trap 
d) Heat flux versus salt freezing history 
e) Heat flux versus percent charge while discharging 
f) Heat flux vErsus percent charge after extended settling time 
g) Condenser effectiveness versus distance along condenser 

3, Salt temperature movement data a discharge 

a) Discharge · 

!.) Temperature profiles versus time during discharge 

ii) Temper.c.ture profiles versus time after a complete 
discharge 

iii) Temperature profiles versus time after a partial 
discharge 

b) Charging 

i) Temperature profile versus time while charging 
immedic:.tely following a full discharge 

ii) Temperature profiles versus time while charging 
after an extended settling time 

iU) Tempera:ure profiles versus time for various 
charging rates 

c) Charging while· discharging 

i) Temperature profiles for charge while discharge 
as a fundion of charge rate 

ii) Temperature profile for ~arge while discharge 
as a function of percent charged 

· Figure 4-23 is sketches of the .~phical results that are expected. Each group is 
numbered corresponding to the o·.1tline line number. These graphs illustrate the 
trends that have been observed :.n the engineering model tests, predicted by theory 
or in the case of the steam trap operation represent an educated guess. The scales 
were intentionally left off from the graphs to ensure that they will not be confused 
with actual data. 
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Documents used in ~:;.upport of the oral presentation of the Detail Design 
or otherwise availcble are listed below: 

Specifications 

SPEC. NO. DA'JE 

SK 13324~ 12/12/7 5 

SK 13324-E 12/12/75 

SK 140001 

SK 133289 5/04/76 

SK 140009 

SK 133500 5/12.'76 

SK 133291 5/2l..,'76 

SK 133288 5/05176 

SK 140010 5/20i76 

SK 140002 4/26/76 

SK 140011 5/27/76 

SK 140012 5/28/76 

TES/SRE Design Specification 

TES/SRE Test Specification 

Steam Traps 

TSS/RE Storage Tank \ 

TSS/RE Salt Pre-melt 

TSS/RE Condenser Submodule 

TSS/RE Vaporizer 

TSS/RE Steam Drum 

TSS/RE Reci-rculation Pump 

TSS/RE Torque Meters 

TSS/RE Electric Motors, Speed 
Controllers and Gear Reducers 

Procurement Spec. for Phase 
Change Material 
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__ I Honeywell 
SYSTEMS I RESEARCH CENTER Code Ident No. 27327 

SPECIFICATION NO. SK 133242 I 
1.0 SCOPE 

This specification establishes the desip,n. performance. and test require­
ments for a.Thermal Energy Stora~e (TE~) Subsystem Research Experiment 
(SRE). 

2.0 APPLICABLE DOCUMENTS 

The followin~ documents, of the latest issue, form a part of this specifi­
cation to the extent specified herein. In the event of a conflict between 
the documents referenced h@r~in and the contents of this specification. 
then the contents of this specification shall be considered a supersedinp 
requirement. 

a. Preliminary Design Baseline Report, CDRL ~lo l., 30 Sept. 1975 

b. American Society of Mechanical En~ineers, Boiler and Pressure 
Vessel Code: 

~ECTION I Rules for construction of Power Boilers 

SECTION II Material Specifications 

SECT1f)N V Nondestructive Examination 

SECTION VIII Unfired Pressure Vessels 

SECTION IX Weldin~ and Brazinr, Qualifications 

c. American National Standards Institute 

B31.1 Power Pipin~ 

d. Standards of the AmericAn Institute of Steel Construction And Arneric<:.n 
Concrete Institute 

e. InterstAte Commerce Commission ~hippinp. Standards Re~lations 

f. Unifom Buildin~. Codes 

g. Standards for Tubular Exchanger Manufacturers Association, Class R 

h. American Petroleum Institute Code 620,650 

3.1 Thermal Energy Storage Subsystem Resea~ch Exp~riment TES/SP£ Definition 

HS-257 

The aim of the TES/SRE is to provide the necessary experi~ental test dAta 
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3.1 "· 

3.1.1 

3.1.2 

3.1.2.1 

- A6 -

HS-257 

Honeywell 
SY5TEMS I RESEARCH CENTER Code Ident No. 27327 

SPECIFICATION NO. SK 133242 

(Continued) 

and operating experience to specify the design of an efficient. economical 
thermal storage S'Jbsystem for the Pilot Plant. 

The Theroal Storage Subsystem Research Experiment shall provide a means 
of transferring thermal energy from a working fluid to a thermal energy 
storage medium and, subsequently. transferring stored thermal energy to a 
working fluid in e form suitable for generating electrical power with a 
conventional turbine/generator. The working fluids in the subsystem 
research experiment shall Be the same as that in Solar Thermal Power System 
(Pilot Plant). The 1ES/SRE may consist of: 

a) the inlet heat exchanger containing tubing. valves. and fittings 
requlred to transfer the thermal energy from the heat transfer fluid 
into the storag~. material. 

b) the thermal storage tank. including the structure, insulation piping. 
foundation requi=ed for the containment of the phase change material 
and teat exchange surfaces. 

c) the outlet heat exchanger. tanks. drums. pumps, valves, fittings. 
and tubing requited to transfer the stored thermal energy to the work­
ing fluid. 

d) the p'lmps, contr.:>ls. required to safely regulate and direct the fluid 
· flows and inst=umentation to measure state and other parameters as 
necessary to quantify the required test parameters and variables. 

The Thermal Storage Subsystem Reasearch Experiment test hardware shall 
have a thermal storage capacity of not less than 1 MW hours thermal and 
be capabl~ of scalir.g to a capacity to provide thermal energy for at least 
7 MW(e) net for 6 hcurs for the Central Receiver Pilot Plant and larger 
for the commercial pow~r generating system if possible. 

Thermal Storage Subsystem Research Experiment Diagram 

Figure 1 shows a schematic of the Thermal Storage Subsystem Research Experi­
ment and its interfaces. 

Interface Definition 

The physical and functjonal interface between the Thermal Storage Subsystem 
Research E:<periment and facility or elements thereof are as follows: -

Fluid 

Piping. cor..nections a:1d mounting fixtures shall, be provided at the facility 
at the folloving fluid i~terfaces: 
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3.1.2.1 

3.1.2.~ 

3.1.2.3 

3.1.2.4 
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Honeywell 
SYSTEMS I RESEARCH CENTER Code Ident No. 27327 

SPECIFICATION NO. SK 133242 

Fluids (Continued) 

a) Entrance and exit of the char~in~ workin~ fluid 

b) Entrance and exit of the discharp.in~ working fluid 

c) Salt draina~e 

ci) Gases used in the operation, including instrument air and 
gaseous nitrogen. 

Electrical Power 

Electrical power to t~e test item shall be provided at a junction box 
within the test enclo.iure. It shall contain 120 VAC and 240 VAG at 'fBD 
and TBD KVA, respect1·1ely. This power shall be used to drive test item 
motors and auxiliary equipments. The auxiliary equipment includes heaters 
used to "Tielt the phase change materials lrnich require 55 KH power. 

lnstrume:ttation - Tes~: .Data 

All test data instrumentation output shall terminate at a patch panel 
located within the test item enclosure. The instrumentation shall make 
it possible to measure gnd record temperatures; pressures, mass flows, 
heat loss, thermal capacity and other special parameters taken during the 
test. The instrument .:~ccuracies shall permit an overall heat balance to 
be determined to withi~ ±3~. 

Instrumentation - Process Data 

All process data instrumentation shall terminate at a patch panel located 
within the test item er1closur:!. This instrumentation shall insure that 
the process is properly func tloninP. and shall provide appropriate siP,nals 
for automatic shutdown Q.f the operation l-rhen necessary. This shall in­
clude monitoring the inlet and outlet fluid conditions, the ulla~e pressure, 
tank drain status, feed.ater recirculation rate, and fluid levels. 

Facility Foundation 

A raised pad shall be provided to support a rectan~lar storap,e tank with a 
dead weight .load not to exceed 45500 kp, and a cold face temperature not to 
exceed 316DC for its operatin~ life. The tank/foundation interface shall 
withstand seismic loads corresnonding to zone 2 intensity. 
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3.1.2.6 

3.1.2.7 

3.1.2.8 

3.2 

3.2.1 

HS·257 

Honeywell 
SYSTEMS I RESEARCH CENTER Code ldent No. 27327 

SPECIFICATION NO. SK 133241 

Environmental Enclosure 

An enclosure shall be provided to insure prote.ction from the elements, 
i.e., snow0 wind and rain and provide space conditioning to the storage 
unit to 18 C + 8°C during winter operations. The enclosure shall allow 
for installation and removal of the test unit as well as draining and 
filling the tank with the phase change material. 

Support Equipment 

Equipment to install, remove or ~epair the test unit or its components, 
shall be provided. Equipment shall be provided to insure the safe hand­
ling and preparation of the phase change material at the test site. Elec­
·tric heaters shall be provided to ·permit the melting of the phase change 
material in the event of a malfunction. Containers or receivers shall 
be supplied to permit the tank to be drained in an efficient manner. 
Special tools and test equipment shall be provided to install, maintain, 
repair or replace critical storage components and to provide access where 
required. 

Thermal Storage Subsystem Experiment Controls/Master Controls 

The Thermal Storage Subsystem Research Experiment cont~ols shall be re­
sponsive to standard control signals from the master control center or 
may be remotely manual or manual if adequate safety requirements are met. 

Characteristics 

Performance 

The Thermal Subsystem Research Experiment test hardware shall have a ther­
mal storage capacity of not less than one Megawatt hour operating and 
be capable of scaling to a capacity to provide therma! energy for at least 
7 MW(3) for 6 hours for the Central Receiver Pilot Plant and larger for 
the commercial generating system. The working fluid conditions shall 
be 12.5 MPa saturated steam for charge cycle and the output steam from 
subsystem experiment shall be saturated steam at 6.7 MPa. 

Specific design characteristics of the Thermal Storage Subsystem Research 
Experiment shall be provided as follows: 

a. The Thermal Storage SRE shall be a one to one scale model of the 
Pilot plant module des.cribed in Preliminary Design Baseline (Second 
Revision), CDRL No. 2. The output from the SRE unit shall be the 
same as in the Pilot Plant module and be equivalent to 134 KW(t) 
(179 boiler hp) and coil represent 1/235 of the total power gener­
ated by the Pilot Plant Storage Subsystem. 

b. The design shall maximize the recovery of useful thermal energy from 
storage consistent with cost and performance considerations. 

40454 
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Performance (Cont~nued) 

c. Tl:e design stall provide· for the control of the conductive, convec­
tive and radiative thermal losses. The allowable losses are 35% 
of the total storage capacity over a period of 4 days. 

d. Instrumentation and controls shall respond to transient conditions 
ta?idly enough to prevent any adv~rse effects with regard to the 
safety and operation of the research experiment and the facility 
in:erfaces thereof. 

e. The design shall provide for the removal of crystallized salt from 
the outside o:E the v.sporizer tubes. Primar! consideration should 
be given to mechanical techniques. In addition, it may be necessary 
t::> "de-ice" tt.e vaporizer tubes during the course of an experiment 
in an attempt tc evaluate various salt remo~al techniques. Conse­
quently, the ciesign should be capable of suFplying facility steam 
to the vaporizer tubes at a temperature above the eutectic salt temp­
erature. 

f. The design shall provide for the salt input of plant steam heat to 
mel: the salt LO the storage tank. The salt may be in a granular 
or crystallized state. When in either of these states a liquid vent, 
proLruding thro~ghout the solid bulk must be insured prior to trans­
ferring steam heat at rated conditions. 

Physical Characteristics 

The Thermal Storage Tank shall be rectangular in shape. The weight of 
the tank with salt heat exchangers, insulation, cover and attached base 
support shall not exeeed 46,000 kg (101,200 lb.). The outside envelope 
dimensions, of the insulated tank shall not exceed (3.5 meter) in height, 
(3.5 meter) in width and (3.5 meter) Ln length. The base of the tank 
shall be located sufficiently above local grade to allow gravity drain 
of the salt. The taa~ shall be filled with salt from the top. The tank 
closure must allow for accessibility for salt loading, handling, equip­
ment installation's removal. 

Reliability 

Consideration' shall be given in the data gathering system and operating 
procedure Ln the,Thermal Storage Subsystem Research Experiment to permit 
extrapolation of useful reliability data for Pilot Plant Design. 

Maintainability 

Consideration shall be given Ln the data gathering system and operating 
procedures on Thermal Storage Subsystem Research Experiment design to 
permit ext~apolation of useful maintainability for Pilot Plant Design. 
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3,2.6 
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Environmental Conditions 

The Thermal Storage Subsystem Research Experiment shall be designed to 
withstand natural environmental conditions expected to be encountered 
during installation within an environmental enclosure and operation at 
NSP Riverside plantsite in seismic zone 2. Electrical components shall 
be protected from electrical disturbances and stray currents. 

Transportability 

Transportation of all elements of the Thermal Storage Subsystem Research 
Experiment to the test site shall be subject to all pertinent federal 
and state ·transportation regulations. The storage subsystem may be shipped 
disassembled as required. 

3.1 Design and Construction 

3.3.1 

3.3.2 

3.3.3 

3.3.4 

HS·257 

The Thermal Storage Subsystem Research Experiment shall be designed and 
constructed in accordance with the applicable ASME and API Codes. Piping 
shall meet applicable ANSI codes. Structures, facilities and enclosures 
shall be designed and constructed in accordance with the best engineering 
practices and the Standards of the American Institute of Steel Construc­
tion, American Concrete Institute, Uniform Building Code, and special 
state codes where applicable. 

Materials 

The Thermal Storage Subsystem Research Experiment components shall be 
fabricated from materials as specified in the applicable specifications 
or codes. 

Phase Change Materials 

The thermal energy storage medium shall be pha~e change material, single 
salt or a mixture of inorganic salts of a particular composition. The 
material of fabri-cation shall be compatible to the storage medium with 
regard corrosion to containment. 

Electrical Transients & Grounding 

The electrical components of the Thermal Storage Subsystem Research Ex­
periment shall be protected against normal power line and sudden power 
outages transients and all required elements groundec. 

Nameplates 

All components, instruments, and controls shall have identifying markings 
on nameplates which shall be permanently attached to the respective items. 
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3.3.8 

3.4 
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Workmanship 

The Thermal Storage Subsystem Research Experiment and all associated items 
shall be constructed, fabricated and assembled in accordance with the 
best modern engine~ring, shop, and field practices, consistent with cost 
and performance requirements. 

Interchangeability 

Components, with standard tolerances where available, shall be used· to 
permit interchangeability for servicing. Consideration shall be given 
to components to permit eKtrapolation of useful part selection function 
data to the Pilot Plant Design. 

Safety 

The Thermal Storage SJbsystem Research Experiment shall be designed to 
minimize safety hsz:rrds to operating and service :>ersonnel and the public. 
Electrical compon~nts shall be grounded. All par~s or components with 
elevated temperature; shall be insulated against contact with or exposure 
to personnel. Any O•)ving elements shall be shielded to avoid entangle­
ments and safety ove=ride controls shall be provided for servicing. Safe 
salt handling and mi:ing equipment shall be used to prevent any direct 
contact to personnel. All pertinent OSHA rules and regulations shall 
be observed. DesigL cf the storage tank shall accommodate a rupture caus­
ing spillage of the naximum tank salt contents of 27,000 kg (60,000 lb.). 
The spillage must be contai:ted with a designate ar.ea. Design of the stor­
age tank shall als.o ·consider rupture of the high pressure water and/or 
steam tubing causing ullage pressure increase with possible tank failure. 

Public Display 

It 1s anticipated that the therm<il storage SRE will stimulate considerable I 
public interest and ::;1e test facility will be inspected from time to time 
by the public, public officials and other dignitar~es. The test item, 
facility and immed~ate area should be designed to oeet this scrutiny. 

Document.:ition 

Instructions 

Instruct1.ons shall cCNe·r assembly, installation, alignment, adjustment, 
checking, lubrication, salt handling and mixing, and maintenance. Oper­
ating in~tructions sh~ll be ~ncluded for startup, r:>utine and normal oper­
ation, regulation and C·)ntro:.., shutdown, salt draining, and emergency 
conditions. 

Characteristics and Pe:-iormaLce 

Equipment functions, normal operating characteristics, limiting conditions, 
test data, and performar.ce curves, where applicable, shall be provided. 
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Construction 

Engineering and assembly drawings shall be provided to show the equipment 
construction, including assembly and disassembly procedures. Engineeri~g 

data; wiring diagrams, and parts list shall be provided. 

4.0 QUALITY ASSURANCE PROVISIONS 

Verification of conformance to designs and drawings as approved by ERDA 
at the DDR is required prior to initiation of the subsystem tests. 

4.1 Test Program 

4.1.1 

4.1.1.1 

4.1.1.2 

4.1.1.3 

4.1.1.4 

HS·257 

All tests will be directed by Honeywell Incorporated. These tests· may ·oe 
witnessed by ERDA or its representatives or the witnessing may be ·waived. 
In either case, substantive evidence of hardware compliance wit~ all test 
requirments is required. All tests will be conducted per a formalized 
test plan and procedure. 

Engineering Test and Evaluation 

The performance of the instrumentation and control system shall be meas­
ured to verify compliance with power level control requirements, cooling 
requirments, emergency responses, and ability to maintain total system 
control under variable test conditions. 

1 

Thermal stora~e performance shall be tested to demonstrate the effective 
transfer of heat energy to the storage medium using the working fluid 
same as that available from the Rec;eiver Subsystem in the' Central Recei.ver 
Solar Thermal Power System Pilot Plant, to verify the storage of heat 
energy, and also to demonstrate the generation of steam vapor same as in 
Pilot Plant. 

Mechanical integrity shall be verified by subjecting the Thermal Storage 
Subsystem Research Experiment to simulated operating conditions for 
various environmental situations. 

Thermal storage controls will be tested to verify that they respond to 
standard control signals and function over the full range of operating 
conditions. l 

Thermal Storage Cycling and Off Design 

Capability will be tested to determine the useful life of the phase change 
material and to insure that the system is capable of responding to the full 
range of conditions anticipated in the pilot plant"operations. 
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4.1.1.5 Thermal Storage Ptase Change Material Safety 

4.1.2 

4.1. 3 

4.1.4 

- Al4 -
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It shall !be verified that the use of inorganic salts as storage medium is 
not hazardous. 

Preliminacy Qualification Tests 

Hydrost~tlc tests of t~e vessels and tanks shall be accomplished per the 
applicatl~ code at t~e manufactures facility or prior delivery to the 
NSP test facility. ?r:essure piping tests can be conducted on site. Sub­
sequent to assembly on the·test pad pre-operational, tests shall conduct­
ed prior to starting the operational testing. 

Life tests and Analysis 

Results from the tests will be reviewed and conponents requiring life 
test data and analysi.s be recommended to ERDA for a specific test program. 

~ngineering Critical Component Qualification 

Components for which ~eliability data are not available nor estimatible 
from the test program .shall be identified to ERDA for consideration of 
additional testing. 
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1.0 PURPOSE 

The purpose of this specification is to provide standard test and evalua­
tion procedures fot determining the desi~n and performance characteristics 
of a Thermal Energy Stora~e (TES) Subsystem Research Experiment (S~E). 

2.0 SCOPE 

This specification a~plies in general to thermal ener~y subsystems and 
in particular to· the latent-heat type storage system described in the 
reference .documents. · 

This specificati~n ls subordinate to the DESIGN SPECIFICATION,for the 
TES/SRE in case ~f ·:::onflicts. 

The constraints on ~his specification are subject to the interface require­
ments at the tea~ s~te. 

3.0 REFERENCE DOCUMENTS & DEFTIUTIONS 

1. Preliminary Desif!n Baseline Report. CDRL No. 1. 30 September 1975. 
/ 

2. Thermal EnerJ.!:Y ~torage (TES) Subsystem Research Experiment (SRE) 
Design Specification. 

3. Method of Testing for Rating Thermal Storage Devices Based on Thermal 
Performance, ~BSIR-74-634, May 1975. 

4. ASHRAE StandaTd 4l-66. 

5. A..~SI Standard C95 .1-1964. 

6. ASME Performance Test Codes: 

Pressur·:! MeAsurement 
Tempera~ure Measurement 
Hater & Ste2m in Power Cycle 

7. ASME Power Test Codes: 

Steam Generating Units 

PTC· 19.2 
PTC 19.3 
PTC 19.11 

PTC 4.1 
(ANSI PTC 4.1 

1964 
1974 
1970 

1964 
1974) 

3.1 Ambient Air 

- A18 -
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Ambient air is the air in the space surrounding the thermal energy storap,e 
system. 
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1 

Cycling of a latent-heat type storage device is a process in which the 
temperature of the system is raised and lowered in a cyclic manner and 
the phase of the storage medium is changed twice in each temperature 
cycle. 

3.3 Effective Capacity for Heat Removal 

The effective capacity for heat removal is the amount of heat that can 
be removed from the storage system during a period of time. 

3.4 Effective Capacity for Heat Storage 

The effective capacity for heat storage is the amount of heat that can 
be stored in the storage system during a period of time. 

3.5 Charge/Discharge Time 

The fill time is the duration of a single transient test 1n which energy 
is either added or extracted from the storage system. 

3.6 Heat Loss Coefficient 

The heat loss coefficient is the rate that heat is lost from the storage 
system per degree temperature between the storage medium tempera­
ture and the average ambient air temperature. 

3.7 Total Storage Capacity 

The storage capacity of a thermal energy storage system is defined as 
the heat that can be stored in a system including the sensible and latent 
portions. 

3.8 Performance Coefficient for Heat Removal 

The performance coefficient for heat removal is the ratio of the effective 
capacity for heat removal to the amount of heat that :ould be removed 
from an equal volume of water in an ideal water tank under the same condi­
tions. 

3.9 Performance Coefficient for Heat Storage 

3.10 

HS·257 

The performance coefficient for heat storage is the ratio of the ef:ective 
capacity for heat storage to the amount of heat that could be stored in 

,an equal volume of water· 1n an ideal water tank under the same conditions. 

l 
Standard Air 

Standard au 1s weighing 1.2 kg/m3 (0.075 lg/ft3)0 and is equivalent in 
density to dry air at a temperature of 21.1 C (70 F) and a barometric 

pressure of 1.01 x 105 N/M2 (29.92 in. of 
1

Hg.). 
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3.11 Standard Barometric Pressure 

3.12 

3.13 

5 2 1.01 x 10 N/m (29.92 in. of Hg.). 

Storage Medium 

The storage medium is the material in the storage system l.n which the 
heat energy is storec. 

Storage System 

The storage system is defined as the container(s) plus al:.. contents of 
the container(s) used for storing thermal energy in a system. The trans­
fer fluic and other aoc~ssories such as heat exchangers within the ther­
mal storage container(s_, are considered as part of the stc•rage system. 

3.14 Specific Heat 

The specific heat of a substance is the quantity of energy necessary to 
produce a. unit change in temperature of a unit mass. 

3.15 Transfer Fluid 

The trans:er fluid is the fluid that carries energy in and out of the 
storage system. 

4.0 CLASSIFICATION 

- A20 -
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In this specification st•::>rage systems are classified accorc!ing to the 
method they use to store energy and the transfer flu.Ld employed. 

Latent-heat storage system are those involving a change of phase of the 
storage medium. In thi3 type of system, most of the heat added to or 
removed from the system goes into changing the entha:py of the storage 
medium during a change of phase process. Some heat is also stored as 
sensible heat, since charging and discharging of the storag.e device 
usually imrolves a finite: change in the temperature c·f the ;ystem. 

Sensible heat storage systems are those in which the heat absorbed by 
or removed from the system results in an increase or decrease in the 
temperature of the storage medium and there is no change of phase of 
any portion of the storage medium. Typical systems employ pressurized 
water, unpressurized water, ·rock, brick or concrete as the storage medium. 

A storage system will use ei~her a liquid or a gas as the transfer fluid. 
The most common liquids are water or a water-ethylene glycol solution. 
The· most common gas is alr. 

The TES/SRE baseline subsystem is a latent-heat system which employs 
steam as the transfer fluid and an eutectic salt as the storage medium. 
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' 5.0 REQUIREMENTS 

5.1 Latent-heat type storage systems evaluated under this specification shall 
have been cycled (see definition of cycling) through their change of phase 
at least 30 times during testing. 

5.2 The transfer fluid used in evaluating the performance of a thermal energy 
storage system shall have a known property over the temperature range 
encountered during a test. 

5.3 The area where the testing of the storage system is performed shall have 
its temperature controlled to the extent to be specified. 

5.4 Manually recorded data shall be logged in "controlled" data books (Honey­
well or equivalent). Control of these records shall be by name and book 
number. 

5.5 

5.6 

6.0 

6.1 

6 .1.1 

6 .1. 2 

6 .1.3 

6 .1.4 

6. l.S 

6.2 

6.2.1 

HS·2h 

Tests shall be logged as to date, run time, objective, etc., and shall 
be in accordance with a predetermined, detail test plan. 

Data accuracies are subject to the overall accuracy of the TES/SRE DESIGN· 
SPECIFICATION. Accuracy budgets can be adjusted accordingly. 

INSTRUMENTATION 

Temperature Measurements 

Temperature measurements shall be made in accordance with ASHRAE Standard 
41-66, Part 1 (1) and ASME PTC 19.3 1974. 

The tJmpeiature difference of the transfer fluid across the thermal stor­
age system shall be measured with: 

a. Thermopile (air or liquid as the transfer fluid) 

b. Calibrated resistance thermometers connected in two arms of a bridge 
circuit (only when a liquid is the transfer fluid) 

The accuracy and precision of the instruments and their associated readout 
devices shall be within the limits TBD. 

The instruments shall be configured and used in accordance with Section 
7. 

When thermopiles are used, they shall be constructed 1n accordance with 
ANSI Standard C96.1-1964 (R 1969) 2. 

Liquid Flow Measurements 

The accuracy of the meter including a calibration, i: furnished, shall 
. be equal to or better than +1.0% of the measured value. 
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6.3.1 

6.3.2 

6.4 

6.4.1 

6.4.2 

Honeywell 
.... 

SYSTEMS & RESEARCH CENTER Code Ident No. 27327 

SPECIFICATION NO. I SK 133248 

Recorders and Integ~ators 

Strip cbart recorde=s used shall have an accuracy equal to or better than 
+0.5% of the tempera~ure difference and/or voltage measured for each test 
with the exception ~f the heat loss rate test. In hhe test to determine 
the heat loss rate, :he accuracy of the strip chart ~ecorder shall be 
equal to or better than +2.0%. 

Electronic integrators used shall have an accuracy equal to or better 
than +1.C% of the measured value ofr each test with the exception of the 
heat lo3s rate test. In the test to determine the heat loss rate, the 
accuracy of the eLectronic integrator shall be equal to or better than 
+4.0%. t 

Pressure ~easurements 

The press.1re measurenent shall be made with instrunents that shall permit 
measureme~ts of pr~ssure to within +2.0% absolute and whose smallest scale 
division ;hall not e:!OCeed 2 1/2 times the specified accuracy. 

The static pressure drop across2the thermal storage system shall be meas- I 
ured witb an accurac=' of 25 N/m (0 .1 in. of wated. 

6.5 Time and Mass Measurements 

Time measLrements ~nd mass measurements shall be made to an accuracy of 
+0.20%. 

7.0 TEST PROGRAM 

7. l 

7 .1.1 

- A22 -
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All tests will be dire.cted by Honeywell Incorporated. These tests may 
be witnessed by ERD.\ ·Cr its representatives or the witnessing may be waived. 
In either case, substantive evidence of hardware compliance with all test 
requirements is required. All tests will be conducted per a formalized 
test plan and proce:lur·e to be established under a separate cover. 

Thermal st·nage perform.:mce shall be tested to demo:-tstrate the effective 
transfer o.f heat energy to the storage medium using a working fluid the 
same as that available from the Receiver Subsystem in the Central Receiver 
Solar Thermal Power System Pilot Plant, to verify the storage of heat 
energy, and also to demonstrate the generation of steam vapor comparable 
as in Pilot Plant, Unit Cell. For this purpose the test program shall 
include the tests indicated below. 

Performance Tests 

Charge Mode 

The storage subsystem shall be configured so that no discharge steam flow 
occurs. :n this configurations, by design, only heat is transferred into 
storage. T';ransmit reSJonse data will be obtained for this mode of oper­
ation. 
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Discharge Mode 

The storage subsystem shall be configured so that no charge flow occurs. 
In this configuration, by design, only heHt is transferred out of storage. 
Transient response data will be obtained for this mode of operation. 

Storage Uode 

The storage subsystem shall be configured so that neither charp.e or dis­
charge flows occur. In this configuration only heat is lost through the 
walls of the subsystem. · 

Charge/Discharge Mode 

The storage subsystem shall be configured so that charge and dischar~e 
flows occur simultaneously. In this configuration heat flows into anrl 
out of storage. The net heat flux is a controlled test variable and 
independent upon pilot plant duty cycle simulations. 

7.2 Critical Function Tests 

7.2.1 

7.2.2 

7.2.3 

7.2.4 

7.2.5 

The' subsystem shall be subjected to test condition's which simulate a mal­
functioning subsystem. These tests shall include, but not be limited to 
the following: 

Over Temperature 

Over Pressure 

Ruptured Components 

Adverse Liquid/Solid Levels 

Component Hazards 

o Chemical 
o Mechanical 
o Pneumatic 

7.3 Preliminary Qualification Tests 

HS·257 

It is desirable that preliminary tests be conducted as soon as practical 
to confirm, or better define, any characteristics of the them.al storage 
subsystem experiment which involve unusual materials or unconventional 
applications. 
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8.0 TEST PROCEDURE AND CALCULATIONS 

8.1 Proce<i:.lres 

- A24 -
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Alternate procedure. are available for evaluating thermal storage devices. 
The following are listed as alternatives to be considered in establishing 
a detail test plan for the TES/SRE. Subsequent tests shall be in accord­
ance with the Detail Test Plan to be established under a separate cover. 

The method that has been commonly employed in tes:ing of water storage 
tanks is to cause t:1e tranifer fluid entering the storage device to under­
go a step change in temperature and to measure the temperature of the 
transfer fluid leavi~g the storage unit. By inte~rating the difference 
in temperature between the inlet and outlet over the testing period and 
multiplying the result by the transfer fluids' mass flow rate and specific 
heat, one can deternine the amount of heat added or removed durinp, this 
time period. The area under the curve represents the energy absorbed 
during the time period shown. If the time period chosen for the test were 
some characteristic time depending upon the size of the storage device 
chosen, the heat storage capability of different devices could be com­
pared. 

A second method that could be employed would be to subject the transfer 
fluid entering the storage unit to a constant influx of heat, Q. This 
would result in raising the temperature of the entering transfer fluid 
(assuming the specific heat of the transfer fluid is constant) by a fixed 
number of degrees aboqe the outlet temperature. By measuring the time 
dependent outlet temperature one could obtain information that would be 
useful in designing collector-atorage systems. l~ile this Method simu­
lates more closely the real interaction between a collector and a storage 
device, it has the di•advantage that one cannot measure the energy stor­
age and removal capability of the unit. This ia due to the fact that if 
one measured the heat absorbed by the storage unit over a period of time, 
it would just be equal to Q x the test period of the amount of energy 
added to the system. Thus the only way of comparing different storage 
devices would be to ~ompare plots of outlet temperature versus time for 
different values of Q chosen so as to take into account the different 
sizes of the storage ~nits being compared. The storage device with the 
lowest average outlet temperature would probably be considered best be­
cause this would tend to maximize the efficiency of a collector. 

A third method would be to use a time varyin~ Q and to measure the outlet 
temperature as a function of time during the testing period. This would 
allow one to simulate the output of a collector over one or more days and 
to 9ete~ine the response of. the storage device. If the time dependence 
of Q resulted in an oscillatin~ inlet temperature, one would also be able 
to look at the de~ree of stratification attained in the storage unit. 
This method has the same disadvantage as the second method in that it 
would be very difficult to compare the performance of different storage 
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8.1 Procedures (Continued) 

devices. In addition, one has the problem of deciding on what is the 
typical cycle for Q; not an easy task when one considers that the output 
of the collector depends not only on the weather but on the particular 
storage unit employed. The major advantage of this method would be that 
by inserting an array of thermocouples in the storage medium, the experi­
menter could measure the temperature stratification in the unit. 

Of the three types the first method is the most advantageous because: 

a) it permits the determination of effective storage capacity and thus 
allows an easy comparison of different types of-storage units, 

b) it appears to be the most fundamental approach since linear theory 
shows that the outlet temperature response to a-constant or variable 
heat flux Q can be predicted if one knows how the outlet temperature 
changes with a step change in inlet temperature. 

' The procedure selected for this application shall be based upon the heat 
and mass balance equations established for the test subsystem, and shall 
be tailored to the final subsystem mechanizations. 

Detailed procedures for conducting the various tests described in SECTION 
7 shall be established in conjunction with the Detail Test Plan. 

8.2 Test Specs 

8.3 

HS-257 

The SRE tests shall include evaluation of the following items: 

a) 

b) 

c) 

d) 

Vaporiser Scraping technique and start up performance . 
. \ 

Procedures for evaluation of the performance of condensation inside 
horizontal pipes, by measurements of pressure drops and heat trans­
fers coefficients under design and off-design conditions. 

To determine the validity of salt liquid level measurement to deter­
mine energy stored. 

Off-design performance of the Storage System. 

Calculations 

The calculations will include those necessary to establish the static and 
dynamic performance characte~istic of the storage subsystem. These are 
determined by the heat and mass balance equations of the system. The de­
sired perform~nce characteristics include but are not limited to·st~age 
capacity, effective capacities for heat storage and heat removal, charge 
and discharge time constants. 

40454 
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SIIECIFICATION NO. I SK 133248 

8.3 Calculations (Continued) 

The data reduction techniques will be established with the appropriate 
design personnel to minimize test turn around time. The approach of 
Refere~ce 3 will be considered as a baseline. 

9.0 DATA & TEST REPORT 

Test data to be obtained shall be in accordance with a predetermined data 
list. The data shall include test date, relative ambient air conditions, 
observer names, temperature3, pressures, flow rates, etc., _as required for 
determining the perfcrmance characteristics of the test item, as well as 
the identification ne~ssar:1 to identify test components such as manufac­
turer's name, serial ·number, and model number. 

10. 0 NOMENCLATURE - TBD· 

11.1 REFERENCES - TBD 

PAGE 
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Honeywell Interoffice Correspondence 

Date: May 3, 1976 

To: R. Larson, MS 112610 
Phone 542-6971 

From: R. T. LeFrois,MS R2301 

Location:-

Subject: . 

Energy Resources Center, 2700 Ridgway Parkway. Phone 378-5083 
SRC/UES (ERC) 

PROCUREMENT SPECIFICATION - REQUEST FOR QUOTATION 

Attached is a procurement specification, SPP No. SK 140001, for two 
steam traps to be used on the Solar Pilot Plant (SPP) T~erma1 Storage 
Research Experiment (SRE). Two vendors who should be given requests 
for bids are: ' 

t 
( 

1) Mark Evans 
Blesi-Evans Company 
2533 24th Avenue So. 
Minneapolis, MN 55406 

Representative for Armstrong Machine Works 

2) Al F~nes 
R.B. Whitacre & Co. Inc. 
105 State Street 
St. Paul, MN 55101 

Representative for Yarway Corporation. 

• .... £ od ;:/U,J- " 

GK:cd A.iJ. 

Enclosure. 

81 -3388- 1 28 - A27 -
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Honeywell 

P:::-ocurement Specification 

For 

Steam Traps 

. '.1<-' :;i J .~};.:.<(,;~ r ~ ~· . 

SPP No SK 140001 
Date April 26, · 1976 

./ /' ' ~· tf.c. _.,~ 
BfepareC. By Thermal sora:gesubsystem Solar Pilot Program Manager 

- A28 -

Honeywell Inc 
E:8.C 
2 700 Ridgway Parkway 
Miir;neapolis, Minnesota 55413 
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TECHNICAL REQUIREMENTS. 
herein shall be supplied. 

SPP NO SK 140001 
Date April 26, 1976 

STEAM TRAPS 

\ 

Two high pressure steam tra_I:s as specified 

\ 

Code 3e:::J.uirements. The s-:eam traps shall be designed and constructed in 
accordance with the latest applicable requirements of the Pc;>wer Piping Code, 
ANSI B31. 1. 

Type. One trap will be of the mechanical bucket type. The second trap shall be 
of the thermodynamic type. 

Desigr.. Criteria. Each stecrr1 trap must meet the following steam inlet and outlet 
steam conditions. 

:·a) Condensate Inlet 

Maximum 
Design (1) 
Minimum 

(b) Condensate Flow Rate 

M 
. (1) 

ax1mum 
Design 
MinifUUID 

(c) Discharge Pressure 

Ma..·dmum 
Design 

1800 psia 
1780 psia 
1200 psia 

1800 lb/hr 
908 lb/hr 

90 lb/hr 

300 psi 
2 00 psi 

(621 °F) 
(620~F) 
(567 F) 

( 1) 
"NOTE: The traps will be req·:.1ired to pass the maximum flow rate at the 

maximum pressure, ·Jut not necessarily at the minimum pressure. 

The steam traps should have a cc.pacity factor of safety of three over the 
design c:mditions. 

Constru·::tion. The trap shall be provided as a complete working unit with 3/4 
inch nominal pipe size, class 1500, raised face flange fittings attached or 
provisiotls made for welding flar_ges to the trap. The bucket trap should be 
provided with a check valve on the inlet line. 

~··· 
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SPP NO SK 140001 
D~te April 26, 1976 

Pricing. A lump sum price should be quoted for each trap individually. The 
price shall include delivery to Honeywell Inc. Energy Resource Center, 
2700 Ridgwaar Parkway, Minneapolis, Minnesota 55413. 

Delivery Date. The trap or traps must b~ delivered to Honeywell no later than 
September 30, 1976. 
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THIS HONEYWELL REQUIREMEtrS SPECIFICATI~ IS FOR: 
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1.2 
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Honeywell 
SYSTEt~S & RESEARCH CENTER Code . I dent No. 27327 

HONEYWELL REQUIREMENTS SPECIFICATION NO. HRS SK 133289 

Gener,al , 

a) This specification covers material, design, fabrication and testing 
requirements for the Thermal Energy Storage (TES} Subsystems Research 
Experiment (SRE) storage tank. This will consist of a non-sealed·top 
welded steel storage tank. The internal pressure in this tank shall 
be approximately atmospheric with the only pressure· occurring due to 
the static head of the material in the tank and ~ressure buildup due 
to steamline failure. This should not exceed 2 ?SIG. 

b) The purpose of this specification is to provide a storage tank of 
adequate safety and reasonable economy for the storage of heated salts. 

Compliance 

The manufacturer is responsible for complying with a]l of the provisions of 
this specification. The purchaser may make any investigation neces;ary to 
satisfy himself or compliance of the manufacturer, and he may reject any 
material that does not comply with this specification. 

APPLICABLE DOCUMENTS 

The following documents of the latest issue form a part of this 
specification to the extent specified herein. In th3 event of a ccnflict 
between the documents referenced herein and the content of this spe,cification, 
then the contents of this specification shall be considered a superceeding 
requirement: 

ASTM A283 Specification for steel plates 

ASTM A570 Specification for steel sheet 

ASTM A233 S . f' peel. 1.cat1.on f or 'ld ml. stee 1 arc we 1.ng e ectro es ld. 1 d 

ASTM A36 Specification for struc.tural steel 

ASTM Al31 Specification for structural steel f·Jr ships 
~ 

API 620 and 650 I 

REVISIONS 

OESCR I PT I ON DATE APPROVAL 

I 

I 

I PAGE 

? 
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3.1.1 
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ASTM A20 Standard Specification for Genera: Requirements for 
Delivery of S~eel Plates for Pressure Vessels. 

ASME Boiler and pressure vessel code SECT lX welding qualifications 

All applicable Local, State, Federal and Insurance Rules, Regulations 
and Codes 

Any other doCGments normally necessary for the assurance of device 
adequacy, safety of personnel and property 

Drawing SK 133289 Thermal Storage Tank 

REQUIREMENTS 

Function Characteristics • 

The thermal storage tank shall have the following functional' characteristics: 

Inside Dimensions: 8.4 ft x 8.4 ft x 8.3 ft high 

Material: Side's ~ 11 thick CS-SA 283B Steel or equivalent 
Bottom S/'8" thick CS-SA 283B Steel or equivalent 

Supports: 5-8" x 23 lb./ft I Beams equally spaced 

Tc:mk Wall Stiffeners: S-8" x 18.4 lb./ft I beams welded together 
at the corners and welded to the side of the 
tank. The top one will be flush with the 
top of the side plates and the other four 
equally· spaced 2011 apart center line to center 
line. 

Pressure: 10.3 PSIG at the bottom 

T t empera ure: 

The inside sha]l be smooth and free of bumps,. holes and crevices. 
The tank shall 1-.ave a 1~ 11 drain out of the bottom as shown in 
drawing SK 1332E 9. It· shall include a 1~ 11 gate valve capable of 
operating continuously at 600°F. 

REVISIONS 

DESCRIPTION DATE APPROVAL 
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HONEYWELL REQUIREMENTS SPECIFICATION MO. HRS SK 133289 

3.1.2.f 

3.1.3 

3.1.3.1 

3.1.3.2 

3.2 

3.2.1 

3.2.1.1 

LTR 

I 

' 

' 

I 

Engineering Documentation 

Drawing SK 133289 

Operability 

Environment 

The thermal storage tank shall operate with 7.25 ft of molten salt at an 
average t~mperature of approximately 600°F. 

Safety 

The thermal storage tank shall be designed to contain molten salts at 
600°F without leaking or bulging so as to cause permanent deformation. 

Design and Construction Standards 

Material 

Plates 

a) Plates purchased shall conform to the .latest edition of one of the 
following specifications, subject to the modifications and limitations 
indicated in this standard. Material produced to specifications other 
than those listed in this paragraph may be employed provided thE 
material is certified to meet all the requiremenss of a material 
specification listed herein and its use is appro~ed by the purchaser. 

ASTM* Standards 

A283: Low and Intermediate Tensile Strength Carbon Steel Ple.tes 
of Structural Quality - grades C and D only 

x~mum p ate t ~c ness: gra e = 2~n.; gra e = ~n. (Ma . 1 h . k d c v,.. d D 3 I 4 . ) 

b) The ·manufacturer shall state in his proposal the plate s peci fica t ion 
which he intends to use. The plate used shall be inspected for 
surface imperfections per ASTM A20-68 Section 7. Quality. If the 
supplier prefers he may substitute A285 steel which is also covered 
by this standard. 

\ 

REVISIONS ' 
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3.2.1.3 
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c) All plates ;hall be manufactured by the open-hearth, electric­
rurnace, or basic oxygen processes only. Copper-bearing steel 
shall be us~j if specified by the purchaser. 

d) Plate specification on an edge-thickness basis is required for all 
shell plates, the thicknesses of which are determined by design 
c:omputat:ions. Shell plates for which minimum thicknesses have been 
computed may be purchased on a weight basis, provided they are 
ordered sufficiently heavier than the nominal weight corresponding 
to the spec~.tied minimum thickness to insure that plates furnished 
by the mill vill not underrun the computed thickness by more than 
0.01 in. Shell plates for which minimum thicknesses have been 
fixed for practical reasons (greater than required by comp~tation) 
end which wi:l not underrun the required computed thickness by 
~ore than 0.01 in., as well as all roof and bottom plates, may be 
~:=urchased or_ a weight basis. The plate thicknesses or'weights, as 
stipulated l:erein, are minimum; thicker or heavier material may be 
required on tne order at the option of the purchaser. 

Sheet:s. 

Sheets shall confcrm to the latest rev1s1on of ASTM A570, grade C, 
open-hearth process and basic oxygen process. Copper-bearing steel 
shall be used if so specified on the purchase order. Sheets may be 
orderej on a weight or thickness bas~, at the option of the tank 
manufa::turer. 

Welding Electrode;. 

Manual arc-welding: electrodes shall conform to the E60 and E70 series 
of Classification (suitable for the electric current characteristics, 
the position of welding, and other conditio.ns of intended use) in the 
latest edition of .t\STM A233: Specification for Mild Steel Arc-Welding' 
El tr d ec o es. 
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HONEYWELL REQUIREMENTS SPECIFICATION MO. HRS SK 1332 89 

3.2.1.4 

3.2.2 

3.2.2.1 

3.2.2.1.1 

Structural Shapes 

Structural shapes shall be of open-hearth, electric-furnace, or basic 
oxygen process and shall conform to the latest edition of one of the 
following specifications: 

ASTM Standards 

A36: Structural Steel 

Al31: Structural Steel for ships 

Design 

Joint Design 

Definitions 

The following definitions shall apply to tank joint de:signs: 

1. Double-welded butt joint: A joint between two at;utting parts 
lying in approximately the same plane and welded from both side;;. 

2. Double-welded lap joint; A joint between two overlapping members 
in which the overlapped edges of both members are welded with 
fillet welds. 

3. Butt weld: A weld placed in a groove, between two abutting members. 
Grooves may be square, V (single or double), or U (single or 
double), and may be either single or double-beveled. 

4. Fillet weld: A weld of approximately triangular cross-section 
JO~n~ng two surfaces approximately at right angles to each other, 
as in a lap joirit, tee joint or corner joint. 

5. Full-fillet weld: A fillet weld whose size is equal to the 
thickness of the thinner member joined. 

6. Tack weld: A weld made to hold parts of a weld-ment in proper 
alignment until the final welds are made. 

REVISIONS 

DESCRIPTION DATE APPROYAL 
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3.2.2.3 

3.2.2.4 
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LTR 

I 
- A38-
\ . 

~."r 

Size of Weld 

The size of a weld shall be based on the following dimensions: 
' 

a) Groove weld: The joint penetration (depth of chamfering plus 
the root penetration when specified). 

b) Fillet weld: For equal-leg fillet welds, the leg length of the 
largest isosceles right triangle which c~m be inscribed within 
the fillet weld cross-section. For unequcl-leg fillet welds, 
the leg lengths of the largest right triangle which can be 
inscribed within the fillet weld cross-section. 

Joint Restrictions 

The following restrictions on type and size of joints or welds shall 
apply:· 

a) Tack welds may not be considered as having any strengtn value in 
the finished structure. 

b) The minimum size of fillet welds shall be as follows: 
plates 3/16 in. thick, full-fillet welds; plates over 3/16 in .• 
thick, not less than one-third the thickness of the thinner plate 
at the joint, with a minimum of 3/16 in. 

c) Single-welded lap joints are not permissible. 

d) Lap-welded joints, as tack:-welded, shall be lapped not less than 
five times the nominal thickness of the thinner plate joined; but 
in case of double-welded lap joints the lap need not exceed 2 in. 

Welding Symbols 

Welding symbols used on drawing~ shall be those of the American Welding 
Society. 

REVISIONS 
DESCJ; I PT I ON DATE APPROVAL 

' 

JP'•GE 
7 

HRS SK 133289 

40454 

l 



LTR 

I 

Honeywell 
SYSTEMS & RESEARCH CENTER Code ·1dent No. 27327 

HONEYWELL REQUIREMENTS SPECIFICATION 10. I HRS SK 133289 

3.2.2.5 Typical Joints 

Typical tank joints are shown in Fig. 3-1, 3-2, and 3-3. 

SINGLE V 
BUTT JOINT 

c-Io 
OOUBLE-V 

BUTT JOINT 

~·-···n_=r 

SQUARE-GROOVE 
BUTT JOINT 

SINGLE-U 
BUTT JOINT 

DOUBLE-U 
BUTT JOINT 

Note: See Par. 3.3.5 for specific requirements on vertical 
shell jo'ints 

Fig. 3.1 Typical Joints in Tank 

PLATE r~ ~-··"' --·-.. ·---.:. 
U

. 
· INSIDE 

BOTTOM OR 
ANNULAR BOTTOM..:(.' 

Fig. 3.3 BOTTOM-TO-SHELL JOINT 

' 
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Plate Sizes 

Bottom plates shall be ordered of sufficient Eize so that when tritm11ed, 
at least a l-in. width will project beyond the outside edge of the 
weld attaching the bottom to the shell plate. 

Methods of Constr~ction 

The corner of the tank ~y be formed by either bending a large sheet 
to form two or more sides or by welding two .(2) sheets together \at the 
corner. Care should be taken to make the inside of the corner smooth 
so ~hat salt de(:c·sits will not build up in them and to facilitate 
tho=ough cleaning of th~ tank. 

When splicing twc plate:; butt-welding joints are preferred. Butt­
welded plates sh·au hav~ the paralell edges prepared for but't welding 
with either squa:re: on V-grooves. If square grooves are employed, the 
root opening shall be not less than t in. 

Side to Bottom Attachment 

The attachment betNeen ~he bottom edges of the lowest course shell 
plate.shall be a c~ntinnous fillet weld laid o~ each side of the shell 
plate. The size of each weld shall be not greater than ~ in. ,and not 
less than the no::rrbal thickness of the thinner of the two plates joined 
(i.e. the shell plate or the bottom plate itm11ediately under the shell), 
nor less than th: follo~ing values: 

Max. Thickness of Shell Plate 
(Inches) 

3/16 

Min. Size of Fillet_Weld 
(Inches) 

3/16 

0 ver 3/16 t 3/4 0 ...... 0 •••••••••••••••••••••••••••••• 

Over 3/4 to U; • ••• ••••.,•••oo•••••••••oeeoeeOO•·o•o••• 5/16 

Over n to 1~ ••••c••••••o••••o••••••••••••o••••••••• 3/8 
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HONEYWELL REQUIREMENTS SPECIFICATION NO. I HRS SK 133289 

3.2.6 

3.2.7 

Note: Refer to Sect. 3.2.2.1 "Joint Design", for description-of, and 
information and certain restrictions on,. the foregoing· types of join::s. 
Refer to Sect. 3.4.1 for details of welding. 

Joints 

Joints between two plates in the same plane shall be butt joints wit\1 
complete penetration and complete fusion as obtained by double weldi~g 
on by other means which will obtain the same quality of depositor weld 
metal on the inside and outside weld surfaced to agree with the 
requirements of Par. 3.4.1 and 3.4.1.3. The remainder of the joints 
shall conform to the applicable requirements as follows: 

a) Joints between two plates at a corner shall be corner welds with 
complete fusion with the base metal over the required depth of 
weld. The suitability of plate preparation and welding procedure 
shall be determined in accordance with Section 4.2.1.2. 

b) Single-beveled butt joints, including the stiffness-to-shell 
joints, shall have complete penetration and complete fusion. 

c) Square-groove and double-beveled joints, if the thickness of 
either plate i; 3/8 'in. or less, shall have complete penetration 
and complete fusion. 

d) Square-groove and double-beveled joints, if the thicknesses of 
both plates are greater than 3/8 in., shall have· at least two­
thirds penetration. Any lack of penetration or fusion plus any 
undercutting (see Par~.4.lrl(d)regarding undercutting) shall 
not exceed one-third of the thickness of the thinner plate, and 
the zone lacking penetration or fusion shall be located substantially 
at the center of the thinner plate. 

Stiffener Attachment 

Th e s t'ff 1. eners aroun d th 'd e s1. es 0 e n s w f th ta k hall be elded to the tank 
as follows: The top and bottom stiffeners shall be continuously welded 
to the tank sides, both top and bottom. The second stiffener from the 
bottom shall be welded 611 out of every foot both top and bottom. Tne 
other two stiffeners shall be welded 3" out of every foot, both top and 
bottom. At the corners all stiffeners shall be beve:..ed 45° and WE;llded 
to each other so that each stiffener forms a rigid frame. All welds 

REVISIONS 
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3.2.9 

3.3 

3.3.1 

3.3.1.1 
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shall have compbte penetration and complete f·.1sion. 

Cross Support Beam Attachment 

The cross support beams shall be welded to the bottom of the tank 
by fillet welds ·::>n either side of the beam. These welds shall be 
at least 2" lo~g per side per foot. The beams shall extend at 
least 8" beyond 9ach side of the tank. 

Weld Requirements 

Continuous welds shall be used for all joints which because of their 
locat~on, may be suojected to corrosion from entrapped moisture or 
whic!h may cause :-·.1st markings on the tank she 11. 

Fabrication 

Generel 

Work.llC.nship 

a) All work of =abricating this thermal storage tank shall be done 
::iin accord.snce W;ith the permissible altern.stives specified in the 
inquiry or order. form. The workmanship ar:d finish shall be first 
class in every respect and subject to the closest inspection by 
the manufacturer's inspector whether or net the ;mrchaser waives 
any' part of the inspection. 

b) When material requires straightening, the work shall be done by 
pressing cr c•ther noninjurious method prior to any layout or 
shaping. Hec.ting or hammering is not pennissible unless the 
material is.l:eated to a forging temperature. 

Finish of ....Plate ECges 

The ed5es of plates may be sheared, machined, chipped, or machine 
oxygen. cut. Sheazing shall be limited to 3/8-in. thickness of plates 
for butt-welded joints and to 5/8-in. thickness for lap-welded joints. 
When eiges of pla.tes are oxygen cut, the resulting surface shall be 
uniform and smooth and shall be freed of scale and sleg accumulations 
before welding. After wire-brushing cut or sheared e~ges, the fine 
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HONEYWELL REQUIREMENTS SPECIFICATION 10. HRS SK 133289 

3.3.2 

I 

film of rust which adheres to the edges need not be removed before 
welding. Circumferential edges of roof and bottom plates may be 
manually oxygen cut. 

Shop Inspection 

a) The purchaser's inspector shall be permitted free entry to all 
parts of the manufacturer's plant concerned with the contract 
whenever any work under the contract is being performed. The 
manufacturer shall afford the purchaser's inspector, free of 
cost to the purchaser, all reasonable facilities to assure him 
that the material is being furnished in accordance with this ' 
specification. The manufacturer also shall furnish, free of 
cost to the purchaser, any samples or specimens of materials 
for the purpose of wualifying welders in accordance with 
Sect. 7.3. · Inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified. The manufacturer 
shall give the purchaser ample notice as to when fabrication will 
begin so that the purchaser's inspector may be present when 
required. The usual mill test of plates shall be deemed sufficient. 
to prove the quality of the steel furnished (except as noted in . 
the following paragraph). Mill test reports shall be furnished 
to the purchaser when requested. 

b) Mill and shop inspection shall not release the'manufacturer from 
responsibility for replacing any defectivematerial and for 
repairing any defective workmanship that may be discovered in 
the field. 

c) Any material or workmanship which in any way fails to meet the 
requirements of this specification will be rejected by the 
purchaser's inspector, and the material involved shall not be used 
under the contract. Material which shows injurious defects 
subsequent to its acceptance at the mill, subsequent to its acceptance 
at the manufacturer's works, or during erection and test of the 
tank will be rejected. The manufacturer will be notified to this 
effect in writing and will be required to furnish new material 
promptly and make the necessary replacements or make suitable 
repairs. 
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Erection 

Details of Welding 

General 

a) 

b) 

c) 

d) 

Tanks and their structural attachments shall be welded by the 
shielded ~etal-arc, the gas metal-arc, the flux-cored-arc, or 
the submerged-arc process, using suitable equipment. Welding 
oay be perfonmed manually, automatically, or semiautomatically 
~ccording to procedures described in, and by welders and welding 
eoperators qualified under, Part 4.2 11Welding Procedure and 
Ve lder Quc.lii:ications. 11 Welding shall be performed in such a 
manner as to insure complete fusion with the base metal within 
the limit:: rec_;uired by the applicable par~graphs and illustrations. 

~elding shal: not be performed when the s~rfaces of the parts to 
te welded are wet from rain, snow, or ice; when rain or snow is 
falling 011 euch surfaces; nor during pericds of high winds unless 
the welder ~nc the work are properly shielded. Welding shall not 
be perforned ~hen the base metal temperature is less than 0 F. 
When the base metal temperature is with~n the range of 0 F to 
~ F, inclusive, or the thickness is in excess of lt in., the 
base metal within 3 in. of the place where welding is to be 
started s!-.aU be heated to a temperatU're warm to the hand. 

Each laye:r of weld metal or multilayer welding shall be cleaned 
of slag ar:·i ether deposits before applying the next layer. 

Tie edges •Jf all welds shall merge with tha surface of the plate 
without a ah9rp angle. There shall be no undercutting of the base. 
m~tal, except that on horizontal butt joints undercutting not to 
e:-~:ceed 1/3:2 in. in depth is permissible, s·Jbject to the restrictions 
oE Par. 3.3.5o. 
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3.4.1.2 

e) The weld metal on both sides of all butt joints, except the offset 
faces of horizontal joints, shall be built up in the form of a 
reinforcement so that all of the finished face in the area of 
fusion shall extend above the surface of the adjoining plates, 
preferably not more than 1/16 in. 

-

f) During the welding operation, plates shall be held in close 
contact at all lap joints. 

g) The method proposed by the manufacturer to hold the plates in 
position for welding shall be submitted for approval to the 
purchaser's inspector, if such approval has not already been 
given in writing by the purchaser. 

h) Tack welds used in the assembly of vertical joints of tank shells 
shall be removed and shall not remain in the.finished joint when 
the joints are welded manually. TNhen such joints are welded by 
the submerged-arc process, the tack welds shall be thoroughly 
cleaned of all welding slag but need not be removed provided they 
are sound and are thoroughly fused into the subsequently deposited 
weld metal. Tack welds in the bottom, roof, and circumferential 
joints of the tank shell need not be removed p~ovided they are 
sound and the subsequently applied weld beads are thoroughly Eused 
into the tack welds. 

i) If protective coatings are' to be used on surfaces to be welde1, 
they shall be included in welding procedure qualification tests 
for the brand formulation and maximum thickness of coating to be 
applied. 

Bottoms 

a) After being laid out and tacked, the bottom plates, unless otherwise 
. f. d h 11 b d b ld . th . r- th t spec~ ~e 

' 
s a e JO~ne y we ~ng e JO~n-s ~n a sequence a 

the manufacturer has found to result in the least distortion from 
shrinkage and to thus provide, as nearly as possible, a plane surfac 
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b) It is recommended that the sequence or order of welding the seams 
joining the bottom plates be specified by the manufacturer on 
approval pLans so that the purchaser may object if he so desires. 
However, the manufacturer should follow a. practice that will · 
produce the: minimum inequalities in the b~ttom-plate surface when 
the tank is comple-:ed. 

c) The welding of she~l to bottom shall be practicelly completed 
·:>efore st:uting the completion of welding of bottom joints which 
may have ·:,e.;m left open to compensate for shrinkage of any welds 
previously made. 

d) Shell plates may be aligned by metal clips attaChed to the bottom 
plates, and the shell may tackwelded to the bottom before continuous 
welding is started between the bottom edge of the shell plate and 
the bottom· plates. 

Tank Shells 

a) 

b) 

c) 

:E'lates to be joined by butt welding shall be mat:::hed accurately 
and retaineC. in pos'ition during the welding operation. Misalignment 
in completeC. vertical joints shall not exceed 10 percent of the 
plate thick~ess, or 1/16 in., whichever is larger. 

In completed horizo~tal butt joints, the upper plate shall not 
projec~ beyar.d the face of the lower plate at any point by more 
than 20 percent of the thickness oi the upper plate, with a 
maximum of 1/8 in., except that a projection of ~/16 in. is 
pennissible for upper plates less than 5/16 in. thick. 

T~e reverse side of double-welded butt joints, as·well as portions 
of horizontal joints specified to have complete penetration and 
fJsion, shall be thoroughly cleaned in a manner that will leave 
t.1e expose :l f . f f f f t ld 1 t s:ur ace sat l.S actory or USl.0~1 0 t .. e we meta 0 
be added, prior to the application of the first tead to the second 
side. This :.leaning may be done· by chipping, grinding, melting 
out, or, w~1.er= the back of the initial bead is srr.oo th and free 
f::-om crevi.:es which might entrap slag, by other rr.ethods which may 
upon field inspection be acceptable to the purchaser. In the case 
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4.0 

4.1 

4.1.1 

4.1. 2 

of submerged-arc welds, the cleaning shall conform to the 
requirements established in Welding Qualifi~ations Sect. IX of 
ASME Boiler and Pressure Vessel Code. 

Quality Assurance 

'Inspection, Testing, and Repairs 

Weld Inspection 

Inspections of all welds shall be made by visual examination. Where 
visual inspection by the purchaser's inspecfor indicates unsatisfactory 
welds, acceptance or rejection shall be based on sectioning such areas 
by chipping with a mechanical round nose chipping tool. 

Testing Tank 

Upon completion of the entire tank and before acceptance by the 
purchaser, the tank shall be tested as follows: 

a) A cover shall be faoricated out of ~ in. steel plate with an 
overhang of 5" all around the top of the tank. 

b) Connect a pipe to the tank drain outlet and pipe it vertically 
to a point 24 ft. above the bottom of the tank. 

c) Fill the tank with water. 
9 

d) Install a .lt;" thick rubber gasket on the top surface of the tank. 

e) Place the cover over the top of the tank, use care to ensure that 
that the gasket is properly placed between the tank and the cover. 

f) Pl ace - t 58" 23lb/f I b h earns on t e cover. Th d e two outsi e.I b earns 
should be placed 111 from the inside of the tank, the other 3 
should be equally spaced across the top of the tank. 

g) Weld the ends of the rods for 10-3/4" turnbuckles to the ends of 
the 5 upper I beams and the five lower I beams. 
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h) Use 11C11 clamps between the cover and the web of the I beam to clamp the 
::over down. ':'he 11C11 clamp should be insta1led at least one per foot 
·Jn the side parallel to the I beams and at least one in between each' 
?air of I be£rns on the other two sides as r.eeded to tightly seal the 
·::over. 

i) ~ill the 24 ft. standpipe with water. 

j) Inspect the tank for leaks or damage due to excessive bulging or any 
permanent deficrmation. 

k) The supplier shall keep permanent record of the mill stamp on each 
E;teel sheet aod stiffener used in constructing the tank. A copy of this 
information st.all be forwarded to the engin·:!er upon delivery of the tank. 

Repairs 

a) All defects foJnd in welds shall be called ~o the attention of the 
~urchaser's in3pector and his approval shall be obtained before they 
are repaired. All completed repairs shall be subject to the approval 
of the purchaser's inspector. 

b) Pinhole leaKs or porosity in tank-bottom joints may be repaired by 
applying an additional weld bead over the defective area. Other defects 
O[' cracks in tank-bottom joints shall ·be repaired as required in 
P.:1r. 4.1.4. 

c) All defec~s, cracks, or leaks in shell joints or in the shell-to-bottom 
joint shall be repaired in accordance with Far. 4.1.4. 

'0 
Repair of Defective Welds 

a) Defects in welds shall be repaired by chipping or melting out from one 
or from both sides of the joint, as/required, and rewelding. Only • 
sufficient cutting out of defective joints necessary to correct the 
defects is reqlrired. 

b) All repaired w~lds in Joints shall be checked by repeating the 
original test orocedure. 

Welding Procedure and Welder gualifications 
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4.2.1 

4.2.1.1 

General 

Definitions 

The following definitions shall apply to welders and welding 
procedures: 

1. Welder: One who is capable of performing a manual or semiautomatic 
welding operation. 

2. Welding Operator: One who operates machine welding equipment or 
automatic welding equipment. 

3. Manual welding: Welding wherein the entire welding operation is 
performed and controlled by hand. 

4. Automatic Welding (Machine Welding): Welding vith equipment which 
performs the welding operation under the obsen•ation and control 
of an operator. 

5. Semiautomatic arc Welding: Arc welding with equipment which 
controls only the filler-metal feed. The advance of the welding 
is manually controlled. 

6. Shielded Metal-Arc Welding (SMAW): An arc-welding process wherein 
coalescence is produced by heating with an arc between a covered 
metal electrode and the work. Shielding is obtained from decom­
position of the electrode covering. Pressure is not used and 
filler metal is obtained from the electrode. 

7. Gas Metal-Arc Welding (GMAW):. An arcwelding process wherein 
coalescence is produced by heating with an arc between a continuc·us 
filler-metal (consumable) electrode and the wc·rk. · Shielding is 
obtained entirely from an externally supplied gas or gas.mixture. 

I 

Some methods of this process are called MIG or C02 welding. 
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4.2.1.3 
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8. Flux-Cored~~rc Welding (FCAW): An arc-welding process wherein 
coalescence is produced by heating with a~ arc between a continuous 
filler-metal (consumable) electrode and the work. Shielding is 
obtained from a flux contained within the electrode. Additional· 
shielding may or may not be obtained from an externally supplied 
gas or gaa mixture. 

9. Electrogas Welding: A method of gas me.tal-arc welding or flux­
cored-arc weiding wherein molding shoes confine the molten weld 
metal for vertical position welding. 

10. Submerged Arc Welding (SAW): An arc welding process wherein 
coalescence is produced by heating with an arc or arcs between a 
bare meta~ electrode or electrodes and the work. The arc is 
shielded by a blanket of granular fusible material on the work. 
Pressure is net used and filler metal is c•btained from 'the electrode 
and sometime:s from a supplementary welding: rod. 

Welding Proced~re ~ualification 

a) The manufact~rer shall conduct tests of his procedures to 
demonstrate their suitability in making welds which conform to 
the specified requirements. 

b) The specification for each welding procedure shall be qualified 
in accordanc~ Nith the latest practice as siven in the applicable 
rules in Wel:li:1g Qualifications, Sect. IX, ASME Boiler and Pressure 
Vessel Cod:=, e:-ccept as stated in the follo...,ing Par. (c) for 
horizontal joJints, and Par. (d) for material not listed in Sect. IX 
see Par. 3.4.1.1 (i) for plate surfaces ha·1ing protective coatings. 

Welder Qualification 

a) The manufactn-er shall conduct tests for a·l welders assigned to - -
manual and semiautomatic welding and all operators assigned to 
automatic 'Q'e~ding to demonstrate-their abiiity to make acceptable 
Nelds. 
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5.0 

5.1 

5.1.1 

' 

b) Tests shall be as prescribed for welder qualification in Sect. IX 
of the ASME code. 

c) The records of such tests shall be as follows: 

1. Each welder or welding operator shall be assigned an 
identifying number, letter or symbol by the manufacturer. ExcEpt 
for all roof seams and all flange-to-neck joints, this identifying 
mark shall be stamped, either by hand or machine, on all tanks 
adjacent to and at intervals 'of not more than 3 ft. along the · 
welds made by a welder or welding operator--or the manufacturer 
may keep, until after test, a record of weld~rs or welding 
operators employed on each joint and shell opening joint a.nd 
omit the stamping. If such a record is kept, it shall be 
available ~o the inspector •. 

2. The manufacturer shall maintain a record of the welders or 
welding operators employed by him, showing the date and result of 
tests and the identifying mark assigned to each. These records 
shall be certified ~y the manufacturer and shall be accessible to 
the inspector. 

Preparation for Delivery 

Marking 

Name Plates 

The thermal storage tank must have a permanently stamped metal tag in 
accordance with the applicable code. In addition, the tank must have 
a pe.rmanently stamped metal tag which lists. the following: 

a. Name of Manufacturer 

b. Address of Manufacturer -

c. Honeywell name and. address 
. 

d. Purchase order number 
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e. Project number 

Rust Prevention 

The thermal storage tank shall be coated with an approved type of rust 
preventative t~at can be easily washed off by use of a solvent that 
will not leave a residue when it evaporates. The solvent must also 
be safe and approved by Local, State, Federal and Insurance Codes. 

Prior to shipme~t of the tank and prior to coating with the rust 
inhibition, the turnbuckles shall be removed from the ends of the 
I beams by some method such as burning them off. 

The turnbuckles. I beams and cover used for leak testing shall be 
coated with an approved type of rust preventative coating and shipped to 
Hone}~ell w~th ~he thermal storage tank. 

\ 
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1.0 SGOPE 

This specification establishes the performance and baseline design 
requirements for the salt pre-melt module portion of the .subsystem 
research experi.ment tiermal storage system and the performance, 
design, and acceptanc~ requirements for the salt pre-melt module 
for the research .expe·riment. 

2.0 APPLICABLE DOOCMENTS 

The following documen;::s of the latest issue form a part of this 
specification bO the extent specified herein. In the event of 
conflict between the documents referenced herein and the contents 
of this specification, the contents of this apecification shall be 
ccnsidered a Sjperced~ng requirement. 

America~ S~ciety of Mechanical Engineers, Unfired Pressure 
Vessel Cod~ 1 

American National Standard Code for Pressure Piping ANSI 
B 31.1 Po~er Piping 

Honeywe~l Drawing SK 140009 

American National Standard Code for Steel Pipe Flanges, Flanged 
Valves ~nc Fittings ANSI Bl6.5. 

3 • 0 REQUIREMENTS 

The salt pre-melt module shall be installed into the bottom of the 
thermal storage tank. Salt will cover the salt pre-melt module 
conpletely exce.I=t for t:he gipes entering and leaving the tank. 
Steam at 1780 PSIA and 620 F will be pumped into the salt pre-melt 
module to melt the sal:: around it. The salt :nelts at 584°F. 

3. 1 PERFORMANCE 

The salt pre-melt module ·is used to add heat to the salt in the 
thermal storage tank. The heat will be stored as heat energy in 
th f f h f f f th lt e orm o aa_ o UEl.On 0 e sa . 
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3.1. 2 

3.1.2.1 

3.1.2.1 

3.1.2.3 

3.1.2.4 

3.1.2.5 

ENGINEERING DOCUMENTATION 

Honeywell drawing No. SK 140009- shows the salt pre-melt. 

OPERABILITY 

Reliability 

Consideration will begiven to achieving high reliability in 
the salt pre-melt module design by allowing operating margins, 
using conservative design practices and standard parts where 
available. 

Maintainability 

Consideration·will be given in the sale pre-melt module design to 
assure that required service can be accomplished by personnel of 
normal skills, with a minimum of non-standard tool:ii.ng or special 
equipment. 

Useful ·Life 

Consideration will be given in the sale pre-melt .module design 
to assure that the useful life will be 40 years. 

Environment 

0 The salt pre-melt module will operate in molten salt at ab.out 600 F. 
A corrosion allowance of 0.8 mil/yr. is included for a 40-year life 
cycle. 1 

Transportability 

T o a 11 ow f or ease 1n t t. ranspor 1ng h t e 1 sa e pre-me lt d 1 mo u e, th e 
downcomers can be disconn~cted from the loop at the flange connections. 

I 

REVISIONS ' 
DESCR I PTI ON DATE APPROVAL 

( 

" 

~ 

\... [I'AGE 
3 

HRS SK 140009 

40454 - A55 -



LTR 

- A56 -

Honeywell 
SYSTEMS & RESEARCH CENTER Code Ident No. 27327 

HONEYWELL REquiREMENTS SPECIFICATION •o. '--H_RS_,;;;,:SK~1.;..;40;;.::0;.;;;,0.;;..9 _____ __,r' 

3".1. 2. 6 

3.2 

3.2.1 

3.2.1.1 

3.2.1.2 

3.2.1.3 

·3.2.1.4 

Safety 

The salt pre-melt module shall be designed arid constructed in 
accordance with good engineering practice to assure its .safe 
operation under the conditions specified. 

DESIGN AND CONSTRUCTION STANDARDS 

GENERAL DESIGN AND CONSTRUCTION STANDARDS 

Code Requireme~ts 

The salt pre-m2lt mocule shall be designed and constructed in 
accordance wi~~ the latest applicable requirements of the American 
Society of Mea::lanica] Engineers and the American Standard Code 
for pressure·piping ~s specified and any other applicable codes. 

Materials 

The salt pre-melt module shall be fabricated from materials as 
dictated by good engineering practice. 

Work."llanship 

The salt pre-melt module and all associated items will be constructed, 
fatricated anci assembled in accordance with the best modern 
engineering, shop and field practices, consistent with cost and 
per£orrnance rec_uiremen ts. 

Des::ign Criteri~ 

The salt pre-melt module will operate immersed in molten salts. It 
is important tr.at any welds or seams be smooth to minimize corrosion 
paths. 

\ 
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The salt pre-melt will operate under the following conditions: 

0 
Salt Temperature 584 F 

External Pressure 10 PSIG 
0 

Steam Temperature 700 F 
0 

Design Temperature 750 F 

Steam Pressure 1000 PSIA 

Design Pressure llOO PSIA 

Steam Rate \_ 300 lb/hr. 

I 

To meet those conditions with the proper free convection heat 
transfer coefficients and overall temperature difference, che 
module was sized as follows: 

Module Size: 

Tube Length 39 ft. overall 

Tube Arrangement Single loop of finned tubing 

Tube Size 1 in. O.D. 

0.834 in I.D. 

Material Al06A carbon steel or equival~nt 

This includes a corrosion allowance of 0.8 mil/yr. for a 40-year 
/ 

life cycle. 

3.3 FABRICATION 
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3.3.1 

3.3.2 

3.3.3 

General 

The salt pre--melt module shall be constructed in accordance with 
the requiremenJs of Chapter V of the latest issue of ANSI B 31.1 
Power Piping.. All materials used shall have been manufactured in 
accordance w~th the requirements of Chapter VI of the latest issue 
of ANSI B31.1 Eower Piping; These requirements apply to all 
fabrication, assembly, and erection operations, whether performed 
in ~he shop or at the construction site. 

The welding ?rocesses that may be used in constructing the 
con.:ienser mcdule shall meet all the test requirements of Section IX 
of the ASME -)oil=r and pressure vessel code. 

Benjing and ~arming 

Pip:! may be iberut by any hot or cold method and to any radius which 
,,.,T:ii.ll result :::.n :1 bent surface free of cracks, and substantially free 
of ·)uckles. 

Sup')orts 

No supports ~re =equireo. 

4. 0 QUALITY ASSlJ.:.AW::E 

4.1 EXMITNATION .~.ND :::.NSPECTION 

Prior to delive=y of the salt pre-melt module, the module shall be 
ins~ected as necessary to assure compliance with the engineering 
design and with the material, fabrication, assembly and test 
requirements or the latest issue of the B 31.1 code. 
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Compliance with the requirements of this code shall be verified 
by an Authorized Code Inspector when a Code Stamp is required 
by Section I or the ASME Boiler and Pressure Vessel Code. The 
rules of this code shall apply, and the duty of the Inspector 
shall be defined as in Para PG 90~ Section I, or the ASME Boiler 
and Pressure Vessel Code. The Inspector shall assure himself that 
the piping has been constructed in accordance with the applicable 
requirements of this code. 

4.2 QUALIFICATION AND ACCEPTANCE TESTING 

The salt pre-melt module shall be hydrostatically tested· to 1650 
PSIG in accordance with the leak test requirements as specified 
in Section 137 LEAK TEST of the latest issue of ANSI B31.1 • 

.5.0 PREPARATION FOR DELIVERY 

Prior to packing for shipment, the salt pre-melt module shall be 
thoroughly cleaned and protected inside and out by a light film 
of approved corrosion preventative material. The ends shall be 
sealed to prevent any 'dirt or debris from entering_ into the salt 
pre-melt module.· The corrosion preventative material shall be a 
type easily removed using a solvent or a type that leaves no 
residue and is approved by OSHA and other Local, State, Federal 
and Insurance codes. 
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SYSTEf.1S & RESEARCH CENTER Code I dent No. 27327 

HONEYWELL.REQUIREMENTS SPECIFICATION MO. HRS SK 133500 

1.0 SCOPE 

This specification establishes the performance and baseline design 
requirements for the condenser module portion of the supsystem 
research experiment thermal storage system and the performance, 
design, and ~cceptance requirements for the conde~ser module for 
the research experiment. 

2.0 APPLICABLE DOCUMENTS 

The following documents of the latest issue form a part of this 
specification to the extent specified herein. In the event of 
conflict between the documents referenced herein and the contents 
of this specification, the contents of this specification shall be 
considered a superceding requirement. 

I 

American Society of Mechanical .Engineers, Unfired Pressure 
Vessel Code 

American National Standard code for Pressure Piping ANSI 
B 31.1 Power Piping 

Honeywell Drawing SK 133500 

3.0 REQUIREMENTS 

3,1 I 

The condenser module shall be installed into the bottom of the 
thermal storage tank. Salt will cover the condenser module 
completely except for the gipes entering and leaving the tank. 
Steam at 1780 PSIA and 620 F will be pumped into the condenser 
module to melt the salt around it. The salt melts at 584°F. 

PERFORMANCE 

The condenser module is used to add heat·to the salt in the thermal 
storage tank. The.heat will be stored as heat energy in the form 
of heat of fusion of the salt. 
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HOMEYWEL~ REQUIREMENTS SPECIFICATION MO. fiRS SK 133500 

3 .1.1 ENGINEERING DOCUMENTATION 

Honeywe 11 dnwing No. SK 133500 shows the ·condenser. 

3.1.2 OPERABILITY 

3.1.2.1 Relability 

Consideration. will be given to achieving high reliability in 
the condense= module design by allowing operating margins, using 
conservative iesign practices and standard parts where available. 

3.1.2.1 Maintainability 

3.1.2.3 

3.1.2.4 

3.1.2.5 

Consideration will be given in the condenser module design to 
assure that.required service can be accomplished by personnel 
of normal skills, with a minimum of nonstandard tooling or 
special equipment. 

Useful Life 

Consideration will be given in the condenser module design to 
assure that the useful life will be 40 years. 

Environment 

The condense~ module will operate in molten salt at about 600°F. 
A corrosion allowance of 0.8 mil/yr. is included for a 40-year 
life cycle. 

Transportability 

To allow for ease in transporting the conde:nser module, the 
down comers can be disconnected from the coil at the flange 
connections. 
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HONEYWELL REQUIREMENTS SPECIFICATION NO. HRS SK 133500 

.3.1.2.6 Safety 

The condenser module shall be designed and constructed in 
accordance with good engineering practice to assure it~ safe 
operation under the conditions specified. 

3.2 DESIGN AND CONSTRUCTIO~ STANDARDS 

3.2.1 GENERAL DESIGN AND CONSTRUCTION STANDARDS 

3.2.1.1 Code Requirements 

3.2.1.2 

The condenser module shall be 0~signed and constructed in 
accordance with the latest applicable requirements of the American 
Society of Mechanical Engineers and the American Standard Code 
for pressure piping as specified and any other applicable codes. 

Materials 

The condenser module shall be fabricated from materials as dictated 
by good engineering practice. 

3.2.1.3 Workmanship 

3.2.1.4 

The condenser module and all associated items will be constructed, 
fabricated and assembled in accordance with the best modern 
engineering, shop and field practices, consistent with cost and 
performance requireme~ts. 

Design Criteria 

The condenser module will operate immersed in molten salts. It is 
important that any welds or seams be smooth to minimize corrosion 
paths. 
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The condenser will O?erate under the following conditions: 
0 

Salt tempe~ature 584 F 

External p~essu=e 10 PSIG 
0 

Steam Te~~ratu=e 620 F 
0 

Design T~m?eratnre 635 F 

Steam pressure 1780 PSIA 

Design pressure 1958 PSIA 

Steam rat~ 908 lb/hr. 

Tb meet those :::onditions with the proper free convection heat 
t~ansfer coefficients and overall temperature difference, the 
module was sized as follows: 

Module Size: 

Tube length 544 ft. overall 

Tube Arrangement Single serpe~tine of 71 legs in two rows 

Tube size 1 in O.D. 10 gauge 

0. 732 in I.D. 

Material Al06A carbon steel 

This includes a corrosion allowance of 0.8 HIL/yr for a 40-year 
life cycle. . 
FABRICATION 
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HONEYWELL REQUIREMENTS SPECIFICATION MO. I lfRS SK 133500 

3.3.1 

3.3.2 

3.3.3 

General 

The condenser module shall be constructed in accordance with 
the requirements of Chapter V of the latest issue of ANSI 
B31.1 Power Piping. All materials used shall have been manufactured 
in accordance with the requirements of Chapter VI of the latest issue 
of ANSI B31.1 Power Piping. These requirements apply to all 
fabrication, assembly, and erection operations, whether performed 
in the shop or at .the construction sit;e. 

The welding processes that may be used in constructing the 
condenser module shall meet all the test requirements of Section IX 
OF THE ASME boiler and pressure.• vessel code. 

Bending and Forming 

Pipe may be bent by any hot or cold method and to any radius which 
will result in a bent surface free of cracks, and substantially free 
of buckles. 

.Supports 

The tubing shall be supported by supports that provide the 
required supporting effort and allow .pipe line movement with tl-.ermal 
changes without causing overstress. The design shall als·o prevent 
complete release of the piping load in the event of spring failure 
or misalignment and all parts of the supportive ·~quipment shaL be 
fabricated and assembled so that they will not be disengaged b~ 
movement of the supporting piping. 

4.0 QUALITY ASSURANCE ,. 

4.1 EXAMINATION AND INSPECTION 

Prior to delivery of the condenser module, the ~odule shall be 
inspected as necessary to assure ·compliance witt the engineering 
design and with the material, fabrication, assembly and test 
requirements or the latest issue of the B31.1 code. 
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Compliance with the requirements of this ceode shall be verified 
by an Authori2ed Code Inspector when a Code stamp is required 
by Section I •Cr the ASME Boiler and Pressut:e Vesse 1 Code. The 
rules of this code shall _apply, and the duty of the Inspector 
shall be defined as in Para PG90, Section I, or the ASME Boiler 
and Pressure V€ssel Code. The inspector shall assure himsel:f. that 
the piping has been constructed in accordance with the applicable 
requirements of this code. 

4. 2 _ QUALIFICATDN iu~D ACCEPTANCE TEST~NG 

The condenser nodule shall be h·:drostatically tested to 2937 PSIG 
in accordan,:e "Nith the leak test requirements as specified in 
Section 137 L~~ TEST of the latest issue of ANSI B31.1. 

5.0 PREPARATION-FOR DELIVERY 

P~ior to packi3g for shipment, the\condenser module shall be 
thoroughly cleaned and protected inside and out'by a light film 
of corrosion preventative material. The ends shall be sealed to 
prevent any di=t or debris from entering into the corrosion module. 
The corrosion preventative material shall be a type·easily removed 
using a solven: or a type that leaves no residue and is approved 
by OSHA and otker Local, State, Federal and Insurance codes. 
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HONEYWELL REQUIRn~EMTS SF'ECIFICATIO~ HO. HRS SK 133291 

1.0 SCOPE 

This sp~cification establishes the performance and baseline design· 
require111 .. :nts fer the ·Japorizer module portion of the subsystem 
research experiment thermal storage system and the performance, 
design and acc~ptance requirements for the vaporizer module for the 
research experim=nt. 

2. 0 APPLICABLE DOCJ:ENTS 

The following d0cuments of the latest issue form a part of this 
specification ::·J the extent specified herein. In the event of 
conflict bctwce~ the ~ocuments referenced herein and the contents 
of this specif~cation, the contents of this specification· shall be 
considered a superceding requirement. 

American Soeiety cf Mechanical Engineers, Unfired Pressure 
Vessel Code 

American Scciety o·f Mechanical Engineers, Pressure Vessel 
Code, Section VIII and Welder Qualifications, Section IX. 

American Nat:Lonal 3tandard Code for Pressure Piping ANSI 
B31.1 Power Piping. 

Honey~.re 11 Drawing SK 1332 91 

American Nati0nal Standard Code for Steel Pipe Flanges, 
Flanged Vahrc:;, and Fittings ANSI Bl6.5 

OSHA 

3.0 REQUIRE~ffiNTS 
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HONEYWELL REQUIRE!:1EWTS SPECIFICATION r.o. [MRs SK 133291 

3 .1.1 

3.1.2 

3 .1.3 

3.1.4 

3 .1. 5 

FUNCTIONAL CHARACTERISTICS 

The vaporizer module shall be used to change hot water into stean 
0 

by extracting the necessary heat from molten salt at 584 F. As 
the g~lt gives up its heat, it solidifies on the vaporizer tubes. 
The sc~apers scrape the hardened salt off of the tube and the 
hardened salt settles to the bottom of the tank.- The salt acts 
as a lubricant between the scrapers and the tubes. 

The salt is at 584°F at ambient pressure. The resultir:g steam 
i~ at 584°F a~ 1368 PSIA. For design purposes use a 10% safety 
factor or 597 .F at 1505 PSIA. 

ENGINEERING DOCUMENTATION 

Honeywell drawing SK 133291 is a layout of the va!?orizer/scrapcr 
assembly. 

ENVIRONHENT 

The vaporizer module shall operate in an environment of molten 
salt at 584°F. 

RELIABILITY 

Consid~ration will be given to achieving high reliability in th2 
vaporizer/scraper module design by allowing opereting margins, 
using conservative design practices and standard parts where 
available. 

NAINTAINABILITY 

/'-..... 
Consideration will be given in the vaporizer/scraper module design 
to assure I d b 1· h d. 1 f t1at requ~re serv~ce can e accomp ~s e by personne 0 

normal skills, \vith a minimum of nonstandard tooling or special 
equipment. 

) 
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HOHE~LL REQUIRENE"TS SPECIFICATION UO. tfRS ~K 133291 

TRANSPORTABILl-=.'Y 
) 

\ 

Transportatio~ of all elements of the vaporizer/scraper module 
to Honeywell and to the SRE test site will be subj~ct to all 
perti~ent federal and state transportation regul.:ltions. The 
vaporizer/scraper module may be shipped partially assembled as 
required. 

;,2 DESIGN AND OONETRUCTION 

3.2.1 

3.2.2 

3.2.3 

The vaporizer/scraper module shall be designed and constructed 
in accordance ~ith the latest applicable requireme~ts of the 
American Socict.y of Neclwnical E ,;ineers and the American Standard 
Code for pressure piping as specified ab~ve and any other applicnbl~ 
code. 

TYPE 

The vaporize= mJdule shall be of the type that heats water to steam 
at the condir.io~ shmvn, extracting the heat from molten salt. 

Materials 

The vaporizer/scraper module will be fabrica:ed from materials as 
dictated by gcod engineering practice. 

Nameplates 

All components, instruments and controls unless defined by :t-lodule 
drawings \'>'iU !~ave identifying markings cr nameplates Hh'ich will 
be permanently ~ttached to the respective items. 

Workmanship 

The vaporizer/scraper module and all associated items Hill be 
constructed, ial:ricated and assembled in acccrdance \vi th the 
best modern engineering, shop and field practices, consistent 
with cost and performance requirements. 
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SYSTEMS & RESEARCH CENTER Code Ident No. 27327 

HOMEYWELL REQUIREMENTS SPECIFICATION NO. HRS SK 133291 

3.2.5 

Interchangeability 

Components, with standard tolerances-where availab:e, will be used 
to permit interchangeability for servicing. Satis~actory 

repla:s.ement parts will be available for the period of the SRE tef:ts. 

Safety 

The vaporizer/scraper module will be designed to mln1m1ze safety 
hazards to operating and service personnel and the public. 
Electrical components will be insulated and grounded. All pertir.ent 
OSHA ruLes and regulations will be observed. 

Precedence 

The order of precedence of requirements of the Solar Simulator 
system characteristics is as follows: 

a) Performance 

b) Safety 

c) ·Cost 

3.3 DESIGN CRIT~~IA 

The vaporizer module Hill operate immersed in molten salts. As the 
heat is extracted from the salt, the salt solidified on the tubes 
of the module. The scrapers scrape the salt fro~ the tubes. Tie 
vaporizer must be capable of performance under tte following 
conditions: 

a) Salt -

b) Steam 

REVISIONS 

OESCRIPTI~ 

T pe t e em ra ur 
Pressure 

0 
584 F 
Ambient 

Inside of the Tubing 

Temperature 584°F 
Pressure 136 7. 7 
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HONEYWELL REQUIREMENTS SP,ECIFICATION ~0. HRS SK 133291 

3.3,1 CONSTRUCTION 

The tubing wil1 be arrayed in a module of 8-7ft. tubes. Ea~h 

vaporizer tube will be scraped by 4 independently driven scrapers 
each ~1 11 long. The scrapers are designed to permit their 
removal and re~.=lacement \17ithout disturbing the basic boiler tube 
structure. A shear pin shall be installed in each sprocket on the 
main drive shaft. It shall be sized to shear whenever the torque 
of the scrapers =xceeds 10 ft./lb. 

The scraper does not have bearings as such. The scrapers fit to 
within .0025 in. of the tube and the scrapers act as bearings as 
well as scrapers with the salt f: lm ac:·i:ing as a lubricant. The 
scraper blades a-:e sharp edged to reduce scraping poHer requirements. 
A chain-sprocket drive system is utilized to drive the sc~apers. 
Th~ chains cah be of stainless or carbon steel. 

The tubing used shall be as follows: 

Material ASTM 192 Steel Tubing 

Outside Jia. 

Inside Die:. 

No. of tnbes in 
array 

Each Tube 

Total Tube Length 

1.00 in. 

0.782 (12 gauge) 

8 tubes 

7 ft. straight section 

56 ft. 

The scrapers are shoHn in Drawing SK 133291 

No. of Scrapers 32 (4 per tube) 

Scraper Length 21 in • 

- Scraper t-':.aterial A283 or equivalent 
Clearance be tHe en scraoer and oipe - .0025 
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HONEYWELL REQUIREMENTS SPECIFICATIOH NO. HRS SK 133291 

3.3.2 

3.3.3 

The scraper blade where it contacts the tube shall be sharp to 
reduce scraping force required. 

Chain Drive - ASA 41~" pitch t" roller ~vidth 

Sprocket on Shaft 15 teeth 

Sprocket on Scrap~r - 22 teeth 

Sprocket on Idler 21 teeth 

The scrapers are designed to overlap during operation so ~hat 
except for the support areas, the entire length of pipe is scraped 
clean. 

The tubing supports shall provide the required supporting-effort 
and allow pipe line movement \v~th thermal changes T.Vithout causing 
overstress. The design shall also prevent complete release of the 
piping load in the event of spring failure or misalignment~ and 
all parts of the supporting equipment shall be f~bricated and 
assembled so that they·will not be disengaged by movement of the 
supporting piping. 

The design shall conform with the standards specified in the latest 
issue of ANSI B3l.l pmver piping section 121 and other applicable 
codes and standards. 

FABRICATION 

GENERAL 

The vaporizer module shall be considered in accordance with the 
requirements of Chapter V of the' latest issue of ANSI B3 i.l power 
piping All materials used shall have been manufactured in . 
accordance with the requirements of Chapter VI of the latest issue 
of ANSI B31.1 Power Piping. These requirements apply to all 
fabrication, assembly, and erection operations, whether performed 
in the shop or at the coristruction site. 
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HONEYWELL REQUIREMENTS SPECIFICATION NO. HRS SK 133291 

3.3.4 

3.3.5 

The welding processes that may be used in constructing the 
condenser m:Jdule shall meet all the test requirements of Section IX 
of the ASME Boiler and Pressure Vessel Code. 

BENDING & FOPJ1ING 

0 
Pipe to be bent shall be heated to a temperature between 1700 F and 
2000°F using electric resistance heating on fuel fired burners. 
The bent surface shall be free of cracks and substantially free of 
buckles. OxyacEtylene flame heating will not be permitted. Sui.table 
provisions Ehal1 be made for maintaining uniform wall thickness and 
cross-sectiGnal areas by sandfilling, dies or other means. 

SUPPORTS 

The tubing supports shall provide the required supporting effort 
and allm-1 pipe line movement \oJith thermal changes without causing 
overstress. Ihe design shall also prevent complete releas~ of the 
piping load in the event of spring failure cr misalignment and all 
parts of the supporting equipment shall be fabricated and assembled 
so that they will not. be disengaged by moverr.ent or the supportive 
piping. 

4.0 QUALITY ASS~~C~ 

Examination an3 Inspection 

General 

Prior to deLver!' of the vaporizer module, the module shall be 
inspected to the extent necessary to assure compliance with the 
engineering design, and with the material, fabrication, assembly 
and test requireaents of this code. 
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HONEYWELL REQUIREMENTS SPECIFICATIO~ ~0. I HRS SK 133291 

Compliance with the requirements of this codi shall be verified 
by' an Authorized Code Inspector when a code stamp is required by 
Section I, of the ASME Boiler and Pressure Vessel Code. The 
rules of this code shall apply, and the duty of tte Inspector 
shall be as defined in Para. pg. 90, Section I, of the ASME 
'Boiler and Pressure Vessel Code. Data report forms are included 
in Appendix X (Section I, ASME Boiler and Pressure Vessel Code) 
for use in developing the necessary inspection records. The 
Inspector shall assure himself that the piping has been constructed 
in accordance with the applicable requirements of this code. 

4.1 TEST ·PROGRAM 

4.2 

All tests will be approved by Honeywell, Inc. These te~ts may 
be witnessed by ERDA or its representatives or th3 witnessing may 
be waived. In either 'case, substantive evidence ::>f hard\vare 
compliance wiih all test requirements is required. 

PRESSURE TESTING OF VAPORIZER MODULE 

The vaporizer module shall be hydrostatically tested to 2250 PSIG 
in accordance with the.leak test requirements as specified in 
Section 137, Leak Test of the latest issue of ANSI B3l.l. 

While the module is under pressure, the scraper mechanism shall be 
turned to insure that it operates freely. 

4.3 TESTING OF SCRAPERS AND DRIVE MECHANISH 

The scrapers shall be .tested to insure that they turn freely on the 
tubing. No binding or sticking shall occur. Insure that all 
sprockets are properly aligned and all chains operate i;reely. 

5.0 PREPARATION FOR DELIVERY 

Prior to packing for shipment, all unpainted parts of the vaporizer/ 
scraper module shall thoroughly cleaned and protected inside and out 
by a light film of corrosion preventative material. The ends shall 
be sealed to prevent any dirt or debris from entering the condenser 
module. 
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The corrosion preventative material shall be a type easily removed 
using a solvent or a type that leaves no residue and is approved 
by 03HA and other Local, State, Federal and Insurance codes • 
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1.0 SCOPE 

This specificatiJn (elates to services and materials to be furnished 
to Honeywell Inc., :nergy Resources Center, hereinafter referred 
to as buyer, by the vendor, hereinafter referred to as seller. 

This specificatian establishes the design, test, performance, stamp, 
certification, and ,jelivery requirements for a wall-mountable steam 
drum a:1d' associ a tedl items for the Therma 1 Storage Subsystem Research 
Experiment (TSS/RE). This experiment is part of the 10-MWe solar pilot 
plant·:ontract fron the buyer's customer, the Energy Research and 
Development Administra:~ion (ERDA). 

Background infornat·eon is presented below under "6.0 NOTES." 

2.0 APPLICABLE DOCUMENTS 

- A78 -

Th~ following documents of exact issue shown form a part of this 
specif·;cation to the_ ,extent specified herein: 

t ASME Code, Section I (latest issue) 

t ASME Code, Section VIII, Division 1 (latest issue) 

• Standards, such as ANSI Bl6.5, referred to in the ASME Code 

1 All applicabl~ local, state, federal and insurance rules, 
regulations, ~nd c~des 

t Any other docJments normally necessary for the assurance 
of acceptabl: device performance, safety of personnel and 
property, a11j i nsurabi 1 i ty of personne 1 and property 

t Figure 1 (herein) -- Sketch of Approximate Amount of Space 
Available for the Steam Drum 

t Figure 2 (enclosure) -- Piping and Instrumerit Diagram, Storage 
Unit SRE, ERDA - 10 MWe Solar Pilot Plant, Subsystem Research 
Experiments, Black & Veatch Drawing No. Ml004. 

' 
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3.0 REQUIREMENTS 

3.1 Description and Performance 

The steam drum for the TSS/RE shall extract steam cf high quality 
from a two-phase, steam-water mixture of approximately 20.% 
quality. The steam drum may be either a vertical or a horizontal 
unit. Since the steam drum for the TSS/RE will be small, adequate 
water level sensitivity may exist only for a vertical steam drum. 
We anticipate, however, that the subsequent larger steam drum 
for the TSS of the 10-MWe solar pilot plant will be a horizontal 
unit. The steam drum shall provide steam of a very high quality, 
a quality in excess 8f that which the buyer believes to be obtain­
able with simple 180 open turns for the steam. The steam drum 
shall be capable of operating satisfactorily over the range of 
experimental .conditions presented below and of interfacing to the 
extent presented below. 

The steam drum sha 11 produce steam with a qua 1 ity specifi.ed as 
having either less than 0.6 ppm TDS for feedwater superior to 
the ABMA Standard of 1958 or a quality in excess of 99.5% for 
all TSS/RE test conditions, equilibrium or transient. The tran­
sient condition of greatest concern is that involving a change 
in load from 0% totlOO% from a hot standby conditio~ at design 
temperature and pressure. 

3.2 Design 

3.2.1 Design Data Base -- The temperature and pressures to be 
used in designs relative to the TSS/RE are those presented 
in the table below. These numbers are included to give the 
seller more understanding of the design factors ·which 
follow the table below. 

Corresponding 
Saturated Steam 

Item 

Melting point of'salt (99% 
NaND 3• 1% NaOH) 

Temperature limit for salt 
(l%.margin on OF) and design 

/temperature 

Maximum allowable working pressure 
and design pressure (10%,margin) 

Hydrostatic test pressure. (50% 
margin) 

40454 

Temperature 

578.°F 

584.°F 

Pressure 

1306. psi a 

1368. psi a 

1505. psi a 

2257. psi a 
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The numbers aJove constitute the basis set. For working 
purposes, roJnd off the design temperature (584.0F) to 
600.°F, th= iesign pressure (1505. psia) to 1500. psig, 
and the hydr)Static test pressure (2257. psia) to 2250. 
psi g. 

. 
3.2.2 Design Factors and Connections -- Tables of design factors 

and connections follow. The descriptive information 
elsewhere also relates to design factors 2nd connections. 

Desigr Factor 

ASME Code, Section VIII; Division 1 

'Flow of stea~ (two-phase, steam-water 
mixture), recirculation loop, inlet 

Quality of steam, recirculation loop, 
inlet 

Flow of feed~cter, inlet 

tlow of saturated steam, outlet 

Quality of steam, outlet 

Quality of f2edwater, inlet 

Normal operating pressure 

Normal operating temperature 

Design pres.sure 

Design temperature 

Hydrostatic test pressure (factor 1.5) 

' 
*5:1 recirc~lation ratio 

40454 

Design 
Off-Desig'n 

Tests 

* 3470. lb/hr 6040. lb/hr 

:~0. ~~ 4. -30.% 

* 694. lb/hr 1300. 
* 594. lb/hr 1300. 

Less than 0.6 
ppm TDS or 
greater than a 
quality of 99.5% 

Superior to 
ABMA Standard of 
1958(See sub-
section 3.2.2) 

947. psia 800.-1120. 

538.°F 518.-558. 

1500. psig 

600.°F 

2250. psig 

\ j 



Design Factor 

Holdup capacity 
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Sight gage to be included; water level 
control point will be approximately 
eight inches or more below vapor inl~t 
(recirculation pump return) which 
presumes a vertical drum 

Provision for mounting steam drum on a 
vertical surface 

Certified performance during equilibrium 
operation and during transient response 
from 0% to 100% load from hot standby 
condition 

Design 

35. gallons 

Off-Design 
Tests 

Connections Assuming ASME Code, Section VIII, Division 

Steam outlet (l) 

Level control (2) 

Recirculation pump bypass (1) 

Reci rcul at ion pump suction (l) 

Recirculation pump return (l) 

Prewa rmi ng and blowdown (drain), 
combined ( 1) 

Feedwate.r (l) 

Sight gage (2) (sight gage to be 
included) 

Relief valve (l) 

Pressure transmitter and indicator, 
combined (1) 

1 inch 

2 inches 

3/l: inch 

2 inches 

1-l/2 inches 

3/4 inch 

3/4 inch 

1 inch 

3/4 inch 

3/4 inch 

The conditions of possible off-design research experiment~. 
are shown in the right-m9st column. For these conditions, 
the recirculation rat~o will be decreased from 5:1 to 
accommodate the tests. 
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Since the steam drum will be used in an experimental 
facility 1 a range of operating conditions departing 
from nominal will be examined. One such set of con­
dition~ representing that producing Vhe greatest mass 
flow of s;:eam is included in the tab l,e above as 11 0ff­
Des i gn Tests. 11 

3.2.3 Feedwater Specifications NSP personnel gave the buyer 
the follow~ng information on their #6 feedwater at their 
Riverside Plant: 

Consideration 

pH 

Conductivity (~mhos) 

Total Solids (ppm) 

SiO, (opm) 
t. < 

0
2 

.( PIPm) 

Fe (ppm) 

Cu (ppn) 

Total Hardness (ppm) 

Organics (ppm) 

Unit #6 Feedwater 

8.5 - 9.5 

5-10, estimate 
50, max., 1 f condenser leaks 

100, max., if condenser leaks 

0. 25, rna>:. 

0.005 

0.01 

0.005 

0 

0 

3.3 Mechanical Chardcteristics Including Interface Considerations 

The steam drum ;h .. 3ll have suitable hardware attached by welding 
to permit mounting the steam drum above the floor without floor 
supports on a sturdy brick wall. Adequate space for insulating 
the drum shall be allowed between the drum and the plane of 
attadlment repr~:nti ng the wa 11. A 11 fitt ·i ngs sha 11 meet a 11 
applicable code;. The steam drum shall be supplied with sight 
gage(s) meeting all applicable codes. 

The holdup caJacity of the drum shall be a ninimum of five minutes 
at the maximum steam producti·on rate ( 1300. 1 bm/hour). The buyer 
is requesting a 10-minute holdup capacity of 35 gallons as pre­
sented in the d=sign factors below. 

' 
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In the case of a vertical steam drum, the flanges to accept the 
level control shall be separated by 32 inches on a vertical line 
and be placed symmetrically 16 inches above and below the normal 
liquid level. Flanges for two-inch pipes are requested so that 
the piping shall be adequate to support the level control instru­
mentation. The seller shall consider the possibility of mounting 
the sight gage{s) on this piping. The liquid level will be 
controlled to the design level ±1 inch except for transients when 
it will be controlled to the design level ±7 inches . 

. The equivalent in a horizontal drum will be satisfactory. In 
the use of a horizontal drum, the level control flanges need not 
be 32 inches apart but shall have ·Jertical axes (i.e., one flange 
shall face up, the other down) to permit plumbing to accommodate 
a rectangular array of pipes to connect to the level controller: 

~Plumbing 

Horizontal 
Steam Drum~ ~evel Controller 

To obtain sufficiently high-quality steam, the steam drum shall 
include centrifugal separators and other purifiers. The steam 
drum shall ·also include internal deflectors o~ devices to minimize 
turbulence and vortices associated with introduction of the feed-
water and the bypass water from the recirculation pump. To illustrate, 
the buyer requires that the water level in the sight gage{s) shall 
indicate the water level in the drum; also that a vortex tip sha~l 
not enter the recirculation pump suction flange. 

Additionally, the feedwater sh~ll enter the drum below the water 
level as far from the.steam discharge point as possible to minimize 
condensation of steam and warming of the feedwater. The liquid 
level shall be several inches below the vapor ·inlet (recirculation 
pump return), such as eight inches or more for a vertical drum, 
to permit fluctuation of the liquid level during transients by 
up to plus and minus seven inches. The equivalent in a horizontal 
drum will be satisfactory. 

The pipe routing (a buyer responsibility) for the TSS/RE will 
depend upon the details of the design of the steam drum. Some 
general considerations follow for locations of penetrations of 
the drum: 

o Steam outlet: can vary; above high water level; 
depends on drum design 

\ 

o Level controller and sight gage(s): see above 

1 Recirculation pump bypass return line: below water 
level -- no higher than low level of water 
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1 Recirculetion pump suction line: at or ve~y near 
bottom of drum 

1 Recirculetion pump return line: as far from the steam 
outlet as possible, as the steam flies; dependent upon 
drum design; approximately eight inches or more above 

'I 

the water leve] control point, i.e., eight or more inches. 
above thE level of 35 gallons of holdup capacity; minimize 
heat excrange, maximize isolation between steam and holdup 
water. 

1 Prewarmirg and blowdown: at or very near bottom of 
drum 

1 Feedwater inlet: below low-level interlo:k; place as 
far away from steam outlet as possible to minimize heat 
exchange! i.e.~ to maximize their relative isolation. 

e Relief velve: dead center at top, usually 

1 Pressure transrritter and indicator: near top of drum. 

3. 4 Stea:11 Qu~ 

The steam drum srall yield steam of very high qual~ty; for example, 
it shall contain less than 0.6 ppm TDS (total dissolved sOlids) for 
feedwater supericr to the ABMA (American Boiler Manufacturer's 
Asso:iation) Stardard af 1958. The steam from the TSS/RE steam 
drum will not be superheated nor will .it pass on to a turbine at 
this time. Thus! the buyer's immediate concern for the steam 
quality from the TSS/RE stea·m drum is not one of deposits in a , 
superheater or or turbine blades, but the buyer's :oncern is that· 
the steam qualit_y will always be sufficiently high that analysts 
can treat it as 100% quality without continual experimental con­
fi.rmation of this quality. 

The ~irect method of specifying steam quality is 0 to 100%. The 
buyer anticipates that a steam drum which delivers steam with a 
quality greater than 99.5% under all operatihg conditions, 
equilibrium and transient, during the experiment will be satisfactory. 

3.5 Drawings and Docu~entation 

All drawings and documents shall be prepared according to good 
commercial practice. 

3.6 Space Provisions 

A sketch, Figure 1, shows the approximate amount of space available 
for the steam drum. 

40454 
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3.7 Piping and Instrument Diagram 

Fi~re 2 (enclosure) isa drawing by Black & Veatch showing the 
pip,ing and instrumentc.tion diagram {P&ID) Mll004 at the latest 
rev·ision. The figure illustrates the relationship of the steam 
drum to the sub~ystem. 

4.0 QUALITY A~SURANCE 

- A86 -

The .steam drum and sight gage(s) shall be constructed under all applicable· 
codes. Tte buyer believes one applicable code to be ASME Code, Section 
VIII, Di·1iision 1. If the seller prefe··s to fabricate the steam drum 
under ASME Code, Section I, the buyer shall be convinced by the seller 
~f the neoessity to use this code; or if not essential, the buyer shall 
be convinced that the cost shall be the same or less than if the ASME 
Code, Se.ction VIII, llivision 1, were used . . 
The seller shall prese,t, by way of analyses and test results on the 
seller's letterhead to the buyer, evidence that ~he assembly will pass 
all applicable codes and underwriter's tests·for safety and insurance 
purposes. 

The assembly shall be subjected to all applicable ~rocesses such as 
post-heat treatment, radiographs and hydrostatic tests as required 
to ensure safety, insurability and acceptance. 

.. 
The assembly shall be fabricated and assembled in such a manner as 
to permit its easy inspection for acceptance. 

The assembly shall include National Board and ASME stamps and a plate 
stating the name and address of the manufacturer and of the buyer, 
an identification number, and the date of manufacture. 

The steam drum shall b~'warranted and certified to produce steam with 
a quality specified c::s having either less than 0.6 ppm TDS for feedwater 
superior to the ABMA Standard of 1958 or a quality in exc of 99.5% 
for all TSS/RE test corditieons, equilibrium or transient. ·.: transient 
tondition of greatest concern is that involving a change ~ . ·aad from 
0% to 100% from a hot standty condition at design temperatute and 
pressure. 

The ·final c.cceptance cf the assembly shall be contingent upon aoproval 
by our cus tamer, ERDA, .and Northern States Power Company (NSP), the 
utility which is owner of the site where the assembly will be operated. 

' 
40454 
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5. 0 DELI VERY 

5.1 Preliminary Documentation 

The buyer requires preliminary documentation of interface specifica­
tions such as flanges, comments relative to scaling the drum to 
a larger drum for the 10-MWe solar pilot plant, ari~ all information 
necessary to assure the buyer's customer~ ERDA, that the drum will 
be acceptable with respect to steam quality, safety and insurability. 
This information shall arrive at the buyer's facility per the 

. schedule to provide time to permit assimilation of the material 
for use at the Detailed Design Review (DDR) with the buyer's customer, 
ERDA. Since changes in the TSS/RE may be made by ERDA during the 
DDR, detailed design drawings of the steam drum wi11 not be required 
for this delivery date for economic reasons. 

5.2 Steam Drum Design Review 
' 

Subsequent to the DDR with ERDA, the seller shall be supplied with 
any required change.information. The seller shall then supply 
the buyer's Engineer (see the Statement of Work) with fabrication 
drawings and other documentation for review and approval prior tp 
construction of the steam drum assembly. 

5.3 Steam Drum and Final Documentation 

6.0 NOTES 

The steam drum; sight gage(s); full drawings; analyses and test results 
on the seller's letterhead; comprehensive preparation, start-up, o~eratin9 
and maintenance instructions; warranty and certification of per-
fcirmance shall be shipped to arrive at the buyer's facility as 
scheduled in the Statement of Work. 

The steam drum and sight gage(s) shall be shipped closed to 
protect the interior. Closure shall be such as to protect flanges, 
fittings and other hard~are in shipment. 

6. l Letter of Inguiry 

Willard E. Anderson, employed by but not an agent of the buyer, 
mailed a letter of inquiry dated April 1, 1976, to the se1ler. 
The letter contained the essential design details of this specifica­
tion to speed the process of procurement. 

\ 

I 
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6.2 Background Informatio1 

The initial pha3e of an important part of the U.S. solar energy 
program began i1 June 1975 when the Energy Research and Develop­
ment Administration (ERDA) contracted with the buyer to be a 
prime contracto~ (Con:ract No. E(04-3)-llOS) for the preliminary 
design of a 10-~Ue solar pilot plant to be built by 1980. Sub­
contractors to the buyer are Black & Veatc~, Babcock & Wilcox, 
Northern States Power (NSP), and Research Inc. NSP is the utility 
which is owner of the site where design experiments will be run. 

Energy must be stored for use during periods when insolation is 
not available. The energy storage concept under investigation 
by the buyer is that of latent heat storage employing the phase 
change from ~Tic to liquid of inexpensive salts. The salts 
will be melted ty passing steam through a condenser in the storage 
tan~s during periods cf insolation. The energy can be removed 
whe1 insolation is not available by simply reversing the process; 
i.e., by passin~ water through a vaporizer jn the storage tank 
to produce steam. This steam will then pass through a steam purify­
ing drum, through a superheater, and on to the turbine. Equilibrium 
and transient canditions due to clouds must be considered. 

But first, sine~ latent heat storage is not well developed but 
has the potential for cost savings, the.buyer must demonstrate 
its feasibility. Feasibility demonstrations have been performed 
in the laboratory on a smaller scale. On a larger scale, the 
present program to further demonstrate feasibility is an experiment 
called the Thermal Storage Subsystem Research Experiment (TSS/RE). 
Due to the use of latent heat technology for storage, the system 
will normally op~rate at a nearly constant temperature. However, 
for experimental purposes, tests will be conducted over a range 
of conditions including temperature, pressure, and flow rate, 
both at equ~librium and at transient conditions. 

6.3 Use of Seller's Expert;se 

Sinoe the buyer does not design and fabricate steam drums, the buyer 
desires to utilize the seller's expertise. The buyer's goal is 
to obtain a steam drum which will work in the TSS/RE. The buyer 
will appreciate the seller's working with the buyer in a candid 
manner to accomplish tris goal. 

This being an experiment, the buyer desires a close working relation­
ship with and flExibility on the part of the seller to ensure 
successful develq~nent of the latent heat storage technology. 

" 
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The steam purifying drum for the TSS/RE referred to above is 
the subject of this specification; however, the buyer desires 
also to work with the seller to estimate the steam purifying 
drum required for the thermal storage system for the 10-MWe 
solar pilot plant. 

The seller's general and specific comments will be 3ppreciated 
on any point including those relative to the code sugg~sted and 
additional holes if ASME Section I is recommended, vertical vs. 
horizontal drum, mounting of drum on wall, post-heat treatffient, 
radiographs, and National Board and ASME stamps. 

' 

' 
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1. 0 SCOPE 

This spec:fication rel~tes to services and materials to be furnished 
to Honeywell· Inc., Ene~gy Resources Center, hereinafter referred to 
as buyer, by.the vendo"1 hereinafter referred to as seller. 

This specification establishes the design, test, performance, stamp 
and delivery requirements for a recirculation pump and associated 
items for the Thermal Storage Subsystem Research Experiment (TSS/RE). 
This experiment is part of the 10-MWe solar pilot plant contract from 
the buyer•s customer, the Energy Research and Development Administration 
(ERDA). · 

Background information: is presented below under 11 6.0 NOTES ... 

2.0 APPLIC~BLE DOCUMENTS 

The following documents of exact issue shown form a part of this 
specification to the extent specified herein: 

1 ASME, ANSI, and API Codes as applicable 

• All applicable local, state, federal and insurance rules, 
re£ulations and codes 

I Any other documents normally necessary for the assurance 
of .acceptable <ie\lice performance, safety of personnel and 
property, and ir surabil i ty of personne 1 and property 

• Figure 1 Piping and Instrument Diagram, Storage Unit 
SRE, ERDA - 10 ~we Solar Pilot Plant, Subsystem Research 
Experiments, ~art of Black & Veatch Drawing No. Ml004. 

3.0 REQUIREMENTS 

- A92 -

3.1 Description and Performance 

The recirculation pJmp for the TSS/RE shall pump water essentially 
at its boiling pain: through a vaporizer to produce a two-phase 
steam-water mixture of approximately 20.% quality. The recirculation 
pump shall be ca~able of operating satisfactorily over the range of 
experimental concit:ons presented below and of interfacing to the 
extent presented be"ow. 

The recirculation purrp shall operate for all TSS/RE test conditions, 
equilibrium or tran~ient. The transient condition of greatest 
concern is that invcl.ving a change in load from 0% to 100}~ from a 
hot standby conditicn at design temperature and pressure. 

40454 
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The puJlp assembly shall meet reliability specifications common 
to t~.e commercial practice. The pump assembly shall be easily 
maintained. T~e useful life of the pump assembly shall exceed 
one year for the worst water and operating conditions in this 
speci f·ication. 

3.2 Design 

3.2.1 Design Dati Base -- The temperature and pressures to be 
used in the designs relative to the TSS/RE are those presented 
in the ta~le below. These numbers are included to give the 
seller mol"::! understanding of the design factors which follow 
the tab 1 ~ ::)E!l ow. 

iten 

~elting poi1t of salt (99% 
NaN03, 1% rJ30H) 

Temperature limit for salt 
(1% margin on °F) and design 
temperature 

Maximum allowable working pressure 
and desi£n pressure (10% margin) 

Corresponding 
Saturated Steam 

TemJ:erature _P_re_s_s_u_re ___ _ 

578.°F 1306. psia 

584.°F 1368. psia 

1505.-psia 

Hydrostatic test pressure (50% margin) 2257. psia 

The numbers above constitute the basis set. For working 
purposes, rc l.lld off the design temperature ( 584. 0 F) to 
E00.°F, the design pressure (1505. psia: to 1500. psig, 
end the hydrostatic test pressure (2257. psia) to 2250. psig. 

3.2.2 Oesign Factcrs and Connections -- The table below presents 
basic requi~ements for the recirculation pump for the TSS/RE: 

Minimum Maximum 
Design Design 

Flow tC·Jndi ti on Condition Condition 

~ction pre.>sure, psig 750. 1100. 

Discharge p--:ssure, psi g 850. 1196. 

H:ad, psi, at operating temperature 100. 96. 

H=ad, feet H.,o, minimum acceptable 298. 327. 
._ 

NJSH, feet <12. <12. 
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Fl01'1 Condition 

Operating Temperature, °F 

t·1·i nirn11m 
Design---­
Condition 

t·ie1 Xi :111) .. , 

D2sign 
Co:1dition 

513. 558. 

Fl01v, gallons/minute, at opetating 
tempera t L!l'e 

8. (Note 1) 16. (Note 1) 

ASI~E Code: Section II; Section VIII, Division ,l 

ANSI and API Codes 

All other applicable pump codes 

Continuous, pulsation-free flm.,r 

Suction connection, inches ----- 2. (I~ o te 2 ) -----

Discharge connection, inches ----1.5 (~ote 2)-----

Material to be pumped is water. S6c Subsection 3.2.3. 

pH 8.5 9.5 

Conductivity, pmhos 

Solids 

5. - 10. 50.-

-----Negligible------

~otor power --480 volts, 3 pha~2, 60. HZ---

Desi gn tei::~"Jerature, °F -----600. ------------

Design discharge pressure, psig -----1500~-----------

Hydrostatic test, psig -----225].-----------
/ 

Continuous duty but off/on for experimental purposes 

Calibrated performance curves 

Pump/motor assembly to be complete, ready to connect to 
recirculation system and power. 

Note 1: Excess _flow may be by-passed. The by-pass flow shall 
be selectable bosed on press1wc and the use of the 
calibrutcd pcrforilWncc curves to be :>uj.if]lied. 

Note 2: Sm2llet· connections may be supr)licd if they adupt to 2 and 
1.5 inch pipes and are designed to preclude cavit~tion. 

Since the recirculation pump vlill be used in an expct·im2nt2l facilitx.1----
a rcnge of operating ·conditions derarting frcm nominal v1iH b.e -
examined. 

40454 - A95-



- .A96 -

-6-

3.2.3 Feedwater Specifications NSP personnel gave the buyer 
the fol~owing in~armation on their #6 feedwater at their 
Riverside Plant: 

Cc.1s ··deration 

pH 

Conductivity (~mhos) 

Total solids (ppm) 

Si o2 ~pp:n) 

02 (ppm) 

Fe (ppm) 

Cu (ppm:· 

Total .1ardness (ppm) , 

Organics (ppm) 

Unit #6 Feedwater 

8.5 - 9.5 

5-10, estimate 
50, max., if condenser leaks 

100! max., if condenser leaks 

0.2:, max. 

0.005 

0. 01 

0.005 

0 

0 

3.2.4 Corrosion cf Metal Parts -- The materials of the pump 
assembly shall be compatible with the worst water and operating 
condition5 ~d the useful life in this specification. 

3.3 Mechanical Characteristics Including Interface Considerations 

The recirculation pJmp shall have suitable hardware attached to 
permit mounting the pump :a a horizontal concrete slab. All fittings 
shall meet all app:icable codes. · 

3.4 Drawincs and Docu~entation 

All drawings and documents shall be prepared ac:ording to good 
commercial practice. 

3.5 Piping and Instrument Diagram 

Figure 1 is part Jf .a drawing by Black & Veatch showing the p1p1ng 
and instrumentatiJn diagra~ (P&ID) Ml004 at the latest revision. 
The figure illust~ates the relationship of the recirculation pump 
to the subsystem. · 

,. 
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4.0 QUALITY ASSURANCE 
\ 

The recirculation pump and motor assembly shall be constructed under all 
applicable codes. 

The seller shall present, by way of analyses and test results on the 
seller's letterhead to the buyer, evidence that the assembly will pass 
all applicable codes and underwriter's tests for safety and insurance 
purposes. 

The assembly shall be subjected to all applicable-processes such as 
post-heat treatment, radiographs and hydrostatic tests as required 
to ensure safety, insurability and acceptance. 

The assembly shall be fabricated and assembled in such a manner as 
to permit its easy inspection for acceptance. 

The assembly shall include applicable stamps and a plate stating the 
name and address of the manufacturer and of the buyer, an identification 
number and the date of manufacture. 

The assembly shall be warranted and certified to operate for all TSS/RE 
test conditions, equilibrium or transient. The transient condition 
of grea~est concern is that involving a change in load from 0% to 100% 
from a hot standby condition at design temperature and pressure. 

The casing of the pump must be formed by casting, forging, rolling or 
die forming. ' 

The pressure parts sha 11 be made of materia 1 s permitted under Section II 
of the ASME Boiler and Pressure Vessel Code or in an accepted standard 
covering the particular type of pressure part. A published company 
standard of the pump manufacturer or written certification from the 
manufacturer that it meets the material requirements of an accepted 
standard (such as ANSI or API) will be acceptable. 

The pressure parts shall be marked with the name or trademark of the 
manufacturer and such other markings as are required by the above 
standards. These markings will be accepted as the manufacturer's certi­
fication that these parts comply with the above standards and are suitable 
for service at the specified ratings. 

If the casing of the pump is formed by welding, paragraphs PG 11.3.2, 
11.3.3 and 11.3.4 of Section I- ASME Boiler and Pressure Vessel Code­
will also be mandatory. 

The final acceptance of the assembly shall be contingent upon approval 
by our customer, ERDA, and Northern States Power Company (NSP), the 
utility which is owner of the site where the assembly will be operated. 
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5.0 DELIVERY 

5.1 Prel i:minary Documentation 

The bu_yer requires pre 1 i minary documentation of interface speci fica­
tions such as flanges and all information necessary to assure the 
buyer•s customer~ ERDA, that the assembly will be acceptable with 
respect to quality, safety, and insurability. This information 
shall ~rrive at the buyer•s facility per the schedule to provide 
time to permit assimilation of the material for use at the Detailed 
Desig1 Review (DDR) with the buyer•s customer, ERDA .. 

5.2 RecircLlation PJmp Assembly and Final Documentation 

6.0 NOTES 

E.l 

The assembly; full drawings; analyses and test results including 
calibrated performance characteristics on the seller•s letterhead; 
comprehensive preparation, start-up, ·operating and rTBi ntenance 
instructions; warranty and certification of performance sha 11 be 
shipped to arrive at the buyer•s facility per the sc~edule. · 

The ass~mbly shall be shipped closed to protect the interior. 
Closure shall be such as to protect flanges, fitting3 and other 
hardware in shipment. 

' ' 

Background Information 

The initial phase of an important part of the U.S. sclar energy 
program began in June 1975 when the Energy Research and Develop­
ment Admini·stration (ERDA) contracted with the buyer to be a 
prime ccntractor (Contract No. E(04-3)-ll09) for the preliminary 
design of a 10-MNe solar pilot plant to be built by 1980. Sub­
contract·ors to the buyer are Black & Veatch, Babcock J!J. Wilcox, 
Northern States Power (NSP), and Research Inc. NSP is the utility 
which ··s. owner o-= the site where design experiments will be run. 

Energy must be stored for use during periods when insolation is 
not available. The energy storage concept under investigation 

, by the buyer is that of latent heat storage employing the phase 
change from solid to liquid of inexpensive salts. The salts 

- A98 -

will be melted by passing steam through a condenser in the storage 
tanks during periods of insolation. The energy can be removed 
when insolation is not available by simply reversing the process; 
i.e., by passing water through a vaporizer in the storage tank 
to produce steam. This steam will then pass through a steam purify­
ing drum, through a superheater, and on to the turbine. Equilibrium 
and transient conditions due to clouds must be considered. 
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But first, since latent heat Storage is not well developed but 
has the potential for cost savings, the buyer must demonstrate 

, its feasibility. Feasibility demonstrations have"been performed 
in the laboratory on a smaller scale. /On a larger scale, the 
present program to further demonstrate feasibility .is an experiment 
called the Thermal Storage Subsystem Research Experiment (TSS/RE). 
Due to the use of latent heat technology for storage, the system 
will normally operate at a nearly constant temperature. However, 
for experimental purposes, tests will be conducted over a range 
of conditions including temperature, pressure, and flow rate, . 
both at equilibrium and at transient conditions. 

6. 2 Use of Seller 1 s Expertise 

Since the buyer does not design and fabricate recirculation pumps, 
the buyer desires to utilize the seller 1 s expertise. The buyer 1 s 
goal is to obtain a recirculation pump assembly which will work 
in the TSS/RE. The buyer will appreciate the seller 1 s working 
with the buyer in a candid manner to accomplish this goal. 

This being an experiment, the buyer desires a close working relation­
ship with and flexibility on the part of the seller to ensure 
successful development of the latent heat storage technology. 

/ 

The recirculation pump assembly for the TSS/RE referrec to above 
is the subject of this specification. 
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.. 
SPP NO SK 140002 
Date April 26, 1976 

TORQUE METER REQUIREMENTS 

TECHNICAL REQUIREMENTS. Two torque meters are reguired to 
continuously measure torque on two low speed scraper drive units. 

DESIGN REQUifiEMENTS. 

- A102 -

(a) Torq_ue: 

Minimurr1 

Maximum 

15 ft-lbf 

300 ft-lbf 

Minimum overload (without damage) 450 ft-lbf. 

(b) Speed: 

Speed indication requirements: 

Minimum 

Maximum 

(c) Accu:-acy: 

Torque 

Speed 

(d) Signa~ Pickup: 

Brushleas 

(e) Metering: 

60 RPM 

400 RPM 

±1 o/o @ 300 ft -lbf 
± 5o/o @ 15 ft -lbf 

±2% @ 60 to 400 RPM 

I 

Display: .rlnalog or digital with a precision of 
± 3ft-lbf at 300 ft-lbf and ±0. 5 ft-lbf at 15 ft-lbf. 

Output: P.::1alog voltage output voltage. impedence 
less than 1 JOOA. 

{f) Com:t:-uction: 

Dveralllength less than 12 inches. with self con­
:ain~d supp::>rt bearings. Torque and speed pickups 
should be brushless. 
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SPP NO SK 140002 
Date: April 26, 1976 

PRICING. A lump sum price should be quoted for the torque meters. 
Thr price shall include delivery to Honeywell Inc. Energy Resources 
Center, 2700 Ridgway Parkway, Minneapolis, MN 55413 

DELIVERY DATE. The torque meter must be delivered to Honeywell 
' 

no later than September 30, 1.976. I 

I 

- Al03 -
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Prepared by: 
1 

~-John A. Kallevig 
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H::>NEYHELL 

:PRO:;iJREME~'lT SPECIFICATION 

FOR 

SPP NO. SK 140011 
Date May 2 7, 1976 

ELE(TRlC MOTORS, SPEED CONTROLLER~ 

AND GEAR REDUCER8 

3ne~rgy Reaources Center 

Hone:/Well Inc. 

2QQO Ridgway Parkway 

Minneapolis, Minnesota 55413 

App~oved by: 

~·' . 
Z~·oJ¥~ 

· Richard T. LeFrois 

A¥9:y: . 
~}J z, { ,, 1.· "-~ 
Jerry C. Powe 11 
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SPP NO. SK 140011 
Date May 27, 1976 

/. 

REVISION PAGE 

Date of Revision Task Changes Ma.de 

5/27./76 Original Issue 

- AlOE. -
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SPP NO. SK 140011 
Date May 27, 1976 

ELECTRI8 NOTOR .. COI';TROLLER AND SPEED. REDUCEE REQUIREMENTS 

TECHNICAL REOUIREHEI'.TTS 

Two electric motors, controllers, and speed controllers are required to 
drive the two vaporizer scraper units. 

DESIGN REQUI.REHENTS 

Motor -

I (a) Power Output - 5 horsepower 

(b) Type - Totally enclosed fan cooled ~ermanent magnet D.C. motor 

(c) Speed - 1750 rpm maximum 

(d) Frame - 256 U 

(e) Armature Voltage 180 VDC 

(f) Armatu~e Current - 24 Amps 

CONTROLLER 

(a) Model SV 200,Randt~onics with Toggle on/off switch. 

(b) Input voltage - 2407 60 Hertz single phase 

GEAR REDUCER 

(a) Input Speed - 1750 rpm maximum 

The overall system shall be c~erable over an output shaft speed range of 
50 to 300 rpm and be continucusly acjustable. 

PRICING 

A lump sum price stall be provided for all of the equipment specified as 
well as individual prices for each item listed. The price shall include 
delivery to I:Ione)'\Jell Inc., E:tergy R:sources Center, 2·600 Ridgway Parkway, 
Minneapolis, Minnesota 55413. 

DELIVERY DATE 

The equipment specified must be delivered to Honeywell no later than 
September 15, 197E. 

- Al06 - 40~54 



SPP No. SK 140012 

Date: May 28, 1976 

HONEYWELL 

PROCUREMENT SPECIFI -:.ATION 

FOR· 

PHASE CHANGE MATERIALS 

tfo~~~.) 
RO: ~rois 

Thermal Storage Subsystem 

Honeywe 11 Inc. 
Energy Resources Center 

2 600 Ridgway Parkway 
Minneapolis, Minnesota 55413 
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Solar Power Program Mgr. 
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TECHNICAL REQUIHEMENTS . 

SPP No. SK140012 

Date: 28 May 1976 

·The materials sodium nitrate NaN0 3 and sodium Hydroxide NaOH 

are required for use as the phase change material for the storage of 

heat for the Thermal Storage Subsystem .Research Experiment (TSS/RE). 

Requirements 
I NaN0

3 
. 

Amount Required 

34 tons 

Analysis 

99. 4% NaNO,., 

Comments 

Pellets 
.) 

NaOH Flake Form 800 lbs. 98%NaOH Flake foro 
industrial grade 

Packaging 

N,aN0 3 - 100 lb. 4-ply polyethylene lined paper bags 

NaOH -:- 100 lb drums 

Pricing 

A lump sum price shall be provided for the entire shipment .as well as a 

quantity breakdown. The price shall include delivery to NSP, Riverside 
, 

Plant. 2800 Marshall Avenue N. E .• Minneapolis, Minnesota 55418 

Delivery Date 

The materials specified must be delivered to NSP on or before November 1, 1976. 

- A109 -
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SPP No. SK 140012 

Date: May 28, 1976 

HONEYWELL 

PROCUREMENT SPECIFJ'~"";ATION 

FOR 

PHAE)E! CHANGE MATERIALS 

tfc{~~~ 
• L. e ro1s 

Thermal Storage Subsystem 

Honey-Well Inc. 
Energy Resc·urces Center 

2p:(}O R:idgway Parkway 
Minnec.polis, Minne~ota 5541;3 
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TECHNICAL HEQUI.REM~NTS 

SPP N-::>. SK140012 

Date: '28 May 1976 

· ThE material~. sodium nitrate NaN0 3 and sodium Hydroxide NaOH 

are :required fe-r use as the phase change material for 1he storage of 

heat for the Th~rmc.l Storage Subsystem Re;3earch Exp~riment (TSS/RE). 

Requiren-~e~-~~ Amom~t Requi!'ed ~-~~lx.~iE-
NaN0 3 34 tons 99. 4% NaN03 
NaOH Fic.ke Form t:OO ll:s. 98o/o N9.0H 

Packaging 

NaNG 3 - 100 lb. 4-ply polycthylene lined paper bags 

NaOH - 100 lb drums 

Pricing 

Co:nments 

Pellets 

Flake form 
industrial grade 

_A lump sum pricE shall be p::-ovided for the entire shipment as well as a 

quantity breakdown. The price shall include delivery to NSP, Riverside 

Plant, 2800 Mars:1all Avenue N. E., Minneapolis, Minnesota 55418 

Delivery Date 

The materials specified mu~1 be delivered to NSP on or before November 1, 1976 . 

.. - Al12-
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Specification Continued 

The following General Construction Specifications are not included in this 
document but are available. 

Spec. No. Date 

7021-D-2A 4/14/76 

7021-M-22A 4/16/76 

7021-M-22B 
II. 

7021-M-28A " 
7021-M-28B II 

7021-M-42A II 

7021-M-42B II 

7021-M-42C II 

7021-M-44A II 

7021-M-44B " 

Title 

General Construction 
Specifications 

Steam Desuperheat~r 

Fluid Discharge Diffuser 

Duplex Strainer 

Pressure Reducing Orifice 

Large Steel Valves 

Small Steel Valves 

Bronze Valves 

Safety & Relief Valves 

Control Valves 

40454 

Organization 

Black & Veatch 

II 

II 

II 

n 

II 

II 

II 

II 

II 
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STATEMENTS OF WORK '< 

SOW NO. DJ.'FE TITLE ORGANIZATION 
., ' 

F3419-PM-108 4/26/76 Design and Fabrication of Honeywell 
Storage Tank for TSS/RE 

F3419-PM-112 Design and Fabrication of 
Salt Pre-melt for TSSIRE li 

F3·H9-PM-109 4/21/76 Design and Fabrication of 
Condenser Module for TSS/RE II 

F3c+l9-PM-110 4/29/16 Design and Fabrication of 
Vaporizer Submodule for 
TSS/RE· II 

F3419-PM-111 4/23/76 Steam Drum, TSS/RE II 
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SOW No. F3419-PM-108 

Dated: 26 April 1976 

SOLAR PILOT PLANT 

Statement of Work 

For 

Design and Fabrication of Storage Tank 

For 

Thermal Storage Subsystem Research Experiment 

Systems and Research ,Center 

(Energy Resources Center) 

Honeywell, Inc. · 

Minneapolis. Minnesota 
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SOW No. F3419-PM-108 

- ii -

GENERAL: 

This Statement of Work covers the furnishing of subject equipment and 

material as described in the paragraphs "TECHNICAL REQUlREMENTS" 

complete with manufacturer's drawings, and services as spe:ified. 

TERMS AND CONDITIONS: 

The company "ADDITIONAL TERMS AND CONDITIONS APPLICABLE TO 

ERDA FIXED PRICE SUBCONTRACTS" FORM PTC-30 (10/75) shall apply 

except Article 7, "WARRANTIES" is deleted. 

SPECIAL CONDITIONS: 

Warranty -- The Supplier shall warrant that the equipment and 

materials will be as specified and will be free from defects in 

design, workmanship and materials. If within the warranty period 

the material or equipment fails to meet the provisions of this 

warranty, the Supplier shall promptly correct any defects, including 

non-conformance with the documents by adjustment, repair or replace­

ment of all defective parts or materials. 

Unless otherwise specified, the warranty period shall begin on the 

date of initial operation and shall end 12 months later or twenty-four 

(24) months following the date of shipment, whichever occurs first. 

The Supplier shall pay all costs for correction of defects, including 
' transportation, materials, parts, supplies and special tools; pro­

vided upon notification and substantiation that equipment has been 

maintained and operated in accordance with the Supplier's recommend­

ations and usual industry practice. 
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Shipment -- Ship cheapest way unless specified otherwise in the 

purchase -:::>rder. 

Payment Terms -- s:1all be net 30 days in accordance with Terms 

and Concitions Article 5, "INVOICING". 

Definitions -- The following definitions shall apply to this purchase: 

a. "Documents" shall include the following: 

1. T:ns Statement of Work including Terms and Conditions, 

General Requirements, Technical Requirements, and all 

revisions thereto. 

2. The Company's purchase order and purchase order revision 

notices. 

3. All data sub:r::1i:ted by the Supplier, provided such are accept­

ab~e to the Engineer and in accordance with this Bill of Material. 

These documer_ts collectively shall form the purchase agree­

ment between the Company and Supplier. 

b. "Compc..ny shall mean Hcneywell Inc, 2600 Ridgway Parkway, 

Minneapolis, Minnesota. 55413, and its duly authorized agents. 

c. "Supplier" shall mean the corporation, company I partnership, firm 

or individual, narr~ed and designated in the Company"s purchase order, 

who has entered ir110 this purchase agreement with the Company. I ... 
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d. "Engineer" shall mean Richard LeFrois, Honeywell, Inc. , 

2600 Ridgway Parkway, Minneapolis, Minnesota 55413. 

GENERAL REQUIREMENTS: 

The following general requirements are applicable to the pur·:::hase of this 

equipment. 

Delivery -- Complete delivery for all items shall be made FOB point 

of shipment to Honeywell Inc. , 1433 Stinson Blvd, N. E. Minneapolis, 

Minnesota, 55413. Date of shipment shall be on or before 15 September 1976. 

Identification -- All drawings, correspondence, shipping papers and 

other documents shall be identified with the Purchase 0::-der Number 

· and Project and Bill of Material numbers. 

Drawings -- Six prints of all drawings shall be submitted to the Company 

for review. One copy of the drawings will be returned to the supplier. 

Drawings reviewed by the Engineer will be returned to ::he Supplier 

marked RETURNED FOR CORRECTION, EXCEPTIONS NOTED, 

NO EXCEPTIONS NOTED, or RECEIVED FOR DISTRIBUTION. 

When drawings and data re returned marked EXCEPTIONS NOTED, 

the changes shall be made as noted thereon and 20 corrected copies 

shall be submitted to the Company. 

When the drawings and data are returned marked RETURNED FOR 

CORRECTION, the corrections shall be made as noted thereon and as 

instructed by the Company and six corrected copies shall be submitted 

to the Company. 
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When dra"V'ings are returned marked NO EXCEPTIONS NOTED or 

RECEIVED FOR DISTRIBUTION, the Supplier shall submit 14 

drawings :for final ct.stribution. 

The Company shall haYe the right to reproduce all data provided in 

order to satisfy U. E. Government contractual requirements .. 

TECHNICAL REQUIREI\CENTS: 

One thermal energy storage (TES) subsystems research experiment (SRE) 

storage tank aE specifiec. herein shall be supp~ied. 

CODE REQUIREMENTS: 

The storage tank shall be designed and constructed in a,ccordance with the 

latest applicable requirenents of all Federal, State and Local codes. 

- A120 -

Type -- The storage il:ank shall have a removable top with access holes i 

as shown ir1 the attached drawing. 

Design Criteria -- T.:te storage tank must meet the following conditions: , 

Size: 8. 4 ft long x 3. 4 ft wide x 8. 3 ft high: in3ide dimtnsions 

Construction: CS-.3A-283B Steel or equivalent 

Pressure: 10. 3 PS:::G at the bottom ' 
0· Temperature: 650 F · 

The inside must be ·3mooth and free of bumps, holes and crevices 

that could corrode easily ancVor make removal of the salt difficult. 

4 lifting eyes mm:t be provided on the inside for lifting the tank. 

Identification -- The storage tank must have a permanently stamped model 

tag ~ accordance with the applicable code. 
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-vi _ 

Pricing·-- The price of this contract shall be divided into two parts: 

Part 1: Price for Task 1. 0~ Thermal Tank Design and Analysis 

Part 2: Price to fabricate, test and deliver the the:'Illal storage tank. 

r 
- Al21 -
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:STATEMENT OF WORK 

1. 0 INTRODUCTION 

This Statemen1 of Work defines the tasks which are to be performed 

by th~ vendor (~erein referred to as vendor) for Honeywell, Inc. , 

Ener.g,! Resour-~es Center (hereinafter referred to as Honeywell) 

during the period ·of contract performance. 

2. 0 SCOPE~ 

The vendor shall provide the necessary service, material, and 

personnel requ:iire::l to design, fabricate, test, and deliver, one 

(1) storage tank which will meet the requirements of specification 

SK 133289 datec 2 3 Aprii 1976. 

3. 0 TASKS 

- Al22 -

The following tasks shall be conducted by the vendor: 

Task 1 

Design one (1) thermal storage tank and provide necessary 

drc.wings a~:d detailed documentation to show that .the design 

meets or exceeds all requirements or the applicable codes 

in accordanee with Exhibit A. 

Task 2 

Fabricate, lest and deliver one (1) thermal storage tank 

which meets the requirements of specification SK 140008. 

Delivery sh·:tll be in accordance with Exhibit B, Schedules. 
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EXHIBIT A: CONTRACT DATA REQUffiEMENTS LIST 

1. Sequence 2. Title or Description 3. Contract 4. Frequencl 
Number of Data Reference 

5. Date of 6. Date of 7. Distribution and Addre·sses 
First Subsequent 

Submission Submission 

Remarks 

1. 2. Thermal Storage Tank 3. sow 4. One Time 
) 

Conceptual Design 

5. TBD 6. TBD 7. Honeywell 

8. 

For Item 5 - 1 reproducible + 6 copies 
For Item 6 - 1 repro:iucible + 6 copies 

The subcontractor shall prepare and submit a Thermal Storage Tank Co:1ceptual 
Design for Honeywell and NSP approval. Design data shall be prepared and 
delivered in written form and also presented orally by the Prin:::ipal Investigator. 
The subcontractors format may be used. 

The data shall include all drawings, specifications, analyses, etc. , as specified 
in the subcontract and covering the subject contents as indicated by Item 3 .above. 
The drawings sh:lll be formatted according to good commercial practice. 

The data shall be delivered for review as stipulated in Items 5 and 7 above. 

Honeywell will provide a copy of its analysis and design. The vendor may review 
it, use it as is or mo::lify it. However, the vendor shall provide a copy of his 
analysis and design to Honeywell per above. Even if vendor's analysis agrees 
completely with Honeywell's this shall not relieve vendor of full and complete 
responsibility for the delivery or a safe and acceptance tank to Honeywell. 

The oral presentation shall be made following the delivery of the data and at 
suchplace as directed by the Ho:1eywell Program Manager. The technical 
review will be completed and notice of approval or non-approval delivered to 
the subcontractor within 40 days from receipt of original data. The sub­
contractor snall then make the correctio:1s and revisions delineated in the 
review- notice. and' submit final copies as stipulated in Items 6 and 7 above. 
Acceptance of the final version as satisfying this CDRL line item is dependent 
upo:1 Honeywell approval of the data. 
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SOW No. F3419-PM-108 

EXIITBIT B 

SCHEDULES 

The subcontractor shall accomp1ish the effort called for in the Statement 

of Work F3419-PM-108 and shall provide the following deliverables and 

comply with the following schedule. 

Item Numlber 

1 

Quan-'::ity 
Delivery/ 

Acceptance Date 

Thermal Storage Tank 1 

2 Docwnertts per Exhibit A, * ** Statement of Work 

* In accoirdance with Block 7 of Exhibit A 

*'~ In accordance witb Blocks 5 and· 6 of Exhibit A 

I 
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Date :t-'iay 12 , 1976 

SOW NO. F3419-PN-ll2 

I 

SOLAR PILOT fLANT 

STATEMENT OF WORK 

FOR 

DESIGN AND FABRICATION OF SALT PRE-MELT MODULE 

FOR ( 

THERMAL STORAGE SUBSYSTEMS RESEARCH EXPERIMENT 
( 

\ 

/ 

Energy Resources Center 

Honeywell Inc. 

2600 Ridgway Parkway 

Minneapolis, Minnesota 55413 

_u~~.·~~ 
/John A. Kallevig Jerry C. Powell 
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STATEMENT OF WORK 

NO. F3419-PM-112 

REVISION SHEET 

I 

Date of Revision Page · Change Made 

5/12/76 Criginal Issue 

'· 

~ l 
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SOW NO. F3419-PM-112 

Page i 

GENERAL 

This statement of work covers the furnishing of subject equipment and material 
as described in the paragraphs "TECHNICAL REQUIREMENTS" complete with 
manufacturer's drawings, and services as specified. 

TERMS AND CONDITIONS 

The company "ADDITIONAL TERMS AND CONDITIONS APPLICABLE TO ERDA FIXED PRICE 
SUBCONTRACTS" FORM PTC-30 (10/7 5) shall apply except Article 7, ''WARRANTIES" 
is deleted. 

SPECIAL CONDITIONS 

Warranty. The Supplier shall warrant that the equipment and materials will 
be as specified and will be free from defects in design, workmanship and 
materials. If within the warranty period the material or equipment fails to 
meet the provisions of this warranty, the Supplier shall promptly correct any 
defects, including non-conformance with the documents by adjustment, repair or 
replacement of all defective parts or materials. 

Unless otherwise specified, the warranty period shall begin on the date of 
initial operation and shall end 12 months later or twenty-four (24) months 
following the date .of shipment, whichever occurs first. 

The supplier shall pay all costs for correction of defects, including 
transportation, materials, parts, supplies and special tools; provided upon 
notification and substantiation that the equipment has been maintained and 
operated in accordance with the Supplier's recommendations and usual industry 
practice. 

Shipment. Ship cheapest way unless specified otl:terwise in the purchase order. 
I 

Payment Terms. Shall be net 30 days in accordance with Terms and Conditions 
Article 5, "INVOICING". 

Definitions. The following definitions shall apply to this FUrchase: 

a. "Documents" shall include the follow~ng: 

1. This statement of work including Terms and Conditions, General 
Requirements, Technical Requirements, and all revisions thereto. 

2. The Company's purchase order revision notices. 

3. All data submitted by the Supplier, provided such are acceptable 
to the Engineer and in accordance with this statem:mt of work. 
These documents collectively shall form the purchase agreement 
between the Company and Supplier. 
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b. 

c .• 

1 • 

d. 

SOW NO. F3419-PM-112 

Page ii 

11Company" shall mean Honeywell Incorporated, 2600 Ridgway Parkway, 
Minneapolis, Minnesota 55413, and its duly authorized agents. 

"Supplier' shall mean the corporation, company, partnership, firm or 
individual, named and designated in the Company's purchase order, who 
has entered into this purchase agreement with the Company. 

"Engineer 11 shall mean Richard LeFrois, Honeywell Incorporated, 2600 
Ridgway Parkway, Minn:apolis, Minnesota 55413. 

GENERAL REQUIR~NTS 

The following general requirements are applicable to the purchase of this 
j .• 

eqm .. pment. 

Delivery. Corr.plete delivery for all items shall be made FOB point of shipment 
to. Honeywell Inc., 1433 St:..nson Blvd., NE Minneapolis, MN 55413. Date of 
shipment shall be on or before 1st September, 1976. 

Identification. All drawings, correspondence, shipping papers and other 
documents shall be identified with the Purchase Order Number and Project 
and Statement of Work numbers. 

Dra~ings. Six ~rints of all drawings shall be submitted to the Company 
for review. One copy of t::te drawings will be returned to the Supplier. 

Drawings reviewed by the Engineer will be returned to the Supplier marked 
RETURNED FOR CORRECTION, EXCEPTIONS NOTED, NO EXCEPTIONS NOTED, OR RECEIVED 
FOR DISTRIBUTION. 

' 
When drawings and data are returned marked EXCEPTIONS NOTED, the changes 
shall be made as noted thereon and 20 corrected copies shall be submitted 
to the Company. 

When the'drawings and data are returned marked RETURNED FOR CORRECTION, the 
corrections shall be made as noted thereon and as instructed by the Company 
an? six corrected copies shall be submitted to the Company. 

When drawings are returned ~rked NO EXCEPTIONS NOTED or RECEIVED FOR 
DISTRIBUTION, th~ Supplier shall submit 14 drawings for final distribution. 

The Company shali have the right t~ reproduce all data provided in order to 
satisfy U.S. Go'Jernment contractual requirements. 

TECHNICAL REQUIREMENTS 

One thermal energy storage (TES) subsystems research experiment (SRE) salt 
pre-m=lt module as specified herein shall be supplied. 
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CODE REQUIREMENTS 

The salt pre-melt module shall be designed and constructed in accordance with 
the latest applicable requirements of all Federal, State,- and Local codes. 

TYPE 

The salt pre-melt module shall consist of a ,finned tube single loop heat 
exchanger. This salt pre-melt module shall be immersed in salt in the thermal 
storage tank. Steam condensing in the salt pre-melt module will heat the 
salt. 

DESIGN CRITERIA 

The following salt pre-melt design parameters shall be met: 

Steam Conditions 

Pipe Size 

Pipe Material 

0 
1000 PSIA/700 F 

1.0 in. O.D. 0.834 in. I.D. 

Al06A Steel 

Module Size 39 ft. tube length in a single loop of finned 
tubing 

CONSTRUCTION 

The salt pre-melt module shall be constructed of Fintube as shown on the 
Honeywell drawing SK 140009 or equivalent. The downcomers shall have 1.0 O.D. 
tube with .083 wall with longitudinal fins, 12 fins 3/4 in. high. This 
section shall be bolted to the lower section by Class 1500 Steel Flanges, 
3/4 in. nominal pipe size using 1.09 diameter socket welded flanges. The 
bottom section shall be made up of finned tubing 1.0 in. O.D:. tube x .083 
wall with 2.67 fins/inch~" high. 

IDENTIFICATION 

The salt pre-melt module shall have a permanently stamped tag which is in 
accordance with the applicable code permanently attached to it. 

PRICING 

The price of this contract shall be divided into two parts: 

Part 1 - Price for Task 1, Salt Pre-melf Design and Analysis 

Part 2 - Price to Fabricate, Test and Deliver the Salt Pre-melt Module. 

/ . 
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SALT PRE-MELT MODULE 

STATEMENT OF WORK 

SOW NO~ F3419-PM-112 
Page 1 

This statement of work defines the tasks which are to be performed by the 
subcontractor for Hone~eli Inc. Energy Resources Center (Hereinafter 
ref.:rred to as Honeywell) during the period of contract performance. 

SCO?E 

The supplier shall provide the necessary services, material, and personnel 
required to design, fabr.icc..te, test, and deliver one (1) s.alt pre-melt 
module which will meet the requi~ements ~f specification SK 140009 dated 
May 12, 1976. The salt pre-melt module shall include the supporting structure 
to c..ttach it inside of tne thermal storage tank. 

TASKS 

The following specific tasks shali be conducted by the subcontractor: 

Task 1 Design one (1) salt pre-melt module which meets the requirements'of 
specification SK 140009. This shall include documentation to show that the 
design meets or exceeds.cll requirements of the applicable codes in accordance 
with Exhibit A. Delivery shall be in accordance with Exhibit B, Schedules. 

Task 2 Fabricate, test and deliver one (1) salt pre-melt module which meets 
the requirements of specification SK 140009. Delivery shall be in accordance 
with Exhibit B, Schedules .. 
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EXHIBIT A: CONTRACT DATA REQUIREMENTS LIST 

1. Sequence 
Number 

2. Title or Description 
of Data 

3. Contract 
Reference 

41. Frequency 

5. 

1. 

5. 

8. 

Date of 
First 

Submission 

RI 1-4 

TBD 

6. Date of 
Subsequent 
Submission 

7. Distribution and AC.dresses 

Remarks 

2. Salt Pre-melt module 
Conceptual Design 

6. 7. 

TBD 

3. sow 1.3 4. One Time 

Honeywell , 
For Item 5 - 1 reproduc~ble + 6 copies 
For Item 6 - 1 reproduc~ble + 6 copies 

The Subcontractor shall prepare and submit a salt pre-melt module design for 
Honeywell and NSP approval. Design data shall be prepared and delivered in 
written ~orm. The subcontractors format may be used. , 

The data shall include all drawings, specifications, analyses, etc. as 
specified in the subcontract and covering the subject contents as indicated 
by Item 3 above. The drawings shall be formatted according to good commercia~ 
practice. 

Honeywell will provide a copy of its analysis arid design. The vendor may 
review it, use it as is or modify it. However, the vendor -shall provide 
a copy of his analysis and design to Honeywell per above. Even if vendor's 
analysis agrees completely with Honeywell's, this shall not relieve vendor 
of full arnd complete responsibility for the delivery of a safe and acceptable 
salt preJmelt module to Honeywell. · 

The data shall be delivered for review as stipulated in Items 5 and 7 above. 

The technical review will be. completed and notice of approval or non-approval 
·delivered to the subcontractor within 40 days from receipt of original data. 
The subcontractor shall then make the corrections and revisions delineated in 
the review notice and submit final copies as stipulated in Items 6 and 7 above. 
Acceptance of the final version as satisfying this CDRL line item is dependent 
upon Honeywell approval of the data. 
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EXHIBIT B 

SCHEDULES 

The subcontractor shall cccomplish the effort called for in the statement 
of work F3419-PM-112 and shall provide the following deliverables and 
comply with the follo-y7fng schedule. 

ITEM 
NilllBER 

1 

2 

- Al32 -

S.alt Pre-melt module including 
S·.1pports 

Document pe~ ~hibit A, 
S~atement of r..rOil:k 

QUAN?ITI 

1 

* 

* In accordance ~ith Block 7 of Exhibit A 

** In accordance ~ith Blocks 5 & 6 of Exhibit A 

\ 

40454 

DELIVERY/ 
ACCEPTANCE DATE 

1 Sept., 1976 

** 



Date April 28. 1976 

SOW Ho. F341.9-PM-109 

SOLAR PILOT PLANT 

STATEMENT OF WORK 

FOR 

DESIGN AND FABRICATION OF CONDENSER !I)DULE 

FOR 

THEJUfAL STORAGE SUBSYSTEMS RESEARCH EXPERIMENT 

Energy Resources Center 

Honeywell Inc. 

2600 Ridgway Parkway 

Minneapolis, Minnesota 55413 

01\,~·~·. 
Jerry C. Po'ilo~ell 
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SOW No. F3419-PM-109 

Page i 

GENERAL 

This statement of work covers the furnishing of subject equipment and material 
as described in the paragraphs "TECHNICAL REQUIREMENTS" complete with 
manufacturer's drawings, and services as specifie~. 

TERMS AND CONDITIONS 

The company "ADDITIONAL TERMS AND CONDITIONS APPLICABLE TO ERDA FIXED PRICE 
SUBCONTRACTS" FORM PTC-30 (10/75) shall apply except Article 7, ''WARRANTIES11 

is deleted. · 

SPECIAL CONDITIONS 

Warranty. The Supplier shall warrant that the equipment-and materials will 
be as specified and will be free from defe.cts in design, work.-nanship and 
materials. If within the warranty period the material or equipment fails 
to meet the provisions of this warranty, the Supplier shall promptly correct 
any defects, including non-conformance with the documents by adjustment, 
repair or replacement of all defective parts or materials. 

Unless otherwise specified, the warranty period shall begin on the date of 
initial operation and shall end 12 months later or twenty-four (24) months 
following the date of shipment, whichever occurs first. 

The Supplier shall pay all costs for correction of defects, including 
transportation, materials, parts, supplies and special tools; provided upon 
notification and substantiation that the equipment has been maintained and 
operated in accordance with the Supplier's recommendations and usual industry 
practice. 

Shipment. Ship cheapest ..,ay unless specified otherwise in the purchase order. 
•, 

Payment Terms. Shall be net 30 days in accordance with Terms and Conditions 
Article 5, "INVOICING". 

Definitions. The following definitions shall apply to this purchase: 

a. ·"Documents" shall include. the following: 

1. This statement of work including Terms and Conditions, General 
Requirements, Technical Requirements, and all revisions thereto. 

2. The Company's purchase order revision notices. 

3. All data submitted by the Supplier, provided such are acceptable 
to the Engineer and in accordance with this statement of work. 
These documents collectively shall form the purchas'e agreement 
between the Company and Supplier. 

40454 - Al35 -
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b. "Company" shall me:an Honeywell Incorporated, 2600 Ridgway Parkway, 
Minneapolis, Minneso~a 55413, and its duly.authorized agents. 

c. "Supplier" shall rr.ean the corporation, company, partnership, firm or 
individual, named and designated in the Company's purchase order, who 
has ente~ed into this purchase agreement with the Company. 

d. "Engineer" shall mear_ Richard LeFrois, Honeywell Incorporated, 2600 
Ridgway Parkway, Miru:.eapolis, Minnesota 55413. 

GE~RAL REQUIREMENTS 

The following general req·.rl['ements are applicable to the purchase of this 
equipment. 

Delivery. Complete deliver/ for all items shall be made FOB point of 
shipment to Hc•neywell Inc .. , 1433 Stinson Blvd. NE Minneapolis, MN 55413. 
Date of shipme:nt shall be •)n or before ls.t September, 1976. 

Identification. All dr~wings, correspondence, shipping papers and other 
documents shall be identified with the Purchase Order Number and Project 
and Statement of Work numbers. 

Drawings. Six prints of all drawings shall be submitted to the Company 
for review. One copy of the drawings will be returned. to the supplier. 

Drawings reviewed by the Er.gineer will be returned to the Supplier marked 
RETURNED FOR CORRECTION, EXCEPTIONS NOTED, NO EXCEPTIONS NOTED, OR RECEIVED 
FOR DISTRIBUTION. 

' 
When drawings and data are returned marked EXCEPTIONS NOTED, the changes 
shall be made as noted the·reon and 20 corrected copies shall be submitted 
to the Company. 

When the drawings and data are returned marked RETURNED FOR CORRECTION, the 
corrections sh~ll be made as noted thereon and as instructed by the Company 
and six corrected copies shall be submitted to the Company. 

When drawings are returned marked NO EXCEPTIONS NOTED cr RECEIVED FOR 
DISTRIBUTION, the Supplier shall submit 14 drawings for final distri.bution. 

The Company shall have the right to reproduce all data provided in order 
to. setisfy U.S. Government cc•ntractual requirements. 

TECHNICAL REQUIREMENTS 

One thermal energy storage (TES) subsystems research experiment (SRE) 
condenser module as specified herein shall be supplied. 
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CODE REQUIREMENTS 

The condenser module shall be designed and constructed in accordance with 
the latest applicable requirements of all Federal, State and Local codes. 

TYPE 

The condenser module shali consist of a bare tube serpentine heat exchanger 
with supporting structure. This condenser module shall be irr.mersed in salt 
in the thermal storage ·tank. Steam condensing in the condenser module wilt 
heat the salt. 

DESIGN CRITERIA 

The following condenser design parameters shall be met: 

Steam Conditions 1962 PSIA/635°F 

Pipe Size 1.0 in. O.D. 0.732 in. I.D. 

Pipe Material - Al06A Steel 
I 

MOdule Size 544 ft. tube length in a singl~ serpentine of 
71 legs in 2 rows. 

CONSTRUCTION 

The condenser module shall be bent up of 1" O.D. Al06A steel tubing into a 
single serpentine of 71 legs in 2 rows or equivalent. The ends of the tubing 
shall have flanged fittings for connection to the downcomers. The downconers 
shall be of 1 in. O.D. longitudinally finned tubing with a mating flange to 
match the flange on the serpentine. 

IDENTIFICATION .... 

The condenser module shall have a permanently stamped tag which is in 
accordance with the applicable code permanently attached to it. 

PRICING 

The price of this contract shall be divided 1 into two parts: 

Part 1 - Price for Task 1, Thermal Tank Design and Anaiysis 

Part·2- Price to Fabricate, Test and Deliver the Condenser Module. 

40454 
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CONDENSER MODULE 

STATEMENT OF WORK 

SOW No. F3419-PM-109 
Page 1 of 

This statement of work d~fines the tasks which are to be performed by the 
subcontractor for Honeywell Inc. Energy Resources Center (Hereinafter 
referred to as Honeywell) during the period of contract performance. 

SCOPE 

The supplier shall provide the necessary services, material, and personnel 
required to design, fabricate, test, and deliver one (1) condenser module 
which will meet the requirements of specification SK 133500 dated 4/27/76. 
The condenser nodule shal~ include the supporting structure to attach it 
inside of the thermal stcrage tank. 

TASKS 

The following specific tasks shall be conducted by the subcontractor: 

Task 1 Design one (1) =ondenser module which meets the requirements of 
specification SK 133500. This shall include documentation to show that 
the design meets or exceeds all requirements of the· applicable codes in 
accordance with Exhibit A. Delivery shall be in accordance with Exhibit B, 
Schedules. 

Task 2 Fabti.:::ate, test and deliver one (1) condenser module which meets 
the requirements of specification SK 133500. Delivery shall be in accordance 
with Exhibit E, Schedules. 

\ 
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EXHIBIT A: CONTRACT DATA ~EQUIREMENTS LIST 

1. Sequence ' 
Number 

2. Title or Description 
of Data 

3. Contract 
Reference 

4. Frequency 

5. 

1.. 

' 

5 •• 

' 
-·-
8. 

Date of 
First 

Submission 

6. Date of 
Subsequent 
Submission 

7. Distribution and .Addresses 

RI 

TBD 

Remarks· 

I 
1-4 2. Condenser Module 3. .sow 1.3 1· 4 • One Time 
: Conceptual Design 

6. 
TBD 

7. 
Honeywell 
For Item 5 - 1 reproducible + 6 copies 
For !Item 6 - 1 reproducible + 6 copies 

The Subcontractor shall prepare and. submit a condenser moduLe design for 
Honeywell and NSP approval. Design data shall be prepared and delivered 
in written form. The subcontractors format may be use~. 

The data shall include all drawings, specif~cations, analyses, etc. as 
specified in the subcontract and covering the subject contents as indicated 
by Item 3 above. The drawings shall be formatted according to good commer=ial 
practice. 

Honeywell will provide a copy of its analysis·and design. The vendor may 
review it, use it as is or modify it. However, the vendor shall provide 
a copy of his analysis and design to Honeywell per above. Even if vendor's 
analysis agrees completely with Honeywell's, this shall not relieve 
vendor of full and complete responsibility. for the delivery of a safe and 

:. acceptable condenser mod1,.1le to Honeywell. · 

The data shall be delivered for review as stipulated in Items 5 and 7 above. 

The technical review will be completed and notice of approval or non-approval 
delivered to the subcontractor within 40 days from receipt of original data. 
The subcontractor shall then make the corrections and revisions delineated 
in the review notice and submit final copies as stipulated in Items 6 and 7 
above. Acceptance of ~he final version as satisfying this CDRL line item 
is dependent upon Honeywell approval of the data. 

'· 
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EXHIBIT B 

SCHEDULES 

The subcontractor shall accomplish the effort called for in the statement 
of work F3419-PM-109 and ehall provide the following deliverables and 
ccmply with the followin& schedule. 

· I'IEM 
NUMBER 

1 

2 

- Al40 -

Ccndenser module including 
St;pports 

Oocument per EXhibit A, 
Statement of Work 

QUANTITY 

1 

* 

* In accordan:e with Block 7 of Exhibit A 

DELIVERY/ 
ACCEPTANCE DATE 

1 Sept., 1976 

** 

** In accordan.::e with Blocks 5 .& 6 of Exhibit A 

40454 



smv No. F3419 PM-110 

Date April 28, 1976 

SOLAR PILOT PLANT 

Statement of Work 

For 

Design and Fabrication of Vaporizer Module 

For 

Thermal Storage Subsystems Research Experiment 

Honeywell Inc. 

Energy Resources Center 

2600 Ridgway Parkway 

Minneapolis, Minnesota 55413 

Prepared by: Approved by: 

n~ ' .. tf92/ ,'1 ..... .I ·/ I. 
\ J .. . - . ·. 

John A. Kallevig R. LeF:~; J.C. Powell 
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GENERAL: This statement of work covers the furnishing of subject equipmenc 
and material as described in the paragraphs "TECHNICAL REQUIF.EMENTS" 
complete with manufacturer's drawings, and services as specified. 

I 
TERMS AND CONDITIONS: The company "ADDITIONAL TERMS AND CONDITIONS . ·· 
APPLICABLE TO ERDA FIXED PRICE SUBCONTRACTS" FORM PTC-30 (10/75) shall 
apply except Article 7, "WARRANTIES" is deleted. 

SPECIAL CONDITIONS: 

Warranty. The Supplier shall warrant that the equipment and materials 
will be as specified and will be free from defects in design, workmanship 
and mat€rials. If within the warranty period the material or equipment 
fails to meet the provisions of this warranty, the Supplier shall promptly 
correct any defects, including non-conformance with the documents by 
adjustment, repair or replacement of all defective parts or materials. 

Unless otherwise specified, the warranty period shall begin on the date 
of· initial operation and shall end 12 months later or tlventy-four (24) 
months following the date of shipment, whichever occurs first. 

The Supplier shall pay all costs for correction of defects, including 
transportation, materials, parts, supplies and special tools; provided upon 
notification and substantiation that equipment has been maintained and 
operated in accordance with the Supplier's reconnnendations and usual 
industry practice. 

Shipment. Ship cheapest way unless specified otherwise in the purchase 
order. 

Payment Terms. Shall be net 30 days in accordance with Terms and Gondit:Lons 
Article 5, "INVOICING". 

Definitions. The following definitions shall apply to this purchase: 

a. "Documents" shall include the following: 

1. This Statement of Work including Terms and Conditions, General 
Requirements, Technical Requirements, and all revisions thereto. 

2. The Company's purchase order and purchase order revision notices. 

3. All data submitted by the Supplier, provided such are acceptabie 
to the Engineer and in accordance with this Statement of Work. 
These documents collectively shall form the purchase agreement 
between the Company and Supplier. 

b. "Company" shall mean Honeywell Incorporated, 2600 Ridgway Par~-<way, 
Minneapolis, Minnesota 55413, and its duly authorized agents. 
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c.. "Supplier" shall oean the corporation, company, partnership, firm or 
individual, named and designated in the Company's purchase order, who 
has entered into this purctase agreement with the Company. 

d. "Engineer" shall me~n Richard LeFrois, Hone)'Well Incorporated, 2600 
Ridgway Parkway, Mi~neapolis, Minnesota 55413. 

GENERAL REQUIRE~ffiNTS. ~he following general requirements are applicable to 
the purchase of this equipment. 

' Delivery. Complete delivery for all items shall be made FOB point of 
shipment to Honeywell Inc., 1433 Stinson Blvd. NE Minneapolis, MN 55413. 
Date of shipment shall be on or before September 15, 1976. 

Identification. All drawings, correspondence, shipping papers and other 
documents shall be identified wi<:h the Purchase Order Number and Project 
and statement of work nuobe~s. 

Dr~wt~· Six prints o: all drawings shall be submitted to the Company for 
re~iew. One copy of the d~awings will be returned to the Supplier. 

Drawings reviewed by the Engineer will be returned to the Supplier marked 
RETURNED FOR CORRECTION, E:::::CEPTIONS NOTED, NO EXCEPTIONS NOTED, or RECEIVED 
FOR DISTRIBUTION. 

When drawings and data are returned marked EXCEPTIO~S NOTED, the changes 
shall be made as noted thereon and 20 corrected copies shall be submitted 
to the Company. 

When the drawings and data .are returned marked RETURNED FOR CORRECTION, 
the corrections shall be rna<le as !10ted thereon and as instructed by the 
Company and six correcte::l c.opies shall be submitted to the Company. 

When drawings are returned marked NO EXCEPTIONS NOTED or RECEIVED FOR 
DIS~RIBUTION, the Supplier shall submit 14 drawings for final distribution. 

The Company shall have the right to reproduce all data provided in order to 
satisfy U.S. Government contractual requirements. 

TECr~ICAL REQU=REI1ENTS. One theraal energy storage (TES) subsystems research 
experiment (SRC) vaporizer complete with scrapers and drive mechanism and 
tank cover as specified herein shall be supplied. 

CODE REQUIREI1El\'TS. The va1=orizer module shall be constructed in accordance 
with the latest applicable requirements of all Federal, State, Local and • 
Insurance codes. 

TYPE. The vaporizer module shall consist of a pair of bare tube serpentine 
heat exchangers with supporting st~ructures. All of this will be supported 
by channels that are bolted at the ends to the tank sides. The vaporizer 
and scraper mechanism will be suspended in molten salts at about 600°F. As 
water is pumped through the serpentine, it is vaporized (becomes steam). As 
the heat is removed from th·e molten salt, it solidifies on the heat exchanger 
tubing, causing a reduction in heat transfer. The scrapers scrape off this 
solid salt. 
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DESIGN CRITERIA. The following vaporizer/scraper design parameters shall 
be met: 

Operating Pressure 

Operating Temperature 

Design Pressure 

Design Temperature 

Hydrostatic Test Pressure 

Tubing Size 

Material ASTM Al92 Tubing 

Tubing Tolerance - Out of Round - +.006 

Water Velocity through Tubing 

No. of Modules to be supplied 

No. of Serpentines 

No. of Legs 

Length of iegs 

Length of Tubing 

Scraper Length 

No. of Scrapers 

Scraper Speed 

Scraper Clearance of Tubing 

No. of Drive Motors 
(Not included i~ this specification) 

1368 PSIA 

1505 PSIA 

0 
600 F 

2250 PSIG 

1.0'; O.D./.782 I.D. 

Max. 

6 ft./sec. 

3 

1 p~r module 

8 per module 

7 ft .. · 

56 ft. e.ach module 

21 in. 

36 per module 
I 

40 to 200 rpm 

.0025 in. max. 

1 per module 

The portion of the scrapers that interface with the tubing shall be st.arp 
so that the scraping force required is minimized. 

The scrapers shall be driven by a variable speed 5 H.P. D.C. motor with 
a speed reducer of 6.4 to 1. The motor, controls~ and speed reducer· sha,ll 
be provi9ed and installed by Honeywell. ' 
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"EXHIBIT B 
.. ,.-· 

SCHEDULES 

The subcontractor shall accomplish the effort called for in this statement 
of work F3419' PM-110 ar:.:i shall Frovide. the following deliverables and 
comply with the fo llo,i$ ng schedule. 

ITEM 
NUMBER 

1 

2 

- Al46 -
' 

Vaporizer mo:iule including Scraper 
Mechanism 

Docu:11ent per Ex.J.ibi t A, Statement 
9f W·Jrk 

* In accordance t1ith Block 7 of Exhibit A 

QUANTITY 

3' 

* 

** In accordan~e with Blocks 5 & 6 of Exhibit A 

40454 

DELIVERY/ 
ACCEPTANCE DATE 

15 Sept., 1976 

** 



Page v 

CONSTRUCTION. The vaporizer module shall be constructed cf tubing bent 
into a serpentine as shown in drawing No. SK 133291. Scrapers shall be 
bolted onto the tubing to remove the salt that hardens on the tubing. 
The tub~ng is supported by channels that are bolted at the ends to the · 
tank sides. The scrapers are chain driven from a shaft that is turned 
by a variable speed reduction drive motbr. 

IDENTIFICATION. The vaporizer shall have a permanently stamped tag 
which is in·~ccordance with the applicable tode permanently attached 

I , 

to it. 

PRICING. A lump sum price shall be provided for this equipment. 
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SOW NO. F3419-PM-110 

VAPORIZER MODULE 

STATEMENT OF WORK 

This Statement of Work defines the tasks which are to be performed by· 
the Supplier for Honeywell, Inc. Energy Resources Center (Hereinafter 
referred to as Honeywell)·during the period of contract performance. 

SCOPE 

The Supplier shall provide .·the necessary services, material, and pj;!rsonne 1 
requi.red to design, fab['icate, test and deliver three (3) vaporizer modules 
which will meet the requirements of specification SK 133291 dated 4/28/76. 

TASKS: The· following specific task shall be conducted by the Supplier: 

1.0 Design, fabric~te, test and deliver three (3) vaporizer modules 
which meets the requirements of specification, SK 133291. Delivery 
shall be in accordance with Exhibit B, Schedules. 

2.0 Provide detailed documentati~n to show that the design meets or 
exceeds all requirements of the applicable codes in accordance 
with Exhibit A. 

- A148 - 40454 
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1. Sequence 
Number 

EXHIBIT A: CONTHACT DATA HEQUmEJ\IENTS LIST 

2. Title or Description 
6r Data 

3. Contract 
Reference 

.. 4. Frequency 

r---------------------+--------------------~------~------------------~----------------------4 
5. Date of 

First 
Submission 

1. RI 1-4 

G. Date of 
Subsequent 
Submission 

7. 

He marks 

2. Vaporizer Hodule 
Conceptual Design 

Distribution and J\ddresscs 

--

1---·- ····---4----------------

,3. SOW 1.3 _j_4_. -O-ne-t-im-e-----1 

5. TBD 6. TBD 7. Honeywell 
For Item 5 - 1 reproducible + 6 copies 
For Item 6 - 1 reprod'Jcible + 6 copies 

--------·····------l------------'---------------------------1 
8. 

J-.1 

The subcontractor shall prepare and submit a Vaporizer Module Conceptual 
Design for Honeywell and NSP approval. Design data shall·be prepared and 
delivered in \vritten form and also presented orally by the Principal 
Investigator. The subcontractor's format may be used. · · 

The data shall include all drawings, specifications, analyses, etc., as 
specified :i:n the subcontract and covering the subject contents as indicated 
by Item 3 above. The' drawings shall be formatted· according to good 
commercial practice. 

Honeywell \vill provide a copy of its analy~is and design .. The vendor may 
revie~v it, usc it as is or modify it. Hmvcver, the vendor shall provide 
a copy of his analysis and design to Honeywell per above. Even if vendor's 
analysis agrees completely with Honeywell's, this shall not: relieve vendor 
of full and complete responsibility for the delivery of a :;afe and 
acceptable tank to Hone)"·lell. 

Th~ data shall be delivered for review as stipulated in Items 5 and 7 above. 

The oral presentation shall be made following the delivery of the C.ata and 
at su.ch place as directed by, the Honeywe 11 Program Hanager. The technical 
review will be completed and notice of approval or non-approval delivered 
to the subcontractor within 40 days from receipt of origi~al data. The 
subcontractor shall then make the corrections and revisio~s delineated in 
the review notice a~d submit final copies as stipulated in Items 6 and 7 
above. Acceptance of the final version as satisfxing this CDRL line item 
1s dependent upon Honeywell approval of the data. 

'· 
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SOLAR PILOT PLANT 

Statement of Work 
for 

Steam· Drum, 

i 

SOW No. F3419-PM-lll 
Dated 23 April 1976 

Thermal Storage Subsystem Research Experiment 

Honey\·:e 11 Inc. 
Ener~ Rescurces Center 

2600 Ridgway Parkway N. E. 
Minne~polis, Minnesota 55413 

\ 
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Date of Revision 

4-23-76 

-i-

STATEMENT OF WORK 
No; F3419-PM-lll 

REVISION SHEET 

Task 

' 
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Change Made 

Original Issue 
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INTRODUCTION 

Intent 

This statement of work :sow) and its exhibits are intended to define the 
services and materials to be furnished to Honeywell Inc., Energy Resources 
Center, hereinafter referred to as buyer, by the vendor, hereinafter referred 

to as seller. 

Background !~formation 

The initial phase of an i~portant part of the U.S. solar energy program 

began in June 1975 when the Energy Research and Development Administration 
(ERDA) contrc:.cted with the buyer to be a prime contractor (Contract No. 
£{04-3)-1103) for the p--eJiminary design of a 10·-MWe solar pilot plant to 
be built by 1980. Subcontractors to the buyer are Black & Veatch, Babcock 
& Wilcox, Northern State:; Power, (NSP) and Research Inc. NSP is the utility 
\\'hose site ~l'lSP Riverside Plant, Minneapolis, Minnesota) will be used for 

feasibility demonstrations. 

' 
Energy must be stored for use during periods when insolation is not 
available. The energy storage concept under inve~tigation by the buyer 
is that of latent heat storage employing the phase change from solid to 
liquid of inexpensive salts. The salts will be melted by passing steam 
through a condenser in the storage tanks during periods of insolation . 

. The energy can be removed when insolation is not available by simply re­
versing the process, i.e·~, by passing water through a vaporizer in the 

storage tank to produce steam. This steam will then pass through a steam 
purifying drum, through a superheater, and on to ,the turbine. Equilibrium 
and tr·ansient conditions due to clouds must be considered. 

But first, sirce latent heat storage is not well developed but has the 
potential fo·-- cost savin9:;, the buyer must demonstrate its feasibility. 
Feasibility demonstrations have been performed in the laboratory on a 

- Al52 - 40454 
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smaller scale. On a larger scale, the present program to further demon­
strate feasibility is an experiment called the Thermal Storage Subsystem 
Research Experiment (TSS/RE) .. Due to the use of latent heat technology 
for storage, the syste~ will normally operate at a nearly constant tern-

'. 
perature. However, for experimental purposes, tests will be conducted 
over a range of conditions including temperature, pressure, and flow rate, 
both at equilibrium and at transient conditions. 

Since the buyer does not design and fabrica:te steam drums, he desires to 
utilize the seller's expertise. The buyer'; goal is to obtain a steam 
drum which will work in the TSS/RE. The buyer will appreciate the seller's 
working with him in a candid manner to accomplish this goal. 

. ' 

This be~ng an experiment, the buyer desires a close working relationship 
with and flexibility on the part of each seller to ensure successful develop­
ment of the latent heat storage technology. 

The steam purifying drum for the TSS/RE referred to above is the subject 
of this statement of work; however, the buyer desires also to work with 
the seller to estimate the steam purifying drum required for the thermal 
storage system for the 10-MWe solar pilot plant. 

The seller's general and specific comments will be appreciated on any point 
inc1uding those relative to the code suggested and additional holes if 
ASME Section I is recommended, vertical vs. horizontal drum~ mounting 
of drum on wall, post-heat treatment, radiographs, and National Board 
and ASME stamps.' 

\ 
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SCOPE 

The seller shall provide t~e necessary services and materials required 

to design, fabricate, cer:~fy and warrant a wall-hangable steam drum · 
. I 

with sight gage(s); to provide prior to drum fabrication, support to the 
buyer for the detailed dEsign review with the buyer's customer, ERDA, 

and Northern States Power Company (NSP), the utility which owns the site 
where the steam drum asserably will be operated; and to deliver one (1) 
steam drum with sight gagE(s) with all associated drawings and operating 

manuals each acceptable tc the buyer, NSP, ERDA, and to all inspectors, 
as appli~able, as defined in the Honeywell Requirements Specification. 

APPLICABLE DOCUMENTS 

Honeywell Requirements Spe:ification No. HRS SK-133288, dated April 21, 
1976. 

TASKS 

Task 1: Steam Drum Design 

The seller sha~l provide tte buyer with sufficient design information in 
accordance with HRS SK-133288.for the buyer to be able to assure its 
customer, ERDA, and NSP that the steam drum design, sight gage(s) and 
asso:iated material will s~tisfy all requirements of the TSS/RE with respect 
to performance, safety, and! insurability. The information shall be pro­
vided ·to the buyer per the delivery schedule for use at the Detailed Design 
Review (DDR) with ERDA. 

' 
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Task 2: Steam Drum Design Update, Fabricatipn and Delivery 

Sub$equent to approv~l of Task 1, the design shall be detailed and fab­
rication drawings shall be prepared for the buyer's. approval. The ~eller 

shall fabricate, test, certify the performance of, and warrant the steam 

drum and sight gage(s) assembly as defined in HRS SK-133288. The deliver­
ables shall be in the buyer's facility per the delivery schedule. 

DELIVERABLE ITEMS AND SCHEDULE 

D~livery shall mean that an item is in the buyer's facility on the scheduled 
date. 

The following table presents deliverable items and the delivery schedule: 

Item 

Design Analyses, Data, and 
Pre 1 i mi nary Drawings 

Fabrication Drawings 

Instruction Manuals 

Warranty, Certification, and Data 

Steam Drum and Sight Gage(s) 
~ssembly 
;I ;·-; 
-~ ~ 

GENERAL REQUIREMENTS 

Quantity 

1 Reproducible Set 
2 Sets of Copies 

1 Reproducible Set 
2 Sets of Copies 

1 Reproducible Set 
2 Sets of Copies 

1 Reproducible Set 
2 Sets of Copies 

1 

Schedule 

J·Jne 1 , 1976 

September 2, 1976 

September 2, 1976 

September 2, 1976 

September 2, 1976 

The following general requirements are applicable to the pu~chase of this 
equipment. 

' 
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Identificatio1 

All drawings, corresponderce, shipping papers, and other documents shall 

·--be identified with the bll)'er's purchase order number. 

Analyses, Data, Drawings, M~nuals, Warranty and Certificati~n 
< • 

.. :-:· 

These shall be submitted t:> the Engineer (see name an:J address below)for 

review. After review by t1e Engineer, one set will .be returned to the 

seller marked: EXCEPTIONS ~OTED, RETURNED FOR CORRECTION, NO EXCEPTIONS 

NOTED, or RECEIVED FOR DISrRIBUTION. 

' when these items are returned marked EXCEPTIONS NOTED) the changes shall 

be m:1de as noted thereon c:nc' the specified number and type of corrected 

copies shall be submitted tc the Engineer. 

When they are "'Eturned marked RETURNED FOR CORRECTION,, the corrections sha 11 

be 'made as noted thereon and as instructed by the Engineer and the specified 

numb~r and type of copies shall be submitted to the Engineer. / 

I' 

I 

When they are returned mar<e:J NO EXCEPTIONS NOTED or RECEIVED FOR DISTRIBUTION, 
\ 

the seller shall submit the specified number and type of copnes for final 

distribution. 

~ :...; ~ \ . 
Analyses and Data -- The :;elle.r shall present, by way of arnalyses and 

test results on T.he seller•s letterhead to the Engineer, evidence that the 

asser~)ly will pass all appl-icable codes and underwriter's tes.ts for safety 

and ii:~surance purposes and that the steam quality will pass the specifications 
given in HRS SK-133288. 

Drawings -- Fal:rication drawings shall be nas shipped" assembly drawings, 

subassembly drawings, and pcrts lists. 

\ 
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Instruction Manuals -- The seller shall iurnish the specified number and 

t¥pe of completed·and final copies of instruction m!}nuals. 

The instruction manuals shall cover complete installation, preparation, 
operating and maintenance instructions, drawings, and parts lists for each 

i tern of equipment furnished. · 

The instruction manuals shall be bound in the seller•s standard heavy-
duty binders, suitable for rough usage. Th~ front co•.iers shall be stamped 
with lettering indicating the buyer•s name, unit number, name of power 
plant, location of power plant, name of equipment, basic capacity rating of 

" equipment, name of seller, and purchase order number. 

Where applicable, a list of recommended spare parts with the price of each 
such item and a schedule of required lubricants, as recommended by the 

' I 

seller of each item of equipment, shall be included in the instruction 
manua 1 s. 

The instruction manuals shall indicate all namepiate information and shop 
order numbers of each item of equipment and component part thereof. 

The buyer shall have the right to reproduce all data provided in order ta 
satisfy U.S. Government contractual requirements. 

Warranty and Certification -- The seller shall warrant and certify on the 
seller•s letterhead, with attachments if

1
desired, to the Engineer that the 

steam drum ~ssembly will output steam meeting the quality specified in 
HRS SK-133288. 

' 
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De 1 ivery 

Complete deliV=ry for all hardware items shall be made FOB point of 

-----shipment to the address below: 

Honeywe 11 In c. 
1433: Stinson Boulevard N. L 
M.inn:!apolis, '1irnesota. 55413 

Complete deliv-:!ry for all ·software items shall be made to the Engineer 

to the address below: 

- A158 -

Honej.\rell Inc. _ 
2600 Ridg1'1ay =>arkway N. E. 
'Minneapolis, J1innesota 55413 

Attn: Mr. Ri~hard T. ~eFrois 
Mail Station R2540 

40454 
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Drawing No. 

Al002 

Al003 

MlOOl 

Ml004 

M5001 

M5002 ; 

M5003 

EOOOl 

ElOOl 

E3002 

E4001 

E5001 

General Construction Drawings 

Pages 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Title Organization 

Plant Arrangement - Riverside 
Station Mexxanine Floor EL 
19'-011 & 24' 0 11 

Plant Arrangement - Riverside 
Station Operating Floor EL 
38' 011 

P~ping & Instrument Diagram 
Legend 

Piping & Instrument Diagram 
Storage Unit SRE 

One line Piping Routing - All 
Elevations 

Piping - Section and Details 

Piping - Sections and Details 

Electrical Graphic Symbols 

Electrical One-Line Diagram 

Raceway - Conduit Riverside Station 
Basement EL 4' 011 

Lighting - Communications -
Raceway Riverside Station 
Basement EL 4' 0 11 

Grounding - Equipment and 
Instrument Riverside Station 
EL 4'0 11 and 38' 011 

Black & Veatch 

" 

II 

II 

II 

.II 

II 

II 

II 

" 

II 

II 

These drawings' are not included but are available. 
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Drawings (Contd.) 

DRAWING NO. PAGES TITLE . ORGANIZATION 

Sd.ematics, Raceyray List, Circuit List Black & Veatch 

A-000 1 

A-004 1 

A-005 1 

A-006 1 

A-.007 1 

.A-008 1 

A-009 1 

A-010 1 

A-011 1 

1 

A-013 1 

A:-300 1 

A.-3Gl 1 

Rl 1 

R2 1 

Cl 1 

C2 1 

C3 1 

C4 1 

cs 1 
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Electrical Schematic Legend 

Thermal Storage Recirculation 
Water Pump 

Thermal Storage Inlet Steam 
Shutoff Valve 

Thermal Storage Feedwater 
Shutoff Valve 

Thermal Storage Systems .Mode 
Selector 

Thermal Storage De-Icer St·eam 
Shutoff Valve 

Thermal Storage Systems Thaw 
System Shutoff Valve 

Thermal Storage Systems Charge 
Steam Shutoff Valve 

Thermal Storage Systems Thaw 
Steam Discharge Valve 

Thermal Storage Systems Discharge 
Mode Shutoff Valve 

Thermal Storage Systems Drum 
Prewarming Shutoff Valve 

Thermal Storage Instrumentation 

Thermal Storage Instrumentation 

Raceway List 

Raceway List 

Circuit List 

Circuit List 

Circuit List 

Circuit List 

Circuit List 
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Drawings {CanteD 

DRAWING NO,. 

C6 

N 

:·PAGES 

1 

1 

:TITLE 

'CircU:i t Lis.t 

·Circuit List 

40454 

ORGANIZATION 

Black ·& Veatch 

II 

\ 
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AUTO 

CLOSET OPEN 

ITEH SW-4 

--.U..:3"-- SPARE 

~...,!.---SPARE 

--;+3
"----THIS OIIG 

----i ~ THIS DWG 

~~THISDWG 
---H-'3:.._-- SPARE 

ELECTRO SWITCH SERIES IOK UNIVERSAL Cl RCUIT 
44 SPRING RETURN TO AUTO FROH CLOSE OR Of'EN 

SPARE SPARE SPARE 

-:: SEE T•IIS OWC 
CE HOOEL CR I 20A022 22AA NOT TO BE USED 

FOR CONSTRUCTION 
-·- 5-J<I-7b 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~." 
CDIIULTII G UG 11 EERS, J---.::S.::U:.:B:.:S:.;Y:..:S:.;T:..:E:;M::..;R::..::.E::S::E:..:A~R:.:C:.:H.:....:E~X:.:P..:E:.:R:.:I~M~E:;N:.:T.:_S::__-j NO. A -oOS 
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--rn SV-2 SOLENOID LOCATED ON VALVE K1004~4. ENERGIZE TO OPEN. 

·J.!.cs 9!cs ZS-7 VALVE "1004-4 OPEN llHIT SWITCH: 

IOPEN rsco ZS-8 VALVE tt10D4-4 CLOSED LIHIT SWITCH 

4 ~~EN 10 ~~0 
0----

PS-3 SYSTEH INLET PRESSURE. CLOSES ON LOW PRESSURE. -
s cs 

J AR26 AUTO 

I AR16 
cs 
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f---
r:-8/8K ~C/8K ~0/BK IZOV AC 

PPH3 Ll L2 LJ ' 

PS-3 
c zs-7 c zs-s 2 
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LJ 
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{E(25) GE HODEL CR120A02222AA n· L2 L4 
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C(ZJ 

A/8K B @ G 
8 cs 

sv oc I POSITION 

l COHPUTER ALARH INPUT 'I DECK AUTO 
REFERENCE AUTO 

CONTACTS LOSE C) OPEN LOSE OPEN DRAWING 
NAC NAO t 8 I 

1 O-·U--41-0 2 X 

['r--Aiw 
Jo--IHI-04 X 

,, 
A 5o--4H..,..06 X X . ITEM sw-s 

2 7 o-H-U-o 8 X X 

I 
9 <>-iHH>IO X X . 

J 11<>-iHH>12 X X 

ELECTRO SWHCH SERIES IOK-
UNIVERSAL CIRCUIT 44. SPRING RETURN TO AUTO 
FROM CLOSE OR OPEN. · . SEE THIS DWG 

' 

·-

NOT TO BE USED 
FOR CONSTRUCTION 

LOGIC DIAGRAM LD 1004-13 ,...;._,.5 -jj -J.b 
\ ,..., ... 
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~0 I 

!' 
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-
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4 AR27 
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~W-11 
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--it-- 0\IC A•OII 

4 
THIS 0\IC 
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-----11'- 0\IC A-009 

----1~ 0\IC A-010 

-----1~ 0\IC A-Off 

6 
-it--.0\IC A-012 

7 
--it-- 0\IC A-013 

8 
--J+--- THIS 0\.'C 

-irL--- SM.RE 
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SPARE 

LOGIC DIAGRAM lD-1004-14 

NOTE: 

tn. 
MICROSio'ITCH SERIES 2100 
(REAR VI E\1) 

ALL RESISTORS 1200 ... 
2 5~1. 

NOT TO BE USED 
FOR CONSTRUCTION 
bnu••• 5- J'f -]6 

Oll'l KtAO 1 MUH t1:1111n TM.U TMIS I'UJII WAS Nf'AIR IT 
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Rf.S! r ;. "JS RESET BUS 
cou•r FROK A·DD7 -~cot.:•r ou A-oog 

SA 

-r-0-
,lAR29 

+·210 1 

1IAR213 

2 AR57 
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I::!OV At 
5 Irss 

1 
AT 

ppi!J 4 OP(N 

>---

AR18 

AR18 
----1~ THIS DWG 

~~TI!ISDWG 

---,tf--'
3
- SPARE 

-~tf--'4'--- SPARE 

GE t·!OOEL 
CR120 A022 22AA 

AR18 A A 

J./ct: -B/BK 

L1 L2 
TSS 
CLOS!: 4~zs-lz c ZS-11 

OPEN AR~8 NO CLOSE NO 
L1 

f-A/W 

A 

• c 

~R~UWC.A009 
----I~OWG AOIO 

----1~0\IG AOIJ 

--!~THIS ~G 
GE MODEL 
CR 120 AOJI 22AA 

L2 

R/11 

A 

28 

JAR1B 

A 

r--aa• ' 
Ll 

SV-1 

L3 

C/W 

A 

TSS (ZTLI-SOK) 
0 ® 

ru.;num 1\CrCAI:Ht~ 
CONTAr.TS 

CLO~( A;.r:o OPEt: DRAWING 

X X ,., 
-3 

S-4 X :: 

-· X --X 

HICROSWITCH TYPE TL SPRING RlTURN TO AUTO 
FROM OPE.Il. MAINTAINED IN AUTO & CLOSE. 
PULL TO UtiLOCt' 

:: SEE THIS D\./G 

I 
AUTO 

OP••I llU)i (9 
tTEH SW-12 

Ol'f HUO 1 IIIRUT tlttlfY tMAT fJIIJ l'lNI W.U I'IID"AatD n 
1---+-----------+-t--lf--t-+--f-------------+f-f--j--+-IL-_J Ill 011 UMDEI In' OII![Cl SUPU'I'ISIOII A110 T!IAl 1 
1---+----- -------l-t-+-t-t--+------------t-+-t-+--10lS(~If A.111 A DUI.T HC:ISt[J(O PWCrUSIOIU.l (JCIII[(l 
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.. -::,.-If---.,.,-,.,-,-, -~-.-,.-00-,-.-.-,.-,.-.-, --+,-.-1. -,-,+-.,+,-~-t;;.,.;;;. Q."'--j DAn ____ ua. 110---

LOGIC DIAGRAH L0-1004-15 

SOlf.NOID LOCATED ON VALVE t\1004 
TO O.'EN 

ZS-11 VAl'/£ K1004-7 OPEN LIMIT SWITCH 

ZS-12 VALVE H1004-7 ClOSE liHIT SWITCH 

AR-57 HANUAL ";JO! SElECTION RHAV-SEE OWG A-007 

AR29 CONTACT CLOSI S WHEN VALVE H1004-9 IS FULLY 
CLOSED. SEE DWC A-009 

ARZIO CONTACT ClOSES WHEN VALVE t'\1004-19 IS FULLY 
CLOSED. SEE OWG A-010 

AR213 CONTACT CLOSES WHEN VALVE 111004-23 IS FULLY 
ClOSED. SEE DWG A-013 

NOT TG BE USED 
FOR CONSTRUCTION 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT ~LANT ~; 
C~TIIG =E~~EERSJ---S=U..:B..:Sc.:Y..:Sc_:T_:ET:;:~::-E,;,R':,.:.;E'-'LS':~':"~::':":AC7CE::H-:SE':!y:::;~E:==-~~I~M=e!!N_!T_!!Sc.__-J NO. A-008 

~ 7021 DE-ICER STEAM SHUTOFF VALVE 



RESET BUS CON'T-r- RESET BUS 
FROH A-008 CON 1T 0!'1 A-010 

,lA ... 

--~~~-----+---r--4-------~ 

1 fAR28 

2 IAR210 

2 AR213 

120V AC 
AT PP3 

1 AR19 

A 

c-A/BK 

L1 

c ZS-15 

NO OPEN 

Ll 

3L
1
, .1,...,_ 

5 TSS 2 TSS 

4 OPFN I CLD5E ' 

- •' t.J'w 

A 

AR19 R 

l1 

TSS (2TL1-SOK) 

CONTACTS 
POSITION REFERENCE 

CLOSE AUTO OPEN DRAWING 

- X ,, 
2·3 

-4 X :: 
S-<; X X 

HICROSWITCH TYPE TL ... SPRING RETURN TO AUTO 
FROH OPEN. KAINTAINED IN AlTTO & CL,OS.E. PULL 
TO UNLOCK. 

:~ SEE THIS DWG 

A A 

r-•t•• r- C/BK 

L2 Ll 

I 
4 ~.ZS-16 

ARZ9 NO. CLOSE 

Lt 

'--9iv 

• 
c R29 sv-s 

Ll 

f-C/11 

R 

I AUTO I 
CLOSE (9 OPEN 

ITEH S\1-13 

-

DEI'l NU.O 1 lfiR[IT CUTIFT Tl!Af fillS l\.llll WAS Ntr.t.nt~ 11' 
l---+-----------+-+-t-t-+--1------------t---11-+--+-t~~~M[ Ga IIJIO(I MY Dr•ECT SUKIIYISIOI'I MD TIU.f 1 
t---!------------+-+-J-f-+--l------------l---11-+--!--l..:;;;;._ ~ ::'u.:c:n~~o n':.r~rmw. Vlllrr•:n• 
l---+-----------+-+-t-+-+--l------------l---11-+--+-lcN£Cit[D StQitD 
f-- I 
....._ 

SV-8-SOLENOID LOC/\TEO ON VALVE Hl004-9. ENERGIZE TO OPEN. 

ZS-1 5-VALVE Hl004-9 OPEN LIHIT SWITCH. 

ZS-16·V~LVE Hl004-9 ClOt[ LIIIIT !.WIIlH. 

AR-57-fo\ANUAL HOOE SELECTION RELAY. SEE 0\IG A-007 

AR47-THAW HODE SELECTION RELAY.SEE DWG A-Q07. 

AR28-CONTACT CLOSES WHEN VALVE H1004-7 IS FULLY CLOSED. 
SEE owe A-ooa. 

AR210-CONTACT (.LOSES WHEN VALVE H1004-19 IS FULLY 
CLOSED. SEE 0\IC A,.QJO. 

AR71:l.rl'\lfTAI;T 0Ltl~l:3 lilHtN VALVE: Hl064-23 IS FULLY CLOSED. 
SEE 0\IG A-013. 

LOGIC OIAGRAH LOI004-16 NOT TO BE USED 
FOR CONSTRUCTION 
uu- 5-l'f-]{2 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~av 
COISULTIIG ENGINEERSI-_ _::S~U~B:.:S:.:Y:..:S:.T:..:E::M:::...:R=E:::S:::E:.:A;:;R:.:C:.:H;...:E;:;X:,:P..:E:.:R:..:Ic.:;M::.;E::;N:.:.T.:..:::S __ -JNO. A-009 

rEiJ PROJECT THERHAL STORAGE SYSTEMS 
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AT 
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RESET BUS -r-- RESET BUS 
CONY FROM A-009 CDNT ON A-011 

2lR110 

A A A 
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Ll L2 Ll 
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c ZS17 4 ZSIB 

NO OPEN 
AR210 CLOSE 

Ll L2 

2! AR2B 

2 AR29 1 ARIIO 

3 I AR213 

.5AR27 

J.ss 2~ 
4 

OPEN l CLOSE 

f--- A/W B/W 

A A 

AR210 

ARIIO R G SV-9 

A 

~C/W 
_, 

Ll 
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·-\B (33) 
L2 

Ll A 
A(32) 
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L3 

AR 110 AR 2t0 I --Hl.-- THIS 01/G ---I f-l.-- OWG A-008 

----1~ THlS DWC ----lrl-- OWG A-009 

J 
SPARE ----I ,_.l-- DWG A-013 

j~ 5f1ARE ---If-- THIS DWG 

GE HODEL GE HODEL 
CR120A02222AA CR120A03122AA 

'7 

ntq?TII-50K} C0 (R) 
POSITION REFERENCE ~ CLOS~ AUTO I CONTACTS CLOSE I AUTO I OPEN DRAWING 0 OPEN 

- ITEH SW-14 

- •': 

HICAOSWITCH TYPE·Tl SPRI!;G RETURN 10 AUTO 
FROH OPCtl. HAINTAitlFO It/ i\UTO & CLOSE. 
PUll TO UNLOCK 

,., SEE THIS DWG 

\ 

\ 

-

-

/ 

ot:r1 MUD 1 IC[IIIIT CO'TirY OOT TillS I'UII •.d flrl'MD G'l 
1---+-----------+-f--ll--l--f---j------------f-l--l--+-IL _ _j 1U !» IPCII£1 JilT DIUI:J surtri'ISIQIII .um llUT I 
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SV-9 

ZS17 

ZSIB 

ARS7 

AR27 

AR2B 

AR29 

AR213 

LOGIC DIAGRAM L0-1004-17 

SOLENOID LOCATED ON VALV£5 111001. __ 
ENERGIZE TO OPEN . 

VALVE 111004-19 OPEN LIHIT SWITCH 

VALVE 111004-19 CLOSE U111T SWITCH 

HANUAL HOD£ SELECT.ION RELAY 
SEE OWG A007 

CHARGE HOD£ SELECTION RELAY 
SEE OWG A007 

CONTACT CLOSES WHEN VALVE 111004-7 IS FULLY 
CLOSED SEE OWG A-008 

CONTACT CLOSES WHEN VALV£ 111004-9 IS FULLY 
CLOSED SEE DWC A-OQ9 

CONTACT CLOSES WHEN VALVE 111004-23 IS FULLY 
CLOSED SEE DWG A-013 

NOT TO BE USED 
FOR CONSTRUCTION 
un u~~,:>=---_14;_· -_7:....b=-----

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~ 
COISULTIIG UGIIEERit-_ __..:.S.::.U.::B..:S...:Y..:S...:T..:E:.:.M:.:....cR,;,;E::.cS::.cE:::A.::.R=C.:.:H...:E:::X.::.P:.:.E::.R::..:.:I M=E:::N:..:'f.:S:..__-1 NU. 

IDJ ...., ... 
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CHARGE STEAH SHUTOFF VALVE 

A-010 



RESET BUS RESET BUS 
CONT FROH A-010 - r-==- CONT ON A·012 

llAillil I ARIII 
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f-AIBK 
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~B/BK 

L2 

lZOV AC 
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2lAR111 

!A 
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L3 

SV-10 

L3 

TS.S (2TL 1-SOKj 
@ ® 

POSITION 
REFERENCE 

CONTACTS CLOSE I AUTO I OPEN DRAWING 

2-1 X X '" 
- X ·:: 

HICROSWITCH TYPE Tl SPRING RETURN TO AUTO 
FROH OPEN KAINTAINEO IN AUTO & CLOSE PULl 
TO UNLOCK 

* SEE THIS OW'G 

I AUTO I ClOSE C9 OPEN 

ITEM SW-IS 

\ 

c SV-10 

ZS-19 

ZS-20 

• AR-57 

AR-47 

AR-212 

, 

SOLENOID LOCATED ON VALVES H1004-20. 
ENERGIZE TO OPEN. 

VALVE H1004-20 QPEN I TH TT <;\<JITGII. 

VALVE 111004-20 CLOSE liHIT SWITCH . 

MANUAL HODE SELECTION RELAY. SEE OWG 
A-007. 

THA\1 HODE SELECTION RELAY. SEE OW'G 
A·007. 

CONTACT CLOSES \IHEN VALVF H1004-l1 
IS ~ULLY CLOSED. SEE OWG A-012. · 

/ 

NOT TO BE USED 
FOR CONSTRUCTION 

LOGIC DIAGRAM LD-1004-18 
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H1CROSW1TCH TYPE Tl SPRING RETURN TO AUTO 
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AR-37 

AR-211 

SV-14 

, LOGIC DIAGRAH-1004-7 & 19 

SOLENOID LOCATED ON VALVES H1004-21. 
ENERGIZE TO OPEN. 

VALVE Hl004-21 OPEN LIHIT SWITCH. 

VALVE Hl004-21 CLOSE LIKIT SWITCH. 

KANUAl HODE SELECTION RELAY. SEE DWG 
A-007. 

DISCHARGE HODE SELECTION RELAY, SEE OWG 
A-007. 

CONTACT CLOSES \IHEN VALVE H1004-20 
IS FULlY CLOSED. SEE DWG A-011. 

SOLENOIO I.OCATED ON VALVE Hl004-10 
ENERGIZE TO PERK IT HODULATI ON 

NOT TO BE USED 
FOR CONSTRUCTION 

/'I / 
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RESET BUS -
COtfT FROH A-012 

+R2B 

'3 .AI\210 n -AIBK f--B/!!K 

'rAH2Y 

0
. ARII3 

7IAR57 2 AR17 Ill L2 

5 TSS 2 TSS C ZS-Z5 4 ~" 'G 
4 jOrtn I 1 t:.LUH. /10 O"P£N J.IJl NCLOSE l?nu .fi.C 

AT PP;JJ ~ 11 Ll. 

'-•"" e/w 
A A 

AR113 R G 

r+-' ,,-( 
4
-
2
-) -jL2 

Ll 
A(41) 

'--l,t-cc"""'(-43-)--j LJ 

AR-113 

1 
--ti---THIS 0\IG 

--ir!-----THIS OWG 

--#'3'----SP 

--jtl/c!l.'--SP 

GE HODEL 
CR120AQZZZ1AA 

TSS(2Tl1-50K) 

POSITION 
COHTACTS CLOSE AUTO 

, 1 ' 

AR-213 

~~0\IGA-008 

' -----i r-owe A-o09 

3 
----i~DWG A-010 

-t~THIS DWG 

GE HODEL 
Cl\1 :10...001 U.RH 

REFERENCE 
OPEtl DRAWING ,,- I CLOS~ 

AKll' 

AUTO 

0 
-3 X ITEM SW-19 

- X 
X X 

MICROSWITCH TYPE Jl. SPRING RETURN TO AUTO 
FROM OPEN. MAINTAINED IN AUTO & CLOSE. PULL TO 
UNLOCK. 

·:: SEE H!IS DWG 

i'---ctBK 

L3 

SV-13 

{ Q,'\.' 

L3 

OPFN I 

SV-13-SOLENOIO LOCATED ON VALVE M1004-23 ENERGIZE TO OPEN 

ZS-2S-VALVE M1004-23 OPEN LIMIT SWITCH 

0!:1-Z.U•vJ\LVt. HIUU4-23 CLOSE LIMIT SWITCH 

AR-$7-MANI.IAL MODE $[l[CT10N RElAY SEE OWG A007 

AR-17 -PRE\IARMI NG MODE SELECTION RELAY. SEE OWG A-007. 

AR-28-CONTACT CLOSES WHEN VALVE H1004-7 IS FULLY CLOSED 
SEE DWG A-008 

AR-29-CONTACT I';I.O'iES \-JHEII VALVE H1004-~ IS FULLY CLOSED SEE DWG A-009 

An :110 eoltTACCI L.LU~I:.~ UHEN VALVE H1004-19 IS FULLY CLOSED St~ 0Wr1 A-nln 

LOGIC DIAGRAA lD-1004-21 

NOT TO BE USED 
FOR CONSTRUCTION 

Dl'1 HUD 1 111ttn cm1n nut fillS~ wn ,..t,AI!tD n t----t---,---------+-+--11-+--+--l------------t-l-+-+----iL...:...:._j Ml oa UIIDD 11ft DlllCT WP£IVISIOII uo nut 1 
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24V DC 24V DC 

E/11-

8-t-EJ A 
~0 

E 0 

TEA CABLE LOGIC A 
CA8l 24V DC 

ETA R!l INCA LOGiC 

TE·9 301 LD1004·2 PT-6 IR-S IND-13 317 Jlh LD1004-2 

TE-7 · .302 lOION-4 PT-7 IR·3 WD-16 319 320 L01004-4 

TE-8 303 LD1004·7 PT-9 IR-4 NOliE 321 322 LD1004·7 

TE-12 304 LD1004-9 - . PT-13 IR-4 IND-8 323 324 LD10C4-IO 

TE-13 JOS LDI004-10 PT-5 IR-4 NONE 32S 326 LD1004-11 

TE-ll 306 L01004·11 

~ 
L__j \.._ B L__j \__ C LJ ~ G F 

ltA TTA llJt ' INOA 
CAI!L€ LOG~c· FTA Rt/ RCD-N CABLE LOGIC 

F c 
TE-35 n-JS IR-2 Hl0-5 307 JOB LD1004-7 FT-18 IR-4 RC0-2 327 I 31H L01004•4 

TE-14 n-14 IR-2 IN0-10 30. JIO LD1004 .. 10 FT-9 IR-5 RCO-S 329 I 330 l01004-9 

TE-37 TT-37 IR-2 IN0-11 311 312 LOI0~-11 

TE-34 TT-34 IR-S IN0-3 313 314 L01004-2 

H-33 TT-33 TR-S IN0-4 liS 316 L01004-4 --
1---t------------+-t--1-+-t--f------------l-f-+-+-c=:.J :a~"~~~~~:~~~~ ':.'t~·~::.r::~~ 

All l IIIJI.Y UC:Istlt£0 l't1lflSSIOIW. E*lllllU 

----------11---!-+-1-.f"illii'l U!lllll U!l u.ws or U!l nnt o'. 

DATE. RtviSIONS AHD RECORD Of ISSUE "'·~---

J/ot: 

TSS (2TLI-30) 

POSI 
CONTACTS LINE A 

2-3 
-
-6 -

LD-1004-6 

ION REFERENCE 
liNE 8 DRAWING 

Tt~iS OWG 
THIS 0\IG 

I LINE A €) LINE B I 
ITE/1 SW-21 

11ICROSWITCH P'l-'1:. IL. AAIUTAIIICO IH 
BOTH POSITIONS, PULL TO UNLOCK 

NOT TO BE USED 
FOR CONSTRUCTION , 
-·- s>u'1-7,p 

8. y 
owo BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT 
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24V DC 

24V DC 

_Lw G 
RCD-l 

LD 1004-8 

24V DC 

/R 

f====~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~•anna~mn~roosKMwu~umn 
ME C. UIIDU lilT DIUCT SUnlro'ISION AliO OOT I 
llll A MY llEC.Imtm r.GrtSSIOitAI. DICUQD 
wm~:t no: u.ws ot no: n•n 01. 

REVISIONS AHD A[CQAD OF ISSU[ IEC. 110._ 

LU-IUU4-3 

OUT 

~~ 

IN 

EP-3 

SW CLOSES ON HIGH THERMAL 
STORACE DRUM lEVEL TO ALARH 
SEE THIS DWC 

S\1 CLOSES ON l0\1 TiiERMAL 
STOAAGE DRUM LEVEL TO ALARH 
SEE THIS 0\IC. 

THERMAL STORACE ORUH 
3-ElEHENT CONTROLLER 
CONTROL STATIONS 

9 & 10 

NOT TO BE USED 
FOR CONSTRUCTION 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT 
... 
DWG 
NO. A-301 

COISUlTIIG UGIIEIRS SUBSYSTEM RESEARCH EXPERIMENTS 

••o"a 
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~-
3,4,5 

P-19 

102 

114,115 

114,115 

208,217 

102,103,111,207,217 ,2, 

51 

1,65 

P-17 · 

P-16 

P-16,P-17 

401,403 

203 

206 

203,206 

P-29 

105,106,212_.214 

216, 

7 ,8,9 

202.205 0 210 .z 15 

20, 

15,16,17 

335,338 

304,340 

P-IB,P-23 

P-18 

P-23 

P-13 

P-20 

P-24 

23,24,25 

CIRCUITS CARRIED 

313 t 314 0 3151316, 317 o 329 t 3361339,340 0 343,22 t 

401 

301,314 

331., 

302,316, 

301,309,311 , 319, J21 ,.1?.1, 325, J:Z7, 333,342,344,345, 18, 19,26, THRU 
34,41 ,42 ,43 I 346. 347.348,349. JSO. 351 • 352. 11. 3~. 36 

108,109,113,303,305,306,332,12, 13, 35,37 ,38,40,44 r;.R;; 50,353 
THRU 361 

242, 

11, 

EST 
LENGTH 

40° 

10' 

5' 

20° 

1S' 

J5' 

JS' 

20' 

S' 

15' 

15' 

10' 

10' 

JS' 

125 1 • 

JO' 

20' 

20° 

25° 

20° 

15° 

15' 

10' 

ISO' 

S' 

S.' 

120' 

'"' 
15' 

10' 

S' 

25' 

'"' 
20° 

JO' 

5' 

1' 

1' 

10' 

·~· 

SIZE 

., .. 
1 1/Z 

3/411 

3/4" 

3/4" 

3/4" 

1 1/2" 

3/4" 

, .. 
, .. 
, .. 
1 1/2" 

, .. 
1/2" 

t/2" 

3/4" 

1 1/2" 

, .. 
1/2" 

, .. 
, .. 
J/4 

, .. 
3/4" 

3/4" 

, .. 
2" 

21/2" 

, .. 
1 1/2" 

2 1/2" 

, .. 
1 1/2" 

3/4" 

l/4" 

3/4" 

3/411 

4" 

4" 

3/4" 

1~4" 

RACE\JAY 
NUMBER 

R-1 

R-2 

R•J 

R-4 

R-5 

R-6 

R-7 

·-· 
K-9 

R-10 

R-11 

R-12 

R-13 

R-14 

R-16 

R-18 

R-19 

R-20 

R-21 

R-22 

R-23 

R-24 

R-26 

R-27 

R-28 

R-29 

R-30 

R-32 

R-33 

R-34 

R-35 

R-36 

R-37 

R-38 

R-39 

R-40 

R-41 

R-42 

REV 

345, 

26,27128 

29,30131 

32,33134 

41,42,43 

303,308 

306,312 

332,50 

so 

JJ2 

305,310, 

44,4SI46 

35136,37 

38,39,40 

47,48,49 

P-25 

P-11 

P·25,P-11 

P-30 

P-32 

P-12 

P-35 

P-10 

P-15 

P-36 

CIRCUITS CARRIEO 

108, 109.113.321 1323' 325.327 

P-28 

307 I JOB I 309, 310.31 1. 312' 3JJ.344. 18. 19 

P-20,P-22 

P-22 

'P-34 

12,13 

P-31 

53,54 

55156 

401 11081109,113,3011302130313051306,3071309,31113141316:319, 
3211323,325,307,331,3321333 o 342 o 3441345,11,12, 13118, 19, 
346 IHKU 361 

EST 
LENGTH 

20' 

20' 

20° 

20' 

20' 

25' 

25' 

15' 

S' 

1S' 

20. 

20' 

20° 

20' 

15' 

S' 

S' 

10' 

10' 

10' 

2S' 

40' 

5' 

SO' 

25' 

40° 

JS' 

55° 

5' 

25' 

60' 

,, 
10' 

100 1 

250 1 

20° 

SIZE 

1/2" 

1 112" 

1 1/2" 

1 1/2" 

1 1/2" 

3/4" 

3/4" 

3/4" 

3/4" 

3/4" 

3/4" 

, .. 
1 1/2" 

1 1/2" 

, .. 
2" 

2" 

, .. 
2'.' 

2" 

2" 

1 1/2 

3/4 

1 1/2" 

, .. 
J/4" 

1 1/2" 

1 1/2" 

1 1/2" 

2 1/2" 

1 1/2" 

J/4 

, .. 
, .. 
3/4" 

3/4" 

6"x12" 

RACEWAY 
MW4BER 

R-43 

R-44 

R-45 

R-46 

R-47 

R-48 

R-49 

R-50 

R-53 

R-54 

R-55 

R-56 

R-57 

R-60 

R-61 

R-64 

R-66 

R-68 

R-70 

R-71 

R-72 

R-74 

R-75 

R-96 

R-202 

R-203 

T-1 

-- ·--'---------.N""IO .... T,.T=o:-.B=E;-;U=s=~=o -'-_ ~---'---'-----1 
FOR ·CONSTRUCTION 

S-t'-f-lb 
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~ REV CJr.CUIT~ CAKI(H.U 
t>l 

SilE 
RACEWAY 

LENGTH NUMBER REV 

I-" 
--:1 401 ,IDS ,tor: ,108,109,113,202 ,ZO'i ,210,212,214,215,301 ,302,303, 75° (i"x12" T-2 

0) 304 ,305,30b 130/,309,311 ,313 0 314,315,316,317,319,321,323,325 
327,329,331,332,333,335' 336,338,339,340,342,343,344,345.7 ,8, 
9,11, 12,13,15,16,17 ,18,19,20,22,23,24,25,346 THRU 361 

401 ,403' lOS. 106. 108. 109, 113.202 ,205. 210.212.214.215.301. 302. 25' 6"x12" T-J 
303,304,305' 306,307,309,311,313,315,317,319,321 '323,325' 327. 
329,331,332' 333,335,336,338,339,342,343,344,345.7 .a. 9,11. 12, 
1 J ,15,16, 17 0 18,19,20

1
22 1 2~ ,]:4,15, :ldfl lUlU) JE1 

101,102 0103,104,1071110,111,1121115,116,117 t 118,201 ,207 ,209, 5' 6''x12" T-4 
211,213 I 301.302.303.304. JOS I JOf\ •. 118. 320.322. J24' 326.32:8. :f:JO. 
334,JJ7,J41,1,2,3,4,5,6,10,14,21,75 THRU 80,335 TI!RU 361 

101 ,104.107.110,112. 114,115.118,201,209,211 ,213,217,301,302. 10° 4"x12" T-5 

g~~o 7~: ~~~ 7~?~; 3~R~2~6~~~ 5~~6 +~~8 . i~~. 334. 337.34,. 1 • 3 ,4. 5. 

403, lUl-l 18,201 ,202, 205,207, 209·215, 307,309, 311 , 313 ,3 ~5, 317,. 70° O"Jlll." T-6 
339,J41-345,1-2S.75 THRII Rn,?.,i TIIAU :J~! . 

1n1, 1n1,111, ,6 1 1U ,Lui ,1.11 ,.l, lb IHRU lb3 5' 6"x1:! 11 1"-'"i 

·-· 10' 4"x12" T-8 

P-7 15' 4".w.1211 T-9 

P-8 30' 4"x12" T-10 

P-9 lZ' tt"v1JII T•i I 

S2 l' 11/t!' 

1• 55° 11/t!! fi 00 

Tl 50' 3/4" R-99 

72 20' 3/4" R-100 

71 ,, 
l/~" R-101 

~ 61,62,63,64 1' 1 1/2" W-1 

0 
~ 346 THRU 361 35' 4" R-102 

CJ1 
~ 

~==t===========~=t=+=l=t===t===========ti=l=t=fo;;,;ll HtltiTctlllfYfll.l,llMtS PUJI WUI'UPAIIDIT 

a![ Oll WltiU a!T 0/RlCl SUI'liMSIOfl .IJIII TlUf 1 
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CIRCUITS CARRIED 
EST 

LENGTH 

NOT TO BE USED 
FOR CONSTRUCTION 
~""~ S-t'-1-?b 

SIZE 
RACEWAY 
NUH8ER 

BLACK & VEATCH ERDA- 10MWe SOLAR PILOT PLANT ~." 
CO 1 s U L Til G E IG II EE RS J--___::S~U:_:B:_:S=.Y:.:S=.T:.:E:::M:::_:_:R.::E_:::S.::E::A~R:_:C:_:H::._:E:.::X:_:P_:E:.:R:.:l:;:M::_E::.::N_:_T_:::S~-~ " 0

• R -2 ,.....,, 
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~ 
Rl:.v - FROM 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 
'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 
'A' 

·•A• 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

TO 

MS-2 

ZS-3 

ZS-4 

SV-5 

'B' 

SV-7 

25::..6 

'B' 

LS-3 

H.S-1 

'B' 

"' ZS-1 

ZS-2 

SV-3 

PS-2 

PS-5 

'B' 

PS-3 

ZS-7 

ZS-8 

SV-2 

ZS-11 

SV-1 

ZS-15 

ZS-16 

ZS-17 

ZS-18 

sv-9 

ZS-19 

ZS-20 

SV-10 

lS-71 

ZS-22 

SV-11 

ZS-25 

REHARKS 
EST 

LENGTH 

6S' 

BS' 

90' 

90° 

90' 

SO' 

125 1 

n:s• 

125 1 

SO' 

195 1 

175' 

175' 

SO' 

125 1 

125 1 

240 1 

240 1 

125' 

SO' 

150 1 

1401 

140 1 

140 1 

220 1 

220' 

220 1 

220 1 

no• 

220 1 

220 1 

220 1 

220' 

zzo• 

220 1 

220 1 

220 1 

220' 

NUKBER 
OF CONDUCTORS 

SIZE 
OF WIRE INSULATION 

#14 I 
1 #14 

#14 

#14 

#14 

#16 

#14 

#14 

#14 

h'16 

#14 

#14 

#14 

#16 

!/14 

#14 

#14 

#14 

#14 

#14 

#16 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE D 

TYPE H 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE H 

TYPE 0 

TYPE D 

TYPE 0 

TYPE H 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE D 

TYPE D 

TYPE H 

TYPE 0 

TYPE D 

TYPE D 

TYPE 0 

TYPE 0 

TYPE D 

TYPE 0 

TYPE 0 

TYPE D 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE 0 

fVPE D 

TYPE D 

TYPE 0 

TYPE D 

TYPii 0 

TYPE D 

TYPE 0 

ROUTING 

T-6,T-4,T-5-R·9 

R-7,T-7,T-4,T-6 

R-1,T·S,T-4,T-6 

R-1,T-S,T-4,T-6 

R·1,T-5,T-4,J-6 

T-6, T-4, T-5 

R-20,T-2,T-3,T-6 

R-20, T-2, T-3, T-6 

R-20,T-2,T-3,T-6 

T-6,T-4,T-5 

R-42 ,R-40, T-1, T-2, T-3, T-6 

R-75,R·4U, f-1, T-1, T-J. T-6 

R-75,R-40, T-1,T-2, T-3. T-6 

T·6,T-4, T-5 

R-23,T-2,T-3,T·6 

R-23,T-2,T~3.T·6 

R\23, T-2, T-3, T-6 

R-71 ,R-39, T-1, T-2, T-3, T-6 

R-71,R-39, T-1, T-2. T-3,T-6 

R·22.T-2, T-3. T-6 

T-6,T-4,T-5 

R-33,T·2,T-3,T-6 

R-32,T-2,T-3,T-6 

R-32,T-2,T-3,T-6 

R-32,T-2,T-3,T-6 

R-44,R-39,T-1,T-2,T-3,T-6 

R-44, R-39, T -1 , T -2, T ·3, T-6 

R-44, R-39, T -1·, T -2, T -3, T -b 

R-45,R-39,T-I,T-2,T-3,T-6 

R-45, R-39, T -I , T -2, T -3, T -6 

R-45,R-39,T-I,T-2,T-3,T-6 

R·46,R-39, ·-toT-2,T-3,T-6 

R-46,R-39,T·I,T-2,T-3,T-6 

R-46,R-39,T-I,T-2,T-3,T-6 

R-55,R-40,T-I,T-2,T-3,T·6 

R-~~ ,n.-40,T·1, T-?, T-3, T-6 

R-56, R-40, T .. l , T -2, T ·3, T -6 

R-56,R·40,T-1,T-2,T-J,T-6 

R·56,R-40,T-1, T-2 ,T-3,T-6 

R-47,R-39,T-1,T-2,T-3,T-6 

NOT TO BE USED FOR CONSTRUCTION MRP 

Cl .. ._va o 
NUMBER 

10 

11 

12 

13 

14 

1S 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2S 

26 

27 

2~ 

29 

30 

31 

33 

34 

3S 

36 

37 

38 

39 

40 

41 

1-,---,,-t---'-------~-l-+-+-lf--+---t-----------+-+-r--+-t. __ ....J~:":""""~"~':';'.;:;":.;:;.~::,~,'i BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~:: 
t----t-----------+--t--il--f--J---j-------------t-J--f---t---il"imo~~ ::'1),~

10

::~ n':rro~OIUl [IIIOI!l[[l COISULTIIG EIGIIEERSt--_ _::;S,;;.U,;;.B,;;.S'-'Y...:S'-'TC.:E:.:M::....;R.:.;E:.;S:.;E::;A-'-R"-=C.:.;Hc..::.EX:.:.;_P~E:.:R.:.;IM=Ec:cNc.:T,;;.S:.__-1 NO. C·l 

~ 7021 
R[VISIONS AIOID RECORD Of" ISSUE mll'!W-t-

Cl RCUIT L1:; I' 

-



REV rno11 

'A' 

'A' 

'A' 

'A' 

'A' 
'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

NSP BRKR 96A 

'A' {SW-

'A' (SW-

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' .•. 
'A' 

'A' 

'A' 

'A' 

'B' 

TO 

ZS-26 

SV-13 

ZS-13 

ZS-14 

SV-6 

ZS-23 

ZS-24 

SV-12 

SV-14 

'H' 
LOAD BRCAt. SWJiCH 

NSP BRKR 86A 

NSP fiRKR 968 

13.81'',' oco 

13.8/V OCB 

'B' 

'B' 

'B' 

'B' 

'F' zour 1 

'F 1 ZOI~E 2 
I 

•r• ZOIJF. 3 

'F' ZONE 4 

HS-2 .•. 
'B' 

'B' 

.;'B' 
'B' 

1G' ZONE 1 

'G 1 ZONE 2 

'G' ZONE 3 

'G 1 ZONE 4 

'B' 

'C' 

'C' 

REAARKS 

HOtlf.YWHl SUPPLIED: HULTI·CONDUCTOR, 
PLUG CONNECTOR CABLE 
5 CABLES 10 TWISTED PR. /flO AWG 

23 CABLES 10 TWISTED PR. #20 AWG 

EST 
UllCTII 

220 1 

220 1 

220 1 

220 1 

220' 

220 1 

220 1 

220 1 

220 1 

1001 

8$' 

350' 

400 1 

400' 

so• 

so• 

SO' 

IS' 

15' 

IS' 

IS' 

85' 

SO' 

SO' 

·so• 

SO' 

50' 

SS' 

7S' 

105 1 

110 1 

50' 

SO' 

25 1 

IIUHBFR 
UF l.UNUUl.l URS 

20 

20 

SIZE 
OF WIRE 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

HH 

#14 

#14 

#1.4 

#16 

#16 

H16 

#16 

#14 

#14 

#14 

#14 

#14 

#16 

#14 

#14 

#14 

#14 

#14 

#14 

#14 

!flO 

!flO 

INSULA II UN 

TYPE 0 

TYPE 0 

'!"YPI 0 

TYPE 0 

nrc o 

TYPE D 

TYPE 0 

TYPE D 

TYPE 0 

TYPE: 0 

TYPE C 

TYPE 0 

TYPE 0 

TYPE D 

TYPE H 

TYPE H 

TYPE H 

TYPE D 

TYPE D 

TYPE 0 

TYPE 0 

TYPE 0 

TYPE H 

TYPE 0 

TYPE 0 

TYPL D 

TYP[ 0 

TYPE D 

'YPE D 

TYP( 0 

TY!'I( & 

TYPE I 

TYPE I 
. 

ROUTt NC 

R-47 ,R-39, T·1, T-2, T-3, T-6 

R-47 ,R-39, T-1, T-2, T-3, T-6 

F-54 ,R·40, T-1, T-2, T- 3, T-6 

R-54,R-40, T-1, T-2, T-3. T-6 

K•S<I ,K•4U, 1-1 o T-2, 'r-3, f-6 

R-57 ,R-40, T-1,T-2, T•3, T-6 

R-57 ,R-40, T-1, T-2, T-3, T-6 

R-57 o R-40 0 T-1, T-2, T -3, T-6 

R-51 ,R-50, R-40, T -1, T·2, T -3, T·6 

R-8,T-5oT-4,1·b 

K·Yio 1-2, T-3, T-~ 

R·2Q2, T -2, T • 3 0 T -6 

R-202 o T-2 o T-3, T-6 

R-203, T-2, T-3, T-6 

R-203 0 T-2 o T-3, T-6 

T-6, T·4o T-5 

T-6,T·4 0 T-5 

t=&ol-4,1-~ 

T-6,T-4,T-5 

W-1 

W-1 

W-1 

W-1 

R-9,T·5,T-4,T-6 

T-6,T·4,T-5 

T-6,T·4,T 1 5 

T•6,T-4 0 T-5 

T-6,T-4,T-5 

T-6,T·4,T-fi 

R-101,T·3 0 T-6 

R·100 0 T-3,T-6 

R-99 0 T-3,T-6 

1\•~-'.I-Jol·b 

T·6,T-4,T·5 

T-6,T-4,T-7 

T-5,T-7 

NOT TO BE USED 
FOR CONSTRUCTION 
~·~· ... 5-14-71o 

l.liU:UI'I 
NUHBER 

42 

43 .. 
45 

46 

47 

48 

49 

so 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

73 

74 

75 

76 THRU 20 

R\ THRU 101 

t---t-----------+-l--l-+-+--+-------------1-1-+-l--L~=..J :U-:".:.''~ ':~::·~~=-~l~ 
t---+-----------+-!--I-+-+--+-------------I-1-+-J.~::;:: ~=~:':~n~~ ~wu 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~a' 
C 0 ISULT11G UBI I URI 1--_::.S~U:_:B::,::S~Y:_:S:._T:_:E:_:M::_:R:.:_E:.S=::EA::.::R:_::C:_:H:.._::E:::X:.:.P..:E:.:.R:..:I_::M::.:E:_:N::.T.:._S:;__~ NO. C-2 

Cl RCUIT L1 5T 
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~ 
0 " ~ 
CJ1 
~ 

EST NUMBER SIZE CIR~ 
REV FROH TO f.UiARKS 

lEriCTH OF CONDUCTORS OF \liRE 
I tlSULATI ml ROUT I t~G NUMBER 

'A' .,. SO' 

'A' EP-11 as• 

'A' PT-1 as• 

'A' .,. so• -
'A' EP-14 160' 

'A' PT-2 160 1 

'A' .,. SO' 

'A' EP-1 210' 

'A' PTi) 210 1 

'A' .,. so• 

'A' FT-1 .,. 
'A' •a• SO' 

'A' FT-3 21 O' 

.,. TE-19 45' 

'A' TE-l as· 

'A' 'C' SS' 

'A' 'C' SS' 

'A' .,. so• 

" 

~- ~--~----------~------L---------

I---+----:.._------1-+-J.-I-+--I-----------+--!-I-!1.-t-L _ __.. ~:':nu!r:t~., ~~&'~~~~:_ ':!:~!:!,~ 
I---J.-----------+-I-__JI--+--1---I------------J.-l--+-J.--JDESUCII 

r-~ I 
l---\-------------l--l--f---j--J-...,-,::c-.J---,-..,-,.-,.-,-,-.,-,-,

00
-,

0
-

0
-,-.,-,u-,--\--"o.j-;;· CK appiP~,f 

.lM ~ DUlY UClSTUlD Plt0f($$101UJ, [IICIII[U 
UntJU IHl U.WSOf THliUU Of 

#16 

#14 

#16 

.fjl6 

!114 

1;16 

#16 

#14 

#16 

#1.6 

#16 

#16 

#16 

1/16 

#16 

!il4 

.#16 

.'!16 

TYPE :~ T-6,T-4,T-5 

TYPE 0 R-7,T-7,T-4,T-6 

TYPE H R-7,T-7,T-4,T-6 

TYPE H T ·6, T -4, T -5 

TYPE D R·IB,T-Z,T-J,T-6 

TYPE H R-IS,T-Z,T·J,T-6 

TYPE 0 T-6,T-4,T-5 

I YPE 0 R-69, R-40, T-1, T-2, T-3, T-6 

TYPE H R·69,R-40,T-I,T-2,T-3,T·6 

TYPE H T•6,T-4,T-5 

TYPE H .. - , · --: ,T·4,T-6 

TYPE H T -6, T -4, T -5 

TYPE H R·69 ,R-40, T-1 ,T-2, T-3, T-6 

TYPE F 11-4,R-S,T-S 

TYPE G R-4, R·S ,T-5, T-4, T-6 

TYPE 0 T·6,T-4,T-7 

TYPE H T-6,T-4,T-7 

TYPE H T-6,T·4,T·S 

NOT TO BE USEO 
FOR CONSTRUCTION 
UTIIIItsiCII ..5-l'-/-7le \ 

BLACK & VEATCH ERDA- 10MWe SOLAR PILOT PLANT ~.!'.' 

101 

102 

103 

104 

105 

106. 

107 

10a 

109 

110 

J.l.l 

11? 

113 

114 

liS 

116 

117 

lla 

C 0 N SUITING ENG 11 EE RS 1--~S_,U'-"B'-'=S'-'Y'-'S'-'TC!E:..:M::....:R::E:.;S:;E:::A=R_,C,_,Hc_E:::X::.P!...!:.E!!R!:I M=E:::N:..:TC!S:..__-1 NO. C- 3 

reJ PROJECT 

~ 7021 CIRCUIT LIST 



!l> 
...... 
CXl 
0 

EST NUXBER SIZE CIRCUIT 
REV F"ROH TO REHARKS lfii(;TH Of COHCnH.I UHS u .. \liRE lh)UlAIION ROliTING NUHBER 

'A' ;,,. SO' 

'A' TT-16 155' 

TT-16 TE-lJ, 60' 

'A' 'B' SO' 

'A' TT-23 •~s· 

n-2J TE-23 60' 

'A' !7-25 85' 

Tl-25 TE-2S i!O' 

'A' 'B' SO' 

'A' rT-13 155 1 

'A' 'B' 50' 

'A' PT-H; 1115' 

'A' 'o• so• 

'A' PS-7 165' 

'A' TT-22 ISS' 

1T·22 TE-22 3S' 

'B' n.-;£4 85' 

I---J-------,------+-J--I-+-f----l------------l--I-+-1-L-_J:a"':nU::'::., ':~:;''~,::.':~,~ 
l---+-----------+-+-l-+-1---+----:::---------l-+-+-1-IDU[IIGI AM II Mf tli:lstutll NOFlSSIOIW. [JIGIII(n 

l---+-.:._---------+-+-l-+-l---+---==---------l-+-+-1-f'lco;;.,;o .. rn<O,IDIDU Till U.WSOIIlll n•rt Of. 

#16 

#16 

#16 

#16 

"" 
#16 

#16 

#16 

#14 

#16 

HI& 

.,. 
#14 

#16 

#16 

hlb 

#16 

TYPE H T·6,T·4,T-5 

TYPE 11 R-21,T-2,T-3,T-6 

rYPE G R-14,R·16 

TYPE H T-6,1·4,1-S 

TVf"( II H•21,l-i,T-3,T-6 

TYPE G R-IS,R-16 

TYPE H R-7,T-7,T-4,T-6 

TYPE G R·6 

TVPE D T-6,1-4,1-S 

TYPE. H R·21,T·2.T·3,T·6 

iYt'E B T-f;, 4,1-5 

TVPE H R·18,T-2,T·3.T-6 

TYPE 0 T-6,1-4,1-5 

TYPE II R-18,T-2,T-3,T-6 

TYPE H R·21,T·2,T-3,T·6 

TYPE G R-19 

TYPE F R·6,R-7 1T-7,T-:l 

NOT TO BE USED 
FOR CONSTRUCTION 

~: ',,. 7'<' 

BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~.' 
c OISU l Til G n G 11 EERII---=S.:U.:B:.::S:..:Y:.::S:..:T:.::E::M.::_:R::_E:_S::.;::EA:.::;R_:C::.H:..:'.:E.::X::.P..:E::.R:.:I.::M.::E::N.:.T:..:S:;__-i 

7021 CIRCUIT LIST 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

.,11 

212 

213 

214 

l16 

216 

<!I/ 

C-4 

·.• 



REV FROH 

'B' 

'B' 

'B' 

'B' 

'B' 

'B' 

'A' 

n-Js 

'A' 

TT-14 

'A' 

TT-37 

'A' 

TT-34 

'A' 

TT-33 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

'A' 

TO 

TE-9 

TE-7 

TE-8 

TE-11 

TT-35 

TE-35 

TT-14 

TE-14 

TT-37 

TE-37 

TT-34 

TE-34 

TT-33 

TE-33 

PT-6 

'B' 

PT-7 

'B' 

PT-9 

•s• .... 

PT-13 

'B' 

PT-5 

'B' 

FT-18 

'B' 

FT-9 

'B' 

EP-4 

EP-5 

PT-10 

'B' 

EP-8 

PT-19 

'B' 

cr-7 

TT-15 

REKARKS 
EST NUHBER SIZE 

LENGTH OF CONDUCTORS OF WIRE INSULATION ROUTING 

165' l-16 

165 1 !il6 

190 1 ir16 

125 1 1;16 

180' //16 

!116 

240 1 f.'l6 

100' 

240 1 2. !:16 

90' ft16 

110 1 £-16 

1 SQ' 

50' "16 

ISO' h16 

60' 

ISO' 

235' !116 

50' /116 

235 1 !/16 

50' 1:16 

235 1 

50' 

235' 1116 

50'. 1:16 

235' 

50' 1:16 

150 1 

50' 1!16 

190' id4 

195' 

240 1 li16 

'"' 1!16 

165 1 /;)6 

150' 1.'16 

50' #16 

165 1 1114 

150 1 /116 

TYPE F 

TYPE F 

TYPE F 

TYPE F 

TYPE F 

TYPE F 

TYPE H 

TYPE G 

TYPE H 

.TYPE F 

TYPE H 

TYPE F 

TYPE H 

TYPE G 

TYPE H 

TYPE G 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H 

TYPE H . 

TYPE H 

TYPE H 

TYPE D 

TYPE D 

TYPE H 

TYPE H 

TYPE 0 

TYPE H 

TYPE H 

TYPE 0 

TYPE H 

R-35, T-1 , T -2, T -3, T -4, T-5 

R-38,T-1,T-2.T-3,T-4,T-5 

R-48,R-40,T-1,T-2,T-3,T-4.T-5 

R-25, T -2, T-3, T-4. T -5 

R-53 ,R-40. T-1 , T-2, T-3, T-:-4 

R-49,R-40,T-1,T-2,T-3,T-4,T-5 

R-71,R-39.T-1,T-2.T-3,T-6 

R-1\B,R-71 

R-71,R-39,T-1,T-2.T-3.T-6. 

R-53.R-7f' 

R-71 .R-39, T-1 . T -2. T -3. T-6 

R-49,R-71 

R-33,T-2.T-3.T-6 

R-35,T-1 .T-2 ,R-33 

R-33,T-2,T-3,T-6 

R-38,T-l.r-2,R-33 

R-33,T-2,T-3,T-6 

T-6,T-4,T-5 

R-69,R-39,T-1 .T-2,T-3,T-6 

T-6.T-4.T-5 

R-69,R-39,T-1.T-2,T-3,T-6 

T-6.T-4.T-5 

R-69,R-39.T-1 .T-2.T-3.T-6 

T-6,T-4.T-5 

R-69 ,R-39, T -I . T -2, T-3. T-6 

T-6.T-4.T-5 

R-69 ,R-39, T-1 , T -2, T -3, T -6 

T-6,T-4.T-5 

R-33,T-2.T-3.T-6 

T -6, T -4, T -S 

R-37,T-I,T-2.T-3.T-6 

R-52 ,R-50,R-40, T-1, T-2 ,T-3, T-6 

R-71,R-39,T-1.T-2.T-3.T-6 

T-6,T-4,T-5 

R-24,T-2,T-3,T-6 

R-33,T-2,T-3,T-6 

T-6,T-4.T-5 

R-24,T-2,T-3,T-6 

R-:J:t,I-2,T-l,T-<i 

NOT TO BE USED 
FOR CONSTRUCTION 

_<; -1 Lj -7 (o 

CIRCU~ 
NUHBER 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

JU 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

333 

334 

,, 
336 

337 

338 

339 

1----t-----------+-+-1r--t-+--t------------t-r--t--t-11---"--l: ~"~~~~~!.E;!·:~~~::~ BLACK & VEATCH ERDA-10MWe SOLAR PILOT PLANT ~." 
COl SU l Til G E1 G II EERS 1--_:S.::U.::B.::S~Y~S~T.::E:..:M:..:...:R.::E:..:S:..:E:..:A..:..:.:R.::C.::H:...:.EX::..:...P::.E:..:R.::I M=E.::N:..:T.::S:__~ NO. C -5 UIIIIU1ltlU.W10'THllfA1(Q,, 

~ 
l---t-----------+-t-1f--t-+--t------------t-f--t--t~ICHECUD 

7021 CIRCUIT LIST 
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~ 
1-' 
co 
1:\:) 

~ 
0 
~ 
CJ1 
~ 

EST NUMBER 
REV FftUH TO REMARKS 

lt.llt,.IH OF CONDUCTORS 

TT-15 TE-15 ss• 

'A' 'O' so• 

'A' EP-3 220 1 

'A' FT-6 t 150 1 

'A' FT-17 ~40 1 

'A' LT-2 220 1 

'A' THERHAL HORAt,f liN IT CONTROL CI\B I ti[T 240' 

'A' TIIERHAl STOP./\LE Utlll CONTROL CABIUET 240 1 

'A' THERHAL ST!JRAGE iJ:·IT f.OI:TP.:.ll CABIIIH 240 1 20 

'O' THERMAL STORAGE UU.:T CONTROL CABINET 245 1 •• .•. THERMAL STORAC( UNIT CONTROL CABWET 245' 20 

S-1 H-1 s• 

H-1 11-2 ISO' 

H-Z S-2 

H-Z H-3 70' 

H-3 LINE BALANCING ASSEMBlY S' 

H-3 S-3 IO' 

H-3 PP-3 ZO' 

BEll TELEPHONE EXIST lNG BELL SYSTEM 

H-4 EXISTING NSP PlANT COHMUtiiCATIONS 

SIZE or 
WIRC 

~>16 

.' 14 

14 

I& 

"'" 
·I& 

·14 

I& 

20 

·I& 

. 20 

!!16 

\'ARICO 

!J16 

VARIED 

VARIED 

.'/16 

1114 

JIISULATION ROUTltlC 

TYPE F R-2S.T-2.R-33 

TYPE 0 T -6. T -4. T -5 

TYPE 0 A-41 .R-39.1-1 .T-2.1-J.T-6 

T.!~_f H R-33,T-2.T~3.T-6 

TYI't ,; K-II.K·JY.T-I.T-2.T-3.T-6 

TYPE II R-43.R-39. T -1. T-2. T -3. T--6 

TYPE 0 P.-102 .R-39, T•l. T-2. T-3. T-6 

TYPE !' P.-1 02 .R-39. T-1. T-2. T-3. T--6 

TYPE I R-102.R-39.T-1.T-2.T-3.T-6 

TVPE F-1 K-IU2.P.-40.T-I.T-2.T-3.T-4.T-5 

TYPE I P:-H)2,R-40,T-1.T-2.T-3.T·4.T·S 

TYPE II FIELD 

TYPE K "-34,1-1, T-2,1-J,P.-13 

TYPE It ~I ELD 

TYr'E Y. !'-13,T-3,T-6 

TYPE 1: FIELD 

TYPE It FIELD 

TYPE D FIELD 

FIELD 

NOT USED 

fli'h 

NOT TO BE USED 
FOR CONSTRUCTION 
~"""" 5-14-71o 

CIRCUIT 
NUHBER 

340 

341 

342 

343 

344 

3<5 

346 THRU 349 

350 

351 TIIRU 352 

353 THRU 356 

357 THRU 361 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

1---+------------J--+-II---J--l---J------------f-f---J--+--:l----.l :U lll:n~~·~, ':i[g'':U';(:,~: '::~,~ 
Ul A OlAf UC'iiSTU[D Ntii'[SSIQIU.l. VIC.I!U:D 

l---+-----------+-l--11--+-+--t------------+-l--+-+--flcHECUO l~= lMI UWS or lMI hAll Of 

BLACK & VEATCH ERDA -10M We SOLAR PILOT PLANT ~{~v c-• 
c 0 NSULTII G u GIN EE RS 1---=S.::U.::B:,:S:_:Y:_:S:.:T:..:E::M::_:R.:,:E:;S:.E::A=R..:C.:.:H:_::E.:.:X.:.:P..:E.:.:R.:.:I.:.:M.:.:E:..:N.:.:T.:.:S:_:-"""' 

CIRCUIT LIST Aflf'.l~ DATt ____ uC'i.IID __ _ 7021 R£VJ$10NS AND RECORO OF ISSUE 



:--
EST 

FROH TO REMARKS 
IIUHBER SIZE INSULATION ROUTIIIG LENGTII OF CONDUCTORS OF YIRE 

·- -
13.8 LOAD INTERRUPT S'JITCH CNTR BY tlSP 3-( 1fc'~l SOOMCH TYPE A BY OTHERS P-1 

LOAD INTERRUPT S!JITCH CNTR 'G' ZONE 1 BY NSP 3-(~'c'~l SOOHCH TYPE A BY OTHERS P-2 

lOAD INTERRUPT S'JITCH CNTR 'G' ZONE 2 BY NSP 3-(\10) SOOHCH I TYPE A BY OTHERS P-3 

LOAD INTERRUPT S\HTCH CNTR 'G' ZONE 3 BY NSP 3-(11ct0) SOOMCH TYPE A BY OTHERS P-4 

LOAD INTERRUPT S\IITCH CNTR 'G' ZONE ~ BY NSP 

I 
3-(1/cle) SOOHCM i TYPE A BY OTHERS P-S 

'G' 'F' ZONE 1 10' 12·(\10) 
I 

ZONE 1 SOOHCH TYPE A T-8 P-6 

'G' ioNE 2 'F' ZONE 2 IS' 12·(\10) 

I 
SOOHCH TYPE A T-9 P-7 

'G' ZONE 3 •r• ZONE J 

' 
30' 12·('\'0) 500HCH TYPE A T-10 P·8 

'G' ZONE 4 'F' ZONE 4 20' 12·<"fc'•l I ~OOHC/1 TYPE T·ll P·9 

PP-1 SW-1 10' 3-(ltc/8) 1112 TYPE A R-66 P-10 

S\1-l sw-z IS' 3-(\18) !;12 TYPE A R-61 ,R-60 Pll 

sw-z SH-2 30' 3_-('tr,/0) 1;12 TYPE A R-64 P-12 

PP-2 'F' 125' 2 1.:12 TYPE A R-29 P-l:l 

VF-1 sw-4 NOT SHOWN I fl ORAIJ I tiG IS' 2 i!IZ TYPE A FIELD ROUTE P-14 

511-4 PP-2 SO' a ,,,z ~YPE A R-67 P-15 

PP-3 '8' 8S' 2 !:12 .TYPE A R-12,R-II P-16 

PP•:J 'C' 75' 2 "'2 TYPE A R-12,R-10 P-17 

480V BRKR L2 METER SOCKET I I ~J' 3-(ltc'"l 1/0 TYPE A R-26,R-27 P-18 

METER SOCKET I MS-2 160' 3-(1fc!Ol •;2 TYPE A R-2 P-19 
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ABSTRACT 

PART I 

VAPORIZE21. PRESSURE DROP CALCU:...ATIONS AND 
RECIRCULATION PUMP REQUIREMENTS 

F::>r the TSS/RE (thermal!. storage subsystem research experiment) steam 

generation sy3tem pressure drop is estimated using the method of Thorn. The 

general equations are derived first and pressure drops are calculated for 

different flow rates, steam drum pressures and exit steam qualities. Using 

the vaporizer performance model, described in Appendix I, the expected 

pressure drops at design and off-design conditions are calculated. Based qn 

these calculations, the requirements of a recirculation pump are presented. 

VAPORIZER PRESSURE DROP CALCULATIONS 

"The Thorn method is most accurate and convenient for adiabatic and non­

adiabatic systems involving water, or other fluids less viscous than water. 

Mass velocities should be greater than 0. 5 x 10~ lb/hr-ft2 as all the data 

used to establish the corl'"·elation were taken at mass velocities above this. 

For/ systems involving w:it·=r above a pressure of 250 psia, this method gives 
I 

tliE· highest precision." (3.ef. Handbook of Heat Transfer, Rohsenow and 

Hartnett, pg. 14-2. ) 
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Method of Thorn 

Used for, G > 0. 5 • 10
6 

lb/h}--ft
2 

P > 250 psia 

0. 2 in < D. < 2 in. 
1 

(Accuracy = ± 2 Oo/o) 

The total pressure drop. 

~p = ~pf + ~p + ~p (Bl) g m 

: (friction) (gravitational) (momentum) 

L G2V 
~pf 4 • f • f (B2.) = (-) . 2g 

. rfh D 
0 

~p = p f 
. g . L· (sin e) • rgh g. go 

(B3) 

G2 ,. ,.. 
~p = . (V 2 - Vl) m go 

(B4) 

,. ,. ,.. 
v = v f + v fg 

~pf = fricti9n pressure drop 

~p = gravity pressure drop 
g 

~p = momentum pressure drop 
m ,. 

n3 /lb v = specific volume, 
,.. 

ft
3 

/11? vf = specific volume of liquid, 
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" " " 
vfg = v - v g f 
" ft 3/lb v = 3pecific volume of vapor, 

g 

rfh = :nultiplier for two-phase pressure drop 

f = fanning fri ~:on factor I 
I 

mass velocity, 
2 

G = lb/hr-ft · 

Friction Pressure Drop, .6-Pf 

The TSS/RE vaporizer and recirculation pump flow schematic is presented in 

FigureBl. Friction pressure drop in two-phase flow for straight pipe is cal­

culated from 

(B5) 

tpf = two-phase flow 

lo = liquid only 

rfh = m·.11tiplier fer heated tubes given in Figure B2 

For purposes :Jf computc.:.don, with a computer the curves in Figure B2 when 

ap::>roximated._:JY the relc.1bnship rfh = 1+9000 xep- 0· 981 • 

For fittings c.nd valves, :-no-phase pressure drop is calculated from 

f-~) = (.6-i) ( 1 +C • ~ • x) 
\ tpf lo V f 

(B6) 

" ,., 
V fg and V f are specifi.c volumes 

X = exit steam quali":y 

C = dimensionless coefficient given in Table Bl 
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FEED WATER 
IN 

....-------• STEAM OUT 

PIPE LENGTH= 20FT. <ASSUMED) 

'v'.:).PQRIZER 

70r--r---c::==-~~~--11. 
16; 180 DEG BENDS 7l 

10 

RECIRCULATION 
PUMP 

PIPE LENGTH= 20 FT. (ASSUMED> llll FT. OF TUBE 
l"/0.782": OD/!D 

Figure Bl. Vaporizer Flow Schematic for the 
Thermal ~torage SRE 
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40 --+------;;--~~---+---+THE HEAT FLUX IS UNIFORM AND SATURATED 

70 

.20 

7 lC 

4-+--~---P"o~...--"'~ 
5 

4 

3 

2 

1.5 

200 300 

LIQUID ENTERS. (FIGURE 4 FROM HANDBOOK 
OF HEAT TRANSFER, PG. 14-9.) 

\ 

500 700 1,000 2,000 

OPERP.TING PRESSURE, PSIA 

Figure B2. Fricti·::!!l Multiplier, rFh' for Heated Tubes. The 

Heat Flux is Uniform~ and Saturated Liquid Enters. 
(FigurE- 4 from Handbook of Heat Tran~~r, p.l4-9). 
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Table Bl. Coefficient for Pressure Drop in Fittings 

# Ref: Handbook of Heat Transfer, page 14-11. 

,:, J. H .. Perry Handbook, page 5-20. 

>:<>:' The 180-deg bends are in vaporizer tubes. 
C value given in reference was integrated. 

40454 

Since X changes from 0 to X , e 
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'The total f::--iction pressure dropJ t::. PfJ is given by 

where 

~pf = {L>i')lo • [ Ltpf rfh + ClLe'lo + Llo] 

~---

L 
e, total 

= length of pipe with two-phase flow 

= length of r:ipe with liquid only 

= equ·ivalen: length of fitting (calculated from K values) 
(Ref. Table Bl) c 

,. 

= l+C. 
vfg 
-,.- •X 
vf 

Calculation of Ltotal 

Length or straight pipe with two-phase. flow, Ltpf -

Lerigth o: straight pipe with liquid only flow, L10 = 

130ft 

20ft 

\ 

Equivalent length of fitti.:lgs in tpf and lo flow is calculated from K and C 
c 

(B7) 

values giver.. in Table BL The number and type of fittings being used in TSS/RE 

vaporizer is also given. K is the equivalent number of velocity heads. 
c ' 

:> 

-B8- 40454 



.-'. 

Equivalent length of fittings depends o~ the Reynolds1~umber and is calculated 

from 

D. 
1 

L = K · e c 4f 

..,.ri 

where f is function of Reynolds number. The friction factor, f, is obtained ;: .. 

from the Moody diagram (Ref. J. H. Perry, 4th ed. pg. 5-20). 

For V::! 5 ft/sec, Re::! 2 x 10 5 and f = 0. 006. 
5 l 

For V < 5 ft/ sec, Re < 2 x 10 and f ('V 0. 0065. 

-/ 

The equivalent length of fittings (in ft or straight pipe) is 

L =K. 0.782/12 = 2 72K ft 
e c 4 · 0. 006 · c• 

The sum of velocity heads is obtained from 

(6 K ) = 6 (No. of fittings in lo flow) · Kc 
c lo 

{ v 
(6K ) = 6 (No. of fittings in tpf) · Kc · \1 + C · "fg 

c tpf v 
f 

Using the values given in Table 1, we get 

vfg 
= 30. 9 + 38. 8 · · X ,. e 

vf 
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The equivalent length of :u:tings is 

L L = (15) · 1:;:. 72) = 40 ft e. o 
,.. 

. L _ f = ( 30. 9 + 38. 8 
vfg . x.) (2. 72) 

e_.~.p 
,.. 
vf 
,.. 

= 84 + 105. 5 . 
vfg 

·X -,..- e 
vf 

'Therefore, tr_e total equ:.valent length of pipe in TSS/ RE vaporizer is 

L t t 1 = Length of st. pipe + equivalent length of fittings e,. o a . 

,.. 
vfg . 

L = 130 :-fh + 8.:1: + 105. 5 ,.. X -+ 20 + 40. 8 
e. total V e 

f 

tpf lo 

,.. 
vfg 

Le, total = 130 rfh + 105.5 ,.. Xe + 144 
vf 

Pres sur~ .. _!?r~p 

(B8) 

Calculation of the several components and the total pressure drop follows. 

Friction Pressure Drop -- Using Fanning e.quation for friction pressure drop, 

( ~) 
]o 

- B'lQ-

= 4 . f 
D 
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, I 

\ 

/. 

with, f = 0. 006, D = 0. 782/12, ft, 

( ~[ l = 4 · 10-
5
.-v

2
; [ps.i/ft] 

lo 

where, V is in ft/sec. 

Now, 

V (ft/sec) = 
Q [gpm] 

rr o 2 14 
(~onv. factors) 

v = 1 1 
0. 0033 . Q 7.48. 60 

v = 0. 6685 Q 

or 1. 5 gpm = 1ft/sec 

Therefore, 
;----------------------------~ 

( ~p) - 1.787 . 10- 5 
. L lo -

Q is flow rate in [gpm] 

vf is specific volume of liquid, c'n 3 
/lb] 

Momentum Pressure Drop, ~Pm --

~p 
m = 

= 

= 

a2 

go 

X 
e 

vf 

,.. ,.. 
(V2- V1) 

,.. ,.. 
vrg + vf 

40454 
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' ' 

G2 "' ~p = go . 
X vfg m e 

~p = 0. 00142 x •. [psi]] m 

X = exit quality of steam e 

Gravitional Pressure Drop, ~p --
--------------------~~--g 

.6F = 0 (horizontal tube) g 

'fo:al Pressure Drop negligible 0 

'•' 

(negligible) 

~F = ~p fh + ~p~ + ~I p g 

Therefore, the total pr·essure drop, ~P, is calculated from Equations B8 

andB9 

2 
~p = 1.787. 10- 5 . ~ 

vf 
[ 130 r fh + 105. 5 ~f~ · Xe + 14J , [psi] (B10a) 

" vr. J 
and 

,. 3 2 [ vr ] Hfs=~P·Vf=2.573·10- · Q · 130rfh+105.5~ · Xe+14j~ ft-lbf/lb 
. vr 

(BlOb) 

where rfh = 1 + 9000 Xe P-O. 981 . 

Pressure Dr.op at Off!"" Design Pressures 

(i) At pressure, P = 1000 psia; V f = 0. 02159 ft 3/ Lb 

I 6P = B. 277 · 10-
4 

· Q
2 

. [ 130 rfh + 2073Xe + 144] (Bll) 
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(ii) At P = 800 psia 
,. 

ft
3 /lb vf = 0. 02087, v = 0. 5691, g . 

,. 
vfg = 0.54823 

The total length from Equation B8 is 

L = 
130.rfh + 84 + 2771Xe 

e, total 

and from Equation B9 

( ~r:) = 8. 465 
lo 

tpf 

10-4 . Q 2 psi/ft 

+ 

~, 

20 + 40 

lo 

I LIP ~ 8. 563 · 10-4 · Q
2 

130 rfh + 2771Xe + 144 

\ 

(iii) At P = 1100 psia 

v-f = o. 02195, v g = o. 4005, [ft
3 /lb J 

vfg = o. 37855 
. " 

Then, 

L 
e, total = 130 rfh + 84 + 1819Xe + 144 

and 

(-~~ = 8. 049 . 10- 4 . Q 2 

lo 

[ ~p = 8. 141 . 10-4 · Q
2 

. [130 rfh + 1819Xe + 14~~:J 

(B12} 

(B13} 

The pressure drop at different exit qualities and flow rates and at drum 

pressures of 800, 1000 and 1100 psia is calculated assuming same tube 

length and fittings and the numerical values are given in Table B2 and Fig-

ure B3. 
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I 

td 
1-' 
~ 
I 

-

':'Flow Drum 
Rate Pressure -

[gpm] [Psin] 0 O.OG 

800 3. R fi ~ 

4 1000 3.6 5. 8 

1100 3.57 5.4 

800 15.2 27 0 6 

8 1000 14.4 23.4 

1100 14. 28 21. 7 

800 34.2 62. 1 

12 1000 32.4 52. 7 

1100 32. 1 48. 8 

800 60.8 110.4 

16 1000 57.8 93. 6 

1100 57 0 1 86. 8 

··· 1 gpm;::::; 370 lb/hr @ 1000 psia 

Table·B2. Pressure Drop Table 

(Accuracy: ± 20o/o) -.• 

EXIT STEAM QUALITY, Xe 

- .. .t.T (Fo] 

0. 1 0. 2 0.4 u.o O.A 1 , n T -T salt steam 

10.0 lo. lo 28.0 40.0 51,0 00 ~n 

8. 8 12. 56 21. 3 30.4 39.4 48. 3 31 

7 . 1 R. fi 18. 1 25.4 32. 8 40. 8 10 

40 64.6 112 162.4 206.4 264 T = 568°F salt 
35.2 50.2 85.2 121. 6 157.6 193.2 

28.4 35.4 72.4 101. 6 131. 2 163. 2 Assumptions 

90.0 145.3 252.0 365.4 464.4 594 1. Exchanger 
Tube Length 

79. 2 113.0 191. 7 273.6 354.6 437.7 = 110 ft. 

63.9 77.6 162.6 228. 6 295.2 367.2 2. Steam 
Properties 

160 258.4 448 649.6 825.6 1056 taken at 
drum press. 

140. 8 200. 8 340.8 486.4 630.4 772. R 
assumed to 
be same 

113.6 138 289. 6 406.4 524.8 652. 8 throughout 
the system. 
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Figure B3. Pressure Drop versus Exit Steam Quality for Several 
Flow Rates and Pressures. Refer to Table B2. 
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3XPECTE::::> PRESSURE DRO? AND PUMP HEAD REQUIREMENT 
AT OFF-DESIGN.CONDITION IN TSS/RE 

The exit steam quality· and heat rate is calculated from 

where 

A = tube surfacE- area = 29. 32 ft2 
0 

.6T = T salt - T sc:i 

T = 568°F salt 

T sat = saturatior_ steam temperature at pressure. P 

Uoo = overall-c·verall coefficient, (Btu/hr-ft2-F 0
) 

L 

uoo r uc dL 
--'-·----

L 
Jo dL 

The. pressure drop and il.ead loss is calculated from Equation (BlOa) and (BlOb) 

and presented in·Table 33. Figure B4 shows the head versus capacity curves 

with steam drum pres sure P as parameter. 

TSS/RE RECIRCULAT:ON PUMP REQUIREMENTS 

The parameters used for desi,?;ning the TSS/RE were 

Pipe 0. D./I. D. =- in/0. 782 in; L = 112ft 

·p = 948 psia, T t in = 537°F wa er, 

T = 568°F and .6T = 31F 0 

salt ·· 
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Table B3. Required Pump Head versus Flow Rate as a Function of Steam 
Drum Pressure and Associated Steam Conditions .. . .....................•..•........................................... ~~···· 
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Generation System 
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., 

. 
m = 3000 lb/hr, (8 gpm) 

Steam quality = 0. 2 

q = 4. 57 x 105 Btu/hr 

For the above conditions the head loss was calcula:ted to be 155 f1t (± 20o/o:l. 

These conditions were considered to be conservative in designing the vapor­

izer module. Our calculations show that increasing the heat rat~ or quality, 

increases the pressure drop. Therefore, the worst conditions for sizing the 

pump would be the best we would expect from the vaporizer. Our best esti­

mate of the best. case for vaporizer would be to assume the following: 

u 
0 

Therefore 

q 

And with in 

= 7. 57 · 105 Btu/hr. 

= 3000 lb /hr (8 gpm) 

exit quality will b.e, Xe = 0. 33. 

(25o/o above the design) 

The pressure drop corresponding to 8 gpm and 0. 33 quality extrapolated 

from Table B2 is 1.6P = 74 psi, hfs' = 230 ft, (± 20o/o) 

Therefore, the design point for pump is 8 gpm capacity at operating condi­

tions and pump head of at least (230 · 1. 2 =) 280ft. 

However, the TSS/RE is required to meet the off-design conditions which 

include varying the water flow rate up to 16 gpm, steam drum pressures in 

the range of 700-1200 psia, scraper speed, etc. The pressure drop increases 
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with flow rate and quality. Increasing the drum pressure decreases the .6T 

and heat rate and, therefore, exit quality and pressure drop. Therefore the 

press.ure drop in. the TSS/RE module can be adjusted to meet the pump head. 

Figure B4 shows the head loss versus capacity curve (dotted lines). 

must meet -conditions below the dotted curves. Thus at 16 gpm and a drum 

pressure of LlOO psia, the head loss is 250 ft. To offset the ±20 percent. 

uncertainty in the calculc;.tions, this becomes 1. 2 x 250 = 300. Figure B4 is 

l:ased on calculations which result by approximating the friction multiplier 

in Figure ·B2 by the relationship rfh = 1 + 9000 . Xe P-O. 981 . 

<J 
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PART II 

SRE CONDENSER PRESSURE DROP CALCULATIONS 

For the thermal storage SRE condenser, the pressure drop is calculated using 

the Thorn method. 

The liquid-only pressure drop, 

(t.P) = 4 f 
L LO D 

where 

f = friction factor = 0. 0065 

D = inside pipe diameter = 0, 762/12 ft 

G = mass velocity = 79.64 lb/sec-ft
2 

(m = 908 lb/hr) 

gc = gravitational const. = 32. 17 lbm 
lbf 

Steam properties at 1800 psia, 

v f = o. 02472 ft
3 

/lb 

v g = o. 218 3 ft 
3 I lb 
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Substituting in the above equation, 

lllP) = 0. 997 lb/ft2 /ft 
L LO 

= 0. 00693 psi/ft 

The two-phase flow pressure drop for straight pipe and fittings is cal'culated 

from the foltowing equation: 

Straight pipe
1
: 

( 6P)tpf = (6i) . (L . ). r f 
LO.. p1pe 

Fittings: 

where. 

L . = length of straight pipe p1pe 

c 

X 

= multiplier for unheated tubes obtained from Figure Bl 
Handbook of Heat Transfer, Rohsenow - Hartnett 

= constant for fittings (ref. Handbook of H. T., pg. 14-11) 

= steam quality 

= equivalent length of fittings 

For the SRE condenser, -:he following is assumed: 

-B22-

L . = 540ft p1pe 

No. of 180 deg bends = 70 
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The value of X changes from 1. 0 at condenser inlet to 0 at condenser outlet. 

rf changes with. quality. An equation for rf has been derived to fit the curves 

in Figure B4. 

At 1800 psia: 

rf = 0.97 (1 +X)
7

•
15 

rf = 1.88 (1 +X)
2

•
67 

0 s X< 0. 2 

0. 2 s X < 1. 0 

The above equations approximately fit the curves, but are more convenient 

to use. 

To calculate the total equivalent tube length, a uniform condensation rate is 

assumed. Then, 

1 1 

( 1 + C 'J; X) d X J r~g d X J 
L =L 

0 
+L 

0 

total tube 1 e 1 

J dX J dX 

0 0 

Substituting the above equations 

[ 

0.2 

L -L total- tube [ J
l.O 

0. 97 (1 +X) 7 • 15 dX + 
J 

I 0.2 

1.88(1+X)
2

•
67 

dX] 

1.0 

+Lef (1+8.61X)dX 

0 

40454 -B23-



Integrating we get 

Lt t l = Ltu- (5. 92'i) + L (5. 3) o a .Je e 

L for 180 deg bends = 4 ft /bend e 

Number of bends = 70 

Ltotal = 540 • 5 • 927 + 70 • 4 • 5 • 3 

= 468-l f: 

= 0. 00693 • '4684 psi 

= 32 · 4 psi 

f, 

The momentum and g:-a:vitational pressure drops are neglected. The total 

pressure drop is 

t.P = 32 · 4 psi ±20 percent 
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APPENDIX C 

MATERIALS STUDIES FOR THERMAL ENERGY STORAGE I 

/ 

The differential scanr:ing calorimetric studies on NaN03 containing 0. 5 per­

cent (by weight) of Na:JH show that the thermal spectrum (Figure Cl ) has one 

major endot~~ermic peak around 581 °F, a small peak around 523.4 °F and 

anoth.er small peak around 500"F after correction has been made for the high 

'Scanning rate. The major peak around 581 °F is attributed to the fusion of 

NaN03, the one at 523.4 =>F to the solid-solid transition of NaN03 and the 

small peak around 50G°F to the congruently melting solid solution of NaN03 
and NaOH. The thermal spectrum of NaN03 containing 1 percent (by weight) 

of NaOH shows four endothermic peaks. There is a major peak around 

577. 4 °F; there are two small peaks, one around 523. 4 °F and the other around 

500°F. In addition, tl::;:ere is a very small peak around 464 °F (Figure C2 ). 

The major peak arounC. 577.4 °F can be attributed to the fusion of NaN0
3

; the 

peak around 523. 4 °F is due to the solid-solid transition of NaN03 ; the peak 

around 500°F is due tc the congruently melting solid-solution of NaN03 and 

NaOH and the peak arcr.md. 464 °? is due to the fusion of the eutectic mixture 

of NaN03 and NaOH. '='h.e endothermic peaks, particularly those around 

464°F an~ 500°F, become more pronounced in the thermal spectrum of NaN03 J. 

containing 2 percent (b~ weight)_ of NaOH (Figure C3 ). 

The differential scanniug calorimetric curves obtained for the ternary mix­

ture of NaN03NaCl-Na:~so4 (99. 06-0. 57-0. 37)mole percent show two endother­

mic peaks; the one aro~.md 548. E °F is due to the ternary eutectic accounting 

for about 6 percent of t!he total mixture and the major peak around 581 ° F is due 

to the pure NaN03 (Figure C4 ). The above mixture was contained in closed 

mild steel tubes and cycled thermally 190 times between 212-662 °F, holding 

the mixture around 662cF for about one hour .. The material from one con­

tainer tube was examin~d by differential scanning calorimetry and it was found 

- C2 -. 40454 



that there are .two peaks, a small one around 548. 6 °F due to the ternary eutec­

tic accounting for about 6 percent of the total mixture and the major peak a­

round 581 °F due to the pure NaN03 (Figure C5 )". The second cycled tube was 

sectioned into four parts and the mixture from each part was analyzed by dif­

ferential scanning calorimetry. It was found, as expected, in aU these four 

parts that there are two endothermic peaks, the small one corresponding to the 

eutectic mixture around 548. 6°F accounting for about 5 percent of the total 

mixture and the major peak corresponding to pure NaN03 meltir_g around 

581 °F (Figures C6 and C7). It appears from these results and those of chemi­

cal analyses that there is no phase separation of the mixture during thermal 
' 

cycling. The cooling curves obtained for 99 percent NaN03 with 0. 5 percent, 

1. 0 percent and 2. 0 percent NaOH (by weight) show that in all these cases 

there is no significant super cooling and the cooling behavi.or of the mixture is 

similar to that of industrial grade material (Figure C8 ). 

Sodium nitrate, both reagent grade and industrial grade, has a heat of fusion 

of 3. 54 Kcals/mole, whereas, sodium nitrate containing 1 percent (by weight) 

of sodium hydroxide has 3. 2 Kcals/mole (68 Btu/lb). This is due to the forma­

tion of eutectic and congruently melting solid solutions which melt at much 

low~r temperatures compared to that of sodium nitrate. Therefore, it was 

thought that sodium nitrate, containing small amounts of sodium compounds 

like NaF, Na2so4 , NaCl and l':Ja2co3 which do not form complex phase dia­

grams giving low melting eutectics, should lower the melting point of sodiUm. 

nitrate and not substantially change the heat of fusion value of pure sodium 

nitrate. Several exploratory experiments were carried out adding small per­

centages of sodium salts to NaN03. On adding 1 percent to 4 percent by weight 

of NaF to NaN03, the melting point was depressed from 581 °F to 566. 6°F, 

whereas, the heat of fusion shows a slight -increase at 1 percent and 2 percent 

and no appreciable change at 4 percent (Table Cl ). In the case of Na2so4, 

the addition of 1 percent by weight shows a depression of the melting point 

from 581 °F to 570. 2°F and a slight increase in the heat of fusion, whereas, 

with a 2 percent, 3 percent and 4 percent addition of Na2so4 ,. the depression 
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in the melting point is much less and the heat of fusion associated with the 
\ 

main peak is not appreciably changed (Table C1 ). The addition of 1 percent 

(by weight) of NaCl to NaN0
3 

gives rise to two endothermic peaks appearing 

at 560. 3 and 578. 3 °F with a slight increase in the heat of fusion value. At 

2 percent (by weight), the tw·:> peaks persist, whereas, at 3 percent and 4 per­

cent, they merge into one peak appearing at 563. 9 oF with a heat of fusion 

value of about 5. 6 Kcals/mole (Table C1 ). The addition of 2 percent, 3 per­

cent, and 4 percent (by weight) of Na2 C03 depresses the melting point of 

NaN03 from 581 °F to 576. 5, 575. 6, and 573. 8 °F, respectively. There is no 

appreciable change in the value of the heat of fusion (Table C1 ). The results 

of these studies indicate that the addition of a small amount of these compounds 

to NaN03 depresses the melting point of NaN03 with no adverse effect on the 

heat of fusion value IDilike the addition of NaOH. 

It is known that sodium :1itrate melts without decomposition to a liquid which 

is stable in air at least -:o 932 °F and begins to decompose slowly at 1112 °F. ):c 

The decomposition reaction is NaN03 ..... N~N02 + ~ 0 2. It has also been
1 
shown 

by differential scanning calorimetry that even under drastic conditions, namely, 

NaN03 containing 30 mole percent of NaOH, the mixture is stable up to 752°F. 

The same rr:.ixture, when subjected to thermal cycling between 302°F and 662°F 

for 140 times and analy~ed by differential scanning calorimetry, shows good 

thermal stability. Therefore, it is reasonable to assume that the stability of 

NaN03 containing 1 per;cent (by weight) of NaOH win approach the stability of 

pure NaN03. The corrosion studies which used a more corrosive mixture of 

NaN03-NaOH (70-30 mole percent) on mild steel and stainless steel and were 

carried out by thermogravimetry, electrochemical current potential curves 

and Auger electron spectroscopy show that the above mixture is not highly cor­

rosive. The corrosion rate on mild steel is high initially and levels off with 

time (Figure C9 ), whereas, in the case of stainless steel the initial rate, 

though not very high, also levels off with time (Figure C10 ). The corrosion 

rate is about L 5 mils/year for mild steel and is about 0. 28 mil/year for. 

stainles~ steeL It is also know:1 from literature that pure NaN03 is not very 

):<Bartos, Henry R. and. i\.13.I'grave, John L., "The Th~rmal Decomposition.of 
NaN03, 11 The Journal of Physieal Chemistry, Volume 60, 1956, pg. 256. 
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corrosive because it forms a passive layer on metals and alloys. Therefore, 

the mixture with 99 percent NaN03 and 1 percent (by weight) of NaOH should 

have corrosivity approaching that of pure NaN03. · 

The accelerated electrochemical corrosion studies carried out in NaN03 con­

taining 1 percent (by weight) of NaOH with a mild steel working electrode and 

a Ag/ AgCl reference electrode show that in the cathodic mode there is a grad­

ual decrease in current with decreasing potential followed by a sharp decrease, 

and finally, the potential moves toward the anodic range (Figure Cll ). On 

the anodic side, there is also a decrease in current with potential. 

From this current-potential curve, the corrosion current density comes out 

to be very small indicating low rate of corrosion for mild steel in this molten 

salt mixture. 

Auger electron spectroscopic studies have been done on the mild steel surface 

.of the cylinder containing the ternary eutectic (NaN03-NaCl-Na2so4 ) therma~ly 

cycled for 140 times (Figure C12). The analysis of the surface films that are 

thicker than the Auger electron escape depth is accomplished by controlled in­

situ ion etching of the specimen surface. The results of this study show that 

there is corrosion to mild steel (=I/=1020)(Figure C13). Corrosion experimeni::s car­

ried out with annealed mild steel immersed in the ternary eutectic at about 

10°C above the melting point for about 96 hours show that the corrosion products 

is much less compared to the unannealed specimen (Figure C 14 ). The mild 

steel (#1020) surface ofthe cylinder containing the binary eutectic NaN03-

Na0~ thermally cycled 140 times and examined by Auger ele•:tron spectro­

scopy w:ith controlled in-situ ';ion etching shows some corrosion (Figure C15 ). 

The corrosion experiments carried out with annealed mild steel immersed in 

the binary eutectic at about 10°C above the ~elting point for about 72 hours 

show that the corrosion is much less pronounced and the depth of penetration 

of the corrosion products is small (Figure C 16 ). It seems that annealing 

relieves stress in the material and increases particle size, thereby increasing 

the overpotential for the cathodic reactions of the galvanic cell action. 
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Table Cl. Melting Points and Heats of Fusion of 
NaN0

3 
- Ba·sed Mixtures 

Mp Hf EXPTAL 

{II\ IXTURE (OF) (OC) KCALS/MOLE 

NaN03 UND. GRADE) 581 305 3.52 

NaN03 + Ho (BY WT.) rJaOH 577.4 .303 3.20 

NaN03 + 2'/o _(BY WT.) NaOH 572.9 300.5 3. 0 

NaN03 + 1% (BY WT.) NaF .566. 6 297 3. 79 

NaN03 2% (BY WT. H\aF 566.6 297 3.61 

NaN03 4%(BY WT.)NaF 565.7 296.5 3.42 

NaN03 + 1% (BY WT.) N.3'2so4 570.2 299.5 3.66 

NaN03 + 'l'la (BY WT.) Na2so 4 573.8 301 3.66 

NaN03 + 3·% (BY WT.) Na~so4 577.4 303 3.58 

NaN03 +/flo (BY WT.) Natso4 577.4 303 3.59 

NaN03 + 1% ,(BY WT.) NaCI ,·560 • .3; 578.3 293. 5; 303. 5 3.73 

NaN03 +'!Yo (BY WT.) NaC I '560. 3; 570.2 293. 5; 299 3.55 

NaN03 + 3% :BY WT.) Na:l 563.9 295.5 3.60 

NaN03 + 4% !BY WT.} Na~ 563.9 295.5 3. 58 

NaN03 + 21o ~BY WT.) N~C03 576.5 302.5 3.62 

NaN0
3 

+ 411/o (BY WT.) Na2co3 
- 575.6 302.0 3.54 

NaN03 + 6% (BY WT.) Naf03 573.8 301.0 3.49 
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CLOSE 
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FLOW CHART 
P2 SUBPROGRAM SRERC/SRETC 
(CHANGE PROGRAM VAR.ABLES) 
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"P2: SW(I) 
= 0/1 11 

SUSPEND 
LOWER P<O 
SUBPROGRAM 

STORE 
SW(I)= 0/1 
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FLOW CHART 
PJ SUBPROGRAM SRETS 

(OP. MODE DETERMINATION) 

SUSPEND LOWER 
P(l), ENABLE P4 
SCT= SCTS 

HOLD P3 
INTERRUPT, 

READ: OPEN OR CLOSED CONDITION OF 
VALVE 7, 8, 9, 10, 19, 22 
AND 23 (REF P&ID M1004l. 

(LOGICAL> _ _ _ 
PWARM = V23e(V7+ V9 + ~) 
THAW= (V7 + V9)e(\iTI) + V19 + V23l 
CHARG = V19e(V8 + V22l•ffi +~+ V23) 
DSCHG = V10e(V7 + V9 + V23) 

CANCEL P3 
INTERRUPT 
(DONE) 
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STORE: TETI Ci==ll, 
T<D, TC(i) (Is Nl, 
TECil <N<i ~ Ml . 

NO 

P4 SUBPROGRAM 
PAGE20FB 

T(l) == c11 CTECil - c41> + 

C2i CTE(i)-C l + C31 
4 

CTE(I)- C l 
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P4 SUBPROGRAM 
PAGE 3 OF 8 

FOR I= 1, N 
READ PTU 

P(l) = PC11 (PT<ll-f.C41• + 
P~ 21 <PT(I)-PC4t + P::31<PT(I)-PC4l 

(HIGHl PRESS Al.4RM 
VARBL = "P(I)" 
VALUE= (p(l)) 

(HIGH) PRESS WARNING 
VARBU]l = "P(I) H", 
VALUE(])= (P(Ill, J + 1 

<LOW) PRESS ALARM 
VARBL = "P(I), 
VALUE= <POll 

(LOW) PRESS WARNING 
VARBU]l= "P(I)-L" ' 
VALUE(])= (P(I)),j + 1 

STORE: 
TETIO= 1) 
P(l), PT(I) 
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p: 
ErJABLE 

P5 
EMBLE 

P1 
EN.~BLE 

PS 
, ENA3LE 

N•J 



, 

FOR I= 1, N 
READ FT(I) 

SUBROUTINE 
"FLOW" 
F(l) = W 

.(HIGH) FLOW ALARM 
VARBL = "F(I)", 
VALUE= (F(I)) 

. <HIGH> FLOW WARNING 
VARBUJ) = "F(I)-H", 
VALUE(])= (F(I)), ]+1 

(LOW) FLOW ALARM 
VARBL = "F(I)", 
VALUE = (F(I)) 

(LOW) FLOW WARNING 
VAR BL(j) = "F(I)-L 
VALUE(])= (F(I)) (J + 1) 
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P4 SUBPROGRAM 
PAGE 4 OF 8 

P1 
ENABLE 

Pl: 
ENABLE 
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~· 
I 

YES 

. NO 

- DlO ·- · 

P4 SU BPR 0 GRAM· 
PAGE 5 OF 8 

STORE: 
TETI Cl = ll 
F(l), FT(I) 
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P4 SUBPROGRAM 
PAGE 6 OF 8 

FOR I= I, N 
READ L T(J) 

Ull = LC 11 (L Tell- LC
41

J + 

LC 21 ·cL T(l)- LC 4 / + LC31CL T(J)- Lc4l 

NO 

YES (HIGHJ LEVEL ALARM 
VARBL = "L(J)", 
VALUE= (L(Jl) . 

(LOWJ LEVEL ALARM 
VARBL = "Uil 
VALUE= (L(I)) 

CLOWJ LEVEL ALARM 
VARBUJJ = "Uil-L" 
VALUE(j) = (L(I)), j + 1 
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ENABLE 
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ENABLE 
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ENABLE 

PS 
ENABLE 
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NO 
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P4 SUBPROGRAM 
PAGE70F8 

ES 
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STORE: 
TETJ(I = l) 
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P4 SUBPROGRAM 
PAGE 8 OF 8 

FOR I= 1, 2 READ 
SC S(l), SC T(l) 

<STALL ALARM> 
VARBL = SCS(I) 
VALUE= LOW 

<HIGH TORQUE ALARM) 
VARBL = SCT(I) 

Pl 
ENABLE 

VALUE= XKg MTRS (Y FT !f) 

(TORQUE WARNING> 
.---- VARBL(j) = SCT<Il, 

VALUE(j) =X Kg MTR (Y FHl J+l 

STORE: 
SCT<Il 
SCS(I) 

CANCEL P4 
<DONE) 
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ENABLE 
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SuSPEND 
LCWER P(l) 

OUT: PR'NT 
"WARNING: VARBUIJ, 
VALUE(!), TETI 

FLOW CHART 
P5 SUBPROGRAM SRETS 

(WARNING MESSAGE PRINTOUT) 

K + 1, STORE: 
VAR 3Uil, t----+--------' 
VALJE(I) 

40454 



P = Pl9 
T = Tl2 

<SUBROUTINE) 
HSS (P, T, 2, V, Hl 

P = PS 
T= Tll 

<SUBROUTINE) 
VHCL <P, T, 2, 
VOL, ENTHl 

QINRC = F9 
<H- ENTHl 

FLOW CHART 
P6A SUBPROGRAM SRETS 

(CHARGE DATA REDUCTION) 
PAGE 1 OF2 

CANCEL 
P6A 

INTERRUPT 

HOLD P6A 
INTERRUPT ' 
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OQINC = -:---...;Q...;.;IN....;.R;..;.C __ 
(T ETI-FT E! ll 3600 

QTOT = QTOT + OQINC 

iF <TH.AW = 0 = OSCHGl 
, :THEN (FTETI = TETD 

STORE: TETI 
QIIJRC, QTOT 

P= Pl9 
SUBROUTINE 

. TSL (P, TSl I TS19 = TS 

CHGSH = T12 - TS19 
Tl = n::., SUBROUTINE 
PSL (Til PSATl 
PSll = PSAT 

STORE: TETI, 
TS19 I PSll,. 
'CHGSH 

CAMCEL P6A 
INlERRUPT 

DONE) 
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P = Pl9 
T= T12 

(SUBROUTINE) 
HSS (P,T,2,V,H) 

P= Pl3 
T = T13 

(SUBROUTINE) 
VHCL (P, T,2,VOL,ENTH) 

QINRT = F9(H-ENTH> 

QINRT 
DQINT = (TETI-FTETD3600 

QTOT = QTOT + DQINT 

/ 

FLOW CHART 
P6B SUBPROGRAM SRETS 
. (THAW HEAT BAL.) 

HOLD P6B 
INTERRUPT 

IF CDSCHG = 0). THEN FTETI = TETI 

STORE: 
TETI, QTOT 
QINRT 

CANCEL P6B 
INTERRUPT 
COONE) 

I 
I 
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P= PlO, T= T7 
SUBROUTINE: 

' HSS (P, T, 2, V, HI 
HD = H 

P= P7, T= T7 
SUBROUTINE: 
HSS(P, T, £, V, H:· 
HOUT= H 

P=P6,T=T9 
SUBROUTINE 
\iH!i:L (P, T, 2, V·JL, EMTHl 

QIIJRV = F17•H-F6t ENTH 
-( ""17-F6l•HD 

_ QINRV 
DQIIW- (TETI-FTET.'l3b00 

QTOT = QTOT -[•QII>J"J 
FIETI = TETI 

CANCEL PbC 
· INTERRUPT 

• HOLD P6C 
INTERRUPT 
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FLOW CHART 
P6C S-UBPROGRAM SRETS 

(DISCHARGE DATA REDUCTION) 
PAGE 1 OF 2 
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P=P9, T=T8 
SUBROUTINE 
VHCL<P, T ,2, VOL, ENTHl 

P=PlO 
SUBROUTINE 
TSL <P, TSl, TSlO = TS 

P=P9 
SUBROUTINE 
TSL <P, TSl, TS9 = TS 

F8 <HD-ENTHl 
VAQTR = <TSlO-TSALTl ASCR 

SCRP = SCT<ll • SCS<ll 
+ SCT<2l • SCS<2l 

STORE: TETI 1 

TS9 I TSlO I 

VAQTR 1 SCRP 
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<PARJ!METER5l 

= Xn 

SUBROUTINE 
"ALBQQ <Xn' CRT)" 

OR 
"ALB:lQ <Xn PRTl" 

C~NCEL 
P7 

I~TERRUPT 

FLOW CHART 
P7 SUBPROGRAM SRETS 

(DISPLAY OUTPUTS) 

CANCEL 
P7 

INTERRUPT 

HOLD P7 
INTERRUPT 
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It~! KEYS 

ALL "STORE" 
DATA TO 
MAG TAPE 

FLOW CHART 
PB SUBPROGRAM SRETS 

(TEST DATA DUMP) 

CANCEL P8 
INTERRUPT 

HOLD P8 
INTERRUPT 

FORI=l,N 
Xn=PRAM(I) 

SUBROUTINE 
ALBQQ 
(Xn PRTl 
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CANCEL,PB 
INTERRUPT 
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READ ONLY IN 
OCCUPIED 
DISK AND 
MEMORY 

CANCEL 
P9 

INTERRUPT 

FLOW CHART 
P9 SUBPROGRAM SRETS 

(BACKGROUND PROGRAMS) 

HOLD P9 
INTERRUPT 
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APPENDIX E 

SRE CONDENSER DETAIL DESIGN CALCULATIONS 

PIPE WALLTHICKKE.SS CALCULATIONS 
.. , ...... 

The equation re·e·ommended :or minimum. wall thickness is 

where 

p 

D 
0 

s 
y 

E 

t m 
c 

"" .''Now . . . 

PD 
0 

\r_ = 2(SE + PY) ' C 

= design pressure 

= outside pipe diameter 

= allowable stress 

= coefficient :or steel 

= weld j:oint factor 

= minimum wall required 

= sum of allowances~; corrosion,. etc. 

P = (1 • 1) working pressure = 13·. 5 MPA (1962 psi) 

S = 73. 7 MPA @ 400°C 10, 700 psi@ 750°F) 

Y = 0. 4, E = 1 

D = 2. 54 em ( L 00 in. ) ro 

c = 0. 0762 em (0. 03 in. ) 

t = 13. 5 X 2 .. 54 + 0. 0762' 
~m 2(73. 8 + 13. 5 X 0. 4) 

tm = o·. 293 em ~0. 115 in.) 

Because the metal gets thinner at the bends, its thickness must be increased . 
. . ~. 

40454 
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t = 0. 138 in. 
0 

9 gauge = 0. 148 in. 

A 2. 54 em 0. D. by 1. 79 em I. D. (9 gauge, 1 in.) tubing is recdmrnended. 

' CONDENSATION OF SUPERHEATED VAPOR 

Computer calculations are done to predict the performance of SRE condenser 

under off-design conditions. Fi~re E-1 illustrates the flow chert for the 

calculations. 

If the temperature of the wall is above the saturation temperat'li.re at the pre­

vailing pressure, there will be no condensation and the case is that of cooling 

of gas. If the temperature of the wall is below the saturation temperah1re, 

condensation at the wall will occur even though the bulk of vapor is not yet at 

saturation, i.e., a process of simultaneous condensation and vapor desuper­

heating occurs. The sensible heat travels across the gas film, and the total 

heat (Sensible + Latent) travels across the condensate film. The procedure 

for estimating the coefficients for simultaneous desuperheating and condensa­

tion in accordance with the above mechanism is as follows: (Eef. Chemical 

Engineers Handbook, 4th Ed. , J. H. Perry, pg 10-20). 

~ + q'i' = At::.T 
g ~ 0 

~= 
At::.T 

0 

h cg 

(1) 

(2} \ 
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' L 

CHOOSE EXIT CONDITIONS, 
TEMPERATURE, PRESSURE 

CHOOSE ENTRANCE STEAM, 
TEMPERATURE, PRESSURE 

CALCU-ATE STEAM AND LIQUID 
WATER PROPERTIES 

CHOOSE A MASS FLOW RATE, 
SAY m= 900 LB/HR 

CALCULti.TE GAS & LIQUID COEFF. 
FROM DI.,.HUS-BOEL TER AND W----1 
CONDENS4TION COEFFICIENT. 

CALCULPTE STEAM TEMP. SUCH 
THAT WA!..L TEMP. = SATURATION 
TEMPERt.TURE 

CALCULATE HEAT RATE AND 
TUBE L~NGTH REQUIRED AND 
HEAT R.OATE PER UNIT 
LENGTt' (q1 ) 

CALCULATE NEW 
MASS FLOW RATE 
In= Q/AH 

CALCULI.TE NEW 
HEAT RA.TE 
Q= Q' x550 

Figure E-1. Condenser Performance Flow Chart 
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Substituting (1) in (2) we get. 
1 

h 
cg 

where. 

qT 

qg 

qc 

qT 

h 
g 

h 
c 

= 

= 

= 

= 

= 

= 

= 

qg + 

1 
- h 

g 

+ 1 
h 

c 

Sensible heat or superheat 

Latent heat 

Total heat 

Gas coefficient (Dittus-Boelter) 

Condensation Coefficient 

/ 

h 
cg 

= Coefficient for simultaneous desuperheating and 
condensation. (inside coefficient). 

The heat rate is calculated from the energy equation: 

q = m. [c (t - t ) + H + cpl { tsat -
1

0 ) J pg in sat fg 
Superheat Latent Sub cool 

heat 

and 

q = u A (L\Tg)LN + u A ( L\T cg)LN + u g g cg cg L 

, 

where t. - t 
1n stm 

- t salt)] (L\ T g)LN = ln l't. - t lt)/(t t 1n sa s m 

40454 

( 4) 

AL (~ T L}LN 

(5) 

I 
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t t 
sto sat 

ln [ (t - t }/ (t 
· stm salt sat 

t = Steam tempe:ra.ture at which wall 
stm 

temperature , t wall s t · t. s· t s t t 
sat' 1n stm sa 

(when t stm = t sat' ( L\ T cg}LN t - t 
sat salt 

and when t 
t. ( ~ T g)LN = 0 } stm = 1n 

t 
sat t 

out 

( ~ TL}LN · = ln (t .. 
sat -- + }/t 

·salt out - t salt} 

t. = Entrance steam temperature 
ln 

t = Sat~.;.ration steam temperature sat 

t = Exit steam/water temperature out 

:n'l = Stea:n flow rate at entrance to condenser 

c - heat capacity of superheated steam pg 

cpl = heat capacity of liquid water 

Hfg = Latent heat or heat condensation 

' _I rl u = (h; + (used when t. > t t } g 
UoT 

1n sm 

u = kg + _I r (for t t = t h = h and cg 
UoT. 

· s m sat, cg c 

u = u } 
cg c 

40454 
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(h~ 
+ -if--r UL = 

oT. 

( 1 + 1 +. _1 f 
UoT = houtside 

h hdirt tube 

)0. 8 (Dittus-~oelter) h = c (m 
g g 

hL = CL 
(m}o. 8 (Dittus-Boelter) 

A = Tube surface area for cooling of gas to t t . 
g sm 

A = Tube area for condensation and desuperheating 
cg 

AL = Tube area for sub cooling· of condensate 

c = Constant for given fluid 
g 

h = Outside coefficient (salt side) 
0 

UoT = Outside and tube coefficient 

The first term in equation 5 is the heat rate for vapor desuperheating 

when the tube wall temperature is above the saturation. The second 

term is the heat rate for simultaneous vapor desuperheating and con­

densation and the last term is heat rate for subcooling of condensate 

(if any). Trial and error calculations were done to obtain the steam 

temperature at which the wall temperature equals the saturatif:n 
\ 

temperature. 

The following assumptions were made 

1. 

2. 

The outside salt coefficient is constant at h 
0 

2 
= 91.4 Btu,1l1r-ft -F 

2 
The condensation coefficient is constant at h = 2350 Btu/hr-ft -F 

c 

40454 
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3. 

4. 

5. 

6. 

2 
Fouling coefficient, hdirt = 1000 Btu/hr-ft -F 

Salt te.mperatu:re~ T (salt) = 578°F 

Design tube length, L = 550 ft 

Feedwater temperature = 440°F 

The design tube length is based on condensation of saturated steam to give a 

~1.eat rate of 4. 59 x 105 Btu/hr. 

Results 

Figures E-2(a) and (b) show the effect of super:3ea1 on heat rate and heat 

::-ate per uni-: length at design coefficient and tube l:mgth. The heat rate or 

teat flux increases with increase in steam temperc..ture. Figure E-3 is a plot 

of heat rate versus steam ma:>s flow rate at different entering steam condi­

tions. The conditions :~.t condenser e-xit, assuming 550 ft of 0. 762 in. I. D .. 

tubing, is plotted in dotted lines. Figure E-4, same as Figure E-3, shows the 

condenser performance starting with same mass flow rate of superheated steam 

a: 800°F and desuperheated to different degrees of superheat using 620°F feed­

v.:ater. Figure E-5 and E-6 show the effect of. outside and tube wall coefficient 

on heat rate and steam temperature. When the inside coefficient controls heat 

rate decreases with superheat and then increases. 

Note: With steam trap in the condensation system, the chances of high sub­

cooling of condensate are low because the capacity of the trap is almost five 

ti::nes the conjensation rate anj water will be forced out of the tube at a high 

velocity. Besides we do not see any steam vapo:::- ccming out since neither 

traps would pass any appreciable steam. We would,. therefore, see essentially 

sa":urated water coming od from the system. In the former case the con­

troller actio.:1 would be to force more steam into the condenser while in the 

latt~r it acts to shut off the stea.m inlet valve and causing it to develop a 

pressure levei.. to even'::uaEy condense steam. 
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I 
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660 6~o- 1bo 71o 
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STEAM TEMPERATURE, [°FJ-

' 
370 380 

1. TOTAL CONDENSATION OF 
STEAM, WITH SAT' D 
LIQUID AT CONDENSER EXIT 

2 p = 12.4 MPa <l8GO PSIA>, T<SALTl = 
• 327°C C620oF) 

3. T<SAL Tl = 303°C {578oF) 
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Figure E-2. SRE Condenser Heat Rate versus Steam Temperature • ) 
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Figure -E-3. SRE Condenser Performance Heat Rate versus 
Steam Flow Rate 
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Figure E-4. SRE Condenser Performance, q versus m 
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APPENDIX F · 

INSTRUMENTATION ERROR ANALYSIS 

Prel~minary calculations have been made which demonstrate that the SRE/TS 
instrumentatior_ VJ"ill permit an accurate heat balance to be made. 

To perform heat flow and heat storage calculations, four types of information m:ust 
be kn:)wn: pressnre, temperature.· mass flow rate and =I_uality. The heat is all 
tranSJOrted, neglecting heat loss terms, across system boundaries by water or 
stearr_ flow, thus steady- state energy balances are made by summing fluid 
enthal?Y fluxes. -

Measurement errc•r analysis starts with consideration of the inaccuracies in the 
primary sensors. Table F-1 lists the basic instrument types and their accuracies. 
In most cases the data 'acquisition system contributes as much to the overall error 
in a reading as does the basic sensor. 

Steam quality wil~ not be measured in this experiment, but will be calculated where 
necessary. The steam drum supplier guarantees a discharge steam quality of 
better than 99. 5 percent, whi:h is greater than can be measured with most instru­
ments. The vaporizer discharge line steam quality can be calculated by perform­
ing an energy balan-~e around the steam drum. 

In mass flow measurements three errors must be included in the measurement 
error: calibration error of the venturi, pressure transducer error, and data 
acquisition system error. Determination of the fluid density error should also be 
included, particularly where vapor flow is being measured. To get a better view 
of the effect the tota~ instrurr:;entation -error has on enthalpy determination, four 
design state points were chosen and tr.e error envelopes plotted on steam charts. 

The steam charts pkt lines of constant pressure and constant temperature as 
functions of specific -.rolume and enthalpy. Figure F-1 shows the region of un­
certainty in enthalpy determir:.ation for the feedwater at the design point. For 
the feedwater, the temperature measurement uncertainly accounts for most of 
the uncertainty in enthalpy since enthalpy is not a strong function of pressure for 
a liquid. 

Figure F-2 shows the discharge steam enthalpy determination around the design 
point. To better shew the small region interest, an enlargement was made 
(Figure F-3). Because the lines of constant pressure and te:nperature intersect 
at oblique angles, it would not be intuitively obvious without the diagram which 
points constitute the extreme maximum and minimum values of uncertainty in 
enthalpy determination. This ~articular point is interesting in that three proper­
ties are required to define the enthalpy range. Figure F-4 shows the design 
point conditions for the condenser inlet. Due to the inherent requirement for a 
few degrees of superheat in the desuperheater discharge, the saturation vapor 
line is usea as the lower limit f.:>r the enthalpy range. 

40454 
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The condenser outlet enthalpy range is shown in Figure F-5 . If the steam traps 
are working properly, the discharge condensate should be very nearly all satur­
ated water with little live steam lost. The fluid is compressed liquid; like the 
feedwater, its enthalpy is largely a function of temperature with little dependence 
upon pressure. 

Table F-2summarizes the graphical results. To calculate an enthalpy flux,· the 
enthalpy of each fluid stream must be multiplied by the fluid flow rate which has 
its own error in measurement. The errors in flow measurement add to the errors 
in enthalpy determination to give the maximum range of error in enth~lpy flux or 
heat flux de~ermination. 

Table F-3 gives the range of errors that the heat flux determination may take on 
when operating at the design conditions. The lower block lists the largest error 
that is expected in determination of energy flux to or from storage. These error 
intervals represent the sum of errors resulting from several independent measure­
ments of pressure temperature and flow rate. It is highly unlikely that all of the 
errors will add in the same directio.n to produce the maximum errors calculated 
in Table F-3. 
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Table F-1. p~sch~rge Steam Enthalpy Summary 

- -· --. 
INSTRUMENT RANGE OUTPUT SIGNAL ERROR 

; . ' ' 

.. : . .... ...... ~ 

PRESSURETRANSDUCfR 0-15.00 PSI 4-20 MA MAX± 0. 2% OF SPAN .. .. .. . 
. TYPICAL± 0.1% OF SPAN 

PRESSURE TRANSDOCER p ~ 1500 4-20 ffiA MAX± 0. 5% OF SPAN 
TYP~CAL ± 0. 35% OF SPAN 

DIFFERENTIAL PRESSURE 4-20 MA MAX ± 0. 35% OF SPAN 
TYPICAL 0. 25% OF SPAN 

VENTURI TUBES ± 0. 5% ~F F/S 

' 
THERMOCOUPLES ANS.I TYPE K 0-2300°F MILLIVOLTS ± 0. 38% OF READ lNG . . 

PREMIUM GRADE 

DATA ACQUISITION SY5TEM ± lOMV ± 0. 33% OF F/S 
HP-9cll ~ 20MV ± p. 28% OF F/S 

± 2Q NIA ± 0. 39% OF F/S 
..... -- .. ~ 
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Table F-2. Enthalpy Determination 

l SYSTEM LOCATION DESIGN CONDITIONS ENTHALPY INDETERMINANT RANGE 

DISCHARGE STEAM 6.48 MPa/281C 2779. 1 kJ/KG 2773 TO 2796 kJ/KG 

' 
(940 PS IA/537F) (1194. 8 BTU/LB) (1192 TO 1202 BTU/LB) 

FEED WATER 1C. 0 M Pa/204°C 876 kJ/KG 869 TO 883 kJ/KG 
0450 PS IAI4000F) (376. 5 BTU/LB~ (373. 5 TO 379.7 BTU/LB) 

CONDENSER IMLET 12.32 MPa/326. 7°C 2682 kJ/KG 2681 TO 2697 kJ/KG 
il787 PSIA/620°F) (1153. 2 BTU/LB) (1152. 5 TO 1159.5 BTU/LB) 

CONDENSATE CUTLET _2,1L MPa/325. 5°C 1497 kJ/KG 1483 TO 1500 kJ/KG 
{1760 PS 1N617. 9°F) (643. 7 BTU/LB) (637. 6 TO 645.0 BTU/LB) 

'J APOR IZER IN_ET t.E-6 MPa/284.4°C 1141. 6 kJ/KG 1132.5 TO 1150.7 kJ/KG 
(~9.5 PS IA/502. 4°F) (490. 8 BTU/LB) (486. 9 TO 494. 7 BTU/LB) 

VAPORIZER OUTLET 6. 53 ~~Pa/28l°C CALCULATED 
(946. ~ PS IA/538°F) FROM ENERGY 

BALANCE 

40454 
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Table F-3. Enthalpy Changes Across the Thermal 
Storage System 

SYSTEM NOMINAL H MIN H MAX H PERCENTAGE ERROR 

VAPORIZER 

CONDENSER 

MASS FLOW RATE 

1903 kJ/KG 
818.3 BTU/LB 

1185 kJ/KG 
509. 5 BTU/LB 

1889 kJ/KG 
812.3 BTU/LB 

1180. 4 kJ/KG 
507. 5 BTU/LB 

DISCHARGE STEAM 272 ± 5.6 KG/HR =± 2.1% 
600 ± 12. 3 LB/HR 

CONDENSATE 412 ± Z3 KG/HR = ± 1. 8% 
908 ± 16 LB/HR 

TOTAL HEAT FLUX DETERMINATION ERROR 

VAPORIZER -2.8% TO + 3. 3% 

CONDENSER -2. 2% TO+ 4. 2% 

40454 

1927 kJ/KG 
828.5 BTU/LB 

1214 kJ/KG 
521.9 BTU/LB 

-0. 7o/o TO + 1. 2% 

-0. 4% TO + 2. 4% 
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APPENDIX G 

LOGIC DIAGRAMS FOR CONTROL 
OF THE 

THERMAL STORAGE SUBSYSTEM RESEARCH EXPERIMENT 

I 
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. 
ABBREVIATION MEANING 

i CP CONTROL PANEL 

[p ELECTRONIC/PNEUMATIC POSITIONER 
' 

EE. ELECTRICAL TRANSDUCER ' 

·' 
FT FLOW TRANSMITTER ' I 

I 

' LT LEVEL TRANSMITTER 

PT PRESSURE TRANSMITTER 
: 

TE TEMPEF.'I.TURE ELEMENT 

' cs CONTROL SWITCH 

IND INDICATOR 

LS LEVEL SWITCH 

PS PRESSURE SWITCH 

RCD RECORDER 
I 

sv SOLENOID VALVE 
' : 

DA DATA ACQUISITION I 

TT TEMPERATURE TRANSMITTER 

PB PUSH BUTTON SWITCH 
i 

TSS TOGGLE SELECTOR SWITCH 
i 

' 

OL 
l. MOTOR OVERLOAD SWITCH 

zs POSITION SWITCH 
' 

! 

i 

' 

DATE REVISION OR ISSUE NO. BY 

BLACK & VEATCH ERDA ~ 10MWe SOLAR PILOT PLANT 

CONSULTING ENGINEERS SUBSYSTEM RESEARCH EXPERIMENT 

~ 
PROJECT 

LD1001-1 

7021 SYSTEM CODES 

- G2 -
40454 



EXAMPLE 

---c~r 

: . . \ 

CS "START" ~ 
~~~~-------------CP3-202 

AIR REC PRESS LOW .. 
PS3-15 

VA6VE tOot CLOSED ... 
LIS3-18 

• ENERGIZE SOV3-~R } 

--- START MOTOR I\.:) 

-----J( START. MOTOR 

PS 3-3 _ 

0 

PS3-3 START MOTOR} 

~PS~3~-~3--------~0 . 

-----------~ RA A 

' MEANING 

LIGHT COLOR INDICATED BY LETTER (PREF{X D - DIM) 

. WINDOW ANNUNCIATOR 

RECORDING ANNUNCIATOR 

INPUT CONDITION IS STATED ON TOP OF LINE AND SOURCE 
OF INPUT IS i~DICATED BELOW THE LINE 

ARROW INDICATES A CONSEQUENTIAL ACTI~. 
VERTICAL LINE INDICATES A LOGIC SIGNbL ORIGINATING 
WITH A STARTER OR BREAKER AUXILIARY CONTACT. 

80TH MOTOR AND LIGHT ARE ACTUATED BY ONE CONTACT 
IN PS3-3 THROUGH AN AUXILIARY RELAY 

MOTOR AND LIGHT ·ARE ACTUATED.BY TWO ElECTRICAlLY 
SEPARATE CONTACTS IN PS3-3 

SIGNAL TO RECORDING ANNUNCIATOR ALSO ACTUATES 
WINDOW ANNUNCIATOR 

ERDA - 10 M\-le Sn! ··' ~.: PILOT PLANT 
SUBSYSTEM RESEA R' ·:I EXPERIMENTS 
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SUMMING TWO SIGNALS 

t';ORE THAN T\JO SIGNALS 
CAN BE SUI·1ME D IF 
REQUIRED 

5 
PROPORTIONAL CONTROL WITH 
INTERNAL SET POINT 

·<;~-!- 6 

K 

9 
MULTIPLYING ONE SIGNAL BY 
A HAilUALLY ADJUSTED 
MULTIPLIER. , 

~ OR 

-----------------~----------------···· 

2 
· A'JERAGING HfO SIGNALS 

MORE THAN TWO SIGNALS 
CAN BE AVERAGED IF 
DESIRED. 

6 PROPORTIONAL PLUS INTEGRAL 10 
CONTROL WITH SET POINT ROOT EXTRACTING 
FROI-; EXTERIML SOURCE. 

INTEF.NAL SET POINT TO ROOT MAY BE ADDED FOR CLARITY 
BE DIAGRAMMED AS IN _SUCH AS 2,--- 3,--
EXAMPLE 5 '1/ "' 

3 7 PROPO;qTIONAL PLUS INTEGRAL 11 
DIFFERENCE OF TWO SIGNALS PLUS DERIVATIVE CONTROL NON-LINEAR OR UNSPECIFIED 

~ITH ~ET PO NT FROM 
EXTER~AL SOURCE 

INTERNAL SET POINT TO BE 
OIAGRAM'1ED AS IN EXAMPLE 5 

12 

FUNCTION PERFORMED ON A 
SIGNAL 

4 PROPO~TIONAL CONTROL WITH B 
SET POINT FROM EXTERNAL =~~~~~~~ING ONE SIGNAL BY HIGH LIMITING OF ONE 

BY ANOTHER 
SIGNAl 

SOURCE 

6 '-¢ -¢ K 

'¥ I 
I, 

LDIOOI--3 

- G4 - ~0454 



13 
HIGH LJMITING'OF A SIGNAL 
BY A MANUAL ADJUSTMENT 

17 ' 121 
t1ANUAL TRANSFER TO OR FR0/1 READOUT FUNCTION 

(RECORDER, INDICATION, 
INTEGRf.TOR) · 

A t1ANUALLY ADJUSTED SIGNAL 
AND INCLUDED SET POINT. 

(11ANU/\L-AUTOMATIC COIHROL 
STATION WITH SET POINT) 

14 18 
BIASING OF A SIGNAL BY A. SIGNAL REVERSAL 
MANUAL ADJUSHIENT 

4-~------------~·-----4----------------------
15 AUTOI·IATIC TRJ\NSFER TO OR 19 

16 

FROt1 A MANUALLY ADJUSTED SIGNAL MONITOR 
SIGNAL. 

·. ~i 

OR -Q 

MANUAL TRANSFER TO OR 
FROM A MANUALLY ADJUSTED 
SIGNAL. (MANUAL-AUTOMATIC 

'CONTROL~) 

20 
TIME FUNCTION 

FUse OF 
TIME ONLY, BY A FUNCTION 
(PROGRAM . OF TIME. 
CONTROLLER) 

22 
FINAL CONTROLLING FUNCTION 
(CONTROL VALVE OR DRIVE) 

WITH WITH GAIN 
CHARACTERIZATION ADJUSTMENT 

·------------~------------------------
LDIOOI -4 
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B&V DHG. NO. 

LD10C4-l 

LD1004-1A .. , 

LD100~-2 

LD1004-3 

LD100li-~ 

LD1004-5 

LD1004-E 

LD1004-7 

LD1004-8 

LD1004-9 

LD1004-10 

LD1004-ll 

LD1004-12 

LD1004-13 

LD1004-14 

LD1004-15 

LD1004-16 

BLACK & VEATCH 

- G6- · 

' 

TABLE OF CONTENTS 

TITLE 

TABLE OF CONTENTS 

TABLE OF CONTENT:> 

THERMAL STORAGE DRUH INLET CONTROL -
ANALOG LOGIC 

THERMAL STORAGE DRUH LEVEL CONTROL -
ANALOG LOGIC 
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ANALOG LOGIC 
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THERl-tAL STORAGE CHARGE STEAH -
ANALOG LOGIC 

THERMAL STORAGE INLET STEAM SHUTOFF VALVE 

THERMAL STORAGE FEEDWATER SHUTOFF VALVE 

MODE SELECTION 

DE-ICER STEAM SHUTO?F VALVE 

THAW STEAM SHUTOFF VALVE 
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APPENDIX H 

VA.PORIZER SCRAPER MODEL USED TO EVALUATE THE 
OUTSIDE HE...t\T TRANSFER COEFFICIENT 

SUMMARY 

This literature survey is to evaluate the qualitative and quantitative aspects 
·=>f the two-p·:1ase forced convection heat transfer. 

Chen's correlation is used to evaluate the inside heat transfer coefficients 
fo::>r qualities between 0. 01 to dryout pt ("-'0. 6). Rohsenow' s relation is used 
for qualities below 0. Ot. The inside coefficient increases with quality. 

Salt thickness as a function of time is evaluated using the energy conserva­
tion equation. Assuming a clearance between scraper blades and vaporizer 
tubes, outside heat transfer coefficients as a function of time are evaluated 
for clearan·:::es between 0 to 2. 54 x 10-2 em (0 to 10 mils). The overall coef­
ficient is cc.lculated as a function of both time and quality. Simpson's rule of 
integration is used to calculate the time-averaged coefficients. The outside 
coefficient is found to be :::ontrolling. 

T:=-ial and error calculations were done to estimate temperature drop~ and 
heat fluxes at different qualities and time. In thermal storage, boiler heat 
fluxes vary between 3-1.7 to 50. 5 kW/m2 (11, 000 to 16,000 Btu/hr-ft2). 

Macbeth's correlation for critical heat flux is used to determine the exit steam 
quality. Fo::::- design, 20 percent quality at the vaporizer exit was chosen. 

QUALITATI\7 E DESCRlPTION OF THE PROCESS: 

In the vaporizc..tion of a Uq·1id stream flowing through a closed channel, 
es~entially tr_ree regirr_ea of heat transfer can occur (see Figures H-1 and 
H-2): 

1) Nucleate boiling regime 
2) Forced convection controlled heat transfer regime 
3) Regime of liquid deficiency 

The first regime is characterized by bubble growth and nucleation at the heat 
transfer surface, and the heat transfer coefficient is a function of heat flux. 
In the convection controlled regime, the heat transfer coefficient is independent 
of the heat flux and is given by a modified form of the Dittus- Boelter-type 
equation (Reference 2) as for single phase convection heat transfer. The 
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Figure H- 1. Boiler Tube Heat Transfer 
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third regime is characterized by a liquid deficient condition at the wall and 
occurs at high vapor mass fractions. It is in this regime the heat transfer 
coefficient experience a sharp decrease. Experimental studies for each case 
were done by various authors and the heat transfer relations were correlated. 

EMPIRICAL CORRELATION FOR TWO-PHASE COEFFICIENTS: 

Table H-1 lists the authors and the correlating equations and Table H- 2 gives 
the variables studied by investigators. Of the equations listed, Chen's cor­
relation had received much of our attention. Contacts were made to special­
ists in the area of forced- convection two-phase boiling heat transfer. It was 
established that Chen's correlation ought to be satisfactory. 

Chen's (Reference 1) correlation for heat transfer coefficients is based upon 
macroconvective and microconvective effects. The macroconve·::!tive term is 
the modified Dittus Boelter equation and the microconvective term is based on 
the Forster-Zuber (Reference 4) formulation for pool boiling. Table H-3 
gives the variables and system conditions and the ranges for which Chen's 
correlation is applicable. The conditions fall within or close to the specified 
range. However, Chen's co~relation is for vertical flow, but at the high 
velocities the correlation could satisfactorily be applied to horizontal boilers 
(Reference 2). 

Besides Chen's correlation, other correlations considered were those of 
Rohsenow (Reference 3) for low-quality regimes, and of David and Davis 
for annular flow regime. The heat transfer coefficients calculated as a. 
function of quality are shown in Figure H-3 for each of the correlations. 

Chen's Correlation: (Ref. Table H-4 for definition of terms) 

Quality range used 0. 01 <X < 0. 7 (or dryout pt. ) 

h = h . +h 

where 

R e 

F 

m1c mac 
k' 

h = 0. 023 F (Re)O. 8 (Pr)0· 4 DL mac 

h.·. = o. oo122s Kc (t.T)0· 24 (t.P)o. 75 
mlC 

= G(l-x)D 
fJ. 

N 

= F (X) and 

~ = (x)0.9(PL)0.5(a)0.1 
1-X p g fJ.L 
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Table H-1. Proposed Correlating Equations 

Authors Correlating Equations'~ 

David, et al (Ref. 4) 

Bennett, et ~1. 
(Refs. 3, 13: 

Chen (Ref. 1: 

Dengler (Ref. S) 

Fikry (Ref. 6) 

Guerrieri and Talty 
(Ref. 7) 

Groothuis and H~ndal 
(Ref. 8) 

- H6-

I 
. hD 

(
PLl 0. 28 (DGtXl 

0
· 

87
( ~1°· 4 

0. 06C p . L k 
kL g ~ L 

- _g_ = 0 64 --'TP (, )o. n (· 1 lo. 74 
lhL A . Xu 

h 

h mac 

h + h . mac m1c 

k o. 79c o. c.;5P o. 49 o. 25 

h . 
ffilC 

0.00122 
L PL L gc 
ao. 5~Lo. 29hfg o. 24pv0. 24 (t.t)

0
· 

24 
x 

(t.P)o:75 8 

where F and S are empirically correlated factors. 
(S = 0 w:1.en nucleate boiling is totally suppressed) 

where c 
c 
c 

' 

0. 84 0. 4 X 0. 5 
0. 887 0. 55 X 0. 65 
0. 9 04 0. 7 0 X 0. 8 0 

( 
1 l 0. 45 = 3 4 x 

hD 

·kJ:: 

u 

0. 029 L L + 
(

p u D 

~L 

40454 
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Table H-1. Proposed Correlating Equations (Concluded) 

Authors 

Kvamme (Ref. 9) 

Mumm (Ref. 10) 

\ 

Shrock and Grossman 
(Ref. 11) 

\ 

Silvestri, et al. 
(Ref. 12) 

Correlating Equations 

~I 1 - X ) 0. 8 
=1. 5 1-R ~ 

g 

where R = steam void fraction calculated from g ' 
Martinelli-Lockhart correlation 

hD 
K = [4. 3 + 5. 0 x 10-4 (':Lg) 1. 

64 x] X 

. L 0. 464 

{a\) { ~{ l o. 808 

where V Lg = specific volume increase upon 

vaporization 

~~ = 170 [B0 + 1. 5 x 10-
4

( i:u) 2
/
3
R] X 

e 0. 8 Pr1/3 

whereB0 ={x) (d~) 

Graphical correlation _of 

h 
6n/6T 

TT /T3/2 
X R 0. 8 

e 
vs. 

DGt 
f.LTP 

"' ··These empirical equations were obtained under specific flow conditions and 
may not be applicable to other configurations and fluids. However, these 
typify the manner of analyzing and predicting the behavior of two-phase 

·forced-convection systems. ) Note, the correlating equations are in English 
units. See references for definition of terms. 
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Investigator I 
Anderson, et al. 

Kennett,· et al. 

Davis 

Dengler and Lee 

Fikry 

Groothuis and 
Hendal 

Kvamme 

lVlumm 

Parker and Grosh 

Silve~tri, et al. 

.. 

Table H-2. Variables Studied by Investigators of Two-Phase 
Convection Heat Transfer 

Pressure, Mass Flow Rate, Vapor Mass Heat Flux, Tube Dia., System lb/hr-sq ft Btu/hr-sq ft PSIA 
X 10-3 Fraction x 1o-3 ft 

Steam-water 20-120 32.8-fi~n 0.01 O.GO ::S.I-~f/.U 0.0387 
cl 

Steam-water 15- JG 51. ~-:n7 0-0.546 n::~~ 1'38 0.0203 
(equiv. diam.) 

- " Steam-water 25-150 50-600 0.30-0.90 50-260 0.0::1?.4 
(equivl diam.) 

, 

Steam-water 7-40 44-1010 0.07-0.90 0-200 0.0833 

Steam-water 15-25 41.4-74.7 0.02-0.82 6.0-30 0.0208 

Air-water 14.7 112-621 0-0.20 Not reported 0.0460 

' 
Steam-water 18- !l7 52-182 0-1. 00 9.4-50.2 0. 0208· ., 
Steam-water 45-200 252-100!l 0-0.GO 50-250 0.0387 

Steam-water 49-61 37-73 0.89-0.!=19 3. 0-20.7 O.Ots~~ 

Steam-water 15-75 73.6-162 (steam)· 0.25-1.00 0-1427 0.0164 
51.5-332 (water) 

Tube 
Orientation 

VP.rtical 

Vertical 
(annulus) 

IIu1· izumal 
(rectangular 
duct) 

Vertical 

Horizontal 

Vertical 

Horizontal 

Horizontal 

Vertical 

Vertical 



Table H-3. High-Quality, Forced-Convection Evaporation Correlations 
(Yadigaroglu and Bergles)>:< · · 

I . 

--
AUTHOR CIIW (97) - -
FlUID . ~/A lU~, r-.AJ:Tit.\NO' ~ CYCl.OHEXMJ£. P£NTAN£. I 

HEPrANE, UENZI ~~E 

DIRECliOtJ Of FLOW UP MJD DOWN 
' 

CHANNEL GEOi\'£TRY CIRCULAR AND A. IWLAR 

DIAMETER, 0 IIN.I LARGE- RANGE 

LENGTII, L IFTI LARGE RANGE 

PRES SURE LEVEL, p (pslal 8·505 
fMX FLUX, G f 105 (LB /HR-FT2) LARGE RANGE 

.HEAT FLUX, q" IBtu/HR-fT~) ~-760,00) 

QUALITY RANGE, x o-o.n 
RECOM.V.ENDEO CORRElATION h • hmic + hmac 

lc 
. • 0.00112 . 

1
). 79cl·4S P;_ 0.499c 0.2S 

0.5Jlj0.29h 0.24p 0.24 
fg v 

! t. .n0.24(6p1o. 75s 9 hul 

ATt11 
i Wll'H: AP •-
' 'sat 

r . 
L dlff. ln sat. vap. press. corr. 

llf 
CJ TO AT • Tw • Tsat 

9c " 32.21360012 , ·) and F given In comp. vugraph 

PROPERTIES EVALUATED AT Tsat 

NO. OF DATA POINTS/RUNS DAlA OF MANY IN vESTIGATORS 

ERROR IN CORRELATING DATA 85S WJn!IN + 1~;. 1' 
EQUATION 

I 
38 ..., 

I 

*REF. HANDBOOK Of HeAT TRANSF£.R, f• 1.3--«l 
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Table E-4. Properties of Saturated Liquid Water 
P = 940 psia, T = 537 F 

English Units 

Density PL 46. 8 lb/ft3 

Heat Capacity <.t: 
L 1. 244 Btuf.lb-F 0 

Viscosity ~L 0. 2422 lb/hr-ft 
' 

Thermal Conductivity kL 
Btu 

0. 335 hr-ft-Fo 

Prandt 1 No. Pr 0.91 

Heat of Vaporization hfg 650 Btu/lb 

Surface Tension>:' cr 0. 0296 lb/ft 

Properties of Saturated Steam 

.. Density 2. 09 lb/ft3 
\ 

Viscosity 0. 05 lb/hr-ft 

-·· ···walden's Rule (Ref. J. H. Perry, 3-:223, 4th ed.) 

cr = hfg · pL/364 

hfg in cal/ g-mole 

pL in g/cc 

cr in dynes/ em 

SI Units 

749. 6 kg/m 
3 

5208 Ws/kg-K 

0. 36 kg/m-hr 

0. 58 W /m-k 

0.91 

1. 51 X 10 
6 

j/kg 
'\ 

13. 39 dynes 
em 

33. 5 kg/m 3 

7. 44 X~ 10-2 ~ 
hr-m 

Walden's Rule used to estimate approximate value of surface tension. 
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k o. 79c o. 45 P o. 49 g0o. 25 
= _...1__ .. ---~ ····---··· L._ 

0. 5 ll 0. '29 h 0. 24 p 0. 24 
CJ rL fg g 

s = S(y) and 

y = Re':F 1· ~: 5 x 10- 5 

tihe functions for F and S used were, 

log F = 0. 447 + 0. 57 log x· + 0. 10~·5 log2 X - 0. 0176 log3 X 
S = 0. 0962 + 0. 186 e-O. 9405Y - 0. 9405y. 

Using these relations with the fluid properties given in Table H-4, parameters 
F and S were calculated and plotted as shown in Figures H- 4 and H-5, while 
Figure H-6 gives a plot of heat transfer coefficient versus quality. Chen's 
equation for the specified conditions is, 

hi = o. 0962(Fi(Re' >
0

· 
8 + 7 82(S)(nT)

0
· 

99 

R:;,hsenow's Relation: 

Quality: o<x<o. 01 (used) 

hi = (q/ A)
0

· 
67 

/'1:0. 014)KR 

where 

= fgtJ.L y. ago 
(h )0. 67(--o.../ ( • ') ') 0. 33 

, kp g(pL- Pg) 

Substituting for q/ A = h. :M. 
1 l 

we get, 

h. = K(~t.)2 (Btu/hr·-ft2-F0
) 

1 1 

where 

M. = t . - t. t (F 0
) 

1 w1 sa 

K = 3. 64 x 10 
5

/ KR 3 
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In the high quality (X> 0. 1) the S factor in Chen's correlation is of the order 
of 0. 01 and hmic is relatively small compared to hmac· However, for low 
qualities, heat transfer coefficient is a function of heat flux and, hence, ~t .. 
To calculate hi; 6ti has to be estimated by trial and error for which out- 1 

side coefficients are required. 

OUTSIDE HEAT TRANSFER COEFFICIENTS: 

Scraping Model 

The solid salt thickness Xs is calculated as a function of time. The expres­
sion for Xs was obtained as follows: (see proposal). 

SCRAPER BLADE 

CLEARANCE 

LIQUID 

Consider the elemental area dA
0

; we have from energy conservation, 

dXs 
dq = U 0dA0 · !::,T = Ps Hfs dA0 · ~ 

Now, 

(H-1) 

·(overall ) 
resistance 

= ( Inside ) + ( Tube wall ) + ( (outside ) 
Resistance Resistance clearan~e) + salt· film 

outside resistance 

/ 

' 40454 - H15-



For, 

u 
0 

where, 

h. 
1 

u 
0 

= 
1 

r m(~) o r. X xs 
ro + 1 + _£1 + 
r.h. kt k k 

1 1 s s 

= Inside coefficient, Btu/hr-ft2 -Fe 

= Tub.e material thermal conductivity = 25 hr~i~-Fo 

= Salt thermal conductivity = 0. 3 hr~~~Fo 

T sat'd -T salt = overall temperature difference 

Btu 
= overall coefficient, 

hr-ft2 -F 0 

= salt der_sity, lb(ft3 

= salt heat of fusion, Btu/lb 

= clearance between scraper blade and tube, ft 

I_ 

= salt t~idkness outside of clearance, ft 

Substituting U 
0 

in Equation (H-1) and integrating., we get 

X (t) = k ·(-B +, /B2, + 2 6 T t l 
s s · y· p Hf K 

s s s . 

where, 

ro 
B=·--+ r. h. 

1 1 

- Hl6-

ro 
I' ln·-. 

o .n 
kt 

X 
cl + -­

k s 

40454 
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B has the units of reciprocal heat transfer coefficient. 

1 
Let hieff = B 

Defining a dimensionless variable, 

2 

hieff b.T · t 
e = 

p Hf k 
s s s 

P. ff X 
Bi = 1e s 

ks 

Equation (H-2) can be written in dimensionless form as, 

Bi = -1 + ....; 1 +2 e I 

The outside coefficient, h is calculated from, 
0 

k 
ho(t) = X (t) ~X · 

s cl 

The average outside coefficient is obtained from 

where 

= 
1 

60N 

t( h (t) dt 
oJ o 

t* f dt 
0 
(hrs) 

N = Scraping speed in (rpm) 

Integrating we get, 

1 [xs ( x ) h =--+B-e 
oavg . At>:< ks ·~ 

A = b.T 
pshfsks 

X~ = Xs(t>:~) 

40454 

(H-3) 

(H-4) 
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In' dimensionless form, Equation (H- 4) ·becomes 

h oavg = heff [
Bi- {K-1): {1 + ~)] 

where, 

B. = 
1 

K = 

hieff Xs 

ks 
hi .f X l er c 

·k s 

= -1+V1+2e 

The overall coefficient, C 
0 

u oavg 

1 
X 

B + ......§.. 
k s 

= h 1 
eff (1 + Bi) 

t>~ru it> dt 
oJ 1 o· 

=~-~--

t>:~ f Ct 

0 

(H-5) 

Steps (i) thro;1gh (iv) were repeated for steam qualities from 0. 1 to 0. 8. The 
crUical steam quality as obtained from Macbeth's correlation is "'0. 75 for the 
1800 psia/950"F cycle and water velocity of 5 ft/sec. The above calculations 
were repeated :or scraper ·~learances from 1 mil to 6 mils. 

Substituting anc integrating, we get 

I u - h Bi I oavg - eff e (H-6) 

Tab:.e H-5 gives typical -,alues of Xs. hoavg• Uoavl!' llj_ for a 3 mil clearance 
as a function of scraping speed. Figure H- 6 is a p1ot of hi, heff• h0 avg• 
and Uoavg as a function of steam quality for a scraper speed of 120 rpm and 
salt clearance o: 3 mils. Figure H-7 is a plot of Uoavg as a function of heff 
for 100 rpm and 600 rpm scraper speed. 
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Figure H-7. Salt Thickness a~::>. a Function of Time 



Table H-5. Typical Values for X • h • U
1
. versus ··t• for a Clearance 

-2 s 0 
of 1. 2'7 x 10 em (5 mils) 

QUALITY REY NUMBER W·1AC DR HI Ct·1ti C 
o. 1 o o ' 2. ~ 1 1 c'45::::E 05 4. =.::: 04 7E.E.E n::.: 

::::Ec:s: 

0. 1 0 
0. 20 
0 . . ::::0 
0. 4fl 
0. 50 
0. 60 
0. 70 
0. :::0 
0. 9 0 
1 . 00 
1 -· 0 . 0:: 

1 . 4 0 
1 . 6 0 
l : -. 0 . --· 
·:· 0 0 '--• 

·:· 
'--• 50 
::: 00 - . - 50 . _, ·-·. 
4. 00 

0. oo::::oo 

H OA 1•,•'1;:i UOA\·1G H O::EFF) BlOT 

PF't·1 ( I t·lCHE:~· :~ F:TU.····HR-5:0. FT. -F 

60 0. ) . oo:::::=.:: 0 
::=:o 0. ) . 00449 
;~: 0 0 . (I . 00'5 1 2 
15 0. (I . fl0569 
tc:·o . I) . 06;:::::: 
1 00 . 0. 067;:: 

:::6 . c . o7c::o 
'":'0::: 

.. ·-· . c . 0764 
6 ? . 0. o::: 07 
t. o. 0. '-' (1:34::: 
5 J). 0 . 0 0'325 
43. 0 .. 00997 
·:•7 ._1 I . 0. 01 065 
.-,.-, 0 01 1 ::=:(I .,: •. ;= . 
.::.: (I . :(1' (I 1 1 '31 
24. (1. 0 1 ::::::=:4 
- 0 0 01 464 c. . . 
1 7 . ·) . 01 5:::4 
1 0::: 

·--~ . (I . 01 t:.·~? 

SCR Time = Scraping time 

x 8 = Salt thickness 

l 05 (I . 6 .:.·~:;:: 

·~5E. . 1 649 
::::::5 . c: 6 14 
:::2·::-. ::.: I:" ,-·.c:-·-•·::._! 
7::::~: . 5 5E. 1 
745. 1 54 0 
7 t·-· 0::. . 2 c:---. 

· • .II:: 1 
E.:::::::. r 

··-' 505 
::,5::: . ·:-·-' 4'30 
E.::::5 . :=; - 4?7 
5'317 . ·:: ·- 454 
1:'·-c:' 

·-''='·-·. .:i 4::::4 
5::.:::: . :~; 4 17 
0::: 
._1 14 . ·:; 4 o;:: 
494 . 4 ·:.;:::·~ 
.-·c:-···, 
"t·-'C • 6 36 t 
4C:: o . 2~ ::.:::"3 
::::94 0 . ... - 1 . ::: ;:-~ 
.-,....,.-, :::: .;. ···c. . - 0~ --· 

H = Outside heat transfer coeffident at time 1t 1 

0 
G = Mass velocity = Vel x p 

U. = Overall co':!fi'icient based on inside area 
1 

. 1 7E= 1 . 1 

. 4 ?E.l. . l 

. 6 ?E. 1 . 1 

. ::: 761 . 1 

. 4 7 E. 1 . 1 

. 4 ?E. 1 . 1 

. ·~ 7 6 1 . 1 
0::: 7E.1 1 . ._1 . 

. ::: 7t:.1 . 1 
0::: ~ .- 1 1 . ._1 ( t:• . 

. 2 7 6 1 . 1 

. 0::: 
._I 

~ .-
{ t:l 1 . .1 . 4 ~ .-
( t::• 1 .-1 . 4 7t. 1 .:1 

. 1 7 6 1 . 1 
:: 7E·1 1 . .. . 
- 7t·1 1 . . .:: . 

. 1 761 . 1 

. '3 ?E. 1 . l. 

0 . 16'3 
0 - 16 . :.:: 
0. 44:=.:: 
0. 5E.'3 
0. .:.:::2 
o. 7:::7 
o. =:::~7 

0. ·34:::2 
1 . ]72 
1 1 c-.-, . ·-··=· 
1 . ::::c~2 
1 . 474 
1 . .:. 1 ·=· ·-· 
1 . ?54 
1 . ::::::4 
c: 1 .-.c= . ·=··-' 
2 . 46 0 
2 71 0::: . ·-I 

·:a ·::~54 L. • . 

(H A ) avg = (Outside coefficient x Area) averaged over the Scraping time 
0 0 

H. = Inside heat transfer coefficient calo:ulated from Chen's Equation 
1 
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CRITICAL HEAT FLUX (MACBETH16 CORRELATION) 

To determine the critical heat flux (i.e., the point where the liquid disengages 
from the wall) or the dryout point, Macbeth's correlation for high flow regimes 
was used. 

(Jd . x 10-
6 

= A-! x CD(G x 10-
6

) hfg Xe, 
cr1t · 

where A = y
0

nY1 (G x 10-6) Y2 

C = y
3

nY4(G ·x 10-6)Y 5 

At 1000 psia the y values given are: 

Yo = 1.06 y3 = 0.0085 

y1 = -0.470 y4 = -1.4 

y2 = -0.179 y5 = -0.555 

Now, 

G = 0. 9 x 106 lb/hr-ft2 (4. 39 x 106 kg/hr-m2) 
I 

D = 0.782in(2.431cm) 

hfg = 650 Btu/lb (420 WH/kg) 

,A = 1.215 

c = 0. 0127 

(% ) . x 1 0-
6 = 1. 215 - 1. 4 54 X 

cr1t e 

Figure H-8 is a plot of (q/ A)crit versus Xe, which shows that at qualities of 
about 45 percent and above, a small amount of heat flux would cause a dry 
wall. 

The heat 2-ux in the thermal storage vaporizer is in the range of 
60 KW /m (20, 000 Btu/hr-ft2), Thus, according to plot the dryout point 
will be at Xe = 0. 8. However, the critical flux is not quite critical in our 
case, sirice we have a constant temperature environment. But since the 
heat transfer coefficient decreases sharply above this quality~ economics 
dictate that the design point be chosen below the critical point. 
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5 

5 

MC BEfH' S CORRElATION 

At, P = 1000 PS lA 
G = 0 .. 9 X Io6 LB/HR-FT

2 

htg = 650 BTU/LB 
D = 0. 782 IN. 

(~) X 10-6= I. 215 - I. 454 X 
CR IT e 

THERMAL STORAGE 
HEAT FLUX, (ojA) AVE 

~--------------~--1,, 
', ,, 

' ~--
104 L----~-----r------,r----~-----r---

0 0. 2 . 0. 4 0. 6 o. 8 1.0 
X, QUALITY • 

Fig·.1re H-8. Heat Fl.ux versus Steam Quality 
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The design point chosen is 40 percent quality at the pipe exit: which means an 
operating recirculation ratio of 5 to 2. 
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APPENDIX I 

SRE VAPORIZER PERFORMANCE. MOD:Z:L 

Computer calculations are done to predict the SRE vaporizer test results, us­
i:lg the mathematical :rr..odel described in Appendix The· following equations 
were used: 

1. Inside heat transfer coefficient --

(i) 

(ii) 

(iii) 

Rohsenow' s Correlation, 0 ::;; x < 0. 05 

Chen's Correlation, 0. 05 ::;; x < x 't cr1 

Dittus-Boelter €Cuation, x :=:: x 't - cr1 

2. Critical steam quality, xcrit' -.McBeth's Correlation; (Appendix 

3. Outside heat transfer ·~oefffcient -- Scraping Model equations; 
(Appendix ) 

4. Two-phase pressure drop calculations -- Method of Thorn; 
(Appendix ) 

The following assumptions were made: 

a. 

b. 

c. 

d. 

e. 

Salt temperature, T(salt) = 298°C (568°F) 

-6 Scraper clearance, Xcl = 7. 62 x 10 m (3 mils) 

Constant overall temperature difference, b.T = T(sa1t) - T(sat steam) 

Constant steam and sa~t properties at T(sat) and T(salt) respectively. 

Feedwater tempera:ure = 227°C (440°F) 
-1 

Figure I-1 illustrates the :low chart of the calculations. The results are 
presented with .recirculaHon flow, steam drum pressure and scraper speed as 
paraneters. Recirculation flows are varied between 45.4 kg/hr (1000 lb/hr) 
to 3175 kg/hr ('?000 lb/hr). Stearr_ drum pressures are varied between 
4. 9 1\CPa (711 psi.a) to 7. E MPa (1132 psia) at scraper speed of 120 rpm (See 
attacted printout:·. Scraper speeda are varied between 30 rpm to 270 rpm at 
drum pressure of 940 psia isee attached printouts). 
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CALCULATE CRITICAL STEAM 
QUALITY XCRIT, FROM McBETH's 
CORRELATION 

CALCULATE INCREMENTAL 
TUBE LENGTH REQUIRED, 
AND TOTAL TUBE LENGTH, 
L TO CHANGE QUALITY TO X 

L < L <DESIGN) L > L <DESIGrll 

r 

Figure I-1. SRE Vaporizer Performance Analysis - Flow Chart 
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0. 670:.E 06 
o. 6·:~:::r:: o~. 

0. 710E 06 
0. 71 :::E 06 
0. 7C::4E OE. 
0. 72'~1:: 06 
o. 7::=:-:::F. 06 
0. 736E OE. 
0. 73'7-IE Of. 
o. 741~ 1)6 
0.743E 06 

PF.:E:~:::S:Uf<'E HERD 
DF.'DP FT. OF 
P:~: T loiATFF' 

7.0 ;:'0.'3 
;::~4. 4 r::=:. 1 , 
·:::=::. 9 11. .: .• :. 
54.·:.: 1f.;=~. 5 
70.5 c:·tl..o 

1 0 5 • 4 ::: 1 5 • 7 
124. E: 371. ::: 
143.7 430.:::: 
1.64. 1 4':=:t1 •. :.=: 

1:::5. ::: 554. :~: 
207.::: t=.;~:o. 7 

6500. 16.8 480.1 0.147 955.2 0.745E 06 230.1 689.0 
7000. 18.1 481.3 0.137 957.5 0.747E 06 253.8 759.7· 
7500. 19.4 4P2.,:· 0.12::: ·=!r::;·~.o:=. o.74:=.:F. o.-:. ;:?:::.;::: :::::::c:·.:~: 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DRUM PF.'ESSURE = 847.PSTR :';"AT. TEt·1F'F.F'ATI.!F.'E= 5<7~5. F. 
OVERALL. DELTA T= 43.F. SCRAPEP SPEED = 120. (PPM) 

!;~EC I F.'CULRT I [1~~ 
FLf)lol 

L f:.··'HF.' I::;PM 

500. 
1000. 
1.500. 
;~00·0. 

;:::500. 
3000. 
:::.:500. 
400(t, 
4500. 
5001), 
55 on. 
600(1. 

2.6 
. :3. '3 
s. c· 
.:= .. E. 
7.9 
'3 .tC~ 

10.5 
11. :~ 
1:::. 1 
14.4 
1'5.7 

0-0VERALL EXIT 
COEFFIC!ENT QUALITY 
P.TI_I...-HP-FT;::-F 

344.6 
44:~:.::: 

4t.:.-~:. '3 
4 ?·:· ·=-

' L. • '·' 

479.0 
4:=:::::. 7 
4:::7 0 4 
4'?0. 4 
4'33. 0 
4'35. 2 
4'?7. ;:· 
4'38. '3 

1 0 0 0 0 

0.501 
1) • :::: :~: ::: 

1).::::10 
o. E:E.1 

(I. 1'3:~: 

o. 177 
0. 160 
0.146 
o. 1:::5 

STEA~1 
f;;•RTE" 
L t.: . ...-HP. 

5no.n 
7C~5. 7 
751). 9 
?t:.5 ,, 4 
775.4 
7::::~~ .. n 
7::::::. '3 
?·~::~ ~ '3 
?·~:::. 0 
SOl. 7 
::=:o4. e 

HEAT 
PRTE 
F:TI.I..-·HJ;:• 

0. ·::::::::·~E OE 
0. 564F o,:: . 
n.5:::4E 06 
0. '5'7.15E (1€. 
(1. 6 o::::E fitS 
n. t:. o·::.E ot:. 
0. 614E OE. 
0.617E Of. 
0. 0:.21 E Olf.. 
0. !7.24E o.:. 
n • .::,;~t=.r: 1)6 

0. E-C:::::E o,;:, 

PF.:E:::::s:UF.'E HEAD 
DPOP FT. riF 
p·~:I I .• IATEF.' 

6.4 1'3.5 
1'~. 1 57 0 '? 
·.:: 0 .. :~· 93 • . :::: 
4::;.:. ::.: 1 ::::t • ::::: 
'5E. :::: 172. 0 
71.1 215.:::: 
:::6. c· :~E. 1 . c· 

l 02. 2 ::::: 0'3. t:. 
11'3. 0 ::::E-0. 6 
1:30: .. 7 414. 1 
1'55.1 471).0 

. 1 ?'4. 4 5;:::::. 5 
6500. 17.0 51111;4 0.125 810.1 0.630E 05 194.5 589.3 
7000. 18.4 ~01.9 0.116 812.4 0.632E 06 215.5 652.S 
7500. 19.7 503.1 0.109 814.5 0.633E 06 287.2 718.6 ................................................................................ 

40454 - !5 -



~·-...... ; ....................................................................... ill 
bRUM PPE~SURE =. 922.PSIA S:AT. TH1F'ERATI_IPE= 5::::5. F. 
OVER~~L DEL.TA T= 33.F. SCRAPER ·SPEED = 120. (RF'M) 

REC: J ~CULAT I [Jt·l 
FLDI.ol 

I)-OVERALL EXIT :S:TEAt·~ 

r:<·ATF 
L:t: . ...-1-<r:<' 

HEAT 
r;::ATI: 
'E~TI_I . ...-Hr:<" L f: .. ··'H,.: (.::;P~1 

~no. 

1 non. 
150 0. 
::·ooo. 
::·sno. 
::: 0 (I 0. 
:?5(10. 
4onn. 
4':'i 0 0. 
50(10. 
5500. 
6(11)0. 
6'5 on. 
700(;. 

1 ·:· . ·-' 
=· "'7 L .. • I 

4. 0 
C' .-. ·-' .. :• 
.: .. 6 
:::. (I 

1 0. 6 
1 ?. 0 
1 .::. :::: 
14. -=· 
J5.9 
17.::: 
1:::. f 

UJEFF I C I Ern 01 .rt=-·L IT\' 
f:TIJ,...HF.'-FT;:::-1=' 

~:79. 4 
4'5'3. :: 
4 77. ~~ 
4:~::=:. c: 
496·. 0 
'5 I) 1 • ·~ 
5 06 . .:. 
510.5 
513. ·:;. 
s tf .. 7 
51 '3. 2 
5C'l • 5 

0.'?46 
n. 57;:::: 
0. 3':;.7 
o. -:::04 
0.247 
o. ;:·o"? 
o. t:::o 
n.15'3 
-. }. 4C:: 

. 1C'9 
• 11 :=: 
• 1 o::: 
. 1 on 

'-. 0'?4 

1:'-:'·-· .-. 
. .. • i .:-.• ·=· 

6 o:::. 5 
.,;. u::. 1 

f ·:; 1. 4 
t;.·:_::r: .• ·:.=: 

64(1, 4 
644.0 
647. 1 
64'3.'3 

G. :?:67r::: 06 
0.444Ej 06 
0. 461E Of. 
0'. 4 7?E 06 
0.47'3E Of. 
0. 4:::5f oo::. 
0. 4 '?Of Of. 
0.4'3:3F. 06 
0.4'37E (If.. 
0. 4·::;.·~E Of, 
0. 5 02E 06 
0.504E 06 
o. 506E or:. 
o. 5 n::::E o.:. 

PI:;·E:S"S:Ur:;:·E HEAb 
TIF'OP FT. OF 
P:S. I ! •. lATEr:<· 

5.6 17.:~: 

1 4 • :::: 4 :~: • ;:: 

::·:::.4 71.7 
·:_:::-:_:::. 4 1 0?. 4 

44. ·:.=: 1'?:'5. ·~ 
56. 0 1 ?;::0. 0 
6::::.7 ;:::to. 7 
~=:2. 1 ::::52. 0 
9>: .• 4 ;::0'35. '3 

111 • E. :;:4;:·. 4 
127 . .:. ·:_:::·? 1. • 5 
144.4 44:·::. 0 
16;~:. 0 4'~7. 1 
1 ::: (! • '5 

75 0 (1, 1 ·::.. 9 :;·:-7. 0 (!. n~::;::;: 6'56. :;:: 0. 5 O'?E Ut:. 1 9'7.4. ::: 61 3. (1 ................................................................................ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DRUM P~ESSURE = 100?.PSlA SAT. TEMPEPATUPE= 545.F. 
OVERALL DELTA T= 23.F. 

PEC I r:<:CUL AT I Of'l 1)-D'···'EF'AL L E>:: IT 
FLDI.tl C:IJEFF T C I E~H OUAl.. IT\' 

I_ f: .. ···H~· f3F'~1 BTJ.I..···HF.'-I='T2-F 

50 0. 
1 on n. 
150 
c:·o 
.-.11::' 

·= ··' 
:::I) 
.-.c:-
• __ 1 _, 

40 
45 
c:;o 
55 ..1}. 

1 ·:· . _, 

4. fl 
'5.4 
6.7 
:::. 1 
9.4 

1 0. ::: 
1 ;:-. 1 
l:::: .• 5 
14. ::: 

417. 0 
4>::.5. n 

5 01 • '7 

'51;::. 0 
':.t '71 • ::: 

5:?:1.6 
':'· :::: r:. • l 
54 (1, l 
54·:::. 6 

n. 7;:··7 
n. 4 ~~f. 

o. ;:· 1·~ 
o. 1 ?·~ 
0. 1 ~·1 
fl, l.:::: 1 
(!. 1 16 
0. 1 04 
o. o·::q 
0 .. o:::::. 

:~:TEAt·l 

PATE 
L:E: ..... HF.' 

·:::.:.:;::. 6 
405.'5 
4;~·':'·. 1 

446.4 

4f.7. 5 
4 71. (! 

4?4.0 

= 12 0 . .:'PPf'o1':t 

Hf.AT 
F.' ATE 
J::TU .. ··Hr;:: 

O.?:~:tE C6 
o.:::: t·::E c;6 
0. 3C:::=::E Of.· 
o • :::: :~: ::: E n,::. 
o. :~:4'SF or:. 
0. :::.:':'•OE OE. 
0. :?'54F o.::. 
C1. :;:'S:::E OS 
0.3f.l.E Crt;:. 
(I • ·::~r::. 4 f. o.::. 
o. ·::~.6E or:. 

F'PE:~SUPE HEAD 
DPDF' FT. OF 
F"~: I l.dA fER 

4. l. 1 ;:: • !:=: 

'3.'3 ·:::0.7 
tt: .• f. c:;1.7 
;~·4 ~ ·:: 75 . .:. 
-:;::;::. 9 1 oc:· . .::: 
4E:. :::: 1 :~: 1 • ? 

~. ·;:. ::-: 1 9::". 5 
75. :~: 2:::~i. '? 
::~:::_. 7 C'75. 9 

1 o::-. 4 ·:: 1 :::. E. 
6nJo. 16.2 546.6 0.07'3 476.6 0.368E 06 117.0 363.8 
~500. 17.'5 t::;4Q,2 0.074 478.9 0.370E 06 132.3 411.~ 
7000. 18.8 551.o o.n69 481.3 0.372E 06 148.6 462.1 
75oo. ::-·"· c: '554.::.: o. 1)0::.4 4:::::::.:::. o. ::::;::o·:::E or:. 165.6 515 • .:· 

............................................ ~··································· 
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'···································.············································" .. 
DPUM PRESSURE = l044.PSIA SAT. TEMPERATURE= 555.F. 
[1'•/F.PALL. DELTA T= 13. F. SCPAPFP SPEED = 120. (PPM> 

PEC J PCULAT I Ot~ 
FLOio.l 

0-DVEPALL EXIT :~:TEAt·1 

P.ATE · 
L t: ... ·w;:· 

HEAT 
P.8TE 
BTI_I .. ···HF.' L F: ...-H~· 1::;F·~1 

500. 
1000. 
1500. 
;~oon. 

2500. 

1.4 
.-. -, 
c: • i 

4. 1 
5.4 

•::OEFFICIENT DIJ8LIT\' 
BTU ...-HP-FTE'-F 

457. 1 
4:~:7. 5 
507.5 
C' .-.. -. .-. • ..... -:. c. •. -.· 

o. :;:·:;.s 
0. 2C~E. 
0. 161 
0. 1.:·5 
0. 1 (1:~: 

197.3 

;::·so. 7 
;:~'58. 0 

o. 15f:E nt. 
0. 174E Clf, 
0. 1 :~:t.E 06 
1), 1':::;::.=:F. fiE. 
0. 1'39E 06 

PPE:S:~:UF."E HEAfi 
DF.:OF' FT. OF 
P:~· I !.oi~TF~· · 

·:. ·:· "7 ·:.· 
L- • '•·' ! • · •• • 

11). 7 :::::.: .. E. 
16.3 5t.c:· 
;~·;::.::: 71.6 

::: o c• o. :::. 1 534. 1 o. o:::·:: ~=:t::~:. ::: o. c:: o::::F o.:. 3 o. ;~: 94. 7 
3500. 9.5 543.3 0.077 268.4 0.207E 06 38.5 120.4 
4000. 10.8 551.5 0.068 272.4 0.210E 06 47.6 149.0 
4500. 12.2 558.4 0.061 275.8' 0.213E 06 57.5 180.1 
5000. 13.6 564.0 0.056 278.6 0.215E 06 68.3 213.? 
5500. 14.9 568.8 0.051 281.0 0.217E h6 79.9 250.3 
6000. 16.3 573.7 0.047 283.4 0.218E 06 92.4 289.4 
6500. 17.6 578.3 0.044 285.6 0.220E 06 1fl5.7 331.2 
7000. 19.0 582.3 0.041 287.6 0.222F. 06 119.9 375.5. 
7500. 20.3 585.8 u.u~~ 289.4 0.223E 06 134.9 422.5 

·······································································••+•• .. •• 
·························································~·············••+•• .. •• 

DRUM PRESSURE = 1132.PSJA SAT. TEMPERATURE= 560.F. 
OVERALL DELTA T~ 8.F. SCRAPER SPEED = 12ft. (PPM> 

F.'EC I PCULAT I ON 
FLOiol 

0-0VFPALL EXIT ~·TEA~1 

Pt=tTE 
LB...-·H": 

HEAT 

L:E: . ...-HF' GPM 

sno. 
l 000. 
150 0. 
::·ooo. 
·=:r::: 0 0. 
:~:ooo. 

::=:soo. 
4000. 
4~ (! 0. 
5 Of' • 
550 
.:::.01) 
6~0 
7fl0 
75fl 

·:::·TnP. 

1.4 
-;, ·=· &.. ... • •• • 

4. 1 
C" C" 
·-' • .• 1 

E .• ·~ 

'3. ,::. 
t 1. 0 
l.P.4 
1 ::::. :~: 

15. 1 
1 E .• 5 
17.9 
1 ·~ ·:· .... _, 

20.6 

COEFF I C I Et~T OI.IAL I T'r' 
F:TI_I ... ··HF.·-FT~~:-F 

4'~"'i. ·~: 

515.4 
5Jfl. 1 
~4E~. 5 
'553. ·~ 
5t:-:::. 2 
571.0 
577.6 
c.-,.-, .-, .... •·:· . .,: ... :• 
5'3?. E· 
5'~7. ::.: 

0. ~-::2:~: 
0. 1 :;:;::· 
0.096 
0.076 
0. 063 
0.054 
n.o47 
0.042 
o. o:~:::: 

0.035 
1). o:::c.· 
o.o:::o 
o. o;::::: 
o. n2t. 
0.0;?4 

111.::: 
1 ::::c:·. (! 

143.5 
151.:::· 
157.4 
161.9 

1t.'3.C:: 
17i~. (I 

174.4 
176.4 
17:=::. 1 
179.7 
l::: 1. 0 

40454 

F.: ATE 
F:TI_I .. ···HP 

o. :::5·:::E n5 
0. 1 01 E OE. 
0. 11 OE Ot:. 
0. 110::.1:: 00::. 
0. 121.E o,::. 
0. t;::·4E 06 
n. 1 ;:?E 06 
0. 1 :~:OE 06 
0.132E 06 
0.1:34E 06 
0.135E 06 
0. 1 37E OE. 
0. l :~::::~:: 06 
0. 1 :::::·?E OE. 
0.140E 06 

PPF.S:~.UPE HERD 
D":[lF' FT. OF 
P:~: I !oiATEF.' 

1.4 
4, 0 
.... t:· 

17.5 
.-.. -. .., c.:. .• .. 

::::0. :~: 

4 7 7 
I • I 

57.4 

4 c:; 

L::. ::: 
c:·4. 2 
:~:::::. 4 
C' c:::: .­
·• ,i ... ~ • ':"• 

7~.4 

9:::. 0 
1 ;::::::;. 5 
151.0::.. 
t:7:2. 4 

7'3. :~: :~5C~. 0 
'31. ~· f-"30. ::: 

1 04 • .:. ·?::::=:.-;: 
1 j :::: • o:; ::: 7 6 • 6 

- 17 -



................................................................................ 

DRUM FRESSURF - 940.PSIA 
DVFPAL.L DELTA T= 81 .F. 

REC I ROUL.AT I ml 
FLOI.ol 

LB ..... HF' 

,· 1000. 

(3Pt·1 

.-, ~ 

L. ... 

Y)-[1'./EF.'AL L 
CJEFFICIEtH 
B TI.J .... HF.·-FTE'-F 

DPIJt·l PR'E:~::S:UF.'E = '?4 0. F':S: I A 
OVERALL DELTA T= 31~F. 

REC I F.'CULAT I Ot'l 0-[1'·/EF.'ALl 
FLOI.ol COEFFICIE,.n 

L I: . ...-HF.' (:;P~1 BHJ . ...-HF.'-FT2-F 

~AT. TEMPERATURE= ~l?.F. 
SCRAPER SPEED = 30. (RPM) 

E:=< :T ·5:Tt:=:A~1 HIE AT PF.'E:~::~:UF.'E HEAD 
OUAL IT\' RATE F.: PTE DROP FT. OF 

I_F.: ..... HR f:TU ..... HF.' p:~: I loiATEF' 

sgr. TEMPEPATUF'E= 537.F. 
SCF'AF'EF' SPEED = 60. (F.'F'M) 

E::-::1 T :S:TEAt-1 HEAT F'F'E :~::s UF:E HEAD 
OUAL. I T'r' PATE RATI: DPOF' FT. OF 

L:B . ...-HF.' F:F!..-'HP p::::· I loiATE=:R 

----------------------------~---------------------------------------------------

1000. .-, -,. c ••. 

c·ooo. 5.::: 
::::oon. :::.o 
4000. 10.? 

404. 
4?6 • 
4:::?. 
44:~:. 

7 0. .., 
0. .. 

1 0. 
7 o. 

474 474. 
250 4'719. 
171 o:::- 1 =· I ,_ . 
1 :::~(I 51 9 . 

=· 0. :~:67E 06 1 1 ·:· ::.:4 .., 
0... . -· . .. 
9 0. ·:=::::?E (16 .-,I:" 

C _I 4 -,.,-. 
I •:"• • fl 

·=· 0 3'17E C6 4 1 4 u:? 4 L. . . . 
·::;. 0. 4 o::.:E ot=. :.·:-. ·:· ·-· 1 ·=··=· '-''- . 4 

5000. 13.3 448.5 0.105 525.5 0.407E 06 79.0 243.0 
6000. 16.0 452.2 0.088 529.8 0.410E 06 100.4 309.1 
7000. 1:::.6 4.:;5. 0 0. 0?6 5J3.1 0.4t:::·E l.l!t· 1E·::::.6 3::::0.5 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• \ 
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, DRUM PRESSURE 
OVERALL DELTA T= 

= ·~40. p·s:IA 
31. F. 

"'EC I RCULAT I ON 0-DVEI"'Al L 
FLOI.ol CnEFF I C I EtH 

LB.····Hp GPM f:TI.L.···HP-FT2-F 

1 000. ·;:o 
L.' 7 4:3'7.1. 4 

;:·ooo. C' . _1. :;: 46.:: .• 1 
:~:oon. ::::. 0 47~:. 0:• ·-· 
4000. 1 0. -( 4::::.:: .• ·=· ·-· 
5000. 13. :3 4q·:· ... ·-. E. 
6000. 16. 0 4q? 

~· I • 0 

SAT. TEMPE~ATURE= 587.F. 
SCRAPER SPEED = 90. (RPM) 

E>=:IT 
OUALIT't' 

0.515 
0. 27:3 
o. 1:::7 
1). 14:~: 

0. 115 

·s·TEAI"1 
PATE 
L f: ····Hp 

'514. 
546. 
561 . 
570. 
C'--·-· ... { . 

HEAT 
PAT F. 
F:TJ.J...-HF' 

::: (I . 399( 06 
1 o. 4;;:·:::F. 06 
(I 0. 4:~:5E 06 
4 0. 44E'E 06 
.-, o. 447E 06 c 

PJ:::E:5SURE 
TIF.'OP 
PSI 

1 .-, .-, 
c.c 

E'7. 4 
..t4.6 
6::.:. 7 
:::4 • .:. 

HEAD 
FT. OF 
I.JATEP 

·::::7. 4 
~::4. ::.: 

1::::7. ::::: 
196. 1. 
2E.O. 5 

s::·;:~. :::: 0. 451E 06 o. o·:q ! 07.4 ::.:·:::o. 4 
7ooo. u::.6 5oo.6 o. n84 c;:::.:. • .:. o.454E lit. 131.9 405.::: 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DPUI"1 P!::'ES:S:URE = 94 0. PSI A SAT. TEMPERATURE= 537.F. 
OVFPALL DELTA T= 31.F. SC~APF.P SPEED = 120. (RPM) 

PE= .~:I I"'CULAT I ON n-m·'ERALL E>=:rT :::::TEA1'1 HEAT PPES::~:UPE HERD 
FLOI.o.l COEFFICIENT OUAL I T'r' J;:ATE !''ATE D"'OP FT. OF 

L E:.,...Hf'' I:;PI"1 F:Tu . ...-H":-FT:~-F I_ E:.-·' HJ; BTU . ..-:HF.' p::::: I I.IATEP 

1 on o. ·:.. -:o 4E.1 C' o. 54 1 54n. 
..., (1. 4 1 '::OE 06 t::=:. 7 :~·3. ·=· '··. ,. . I .. L. 

c.·nno. C' :;:: 491 E. 0. i:·::::::: 57E:. n (1. 440:.E (16 c:::: 7 :::~:. ·:~ 
·~I • . -

."3 ono. ·=· 0 505. ·~ 0. 1 9B 5'~~~· .-. 0. 459E (16 40: .• 7 1 4:::::. -::' =-·. . ·=· I 

4001"1. 1 (1. 7 51 C' · .... 0 n. 1.51 ,;:. n::::. 4 0. 4E.7E o.:. 66 . 6 205. 0 
snno. 1·:· -·. :::: 5;;· 1 . C' 

·-' 0. 1 .-.. -. cc. 61 1 . 1 o. 47:;:E (10:. ·=··=· · ... • • .. ~ . 4 C::71 . '7-l 
.:. on n • 1 E .• 0 5~~6. C' 

•• .J 0. 1 03 61 .: .. 9 0. 47:~:E 06 1 1 1 . ·::o :::::44. 4 
7ono. 1:::.6 s:?n. 7 o. o:::·~ .::.c·t.::: o.4:::;:·E ~.~~ 1::::?.:::: 422.4 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DF.'I..It·1 P~'ESSURE = '::04 0. P:~: I A 
OVfF.'ALL DELTA T= 31.F. 

RfC I j;;•(:IJl. AT I m~ 
FLOI.ol I 

l. E:...-·HF' 

1000. 
;:·ooo. 
:::::ooo. 
4000. 
500C. 

1:3PM 

·=· L o 7 
5. 3 
•:0 ·-·. 0 

1 n. -, ( 

1 . -, .::,. . :~: 

0-m.'Ef''Al. L 
COEFF I C I E~n 
I:TI_I . ...-HF.'-FT2-F 

47~ .. '7.1 

50'3. 
..., .. 

c:::'·-·C" ._.,:: ·-'. ·::: 
1:""•-:"'tC" ·=· ._ ... ,: .. _,. '-

54~=~. ·:.. 
L 

:S:AT. TH1Pf.F.:ATI.IRE= 537. F. 
SCRAF'EF.' ~PEED = 150. <RPM) 

E:=<IT :S:TEAI"1 HEAT F'PE:S:S:UPE HEAD 
OUAI_ I T'r' RATE F.' ATE DF.'OF' FT. OF 

L f: . ...-H"' BTI_L.···HP p:~: I l.oiATEP 

0. 55'3 C'C', .. , :=: 0. 4:::=:::::E 06 1 .-, 1 41). 4 ......... : .. .:. . 
.o. ·=··:.·~ 597. . -, 0. 4P:::.::::E CE. E··~ • .: . 91 :· 

L. . • · -· o:: . '-
0. 205 E.t5. C' 0. 477E 06 4·=· ·=· 14:::. -=· ' ··' '··'• '- ··' 
0. 157 6E~7. 1 o. 4:::EE 1)6 .:.:::. 7 21 1 . 4 
0. 127 E.:::~. :.: 0. 492E I) E. ·:,:. l . 0 .:::::::0. l 

·=· . C' C' A t:.ooo. 
~7000. 18.6 5'52.? 0.092 647.0 0.501E 06 141.1 434.3 

1 h 0 547. ::: 0. 1 07 E.4 1 0. 497E (If. 1 c~ :354. - . . ·-·· ~ ·-·. ._1 

................................................................................. 

40454 - I9 -



DRUM PRE$SURE = 940.PSIA SAT. TEMPERATUPE= 537.F. 
OVERALL DELTA T= 3l.F. ·~:CPAPER ·~·PEED = t:::: 0. (F.'PI'D 

j:;::EC I RCULAT I Ot-~ 0-0\IERAll E::< r. T :~·TEAr·1 HEAT PF'E:~:·s:UI':E HEAfi 
FLOI.o.l CllEFF J C I Et~ T OUAI_ IT\' RATE ~·ATE DF.'OP FT. OF 

LF.: . ...-HJ::· 1::;p~1 BTU . ...-HR-FTc'-F Lt: . ...-HF.: BTI_I .. ·'Hj:;:· P:~: I !.~tATER 

·:· .., 
L... • I 0. 44:?.:E 06 13.4 4t.:::· 

c.· .. 0.. 5. ::=: 0. 475E 116 ::.:o. ::.: ·~·:.:.:::: 

::.: n . :~: . n c1 • 4 ·~ o E t) 6 4 ·? • :::: 1 5 1 . :: 
4 0. 1 0 •. ,.. 0. 50 1)E )6 7 0. :;: 216. ;:;:· 
5 0. 1 :~:. ::: 0. 5 fi6E Of. ·~ ~:. 0 c·:::E .• :;; 
6 ..10. 16. o o. 51 ;::E o.:. 11 7. 7 -:::.:.;:·. 1 
7 JO. 18.6 568.5 0.095 666.1 0.516E 06 144.1 443.4 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

D~UM PPESSURE = 940.PSIA SliT. TEto1PEF.'AT1.1F'E= 5::;::7. F. 
OVEF'ALL DELTA T= 31.F. SC~APER SPEED = 210!CR8M) 

F.'ECIRCULATIDN O-O'o.·1EI"'ALL i:::-:; IT STJ::At·1 HEAT F·j:;:·E::::·~:URE HEAD 
FL.OI1I COEFFICIENT ( 11..iAl. IT\' F'ATF F.' ATE DF'[lP i='T. OF 

Lt: .. ···Hj:;:• I:; PM BTI.i..···HR-I='TC:'-F L.B ..... Hj:;:· BHL···HF.' P:~: 1 lo.IATEF.· 

1 (I 0 0 • 2 • 7 4 ·::;. 7 • c:: 0 • 5:::: :;:; 1 :;: • ,::, 4 2 • I" I e.-,.-, 6 0. 451E 06 -· ··=··=--. 
2000. 5.::.:: s-:::-:::. ::: o. ::.=:1:3 ·:::o. ·~ 95. o ~.25. c 0 • 4t:5E (If, . _1 
:::: o o o. :=:. n 551 • ;=- o.? 15 so. 2 154. 5 645. •=t n. 500E 06 
4 no o. 1 o. '? 5t==.2. ::.=: o. 1 ,::.<:, 71 • 5 ?2 o. o .:.:;::::. :~: 0. 51 OE 06 
5o on. 1 ::.=:. ·:::: 57 o. 2 n. 1 34 94. 6 C'91 • 2 6t..:~: =· fl. <=~ 1 :::E 06 . 1 .. 
6000. 16.0 576.4 0.113 675.4 0.523E 06 119.6 368.1 
7000. 18.6 581.:::: n.097 681.1 0.528E 06 146.4 4'50.5 ................................................................................ 

DF.:Ut·1 F'F'E:~::~:I..IF.'E = '::r.4 0. p·~: I A 
OVERALL DEL.TA T= 31.F. 

;;:·EC I F.:CUL AT I Dr'l O-O'o.·1EF:ALL 
FL[ll.ol COEFFICIENT 

Lf: .. ··Hp GPr·1 .F:TI_i . ...-f-!j;'-FTc'-F 

1 0 - 0. c· 7 '504. . -, . .:. 
c.·o 0. 5.; ~: 542. :;: 
::: 1) 0. .-. I) 560. 4 '·'• 
41'1 o. 1 0. ? 571 '3 I . 
50 fl. r::::. ·-=· 5:::0. . -, •.> 0::. 

601_ 0. I f.. 0 5!::6. 6 

SAT. TEMPEF'ATUF'E= 537.F. 
SC~APFF' SPEED = 240. CRPM) 

E>:'JT ·~:TEAr·1 HEAT 
OUF<L I T'r' RATE F.' ATE 

L F: .. ··Hj:;:: t:TI.I..···HF' 

0 . 5'31 sqo. 9 0 . 45:::E 06 
0. ::.:1 :::; .:.·:.:~ .. 4 0. 4'32E 06 
o. - 19 ~~~~ .. E. 0. 50'3E ot:. c 
0. 1 f.::: .=:.7 0. 1 (1. 51 ·~E 06 
0. 1 ::::.=: . 67'~ . ~~: 0. 5C'7E 06 
0. l 1 &::' . _1 6:::7. :::: o. s:::c·E o.:. . 

PF.:E::::SI.JF.'E 
DF.'OP 
p·~: I 

1 :::. ::: 
31.-::: 
50.·~ 

7;~·. 5 
·~5. 9 

HEAD 
FT. 01=' 
l.o.IATEF.: 

4C'. 5 

15t=:.7 
2C':?. 0 
c"?5. 1 

1 ;:· 1 • c.· ::::7;::. ·::;. 
7000. 28.6 531.6 0.099 693.C' 0.537E 06 148.2 456.C' 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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UM PPESSURE 940.PSIA SAT. TEMPERATURE= 537.F. 
fRALL DELTA T= 31.F. SC~APEP SPEED = 270. (PPM) 

EC I RCULAT I Ot~ n-OVEPt=ILL E:,,: IT STEAI'1 HEAT FPf.SS"UP'= HE Ail 
L.OJ...I COE'FFICIE:NT OUAL IT'l PATE Rt=ITE DPDP FT. OF 
I_ E: . ...-HJ;;' GPM BTU.····HR-FTE:-F L. "E: .. '.HP. E:TI_I . ...-HR P:s·r I .• IATEP 

-----------------------------------------------------------------------------
1 0 0 0 0 ·=· 7 51 0. 0 0. 5·=--:=: 5'~7. E. 0. 463E OE. 1 4 0 4:3. 0 

'- 0 
. 

2000. c:- :~: !549. ::: 0. :32C' 64:~: 6 (1. 499E: 06 :~~ 1 7 '37 5· ·-·. - . . ' . 
::.: 00 0. ·=· 0 5E.?. 9 0. 222 .- .... C' 4 0 .515E OE. 51 5 15::=: c:-·-·. t::•t:•. _I • . . • •. 1 

4000. 1. o. 7 57'3. ::: 0. 1 70 E.?·~. 
.-, 
.;. 0. 52€·E 06 -,.-, 

I .;. • :;: .-.. -.~ 
c.c ·-·. 5 

50ft0. 1 ·:o :~: 
C' r-•• -, 4 0. t:=:::: t:.:::·:;.. 4 0 '534E 06 '37 0 2'3::: 4 ·-·. ·.••::•:':• . . . . 

6000. 16. n 5'35 . 0 0. 1 16 .::·~7. l 0 . 540E 06 1 . -..-. c:. .:: .• c:-
·-' :37E .. ·~ 

7000. 18.6 600.1 0.1.00 703.2 0.'545E ~~~ 149;8 460.9 ............................................... , ............................ . 
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-~ 




