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I. SUMMARY OF RECOMMENDATIONS 

A. Large amounts of energy can be saved by the simplest 
measures. The savings from turning off equipment when 
unnecessary (sometimes completely), reducing use tem­
peratures, and reducing hot water usage, can overshadow 
the savings from even the best solar system. 

B. The closed-loop drain-back system offers many advantages 
over other ~omestic hot water collector loops, including 
the dependability of gravity drain-back freeze protection, 
low maintenance, minimal costs and simplicity. 

c. By installing a loop between the solar storage tank and 
.the backup storage tank, the backup tank can be used for 
solar storage (when the solar tank temperature exceeds the 
backup tank set temperature) during periods of high solar 
input and/or low loads, when storage is most needed. 

D. The FCHART computer program can be helpful not only in 
performing thermal and economic analyses, but also in making 
a cost-benefit analysis of alternate collectors on a system-
by-system basis. · 

E. In the closed,.drain-back collector loop: 

1. The pump must be sized to overcome static as well 
as dynamic head losses. 

2. The sump tank should be located to minimize the 
height difference between the sump tank water level 
and the top of the collectors while still allowing 
for complete draining of the collectors and all 
plumbing exposed to freezing conditions. This will 
minimize static load on the pump. 

3. The sump tank should be located high above the pump 
to put as much· head as possible on the suction side 
of the pump. 

4. The pump should be mounted with flow in the vertical 
direction to prevent air pockets from developing over 
night (out of the very aerated water) in the volute 
of the pump. 

F. A preliminary structural analysis should be routinely 
included in solar feasibility studies so the impact of 
structural requirements can be anticipated and budgeted 
early when the feasibility and economics of the project 
are determined. 
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G. Drawings and specifications should be carefully reviewed 
before construction, with special attention given to the 
side effects of design changes. · 

H. On retrofit projects, carefully review as-built drawings 
for potential conflicts~ 

I. Solar contractors should not only understand the "what" 
of the design, but also the "why," so they can effectively 
judge the consequences of changes (initiated by themselves 
and others) and look for opportunities of improving the 
system and lowering costs. 

J. Carefully read manufacturer's installation instructions. 
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II. SOLAR SYSTEM DESCRIPTION 

A. Key Word Abstract 

Application: Domestic hot water and space heating 
System type: Active hydronic 
Collector type: . Flat plate, liquid, single-glazed 
Collector manufacturer: Solar Energy Products, Inc. 
Collector area: 840 square feet (aperture) 
Storage capacity: 1,550 gallons, steel tanks 
Building load: 203 x 106 BTU/year 
BTU's produced: 142 x 106 BTU/year 
Building owner: The Leland Stanford Junior University 

Construction and Engineering Office 
The Old Pavilion 
Stanford, CA 94305 

Solar system designer: Interactive Resources, Inc. 
117 Park Place 
Point Richmond, CA 94801 

Contractor: Redwood Mechanical 
1590 Tacoma Way 
Redwood City, CA 94063 

B. Introduction 

The Stanford University Central Food Services Building 
is located on the Stanford campus approximately 30 miles · 
south of San Francisco. It is a single~story building with 
flat roofs. It is used for food preparation and storage 
and includes administrative offices. 

The building was previously fed by a steam main from 
Stanford's central steam plant located about two miles 
away. Over the years significant deterioration occurred 
in this line, resulting in wasteful heat losses. Stanford 
terminated steam service to the building and replaced it 
with a soiar system and gas-fired backup. 

A cost-sharing proposal for construction of the solar 
system was submitted to ERDA (now DOE) under Cycle 2.of the 
Commercial Solar Heating and Cooling Demonstration Program 
in November, 1976. Funding was awarded in 1977. Con­
struc.tion bids were received in March, 1978; construction 
began in JJJ.ne, 1978, and was completed in April, 1979. 

C. Energy Conservation 

Stanford University has been and continues to be 
concerned with energy conservation. In the Central Food 
Services Building, the most significant of their accom­
plishments has been the complete abandonment of 87 per cent 
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of the original heating system. Three of the original 
four heating coils have been shut .down leaving only the 
offices in the administration wing to be heated. All 
storage and work areas are simply no longer heated. 
Instead.of only turning down the thermostats at night, 
the heating system is turned off 13 to 14 hours a day. 
Furthermore, no heat is used on weekends. These measures 
save 73 per cent of the fuel used if heated for 24 hours, 
seven days a week. 

The majority of hot water consumed in the building is 
used in the late afternoon to wash down the meat processing 
area. A pressurized spray system was installed that reduced 
hot water consumption from 9 to 4.5 gpm. 

Energy conservation-motivated changes have resulted in 
at least a 60 per cent heat use reduction for the Central 
Food Services Building at Stanford, and possibly up to an 
80 to 90 per cent reduction. 

RECOMMENDATION: Large amounts of energy can 
be saved by the simplest measures. The savings from 
turning off equipment when unnecessary (sometimes 
completely}, reducing use temperatures, and reducing 
hot water usage, can overshadow the savings from even 
the best solar system. 

D. Solar System Design Philosophy 

The solar system was primarily designed as a hot water 
heating system with space heating as a secondary function 
because hot water (used mainly to wash down the meat processing 
area} comprises an estimated 72 per cent of the building 
solar load. In the schematic design phase, an open loop 
system was planned using potable water as both the transfer 
fluid and storage medium. This prevented the necessity of 
heat exchangers which might have reduced efficiencies and 
increased. costs. 

·In a response to their experiences with previous 
installations, designed by themselves and by others, the 
solar system designer, Interactive Resources, Inc., completely. 

·reevaluated the system design during the final design stages, 
primarily in an effort to arrive at a totally satisfactory 
freeze protection system. Even though the mild climate of 
northern California offered only an average of three or four 
freezes a year, none of the freeze protection systems for 
open loop systems (pump cycling, thermic drains, drain-out 
and drain-back systems using electronic valves, and combin­
ations} were determined to be satisfactory. 
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An antifreeze system was then considered, but 
offered several disadvantages including the necP.!=;!=;i.ty 
(by code) for a double-wall heat exchanger (additional 
cost and reduced efficiency) and the additional maintenance 
costs required for replacing and closely monitoring the 
transfer fluid. 

In an effort to combine the advantages but eliminate 
the difficulties of these systems, a completely revised 
collector loop design was developed which combined·the 
dependability of gravity drain-back freeze protection with 
low maintenCince, minimal costs and, of prime importance, 
simplicity. · 

This closed-loop, drain-back system uses no mechanical 
or electrical controls for freeze protection, eliminating 
potential fa·ilures and maintenance requirements. Freezes 
coupled with power failures and/or accidential turning off 
of key components do not endanger the system. The problems 
associated with antifreezes (e.g~, cost, ease of handling, 
poor thermal transfer qualities, increased viscosity, ., 
potential damage to other buildings materials [some react 
to roofing materials], potential toxicity and required 
maintenance) are eliminated. If the collector array is 
designed to drain and its contents can be stored in a sump 
tank during noncollection hours, plain water can be used, 
increasing the thermal transfer capabilities and allowing 
for a more efficient and less costly single-wall heat 
exchanger. Simplicity of the system, especially in the 
controls, is a major advantage of this system. 

RECOMMENDATION: The closed-loop, drain-back 
system offers many advantages over other domestic 
hot water collector loops, including the depend­
ability of gravity drain-back freeze protection, 
low maintenance, minimal costs and simplicity. 

E. Solar System Operation Description 

The solar heating system on the Central Food Services 
Building provides space heating and domestic hot water heating. 
Of the total energy supplied by the system,· approximately 
two-thirds is used to offset the year-round domestic hot water 
heating load, while approximately one-third is used to offset 
the seasonal space heating load. 

1. Collector-to-Heat Exchanger Loop 

: Energy in the form of heat is transferred from 
the solar collectors to heat exchanger HE-1 via a 
closed, drain-back loop. This loop includes the s.olar 
collectors, the sump tank (120 gallons), a pump, and 
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heat exchanger HE-1. This loop uses normal 
untreated tap water as the t~ansfe:r. mP.ninm. 

The collector-to-heat exchanger loop is a 
closed loop containing water and air. Neither 

· water nor air enters or exits the loop unless done 
so manually. With the pump off, the water level is 
flush with the top of the sump tank. All the piping 
above this level contains air. 

When the pump is turned on, water is circulated 
from the sump tank, through the heat exchanger, up 
through the collectors and back to the sump tank. 
Air is forced from the collectors into the sump tank. 
The water level in the sump tank will drop to around 
one-quarter full. 

\Vhen the pump is turned off, the weight of the 
water creates a suction at the top of the system. 
The check valve to the air vent line opens allowing 
air to flow from the sump tank through the air vent 
displacing water in the collectors and manifolds, 
thereby draining all the water from the collectors 
into the sump tank. 

2. Heat Exchanger-to-Solar Storage Tank Loop 

3. 

The solar storage tank contains potable water 
and feeds the supply. side of the backup·hot water 
storage tank. Water in this tank is circulated 
through heat .. exchanger .. IJE~L .. :and returned:::::to the 
tank. This completes the transfer of heat from the 
collectors to the solar storage tank. 

. ' .·. 

The pump in the collector-to-heat exchanger 
loop and the pump in the heat exchanger-to-solar 
storage tank loop operate together. They are 
controlled by a differential thermostat. This 
controller compares the temperature in the collector 
with the temperature at the bottom of the solar storage 
tank·. When the collector is 20°F warmer than the solar 
storage.tank, the pumps are turned on. When the 
collector temperature. drops to only. 3°F warme.r than 
the solar storage .tank, the pumps· are turned off. 

Solar Space Heating Loop 

Solar-heated water is stored in the solar storage 
tank. Water:o.:·in this tank is used to pre-heat the 
return water in the backup space heating loop. This 
is done through heat exchanger HE-2. 
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4. 

When a differential thermostat senses that the 
temperature in the solar storage·tank is 8°F warmer 
than the return water in the backup space heating 
loop, the solar space heating loop pump is turned on. 
The pump is interlocked with a flow switch in the 
backup heating loop. The pump will come on only if 
there is flow in the backup heating loop. When the 
storage tank temperature is only 3°F warmer than the 
return water in the backup heating loop, the pump is 
turned off. ·A gas-fired boiler·adds heat to the 
backup loop, if required, but only after passing 
through the solar heat exchanger. 

Tank-to-Tank Loop 

The solar storage tarik serves as a pre-heat tank 
to the backup hot water storage tank. When hot water 
is used in the building# it is drawn from the top of 
the backup hot water storage tank~ Make-up water to 
this tank comes from the solar storage tank. ·Cold 
water make-up enters at the bottom of the solar storage 
tank. Backup heat is supplied to the backup storage 
tank by a gas-fired boiler, if required. 

When the solar storage tank temperature is greater 
than the temperature in the backup storage tank, water 
is exchanged between tanks via the tank-to~tank loop. 
This increases the solar storage capacity during periods 
of high solar input and/or low loads. 

When a differential thermostat senses that the 
solar storage tank is l0°F warmer than the backup hot 
water storage tank, the tank-to-tank loop pump is turned 
on. When the solar storage tank is only 3°F warmer, 
the pump is turned off. 

RECOMMENDATION: By installing a loop between 
the solar storage tank and the backup storage tank, 
the backup tank c:an be used for solar storage (when 
the·solar tank temperature exceeds the. backup tank set 
temperature) during periods of high solar input and/or 
low loads, when storage is·most needed. 
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III. ACCEPTANCE TEST DATA 

Since the system design was based on prescriptive rather 
than performance standards, the acceptance testing consisted 
of checking the operational functioning of system controls and 
components. 

A. Acceptance Test Plan 

1. Hyqrostatically test all equipment to 125 psi for 
four hours. 

2. Measure water flow rates. 

3. Measure amperage input to each pump. 

4. Measure suction and discharge pressure of pumps. 

5. Test operation of system under· actual service 
conditions. 

B. Acceptance Test Results 

Hydrostatically testing the collector loop was 
difficult due to extreme temperature fluctuations caused 
by sunlight on the collectors, but tests demonstrated 
there were no leaks. 

Flow rates, amperages and pressures are found in the 
attached pump test report. The collector loop pump, P-5, 
was found to be undersized (see the section on Problems, 
Solutions and Recommendation~ and replaced with a large 
pump. 

The system has been carefully watched under operational 
conditions. This showed that the space heating loop pump 
was not working as· it should. · Subsequent investigations 
showed that the flow switch was not installed properly. 
(See the section on Problems, Solutions and Recommendations.) 
A solar system operations log is include~ . 
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TEST-ADJUST-BALANCE REPORT 

DATE January 22 , 1979 

P·ROJECT Central Food Services 

ADDRESS Stanford University 

Stanford CA 

ARCHITECT Interactive Resources, Inc. 

Richmond, CA 

ENGINEER __ ~-------------------------------------------

SUBMITTED BY Thermoscope Energy Engineering Co., Inc. 

ADDRESS . 24 Linden Avenue 

FORM TAB 1-76 
©Copyright, NEBB 1976 

South .. 'San Francisco, CA 
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PUMP TEST REPORT 

PROJECT Central Food Servi_ge_p_, S-:t;anford_, ....(.;.a.-----------'----------

DATA PUMPNO. 4 PUMP NO. 5 PUMP NO. 6 PUMP NO. 7 PUMP NO. 

location IMech Rnnm IJ111~~h Rrn. Me~h Rrn MP-~h Rm 

Service Solar R~nk~ 1HP~ t:i.nP" · ~+.01-·==tP'P- rrk HeatinP" 
Manufacturer lt?~kk~t~ l~x~~~$.t ·~x~~~~$. l?~~k~$.t 
Model Number I60-1J;. AA lf10-1.1. AA 1 c;o '-'.:::..:..:..r_6o.~1.1. tJ.A . ~ 

Serial Number 

GPM/Head 21/28 :?1 I?? ?o/() ?1 /'?? 

z Req. NPSH 
(!) 
u; Pump RPM 172'i 1 ?? c; 1 72 c; 1 ?? c; w 
Cl Impeller Diam. 

Motor Mfr./Frame E~lle .~+ B~lle&;++ B~lle .$+ B~lle .~+ ~n~~P ~1'\~~0 ~1'\~~0 ~n~~o 

Motor HP/RPM 
l. /1 .,., c:: .1./1 '7?C:: *11 72'5 ~/172 c; 

Volts/Phase/Hertz - ·- '!1:7 ~~ 

11 'i/1/60 11 t)/1/60 11 S/1/60 11 'i/1 /60 
F .L. Amps/S.F. 17.1/1-.1'5 4.9/1.1'i 1. 7/1 .1 c; 4. 9/1.1 c; 
Seal Type 

Pump Off-Press. 

Valve Shut Diff. 

Act. Impeller Diam. 

Valve Open Diff. 

Valve Open GPM 
_J 

< Final Dischg. Press. ** 12 6'i.'i 60 66 c; ::J 
1-
(.) Final Suction Press. INe~ c;c;· 0 C:? C:1 c; < 

Finale:. P 112 10.'i 1 _1 c; 0 
Final GPM * *?1 c; *1 c; F 0 *1 R l<' n 
Voltage T1.T2 T2·T3 

T3.T1 . 11?0 1 ?0 1 ?0 1 ?0 
Amperage T 1 T 2 T 3 16 1 4 Q 1 4 l.J. {., 

' 

REMARKf: * Measured @ Bell & Gossett circuit setters. 

** Location of Gage does not include pressure prdp @ 90° Elbows. 

TEST DATE 12/15/78 

FORM TAB 25·76 

©copyright, NEBB 1976 

READINGSBY __ ~C~a~r~l~oBs~G~a~r~c~i~a~---------

NATIONAL ENVIRONMENTAL BALANCING BUREAU 
REPORT NOT VALID UNLESS STAMPED WITH 

NEBB CURRENT CERTIFICATION SEAL PAGE 1 OF _2_ 

,, 



l 

24 lillll~n Ave. ~outh San Francisco, Calif. 94080 (415) 952-2288 

PROJECT___c_entraJ Foood Services 
LOCATION Stanford University. Stanford CA 

' •• 0 

1 . 
.. 

UNIT SYSTEM FLOW STATION · PE~l~~ INITIAL FINAL REIV'.iA RKS 
0 0 , 

N'.t.ARK TYPE MARK MFGR TYPE SIZE GPM dP dP DSP DSP dP GPM 
' 

· . .P-4 H.W. SB~1 B&G ·s . 1. 7 2.3 0 5-7 Not balancec 

.::2 ? .8 0 J.6 due to low 

-1 .7 . 2 0 . 1.0 capacity. 

-4 7 0 0 0 

P-5 H. l:J • P-5 B&G s 1t 21 0 2.6 21.; 

-P- H•W P-6 B&G s 1t 20 1 0 1.3 15 F.O~ 
-

P-7 H.W. P-7 B&G s 1t 21 - 0 1.9 18 ~.0. 

,... 

,. ' 
. . 

- .. 

. 
' ' 

·. I -
.. 

-
;YJ;invLS: CHW = Chilled Water! HH = Hot l·Jater, CTW = Cool-ing Tower ~'later 

DSP = Degree Set Po1nt, dP = Ft. H2o, S = Sweat, T = Threaded 

'.C::ST DATE 12/15/78 READINGS BY __ Ca_r_l_o_s_G_a_r_c_1_· a ___ PAGE. __ 2 __ 0F 2 
~ 

~~- ---- -----------~--------------
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IV. PREDICTED SYSTEM PERFORMANCE DATA 

Solar performance calculations were done using a computer 
design program (FCHART) developed by the University of Wisconsin. 
FCHART is an interactive computer program used to calculate the 
thermal performance of solar space heating and domestic hot water 
heating systems. A general design procedure was developed at 
the University of Wisconsin from information gained from a simul.;.. 
ation model capable for estimating the long-term thermal performance · 
of solar heating ·systems ·.based on the system design parameters, 
heating loads and weather. Solar and weather data for the cal­
culations were taken from the California Solar Data Manual written 
by the Energy and Environmental Division of the Lawrence Berkeley 
Laboratory. 
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January 
February 
March 
April 
May 
June 
July* 
August* 
September* 
October 
November 
December 

Total 

Stanford University 
Central Food Services Building 

· SOLAR SYSTEM THERMAL PERFORMANCE 

Space Heattng Load Water Heating Load Total Load 
(BTU X 10 ) .. (BTU X 106) (BTU X 106) 

10.4 ll.5 21.9 
7.8 13.6 21.4 
6.7 13.6 20.3 
4.6 15.4 20.0 
3.0 13.8 16.8 
1.1 11.9 13.0 

.7 9.8 10.5 

.6 9.1 9.7 
1.0 4.8 5.8 
2.8 11.6 14.4 
6.2 12.7 18.9 
9.6 12.0 21.6 

54.5 139.8 194.3 

*Summer break occurs in July, August and September. 

Solar Used Percent.:.ge 
(BTU X 106) Solar 

9.5 43.3 
12.1 56.4 
14.1 69.5 
15.7 78.4 
15.0 89 •. 2 
12.5 95.9 
10.5 100.0 
9.7 100.0 
5.8 100.0 

12.3 85.2 
10.3 54.6 
9.8 45.4 

137.3 70.6 



V. COLLECTOR SELECTION 

The FCHART computer program allows the introduction of 
specific collector performance parameters (Y-intercept and slope 
based.on independent tests) into the calculations. This perfor­
mance analysis was coupled with the FCHART economic analysis to 
determine the best BTU-per-dollar value among selected collectors. 
Using collector test data together with vendor quotes, many 
different collectors were analyzed to compare their performance 
and price on this· specific project with its particular weather, 
load and temperature characteristics. Some costs·, such as varying 
costs for supports and manifolding, had to be estimated, and 
some judgments, such as quality of construction and durability, 
were a necessary part of the evaluation not shown in the FCHART 
analysis. These judgments, it turned out, reinforced the results 
of the computer simulation which showed the Solar Energy Products, 
Inc., colLector producing the most BTU's per dollar. 

The solar system was, therfore, designed around this collector. 
Several other collectors were also acceptable and actually bid 
(including Revere and Sunworks) but the system was installed by 
th~ low bidder with Solar Energy Products, Inc., collectors. 

RECOMMENDATION: The FCHART computer program can be 
helpful not only in performing thermal and economic analyses, 
but also in making a cost-benefit analysis of alternate 
collectors on a system-by-system basis. 
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VI. BIDDING 

Bids were solicited from six contractors, all of whom were 
experienced commercial mechanical contractors (union labor) who 
had done work for Stanford University before. The bids were very 
close with the three lowest within only a few hundred dollars 
of each other. 

The solar space heating loop was included in the bid as a 
deductive alternate. In this way, the scope and cost of the 
project could.be lowered without substantially reducing the 
energy saving benefits .. Stanford decided, however, that the 
dollar savings were not substantial enough to justify dropping 
the space heating portion of the sys.tern, and construction 
proceeded on the entire system as designed. 

Contractor 

A 

Stanford University 
Central Food Services Building 

SUMMARY OF CONSTRUCTION BIDS 

Deductive Al.temate 
Base Bid For Space Heating Loop 

$641561 $ (2 1 948) 

(Redwood Mechanical -
contract winner) 

B 641600 (41500) 

c 6.41900 (51160) 

D· 691686 (31953) 

E 741500 (3 1 000} 

F 781240 (51 133) 
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VII. COSTS 

Construction costs were originally budgeted during 
preliminary design at $44,250. During the final design 
stages, however, it became apparent that this budget could 
not be achieved. Some of the reasons were: 

1. Substantial additional costs were required on the 
collector support structure because the existing 
roof was not able to withstand the extra load of 
the collectors. 

2. A higher quality system was constructed than had 
originally been budgeted. There were additional 
costs in converting from an open- to a closed-loop, 
drain-back system {primarily in the extra cost of 
a sump tank, heat exchanger and pump) and higher 
quality components were used throughout. 

3. Contractor overhead and profits were higher than 
anticipated. 
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Stanford University 
Central Food Services Building 

SOLAR SYSTEM PROJECT COST SUMMARY 
(All costs include overhead and profit) 

Collector support structure 
Collectors 

· Collector manifold piping 
Storage tank (800 gallons)· 
Storage tank insulation 
Sump tank (120 gallons) 
Pumps 
Heat exchangers·· 
Piping arrl valves 
Pipe insulation 
Controls 
Electrical 
Painting 
Testing and balancing 
Miscellaneous 

Subtotals 

Total base construction contract 

Plus changes during construction: 
Storage tank relocation 

Materials 

$121000 
131841. 

160 
31500 

200 
634 

11 175 
21176 
21945 
1, 000 

600 
11000 
11000 

40,231 

New collector loop pump (with new heaters 
and relays) 

Miscellaneous piping changes (pressure 
gauge, relief valves I etc.) 

Total construction cost 
Design costs· (not nearly enough) 
Total design and construction costs 

. Extra project costs: 
DOE reporting 
Mise. printing and postage 
Stanford's staff co.sts for coordinating I 

reviewing and inspecting the project 
(not nearly enough) 

Total project cost 

Labor 

$ 2,168 
572 

11024 
1,680 

500 
650 
850 
800 

51180 
4,760 
11168 
21000 
11258 

600 
ltl20 

24,330 

$ 997 

711 

535 

$5,000 
277 

3t000 

$64,561 

2t243 
$661804 

4 t5oo 
$71,304 

8t277 

$791581 



VIII. ECONOMICS 

With an initial investment of $71,304 (the costs of design 
and COnStruction) 1 and the present COSt Of natural gaS at $0.25 
per therm, inflated at 15 per cent each year (just a reference), 
the undiscounted fuel savings will equal the initial investment 
in 22 years. 

The installation of a solar system fixes the cost of energy 
for years to come. If the system performs at its expected level 
(producing 1,373 usable therms per year and, .at. a 65 per cent 
natural gas efficiency, saving 2,112 therms per year) for 20 
years, the equivalent cost of the solar system is $1.68 per therm 
saved. If the system should last 30 years, then thecost is $1.12 
per therm, and at 40 years, $0.84 per therm. 

By comparison, if natural gas inflates at 15 per cent a year, 
the 20-year average price would be $1.27 per therm. The 30-year 
average price would be $3.61 per therm. 
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Mechanical room: Solar storage tank on left, sump tank in center, heat exchangers on right. 



Me chanical r oom : Heat exch~ngers mounted on wall. 



IX. PROBLEMS, SOLUTIONS AND RECOMMENDATIONS 

A. Debugging the Collector Loop 

The closed, drain-back collector loop contains water 
and air. During noncollection hours, when the pump is 
off, ·the water in the collectors drains out and down into 
a sump tank located in the .building. This means that when 
the pump comes on again, it must pump water to the top of 
the collectors, overcoming the force of gravity. This 
static head increases as the distance in height increases. 

RECOMMENDATION: To minimize additional static 
load on the pump, the sump tank should be located to 
minimize the height difference between the sump tank 
water level and the top of the collectors while still 
allowing for complete draining of the collectors and 
all plumbing exposed to freezing conditions. 

Once over the high point, water falling down the pipe 
creates a negative pressure at the top which sucks water 
corning up the pipe. The theoretical advantage of this 
11 Syphon return 11 over an 11 0pen drop 11 system is reduced pump 
head requirements. The pump need only be siz.ed ·to overcome 
the static head at a very low flow. Once the 11 syphon.return 11 

has been established, the head loss against which the pump 
operates will only be flow friction losses. 

The sizing of the collector loop pump was based on 
this concept as outlined in Bell & Gossett's Solar Design 
Manual. Unfortunately,: this manual and the Stanford solar 
system both contained a basic flaw which precluded the 
successful execution of this concept. 

Once a negative pressure is established at the top 
of the loop, air is sucked through the air vent line (which 
allows the collectors to drain when the. pump is off) before 
water is syphoned up the·pipe. A syphon return will never 
occur. 

This problem became apparent on the Stanford solar 
system when it was found that the collector loop pump was 
delivering only half its design flow. A solenoid valve 
could have been installed in the air vent line to allow the 
syphon to occur, but this was rejected since one of the main 
reasons for going to this system in the first place was to 
eliminate the use of electronic or mechanical valves. (The 
system might not drain if the solenoid valve stuck in closed 
position.) Then it was realized that the back pressure 
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required to initiate the syphon was equal to the head 
savings once the syphon was started. The syphon return 
did not reduce the pump head requirements. It was 
necessary, therefore, to replace the original collector 
loop pump (1/2 HP) with a new, 3/4 HP pump. 

RECOMMENDATION: The pump in the closed-loop, 
drain.,..back system must be sized to overcome static 
as well as dynamic head losses. 

With the new pump installed, it was then discovered 
that there was a negative pressure un the suction side of 
the pump. This causes the pump to cavitate and reduces its 
life expectancy. The problem was believed to be due to a 
combination of factors: (a) The pump was only a few feet 
below the sump tank water level (which meant there wasn't 
much static head on this powerful pump to begin with); 
(b) there were undersized fittings to the sump tank (a 
standard tank in a nonstandard use) which created extra flow 
resistance; (c) a wye strainer before the pump which added 
resistance; and (d) several 90° elbows were located in the 
line between the sump tank and the pump. This was a necessary 
result of the layout and also (as discovered in The Woodlands 
Solar Project being constructed at the same time) because 
the pump had to be mounted close to the floor with flow in 
the vertical direction. 

RECOMMENDATION: The sump tank should be located 
high above the pump to put as much head as possible 
on the suction side of the pump. 

RECOMMENDATION: 
flow in the vertical 
from developing over 
water) in the volute 

The pump should be mounted with 
direction to prevent air pockets 
night (out of the very aerated 
of the pump. 

In addition to streamlining the. flow between the sump 
tank and the pump, the closed, drain-back loop was pressur­
ized to put positive pressure on the suction side of the 
pump. A minimum (cold) pressure of 5 psi is maintained at 
the suction point of the pump. 

This increased pressure meant the maximum (hot) pressure 
would come close to ·the set point (30 psi) of the relief valves 
located on each bank of collectors .. The relief valves were, 
therefore, replaced with 70 psi valves. 

B. Structural Support Problems 

During detailed design it was realized that the 
collectors were to be mounted on a lightweight, panelized 
roof system (common on warehouse and storage structures 
such as this) which was not intended to accept additional 
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roof loads. A structural analysis confirmed that the 
addition of solar collectors on the roof would require 
considerably more structural work (and cost) than had 
originally be anticipated or budgeted. · After considering 
numerous alternate schemes, a structural system was 
finally adopted which consisted of structural steel beams 
and trusses spanning over 20 feet and supported over the 
column points of the building below. 

RECOMMENDATION: A preliminary structural 
analysis should be routinely included in solar 
feasibility studies so the impact of structural 
requirements can be anticipated and budgeted early 
when the feasibility and economics of the project 
are determined. 

C. Collector Sensor Not Properly Located 

When the system design was changed from an open l.oop 
to a closed, drain-back loop, the collector temperature 
sensor, instead of being relocated, was left in the collector 
manifold. In an open loop system this would have worked 
because water remains in all the piping overnight and·the 
sensor, through syphoning and conduction, would have regis­
tered collector temperature rise in the morning. In the 
closed, drain-back loop, with no water in the pipes in the 
morning, the manifold and the sensor were thermally isolated 
from the collector and early morning temperature rise could 
not be registered by the controller. A new sensor was, 
therefore, installed directly to'the back of the. collector 
absorber plate. 

RECOMMENDATION: Carefully review drawings and 
specifications before const·ruction, with special 
attention given to the side effects of design changes. 

D. Storage Tank Foundation Revised 

· Drilled piers were originally designed to be dug in 
the mechanical room to resist earthquake loads of the 
vertically-mounted solar storage tank. Underground elec~ 
trical ducting was discovered during construction passing 
directly through two of the piers. This could have been 
avoided by careful examination of th.e electrical as-built 
drawings. Even though the electrical ducts were empty 
(to be used for future expansion), the storage tank was 
relocated to take advantage of a better location (recently 
freed by the removal of some unused equipment) and the tank 
support redesigned (to avoid further surprises). The new 
design consisted of a heavy, raised slab instead of piers 
to prevent overturning. 
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RECOMMENDATION: Carefully examine as-built 
drawings for potential conflicts on retrofit projects. 

E. Sloping of the Collector Support Structure 

The collector support structure was designed to slope 
with the roof. This allowed the collectors and piping to 
be mounted square with the support structure while still 
achieving the necessary slope .for draining water out of the 
collectors. Without realizing the intent of the design, 
the contractor installe.d the support structure level. This 
not only would have hampered drainage, but increased the 
height of the roof support stands at the low points of the 
roof. The extra height increased the moment loading (created 
by wind) on the supports. The roof support stands were not 
designed to take this extra load and the contractor, there­
fore, had to reinstall the collector support structure as 
designed. The steel did not have to be refabricated. 

RECOMMENDATION: The contractors should not only 
understand the "what" of the design, but also the "why," 
so they can effectively judge the consequences of 
changes (initiated by themselves and others) and look 
for opportunities of improving the system and lowering 
costs. 

F. Flow Switch Not Installled Properly 

The flow switch (which signals the solar system when 
there is a space heating'load) was improperly installed 
because the piping connection was too small, preventing the 
paddle (which extends into the flow pipe and is displaced 
by flow) from moving • 

. RECO~~NDATION: Carefully read manufacturer's 
installation instructions. 

G~ Haze on the Inside of Collector Coverplate 

Soon after installation, a noticeable haze appeared 
on the inside of almost every coverplate. The haze was 
very sparse along the flow tubes, making dark-appearing 
stripes. A white, chalky deposit also appeared on the 
inside of the glass near the outlet elbows of eight or 
ten collectors. 

As part of its warranty coverage, the collector 
manufacturer, Solar Energy Products, Inc., removed the 
coverplates and cleaned the glass. The haze was of a 
greasy, or even waxy, nature. Several solvents were used, 
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but a. grease-cutting agent proved the most successful. 
It was their estimate that the haze was caused by out­
gassing from the Nextel absorber coating. This occurred 
during construction while the collectors were stagnating 
and w9-s caused by the absorber plates not being properly 
baked out. 

H. Absorber Plate Flow Tubes Touching Glass 

In several collectors, the flow tubes were very 
close to .the.glass and, in some cases, even touching 
the glass. Solar Energy Products, Inc. , thought·:.this 
was caused by a lack of quality control which resulted 
in imbalanced forces on the asymmetric absorber plate 
during expansion. Solar Energy·Products, Inc., has 
since introduced a new symmetrical absorber plate which 
should prevent this from occurring in the· future. 

Although heat losses increase when the flow tubes 
touch the coverplate, there has not been any apparent 
loss of overall system performance and, as yet, no 
noticeable damage such as glass breakage. 

-28-



Col lectors vie•t~ed from the west o 

L_------------------------------------------------------------------------------------------------·-------



---------------~--- -------- --- --

~ 
0 

~ 
~ 
u 

.:!! 
~ z 
~ 

:><: E-t 
H z 
0 H 
z ~· 
~ 
PI 

~ 0 

~ 
z 
0 
H 

~ 
~ 
PI 
0 



OPERATION AND MAINTENANCE MANUAL 

For the 

SOLAR HOT WATER AND SPACE HEATING SYSTEM 

At the 

CENTRAL FOOD SERVICES BUILDING 

THE LELAND STANFORD JUNIOR UNIVERSITY 

·.; 

12 October 1979 



TABLE OF CONTENTS 

I. PROJECT INFORMATION 

A. Information Summary 
B. Key Personnel 
c. Loop Identification 
D. Contractor's Guarantee 

II. SOLAR SYSTEM DESCRIPTION AND OPERATION 

III. 

A. Summary Description 

B. 
c. 
D. 
E. 
F. 

1. 
2. 
3. 
4. 

Collector-to-Heat Exchanger Loop 
Heat Exchanger-to-Solar Storage Tank Loop 
Solar Space Heating Loop 
Tank-to-Tank Loop 

System Start-up 
System Shut-down 
Balancing Flow Through Collectors.· 
Isolating Collector Banks for Repairs 
Low-leve~ Alarm and Disconnect 

PERIODIC INSPECTION AND MAINTENANCE 

A. Check Water Level in Collector-to-Heat Exchanger Loop 
B. Check Pressure in.Collector-to-Heat Exchanger Loop 
C. Check Operation of Differential Thermostats 
D. Check.Pump Lubrication 
E.. Wash Solar Collector Glazing 
F. Drain Sediment.From Storage Tank 
G. .Check Heat Exchangers 

IV. SOLAR COLLECTORS 

A. Serial Numbers 
B. Specifications · 
C. IAPMO Certificate 

. D. Structural Certification 
E. Performance Tests 

V. STORAGE TANKS 

A. Solar Stora9e Tank 
B. Sump Tank 

,··'· 



I 

VI . CONTROLS 

A. Differential Thermostats and Sensors 

B. 
c. 

1. Specifications 
2. Application Notes 
3. Rho Sigma's Linearization 
4. Installation Drawing 
5. Sensor Temperature vs. Resistance Specifications 

Low-level.Switch 
Flow Switch 

VII. PUMPS 

VIII. 

IX. 

A. Pump P-4 
B. Pumps P-5 and P-7 
C. Pump P-6 
D. Installation, Operation and Service Instructions 

HEAT EXCHANGERS 

A. Heat Exchangers : HE-1 and HE-2 
B. Installation, Operation and Maintenance Instructions 

VALVES 

A. Relief Valves 
B. Circuit Setters 
c. Gate Valves 
D. Check Valves 
E. Test Plugs 

X. FLEXIBLE HOSES 

-··-··-···.-···· ·: .· . ·:·' , .. ~ ·.· 

. . ' . . . 

. ... 



·:.' '-
-

... 

. H
 

.... 

•-



r 

•·:, .. 

~ 
I 

I. ~ROJECT INFORMATION 

A. Information Summary . 

Application: Domestic hot water and space heating 

System type: Active hydronic 

Collector type:. Flat plate, liquid, single-glazed 

Collector area: 840 square feet (aperture} 

Storage capacity: Solar storage tank - 800 gallons 
Backup storage tank - 750 gallons 

B. ·Key Personnel 

Owner: Stanford University 
Facilities.Engineering Office 
Attn: Robert Kavinoky, Associate Manager of Construction 

{415} 497-4384 

Solar System Designer: Interactive Resources, Inc. 
117 Park Place 
Point Richmond, CA 94801 
Attn: Dale Sartor1 Charles Beavers 

(415) 236-7435 

Contractor: Redwood Mechanical 
1590 Tacoma Way 
P. 0. Box 5128 
Redwood City, CA 94063 
Attn: Gunnar Galsgaard 

(415) 365-5095 

Solar Collector Manufacturer: Solar Energy Products, In.'c .• 
P •. o. Box· 3969 

c. Loop Identification 

Santa Ros,a, CA 95402 
Attn: Jay c. McLaughlin 

(707} 584-7161. 

Red: Collector-to-heat exchanger loop 
Blue: Heat exchanger-to-Solar storage tank loop 
.Green: Solar space heating loop 
Yellow: Tank-to-tank loop 
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1~ (.415) 365·5095 

GUAF.tdHEE 

FOR 

Califc•n•o l i:e~.,~ Nl:'. 534 ~ 1 - E -1; C 4, 20. :•e . .otZ, o43 

1590 TACO/.!:A WAY-P.O. BOX 5128 

REDWOOD CITY, CALIFORNIA 94063 .. 

June 5, 1979 

Central Food Service Building 
Stanford Ur.iver5ity · 
Stanford, California 

Stanford Project No. 1097 

We hereby guarantee the labor aMd material-to construct a Sbl~r -~ 
. Hot Water and Space·Heati~g Syste~, per Plan and Specifications~ ... 

at· the Central -Food Serv·i_ce Building located on Stanford Un-lvers_ity 
Campus, Stanford, California for one (1) -year commencing with· · 
Apri1·18,- 1979.-· · · · 

We agr~e- to. repair or replace any-or. all such work that may prove 
defective in workmanship or materials. Ordinary wear and tear; 
unusual abuse and/or neglect are ·excepted. · 

In the event of ou~ -~allure to compl~ with the above mehtioned · 
conditions _within a reasonable time after being notified in 
writing, we do hereby authorize the Owner to proceed to have the 
defects repaired and made good at our expense and we will pay the 
costs and charges therefor. imr::ediately upon demand.. · 
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II. SOLAR SYSTEM DESCRIPTION AND OPERATION. 

A. Summary Description 

The solar heating system on the Stanford University Food Services Building· 
provides space heating and domestic hot water heating. Of the total energy 
supplied by the system, approximately two-thirds is used to offset the year 
round domestic hot water heating load, while approximately one-third is used 
to offset the seasonal space heating load. 

l. Collector-to-Heat Exchanger Loop. Energy in the form of heat is 
transferred from the solar collectors to a heat exchanger (HE-1) via a 
closed, drain-back loop. This loop includes the solar collectors, the 
sump tank (120 gallons), pump P-4 and heat exchanger HE-1. This loop 
uses untrea~ed tap water as the transfer medium. 

IMPORTANT: No other transfer fluid should be used. The Interim 
Performance Criteria for Solar Heating and Cooling Systems in Commercial 
Buildings, the federal code under which this system as built, requires 
a double-wall heat ·_exchanger between potable and non-potable fluids~ 
With potable water·used for drinking and washing on one side of the 
·single-wall h~~t exchanger, HE-1, potable water must be used in the 
collector-to-heat exchanger loop. 

. . 
The collector~to-heat exchanger loop is a closed loop containing' 

water and air •. Neither water nor air. should enter or exit the loop 
unless done so manually. With pump P-4 off, the water level should be 
flush.with the top of the sump tank. ·All the piping above this level· 
should contain air. · 

When pump p-·4 is 'turned on, water will be circulating from the sump 
tank through the heat exchanger, up through the collectors and back to 
the sump tank; Air will be forced from the collectors into the sump ta~. 
The water level in the sump tank should drop to around half-full. The 
piping in this loop·holds approximately 60 gallons; the sump tank, 120 
gallons. 

When pump·P""'4 is turned off, the weight of the water creates· a 
suctio~ at the top of the system. The check valve to the air vent line 
opens allowing air to flow from the sump tank'through the air vent, 
displacing water in the collectors and manifolds, thereby draining all . . 
the water from the collectors into the sump tank. ' 

IMPORTANT~ Water should never be allowed to remain in the collectors 
when the pump is_off. If freezing conditions should occur, the collector 
piping will freeze and burst • 

The collector-to-heat exchanger loop is pressurized to ensure that 
pump P-4 always has a positive pressure on its suction side. A minimum 
(cold) pressure of 5 psi sho~ld.be maintained at this point. 
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2. Heat Exchanger-to-Solar Storage Tank Loop. The solar storage tank 
contains potable water and feeds the supply side of the backup hot water 
storage tank. Water in this tank is circulated through the heat exchanger 
HE-1 and returned to the tank. This completes the transfer of heat from 
the collectors ,to the solar storage .tank. 

Pump P-4 in the collactor-to-heat exchanger loop and pump P-7 in the 
heat exchanger-to-solar storage tank loop operate together. They are 
controlled by differnetial thermostat T-l. 

T-l compares the temperature in the collector with the temperature 
at the bottom of the solar storage tank. When the collector is 20°F warmer 
than the solar storage tank, pumps P-4 and P-7 are turned on. When the 
collector temperature drops to only 3°F warmer than the solar storage tank,. 
pumps P-4 and P-7 are t'lirned off. 

· 3. Solar Space Heating Loop. Solar-heated water is stored in the solar 
storage tank. Water in this tank is used to pre-heat the return water in 
the backup space heating loop. This is done through heat exchanger HE-2. 

When differential thermostat T-3 senses that the temperature in the 
solar storage tank is 8°F warmer than the return water in the backup space 
heating loop, pump ·P-5 is turned on. The pump is interlocked with a flow­
sw~tch in the backup heating loop. Pump P-5 will come on only if there is 
flow in the backup heating loop. When the storage tank temperature is only 
3°F warmer than the return water iri the backup·heating loop, pump.P-5 is 
turned off. 

IMPORTANT: The backup space heating loop.should use only water as 
the transfer fluid, because the solar storage_tank contains potable water 
and heat is transferred through a single-wall heat exchanger. 

· 4. Tank-to-Tank Loop. The solar storage tank serves as a pre-heat tank 
to the backup hot water storage tank. When hot water is used in the 
building, it is drawn from the top of the backup hot water storage tank. 
Make-up water to this tank comes from the solar storage tank. Cold water 
make-up enters at the bottom of the solar storage tank. 

Backup heat is ~upplied to the backup storage tank by the gas-fired 
boiler, if required. 

When the solar storage tank temperature is greater than the temperature 
in the backup storage tank, water is exchanged between tanks via the tank­
to-tank loop. This increases the solar storage capacity during periods of 
high solar input and/or low loads. 

When differential thermostat T-2 senses that the solar storage tank 
is l0°F warmer than the backup hot water storage tank, pump P-6 is turned 
on. When the solar storage tank is only 3.0.F warmer, pump P-6 is turned off· • 

.··~ ... 
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System Start-up r' 

1. ·Add Water to the Collector-to-Heat Exchanger Loop. Open the 
manual air vent connected to the top of the sump tank. Open the 
two sight glass valves. Add water to the loop through the hose bibb 
at the bottom of the sump tank. Fill the system until the water level 
is flush with the top of the tank. Add compressed air to the air 
vent until the pressure gauge on the pump registers lO psi. (Once 
operational, check this pressure to ensure that it doesn't drop below 
5 psi with the pump on.) Close the air vent. Close the two sight glass 
valves (water ;tevel can only be accurately read during static conditions). 
Check that all gate valves are wide open and all drains and air vents 
are close:d. 

2. Convert Make-up Water from Backup Storage Tank to Solar Tank. 
Open gate valve which allows cold make-up water to enter the solar 
storage tank. Close the gate valve which brings cold make-up water 
directly to the backup hot water storage tank. Check that all gate 
valves are wide open in the storage tank-to-heat exchanger loop, the 
space heating loop, and the tank-to-tank loop. Drains and air vents 
sho~ld be closed. 

3. Divert Backup Space Heating Loop Through Heat Exchanger. Open 
the two gate valves which allow return water in the backup loop to. enter· 
the heat exchanger HE-2. Close the bypass valve. 

4. Switch Dif~erential· Thermostats to "Automatic." Switch the three 
differential thermostats,· T-1·, T-2. and T-3, to the "automatic" position.·· 

System Shut-down 

1. Switch Differential Thermostats to "Off.".·. Switch the three 
differential thermostats, T~l, T-2 and T-3, to the "off" position. 

' 

2. Bypass Backup Space Heating Loop from Heat Exchanger HE-2. Open 
bypass valve. Close the two gate valves which keel? return water in the 
backu~ loop from entering the heat exchanger HE-2. 

3. Convert Make-up Water from Solar Tank to Backup Storage Tank. 
Close the gate valve at the cold water make-up to the solar storage tank. 
Open ~e gate valve at the cold water make-up·to the backup· storage tank. 
Close the two gate valves in the tanK-to-tank loop that will isolate the 
backup tank from the solar tank and its piping·. ! 

·r 
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D. Balancing Flow Through Collectors 

There are five flow balancing circuit setters in the collector-to-heat 
exchanger loop. The circuit setter above the s·ump tank should be set first 
at 21 gpm. This will create enough back pressure. to fill all .. the piping on 
the roof ~ith water. Once filled, the reverse return piping will make 
balancing flow thro~gh each collector bank much easier. Each circuit setter 
on the four collector banks should be set for 5.25 gpm. 

E. Isolating Collector Banks for Repairs 

Each of the four collector banks can be isolated from the rest of the 
system if it should become necessary for repairs, or for other reasons, while 
allowing the rest of the system to operate. 

Each collector bank has a gate valve at its low inlet and a circuit 
setter at its high outlet. Both of these should be closed. Then the drain 
at the bottom of the bank and the manual air vent at the top of the bank should 
be opened. This will ensure that there is no water trapped in the collector 
bank during isolation. 

F. Low-level Alarm and Disconnect 

The collector-to-heat exchanger loop is equipped with a low-level alarm 
and disconnect. It is located in the piping at the bottom of the sump tank. 
Should.a leak develop· in. this loop, the water level will fall and trigger the 
alarm. It will automatically·. disconnect pumps P-4 and .P-7 and sound the alarm 

· bell on the wall, behind the sump tank. 
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r .. · III. PERIODIC INSPECTION AND MAINTENANCE 

The solar system should be inspected every six months to ensure that 
all components and systems are operating nor.mally. If properly adhered to, 
the solar system will perform more efficiently and last longer. It is in 
future years, when fuel prices have greatly escalated, that the solar system 
will make its greatest economic savings. 

A. Check Water Level in Collector-to-Heat Exchanger Loop 

With the pumps off, and water completely drained from the collectors 
into the sump tank, open the· two sight glass valves and obserVe the water 
level in the collector-to-heat exchanger loop. The water level should be 
flush with the top of the sump tank. If low, water.should be added through 
the hose bibb at the bottom of the sump tank. Water level can only be 
checked during static conditions. Close sight glass valves before turning 
pump on. 

As a cross check, depress the test switch on the low-level switch. 
Light "on" indicates fluid level above probe; light "off," fluid level below 
probe. No light could also indicate a probe with excessive scale deposits. 

B. Check Pressure in Collector-to-Heat Exchanger Loop 

Check loop pressure at the gauge on the suction.side of·pump P-4. 
Pressure should be around 10 psi, but should not fall below 5 psi during 
worst conditions, with pump on and water cold. If pressure is low, add 
compressed air to the vent line connected to the loop above the sump tank. 

If pressure and/orwater level cannot be maintained, then check for 
leaks. Open manual air vents at the top of each collector bank. Fill loop 
completely with water. Close air vents, pressurize loop and inspect for 
leaks. Flexible connections are~the logical place to start. 

C. Check Operation of Differential Thermostats 

The differential thermostats should be periodically checked to see if 
the pumps are being activated and deactivated at the proper temperature 
differentials. (See Section 6 on controls for on-off setti~s.) 

Differential thermostat T-1, which operates the solar collection loops, 
should be observed through a full sunny day's operation--at early morning, 
mid-day and late afternoon. 

Differential thermostat T-2 (tank-to-tank loop) should activate pump P-6 
only if the solar storage tank temperature is greater than the backup storage 
tank. 

···.:: 



( 

; ....... . 
~ . . .. 
·-::.· 

( 

Differential thermostat T-3 (space heating loop) should activate pump 
P-5 only when the solar storage tank temperature is greater than the backup 
space heating loop and there is flow in the backup space heating loop. This 
can only really be checked during the winter season. 

If the controllers are not operating according to 
the sensors can De checked by disconnecting the sensor 
and measuring the sensor ·resistanc.e with an ohm meter. 
specifications are given in Section 6 on controls. 

the differential settings, 
wires from the controllet'. 

Temperature vs. resistance 

The controllers· can pe further tested by shorting the sensors. No resistance 
will give an infinitely high temperature signal to the controller. For example, 
on T•l (collector loops), if the collector sensor is shorted, pumps P-4 and P-7 
should go on. If the storage tank sensor is shorted, the pumps should go off. 

Note on indicator lights: Indicator lights on the controllers usually 
show when the pumps are on and off, but not always. · .When the disconnect switch 
between a controller and pump is off, the indicator light goes on, giving a 
misreading. Similarly, there is a flow switch interlocked with T-3 (space heating 
loop). When there is no flow through the backup space heating loop, pump P-5 
is prevented from coming on, regardless of the temperature differentials. This 
disconnection likewise turns the controller indicator lighten, but not the pump. 

D. Check Pump Lubrication:, _______ _ 

Pumps should be lubricated according to the. service instructions in 
Section 7. . . . . . 

Wash Solar Collector Glazing 

Every six months, the collectors should be inspected for dirt and pollutants· .. 
on the glazin~. Rainfall will usually keep the collectors adequately clean during 
the rainy season, but dirt and pollutants will build up on the glass during dry 
months. At a minimum, hose the collectors down with water. If dirt build-up 
continues, then squeegeeclean. 

F. Drain Sediment From Storage Tank 

Open the drain valve of the 800-g.allon solar s·torage timk. 
run till it flows-clean. This will keep sediment from building 

. . 
tank bottom. Every two years, the solar storage tank should~be 
lining inspected. 

.:., . 

Let the water 
up on the 
drained and the 
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G. Check Heat Exchangers 

A marked increase in pressure drop and/or ,reduction in performance 
indicate cleaning is necessary. (See Section 8-on heat exchangers for 
pressure drop information.) Heat exchanger effectiveness at start-up was 
found to be between·SO and 60 per cent. If found to be substantially lower 
than this, recheck under different operating conditions. Instructions for 
cleaning th~ tubes is given in the maintenance instructions in Section 8. 
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IV. SOLAR COLLECTORS 

Solar Energy Products, Inc. 
West Coast Operations 
P. o. Box 3969 
Santa Rosa, CA 95402 

Model No. CU30-WW 

Serial Numbers: 

North 
A 

West. 
1. 10204 

2. 10207 . 

3. 10208 

4. .. 10203 

5. 10202 . 

6. 10209 

7. 10159 
East 

B 

10177 

10206 

10169 

10166 
.··· 

10167 

10168 

. 10165 

.Attnz Jay c. McLaughlin 
(415) 584-7161 

South 
c D 

10210 10158 

10164 10157 

10163 10136 

10160 102i2 

10205 10126 

10162 10029 

10170 10211 

• 
"' 
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FEATURE FOR FEATURE- The Sunflr.diMCU30 Is carefully designed 
and constructed of the finest quality materials to provide dependable 
performance with a maximum service life expectancy. 
• PERFORMANCE - Our ad\lonced design absorber plate combines 

coppet' flow h..t)es mechanically expanded Into a highly conducttve 
aluminum extruded wing, closed celllsocyanurote insulation. high 
transmissivity tempered glass cover plate, end o highly absorptive 
durable plate coating to assure outstanding thermal performance 
(See Test Analysis page 5). The CU30 may be used In open or 
closed systems with wor1clng pressures to 150 p.s.l. and provides 
thennal performance stability to 300°F. An outstanding feature 
of the CU30 is the od\lonced design of !he custom aluminum extruded 
rromewol. The fromewoD has been designed for strength and vei'SOiilily 
in mounting. in either sow-tooth or Integrated roofing application. 

• DU!t4BIUTY - The anodized alumin.um frame. non<legroding 
tempered gloss cover plate, water-resistant closed cell insulation 
and copper flow passageways on provide lor design service life or 
30 years, when properly operated. 

• STRUCTURAL INT!GRITY- The CU30 series collectors ore designed 
to withstand o wind food of 130 MPH. 

• EASE OF INSTAUAnON- All fluid passageways ore copper; com­
patible with standard plumbing components. practices and 
standard heat transfer fluids. The fromewoll design in-
cludes a continuous flange with hinge and mounting 
system to provide lor lost, easy installation and 
great flexibility in collector positioning 
and support. 

• SERVICEABIUTY-Convenient and. 
simplified servicing con be 
accomplished with easy 
access through the 
front of collector. · 

e1.:3~ $1AHO&IO IIASS Nl'f H.UIDUNI 
OutL.IfS lASl P\.UMIING 
CONNtCYIONS 

•CORHIRS 481 IIIVUIO 10 tNflltOI AI.UY. 

INUM .,.c;u Ul.ACIS 108' ...C:RtASIO SliU(; 

l'UIAL INUGDin 

etHI AISODUO"-Afl CONStSaOF ACO'"II 

II.OW fUll MfCHAHICAU' li.,ANDIO INfO 

&H ALUMINUM WING 

tHIS II'OOVIOfl SUPIDIOR HIAf IRANSFIR 

CHARA.Cf1Rt$1'1CS 

• SEP's Systems haw been approved for use In HUD's SOLAR 
DOMESnC HOT WATER INITtAnVE by the Polytechnic Institute 
of .New Yortc and Florida Solar Enervy Center. 

• Independent testing has been cond.ucted by OeMrt Sunshine 
Exposure Tests, Inc. In accordance with ASHRAI 9S.77 teetlng 
standards. 

. • SIP's ~tems meet the testing standards set by the Amertcan 
National Standards Institute (ANSI 8198.1·1977). 

· • SEP's SunflrecfTM CU30-WW 101or collector has been approved 
by the Research CommiHee of IAPMO ($-1888). 

UMITED WARRANTY 
The Sunflrecf'MCU30 Solar Collector is warranted against defects 
in materials and workmanship tor rive years from dote of purchase 
(except for freeze damage. gloss breakage and damage due 
to aggressive heal transfer fluid). 

U.ntN 10 1HI FRAMIWAL.L SIIYtCU•G IS 

SIMPUftiO 8fCAUSI COMPUH ACCUS JO 
4U COMPONINU IS GAINID 8l RIMOVING 

FAS11NIIlS 

eTMI ALUMINUM &ACKPU.11 Hli.JI'S TO hU.IN· 

lAIN IHI RIG lOin .&NORUGGfONfU Of lHI 

PANIL 

etNI ALUMINUM I.I111U010 JI&MIWA&.L KAS 

IUN OtstGNlO fOD nRlNGlM AHO YIHA· 

IIL.tn WlfH MOUNtiNG Fl.ANGl AVOUNO fHI 
PUll MUIR 

lHI HIGH fltANUIISSION'W&tiRWHIJI'TIM· 

PI RIO GLASS MAS &SfiPfl\.10 •&niRH WMtCM 

GDI&llf RIOUCU PtCULM IHUCfMCI 
AND INCIIIASU AISTHITIC ~ 

e IHIIJCCLUSNI AlUMINUM U1RUOIO HINGf 

MOUNtiNG 5YSTIM HAS IUN OISIGNIO FOI 

QUICIIC AND SICURI INSYALLAYIONS 1HI 

HINGU MAY II POSifiONIO AI ANY fi01N1 

AIIOUNO fHI Peiii'!I'IYII Of fHl fiAM~Af.l 

e AN AU GASKII tSOU.TIS ILUIOLINI 
PASS·1Hil'Ot.JGM 

eiMI AISORIII PLAit IS CHIMtCALU 

111&110. CO&HOFLAT IUCil.,.O IAM:IO 10 

CllAII A OURAILl. NIGM PUfORMA_NCf 

SUO,ACI ____________________________________________________________ ........................ _. .... __ 



CU30·WW 

OUTSIDE DIMENSIONS: 98.5" X 48.5" X 2.57" 
29.9 APU!ATUR£ AR!A (sq. ti.): 

GROSSF~NTALAREA 
DRY WEIGHT (lbL): 

32.67 
180 

COVER P\.ATE 
Matertal Water White glass 
Ughts Per Panel (1) 85.5 lbs. 
Iron Oxide Content (5) 0.01 
Thlckneu (Inches) ~/16 
Dimensions (Inches/light) 46x 96 
Solar Transmission (~) 91 
Tensile Strength (psi) 6400 (tempered) 
Elastic Modules (ps11o6) 10.5 

COVER P\.ATE GASKET: Silicone gasket seal bonded to framewall and 
cover plate batten, W stable 

BACK P\.ATE 
Matertal: 0.032 mill finish aluminum sheet 
Weight: 13.0 lbs. 

FRAMEWAU, BAmN, AND MUWON 
Matertals: aluminum aAoy extrusion: Alloy no. 6063-TS 
Weight: 35 lbs. 
Finish: Clear anodized 

ABSORBER P\.ATE 

D 
c 
Ill :z: 
..: ... 

Matel1al: 0.5" I. D. • 0.026 wall copper flow tubes mechanically ex­
ponded into extruded aluminum wings for superior thermal co~ 
ductivity. Flow tubes brazed to ~ inch copper headers unless 
specified otherwise. All wetted surfaces ore copper or brass. 

Fluid Capacity: 0.84 gallons 
Flow Charoctel1stlcs: 0.05tt. head at 0.75 gpm flow rate (water). 

· Internal baffles direct flaw for a uniform flow distribution. Absorber 
plate is designed to allow for fluid drainage when level mounted in 
the l'lorizontal position. Veftlealtv mounted ooncotors must be ordered 
specifically without internal baffles to allow collector drainage. 

Pressure Drop Curw 
2.0 

1.S 

1.0 

.5 

0 2 GPM:H20 ). • 5 

TMI AIOVI CUIIVIIU.UITRATI$ PftSSUII 01101' ACIOSS I'M I CillO I'MIL 
WITM WATIII 45 THI TIIAHSJII fLIIIO 

Surfac.: Assembled plate Is cMmlcollv treated and coated flat 
block unless specified otherwise. 

Solar Absarpttvlty: 0.98 
Emmlsslvlty: 0.89 
Weight: 49 lbs. 

INSULATION 
Material: 1-1/8 inch isocyonurote loom board; routed to receive 

flow tube pattern. 
Thermal Conductivity: 0.09 Btu-in.ftt.2°F 
Flame Spread Classification: 20 
Weight: 7.0 lbs. 

DESIGN UFE: Material selection and design considerations allow an ex­
A peeled service life of thrrty (30) years. when the panel is operated 
W properly. 
OPTIONS 

CU30-HRM Mounting Sysfem: Aluminum extruded mill finish hinges 
(4) designed to more wrth anv section of framewall. Aluminum· 
standoffs (2) cold mountrng brackets (4) suitable lor fixed position or 
adjustable mounting (from 0° to 90°+). Weight 9.0 lbs. 
c!U30-SO Four ~ .. brass threaded outlets with parallel interr~l 1" 
I. D. '""" 0.035 wall copper headers. 

CU30-WW 

PANELOUTL.IT 

(OPTIONAL 
SID£ PANEL 
CONNECTORS) 
:II•"IIAASS N.P.T. 

. ! . 

,•: 

. '. ~ 

::~~::~~trl~~DCD~================~di~p 1.n1• 
FAAIII!WAU. : LH. a.M. ft 

. . .,,_,,.. 
U" ANO lti,Nf MN1D IHD OUnl'f OftiOfll AVARMU 

II'INI 

p.s· WIDI!) 

D.IO"- D.IIZtl 
COPPI!R TUllES 

i I 
~j14•----·· 

F\.OW TUBES IRAUD 
TO 0.11· TYP£ II COPPER HIEA0£11 

0.76' - D.OZI COI'PEA HIEADt:IUI 

AISORIER PI.A11 

.·~ 

• 

Left hand and right hand~ .. brass NPT end outlets. 
-~l""tft ,, •• -------:-~.~-------···- ~._._~...._. .............. __ _L _________________________ L.,.. ___ _ 
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PY\ SPECIFICATIONS: SUN FIRED TM 
~ CU30-WW SOLAR COLLECTOR 

CU3Q,WW FLAT PlATE SQLAR COUECTOR 

Tettlng performed in accordance with NBSIR 74-635, ASHRAf 93-P and 
ASH RAE 93-77 by Desert Sunshine Exposure Tests, Inc., Phoenix. Arizona. 

APERATURE AREA-THERMAL PERFORMANCE CURVI 
1.0 

.90 

. eo 
~.70 
~ .10 

~·"' 
- . .0 

.30 
.211 

.10 

0 

NBSIR74-635 I I 
r I -~"'--- CU:JO·--..._ .. SLOPI = ·1.15 

.......... - .¥' Y·INTI.CIPT = O.a3 

--.... 
~ -

·" .10 .11 .211 .21 .» .n . .o .u 
Fluid Parameter lt-Ta °F/8tu/112hr 

. I 
GROSS FRONTAL AREA - THERMAL PIRFORMANCE CURYI 

1.0 

. 90 

.10 

•. 70 

~ .60 

~.so 

= .40 
.30 

211 
.10 

0 

ASHAAE 93-77 

.... cu:so.-
r--. SLO"I = ·1.00 

r-- / 
Y·INtt•CIPT = 0.72 

o•oss r.aNTAL -r-....e: 
~ 
~ 

ARIA = 32.&7 oq. ft. ........ 
APIAATU•I ARIA = 

~ 29.9 oq. ft. 

I I 
·" .10 .211 .JO .n 

Inlet Parameter Ti- T0 °f/BTU/Ft2hr 
q; 

--. ~ 

,.0 

~ 
~ 

~ 

1--
1--

--.... 

Ta = ambient temperature 
I = solar insolation 

Tt = Tin + Tout ol collector fluid 

2 
THERMAL PERFORMANCE CURVE EXPLANATION 

The above thermal performance curve has been derived from tests 
conducted by: Desert Sunshine Exposure Tests, Inc. 

Test dot a available upon request 

Instantaneous solor collector efficiency ol the CU30 solar collector is found 
by operating the panel under stable conditions and monitoring inlet o~ 
outlet temperatures and the moss flow rote. The panel inlet and outlet 
temperatures are averaged and the ambient air temperature is subtracted 
from the result. This number is then divided by the incident solor radiation 
Btu,'hr.lt.2. The resuning value is ptoned along the x<Jxis ot the graph. The 
value to be planed on the y-o xis is the actual efficiency of the panel: output 
(outlet temperature minus inlet temperature °F multiplied by the flow rote 
lb./hr.) d1vided by input (insolation Btu/hr.). These values planed ot different 
'inlet temperatures. prov1de on instantaneous performance curve. 

THERMAL PERFORMANCE STABIUTY 

Thermal distortion ol the solar collector during operation and periods ol 
stagnation to temperatures ol 300°F will not cause significant 
deterioration ol panel's performance. 

CU30-SL FLAT PLAn SOLAR COLJ..fCTOR 

Tettlng per1ormed 1n accordance w1th NBSIR 74·635 by Energy Design Assoc· 
iates. Inc .• Gainesville. Florida. 

PY\SPECIFICATIONS S.UMMARV: CU30 
~SUNFIREDTM SOLAR COLLECTOR . 

The CU30 flot Plate solar collector panel• shall be capable of absorbing 
solor radiation and transferring the resuHing heat into a heal transfer fluid 
circulating through the panel. The absorber plote shall consist of a grid 
pa11ern at aluminum "lin" extrusions with copper flow tubes mechanicauv 
expanded into the fins. providing positive thermal contact of minimum 
67'\ of .tube sur1ace. The enclosure box shaU be constructed of clear 
anodized aluminum with lhe mounting !Ionge eJIIending around the entire 
perimeter of the panel. Insulation shall be 1·1/8" closed cell isocyonurate 
rigid loam board. The cover plate shall be tempered water wl'lite 
gloss with transmissivity at .91. The panel fluid connections shalll:)e 
tl'lermolly isolated 1/2" NPT brass nipple . 

THERMAL PERFORMANCE 

The poners ape~ature shan be independenll't' tested according to ASHRAE 
9l-77 test standards. The panels shaH have a linear onalvsis thelmol elliciency 
described by the eQuations: 

DURABIUTY 

.EFF. =0.83-1.15!Tt-lal 

I 

EFF. = 0.72- 1.10 (Tj,1-Tal 

qi 

• 
EFF. = 0.696- 0.584 (IP)- 0.872 (IP)2 

(NBSIR 74·o35) 

IASHRAE 93· 77) 

The ponet shall be capable ol withstanding stagnation temperatures of 
300°F wit!\Out significant degradation. The panel shall be designed to 
withstand .. 1nd loads to 130 mph, when property mounted. The absorber 
plote shall be designed to allow fluid drainage for freeze protection and 
shall be capable of withstand1ng working pressures of 150 psi. The panels 
shall have a des1gn service life ol 30 years. 

SERVICEABILITY 

The glon cover plo!e shall be removable hom the front of the panel w•lh 
s1mple hand toots The absorber plote and other components shall then 
be removable through the front of the panel. 

. t 



INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS. 

Accepted Noverrber, 1977 

Void after NoveniJer, 1978 

A NON-PROFIT CORPORATIJN 

Application nvmber S=l4364 

file number _;;;,S==..lo.88o.Sg._-----

RECOMMENDATION OF THE PlUMBING RESEARCH COMMITTEE 

The product described herein has-been reviewed, tested and recommended for acceptance by the Research Committee of the 
International Association of Plumbing and Mechanical Officials as meeting the requiremenf$ of the UNIFORM PLUMBING 
CODE. This recommendation is subject to the conditions set forth in the characteristics below and is not to be construed 
as assurance or guarantee by the Association of product acceptance by local jurisdictions or authorities using the UNI­
FORM PLUMBING CODE or .otherwise affiliated with the Association. 

P1 oduct trade name _So __ lar __ Co_l_l_ector ___ s _____________ _ Model No. __ Cl.J_3_0_~-------

Characteristics: Flat-plate solar collectors for swimuing pool, space or darestic hot water heating 
ar:plications (for residential, cx:::mtercial and industrial uses) • 'Ib be installed in accordance 
with the manufacturer's instructions and recamendations and the Uniform Solar ~rgy Code. 

Di.Jrensions (length X Width X thickness) are: 8 1 2. 511 X 4 1 0. 511 X 2. 5 711
, 'lhe total collector 

area is 33.2 square feet (approxbnately) and the aperture area is 30.1 square feet (awroxi­
nately) ." Frarre construction is aluminum alloy (alloy no. 6063-TS) extrusion clear anodized. 
'Ihe absorption surface plate is made of ext:.n1ded aluminum. 'lbe water-ways are made of copper 

Applicant Solar Energy Products, Inc. 
Address 1208 N.W. 8th Ave. ... City Gainesville 

This recommendation is for the. period indicated herein and is void aft., 
date shown above. Any change in material, marking or design without 
having first obtained the approval of the Research Committee or evidence 
of inferior workmaMhip or failure to follow an equitable service policy may 
be deemed as sufficient cause for revocation of this recommendation. 

/J t4 _. /) ~-S ~·'1'111 .A ..I I ~HAI&:;.fi[J~lc/coNNI~ftr-V ... ~ 
Sponsors of UNIFORM 

State _ __.FI-.......~ _ _.3"2...,6...,0c...l_ 



INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL· OFFICIALS 
. A NON-PROFIT CORPORATION 

ooverrber, 1977 Application number. S-14364 

Void after · tbvert1ber 1 1978 File numbe~-=5-~18""'8.....,8 ___ _ ... 
RECOMMENDATION OF THE PLUMBING RESEARCH COMMITTEE 

ATIACHMENT TO LISTING CERTIFICATE 

Product trade name Solar Collectors 

tubing, type M, 0.511 I.D. The inlet and outlet headers are nade of ropper tubing, type M, 
0. 75" O.D. Insulation is isocyanurate foam, 1.125" thickness. Selective paint is flat 
black, rust inhibitive, high tenperature. Glazing - terrpered glass, single, 0.188". 
t~ight - 190 lbs (dry), 200 lbs (wet). 'Ihe cover plate gasket is silicone gasket seal bonded 
to frarre wall and cover plate batten, W stable. 'Ihe back plate is 0.032 mil finish 
alt.D11inum sheet. All wetted surfaces are copper or brass. 'IWo (2) drain holes, 0.25" in 
d.iarreter, are located at the la¥ points of the panels. Fla.,r characteristics: 0. 05 foot 
head at 0. 75 gpm fla.,r rate, maximum design fla.,r rate is 5 gpm. 

Sponsors of UNIFORM MECHANICAL CODES 



90<4 SOUTH MAIN 8TRI!:ET 
GAINESVILLE. FLORIDA 32801 

EDWARD B. O'KELLEY, P.E. 
CONSULTING STRUCTURAL ENGINEER 

STRUCTURAL CERTIFICATION 

Solar Energy Products, Inc. 
1208 N·. W. 8th Avenue 
Gainesville, Florida 32601 

Collector Model Number: · Cu 30 .~-IW 

TELEPHONE 
804-372-73158 

The undersigned, an engineer registered in the State of Florida 
does certify that, having used generally accepted procedu~es,. 
he has determined that the ~ind load that may be sustained 
by the solar collector identified in the heading above without 
damage to the cover plate material," or its mounting is at least 
42.5 lb/ft2 . 

. ....... '""'''''''··., 
... - - ,, 

.· •· t:~l •. ••• 
• • "':,to,' • • • • •• • • , '• 

_.. '•J ~ • • ... .., ' . ·, . - c •, ~ , _.-,_. ?-~·.<>'• 
, ......... • ··- ...._. .,.,. • I, 

: /~s-ElL;! · ~\ e~ ;, 
~ 1/l ' - ~ ~ ~! • • 
0 ~J ~ :. ~ ,,~ II!' i/): "' ; 

• ...... ~ , ,J... • • 
. ·-~ ~ "'' ...... ~ . 

·'~ ·. _,. ...., N..,. ":.' ~... : 
,.;~\·.: .I'.!''~.~ 

. -~ .. . .. ' ., ·, ''1.41.. ••• ••••• '~,. .. 
I ' .,.~ ~ ,., • ' '•. '· ... ~ . ____ . 

'\ \' '~ .... ,,, ................ 

Signed.~~~~~~~~~~~~ate: Dec. 16, 1977 

Typed Name=--~~~~~~~~~~~J~r~·-------­

Registration No.~F~l~o~r~i~d~a~3_9~~3~2~--------------

* The structural behavi6r of glass is such that the risk of 
breakage must be handled statistically. Risk can be reduced 
to an insignificant level. but it cannot be eliminated. For 
this reason, ~lass is not guaranteed against breakage. Predicted 
breakage for these stated installation conditions is estimated 
as 15 out of 1,000, exclusive of breakage cau~ed by flying objects. 
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May 2, 1978 

Mr. Jay C. McLaughlin, Vice-President 
Solar Energy Products. Inc~ 

P.O. Box 3969 
Santa Rosa, California 95402 

Dear Mr. McLaughlin: 

JOHN E. BROWN S, ASSOCIATES INC. 
ARCHITECTS ENGINEERS 

In receipt of your request of February 22, 1978, we analy?.ed your Solar Collector 
Panel CU30-WW with Mountin~ Asst.·mb.ly CUJO-HR.'-1. Our structut"ill anatysis was bas~d 
on the assumption that t 1 1~ syst~m iH ~Msembled and mount~d according"to the manu­
facturer's instructions and specifications, containe~ in Manual 13.25/Sb-1, with 
components and details as shown on attache<.! Drawings (1101-108, elated November 22, 
1977. It was further assumed that all aluminum members have a yi~ld point of 
15,000 psi or more; all connector bolts used arc 3/8'' in diameter or greater; and 
that the assemblies are located at a h~ight not exceeding 30' from the ground. 

The structural analysis is shown on computation sheets C.l thru C. 7, dated t-tarch 
1978, attached to t~is letter. 

The analysis is based on the requirements for resistance against wind and seismic 
forces definded in the following building codes: 

Uniform Building Code, 1976 edition 
Title 24, Building Regulations, California Administrative Code 
Title 21, California Administrative Code (Schools) 
Title 22, California Administrative Code (Hospitals) 

We found.that the controlling force for the purpose of our analysis was a wind 
force of 20 lbs. 'per square foot, in addition to the dead loads of the structure. 
In our analysis, we found the following three areas of compliance with the codes: 

1) When the unit is mounted horizontally, as shown in the top portion of Draw­
ing 11108, and when it has 2 standoff supports in any location, the assembly 
meets the requirements of the codes stated above. . · 

2) ·When mounted .horizontally, and when the 2 standoff supports are symmetrically. 
located with respect to the center point and.are at least 3'-8" apart, but 
not more than 4'-10" apart, the assembly is capable of resisting a wind 
force of 130 mph, equalling a horizontal force .of 42.~ lbs. per square foot. 

3)· When the assembly is mounted vertically, a& shown in the lower half of 
Drawing #108, additional bracing is required for the standoff and, under 
these conditions, special details need be provided. 

Sincerely, 

~2.~ 
John E. Bro•"'n 
Structural Engineer 

JOHN E. BROWN, F. ASCE. CIVIL & STRUCTURAL ENGINEER 
ROBERT 8. EARL. IEEE. NSPE, MECH. & El. ENGINEER 

HECTOR V. TATE, A.I.A .. ARCHITECT 
SAMUEL S. WERTZ, QUALITY CONTROL CONSULTANT 
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<10c 7.fsl .57lll!Jl1Iillg ~"l/11tlcr t!te Suu 
BOX 185 • BLACK CANYON STAGE 

PHOENIX. ARIZONA 85020 
(602).65-7525 

DSE"l' Rt-port No. 77S0705A~ .................... _ 

CERTIFICATION 
OF 

SOLAR DEVICE PERfORMANCE TEST 

This certifies th.,t DESERT SUNSH 1 NE EXPOSURE TESTS 1 t NC, . has 
tested.a solar collector for: 

GULF 'l'HE'Rt\AL~RPORAT..=.I.x:OO:.:..-___ _ 
Company 

2215 In~usttjal Boulevard 
Addres~ · 

Sarasota Flor id:.:.J.~-­
StAte 

~~5~7~A __ , described as follows: 
City Zip 

Collector Model No. cus , Collector Serial No. 
----~~-----------------

None 

Collector Type -----~F_l_a_t_-~p~l_a_t~e~------~--~-----~~---------------------~--­
Ocscribe (i.e., flat-plate, fin • tube, serpentine, 

conccntra_ting, etc.) 
Gross 

Collector Dimensions (S.C~) 

Aperture Dimensions 

48.5" X 98.5" (32.67 ft
2

) 

Receiver Coating Non-selective , Clazing(s) 
~-------------------------------------

Date (s) of test January g,-;10, 1977 , in accordance with the test 
method described by the following (inapplicable documents ~ossed out): 

ASHRAE lOOMOc~ 93-77 

~xxxxxxxxxxxxxxxxxxxxxxxxxx 

with the follvwing exceptions to above test mP.thod: 

.None 
Expla n.1 t ion 

------ ----------------------------------------~ 
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OSET Report No. 77S0705A (r.ontd) Page 2 of 2 

CERTIFICATION OF SOLAR DEVICE PERFORMANCE TEST 

OSET does not certify the product described herein, or the performance 
thereof, or the suitability of the product for any purposes whatever. OSET 
certifies only that the foreqoinq test procedures were followed and that 
the referenced test report ·is the result of said tests. 

Certifierl and Swcru to by 

DESERT SLNSHINE EXPOSLRE TESTS, INC, 

to certify 

Gene A. Zerlaut, Technical Director 
Typed Na~e and Title 

July 7, 1977 
Date 

-~ .. Solar EtM1'4Y Products ,Inc. 
=-- P.O. Box 3969 • Santa Rosa, California 95402 

~~ Supplier of Solar Energy Equipment 
,... . (707) 52&3541 

.. -·-....., 
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January 27, 1977 

Mr. Dudley Slocum 
President 
GULF THERMAL CORPOR/\TlON 
2215 Industri~l Blvd. 
P. 0. Dox 13124 Airgate Dr. 
Sarusota, Florida 33578 

Dear Mr. Slocum: 

. Soiat• EnE:r•ey Pl'oducts, hl( 
1208 N.W. Uth Av~. • Gain~sville. F"loridil 3260 

'Ia Supplier ur Solar Energy Equ•prnent 
L~-G 
t~·t.:r·s. (904) 377-6527 

The following report give:l the basic results of performance 
tests conducted on the Gulf Thermal Corporation Hodel CUS col­
lector. 

Testing was· performed in accordance with the AS!IRAE· 9-3-P 
_proposed method and DSET Specification 75SE2 utilizing an alt­
azinluth sun-·traekinc;r (ENI) mount. The c;renera1 test ratic:malc 
and procedures employed are described in the DSET Specification 
appended to this report. The specification should also be re­
ferred to for instrumentation used and excertions to the ASHRJ\.E 

-93-P procedures. 

:tt should bo noted that pressuro drop data as presented ... 
were measured with ot•ndard pressure g<nlges and nre not con-· 
sidered highly nceurate. Therefore, caution is advised in fotm.:. 
ing conclusions based on these data. Highly accurate pressure 
transducers arc duc_tn be install~d in the test facility; how~ 
ever, due to schedule commitments, it was required that testing 
proceed prior to their installation. 

The ASHRAE 93-P method is composed of four parts: (l) Pro­
conditioning, (2) Dctcr:nination of the collector's time constant, 
(3). Instantaneous efficiency performance! test., and (4) Determi­
nation of the incident angle modifier for the-collector. 

Each of these topics will be addressed separately and tost 
data and rc~ults arc presented at the end of the ~cport. 

l. ~recondjtioni~ 

Prior to the therrol pcrform-1nce tests the collector was 
placed at a 45° ··:;outh .f?.cing angle and exposed to the sun in ,, 
non-operational, 'staqn,ltion n10clP-. The collector ..... ,,s lni tial ~y 
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Mr. D~dlcy Slocum 
Janu.:~ry 27, 1977 
Paqc 'I'wo 

filled with water, the inlet ~caled, and the water was allow~d to evapor­
ate over a thrt:c-day period during which the cumulative daily insolation 
was equal to or qreater than 1500 BTU/FT2. 

At the end of the staqnation period the collector was visually in­
spected. No d~scernible damage or chunge~ were noted. 

2. Collector Time Constant 

Testin9 of the collector to determine its time con!:tant, i.e., 
the time required for the outlet fluid tenapt.~r:tture to <tltL~in 63.2 percent 
of its steady state value, was performed on th~ ENI mount by turnin9 the 
collector out of the sun to provide the necessary step chan9e in in!#ola-. 
tion (1\SHRAE 93-P, St.:ction 0.3.1, t-!cthod (l)) •. 

The data obtained, as given in the table at.tuched, resulted in a 
value of 3 min. 50 sec. for the time constant of the collector. 

As one-half of the co1ler.tor's time constAnt. js lP-ss than 5 minutes, 
the subsequent P.~rformance test data were integrated· ov~r 5-minute time 
periods. 

3. 'Instantaneous Efficiency Performunce Test 

The instantaneous efficiency.test was performed utilizing an alt­
azimuth sun-tracking (ENI) mount which maintained the collector at' normal 
incidence to the sun throughout the test period. 'l'he test was conducted 
at an average flow rate v! 409.28 lb/hr (0.818 qpm) while the inlet flu.id 
temperature wa!l varied. The inlet fluid temperature wus varied from around ·-c 

ambient temporatur~ to about 205°F to provi~e as wide a range of operating 
conditions as possible~ 

Data obtained from this test and relevant c~iculated values are 
given in the attached tables. Plt.::ase note that where integrated values 
have been reported, the mean value f.or the integral is given in parentheses. 

Following the data tables are two graphs presenting the efficiency 
data as a function of the inlet parameter~ (T.-·'l' )/q. (which describes the 
conditions under which the collector was oper~te~). l. 

! 

In the case of the first graph, the data were analyzed using a 
2nd order least squares .polynomial- which. resulted iu the followin9 effi­
ciency equation as a function of the inlet pararooter. 

" = o. 760 
(" .,. -T J 

- 0. 639 ; - i a 
j ql.. . 

. ... 

(' T.-T J 2 

-0.951; l. a 
l qi 

(l) 

\ 
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Mr. Dudley Slocurn 
January 27, 1977 
P.-l.gc 'l'hrcc 

In the cat~e of the second grilpll, the data were analyzed with a 
lst order least squares regression, at tl1u clien~'s request. The anal­
ysis resulted in the following linear equation for the efficiency of the 
collector in terms of the inlet parameter. 

( Tqi-iTa 1. n ~ 0.787- 1.097 l j (2) 

A!i the l\SHIW: method rcquit·cs 2nd order polynomial analysis; 
subsequent discussion and presentation of the t~st re~ul~s are based 
upon the non-linear 2nd order ilH.:lly~;is as given in equ.-ltion (l). 

At an inlet parameter of zero, i.e,, no heat loss to ambient 
relative to the inlet temp~rature, equation (1) yielded a value of 0.760 
(76,0\) for the optical efficiency factor. The optical efficiency factor, 
F Rcn, is the product of the heat renovnl factor (F R), the receiver· ab­
sorptivity (a) and the transmissivity ('t') of t:.he cover system. 

Differentiation of the efficiency equa·tion-with respect to. the 
inlet parameter resulted in the following expression that de:;cribes tho 
overall heat losses from the collector, FRUL, where UL is. the overall 
heat loss coefficient. 

• F U a -0.639 -
R L r T -T ', 

1.902 !. a. I 
. ... l. . ) 

Since the overall heat loss is a fUnction of the thermal condi­
tions ~nder which the.colieetor is operated, as described by the inlet 
pararnete1.·, the differential was evaluilted at thrt::c. different parameters 
to give some indi.C:ation of the hent losses experienced. by the collect.or. · 
'l'h.e resul Lant values are given below. 

F'U "** .. 
Inlet Parameter* T -,j 

0.05 -o. 7 34 

0.25 -l.llS 

0.45 -1.495 

*°F/BTULFT2.hr 
**B'l'U/rT2 • hr/.0 1-' 

As the above values demonstrate, the heat losses increase with 
inc1·easing operating tcm!lCra tures. 
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Mr. Dudley Slocum 
January 27, 1977 
Page Four 

As you will not~, the.· 1\Sli!U\E method requires that the efficiency 
of thi collector be ·~xprc~sed in terms of U1cinlet fluid temp~rature 
whereas in lhc N!JS method the avcrclge fluicl tcmpe1·aturc .!_!> uti l.izcd and 
results are cxprenscd ir1 terms of the fluid paramdtcr, (Tf-T )/q1 • Conac­
quently, perform.1ncc curves ba!'cd on di ffcrcnt parameters ar~ not reodily 
comparable·. How.cvcr, the data table?S contain all of the data necessary 
to generate performance curves based upon any of the various parameters 
for which measurc·rncnts exist. 

In this respect, we have provided two additional gra~1s of effi­
ciency as a function of the fluid parilmcter, onn "''ith •1 non-Un~;1r (2nd 
order) clllc"llysis, l"lte other with a liuc.J.t" analysis. The i\nalysi5 resulted 
in the equation~ bolo~. 

., = o. 779 -

., = 0.825 -

'1' -T (- 1 0.572j _J~ 
l... qi 

-1.120 (non-! in ear) 

(linear) 

These equations·and tha curves presented in the graphs should pro~ 
vide a means of compc!lrison to the previous tests you have that were per­
formed to the NBS method. 

In order to pradict collector performance ovex a wide range of 
conditions, t~ots were conducted to cetermine.thc incident angle modifier, 
:K , for the ·collector. Tho incident nngle modifier is used to modify tho 
pg~for.m.:lnce curve (determined at normal incidence) to .:tccoilnt .t;or.changes 
in pcrfortMncc as a function of the sun's incident angle and is dc!ined by 

"the general equation: ( · .. · '1 · 
l<. = l ib I -·-

1-. -l 
at . o l cosO l 

.) 

_The collector _was tested by adjusting the ENI mount so that the 
collector was <:~t incident <lnglcg of 45°, 60° «nd 75°. Data were taken in . . 
each of the incidc:-nt ·angle positions. and the appropriate- efficiency values 
were computed (1\SHRJ\.E 93-P, Section 8.3.3, Method (1)) •. 

The efficiency d~ta so obtnined were plottcn on the? performance 
gruph and un extrapc"Jlation was made to the ordinate by assuming the sume 
slope as the performance curve. 
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The intercept values~ 11
0

,. for each incident angle condition 
thus obtained are given below along with the resultant values for K' 

at 

Incident Angle, 0: 

K 
at 

0.762 0.747 

1. 003 0.993 

0. 704 0. 711 0.441 0.439 

0.92G o.93G 0.500 0.578 

1 
The data forK as a function of ') -1, as presented in a 

h 1 d · a'T d · 1 t co~;, 1 · · · grap attac 1c , wer.e analyze us.lng ~ e~!:\ S<.l'J~res .lne.1r regress.lon J.n 
order ;to determine lhc value of b in the gcn~ral equ.:.~tion. 'l'his yielded 
the following incident ungle modi? icr equation fot·. the collector: 

K ~ l- 0.174 [_l__J 
at cosO .1.j. 

The ASHRAE 93-P test is quite comprehensive ~nd valuable in the nmount:. 
of inforn~a tion it can prov ido ;.~bout the collector'~ opcr., ting character­
istics. DSE'r has pr.cpared a position pnper (enclosed) for the exclusive 
usc of its clients which prescuts methods by which the Lest results can be 
used to generate va·rious information about. the co11ector. 

The methods and procedures pr.esented in the position paper, for the .r;. 

most part, have not been extensively field tested. We, therefore, solicit 
any comments 'you may have regarding the position p~ consistent with 
your experiences in the field. . ./')(/ ·\ 

W'l'D: lf 

Enclosures 

I \ ---~ \ •. I 

veru~u(y yours~ 
'I . • ;.,.-- / 

..,' tlfi;;_, ·v~ 
Williilm T. Dok.os 
Research Engineer . '· 
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(Superscript) 

Sn!BOI.S/lll:!:! i~ I TIONS 

.Ahsorpt.1ncc of recc i vcr /absorber 

Trnnsrni t tance of cover 

Collector plate efficiency fnctor 

Collector plate hcat-rcrnovnl efficiency 

Overall hcnt. 1oss coC'fficicnt 

Local ~olnr time 

Inl<:t' fiuid tcmper;.tturC' 

·Outlet flu.id tcmpt·raturc 

Plate tcmpcrnturc 

Ambient n1r tcmpcrnture 
.. 
llcat capacity 

Insolntlon .(incoming solnr radiation) 

Inlet pressure· 

J.>rcssu re d t·op . 

Fl u.id tcmpcl'ature differcnti<tl . (T -T.) 0 l• 

.Average fl uiu. temperature 

Average plate tempera turc 

Average fluid temperature ~~ iffcrentinl 

·Average plate temperature differential 

Flu_iu pnr:uncter 

Plate parmnl't<.'l' 

Collector output 

Effie icnC)' 

Average values 
.. 

over wnbient 

over ambient 

! 



r .. GULF 'l'!IEHJ'·\J\L COftPOAATIQrl 

D~ET No .. 1700G~/77S0109J\ 

Collc~ctor Tjmc Const.ilnt 

Date: Janu.:tr.y 9, 1977 Wind: 360 fpm 

oc 'l' -T. 
·solar. 

0 l. ----
Time 

'l' T. T . -T. 
0 1 .5.'.! }-_ll_t, ,_}.!_1_ 

13:5&:00 2<1.6 ] ~. 6 1.000 

- - - - · Coll <.·c~ Lf,r. 'l'axcn Out of Sun - - - -
13:56:30 .25.1 17.. 6 1. 042 

.. 
13:56:50 24.4 12.6 0.983 

13:57:10 23.5 12.7 0.902 

13:57:30 22.2 12.6 o. a·oo 
13:57:50 21.1 12.5 0.711 

13:50:10 20.2 12.6 0.633 

13:5B:30 19.3 12.G 0.558 . 
13:50:50 19.5 12.5 0.496 

13:59:10 17.9 12.5 0. 44 c, 

13:59:30 17.<1 .12. 5 ·0.1\0C:. ·'· 

l3:s9:so . 16.9. 12.4 0.369 

14:00:10 16.5 12.4 0.336 

14:00:30 lG.l 12.4 0.303 
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DT~SER'l' SUllSI!lNf. Er.POSUR.f; TESTS, INC 

!'\ox 105, 1\J;,(:k Canyon Stu•Jc 
Phoenix, rn·i :o:oncl. 85020 

COMPANY: GULF' 'l'lii~PJ·ll\1. COHP0!\1\'l'ION 0/\Tt-:: Jzwu<-~ry 9, 1977 
RF.FEfl.El~Cl:: NO.1 10/20/76 Sloc-um COLU:C1\JI-:s Cu~;, c;F 170065 
DS ET llO. : 17 OCf(,~j 
REPOHT NO.: 77S0109/\ 

G!..l\~T NG: !;j n<J l •· Gla~1 

Al'ER'l'UIU·: ARE/\: 29.9 ft 

TEST METHOD: DSI::T 75SE2. 7 (/\SHTU\E 93-,l'/ENI) 

t, solar 

~f-T..J.a_(_o_F_) ----r---( 4-6-.-2-)· ~- ·---,-1\-6-. 0·)-ll ~ 4 G. 8) j (4., . 3) ( 4 0 • 5) 
6~3.3 701.6 702~1 70~-~ 727.1 

~--~-----------+---- ------~-----------~ 
WindVc1ocity N7 F.7 I NJ::S . N4 NR 

~~~1~~~r (fi,m) 410 I 20~~ 480-.--~~·;0 -----t---4.;...0_0 __ __. 

c (B'l'U/lb. OF) 1. 00637 I 1. 00635 l. 00635 l. 00632 1. 00148 
~(-q~.--(B_'l_'U_/_F_T~2-.-}~-)~f----~(~3~30~.9~i--+---~(~3~3~-~-.0~)----+---~(J~.3~7~.~9~)~---(:f3'l.9) (32~.9) 
.I .l. 5083.2 5004.6 5069.1 5068.0 4873.5 
1-----,...-.,,-.--~-----~--~.:....;...:......_ __ --------~---------1------·-----+------~ 

qi' \ Diffuse S. 5 r,,r_ 
r----------------+---5~·~5------+---~5~-~5-----4--~~-----t----·~ _v _____ ~ ____ s_._o ____ ~ 

Tilt An 1 c 54. 4 54. (, 55. 1 ~~----+---6::...1::...':..:1;;,_.._~ 

Incidence l\n lc l. 0° 0° 0° I · 0" 0° 

Azimuth ~~lc ~. ~,---_~5--.l---~~-.--~,-.-l----~----~J~l-.-6---~~.~~-~-1;;.;3~ .. ~5~--~----~3~1~-4~~~ 
P. (psi) 1 

r-~l~n ____________ +---~1~3~-~3----+--~1~3~.3----~--~13::...·:..:2~·---+--~1~3~-~2-----t---~1~3~-~8~---4 

6P (_P~S::...l::..;' ):.._..~-----t----73~ .. .:.2i'\\'---t-~3~·,..:2~--~f-_..;r,.::...,..,:--f--n.:.:...,.,----t---...;,;;,;-_,..,.-~ 

J6T (OF') (6,9) (6.9 

.. Tp (°F) 

Tr-Ta (on 

(oF) 

103.2 103.1 

208.2 208.0 

161.9 161.3 

106.3 

208.0 

161.1 

·107.3 160.3 

207.9 167.6 

160.6 119.1 

~~~-----------~-----------+----------4-----------+---------~1-----------~ 
Ti-T« ( 

0 
f') --~15_8_._5. ___ ,1-

1 

___ i 5_7_._H _ __.I--_1_5_7 -~-+-! '_::!_ _. 0--~--1_1_3_._7_--1 
(T -'1' ) /q. * 

1--..,.---f __;« __ __.;;.l:.__ __ ~_..:;..o:. 4_7.:..8 __ L o. 4 7 C:_· ---+----o_._4_7_7_L-~: .':. 7 5 o. 36 7 

(1·i-Ta)/qi• o.<lGO I o.4GG o.4G·:. j o.~_G_s __ ·l----o_._Js_o __ _ 
(T -T )~/~o-.~.-----~-----------~i --------

~~_, __ a ___ -_1 _____ ~--------~------------+----------- ----------I-------------
n • * 1 I 

t---qi____ j j' . - J_ ___ - ·---
~-f i ~~~-· n_c_y, __ n _ __.~. __ o_. _2 s s_ o. 2 !> 7. -~. 2 GO l_ • o. 2 G .:__IL.-___ o_._4_1_1_· _ 

* •l1Tll/f''l'
2

• hr I'rl'fl~ ._J •. -- of _J__ 

I 

I 

I 

. I 
------'-'---'-'~·'l_ti_L~II•~-:~-----------------------"---'-------~--· 
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nox 1[!5 I II] .v:)<, C:."\nyon Stoqc 
Phoenix, T\rj r.onc"\ 05020 

COMP/'J~Y: GUU' 1'11EIIIW, COI<J>OW\'1' ION 
REf,.l·:RE!~CE NO.: 10/20/7(, Slor.um 
DSET tJO.: 1700(15 

J~PORT NO.: 77SOl09A 

TEST 1-'..ETHOO: OSI.:;T 7 5SE2. 7 (ASIIRJ\E 93- P/ENI) 

t 1 !lo1ar 

P~ · (psi) 
J.n 

.. 
I 

-

)409 

370.6 
(162.1) 
2<132.0 
(172.9) 
2593.4 

- --

1425 

I 

5.7 

62.9 

oo 
-34.0 

13.0 

3.5 I c1o. ·n I 160.5 

lG7.2 

DA'I'f-:: ,l,JfiiJcll"Y CJ I 1977 

COLLf:C'I"'Rs CUS 1 CF 17UOGS 
GI.J\ZlfiG: 5inq]c, Gl<H;!: 
APEHTURE 1\Rf:J\: . 29.9 !t

2 

1507 

s.o 5.3 

G3.7 I (.9. 7 --
o• oo 

-36.3 
1----

-45.0 

13.8 l'i.3 

3.5 I 3.6 
(10. G)i (17.9) 
159.7 260.1 

166.0 63.5 

1514 

-46.3 

14.0 

3.6 
(17.5) 
262.0 

t----=~•f __ -_Ta __ < o_:-_·> ___ + _ __;,;.ll;;;...--9_._0 __ +. __ 1_1 --8. 5 ~~ 11--7.9 ~~--1-3 -~~~--;--~---1_3 -_-· G_· --~ 
'l'p-1~ (OF) I : 
Ti-'l'il (O[~) I 113.6 I 113.6 112.6 ~...?··-.--l---4_.0 

0.'163 

(!l' -T )/q.* R I - ----~ 
r---:-_f a 1 __ Q..~}_r,n o. 37o _ -~-3_7_l ___ L-~:~.~,_r_,_-i·--o~--

(T. -'I' ) /q. * I 1 a 1 0.352 0.355 . 0.355 0.016 0.017 
~---------

(T -T ) /q. • _ ~ _ _ I 

:-"~~: , -·1· - ,--.. -.. -~----l - i 
Efficiency, fl _l 0.41.3'--=I~~~-:J--;-o.•t.t•l j0.75~ 

·-------,...~-----._} 

-----------~--------

"'----
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!.JI~Sf.RT SU1l~ill1 r:F: E:W:l'OS\HU: 'I'l::STS, I UC. 

Box 105, Bl.H:-x C.1ny<m Stn'_rc 
Phocni~. Ari~onn 05020 

COMl'N~Y: GULf' TIIEJIYJ\Y. CO"I'OW\TION Dl\1'1-:: J,11lUilq' <), 19'17 

REFEJU::NCE NO.: 1 0/20/"16 Sloe tun COLLECTOR I cu:. I GF 170065 
USET NO.: 170065 
RF.POHT NO. : 77501091\ 

GL.l\Zl.NG: f.inylc Glu~s 2 
1\l'l::!t'!'UJu; 1\JU::J\.: 29. 9 f t 

TEST METHOD: OSET 75SE2. 7. (1\SHlU\.E 93-P/E!II) 

t, t:olar 1530 1537 

fu (lb/hr) 376.0 373.4 

JTi (oF) (54.4) I (511.4) 1 
OJ 6:_;. 1=--- 01 ~. J I ------t------~ 

I ho. 7) ,--(io::~-, . . r 
1059.9 I JOSJ.0 I 

--~·-· - .. -~--~----··-··--~-. ·-----. r-·---r--:-· ]To (OF) 

(OF) 

~-"------- - ·t=-·--~=---~·-. 1".---·-·-+-----i 

~------------r--(-ll·~-.-.,-,-1,---(.~"J.) r- --- -----·-·-------. 
Tp 
Tp (Of') 

Tp ( 0 .f') . 

( OJ.-•) 
7 A4 8 7~1 A . 

~~~--------~--~··=~·~--~--~·~-~·:· ~----------~----------~--------~ 
Wind Velocity NE (, l N 5 I 

JTa 
--xrr ove1: ]-

Collector (fpm} 200 _ 90 . _! 
::=c="==(=U=T=U/==lb==· =or=·=> ======0=·=9=9=9=3=3·=======0=.-:_-9 _ _9_3 __ 7_+---·--__ -_ __j=· ==========: 
Jqi (B'l1.I/F'J.'2.hr) (275. ~) (l.G8.1) · J 

tllJO.l 402J 7 
ti. , \ Ul.ffu_::;_e __ _...__ I • · -~--------'1 

1. ___j'""'.-=o. ___ ~---s~. 9-~---- :_ _____ ~ 

'l'ilt ~nc;~lc n. 2 11\:.~ . -----:---------·- -------

lncidc~ncc 1\rtqlc oo oo ·-- --- •. --:~-- . -- ··-______ _, 
-49.2 - ~0. I] l ~zimut:h 1\nqlc 

l'. (psi)· ~------------+-----------1---------~-----~----~ 
l.n 14.8 111.8 

~-tiP (psi) 3.7 3.0 Jl· 

Jt~T (oF) (16.2) (1!);9) 

~-=~---~------r-~2~4~3~·-7-----·~--·2-3_!:_._6 ___ ~----~---r---------r-~------4 
Tf (OF) ; 62.5 62.3 

! 
I 1----=--------t----·---+------..;-------,···--------1-------1 

Tr-Tn (oF) ' I ! 
12.q I 12.9 

1----=-=;l:,_p--'1-.a--< o-1--. )---+-__;:;.; - l - -·-·--t------r-
t--·--· r· t-------t~l _______ __, 

--~-~-·1~ -~~-'>__ 4. 7 I 1\. 0---+-------l-------+-------~ 
('1' .-'I' )/q. * i 

~ ~-h~-·ra>lq~.----·--o_.J'_-1=t7 __ Q.. •. lli.~,__ ==J------
. --w' ~ l. <l l. 0. 01 7 0 . 0 1 5 . . 

-(T -'1' )/a.-• _ ---_----l --·------
-~j~~-~--1-:· ,-- 1- t-----------

t~~ff-:ciency, n--0~;;--j o:~~ '==="--------' 
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f'l~SF.RT SlJIJ~;nrm: £<Xl'OSliiU: 'l'F.:STS, INC. 

!:\oX lf.lJ, 11),1(.").: C,·wy.on ~)tiVJC 

Phoenix, 1-ti:r.un<~ G5020 

CONl'/\JlY: GULF TliEH.!·l.\1. C:OPI'OIVI'l'J.ON 

fU·:FJ-:J:r-:tK'E HO.: HJ/:~(1/U, ~; lovutn 

01\TE: . J;lllu.:11·y J 0, 1 <)'/7 

COl.LJ:C'lUR• ClJ~;, (;t· l"/0011!; 

DS ET tlO. : 1 ., our.~ 

.kl:l'Oifl' flO.: 7"/!:Ul09J\ 

(;{,,1\Zl!~G: Sinqlt• \.l.1~!;l 

J\I'J.;;Krur-:.E r,w:l\: 2~,.~) ft 

IJ!il·:'l' 75SE~. 7 (1\~IIRJ\E ~J··l'/1-:fll) 

• ., F/t\TU /F'r._2_:·:!_h~r:_ ___ ~"'~"':__iLl:':l'~l'U~/(_f'~· 1:!.:'_
2

..:... ~hEr_.::. .. ___________ lt:.'...l.~<!.lt.L:."--.!i1_.c.oLLf;,.· _....:4~-----
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A. 

B. 

V. STORAGE TANKS 

Solar storage tank: Roy E. Hanson, Jr., Mfg. 
1924 Compton Ave. 
Los Angeles, CA 90011 

800 gallons 
Steel with cement lining 

Sump tank: Rheem 
Model No. 668-120-T 

120 gallons 
Steel with glass lining 
Storage only {no heating elements) 
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INSIDE Cr.NfEN7 LINE./) 

ROY E. HANSON JR. MFG. 
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Specify Rheem* Electric Solaraide 
.. for Solar-Heated Water Storage 

Why Solaraide? Several good reasons. 
First, Rheem gives you a choice. (1) a 

'1 storage. tank specially equipped for 
~installation with a Solar System. (2) or an 
r electric storage water heater with a single 

.··:·] element that "aides" the sun to provide 
.. sufficient hot water. The element assists 
· the system only when the solar energy 
-~- canno! maintain the desired temperature 

or during periods of peak demand for hot 
· I water. (3) both the single element electric 

IE ct> NO ~ T . . rage model series feature a raised 
0 <3> SUBMIT SPOFJC:; i §:!~::"~::Sot . panel outlet that helps prevent scale 

0 <5~ m1m ., and iment from entering and circulating 
Revlnr Is only for general CO~Jrmance with the deslp t~ gh the solar coll~ct~r cell.s. And. 
cept of the project and genera! compliance with the infonna~na y, Rheem Solararde IS available tn 
Included _In the Co~trect Documents. Marklnp or ~ent=n capacities-66, 82 and 120 gallon 
made dunng this reVIew do not relieve the Contractor o~ his . . · 
responsibilrty IO comply with of the dmfln81 IS;-:Stzed fOr the average-to-farge family. 
end spPcificatlons. Contractor for: dBtails 
and 11 curacy; correlating and 
and job site conditions; 
techniques of construction· 
of other trades; and ' 
factory manrier. 

INTERACTIVE nr. ........... ~ 
Architects, 

,-. .. 

'=-tal *"'PJ~ 

RIES: Rheem Solar aide Storage Tank and Electric Stor· 
Heater ... especially designed to be complete! 

ble with direct solar heating systems. 

series are available in 66, 82 and 120 gallon capacities. . . 
Raised 7" from the bottom, the outi 
to the solar collector cells helps preve 
scale and sediment from entering ar 
circulating through the solar system. 

Electric Storage Water heater 
1~\ 

~ 'A regoslered trademark. 

THESE MODELS MEET OR EXCEED THE ENERGY EFFICIENCY REQUIREMENTS OF H.U.D. 
C::.T.o.ll.ln.O.Qn ?An7n7 tnl .0.11.1n .O.C:I-IQ.O.!= C:T.O.II.In.o.Qn an.7J:; l=f""IQ I=II.J!=Qr.V f"I')II.JC:.IIUIII.Ir. .O.PPI I.O.II.If"i=C: 



'/alue and 
Performance 

i 
\ 

\ 

\for solar-heated water storage 
and electric storage water heaters 

CONSTRUCTION FEATURES 

All Models-66, 82 and 120 gallon capacities. 

1. Collector Feed is located r above the bottom to help 
prevent scale or sediment from entering solar collector 
system. 

2. Froerglass lnsuliuion completely surrounds glasslined 
ta'"lk: keeps water hot and conserves energy. New 
lull wrap around jacket for improved appearance. 

3. Coid Water Inlet brings cold water to tank bottom to 
prevent mixing with already heated water. 

4. Anode Rod protects inner tank. Additional opening in 
top pan lor easy access to anode rod. 

5. Cold Water Inlet. Hot Water Outlet. Relief Valve and 
A,ode Rod are at top of tank lor easy access and fast. 
e:onomical installation. 

6. Srde Return Opening. Located 41" from the bottom of 
the heater to allow lor convenient installation with a 
gr< ·. •ty feed type of system. 

Electric Models-66, 82 and 120 gallon capacities. 
7. Bcttom pan 1s secured by a special lug on tank bottom 

eliminating need for sheet metal screws. The lug serves 
as a ground and also locks tank to pan to prevent 
""floating act1on." 

a. lm:Jroved Electrical Junction Box (for \7" and :v.-· con· 
duit) placed above heating element for easy installation. 
No spot welds used. 

I: 
! ! 

I 
·I: 

I! . 
b 1

1 

a\..._ 1

1 

LIMITED WARRANTY 
Cii.W.. Uanulla~oafef AHflM MANUtACTUlotiNG C\IMPA.NY. wltl fufMh I 
repl.cemtnl wJIP" hUiet lf'l rhr t~l!f'll ol tani IJJiu•• .,,a •• u turnoft 1 r• 
~~ 101 .., Ol'rt pan wfttCh '••b Jt1 nctrmll U)t 1110 Uf w1U wnhll thl 
appbutllf ~lOch toe>rctiteO Deto•. IIICtorO.net wtft•tr.r 1rrm' olll'lo .,.. 
llf'lf\o Inc RHil .. •rpl,lumet'l1 wilt Dl warriRted lor OI'IIJ ltlt untqiUSd pot· 
tlln ollftt ouglf".ji•Mtln!y 
TMl ,.,_ U tnt Unll IJUi wmun f'IV( lSI yun &ftlf OIIQIQJI tnltiUiton and 
opttatiOtl AHU M w111 rurRISI'I 1 rrpt,c.ement ••tar hUIIf Howewtr. If rne 
Wlllf ftultr " ~~~ lft OChlf 8\ln I III'IQie l&ml, dwelling, thl$ lank 
wauanflt 11 'INteG to ON1 111 yur from dltt 01 or~Qmlt rnllli\ahlft and 
operahOn 
AllY OTMIR PAIIT. II VI\' olfter P•" Wb ..,., ONI 111 ,.., Jlla onpiV 
ll'lstaiWhvn lnG ~Jhon. RHt( M will futftl$ft 1 rep&aument pjn 
l1US WARRMTf WI\.L 101 APPLY: I) to Clrteeb or mMiunchons r~~uttmc.; 
hom 1111urr fD ptOQtt"' lf'ISIIfl. opetllc or tfWIIlilft 1\f urutan ~'rordlnc.r witt. 
"" Pfi'Ued •nstruaaons prowtGed b) to dimiQe tram IDd!M .r.rtOtnt tur. 
llood ana "'' '" <I '" THl EY!NllAN~ fAILUR! OCCUR: ~JI 10 !HI 
WA![R H!AI[R BII~G OP!RA!lO Al WATER lfMPIRAlURl~ [ •CE!OING 
MA>IMliM SlniiiG OJ IHI OPIRAliNG ANO•O" HIG" liMIT <:O"IROI. 0" 
!Hl WAIIH H[Al[R tS NO! SUPP1.1l0 WITH PQ1A8U WAll R. FRU 10 
CIHCULATI AI ALL IIMIS TH! IAN• MUST 81 JRII 01 DAIOAGING SCALI 
DIPO~o1S AND NOT Sl18JIC1l0 10 PRISSUAIS OH IIR'"G RAllS 
GRiAIIIi THAN lwuSI SHOw• CIN !HI RATING PLAII WHif..O IIUSl NOT 
ttl AlffkfD OliAi:fO OR klr.lllV10 dl to uftlb whu::h ••r ntlllllllllltdtn 
trtr UMI'O 51.1!~ C! Wfttr..l IRQ tn itCOtGinu .. tl't apphc..dltt IDCil COdes, 
orOm4flt~ if\4 QMG tridt PliiCitt:n rt d the uM e mt•wed ttom 111 or.n.. 
W1Sii!I.I!U,Jni0Uft01 
II"VICI LAlOR RISPOIIIIIIUn: 1"'> Warr .. l't ao" nol <O"' "" I>Dot 
eaurn~ lo• :.tt "'tt rtmov•l o• ~e·rnsiiiWtan All sud'l capenYS 111 rour 
1epon~bltt~ 

SMIPPIIIG COifS. RHHM w•!l $1dt lht ttln'I)Urtlhun cost!. fur tftt riC)Lic&­
ment to 1 tonweruent Cltll~y pocnt leltCied Dy u• neat rfte pwcr Of tnllilll· 
hon sutfl U I IOUI Al1(f M Wiiltft hU!et CblotltbulOI fou must PlY In¥ IOUI 
CJttaor mgu~n; rn, co't ut teturntng rnt tepllcl!d tltm tv our IOUI dis 
tntMor 
HOW TO lUll Q.AI. Anj Cllllft tor w&rrW'y "'"" lhuuld bt INdl to WO\If 
conttleto• or Or•~· from whom ltlr wl!tt heJitt ••1 purefti)rd II tnrs QMOt 

De Gone s•mor, con1KI lfty otntt k)Cil contrlctGf hindl•nQ A"(£M •*' 
l'lutrt prOd~.~ en o• o~.~r tutory tHineft 
rn mott wet. y01.11 contrutor "'~ld bllble to promptly IJie fht ntfal&fY 
courct••• tt1•t~"" 1nCI tftr~eanrr. not•"' AHHM at tnr 1n·•1111nty datm 
HOWlYER A~> REPLAC!MINIS AR!IIAII! SU8JEC110 YALIOATION &Y 
RHlEM Or IN·WARRUTY COY! flAG( 1111 ftlftllolle JtpiOCIG mull 1111111110 
lwidiblt .n tacn&nQr ror lhr flpJ.Ictmenf 
MISClLI.MlOUI fit~ ant rs tumorvtd CD mJU any aft'ler Wjfrlfttlft on our 
D"'JII ANY oMPLIIO WARRA"liiS. INClUDING MIRCHANIABILIT\' OR 
fiTNESS fOR A PARTICULAR PURPOS£. SHAll NOT.IIH"D 81YONO THE 

··-::· 

lrrect Immersion Heating Element.. is completely 
nmersed- a lithe heat goes into the water.'""-' ..... ~ ......... ~,--

e·~ ( .. I .• · 
~-

_ ~rPl.IWLI WARRAIITY PERIOOS.SP£Cifi!O A&OYI JIHllM:S SOU UA~-, .' .. ">-.­
BilllY WITH RISP£C110 ANV O!f!Cl SHALl 81 AS S!l rORTH IN THIS . -

10. Automatic Temperature Control Thermostat keeps 
stored water at desired temperature. 

~G~R~~ ~~~~~~~,c.~;, ~:/:i~':Ot~ 0s':.~~~~~~o~'':~ '='~ ~-: ,;_ 
11. High Temperature Limit autom-atically and safely cuts 

off power 1n event desired temperature is exceeded. 

•RHEEMGLAS' TANK Rheem water heater tanks are made with exacting care. The tank 
surface is coated with an exclusive porcelain formula called Rheemglas and fused to the 
solid steel shell at 1600°. The result is a smooth. tough, glassiike 11n1ng. Tank is designed 
and tested to Withstand 300 PSI hydrostatic test pressure for work1ng pressure of 150 PSI 
U.L. Standard. 

••DIRECT IMMERSION HEATING ELEMENT Nickel Chromium heat1ng coil Imbedded in 
magnesium oxide and sealed in a tinned-copper tube. Although in drrect contact with water, 
•he ends are sealed to prevent entrance of moisture. Elements are changed. should the need 
~ · !Se. by screwing into special tank flanges. 

r-.r.:>TE: Unless otherwise specified standard 240 volt AC will be furn1shed. 120 volt. 208 volt. 
:77 volt and 480 volt AC supplied on special order. No extra cost : un1ts are shipped with a 
..:500 watt element). If heating elements of different wattages than those shown are 
aemanded by zone requirements they must be specifically requested. 

Model Capacity Max. Unit Dimensions Shipping 
No. Ul Listed .. H .. ··o·· Weight 

Gal. Liters Wattage ln. Cm. ln. Cm. Lbs. Kgms. 
668-66-1 66 250 6000 59Y• 150.5 24Y• 61.6 221 ·100 
668·82·1 82 310 6000 sov. 153.4 26Y• 66.7 248 113 
668·120-1 120 454 6000 62511& 158.3 28V• 71.8 399 181 

668·66-T 66 250 STORAGE 59Y• 150.5 24Y• 61.6 221 100 
ONLY 

66R-82·T 82 310 STORAGE 60Y· 153.4 26Y• 66.7 248 113 
ONLY i 

120-T 120 454 STORAGE 62511s 158.3' 28Y• 71.8 399 l 181 
ONLY i 

H 

hm1t1t10n• on f'lo. ~ '" •m&~heCI ••u lflf) last~ or 101 tl'lr uduiDn ot 
tncldtntat or conHQwiRhil d1mages . .a lftt atMiwtl•ml\ltiOn or taetusetn mar 
nclttpptytoyot~ · 
Tna1 ••"•mt g·~ fOll )IJttlltL IIQ!m M\d yuu mJJ 11)0 h~wt olhtt ngftb 
•h•cn wUi tram stlfr to IWr. 

(20.3 CMI 
J-8"-j 

i 

HOT 
OUTLET 

0 
I 
I 
I 
I 
I 
I • I , 
I 
I 

WATER CONNfCTION NIPPLES 
All 3/4" N.P.T . 

COLO 
IN.LET 

COLLECTOR 
RETURN 

RHEEM WATER HEATER DIVISION 
CITY INVESTING COMPANY 

7600 S. Kedzie Avenue/Chicago. Illinois 60652 
Rhtem also male~ ~nwuOI1'Titntal ((lr.trc Produrh Rt'~•dent•al and Au Condrt•on.ng Equ•ptnt-nt 

Co:nmerc,al ~nd lndu\tr,JI Hutlnt- Cooltng and Au lle_a __ l_no_:_en..cl_P_ro_:a_:_uc_:_t--~------------

. -,_ 
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·re VI. CONTROLS 

A. Differential thermostats~ Rho Sigma 

Model No. 502-S 
Solid state, linear circuitry, fixed flow 

Differential 
thermostat Pumps Controlled T on T off 

T-1 P-4 and P-7 20°F JOF 
(solar collection 
loops) 

T-2 P-6 (tank-to- l0°F JOF 
tank loop) 

T-3 P-5 (space 8°F JOF 
heating loop) 

Collector sensor: Rho Sigma STH (mounted directly to a collector absorber 
plate from the back) • 

Storage tank sensors: Rho Sigma SP. 

B. Low-level switch: McDonnell & Miller, Model No. 902-M. 

When the water level drqps below the level of this switch, pumps P-4 and 
P-7 are disconnected and the alarm bell mounted above the SUmp tank is activated. 
The switch will automatical·ly reset after momentary power interruptions, but 
must be manually .reset after a fall in water level or an extended power failure. 

C. Flow switch: McDonnel FS4-3 •. 

This switch prevents pump P-5 from activating until it senses that there 
is flow in the backup space heating loop. • 
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<"OLAR coNT~OLs ANo 1NsTRuMENTAl-1o ··: 
' ' .· ·. ··,::~<·-::·:. /·.:.·. ><·_:·· ,,,·:.:._: ... ; : . ·. _._.. · .. ··::'::·'·.'·.· ........ :: ... · . '·'<!.:.;'.;);'~···. ·, .... , :-. : ... : ·, 

. •' .. .. ,.~ .... ~, .· ·, ~·. ~·· .~ 

~~'i~ff!f.:~~~~~~~f;k~·~:.... . . ·;:· .: :·_,>~.~ ~:;. J}·: . 

INCORPORATED 

Control Systems Instrumentation 
For regulation of liquid and air flows·in-solar·systems··de,.--.. ·--.,--Microprocessorfor-advanced .. "Systems-mo·nttotin-g-a·rrct:........ .• 
signed for heating and cooling. UL Listed. data reduction. Ideal for engineering studies of com·plex . 

systems. 

Sensors 
Compatible with standard plumbing fittings. Designed to 
withstand solar collector stagnation temperature. De· 
signed for easy installation. 

RELIEF VALVE 

Pumps and valves 
Valves designed specifically for solar applications. Pumps . 
ideally suited for domestic water applications. 

FLAT PLATE 
COLLECTOR .......... 

:· TEMPERATURE j 
~ SENSOR , 

~--TEM.,';,";.~':;'~~E~ r'.l•.L-5-0_G_a-llo-n.....~:.~, 

To House 

F I STORAGE 

c6~~0L I DIFFE~:~! "',1-.: .. .,.,. ... ~ .. ..,.. ~-. 

30 Gallon 
WATER 
HEATER 

I 

0 GAS 
CHECK 
VALVE 

LINE- THERMOSTAT .' . ! 

lt:~Z::BZ~::2i;t)~~~:z~:;;:E~~~~P((U~MP . • . . 't Cl~;'p~~R DRAIN BIBBS 

TYPICAL APPLICATION OF RHO SIGMA CONTROLS AND SENSORS 

The objective of the system is to heat water using solar 
energy as the primary source. The variable and diffuse na­
ture of solar energy mandates the use of a new kind of 
pump control to accomplish the task. The minimum require­
ment of the control is to sense conditions when the temper­
ature difference between the solar collector and solar stor­
age tank is sufficient to justify pump operation. An ade­
quate temperature dead band should be incorporated into 

·the design to prevent harmful cycling of the pump in the 
mornings and evenings. Other requirements of the solar 
control may be: 

a) high limit turn-off to limit the temperature of the stor­
age tank and 

b) anti-freeze protection circuit to protect the solar col­
lector from freeze damage. 

. Refer to back page for further discussion. 



Proportional Solar Control 
Input: 120 VAC 
Output: 1?.0 VAC, 6 amps 

RSSOOP·1HL 
All s"lld state electronic circuitry varies 
speed as a function of the ~T to achieve 
maximum efficiency in energy transfer. 

Minimum flow Full flow 
~T=3.±1•F ~T=12.±1•F 

Power delivered to pump is at full voltage 
and zero crossover, thus assuring full 
•-,rque at low speed and absence of line 

::~ise. Design eliminates motor speed hys-· 
trlsis and assures smoothly variable motor -

speed control. Compatible with perma­
nent-capacitor and shaded-pole motors. 
Standard features: 

a) pulsing indicator light indicates pump 
speed. 

b) switch meets local electrical code re· 
quirements for pump power dlscon-. 
nect switch when control Is located 
within 6 feet of pump. 

c) high temperature turn-off to limit 
upper temperature of storage tank. 
(140"F standard) 

d) low temperature turn-on circuit turns 
on pump at specified low tempera­
ture to protect solar collectors from 
freeze damage. (37"F standard) 

RS 500P·1H/L-2L/H 
This versatile control has two 6-amp out­
puts providing great design freedom. The 
first output provides proportional control 
with optional high and low temperature 
override circuits identical to the RS 500P-
1HL. The second output Is normally con­
figured to break the 110 VAC power to 
drain valves on the approach of freezing 
conditions. But the second output can also 
be configured to customer specification!' 
to control a second pump or numerous 
other valve configurations including 24 
VAC power. Additional flexibility is pro­
vided through various interlocks between 

,.e two outputs. Other options include 
wer delivery through the second output 

to activate various cooling mechanisms 
on over-temperature signals from either 
the collector or the storage sensors. Con­
tact our application engineers for details 
on these configurations and pump com­
patability. 
2 

RS104 

Differential Thermostat with 
collector freeze-protection circuit. 
Input: 120 VAC 
Output: 2 independent relays: all contacts 
rated at 10 amps in standard and optional 
configurations. 
In standard configuration, relays change 
state .under the following conditions: 

Relay A contacts make when: 
~Ton= T(collector) - T(storage) > 2o·· 
:': 3•F 

Relay A contacts break when: 
~Toil= T(collector) - T(storage) < 3" 

--·---± 1•F 
Relay B contacts make when: 
Ton~ T(collector) c' 37'' +: 1 "F 

Relay B contacts break when: 
Toll c·T(collector) 41 • 1'"F 

In optional configurations, 
a) 2PDT and 3PDT relays may be spec­

ified (contacts rated at 10 amps). 
b) Relay B. may be controlled by the 

storage temperature: and 
c) the temperatures specified above for 

Relay· B may be factory adjusted to 
customer specifications. 

The RS 104 in its standard configuration 
energizes the pump when the collector is 
hot enough to heat the water in storage. 
Relay B can protect the collector from 
freeze-damage by turning the pump on, 
thus recirculating water. or can be used to 
open drain valves to empty the solar col­
lectors. 

In its optional configurations, great de­
sign freedom is available. For example, the 
SK version of the AS 104 can a) energize 
the pump to transfer energy from the col­
lectors to the storage and, b) switch space 
heating systems to auxiliary energy 
sources when sufficient·solar energy i!fnot- · 
available in the solar storage to meet the 
demands· of the room thermostat. 

The following pumps have been tested and 
found to perform well with the RS 500: 

Taco 007. 
All Grundfos models. 

March 821 BR and 809. 
Tee I 1 P761 and 1 P760. 

Sunstrand LA4302. 

RS106 

Differential Thermostat 
Input: 120 VAG 
Standard Output: 

SPOT Relay rated at 10 amps. 
VJ hp at 120 VAG 
V2 hp at 240 VAC 

Switch with manual ON-OFF-AUTO posi­
tions. 
Relay contacts make when 

l:\T on T(collector) • T(storage) > 20• 
' a·F 

Relay contacts break when 
tiT off .. T(collector) • T(storage) < 3• 
·I 1•F 

Housed in standard NEMA box to assure 
compatibility with standard electrical trade 
hardware. 
Wiring connections made hy standard 
electrical trade procedures. 
Optional outputs: 

2PDT rt:lay. 10 amp pm contact. 
3PDT rel;ty, 10 amp per contact. 

Factory adjustment of T on and T off can 
be mudc tu custornt:r SIJccificalion)>. 

RS12 

Provides differential control identical to 
the AS 106. Relay switches 120 VAG at 10 
amps directly to the pumps. 

-------· -------···-···--·---------------------------
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RS240 

Swimming Pool Solar Control. 
Input: 220 VAC standard,120 VAC (optional) 
Output: 24 VAC at 35 VA 

Thermostatic setting to prevent pool 
over heating (adjustable: 56''F-120"F). 

Turns on solar heater when solar collec­
tors are s·F hotter than pool temperature 
when pool temperature Is below thermo­
static setting. When pool temperature is 
above the thermostatic setting. then water 
by-passes the solar collectors. 

Easily wired into pump timers so that. the 
control unit functions only when the pump 
is operating. Rain tight enclosure. 

Easy retrofit installation into existing 
pool filtration systems. 

Optional configurations available for 
normally open valves and 24 VDC sole­
noids. 
Configurations available for direct switch­
ing of an auxiliary pump. 

RS950 

Material: Brass 
Port Diameters: 1 Y2" and 2" 
Low voltage solenoid 

" 

lNTONAL 
IY~ASS 
ADJUSTMENT 

Pressure drop: 1 psi and 40 gpm (1 Yz" 
valve) 

Internal Bypass: Valve modified to Rho 
Sigma's specifications. Unique adjust­
ment on stem enables installer to con­
veniently limit the amount of valve 
closure. Thus, high back-pressure (de­
veloped within the collector array) on 
the pump may be relieved through the 
internal by-pass of the valve. Internal 
bypass also provides a drain-down path 
for the collector supply line when the 
pump turns off. 

Specify either normally open or normally 
closed valve configuration. 
Positive opening assured by connection to 
suction side of pump. 

TYPICAL POOL INSTALLATION 

__.,.--. 
.• r .. 

SF SUN SENSOR 

c:=;t ~ THERMOSTATIC 
''T-.- SETTING 

\ 

~-5 2·~0· \ INPUT 

- ~220VAC 

~~=Y~~~~~~S~~~Lw-E~·~~~·"·k•: .• ,~ 

SUCTION LINE VALVE 

.: .. ;·:;; ·.·. 

SENSORS 13.25/Rh 

I1H. 

•\ 
· ... -\~ 

. ··.· •• \»;t0:·}''; •. iJ·~ 
. ;. .... ' I! ~-- ~ ...... 

All Rho Sigma sensors are electrically 
identical and interchangeable and are de­
signed to withstand stagnation tempera­
tures of solar collectors. Two and only two 
sensors are required with each differential 
thermostat. 

The SA Sensor is the temperature sens­
ing element encased in epoxy. 

The ST Sensor has a copper housing 
with a hole punched in it for bolting directly 
to the collector plate or suspending inside 
air ducts. Alternatively, a radiator hose 
pipe clamp- may-be-used-to~secure -the--' 
rugged sensor to the surface of a pipe. Or 
it may be slipped inside the insulation of 
the storage tank. 

The SF Sensor is a 1 "x1 "x2", sand­
blasted and black-anodized aluminum sen­
sor designed for use with unglazed solar 
collectors or in high flow rate, low delta-T 
systems. The screw provided with the sen­
sor may be used to mount the sensor near 
the collector where it will sense the tem­
perature and availability of solar energy at 
the collector. Designed primarily lor all use 
with the RS 240. 

The SPT-XX Sensor has a probe at the 
end of its Y2" pipe threads. The tempera­
ture-sensing element is at the lip of the all 
brass sensor. It is designed primarily for 
insertion into tanks to obtain the most ac­
curate measurement of the fluid or air tem­
perature inside. Standard probe lengths 
are 1 Y2", 3", 4Yz", 6", 12", and 24". 

The SP Sensor is epoxied into a rugged 
brass housing with standard Yz • pipe 
threads Jor easy installation into standard 
plumbing fixtures. 

The SPR Sensor may be screwed into 
the end of a pipe which may be inserted 
into the top of a deep tank. Wires run in­
side of the pipe to the control. Provides 
accurate sensing of temperature at the 
bottom of deep tanks. 

Dual Thermistors may be specified in 
any housings. One thermistor provides 
control signals; the other thermistor may 
provide signals for instrumentation or a 
second solar control, (e.g., Model SP-2). 

Sensors will provide strong signals even 
when separated from the controller by 200 
feet. 

3 
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The RS 5080 is a data collection and data processing system. It 
accepts inputs from a wide range of sensors (temperatures, flows, 
pyranometers, etc.) Sensors are sampled at a predetermined fre­
quency ranging from every 2 seconds upward. Frequency depends 
on roaolution dgoirod and total number of Bcnsor5 involved. 

Basic equations of the forrri: 

a .. Cp fm IT 2-T, l dt are solvt!d f~r collectors, storage tanks 
and back-up energy sources. Collector eff_iciency is determined as: 

~ = Oc , H = insolation and ac = BTU's added to flow 
H 

stream through collector. Both instantaneous and long term 
average efficiencies are calculated by the microprocessor. The 
5080 also determines the % of the total load which is supplied 
by solar system: 

~ solar = a solar 
a solar + a back-up 

All data Is printed out by the included printer on demand and/or at 
preset intervals. Results of total system performance are inte­
grated over each 24 hours of operation and also printed as a 
running total. 

The RS 1008 is a photovoltaic pyranometer with the following spec­
ifications: 

a) instantaneous response, 
b) output approximately 500MV at 1 KW/square meter solar input, 
c) cosine response close to themopile pyranometers. 
d) temperature compensated to maintain pyranometer within 

-2.2% at O"C (datum poini 30 C) and I 0.8% at 60"C (datum 
point= 30"C). 

e) accuracy within 4% of a Class I instrument. 

Mounting screw-hole is compatible with camera tripods. Dessicant 
bottle prevents condensation in dome. 

TYPICAL OPERATING CYCLE FOR A SOLAR HEATING SYSTEM 

Figure 1 indicates a representative example of the sequence of events in a normal daily solar heating/hot water cycle 
under the_ control of the Differential Thermostat. 

ILl 
a: 
:::» 
!;i 
a: 
w 
a.. 
~ 
w .... 

COLLECTOR TEMPERATURE 

TANK TEMPERATURE 

6 AM I 12 AM (NOON) I 6 PM 12 PM (MIDNIGHT) 

~PUMP-OFF~---PUMP-ON--------~~1·~--------~PUMP-OFF----~----------~ 

&AM 

As shown in Figure 1, the pump is initially off. As the sun 
rises the collector temperature rises sharply above the tank 
temperature. This is shown ·as !::,. T~n· This !::,. T turns the 
pump on. The cooler tank water carries off the heat in the 
collector and causes the initial drop to the point marked 2. 
If the!::,. Tat point 2 is greater than the!::,. T off• then the pump 
continues to operate. 

As evening approaches, the collector temperature moves 
below the !::,. T off threshold at the point marked 3. The pump 
is turned off and due to the stagnation condition (i.e., the 
sun is heating the collector but the pump is .not on) the 
temperature in the collector rises as shown at point 4. If 
!::,. Ton is set sufficiently greater than !::,. T off• the pump will 

remain off. The adjustments of the threshold and hysteresis 
settings in the Differential Thermostat are preset at the 

·factory. 

The hysteresis circuit is a special feature of the Differential 
Thermostat which prevents the pump from being unneces­
sarily turned on and. off immediately following an initial 
pump turn-on or turn-off event. Without this circuit feature, 
the sharp peaks of temperature rise shown at points 1 and 
4 would cause the pump to repeatedly switch on and off, 
causing unnecessary wear on the pump, pump motor, and 
relay contacts controlling pump operation, as well as re­
duced efficiency in transferring heat energy from the col­
lector to the storage tank. 

·"""'· 
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INTRODUCTION 

RHO SIG A 
11922 VALERIO STREET • NO. HOLLYWOOD, CA. 91605 

(213) 982-8800 

DIFFERENTIAL THERMOSTAT 

APPLICATION NOTES 

The Differential Thermostat is designed to provide control functions for homes or other buildings employing solar heating 
and hot water systems. With the advent of solar heating and hot water systems, a new form of thermostat is required. The 
following discussion gives a brief description of the operation of a differential thermostat as compared to that of the 
thermostat used in conventional heating systems and/or hot water systPms. 

In the conventional house the ~hermostat is si!t at the desired room temperature, typically 70 degrees for heating and 140 
degrees tor hot water. When either temperature is below this setting the heating system is turned on. When the temperature 
rises above this setting the heating system is turned off. This cycle is repeated throughout the day and night always with 
reference to the 70 degree (or 140 degree) reference point setting. 

Since the heat source in a conventional heating system always provides heat at a temperature substantially higher than 
desired temperature, the specific temperature of the burn.er output need not be known. Thus, the thermostat in a con· 
ventional system is required to ·sense only one temperature·_ room (or hot water) temperature ,... to perform the necessary 
control function. As will be shown, a single temperature measurement is not adequate for a solar heating system. 

The basic solar system used in many installations includes a flatplate collector on the roof. of the building supplying 
water to a storage tank, and a pump to recirculate water from the bottom of a· storage tank back up to the collector. 
During most of ~he daylight hours, the sun's radiation incident on the collector will cause the temperature of the water at 
the collector to be higher than that at the storage tank. Under these conditions, the pumping and recirculating action 
achieves the desired objective of transferring heat energy into the storage tank for subsequent use in building or water 

heating. • 

At night, however, or under overcast daytime conditions, the collector water temperature will tend to tall below the storage 
tank water temperature. Continued pumping and recirculation under these conditions would be self-defeating; since heat 
energy would be removed from, not added to, the storage tank. 

The pump could of course be manually turned on when it appears that the collector is capable of supplying heat energy to 

the storage tank and manually turned off when it is not. But this would be inefficient if the collector temperature and 
storage tank temperature are not accurately known and compared, and would also be burdensome and inconvenient to 
the user of a solar heating system. A much more effective solution is to employ the Rho Sigma Differential Thermostat to 
automatically sense and compare the collector and storage tank temperatures, and to control the daily on·off cycling of 
the pump in the optimum manner. 

------- ----------...JI 
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TYPICAL OPERATING CYCLE FOR A SOLAR HEATING SYSTEM 
Figure 1 indi~tes a representative example of the sequence of events in a normal daily solar heating/hot water cycle 
under the control of the Differential Thermostat. The terms AT off and AT on which appear in the figure are defined as 
follows: 

t 

6 AM 

AT on 

THAN 6T 0 ..,. 

12AM 
(NOON I 

temperature difference between co!lector exit 
water. temperature and storage tank water temper· 
ature sufficient to turn pump off. 

temperature difference between collector exit 
water temperature and storage tank water temper· 
ature sufficient to turn pump on. 

COLLECTOR TEMPERATURE 

6PM 12 PM 
(MIDNIGHT) 

TANK TEMPERATURE 

6 AM 

·.~ 
.. "·· 

...,_PUMP-OFF .... -.. ... ..j,.,. .. .,___,__,---PUMP-ON------i--+-,._---------PUMP-OFF -------------~ 

FIGURE 1 - PUMP CYCLING UNDER CONTROL 
OF THE DIFFERENTIAL THERMOSTAT 

As shown in Figure 1, the pump is initially off. As the sun rises the collector temperature rises sharply above the tank tem· 
perature. This is shown as AT on· This AT turns the pump on. The cooler· tank water carri¢5 off the heat in the collector 
and causes the initial drop to the point marked 2. The AT at point 2 is however greater than ttie AT off and the pump 
continues to operate. 

As evening approaches, the collector temperature moves below the AT off threshold at the point marked 3. The pump is 
turned off and due to the stagnation condition (i.e., the sun is heating the collector but the pump is not on) the temperature. 
in the collector rises as shown at point 4. If AT on is set sufficiently greater than AT off· the pump will remain off. The 
adjustments of the threshold and hysteresis settings in the Differential Thermostat are correctly preset at the factory. 

The hysteresis circuit is a special feature of the Differential Thermostat which prevents the pump from being unnecessarily 
turned on and off immediately following an initial pump turn-on or turn·off event. Without this circuit feature, the sharp 
peaks of temperature rise shown at points 1 and 4 would cause the pump to repeatedly switch on and off, causing un· 
necessary wear on the pump, pump motor, and relay contacts controlling pump operation, as well as reduced efficiency 
in transferring heat energy from the collector to the storage tank. 
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SOLAR HOT WATER SYSTEM APPLICATION OF DIFFERENTIAL THERMOSTAT 
Figure 2 shows a typical solar hot water system installation. The 50 gal. storage tank operates as a pre-heat system for the 
conventional 30 gal. gas (or electric) system. With 40 to 50 square feet of collector area this system will supply 60%, or 
more, of the hot water needed for a family of four under most insolation (sun) conditions. During extended periods of 
cloud conditions, the 30 gal. gas water system functions as augmentation. During clear sunny days, even under low ambient 
temperature conditions. the storage tank water can rise to very high temperatures. To prevent scalding, i 1 is suggested that 
a "high set" thermostat be used in the sto~age tank as shown. This thermostat should be set in the range of 160°F and 
connected in series with the pump motor. This will prevent the storage tank water from rising above this temperature. 
Without the "high set" thermostat, tank temperatures could exceed 180°F on clear sunny days. (For heating systems this 
"high set" thermostat would not be required.) 

The Differential Thermostat can be installed at any conveniet't indoor location. (Ruggedized, weather-proof models can be 
furnished when outdoor installation is required.) Thermistor Sensor #l is inserted in the collector exit water line as shown. 
A pair of wires run from this sensor to the Differential Thermostat. Similarly. at the exit line from the storage tank, a pair 
of wires from Thermistor Sensor #2 connect to the Differential Thermostat. Action of the Thermostat operates a.set of 
relay contacts for controlling the .pump motor. If desired. the pump motor control lines can be placed in series with the 
high set thermostat to prevent the pump from operating when the upper tank temperature is reached. 

Connectors are provided on the Differential Thermostat for the 120 VAC, 60 cycle. requrrcd to operate the unit as well as 
for the two sensor inputs and the pump motor control lin1~s. 

Figure 3 illustrates the physical .configuration of the Differential Thermostat. Refer to the specification sheet for this unit 
for additional technical .and performance information. 
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FIGURE 2- TYPICAL SOLAR HOT WATER SYSTEM INSTALLATION 
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Rho Sigma's manufacturing and engineering departments are devoted exclusively to 
the development and manufacture of solar energy controls and instruments. Our 
standard product line, partially described on this page, provides the wides: control 
capability currently available to the solar energy industry. Our engineering efforts 
are directed toward system designs submitted by engineering and manufacturing 
firms as well as systems conceived in-house. These efforts have lead to the expansion 
of our solar control capability to encompass solar systems incorporating heat pumps, 
air conditioning and other equipment. The company has also developed a line of 
instruments to meet the unique needs of the solar energy industry. Rho Sigma 
welcomes the opportunity to work with you on advanced solar control problems. 
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SPACE 
HEATING 
RS106 
Input: 120 VAC 
Output: SPOT 

1/3 hp@ 120 VAC 
1/2 hp@ 240 VAC 

Available Outputs: 
2 PDT@ 10 amps 
3 POT @ 1 0 amps 

Relay energizes when: 
~Ton =Ttcolloctorl- TtSioragel > 20°F. 

Relay de-energizes when: 
6. T off = T lcolloctatl - T luor-1 < 3° F. 

Adequate room in high-voltage compartment 
to accomodate a booster relay. 

~r\P.:E-~~~· ~~~~NG 
1··'; ::.-~-.;;,;~. ~~u~~~O VAC 

1
:. · · - · Output: 2 relays 

-:= · ::-..= SPOT .':::. .· ·,: ·. ::= 1/3 hp@ 120 VAC 

' 

1/2 hp@ 240 VAC > ;.=:: 1.". Available Outputs: 
;::' .. --- 2 PDT@ 10 amps 
·t...n. ,. ··c·.-·:· 3 PDT @ 1 0 amps 

Relay A is identical to the RS106. 
Relay B energizes when: 

T lcoiiO<torl = 37° 4: 1° F. 
Relay B de-energizes when: 

T lcollecto• 1 = 41 ° ,_ 1 ° F. 

RS950 

POOLS& SPAS 
RS260 
Input: 120 VAC 

240 VAC optional 
Output: 24 VAC@ 

35 VAC 
Designed to control 

NO and NC valves 
installed in pool 
filter system. 

Switch and high-limit 
control to prevent 
pool overheating. 

RS280 
Input: 120 VAC 

240 VAC optional 
Output: 2 PDT@ 15 

amps 
Designed for direct 

switching of Solar 
Pumps (SP) in sup­
ply line to collectors. 

Brass valve ( 1 'h" or 2") built to Rho Sigma 
specifications to allow for adjustable internal 
by-pass to reduce back pressure on filter pump. 

We believe that the new controls which we are building today will become the 
standard control designs of tomorrow. Contact our engineering department. 

DOMESTIC WATER 
RS500-1 Series 
Input: 120VAC 
Output: 120 VAC @ 6 amps 
Designed for permanent capacitor and 

shaded-pole circulator pumps. 
Increases solar 
energy collection 
efficiency by 
modulating sys­
tem flow in pro· 
portion to tam· 
perature differ· 
entia! between 
collector and 
storage. High· 

temperature curcuit·can tUTn·pump·off··­
when tank approaches excessive temper· 
atures. Low-temperature circuit can turn 
pump on when collector approaches 
freezing temperatures. 

RSS00-2 Series - Dual Output 
Input: 120 VAC 
Output A: Identical to RS500·1 Series 
Output 8: 120 VAC@ 3 amps 

Dual output control with first output 
identical to RSS00-1 Series. Second 
output adds another dimension of versa· 
tility. It can control valves to drain the 
system when freezing conditions 
approach and can be interlocked with 
first output to inhibit pump operation 
when drain valves dump collector, and 
can turn on a second pump in a heat ex· 
change system. High-temperature and 
low-temperature circuits can override 
other signals to the second output and 
make or break the power out of it. 

SPT-XX, • . 

SPA,\. ·. (i.) 
£:~,) ~ 

SENSORS 
Two and only 
two sensors are 

_, __ 1 

I 
\· 

It 
. . 

\• ST 
.'"'·· 

required with 
-eacl\.-different~al-thermostat-:=-::r-tHFSA"'Sensor' 
is the temperature sensing element encased 
in epoxy. The ST Sensor has a copper 
housing with a hole punched in it for bolting 
directly to the collector plate. A radiator 
hose pipe clamp may be used to secure the 
rugged sensor to the surface of a pipe. 

The SF Sensor is an anodized sensor de· 
signed for use with unglazed solar collectors 
or in low 1::. T systems, and for use with the 
RS260. 

The SPT·XX Sensor has W' pipe threads. 
Standard probe lengths are 1 'h", 4%", 6", 
12'' and 24". 

The SP Sensor has standard 'h" pipe 
threads for easy installation into standard 
plumbing fixtures. 

The SPR Sensor may be screwed into the 
end of a pipe which may be inserted into the 
top of a deep tank. Provides accurate sensing 
of temperature at the bottom of deep tanks. 

Dual Thermistors may be specified in any 
housing. 

RS1009, 
RS1008 

RS5080 
Microprocessor for on-site 
data aquisition of all energy­
related system parameters. 

Photovoltaic pyra· 
nometer with single 
track recorder cali· 
brated to it for 
measurement of 
solar energy in 
engineering units. 

RHO SIGMA 

p:a: RHO SIGMA, INC. 
11922 Valerio Street. North Hollywood. CA 91605 
Factory Telephone: (213) 982 · 6800 
Rep & Distributor Telephone: (800) 255-6880 
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RHO SIGMA 
11922 VALERIO ST., NO. HOLLYWOOD, CA. 91605 

(213) 982·6800 

RHO SIGMA'S·LINEARIZATION 

Electronic linearization of ~he sensor 

signal is accomplished by an entire m~trix 

(over 20 components) incorporated on our 

printed circuit board. This function elimi-

nates the natural tendency for drift that 

occurs at high and low temperature exposures 

to either sensor. The control.accepts the 

conventional signal from the sensors and 

"corrects" or compensates for temperatu~e 

extreme error. This is accomplished within 

the RS 500 & RS 360 controls, on redesigned 

.printed circuit boards. Linearity circuitry 

REDWOOD MECHANICAl' . 

tannot be added tn early control models. The 

attached charts show linearity at work in a· 

Rho Sigma control. 
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DIFFERENTIAL THERMOSTAT INSTALLATION DRAWING 

RS 500-1 SINGLE OUTPUT (Rev. A) 

FLAT PLATE COLLECTOR 

I.-J ~ COLLECTOR SENSOR 
SENSOR WIRING CLASS 2 

12 VDC %AMP 
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1- ... >-._ 
T FITTING WITH 
%''THIRD PORT 

NOTICE: 
All ELECTRICAL POWER TO THE SYSTEM MUST BE 
REMOVED BEfOAE ANY HIGH VOLTAGE WIRING 
CONNECTIONS ARE MADE. THE AUTO/OFF/ON SWITCH 
DISCONNECTS THE LOAD FflOM ltSVAC. lOWER ONLY. 
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WARNING: 

AS 500 
PUMP CONTROl SWITCH 

AUTO-Thermostat 
Controls Pump 

OFF -Manuel Contr<-11 
Pump Off..,;.ti/. . .,. 

t . ~· •• 

ON -Manu~ Coniroh 
Pump On 

ALL FIELD WIRING 
MUST BE RATED 

AT90"C MIN. 
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TEMPERATURE vs. RESISTANCE RHO SIGMA 

SPECIFICATIONS SENSORS 

IIEIIIT. RUIIT. RESIST. 
•F "C ED IV. "F "C EQIV. •F "C lQIV. 

32 0.0 32654. 106 41.1 5093. 180 82.2 1170. 
34 1.1 30859. loS 42.2 4873. 182 83.3 1129. 
36 2.2 29174. 110 43.3 4663. 184 84.4 1090. 
38 3.3 27592. 112 44.4 4464. 186 85.6 1063. 
40 4.4 26105. 114 45.6 4274. 188 86.7 1017. 
42 5.6 24709. 116 46.7 4093. 190 87.8 982. 
44 6.7 23395. 118 47.8 3921. 192 88.9 949. 
46 7.8 22160. 120 48.9 3758. 194 90.0 917. 
48 8.9 20998. 122 50.0 3602 196 91.1 886. 
50 10.0 19903. 124 51.1 3453. '198 92.2 857. 
52 11.1 18873 •. 126 52.2 3312. 200 93.3 828. 
54 1.2.2 17903. 128 53.3 3177. 202 94.4 801. 
56 13.3 16988. 130 54.4 3o48. 204 95.6 775. 
58 14.4 16126. 132 55.6 2925 .. 206 96.7 749. 
60 15.6 15313. 134 56.7 2808. 208 97.8 725. 
62 16.7 14546. 136 57.8 . 2697. . 210 98.9 702. 
64 17.8 ..... 13822 .... ___..,_,..IJS .. sa.9.,~ 2590"""'"·'> ........... ~2 •-.:... . 100;()>"..w·· =6].9:-oi<:Y-.< ..... .., .... ~:"..l·..,· -~-"" •• £~.-

•, •' I 66 18.9 13139. 140 60.0 2488. 214 101.1 658. 
88 20.0 12493. 142 61.1 2391. 216 102.2 637. 
70 21.1 11883 144 62.2 2298. 218 103.3 617. 
72 22.2 11307. 146 63.3 2209. 220 104.4 597. 
74 23.3 10762. 148 64.4 2124. 222 105.6· 579. 
76 24.4 10247. 150 65.6 2043. 224 106.7 561. 
78 25.6 9760. 152 66.7 1966. 226 107.8 543. 
60 26.7. 9298. 154 67.8 1891. 228 108.9 527. 
82 27.8 8862. • 156 68.9 1820 230 110.0 511. 
84 28.9 8448. 158 70.0. 1753. 232 111.1 495. 
86 30.0 8058. 160 71.1 1888. 234 112.2 480. 
88 31.1 7685. 162 72.2 1625. 236 113.3 466. 
90 32.2 7333. . 164 73~3 1566. 238 114.4 452. 
92 33.3 6999. 166 74.4 1509. 240 115.6 438. 
94 34.4 6683. 188 75.6 1454. 242 116.7 425. 
96 35.6 6382. 170 76.7 1402. 244 117.8 413. 
98 38.7 6097. 172 77.8 1351. 246 118.9 401. 

. 100 37.8 . 5827. 174 78.9 1303. 248 120.0 389 . 
102 38.9. . 5570. 176 80.0 1257: 250 121.1 378 . 
104 40.0 5326. 178 81.1 1213. 
Ac:c:uracy of een1ora Ia ±4°C civer range of o•-7o•c. Mulmlim .operating temperatura 11 -1n~c (35o•F). 
Seneora having tighter toleranc:ea are evellable. 

• .. 
11922 VALERIO STREET • NO. HOLLYWOOD, CA. 91806 • (213) 982-6800 
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INDUSTRIAL APPLICATIONS 
McDonnell 900 Series Probe Controls 

~ -.r 

McDonnell No. 900 or 
No. 901 Level Control 
Maximum Pressure, 160 psi. 
Ma)(imum Temperature; 250° F. 
Underwriters' Listed 

HIGH LEVEL ALARM 

HIGH LEVEL SIGNAL 

HIGH LEVEL CUT .OFF 

START PUMP AT HIGH LEVEL 
STOP PUMP AT LOW LEVEL 

OR 

START PUMP AT LOW LEVEL 

STOP PUMP AT HIGH LEVEL 

LOW LEVEL ALARM 

LOW LEVEL SIGNAL 

LOW LEVEL CUT·OFF 

McDonnell Control for Tanks and Pressure Vessels up to 169 psi. 
For tanks or pressure vessels up to 160 psi., any of the 
essential functions listed above-either singly or in 
combination-can be accomplished by use of the McDonnell 
900 Series Level Controls. 
Whether the desired operation is to ring at't alarm. turn indi­
cating lights on or off at a remote control panel, start and/or 
stop feed or drain pumps. or energize an electric valve ... it 
can be done automatically. 
McDonnell 900 Series Controls will operate in ordinary tap 
water or other comp.atible liquids with a resistanc.e no grea· 
ter than 50,000 ohm-em. 

Hogn Level Control· 

Internally 
.Wired 

J~ 

~ 
Hot Neutral -120 V.A C. 

lntern1lly 
Wired 

Hot Neutral -120 V.A.C. 

Hi&h Level Control 

120 Y.A.C. 

Low Level Control 

. 
120 V.A.C. 

Typicall!xample: A water storage tank installed in an induso 
trial plant. A high level alarm (Wiring Diagram 2) is utilized to 
indicate a flooding condition. and a low level alarm (Wiring 
Diagram 1) is utilized to indicate a below normal level condi· 
tion. These situations could occur from a sticking or leaking 
fill valve, or an inoperative pump. 
Typical Example: A small storage tank from which liquid is 
drawn for a manufacturing process. To maintain an adequate 
level at all times, a solenoid valve (or pump) is turned on at a 
predetermined low level, and remains on until a predeter­
mined high level is reached (Wiring Diagram 3). 

120 V. Coil Only 
(Control Circuit 
Operating Current 
Supplied by 
M & M Controller.) 

Hi&h level Control 

120 Y.A.C. 

Low Level Control 

120 Y.A.C. 

120 V. Coil Only 
(Control Circuit 
Operating Current 
Supplied by 
M & M Controller.) 

1. As main line Switch 
tor 

Low level Signal 
or Ho&h Level Cut·oll 

2. As main Line Switch 
for 

High Level Signal 
3. To Start Pump at Low Level, 

Stop Pump at High Level 
4. To Start Pump at Hieh Level, 

Stop Pump at Low Level 
or Low Level Cut·ofl (foil Tank or Pressure Vessel) (Drain Tank or Pressure Vessel) 
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Bulletin 1-900 

INSTALLATION INSTRUCTIONS~McDonnell900 Series Probe Controls 

Model Automatic Manual 
Number Reset Reset0 

Test 
Light 

Retard 
Circuit 

Can be used as Low Water Cut-offs on Hot Water Boilers or 
as Liquid Level Controls to maintain or sense levels in Tanks 

900 I I 

900M I I 

901 I 

901M X 

902M I I I 

•Manual Reset Feature Pat. 3,834,357. 

Note: Momentary power inteffupflons will cause 
No. 900M and No. 901 M to brealr circuli; manual 
reset button must be pushed to restore opera­
tion. If objectionable, use Automatic Reset No. 
900 or. No. 901, or Manual Reset No. 902M which 
has special retard circuit. · 

Caution: Do not lighten by 
turning covet or housing. Use 
wrench on brass helt adapter. 

Average Make·up 
for 'II•" NPT r 

(Preferred location 
lor No. 902M) 

~ 
---~ -r r--- 1JJ 

Minimum Sate 
Water Level 

INSTALLATION ON HOT WATER BOILERS 

Caution: Do not tighten by 
turning covet or housing. Use 

,_...\=='>.-=:===:±::,.___, wrench on brass helt adapter. 

Low Level 
Control 

INSTALLATION ON TANK5-For High and/or Low Level Control 
· (See Reverse Side for Wiring) 

Caution: Do not tighren.b3 
turning cover or housing. Use 
wrench on brass helt adapter. 

- b ··-- .. - -----

VERTICAL 
INSTALLATION 

r I' 

FRONT VIEW 
Manual Reset Switch (900M, 901M, 902M) 

LOCATION ON HOT WATER BOILERS 
The 900 Series may be installed in the boiler above 
.the lowest sale water level established by the 
boiler manufacturer. Some manufacturers provide 
a suitable opening in the side of the boiler. 

If necessary, the cut-off may be Installed In a 1 Y4 
inch or larger Tee in the vertical riser above the 
boiler. Caution: If installed above the boiler, make 
sure the system is properly designed and fitted 
with vents to prevent air binding which could break. 
the control circuit. ' 

BOILER OR TANK WATER 
Control will function satisfactorily in ordinary tap 
water as supplied by practically all public water 
systems. Specific resistance of boiler or tank water 
can be verified by the test button; if lamp lights, 
the circuit is complete through water to ground. 
Demineralized or distilled water with a specific 
resistance greater than 50,000 ohm-em. may re­
quire the addition of boiler compound. 

HORIZONTAL MOUNTING 
When the '900 Series is installed with electrode 
assembly in horizontal position, the flat surface of 
the "U" shaped probe should be in the vertical 
position. Factory-assembled unit is in correct posi-

·~.; tion:.when·.testrland:res·et::buttons,are-::eittre·r~at;;~:>"p>:;':,.~ '""'--;;~ 

or at bottom. 

VERTICAL MOUNTING 
The 900 Series can be installed in a top opening of 
the boiler or tank. 

ELECTRICAL AND OPERATIONAL 
Wire per instructions, fill system and energize elec­
trical circuits. For controls with manual reset, de­
press Reset Switch to start burner. 

FLUID LEVEL TEST 
For controls with Reset and Test Switches, first 
depress the Reset Switch. For all controls with 
Test Switch, depress the Test Switch and note 
lamp. Normally, light "ON" Indicates fluid level 
above probe, light "OFF," fluid level below probe. 
No light could also ·indicate a probe with excessive 
scale deposits. For controls without Test Switch, 
drain until level is below the probe. Burner circuit 
will open and alarm circuit, if connected, will close. 

GROUNDED PROBE TEST 
With the liquid l~el below the probe, depress the 
Test Switch. A light "ON" could indicate a 
grounded probe. For controls without a Switch 
and with liquid level below the probe, a closed 
burner circuit· could ·indicate a grounded probe: 
Replace the grounded probe. 

McDONNELL & MILLER ITT 
FLUID HANDLING DIVISION 



WIRING INSTRUCTIONS-McDonnell 900 Series Probe Controls 

APPLICATIONS ON HOT WATER BOILERS 
OPERATING DUTY 

Maximum Pressure-160 psi. 
Maximum Temperature-250° F. 

ELECTRICAL RATINGS IN AMPERES 

Motor Duty: 120 V.A.C. 240 V.A.C. 
Full Load 5.8 2.9 
Locked Rotor '34.8 17.4 

Pilot Duty: 125 VA 120-240 V.A.C. 

IMPORTANT Terminals No. 1 and No. 2 must al­
ways be wired to 120 volts 60 Hz. Terminals No.3 
and No. 4 are isolated contacts, and may be wired 
lor 24 volts, 120 volts or 240 volts: 

24 Volt 
Burner 
Circuit 

Hot 

Internally 
Wired 
~ 

Neutral -

120 Volt 
Burner 
Circuit 

Hot 

Internally 
Wired 
............... 

Neutral 
~ 

Supply 120 Volts A.C. Supply 120 Volts A.C. 

APPLICATIONS ON TANKS AND PRESSURE VESSELS 

High level Control 

Internally 
Wired 

1-4 

Hot Neutral 
~ 

120 V.A.C. 

9 
1. As main Une Switch 

for 
Low level Signal 
or High level Cut-off 

low Level Control 

Internally 
Wired 

Hot Neutral 
~ 

120 V.A.C. 

2. As main Une Switch 
for 

High level Signal 
or low level Cut-off 

REPLACEMENT PARTS 
McDonnell 900 Series. 

•>········-· 
. Control Complete 

Model Head Probe 
Number Assembly Assembly 

900 353019 

900M . 353020 

901 353021 353025 
(All Models) 

901M 353022 

902M 353023 

Printed in U.S.A. 7-75 

Hlgh.level Control 

120 V.A.C. 

Low Level Control 

120 V.A.C. 

120 V. Coli Only 
(Control Circuit 
Operating Current 
Supplied by 
M & M Controller.) 

3. To Start Pump at Low level, 
Stop Pump at High level 

\ 
Stalnlus Stul 

Pro~t 

(fill Tank or Pressure Vessel) 

Stalnleu Steel 
lltctrUe Rod 

. . \ 
,~ 

\

Porcelain 
lnllllltor 

Stainless StuiBullllna 

COMPLETE PROBE ASSEMBLY 

CONTROL HEAD ASSEMBLY 
(No. 900M Shown)· · -

NOT£: Control Head Assembly 
consists of complete control 
less Complete Probe Assembly. 

High Level Control 

120 V.A.C. 

Low Level Control 

120 V.A.C. 

120 v. co11 on•r . 
(Control Clrcul 
Operating Current 
Supplied by 
M .& M Controller.) 

4. To-Start Pump at High level, 
Stop Pump at low level 
(Drain Tank or Pressure Vessel) 

Teat Button an~ lamp. 
In slant clleck lor 
sale water 

Relay 

Terminal Panel. 
lasy lo wire. Has 

terminalllor cut-ott 
and alarm clrcuila. 

A ..... , .. 
.. --·-·· 

·." 

lsoiJtion·Type Transformer 

~oocp~~d~,~~~ ~~c~~.~~s;~ lmT 
Telephone: (312) 287•11100 T•l•a: 25·33711 .L 

Copyright 1975 International Telephone and Telegraph Corporation INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

.:· . 

. ··. 
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Versatile controls actuated by liquid or air flow 

Widely used as automatic controllers or safety devices 

The flow of liquids in pipelines and air in ducts 
plays an important role in industry and com­
merce. Under most circumstances It Is essen­
tial to know whether or not there is a flow in a 
pipeline or duct, and to act upon that knowl­
edge. This Is the reason for, and the function 
of, McDonnell Flow Switches. 

It started with steam locomotives 
The steam locomotive, which has just about 
disappeared from our railroads, was a creature 
of enormous thirst. For the efficient generation 
of steam it demanded treated water-that is, 
water with a chemical compound added to it. 
That's when the first McDonnell Flow Switch 
was developed. When wnter was supplied to 
the locomotive tender, the flow switch actuated 
a feed pump to add the necessary chemica! 
compound to the water. 
Today, It goes wherever there's flow 
Since that time, a complete line of McDonnell 
Flow Switches has been developed for a wide 
range of applications, including: -

t 
I 

! 

I ,. 

I 

TABLE OF CONTENTS 
•.· 

. .. 
Introduction and General Applications 

Basic Uses of McDonnell Flow Switches 

How to Select McDonnell Liquid Flow Switches 

Electrical Ratings and Switch Schematics 

General Purpose Flow Switch Models-
No. FS4·3, FS4-3T Series, No. FS8V 

Extra Sensitive Flow Switches for Low Flow Rates­
No. FS1 and FS6 Sarlos 

Flow Switch Models for Heavy Duty Applications · 
Including Standard. Explosion-Proof and 
Vapor•Proof Models-
FS7 Series, FS7·4 Series, FS7-L Series 

. . . 

·Page 

2 

2 

3 

3 

. 8-10 

Air Conditioning Systems 
Hot Water Space Heating Systems 
Hot Water Supply Systems;~~:-·=~~~·­
Pump Systems 

Flow Switch Models for Heavy Duty Applications ·. . 
Double-Pole-Double-Throw Operation- FS7-D Series·;· i1 .. 0 :;.;-\: 

_ ~--~· ~-· ,./ ~.. .. flo!_,A~t.~~.~~J~tn~u~~t.lc C~n~rol __;. N·o~ FS7·A ; : '.:-."\;::~; ·:.i;O. .. · :/· · 
.-::• .. _Water Flow lnd1cators for Sprinkler System . · ; ·,=: ..... '.'· .... · 
I( Branctl .. Piplng.-No. FS4-3F and No. FS7-4F ·. ;"·: :~·;·-.·:.>11· :, :··. Water Cooled Equipment 

Blending or Additive Systems 
Liquid Transfer Systems 
Fire Sprinkler Systems 
Water Treatment Systems 
Duct Type Heating Systems 
Exhaust Systems 
Make-Up Air Systems 

The various models In the McDonnell line of 
flow switches are illustrated and described on 
the following pages. 

::'·:'i .. : ·,Ge~e~~;·:~~~~~ee~~~~_.~at~.,~·, Flo~ Switch;&::.·,:_..: .. ··:·:;.·:·.\\~><::.\:.~;-: 
:.-.-~·i .~ .. ,Table for Flow Vel9cltles In Pipe; Correction · .· .. \:: . · .. · ''/ :-,:·.- ·; "' ';·•' 
.:",~·· ,:;-:·for Specl.fic .Gravity;. Pressur~ Dr,op "T:able . •:{.~ ·;; ·.'i-,.:·;;.~;12 .t :.···=. 
··.: .. :· : .. ·· ..• ·,-,,:. ·, ... ·:.:.; :r:· ... • . ' • . ... ·, ....... .' \'.:·.··"i~·.' : .~~: ·.~ 

." :':. ', How to seie"ct)~cDonnell Air Flow .Switches '•. ;:.: ~· '"·/·~-~:~·~:.1 3··. :::.~:, 
:;..~·:: ·::: .. ~~- .: . ···.· ~!;·.) .... '· ~. \'<·;::·~ ~~.:~.·. ,':~· .: . . . ·. ·.=/-~;·:;t'··<?': ': . ...-. ·: :_ 
1·i: .:· ~;·l:': Air Flow Switch Models for .. Low,_ Medium ... ·.' .. ,·.:~):· .v:.,.:.:·;<~c•.:,. .' ·. 
.i.';'';:·. :.-.and, Higher yeloolUea .. .. . .. . .- .. :<·:•··:.• ... 14-.1 ~.; .. ;_:·.::·· 

\;1;::':~.·-~:: ._, ~:1+~~/:{f{~~~i.J[:.~\:::' ,,.·::::-.:: :. ~ .. ;: . .. '·' .. _:~ : ... ?}~"\'? :·_: .. ;·:~:~;;:{.-: {_.. 

THESE ARE SOME OF THE BASIC USES OF McDONNELL FLOW SWITCHES 

·.:.·.-·.: .. ~· .. ,.-;-::· ... , ~ 
~~.·:·~>:;.·:; ... ;.~ • ~ • 

•.· 

. ~ .. . ........ . ... :. ·. . . . :. . . 

Signal Devices-In this 
era of automation, 
knowledge of tlow, or 
no-flow, is important. A 
flow switch can provide 
a visual or audible 
report from any location, 
either nearby or remote. 

Motors-The operation 
of pumps, compressors 
anc similar apparatus 
frequently depends 
upon fluid flow in a 
pipeline. A flow switch 
provides a dependable 
way to control such 
motors or other prime 
movers, or to add 
greater salety. 

Alarma-Where flow 
failure is critical, or 
where a flow occurs In 
an emergency line-as 
in a firf' ~>Jrinkter system 
-a flow switch can 
warn of trouble and 
pi~point its exoct 
iOC.ltion. 

Heating Unite-The 
·,•: ~ ospread use of water 
>,oaters and duct 
heaters ranges from 
commercial processing 
to personal comfort. A 
flow switc;, ~ oi;>e or 
duct r.an ·start ~he 
heating unit to speedy 
recovery, or stop it If 
flow fails. 

Metejing Devlcea­
Many liquids are 
improved or altered 
between their source 
and point of u~ ,_ 
chlorination of domestic 
water. for example. A 
flow sw:tch can start 
and stop the addilive 
equipment as flow 
dictates. 

Copyrght. 1969 McDonnell & Miller, Inc. 

:~ ~ '. J 

-~ 
J 
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LIQUID FLOW SWITCHES 

How to Select/M~DONNELL LIQU!D FLOW SWITCHES 
The following discussion of the various factors to be considered will 
serve as a guide in selecting the proper McDonnell Flow Switch. 

1. What function will the flow switch perform? 
McDonnell Flow Switches are equipped with single-polt! double-throw 
switches, except for FS7-D Scrios (DPDT operation) and No. FS7-A 
(Pneumatic). ·They can make or break an electrical circuit when flow 
starts or when flow stops. <~nd can be usod, for example, to: 

Actuate a signal when flow stops; 
Start a motor with flow; 
Shut off an alarm when flow Is adequate; 
Stop a motor with no flow. 

2. Size of pipe? . 
McDonnell Flow Switches are being used on pipe sizes Y2" through 
16". Depending upon circumstances they can be IJSed on pipe up to 36". 

3. How much flow is oresent? 
The flow rate at which the flow switch Is FLOw (9 ~~J 
to respond should be determined next. 
McDonnell Flow Switches are actuated NO FLow·~ ) 
(make or break) with an increase. in flow, - · 
and will reverse switch position (break or make) with a decrease in 
flow. Throughout this booklet the term "Flow" represents the actual 
movement (velocity)· of liquid within a pipe sufficitmt to actuate the 
switch. The term "No-Flow" represents a decrease in velocity, or a 
total flow stoppage, which will permit the switch to reverse back to the 
original position. Important: In operation the switch must be actuated 
by "Flow" before it can be reversed again by '"No-Flow." 

For example, the partial table below indicates the minimum flow 
rate required to actuate the McDonnell No. FS1. ( 1) There must be 
at least .41 gpm "Flow" before the flow switch will be· actuated; the 
flow rate may of course be higher. (2) Should flow then drop to .24 gpm 
"No-Flow," or lower, the switch will reverse position. Note: The values 
shown in this table are factory settings; all McDonnell Flow Switches 
can be easily adjusted· to require a higher actuating "Flow," or 
"No-Flow." 

Required Flow Rates No. FS1 
(Factory setting; Minimum adjustment) 

"Flow" 0.41 gpm (or 0.43 Ips) Velocity 

"No-Flow" 0.24 gpm (or 0.25 fps) Velocity 

Complete flow rate tables In gallons per minute (gpm) and In feet 
per second (fps) for each model uro included in the product data. Flow 
rates shown are averages which may vary :': 10% from tabulated 
values. 

4. Maximum liquid pressure In pipe? . 
The maximum pipeline- pressure should be considered when selecting 
a particular model. Olflerent flow switch models can accommodate 
a·range of pipeline preasurea up to 1000 psi. 

5. Maximum temperature? 
Determine the liquid and ambient atmospheric temperatures when 
selecting the flow switch. model, Various McConnell Flow Switches can 
be used at temperatures from 32" F. up to· 300" F. If temperatures are 
lower than 32" F., please write factory. · 

6. Type of liquid? 
McDonnell Flow Switch models have wetted parts of brass, Monel or 
stainless steel. Depending on the particu!ar model they may be used 
with water, certain light viscous !luids, some oi!s, some caustic solu­
tions and other fluids. 

7. Atmosphere surrounding flow switch? 
It should be determined if the location will be subject to high humidity, 
weather conditions or explosive atmospheres. Standard, vapor-proof 
and explosion-proof flow switch ""-·dels are available. 

8. Installation? 
It is recommended that all models be installed upright in a horizon:al 
run of pipe and that any valves, elbows, ori! ces or other restrict:ons 
be removed at least five pipe diameters :rom either side of the 'ow 
switch. Specific installation instructions are provided w:•.'1 each control. 

For information regarding particular applications or conditions 
please call or write your McDonnell representative or the factory. 

ELECTRICAL RATINGS 
(Underwritors Llstod) 

Except for Pneumatic Control on page 
ttl ,111 liquid llow switchos in this book· 
let have same type single-pole double- · 
throw switch. FS7-D Series on page 10 
has two switches. Electrical ratings for 
all models: 

Ampere Rat_lnl 

Motor Duty 115 V.A.C. 230 V.A.C. 
Full Load 7.4 Amps. 3.7 Amps. 
Locked Rotor 44.4 Amps. 22.2 Amps. ----------

115 v.o.c. 230 v.o.c. 
0.3 Amps. 0.15 Amps. 

Pilot Duty: A.C. 125 V.A., 115-230 V. 

SWITCH OPERATION SCHEMATICS 

In the tables of flow rates given In this 
booklet lor liquid flow switches the 
word "Flow" means that the switch 
will close one circuit, and open the 
other, when the flow rate Is Increased 
to the gpm shown. (See schematic 
"Flow.") 

The words "No-Flow" mean the switch 
will reverse position-will open the first 
circuit and close the second-when the 
flow 'rate· is-decreased-'-to-the·-gpm--- --­
shown. (See schematic "No-Flow."). 

C N 0 N C. 

~~-~ 
FL. OW 

C. N.O. N.C. 

·~ ~ (§ I -~....:::..a-"1--:J 
NO FL.OW 

TYPICAL INSTALLATIONS 

~­
t;;r,J T 0. • •• 

n_/ r . . p· . , I ... 
O. .. _J ___ ;. ... 1r-··J 

with Tee with Welded 
Yali-Coupllng 

with Body Tapped 

·': 

with Face or 
Hex Bushing For Direct Installation• 

'No. FS1, FS4-3T Series 
and FS6 Series. 
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LIQUID FLOW SWITCHES 

General 
Purp~se 

Models 

The flow switches described on these pages are used primarily as 
automatic controls or safety devices in air conditioning, heating 
and water systems and also in processing work. They include the 
No. FS4-3 standard model, the FS4-3T Series which are actuated 
by lower flow rates, and the No. FSBV which offers vapor-proof 
construction. 

M£DONNELL No. FS4-3 

1 •• '.;jJ 

, .. 
ali 

---"-•" PIPE I 
THREAD I 

I 
_j 

FLOW SWITCH 

• Underwriters' Laboratories Listed 

• Maximum pressure, 150 psi. 

• Maximum temperature, 300" F. 

• Shipping weight, 3 lbs. 

The No. FS4-3 is a compact, moderately-priced flow switch for service 
on water lines principally. It has a single-pole double-throw switch, 
can be wired to make one circuit, break a second circuit when flow 
starts or stops. All parts in contact with liquid in pipe are oi brass 
and Monel. The No. FS4-3 is installed in .tee or welded fitting in hori­
zontal pipe. Note outstanding design features pointed out below. 
For electrical ratings and switch schematics see page 3. 
NOTE: McConnell No. FS4 Flow Switch is also available with single-pole 
slnglo-throw millivolt switches tor sell-generating control systems. Order 
No. FS4-MV (completes circuit with flow) or No. FS4R·MV (breaks circuit 
with flow), 

1m 
_ 1!111y Wiring-Cover completely removable. . . ·-·· r··~~~--· No cramped quarters, no danger of kinked·-· 

' .. . • . · .~ wires Interfering with operation. I"' fJJr;~ii:JII~f:lV :: ·- ·~· .... ~""""'" ............ , ... : _ , --· .~:\:... . sldo of housing. ,. 
. ."~. ~ JIJ ,. ~;. ·switch-Single-pole doubie·throw. Com· ~ ~-~~ ::, .1, rmct In size. Powe~ul snap octlon uasuros 
. .,- t'' .. , 1 · .. .. ') dt!pendoble operation. 

· \J -- Knlf•·Edged Bearlngt-01 hardened stain• 
--.. less steel to minimize friction. 

AdJusting Screw-Provides simple way to 
adjust sensitivity to flow. 
Pocklett-Heavy duty Monel sylphon seale 
:;wttch assembly from. tine. 
3·in·1 Paddle-Segmented Monel paddle . 
quickly adaptable for 1" to 3" pipe. Ex· · 
tendod Monel paddle also Included for 
larger pipe sizes. 

• 
FLOW RATES REQUIRED TO ACTUATE NO. FS4-3 FLOW SWITCHES 

.Flow rates in gallons per mi!'lute (GPM) shown in black. Velocity In feet per second (FPS) shown In color. · 

Pipe Size in Which I 1 
1 

•4" •5" •6" Flow Switch Installed : 1" 11,4" i 1 !/2 " 2" 2%" 3" 1-------,-------· t· - .. ·-+--:-:-=--+--=-~-+-:=-:::-:::---4--=~-==--+--=="=--4-::-=--=--l 

1---F-Io_w __ i,_. -~:-::~::-~:,--tl_t~~ I ~~~~ I 1~~·~ I !_~.:.;~~:.":o~"--'2~~;"-·.~;:.";3;--t-, ...;3:..;~,.;..:;·.~~0:--!--=::;.:;~-r---=.:==-=--=--1--~:..~-l 39.7 58.7 79.2 

I 

Factory 
or 

Minimum 
Adjustment 

Maximum 
Adjustment 

1.00 
No i GP._M.~-t-~3.:.69--.+-.-?.:.6.'~'---i--?...:.90 9.40 _,1_!_1...:.6-;..-+...;1-;;2:'-;.o:-;:;--,-1 ...;;.;.-; 

Flow 1-FPS 1.3w4 : 1.~~ 1.10 0.90 i 0./8 0.52 
Flow GPM 10.2 16)...-+--2.~~0 -:.-!-?J:.:.8.-:--il,..-4-=2:-:.4c-:--+--'-52.1 

FPS 3.91 3Ji2 I J.62 I 3.14 i 2.74 :'.26 

No J.-G;.:P,.;M::--+--9;:·.:;.20;.--+1 ~15:_l:~l_ c~:\_b:.-.O:i=--r-1 _3....,7:-. 5-=-:---+-_4_6,:--:-""'i--=--=-:-=--:-~-=-
Ftow FPS 3.43 1 :~ • .:.:3 ; ~~.u7 : 2.29 2.51 1 2.00 ' 

19.8 
0.50 

73~5 
1.86 

64.2 
1.62 

0.94 0.88 
I 

39:.!?~ I 29.3 
0.47 0.:.~ 

115.0 166.~ 
i.85 -~~.L 

92.0 1?_3.~-=-
1.48 1.37 

Flow rates are averages which may vary ::: 10% trom rabula:ea values. *Equipped with extended paddle trimmed to pipe size. 
J\1\.IIJ\ 

~ 



LIQUID FLOW S~i .... nt:.::i 

( BLE OF FLOW VELOCITIES 
___ ,)ipe In equivalent gallons per minute (GPM) 

Flaw In Pipe Size 
Ft/Sec 

Va" ~" 1" 1V•" 1'12" 2" 2'12" 3" 3'12" 4" 
·-5~-T .. ·6,;-

(FPS) 

.2 .19 .33 .54 .94 1.27 2.1 3.0 4.8 6.2 7.9 12.~~ 

.4 .38 .66 1.08 1.88 2.54 4.2 6.0 9.6 12.4 15.8 25.0 36.0 

2.92 
~--

.6 .57 .911 1.62 3.81 6.2 8.9 13.4 18.6 23.7 37.5 54.0 .. r-_---
r-72.0. .a .76 1.32 2.16 3.76 5.08 8.3 11.11 19.2 24.8 31.6 50.0 

1.0 .115 1.66 2.70 4.70 6.30 10.5 14.9 23.0 30.8 39.7 65.4 90.0 

1.S 1.42 2.50 4.05 7.10 9.48 15.8 22.4 34.5 46.2 59.6 98.1 135 

2.0 1.89 3.32 5.40 9.40 12.6 21.0 29.8 46.01 61.6 79.4 131 180 

2.5 2.37 4.16 6.75 11.8 15.8 26.3 37.3 i 57.5' 77.0 99.3 164 ' 225 

31.sl 
-

3.0 2.84 4.94 8.10 14.1 19.0 .44.7. 69.0' 92.4 119 196 . 270 
.. 

I 13~--t-2::9 ! ji'C 3.5 3.31 5.82 9.45 16.5 22.1 36.8 52.2 80.5 1U8 

4.0 3.78 6.65 10.8 18.8 25.3 1 42.0 59.6 92.0 123 159 262 I 360 

4.5 4.26 7.48 12.2 21.2 28.4 47.3 G7.1 104 139 179 794 i. 405 -+ .... _ 
5.0 4.74 8.32 13.5 23.5 1-3_1..:~~5?;5 74.5 115 154 }?_9_t3n ; 45~-

i6T 1-.:.--- - -. -----r-- ·-
6.0 5.68 9.99 :18.2 37.9 63.0 89.4 138 185 238 J9~ ! ~40 

·- -·-- 1ii4' i61""21_6_ r-:i7·a-r 4~~~- ··t.:.o-7.0 6.62 11.6 18.9 32.9 44.:.! 73.5 

8.0 7.56 13.3 21.6 37.6 5o~sr84:0 u9'-184 246 31a . 5;':1' + 1-.io 
---f--:- 1j4- -ici1- 277- f]57t'ss9 -r.ii'o-11.0 8.52 15.0 24.3 42.3 56.8 94.5 -·-· 149~230 1308 397 G54 ~1)0-10.0 9.48 16.6 27.0 47.0 63.0 105 

PRESSURE DROP (PSI) 

Flow Rill (CPM) 

CORRECTION FOR SPECIFIC GRAVITY 
The tables of flow rates required to actuate McDonnell 
Flow Switches are basod on water with u specific 
gravity ol 1.00. Shown below are the approximate 
flow rate correction factors tor fluids with other spe­
cific gravltlos. 

Specific Correction Specific Correction 
Gravity Factor Gravity Factor 
or Fluid IMultiplierl ~o_l_~l-~)d IMultlplie~---'::-'-:.- .. ·-_,, ........ , __ 
1.40 0.84 0.95 1.02 
1.35 0.86 0.90 1.05 
1.30 0.88 0.85 1.08 
1.25 0.90 0.80 1.12 
1.20 

I 
0.91 0.75 1.15 

1.15 0.93 

!l 

0.70 1.19 
1.10 I 0.95 0.65 1.24 
1.05 

I 
0.97 0.60 1.29 

1.00 1.00 0.55 1.35 
I ~ 0.50 1.41 

Example: 
Determine whether No. FS7-SE Flow Switch will be 
actuated by o .. ttow of 60 gpm of gasoline (Specific 
Gravity 0.75) In a 3" pipellno. 

Water cut-In flow rate for No. FS7-SE In 3" pipe (see 
table page 9) Is 46.1 gpm. 

46.1 x 1.15 (Correction Factor)= 53.02 gpm. 

This 53.02 gpm cut-in point Is less than 60 gpm flow 
rate; therefore No. FS7-SE Is acceptable. 

I .,.,, Flaw SwitCh 
1111 MOIItl 

.2 .s 1.0 2.0 4.0 1.0 10.0 15.0 20.0 25.0 130.0 50.0 75.0 100.0 150.0 200.0 
FORMULA FOR LARGER PIPE, ~ 
.HIG.I:f,~,~-v.E_~qcmes __ . __ .. _________ ;.. __ ....;.

11 ..,., .. No. FS1 .26 .32 .47 .72 2.74 9.74 14.4 
... 

:v. 61" FS& Strlll .01 .02 .03 .04 .36 1.44 2.16 4.86 7.114 12.3 

~-
FS4·3Tl·:V• .01 .04 .14 .50 .71 FS4·3T2·'4 ·-· --i--f---

~- FS4-3T3·~ .03 .10 .32 .94 1.3:S ' ·- '"-i' ·-- -FS4:J'Tlol ·1---1-
,...., __ 

··--··· --r---
1 .. 

FS4·3T2·1 .01 .02 .01 .23 .33 

1" FS4•3T3·1 .03 .07 .21 .81 .as 

1'" FS4·3 .15 .32 . 54 1.261 2.20 FS4-3F 

1" FSI·V .01 .05 .20 .33 .74 1.30 

3" FS4·3 
~ .01 .01 .02 .OS .101 .18 .40 .79 
·~--

3'.- FSB·V .01 .01 .02 .06i .10 .13 .17 .19 

1V•• FS7 Series .03 .08 .17 .39 .72 I FS7·4Strlll 

2'" FS7 Series 
i .02 .02 .04 FS7-4Serin .09 .13 .19 .~1 .90 I i 

4'" FS7 Series . I : .01 .02; .03 .o5! .061 FS7·4 Series ' 
6" Fs7 series 

i 
I I .01 .01j .02 .02 FS7-4 Series i ' 

NEMA ENCLOSURES The following is a list of the general types of NEMA enclosures, along· with 
the McDonnell Flow Switches which conform. 

H EMA Enclosure McDonnell flow Switches 

Type 1-General Purpose All Models 

Type 2-Drip Tight Nos. fS7-V, FS7-SV, r<;7-4V, FS7-VL, FSSV 

Type 3-Weati~r Resistant I Nos. FS7-V, FS7·SV, FS7-4V, FS7-VL, FSSV 

Type 5-Dust Tight i '· JS. FS7-V, FS7·SV, FS7-4V, FS7-VL, FS8V •• Type 7-Hazardous Location Nos. FS7-::, FS7-SE, FS7-4E, FS7-EL 

Type 9-Hazardous Location Nos. FS7·E. FS7·SE, FS7-4E, FS7-EL .. 
Type 12-lndustrial Use ! Nos. FS7·V, O:S7·SV, ~s·,:.t.-J, FS7-VL, FSSV 

1. Velocity In tt. per sec. (FPSJ .... . · 
GPM X 0.321 

Pipe. Area In sq. ln. 
Examplo: With o llow ol 1200 GPM through 
an 8" pipe, dotormine velocity. 

1200 X 0.321 
Velocity~ --50-:u-- or 7.711. per sea. 

2. GPM._. 
Velocity In ft. per aec. X Pipe Area ag. ln. 

0.321 
Exemplo: With a flow of 8.5 ft. per aea . 
through a 10" pipe, determine GPM. 

GPM ~ !Ji. X 7~ or 1600 GPM 
0.321 • 

H:=·· Area 
ize 
8'; 50.0 

1 10" 78.9 
12" 113.1 

l 14" 138.0 j ! 16" 183.0 

....... , ................ 
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Replacement Parts and Assemblies 

M~Donnell FS4 Series Flow Switches 

*612 or 612-MV .•. Electrical Switch-single pole, single throw. 
(Not (MV means millivolt service) 
illustrated) For No. FS4 or FS4-MV -Completes circuit 

with flow ...•.•.............•.. ·•············ . 
• 612R or 612R-MV Electrical Switch-single pole, single throw. 
(Not (MV means millivolt service) 
illustrated) For No. FS4R or FS4R-M V- Breaks circuit 

with flow .................................... . 

SAFS4-1 R ........... Bellows Base Assembly for No. FS4 and 
(Illustrated) FS4-MV ................................... . 

SAFS4-1 ............. Bellows Base Assembly for No. FS4-3, FS4R 
(Not and FS4R-MV .......•............•...••..•••. 
illustrated) 

SAFS4-T -36R ...... Bellows Base Assembly for FS4-3T models .... . 
(furnished with both gaskets listed below) 

FS4-T-37 ..•.....• Gasket for No. SAFS4-T-36R Assembly. Fits 
older "T" models marked on name plate 
for 100 PSI Maximum Working Pressure ..•..•• 

or FS4-T-41 ....... Sealing Ring Gasket for No. SAFS4-T-36R 
- Assembly. Fits later ''T" models marked for 

__ . _150 PSI Maximum Working Pressure._, .•....... 

SAFS4-15 ........... Paddle Assembly for FS4-3, FS4 and FS4R. 
(Consists of FS4-15 Paddle (for 1 inch tee). 
FS4-16 Paddle (for 2 inch tee), FS4-17 
Paddle (for 3 inch tee), S-21 Screw, 47-67 
Lock Washer and C-35 Holding Nut ............... . 

V ~FS4-T-40 ............ Paddle.forNo. FS4-3T3!1" and FS4-3T3- 3,4~ ..... .. 

~ FS4-25 .............. Cupped Paddle only, for use with FS4-15 
~ / Paddle to field convert to SAFS4-25 ............... . 

~ FS4-37 ............... 6 inch paddle, for large pipe. Used with 

-

_ _:::...------~- FS4-3, FS4 and FS4R ................................ .. 

- •No. FS4-33 Switch is not interchongeable with 612 Series Switches. 

M.!:DONNELL & MILLER, Inc., 3500 N. Spaulding Avenue, Chicago, Ill. 60618 

~/· &ne , .. , .. ~7~ 
t()NII.Ql\ 

IIG. U \. P.at. OU. Bulletin RP·FS4·B Printed in U.S.A. 
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VII. PUMPS 

A. Pump P-4: Bell & Gossett, Series 60, U"A, 6-3/8" dia. impeller. 
Baldor Motor Serial No. 1078, Model VWL 1307, 3/4 HP, 
115-208/230 volts •. 

B. Pumps P-5 and P-7: Bell & Gossett, Series 60, 1t"AA, 5" dia. impeller, 
Identification No. 97185 BV, Model MRH 24 JX, t HP, 
115 volts. 

c. PUmp P-6: Bell & Gossett, Series 100, 1/12 HP, 115 volts. 

D. Installation, operation and service instructions: 



BELL & GOSSETT lSUBMITTALj 

1Y2 A B-131.2 
REVISION 6 

Series u60" 
Centrifugal Pumps 
In-Line fv1ounted 

JOlt 

UNIT.TAG NO.------,-----------­
ENGINEER Interactive Resources, Inc. 

Redwood Mechanical 
CONTRACTOR-------------..,--

DIMENSIONS DISCHARGE--._ 

SUCTION PUMP DIMENSIONS-INCHES 
PUMP AND 
SIZE DISCHARGE . 

SIZE- F G K- L M N p R 
INCHES NPT 

B & G REPRESENTATIVE __ .C_.;;.;a..;;;l~if;;_o;;_m..;.._.;_la __ H........_y_d_r_o_n_l_· C_S_ 

ORDER NO------------- DATE----

SUBMITTED BY __________ DATE----

APPHOVED BY----------- DATE----

s T-

. ····r 
p 

--::-

Companion Flanges furnished 
for Suction and Discharge 

1 y,A 1 Y2 9~ 3~ 4~ 1 3 Vo 9YJ l,4 6Y1 7 13YJ 

6-3/8 11 dia. in1peller 

SPECIAL INFORMATION REQUIRED 

ALL MOTORS 1750 RPM 

MOTOR SIZE MOTOR DIMENSIONS-INCHES 

H.P. PHASE A B c D E 

YJ 1 9YJ 2Yo 7~ 4¥a 11 Y2 

Ill 3 7~ - 7% 4:Yo 11 

~ 1 9112 2Ya 7~ 4:Yo 12 

~ 3 7~ - 7~ 4:Yo 11 Y1 

1 1 10~ 2Yo 82A6 4•A 9~ 

1 3 8lti6 - 83A6 4~ 10 

10'A6 I 2Ya 8lJio 4'.4 
' 

H J 

24YJ-

24 

25 

24YJ 

22,A 

23 

23% 

-
-
-
-
"Vo 

fa 

y, 

:20 ' 45 ---------· ·--·- ...• <.iPM_ ........... ····- .FT. 

MATERIALS OF CONSTRUCTION: 

[/'BRONZE FITTED [_~J ALL IRON [J ALL BRONZE 

ELECTRICAL DATA: r4 HP 

... L'/$:_-?.?.t?. ...... VOLTS -~-t2 CY. --~- PH. 

MOTOR ENCL ....... A':{e.:e./{'~cJE. .... 
SPEC. CONSTR·--·--·-·-- --------·- ·--··--···---- _ ·-· 

APPROXIMATE WEIGHT __________ LBS. 

MAXIMUM WORKING PRESSURE 175 PSI 
1YJ 1 _l 

-----· -- --· ---- --~o~L 
1 y, 3 10Ya 

g tOPYkiGHI 1~/, 1~/J BY INIIANAIIONAL llllPHONl ANO llliGRAPH CORPORAIION 

23-v. SEE PERFORMANCI:: CURVE ON REVERSE SIDE 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 
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§~60'' SERIES ,. · · PERFORMANCE CURVES 
PERFORMANCE CHARACTERISTIC CURVE 

11//'A C.( .. f•Uf\IGAL. ~til., ••& ..., SERIES 60 SM:lD 1750 ~ ... 

CUIIVt~ UAStU ON SIIOP IESI USING CI!Ail C:OlU WAIIH AI A liMI'IIIAlUH£ Of NO! 
OVLR H$"1. PlkfOflr.tANC[ IS GUAkANIIIlo Af IIIIJI~AIIU OI'IHAIINI; I'OINI ONLY. 
HOHSli'OWLH CUIIVLS UO NOI INCLUUL MOIOII Sl ilVICI. IACIOH 

-IIOYI D 

~~&•ra ·-, ... _ >-· , ... 

--- .. ~·-- ··-- --; 
1--· ... . ··-

I 
I ln,pt•lt.--tS .tiC lfiiiiiiU•d Ill 1,,. .. 

l-~ ~.~· ~* ~o· 
. -r-- r-· 1·- ---r-·- ····- IIU .. rt•111t'lll'lo \ll ~upply ft'tiUiri''J 

It t.o~p.u:lly. H,•:.puu::.tluhty fur hu.tl 

'!. .:~s· 
unth•llt•r ~&.ltn•: tt:ru.un~ Vt"tth 11' t 
Ht•ll &. liu"i:at'll. 

~ ...... FfF 
. ·-· .... •·----r .. r-- ...... -r·-·r- ..... -

I t-. ""' 49 ~ --
~~ 

--- 1-- -....... T_ ~ ...... 
I ........ _l r--.· ~ ~ ~ 

.. _ 
~ 

' .... f- ~ ~ 1--- > f-..,;,. l,...-- ~ 

~ ~~ ~ ~ ' 
-·- ·-·-· r---1·---1·-- r-

~ 1"'-o- ...:..;,: 1--· ...... ~--, 
1\. 

... "I 
r/~ l'- ~ ....... !'... 4• i~ 

~ .\ :"' ....... 
~ 

...... ~ ,__ r--1-·· 

" 
, ... 

' 
.... ..... 

"' 
--t-~ ' ~ ..- ')\._ ln I' !'\ I 

\ ....... 
~· ~--' r--~ ~ '\ I r\. / 1\ 

·-· !' ~ ' ' ~ ':1.1::...,· ' r-1--. 1,1\ ~ 

1\ \ -r--. ~ ' 
........ ' ~ ....... , \ ~ r'\ 

.\ ' r- ::::::: ~· ~ ~ r-- ....... 

-~ ....... ! ...... " 
,, 

r-.... ..-
' ...... ~ , ...... ........ -~ ~ '\. 

' !' ~. 

! ........ .... ,..;.. - ~ 
"-...1' ' ~ 
~ 'lt,t ~ f". 

10 20 .o~J 40 50 
CAF6QTY IN U.S. GALLONS PER MINUTE 

' ....... ....... ~ 
~ ~ 

"- ..- . 

~. '" ,tf' 
1\t p 

60 

• .. 

~ 

... - 1\ 
~-

., 
\ 

I'~ t' ·-r-
!'"-..: ::~ 1,.,., 

r-

10 

1-· 

~~~s~•~-M~r9,~.~~~!! ITT 
PRINHD IN U.S.A. 12-73 INTERNATIONAL H.LEPHONE ANU lt:L~GAAI'rt C!JHI'IliiAIIIJN 
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CEfHniFUGAL f'UMPS -~~. (~~; BELL & GOSSETT 
~}PRODUCTS 

B-131.1 
REVISICN 2 

~--·· 

DIMENSIONS 

ln·Line Mc;ur.ted Centrifug~l Pumps 

SERIES "60 11 

,-.-::~~-. 

14*'** a 

JOB 
Stanford University 
Food Services Bldg. 

P-5 & P•7 UIIIIT TAG NO.·------- ...•.•... _ -·-·---·--· 

, 

~NGINEER r nteract ive Re..so~~u~r~c~e~s~...-___ _ 

CONTRACTOR-Ae.d.woodJ.1ec.J.Jha~-CLO+.~-~i C~a'-'1----­

8 A G REPRESENT A liVE 
CaJif. Hydronics 

OFcOER NO--. _______________ OATE __ _ 

SUBMITHO BY ___________ DATE ___ _ 

APPROVED 8'( ____ ·------·--··- ___ DATE ___ _ 

SUCTION 

Companion Flanges furnished for Suction and Discharge 

.. , 
.:, ,· '--P SUCTION PUMP DIMENSIONS-INCHES 

PUMP AND 

SPECIAL INFORMATION REQUIRED SIZE DISCHARGE 
SIZE- F G K L M N p R s T 

2 J GPM 22 INCHES NPT 
_FT. 

l~AA 1~ 5"A. '3~ 3'n 1% 2Ya 7'12 % 5 6 11 
MATERIALS OF CONSTRUCTION: 

ALL MOTORS 1750 RPM 

MOTOR SIZE MOTOR DIMENSIONS-INCHES 0 BRONZE FITTED 0 ALL IRON :& ALL BRONZE 

H.P. PHASE A a c D E H 

% 1 7¥. 7~ 4¥. 10 19% 

ELECTRICAL DATA: t HP • 1 1 5 • 60 1 __ _:....--=. ___ VOLTS __ CV. __ PH. 

\4 3 7~ 7~ 4¥. 9% 19 MOTOR ENCL .. ~-r i_p_p roof _____ _ 

~ 1 9'12 2v. 7% 4:Y. 11 20% SPEC. CONSTR·-·-··------------

Y3 3 7% 7;.; 4~'· 11 20~~ MAXIMUM WORi<lt4G PRESSURE 175 PSI 

'Ia 1 9'/a 2!1. 7¥. 4 2ti . 11 ~-~ 20~~ 

Ya 3 7~ 7~ 4¥. 11 20~ 
SEE PERfORMANCE CUI\VE ON RCVERSE SI:JE 

BELL & GOSSETT MORTON GROVE, IlL. 60053 rmm 
flu•d Handhng O~>•s•on. lnternahonal Te!ephone and lelegra0h Cc:rpurahon ..J..Jl_ 

0 CC;~,ICHJ l!llr'. 19:1 BY lftHRfiAJIONAl HllP"ONL AND T!li:.~ll'lo ,.~RPuRAJIO~ f'FoSTLO It-~ U:.. ol. i .. ·•.,"J 



---------------. -----·--l 
1160'1 . 

SERIES ~ . PERFORAIJANCE CURVES 
P£RFO!Oiol.l"CE CHAkAC T[R:SliC CUA'tlf. 

(~&CI1' , .. 

40 
UH.CITY IN U.S. ~ONS PER IIIINUTE 

60 

• .. 

BELL & GOSSETT MORTON GROVE, Ill. 60053 rmm 
fluod Handl;ng Cov:~oon. lnternat:Jn~l Trtcjlhone Jnllle!egra"" CNI)Dr~toon .JL.Ji.. 

·;.. 

·.·. 
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I· SUBMITTAL l· 
A-120: 

REVISION 10 

Iron & Bronze* 
Booster Pump 

JOB 
Stanford University 
Food Services Bldg. 

P·6 
UNIT TAG NO. ---------·-·--·---------- _ 

Interactive Resources ENGINEER_----···-····-·· ··-········ .... -·-·-·----·-
RedWOOd Mechanical CONTRACTOR------------··-----------

"Where Service Waler Is Pumped, Use A Bronze Booster Pump 

n G REPRESENTATIVE ____ c ~-U. ~ _. __ _tf_yq_ron i ~_5.~--
·--·-·-·--·--------.----

-- . -· -·--·-----'------
OROER NO. ______ --------·-· ·-· --- DATE-----

SUBMITTED BY-------··-··-··_-·-···-- DATE---·---

APPROV£0 BY ---c-·-···-·-·· . ···- .. ·- -· ··- DATE--··---· 

OPERATING DATA . Capacity: 20 GPI~ at 6 11 TOH 

Maximum Working Pressure .........•...........•. 125 PSI · 
Ma,.imum Operating Temperature 

Standard Seal; 225~F. continuous • 250°F. intermittent on 
closed systems using modulated temperature control. proper 

pump location and sy~tcm pressurization. 
Special Seals: 250°F. continuous consult your local whole· 
saler. B&G representative or the lactory). 

Maximum Motor RPM .....................••.....•.. 1750 

CONSTRUCTION MATERIALS 
Booster Body .• Cast Iron or Bronze 

----~/;~ Impeller: 
Pump Model No. 

Series 100 
SC-75 
Series HV &. 2 • 
Series PR, 2 '/• •. LD3. t 
HD3. PD35 & PD37 I 
P038 & P040 

Iron Body ',Bronze Body;) 
- Polypropylene or Brass ~-

- Brass 
Phenolic Phenolic 
Steel. Cadmium Brass 

Plated 
Cast Iron Brass 

Shaft. .•.. Carbon Steel 
Seal ..... Mechanical. Cc.rbon on Ceramic 
Pump Bearings .. Bronze. Sleeve. Oil Lubricated 
Coupler ... All Booster P1.0mps except P038 and PD40 Flexible, 

Spring~loaded type PD38 and P040 ... Flexible · 
Motor .... Vibrationless oil lubricated sleeve bearing motor 

approved :>y CSA and recognizeel under the com· 
ponent Program of Underwriters' Laboratories, Inc. 

Motor Bearings .. Bronze. Sleeve. Oil Lubricated 
SCHEDULE 
~~~~==~--------~-----------------r~---------------- ·-·--r--

MODEL 
NO. 

SERIES 100 
SC-75 
SERIES PR 
SERIES HV 

2 
2% 
LD3 
HD3 
PD35-S 
PD35-T" • • 
PD37-S 
P037-T" • • 

P038-S 
P038-T • • • 

FLANGE 
SIZE-NPT 

INCHES 
(specify size) 

~: 1,1V. & 1'/a 
SWEAT 
~.1..,1,1Y. & 1'/a 
1,1'/.&1'/a 

2 
2'/z 

3 

""STANDARD 60 CYCLE 
MOTOR CHARACTERISTICS 

(special motors 
available on request) 

VOLTAGE 

1/6 
115-WITH 

1 BUILT-IN 
OVERLOAD 

'1/4 
PROTECTION 

1/3 
115/230 

112 
3 208-230/460 

3/4 
1 115/230 
3 208-230/460 

115/230 

3 
208 or 
230/460 

P040-S I 1, 5/230 -------1 1 'lz !--:--+-: 
. P040-T • • • I ~3 I ~ 208 or 
I . ~230/460 

l
. ·Mo:::Jr$ wt!_h_s ..... pe-c-,a-1-clectro~~; char~clcrtstoc; ar~:: avatl;ble 011 re·:;-:,.--e-sl--'-­

al addtr.onal cost ReiN to motor CJid she~! HS-61!. or cor.tac: )c:.rr 
loci!l Bc>ll & .Go~sc11 R.:-p.-~l'nt;~!ovc lor dc;a·!s. 

• • • E•ternal o•erload must b.:: ~rov•ded. 

C'L .. .:··•iiH.nl :~ · 1.•'" ht •!<tltJ.:~J.t•(·~.·. t:.!rH('I•£ :.'-·' H.LP't.l" l.,IPrORATIOPt 

TAGGING 
INFORMATION ,. QUANTITY 

.P - ~-=--=----:--·--· I 
-·-··-·~--

• , 

----

-ji--
__ ..:._.~ ______ j __ _ 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 
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IRON AND BRONZE BOOSTER PUMP ·r .. ''·•r:-r.ln-·: t'·.•,:r.r,,.!··•r.•: t'Ht· • :·;·.~~ l\q 1..' .. , .... ~ .. ~·:·· ,_,, ,,.'] •• 

• 1:1 Jr ·. ~·. !'l•·r l·'" ···: ·: • (•r 1" !i:!:• •. ·~. I•' d••••:· ;··,c. •·:··1 !•:· • 1 •".~!'\" •, ~:!: · :1 . 

OL-L-L-L-L-I~l~~'~~~~~~~-'~~~-1~~~~~~~~~~~~~~~~~~~~~ 
.0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 

DELIVERY IN GALLONS PER MINUTE 

DIMENSIONS & WEIGHTS E . ..,! 1.,. 
I 

----····--·-·-- ,. -~ 

I-
HANCE DIMEIIISIONS IPI INCHES _t APPROX. SHPC. 

SIZ£ NPT lo;len C:rip·prool.), - fiT, LBS. ~ 
INCHES 

·- ···-··c--- . 
. --

MODEL 
NO. tspeci!~ siu) A a c I 0 

)' ,. I ~., 

SERIES ICJO I & II/• 15 6~l I J., 
1\17 12;1 ~~/" 

SC-7!1 SWEAl ~ -.. 
~·" ,. 

SERIES PR I & J:" 1&~. 13: i ~: 

I H·? l!l,.' .. 

SERIES HV I I I' I I 
8~l IJ!. 

I 

~· Jl,< & I ~i 
~,. I ~·· 2 I 2 ~~~· II/" 

2V1 2111 17~'• 14\·i 
L03 10 
H03 lli!'i 1:,1 .• Jl;j, 

P03~-S 2G'i lih 
P03~· T· 2·}; 12 IC& 
P037·S 3 2!\-. 17 :., 
FD37·T 2Gi, 17¥, 
r-:na-s 24 4-9=, .. 
P:)38· T 24:i I4Vz 191• 1!1 
PCI.:D-S 2~~a 20\1 
P040-T 2~V, 20\i 

TYPICAL SPECIFICATION 

! 11101'4 
E BODY BRONZE· 

- i 
- I 21 21 
-
- I - 20 
-
- 35 37 

- I 

- I 23 30 -
- ~\.I 42 
- I 5~ 62 
- ~5 60 
- I b·J 6~ 

iS 83 
I~~ :~ 80 

!f:, 9(J 

! ~2 87 
- ' m m 
- 12) 135 
- l~· .. · )40 
- 127 137 

ELECTRICAL BOX ARRAr~GEMWT 
FOR BOOSTER Pur.1PS WITH 
DELL & GOSSETT 
MMH!fACTUR[D I.~QTORS 
Mod~l !.umtrr •I 
Scoes ll!U and All 
SC·75 Standard 
Series HV and 2• 115 Vo:t 

I 10 Unly I 

Seoes PR 
2't~ •, l03 and HD3 -PQ3!> anu l'tJ37 • 
PD3!: and P040 

# 

a 

D 

~z ~3 .J 

Other I.C 

3_0 -
10 

All - - Ail 

The Contractor shalt furnish and install In-The-Line Pumps as illus:rated on the plans and in accordance .,.,,th the following specilications: 

1. The pumps shall be of the horizontal. oil·lubric3ted type. speco!ocal!y 
designed and guaranteed lor qu1et operahon. Suita!:l:e lor T25= w:::k­
ing pressure. 

2. The pumps shall have a ground and polished steel shalt with inte~ral 
thrust collar. The shalt shall be supported by two horozontal soee·;e 
bearongs designed to CIICUiate col. The pumps are to be equopped w.:r, a 
mechanical seal with carbon seal lace rotating agair.st a ceramo: seat. 
The motor shall be non-overloacong at any poont on p~mp curve. 

3. The m:>tor shall be of the open. drip-proof. sleeve-bearing. c:.•<:!· 
opera tong. ru!::ber-mounted CC'1Siructoon. l.'otors shall have buolt-in '~' •· 
ma! co~erloa~ prQtcctors. (E~C<';:.toon-PD mode's "·oth 3-phasc m:-·:rs 
scu paragr.:ph 4.) 

I'RINILO IN IJ.~ .• , J.n 

4. For PO models with 3-phase motors. add the following: 
The Contrac:or shall furnosh and install a ~agnetac starter lor each 
boost~r l)ump. "";th "' le:st two thermal overload protcc:crs. The 
starl~r sh:~ll be eq11ip;>eO .,...,,, mJnuJ! rese: Oullons. 

The pum;> sha!l be Bell & Gossett Model Nc. ------- cr ap· 
proved eQual wolh a capacoly c! ------ GPM at -----­
Ft. head when directly droven through a se:f.aoognmg llexJb!o cou:::.ng 
by ::m c.l·lu!:lricatt:d motor.---·-·-_ veils---- cycle---­
phase( . · ;. 

.l .. 
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BELL & GOSSETT 
INSTRUCTION SHEET 

516946 

BOOSTER AND 
SERIES "60" IN-LINE 
CENTRIFUGAL PUMPS 

REVISION 4 
Also replaces 

tnstructron Manual St7630 

• 
INSTALLATION, OPERATION AND 

·sERVICE INSTRUCTIONS 

INSTALLATION INSTRUCTIONS 
LOCATION 

II the pump is not installed on a closed system it should be placed as near 
as possible to the source of supply, and localed to permit installation with 
the fewest possible number of bends or elbows in the suction pipe 

ALIGNMENT 

The compact construction of this pump makes'it very unlikely that any mis­
alignment of pans will occur, but a check should be made before pulling 
the pump in service. by turning the shalt by hand to determine that there is 
no binding. · 

PIPING 

It Is important that air be kept out of the system. On an open system alway$ 
place the end of the suction· pipe at least 3 feet below the surface of the 
water rn the suction well to prevent air from being drawn into the pump. 
Avoid air pockets In the suction line and make sure that each section of the 
suction pipe is absolutely air tight. 

Install a square head valve and a check valve In the discharge pipe close to 
the pump. The check valve should be between the square head valve and the 
pump discharge noule. The square head valve can be used to control the 
capacity of the pump or to shut oil the discharge line while repairs are 
being made. The function of tne check· is to protect tne pump casing from 
breakage that mignt occur due to the action of water nammer. 

A-10·32 NF eye bolt has been Included with the larger pump packages, use 
of .wnich is optional, to enable supporting the bearing bracket from above 
the pump when the piping Is not able to provide the nece11sary support. 

Do not support under motor, misalignment will occur. 

SYSTEM PREPARATION 

Prior to pump stan up, the system should be cleaned with a trisodium 
phosphate solution, flushed and drained. Then refilled with clean liquid. 
The PH should be maintained between 7 and 8. 

PRIMING 

DO NOT RUN PUMP DRY. Before starting, these pumps must be filled with 
water. After the pump has been filled, turn the shalt a few times by hand to 
allow all air to escape and if necessary add more water. The square head 
valve in the discharge should be kept closed until the pump is running at 
full speed and then gradually opened. 

LUBRICATION 

All new Bell & Gossett Boosters and Series "60" In-line centrifugal pumps 
are test run at the factory, but must be lubricated before being placed in 
operation. 

Lubricate as follows: 

1. Pump Bearings-Fill the bearing frame per orling instruction tag witl1 
SAE 1120 oil until orlllows from tne overflow hole on tne Side of the bear­
ing bracket. P038. P040 and S~ries 6C .. A .. size pumps ate to be lubri­
cated until oil level is up to the side hole. Relubricate as nece&sary to 
maintain this level. 

2. Sleeve Bearing ,Motor-Lubucate thru the two motor oil cups _per motor 
lubrication tag once every lour montns. Use ten to lrlteen drops in each 
oil cup if required:- ---~· -~-- · -- -····-----

3. Ball Bearing Motor-Reiubrrcate every six months tc two years depend­
ing on operating conditrons wrth a good soda-soap or lithium base 
grease. 

NOTE: Over-oiling can cause deteriuration of the motor mounts whlcn rn 
turn causes excessive coupler wear from misalignment. 

OPERATING INSTRUCTIONS 

1. Be sure to operate the pump in the proper direction. All PO and Series 
60 run clockwise when looking at ,the pump from tne motor end. All 
boosters run counterclockwise wnen looking at the pump from tne 
motor end. All pumps are provided with arrows showing direction of 
rotation. 

2. Keep pump and motor bearings lubricated. 

3. Do not disassemble pump unless absolutely necessary as Impeller has 
. been accurately adjusted and tested before leaving factory. 

4. Pump shalt should always turn freely by hand. 

5. Ask lor information or help if trql,ble is experienced that cannot be rec­
tified since this pump is guaranteed to operate as recommended. 

6. II pumps are to be idle lor a very long periOd of time the interior of the 
volute should be cleaned··and- oiled.·-This ·prevents·· pans-from rusting - - ··• 
together and assures a longer period of satisfactory operation. 

7. The motor should be protected against overload and under-voltage. 
Control devices lor thrs purpose can be obtained at a very low cost. They 
ate inexpensive insurance. 

(OVER) 

OCOPYRIGHI 1961. 1911 BY INILRNAliONAl lll[PHON[ AND TELEGRAPH CORPORATION 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 



SERVICE INSTRUCTIONS 
An exclusive feature of the B & G Booster & Series ··so·· pumps Is the avail· 
ability of complete bearing bracket assemblies as replacements. 

In those-cases where it may be necessary only to replace the seal assembly 
the following instructions apply: 

1. Turn off current to motor. 

2. Close valves on both sides of pump (II no valves have been installed, it 
may be necessary to drain the system). 

3. Detach bearing-frame assembly from pump volute by removing eight 
cap-screws from center body-flange. · 

4. Remove impeller from pump-shalt (First turning impeller-nut counter 
clockwise). 

5. Lift off seal-spring - then place screwdriver point under top compres· 
sion ring of seal and pry off. Seal can. then be removed by pulling 
upward. 

6. Be sure that the shaft is thoroughly cleaned then lubricate with a thin 
film of oil or water and push the replacement seal on as far as possible 
by hand. Next, using a screwdriver press down firmly all around the 
outer edge of the top compression ring until the seal is tight against the 
lace of the remite insert. II end play is present pusn the seal on tognter. 

"i. Replace impeller on shall making certain that impeller-nut is l.rmly 
tightened. The pump and bracket can then ·be reassembled into pump 
volute and placed in service. 

HOW TO REPLACE THE COUPLER ASSEMBLY 

A Turn off current to motor. 

B Remove bearing bracket cover. 

C - Loosen coupler hall from pump snail by turning Allen set sc:rew 
counter-clockwise. 

0 - Remove lou.r cap screws that connect inoior bracket to pump bracket 
and slide motor away from bracket. II coupler sticks on pump, insert screw· 

C- Remove coupler from motor shalt. 

0- Loosen rear clamp on motor using screwdriver to pry off clamp motor 
can then be lilted out of bracket. 

E- Place screwdriver between front mounting and end·bell of motor and 
strike firmly with a hammer on handle of screwdriver, forcing Inner ring 
of motor mounting oil the boss of end-bell. (Figure 1) 

F- To install motor mounts, hold mounting firmly against boss of end-bell 
and tap inner ring lightly until mounting has started. Continue to tap 
around the inner ring (compression ring) until mounting is flush with 
end of boss. (Figure 2) Repeat procedure with rear mount, however, do 

. not rest motor on end of shaft when applying this unit. 

G- Replace motor in bracket with oil well spouts up and tighten ·clamp. 

H- Reconnect coupler and tum shaft by hand to make sure it Is free. 

1- Reconnect motor leads and turn current back on. 

-... ~· . 
L~.r.······"' · .. 

driver between rear bearing and coupler· half~ ·exe"i·n·g-pressore· ·ootwara-: ·~-- ·· ·- ~- · ~ \ :.··~ 

~ Loosen set screw on motor coupling nail and remove coupling. 

E - Install new coupler. slipping one coupling half on motor shaft first 
and tighten set screw. Slip other coupling nail on pump shall, lighten set 
screw and bolt motor bracket to pump bracket. Replace bearing bracket 
cover. 

CAUTION: 
Oo not attempt to replace individual coupler springs. II coupler arms are 
worn or springs are broken, always replace entire coupler assembly. 

HOW TO REPLACE THE RING MOTOR MOUNTINGS 

A- Turn off current to motor. 

B- Disconnect motor leads .. 

PRINTED IN U.S.A. 5·77 
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VIII. HEAT EXCHANGERS 

A. Heat exchangers HE-1 and HE-2: Bell & Gossett, Type STH, Model 
No. 530-1, one pass. 

B. Installation, opeation and maintenance ·instructions: 



r. 

---------------------

BELL & GOSSETT .[SU-BMITTAL] 
C-220 

Type.STH 
Heat Exchangers 

JOB Food 

HE-1 UNIT TAG NO.r--::---!-!.. ---,---~-· 

ENGINEER lnteracttve -~~_sour~e_;s~--
coNTRAcToR Redwood Me.chan i ca 1 ____ _ 

. DESCRIPTION 

aaGREPREseNlAnve __ CaJJ_f_~--~ ron i cs Corp~ 

-------·-----·--
OROER 1110. ___ _ -~----- OATE ---~ 

SUBt.liTTEO BY------_ ----·-- --- OAT~---­

APPROVED BY------------ DATE----

B&G type 'STH' Heat Exchangers are of the shell and tube type with non-removable tube bundles. Copper shell, brass 
baffles and copper tie rods supply total nonferrous contact on the shell side. Replaceable zinc plug in the head provides 
anodic protection on the tube side. 

OPERATING DATA 
Note: 2 units operating in series 

DUTY: 

530-1 
1.ExchangcrModeiNumber·----------------------------------------------------------

Service .............................. Cooler ____________ Heater _________ ,.--___ _ 

2. Fluid Circulatect .... "!a t.er .. both .. s .ides 
3. Total Flow Expressecf in GPM; GPH. CFM, CFH, lbs./min, 

or lbs./hr ....... : . ........................ . 

4. Specific Gravity ........................ · .......... . 

5. Specific Heat ........ _ ..... , ........................ . 

6. Latent Heat ..................................... . 

7. Viscosity Expressed in Proper Units anct Temperature 
such as centipoises @ 0 F. .................... . 

8. Temperature In/Out ......................... : .... . 

9. Tran"ster BTU/hr ................... : . .............. . 

10. Thermal Conductivity .............. : , .. : .......... : 

11. Maximum Operating .Temperature of Unit ............ . 
· - tot a 1 for both 12. Pressure Drop (Max•mum) ........................ . 

13. Fouling Factor or Percentage-of Acfcfitional Surface .... . 

TUBE SIDE 

21 GPM 

105,000 

r.'o 

SHELL SIDE APPROVALS 

21 GPt~ 

105.000 

16.0 
. 001 • 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 
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BELL & GOSSETT 

Stanford University 
Food Servic~s Bldg. 

[ SUBMITTALl 
C-220 

a a G REPRESENTATIVE _ ___,C,_,a::!-1 i f. Hvd ron i c s Co ro. 

------·-----·-·---------
UNIT TAG NO. __ ~HuE-•_2..__....,...._--=--------
ENGINEER Interactive Resources 

01\0ERNO __ _ . ---· -··--- . DATE 

coNTRAcToR Red\'Jood Mechari-i ca 1~---
sua~oo~lrrE·o BY-·-·--·----·---·-- ____ . oAr~-----__ 

APPROIIfO BY----·------·--···-- DATE -----

DESCRIPTION 
B&G type •STH' Heat Exchangers are of the shell and tube type with non-removable tube bundles. Copper shell, brass 
baffles and copper tie rods supply total nonferrous contact on the shell side. Replilceable zinc plug in the head provides 
anodic protection on the tube side. · 

..SE-1/~ ..s 

OPERATING DATA 

DUTY: 

Note: 2 units operating in p..ar~~ ·l-e+-

Service .....•................... , .... Cooler ____________ Heater ___________ _ 

2. Fluid Circulated .. 0 0 \0/a.t ~r. ~P.~t.J. 0 ~ i ~ e$ ... 0 

SHELL SIDE APPNOVALS TUDE SIDE 

21 GPM 3. Total Flow Expressed in GPM. GPH, CFM. CFH. lbs./min. . 21 G PM 
orlbs./hr ............................................ -------- -------

4. Specific Gravity ................... ; .............. . 

5. Specific Heat .................................... . 

6,.Latent Heat ............................. , ........ . 

7. Viscosity Expressed in Proper Units and Temperature 
such as cent• poises @ 0 F. .............•........ · .... . 

a. Temperature In/Out ............................... . 

9. Tran·sfer BTU/hr .................................. . 

10. Th'ermal Conductivity ...................... , ..... : . 

11. Maximum Operating··Temperature of Unit ............ . 

12. Pressure Drop (Maximum). to.ta.l .. f.or. both. 
13. Fouling Factor or·Percentage·of Additional Surface ..... 

1.0 16.0 
.001 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 

I 
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·-----------------·-----·- -·-·---·--·-·-·----.... ---·-·-----, 

TYPE STH HEAT EXCHANGERS 

DIMENSIONS 

4 Pass Head 2 Pass Head 

II 0 

tk~ ... :2f----J. _____ a _______ uDo!F 

Tubeside 

A!l vent & drain 
tappings '!. • NFoT 

I Shellside Material Specifications 1 Pass Head V 
(front & rear) 

Design Press. 150 PSI 225 PSI Heads-Cast Iron Shell-Copper 

Test Press. 200 PSI 300 PSI Tuhcsheets-Brass Shell Ends-Brass ---·--------------

MODEL 

STH-310·· 

STH-315- • 

STH-320·· 

( 
Design Temp. 300°F 300°F 

1 Pass 2 Pass 4 Pass ! 
AREA A B A B A B C D E I' F G 

in. 1 ln. ln. sq. fl. ln. ln.. ln. ln. ln. ln. ln. ln. 

4.2 17 1,1 17 'lo 17 'le 13 
~ t--- -

5.9 23Vo 

7.6 29 1/t 

2'' 23'1t 2'1·1 23 ~-. 2'1. 3'' 81'/a " 4 .... ,. . . '. ~ t--
29'1. 29~1 25 

Tubcs-S~H300&4u0 Series Y. in. copper 

STH500&600 Series o/a in. copper 

I I ! T ! I 
1 , J 1 K I L M \ _N·I.o P a•• 

ln. ln. NPT' NPT !NPT NPT ~~·-tl_ln_.+_l_n._l---

0/o, " 1 I. ... 1 I ,J 2% , ••• 1-i 2_, ~-:-: +---

l I I 

H Approx. 
WI. 

16 

19 

22 

1% 

127~ 

STH-410·· 

STH-415-• 

7.2 17% 1n·. 17'1. 12~. 1 ·r
1

. 1 1s~~ 
----1t--1-0.-0-+2..;..3_1/o-io ,.,'";;¥. ,., '23l:"i 2'0 ,.. 1218.~8~ 1':·;• '~···, 5~~ 1"Ao •;,, 1 i 1 ! 2 1 ~.13 ! 3'/o 3 1

1--21-~-.+---
========:~1~2_.-9~=-2~9-'_Vi-i•+-_,~_2_9_%,_..;.._~~2-9_~.~-~-r-+-i4_,_•~:i_~--~~-+--+-~-~i-·.~~-l__j__J-~-~2-7_~_4+----

22 

32 

STH-420·· 46 

STH-515·· 

STH-S20·· 

STH-530-~ 

13.0 24'/o 24'lo 23~·:. . ~· I I I .'i i I 2H'a 

16.7 30'/o 3Y.~ 3'!.~ 2'ti 5~1j24~i~2~·. 1"ti 16~·.1 2'1• '~',. 1. ·1·.,12~·,1 1% 3~i~4't1 3'·1i-
1

·.2~·7-~-~~--
----1t--2-4.-0-+-42.....;~-i• ~ 7,";;: I 36~il . . I ! : ! I 1397,'. 

50 

56 

68 

STH-620·' 

STH-630-• 

STH-64Q-· 

STH-650-• 

74 

93 

112 

131 

28.2 31 'lz 30 'la 
1----

40.8 43 'ti 42 '!. 
------1f----+-~ 3~'• t---

53.4 55 'l.j 54 'l. 
1----

66.0 67 '!. 66 '!. 

30~'. 24 i ; i 

! 
27Va 

1---- f...--
, I 

42'lo 36 I 1 39~'6 
3" 3 'lo 6,Yo 2'' 1·'1. 7'' 3% ,. 

1" 2 3 2 4' I 4'' 3 " t--- 1-- ,. 10 I :o ,. : '! ;, 
54~~- 'S I sn•a 

f-- f...-- I i 
i 

66'/o 60 I I 63'l8 

"No. or passes, either 1, 2 or 4. 
• • Dimension ror this arrangement only 

Note: Dimensions subJect to change without notice 

Pf<INTEO IN U.~.A. 3·77 
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HT-25-

INSTRUCTIONS FOR B&G HEAT EXCHANGER 
INSTALLATION 

1. Provide sufficient clearance at the end of the front head of unit to 
permit removal of tube bundle from shell. At the rear head end of strarghl· 
tube units, a space of 3 or 4 feet should be provided to permit the re­
moval of the rear head. 

2. Provide valves and by-passes in the piping system so that both the 
shell and tube sides may be by-passed to permit cutting out the unit for 
inspection or repairs. 

3. Provide thermometer wells and pressure gauge connection in all piping 
to and from the unit and located as near the unit as possible. 

4. Provide convenient means for frequent cleaning the unit as suggested 
under "Maintenance." · · 

5. Provide necessary air vent cocks for unit so it can be purged to prevent 
or relieve vapor binding of either the tube or the shell sides. 

6. Foundations must be adequate so that exchangers will not settle and 
cause piping strains. Foundation bolts should be set to allow for sf'tting 
inaccuracies. In concrete footings, pipe sleeves at least on~ size larger 
than bolt diameter slipped over the bolt and castro place are best for this 
purpose, as they allow the bolt center to be adjusted after the foundation 
has set. 
7. Loosen foundation bolts at one end of unit to allow free expansion of 
shells. Oval holes in foundation brackets are provided for this purpose. 

8. Set exchangers level and square so that pipe connections may be made 
without forcing. 
9. Inspect all openings in exchanger for foreign material. Remove all 
wooden plugs and shipping pads just before installing. Do not expose 

on name plate. 

5. Drain all fluids when shutting down to eliminate possibility of freezir 
and corrosion. To guard agamst water hammer, condensate should I 
drained from steam heater~ and sinular apparatus both when starting t 
and when shutting down. 

6. In all installations there should be no pulsations of fluids. since n 
causes vibratron and strarn wrth resulting leaks. 

7. All gasketed joints should be checked after starting, for leaks a1 
tightened if necessary. 

MAINTENANCE 

1. Do not open heads unt1l all pressure· i~ off equipment and the ur 
dr~ined. 

2. Do not blo., out heat e•changers wrth air when fluids normally handh 
are of.an rnflammahle naturP. 

3. Providt- convenrent means for frrquentty cleanin~-: heat exchangers 
suggested bt.:lo ... : · · 

a. Circulatrng hot wash oil or tight disltllate through tubes or shell . 
good velocity wrll eflt>ctually remove sludg,, or other srmilar soft deposi•, 

b. Soft salt deposits may be washed out by circulating hot fresh watti 

c. Some clean1ng compounds on the market. such as "Oakite" may !I 
used to advantage for r.:moving sludge or coke, provided hot wash < 

or water. as described abovt-, does not givt- satisfactory results. 

d. If none of the above described methods are effective for the remo1 
of hard scale or cokE a mechanical means may be used. 

·~~ units. to. the elements" w.ith> pads,,.or • .,etb~v.er.s·'\'l'~mo~Jr.o~MU~S~'!lt-:.4.t.""''~'O!>clea~OI.>'inspee'='i nside:t:m...tuilesr:r.e.rnov.e:t£-hanneffieov.ereamt::r 
since rain water may enter the unit and cause severe damage due to head. On exchangers havmg bonnet type heads (without channel.cove 
freezing. piping must be disconnectEd and both heads removed. 

10. Be sure entire system is clean before starting operation to prevent 
plugging of tubes with sand or refuse. 

11. Drain connections should not be piped to a common closed manrfold. 

12. Steam hammer can cause serious damage to the tubes of any heat 
exchanger. A careful consideration of the following points before an 
installat"ion is made can prevent costly repairs which may be caused by 
steam hammer. 

a. A vacuum breaker and/or vent, should be used in accordance with 
the type of steam system installed. 
b. The proper trap for the steam system installed should be used. 

c. The trap and the condensate return line to the trap should be properly 
sized for the total capacity of the convertor. 

d. The trap should be sized for the pressure at the trap, not the inlet 
pressure to the steam controller. 

OPERATION 
1. When placing a unit in operation, open the vent connections and start 
to circulate the cold medium only. Be sure that the passages in the ex· 
changer are filled with the cold fluid before closing the vents. The hot 
medium should then be introduced gradually unt1l all passages are filled 
with liquid, close vents and slowly bring the unit up to temperature. 

2. Start operation gradually. Do not admit hot fluid to the unit suddenly 
when empty or cold. Do not shock unit with cold fluid when unit is hot. 

3. In shutting down, flow of hot medium should be shut off first. If it is 
necessary to stop circulation of cooling medium, the circulation of hot 
medium should also be stopped by by-passing or otherwise. 

4. Do not operate equipment under conditions in excess of those specified 

5. Do not attempt to clean lubes by blo.,·ing steam through individ~ 
tubes. This overheats the tube and results in tube expansion strains a1 
sometimes leaking tubes. 

6. Frequently and at regular intervals, observe interior and exterior co 
dition of all tubes and keep them clean. Neglect in keeping all tubes cle. 
may result in complete stoppage of flow through some tubes, with cons 
quent overheating of these tubes as compared to surrounding tubt 
resulting in severe expansion strains and leaf..ing tube joints. Frequen 
of cleaning should be according to scale build-up. Be sure to clean tub 
during Spring before the arrival of warm summer-time cooling wah 

7. Exchangers subject to feouting or scaling should be cleaned periodical: 
A light sludge or scale c.:.Jtrng on the tube greatly reduces its effectiv 
ness. A marked increase in pressure drop and ·or reduction in performan 
usually indicates cleaning is necessary, if the unit has been checked I 
air or vapor binding and this ha~ been found not to be the cause. Sin 
the difficulty of cleaning increases rapidly as the scale thickens or depo 
increases, the interval bet .... een cleanings should not be excessive. 

8. When removing tube buDdies from exchangers for inspection or clea 
ing, care should be exercrsed that they are not damaged by improp 
handling. Do not handle tub~ bundles with hooks or other tools which c 
damage tubes. Tube bundl;;s are often of great weight, yet the tubes a 

- small and of relatrvely thrn metal. 
If the tube bundlt' has bEEn in service for a considerable length of tir 
without being removed it may be necessary to use a hydraulic jack on t 
rear tube sheet to get rt started. A good sized steel bearing plate shoL 
be inserted bet.,;;en jac~ and !ube sheet and the tube ends protected 
means of a filler board. 
In cleaning a tube bundlt'. tubes should not be hammered on with a 
metallic tool and in case 11 is necessary to use scrapers, care should 
exercised that the scraper IS not sharp enough to cut the metal of the tubt 

BELL & GOSSETT MORTON GROVE, ILL. 60053 ITT 
Fluid Handling Division, International Telephone and Telegraph Corporation PRINHO IN U.S.A. 7·• 
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IX. VALVES 

A. Relief valves: Bell & Gossett Model No. 480-75 

B. Circuit setters: Bell &· Gossett Model Nos. CB-1 and CB-U 

c. Gate vales: Red-White/Toyo MQdel No. 206 

D. Check valves: Red-White/Toyo Model No. 236 

E. Test plugs: Peterson Equipment Company, Inc. 
"Pete's Plug," Nordel with brass core and body 

L --
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[SUBMITTAQ 

A~434 
R[VISIO~ 7 

RELIEF VALVES­
ASME 

. Valves and Fittings 

Stanford Univesity 
Joa. Food Services 81 dg. 
UNITTAG NO. 50 Jar pane 1 & h":/. tank 
ENGINEER __ l:....n....:.....;;.t:....e:....r:....a;;.c~t_i_v:....e,;;;.__R:....e:....s=-o..;;.....:;u_r_c~e..;;s __ _ 

CONTRACTOR __.Ru..:.e~d..._)'...,:O...,o~d....._.M ..... e......,c..._h._.a...,nu....s.j _,C.,.a.....,_l ----

DESCRIPTION 
B&G Relief Valves are designed to protect the heating system 
against high pressure conditions. During an emergency, a 
B&G diaphragm-operated valve has exceptionally strong 
opening power. These valves are built to A.S.M.E. require­
ments-tested by National Board and labeled with A.S.M.E. 

SCHEDULE 
- ---·-

TAGGING- iUANTtTY MODEL SIZE VALVE -~~MBER ~~PPINGS SETTING INFORMATION RDERED 
---

~80·_1~ 15 
480-30 30 -----
480-36 36 -·----
480-45 

%X 1 
45 --··---

~~0:3E.._ 50 

-~~0-?.E__ 75 
480-100 100 
480-125 125 -··-·-·-

_750·1~- 15 

__I_~·30 30 
750·36 36 ---·-- --· 
750-45 

1 X 11A! 
45 

750-50 50 ·----
....2~:I~ 75 

750-100 100 -·---
750-125 125 ----f-- ·--'--'---. 

1050-15 11/s X 1% 15 

OCOPYRIC•r 1966. 19)~ BY INURNATIONAL UUPHON£ AND HllCRAPH CO~PORATION 

8 & G REPRESENTATIVE Calif. Hydronics Corp 

ORDER NO.------------ DATE----

SUBMITTED BY-------- DATE ___ _ 

APPAOVEO BY----------- DATE---

symbol. They are offered in a wide range of capacities to 
permit close matching of Relief Valve capacity to the b.liler 
load. 
CONSTRUCTION 
All internal working parts in B&G Relief Valves are made of 
brass or specially compounded rubber. Body is iron. 

-
MODEL 

NUMBER 
----·--
1050-30 ------
1050-36 -----
1050-45 
1050-50 
1050-75 
1050·100 
1050-125 -·--
3300-15 
3300·30-

3300-36 
3300-45 
3300·50 -· 
4100-15 
4100-30 
4100-36 

·-
4100·45 ·----
4100·50 

·-···-·--·· ··- . ·-·-· -·---·-·- --:-n·--·-·--SIZE VALVE 
TAPPINGS SETTING IN1t~~1~?0N <6~~~~~To" 
--·------ .. ·--·····- ·------· 

30 
·--····--· 

36 
t-

:----- --
45 

1---· 
1% X 11A 50 

75 
f-· 

100 
125 

15 ,____ .. ~. 
30 

1%x2 36 -
45 ---·-· -----
50 

·r--·--
15! r--· 
30 

2x2 36 
f----

45 ----- -
50 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 



( 

RELIEF YALYES-ASME (Valve!. and Filtir.gs) 

PERFORMANCE CHARACTERISTICS 

MU. WORKING PRESSURE-US P.S.I.G. MAX. OPERA TI .. G TEMPERATURE --250 ·r . 

. - VAi.Vr 'IETTiNa ·- ~·- R£LI£r VALVE MODEL NUMcE~ AND CAPAcirf IN ITU PER HoUR .... --· ·-
!5lbs. ·· - i""ti::.4W·IS 1- t4o.7:.0·1~ 1 t\o.IC~O·l~ ,. t4o.mv·l~ ·; l'\o·.-410.1.f~-

1 300.CJO i ~~-~·.000 ~~~;.(iO\l 1,0()1).000 . VlOJ.OOO 
30 lb·s .. Sfa~darr: ,:-!4o. 480 -~ .. - iu•: 7)1)- . ~ -tic.~ JC.){i -· j ... N~. 33CO .. ·; No. 410') 
_
6

l _ . }~l!i~g- ·-: .~so.ooo --1: J. ;~7.ooo _ ; N1
0
.0.;

1
o
050

.0(j_0
36 

.. : .· .. N3o .. Jco
33

;oo
0

_
16 

+ 4.100,000 
~ bs. ; No·.~S'J-36 1 tic. S!l-36 1 _ ~ N11. 410!1-36 

. !140.COO ! o.ilOVO . 1,200.000 : 3.8'JO.OC'iJ I 4.GOC,OOO 
-·45 Llls-:-- ---r No: 4t0-4S j -· r;~: no . .ss· -~ No. ::;so-4s· T--No. 3300-45 - No. 41oo~·.s·~. -

. : 640.000 : · l.~)~.OQQ 1.3~.~00 ' 4.5ilil.OOO I S.~50.il0-) 
so Lbs. · i" -No:48!l-SO ·-r t·io: E:J-50 · : · No. 1050-50 -r-· No. JjOO ~, · i · No. 4100-5\1 

I .JOil.(llQ.. I l.IOO.GOJ . 1,4~il.OOO ; 4,900.0i.~~ : 6.050,000 
-is [tis:----,:rr-;o. 4S0-7N- r;:.'_75~}S -1·- No. 1056)5 .. ~--·-·· --- ·--- ·-r-- -·-·----- · 

'- ~90.000 ~_.A I.S.iJ.v..,Q ' 2 .OZO.OCO : I 
... !OCTiis:------r No. aw.ioo- r- tlo. m-100 . :- No. lllSll·iOti-j --------- r·-·· 

! !.ZSO.OOO . i.5.0oJ.OQO I 2.565 GiN ; 
--i2TI~--r~~ ... .;so·-12sl-u:~.-iSJ-J2s'· ·roo:1o5o-Jis-r------··-- ... ---·--

----. --· _ ____!:?_~0.~~----L- :}~~~_j_--~-~~~--l--·--·--·-----

DIMENSIONS & WEIGHTS 

APPROlC. SHIPPING 
MODEl DIMENSIONS-INCH tS VALVE TAPPINGS WEIGHT-LBS. 

NUMBER 
A B c D INLET OUTLET. EACH 

480 6% 4 7;~ 
'e 

p;., % 1 4 
750 3Yz 7% 5% 2 

1 
lit~ 5 

1050 11.~ -
3300 

6 11. 7 3l,{a 1 'l2 
4100 .2 2 18 

TYPICAL SPECIFICATION • 
Furnish and install as shown on plans a diaphragm operated Relief Valve, ASME labeled for relieving pressure 
of psig with a rating of Btu/hr. The fluid should not discharge into the spring chamber. 
The valve .should have a low blow-down differential. The valve seat ai1d-all-moving .. parts··exposed -to- the fluid to 
be of non-ferrous material. 
Manufacturer ITT Bell & Gossett No. _______ _ 
ASME Relief Valve set a psig, rated a Btu/hr. 

PAINTeD IN U.S.A. 9·75 

.·~ 

.. , ... 
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Engineered Products. 

Circuit Setter® 
Balance Valves 

,----------, 
l SUBMITTAL I 

A-551 
R[VISION 3 

with N PT, Flanged and Solder Connections 

NPT SHOWN 

JOB 
Stanford University 
Food Services Bldg. 

' 

ENGIIIIHR. -· •. _Inter ac:t _i ve R~sou rces 
Redwood Mechanical COIIITRAClOA.. • . . . . . • • ... ·-. . ... ··-.. . ..... 

OPERATING DATA 

B & G REPRESEIIITATI\1[ 

ORQ[R NO .... 

SUBMITlEO B' .. :· . 

Ai'PROIIED BY ..•.. 

Ca 1.i f. Hyd ron i cs ---· '--:-

OAT[..... ·-·-···-

;)AT[ 

QATE . 

MAXIMUM WORKING PRESSURE 125 PSIG. MAXIMUM OPERATING TEMPERATURE 2SO"F. 

DIMENSIONS AND WEIGHTS 
r- DIMENSI0NS'"1N"'tNCI'tE~··••• .,..-.,_ '""'"~1 

Model Wel;llll 
No. A B I C In 

Size 
Normal lnaul Normal lnsul I .Normal lnsul Ltls. . 

CB- 'Ia % 2% 4'1. 2'/a 4 '/. I 2'1· 4 '/. 

~ cs-~. '!. 2'/• 2'/. I 2~8 . iy, · CB-1 1 3'/a 
5'/a 

2% 
3'/• ~ 4% 

CB-1 '!. 1'1. 3'/a 3 ! 2',j, 

-CB-1 Ya 1 'Ia 
NPT 

4% 3'1. 3" I I 3 'Ia I 

i 
II 

6'1. 4 '/. I 6 
5 'Ia I CB-2 2 5Ya 4 'Ia 3% 

· CB·2Ya 2'/a 7•!. 5% ' 4 'Ia 16 ! 
CB·3 3 8 

9 s•;. 7 ~ 7 
! 20 J 

CB-4 4 FLG i 9 9'/a 8 8 ! 10'/a 10 'Ia ; 52 I 

SCHEDULE 
Model .Ta;gin; 

Quantity. 
No. Information. 

CB· 'Ia CB· ~ .. , THRU CB-3 

CB- % 
rcs-1 ~· 

~'I· 1'/a ..,.. 
-

I' 2'/a 
:"\ 
4 

CB·4 

1 
c 

1 

BELL & GOSSETT ITT 
FLUID HANDLING DIVISION 
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RED-Vl!~ITE/TOYO '' 
Bronze gate· valves 

RED·WHITFS 206 and 207 GATF VAl vr:~ .trn lmthly ll!t':(llllrll• ·I" !PI I .r~; tlw l •n:~t ''''Y '"" C< Ill 111\(!IC:I; ,, ;mel rnsiclt •nll:llf(l[l~; 
Scc:nnd to-nnne nrt..'Crsr~>n lll:l('l1111111<1 .rnd "''''" ""''"~~d <:o~::tiiHt "'"'"'"- ,.,,,,,:.<·! l111rll (ill.iiiiV <.1.111' v.1lv!'::: II"'" t>.l~:y <rnp ll.llld ·.vllt!r>t 
itS~lH•.·~.~ srnooth torqur? Scu··w, ·d 111 l H uu 1PI:. t, u . " . .:·: ~~· .u 1d :J" 1\\·.td.t! •'• · 111 !'' ::''' ':: llt•ll r ·,.·· ''' I"' :, ~n~.lt ''' ·Ia ., I• •I ~«!' ~, ! ' ~ • I ~It •II:'• •. 

A!; H;: llti:~ ::>ten 1 11 '"'"""I ~ ,f llo 11 .r ~ :tt 1111 

Working pressure non·shock (PSI) 
~alur ttfe(! ~learn. 1 :~~-· 
Colt.f. water. o•l. QdS. :'OIl 
Hydrostatic test pressure (PSI) 
Sllcll.. . 3UU 
Scar t :•5 

(: c 

·o: I 
II ,, 

flil;t: 
., 

... 

I :"I'M I I \I '1'1" t\'t I J 

"' A 

3" 4" 
:i•!··;u 'I' ,I·' 

~· .. lh 
r·•l . . 

·I' Ill l···: .. 
Figure .. 207 125# W::) P. :.'OUr; W 0 (i. NClN lli~:ING ~;TFM ~:out l WFI lCI t.m:c. ~;ot Ill Ill Nil:;· ·-------- ------- ------···-... 
Size ~" Ya" 2• u 

•4 1" 
A 1 1.'1~ l'.fiu ~~ •• 111'1 ;.''f,···4• 
A· :J:fou :.n;. :4'"·, .. tl''"' 
c 1~ 1 !:, 1-'~i.i 

.. , .. ;• 

1''" '4 
11-' II /1 2" 

a•,ui ... ~V-=rtl" ,,.,~.,, 

b~f. !,!'till ti_':,. 
•1:11 

' "·' ~~ ~:. :\!'.,, 

2''" • 
··F··;,,: 
1'.'-, .. 
: t I ~!·HI 

3" 
1·<11 .r,.u 
I t!llh 

., •••• ,11 

4" 
l:,••·;u 

I:"·~ 
f:!·u, ------------------------·-·----------- .. 

RED-WHITE'S ~~on GATF VAl vr 1~1 !iJWI"iallv r.Pil~·;llur.lt•d lnr (!(lllhlllhlll~: !101V<CI' 111 ()llht•l OfH:<l 01 lullv dp:;nd IIIH:tlinnJor Slllillll, 

wntor. Cllf or gas. SiiiiSfilt:lun!y h;rnclll:s Vl~:t.:<)IJS lll,lll'l:;tlr. wllt'l'l' t•lllfilllllll'llll:; lllld•·:arahl•' Allnw:: "''": ll••w W1!11 nurllllllllll pnn::;w•• 
drop Wolf· prOtJOrllont:'l 't!UliOrt'l'li l1ucly rJt•::t\lrl IJit'Vl•nts <h~lc•r I loll !i r.Hil pipohnn ::tra1n:; ;uul v11 ''; ''" "1::. I ttrupt l\!1 1 w1111 a lh>f!p ::tulhrtq 
box hlle<J with hrgh gradt• rni:.'ldl'(l ~ri1J11 utc lrliPrl'~ll:ll~!tl asl,~;.-:;to~ p.wl,n1\J :tllCI a ~l;llld loth •W'~' I 'u::1Jit'•11 1 •I :;1~" n nlchr::ltu:; wlll!llll:• 
valve IS opon or closed ::;rem llm.mcJ~ :.:1ro tully protcctl•<l trC'Irn l!u•l1:1 tw lht: h:1r.l<soa1111(l. wl'~"' !111• ViiiVl! •·: '""v •'Pt!rl. "'''lunoin9 
SE'I'VIt;l:l h1e Stem <1nd tf1m: Wln~J ~lUidCs prov1u0 t1ghl Sl::'-11 ;1nc1 surl!·:;lo;tl C;m bo 111SI;111Utl•n any puf:;!lon (.:.111 11t! rcp;u::,l!d Ul1{fur 
pres<oure when WlcfC open AVCJII<lble In 9 SIZC!: front%'' t<.• ~:· Construdl:<f nt. t15·5·5-!) nrc>fli'l!. AS rM Hl>:' ~;ll.'llllll;tk'l'•.tlul ASTM l1G::' . 
Compheu with Federal ~;p~r.1fic:ll1011 WW·V-':J•1. Type !I, C!r~ss A. Styll' t . . . . . 

Working pressure non·shock (PSI) 
Snlurallld steam · t ~·~ 

(o~.~~~<r. 
.... ~....... . ··-· 

Cold water. u1l. gas ?.UO 
Hydrostatic lost pressure (PSI) 
Slu.:ll :.Jl.ll' 
Scat . . t2~ 

c 
.. • .. 

Ul 
l\. 

i 0 

·•: 1
11 

I 
I 
i 

I 

A 

Figure #208 1:''' II W S ·p ;•nn II W n I. . fltSING s·1 1-M SOliD WH l(~l' DISC. SCHIWr [) I'N!l~; 

--~~------------------------

"WoJI~Inct ~lt!;tlll IJfllS:;Ufl! r;thnn ol illf :;olcJt•r t'll(.! fC X(~ i Vi.IIVt:S ;1ppliL!S IC'I ~!ll~ VdiVO tJOUIOS fllt'::t• V:liV(!:; ~~~I( llJl..l >NUl bl! liSI:d 111 SI!IVII'<! 
wl•ell• IIH! IUIIliJ<!rilture ur tt:u llu11!··· tl<tncfleu 1s llrpllc-r th;111 the pomt "' wh1CI1 THF SOLDER MAY SOFll~N 



P.JED-\''\l.i~.-·-· a-JI 'TOYO trJJ.. 

Bronze check valves 
---------------·--------
~ · RfD WHITFS :?36and :>:11 Y P/\TlFnN ~·;WIN(i <:1 II (:1\ V/\1 V! ~; ·"'~ ,,;,•r1 w•ll• •l:tlo!Wtlvt!~; 1t1 prt!Vt!rtll~:~cl,·llnw in r-omnlt1rcl:tl r ~ nnrtinduS!rt;tl $1Cnrn. Willvr. llll Or ~ 1.1·. I11W!:. C.tn I''' ('.t::tly tnsl.tllutl .II h! I• lilt ·ru HI:; (II "l"'lly Ill t •ol'li!l II It • v.-•rlll -.11 111 IHH t.'t II 11. ti (II .,;1111 HI l 

. ;•J6.av; uli rhlt~ lfl lt.) Sl.'l"; , ( )f Tl I .. " I· I : f' ·.I.< I. ; IVdll, t! '"! Ill ! I : :l;'t !'~ ,, (II II 1
11" 1\ I ::" ' :I I! 1: ;If liCit'( I t ll l ~~I ~' ~' ~I I \r t \fl.'t!. 1\~; I rvl lib:) : .. hi I 'I )f I II'"'~~; 

w•th F~d!!r<tl Spl)CIIIl:<-IIIOfl WW V ! , I. Tvp•: IV. r :l.o·;-. 1\. I 1" I r 1 •IHIC:• ••nn I .111• I . •:11 w<llt WW V! .r. lvp•· IV 1 :1.,.;:. /\. I 1" I• :Pill II:• 111 '" .i 
!inlctcr ClldS Ill ;til ~;1/t::; Clllll(tly Willi 1\f\J: ;1 I ill • 1: l. ( :.1•;( II• .1..:; : io o!o!. ·1 .11 11111 I IIIII it 1:: 

Working pressure non-shock (PSI) 
!>alurart.:d slearn 1: ·~, 

· ColcJ water 011. gus :.'t 11 1 
Hydrostatic test pressure (PSI) 
SllPI! . . JOU 
Scill. . . . 225 to 1 1 ~. 

,. 

.. 
'· 

II 

, .. 

j\ ,, 

t 4 i 
.. , 

RCDWHITE'S 230 HF:/\VY. flliTY Y 1"'/\T IT RN SWING CHE-"CI< V/\1. V!: ,,; H!:cti to prl!VOtll hnt:k-llow 011 imtw;lnal ~fl:;Jm. Wiilor. · 
01r and gall iincs ·lnst<JIIs eil~:rly to OPt"r;JI(! ltOri?ont;-tlly or vt~riiCally r).-:~·~''"~(1 ,.,, mrwmurn prt•!;:>ttr<! 1 :h<Hl~l\! wilt !<I. npt!llllltl or r.los1110 
Avaalnll!.:t m 9 SIZEIS from%" Ia 3~' 8lltly. d.1sr.~ anti c.t~) CC'IIlf.tructe\J olli~) ~' '•·!, Uronzo./\STM Flr.::>. 

Working pressure non·shock (PSI) 
S.11ur~a1crl r.lt!iJil1 1 !)0 
Cold warer. 011. gas. . . 300 
Hydrostatic test pressure (PSI) 
Sllolf, . 4SU 
Seat: 325 1o 125 

II 

•. 

II 

~ig~~t!_!238 1501f ~-~--~ :1_1~01f W 0 r,. SW_I.!'JCI r~~~~<2_~~:01\Jl.!J:I::c.. ~>Cn:O::WF::D f~N_nS_·-----· ------· 
Size ,,,. }'7u l " 1" 1 Y." 1 !':~" 2" 2''" 3" /I ... ;z 

A 
.,.,_ 

?'\, ,.,,.,. J)[, :P ~:~fi i''' t;:t.-u ,,~, i 1 ~~ ' /H I "lti . '" rr 1 '~. 1''•" ;·· ;-"J•r. ')II/ 
• .. ·lti 

... 'JI.' ·l':-;, I,·· 
''·II VIII ,I lti ---·-· . - -----------. ------ --·-··. ----··----

II 
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ORDER FROM YOUR LOCAL REPRESENTATIVE'S STOCK 

r . ( 

CALIFORNIA HYDRONICS CORPORA110 
~50 HATCH DRIVE 
FOSTER erN, CALIFORNIA 94404 

PRESSURE OR TEMPERATURE TEST PLUG 

. . 
. ;. '. ~:..; :: .. : . . . 

PHONE (415) 341·6100 

' _, . 

--

LJ;. 
a'· 

~- .. PRESSURE'IEST~- --c.-- .,., ___ PRESSUR't~rTEM'PERATtJ~;.TEMP'£1mTt1RE~!S~~_..~ 
TEST 

PATENT NO. 3797317 
1. Cap A Gasket Preventa Unauthorized Tampering 

2. Two Neoprene, Nindel or Vlton Self Closing Valve• 
.. 4 

3, Valve Pocket for Added Pressure Protection 

4. 1.4'' N.P.T. or 1At 11 N.P.T. 

5. Valve Retainer 

PETE'S PLUG will allow you to take pres- SS. Recommended maximum temperature 
sure or temperature readings - quickly - :-atings of Neoprene is 200°F, Nordel Is 
and eliminate the need for leaving costly 275°F. 
gauges or temperature recorders on the line. The pr~ssure gauge adapter has a Va Dia. 
Can be used on various applications of gas, probe of 304 stainless steel with union nut. 
air, water or chem!cals to 1000 PSI and tern- The large proiJe prevents bending or break-
peratures of -40 to 350°F.-Available -in -any- ---- i-ng-and is less-likely to become-clogged with--
combination of valve core and valve body of foreign material, and operates in either the 
Neoprene or Nordel with Bras~. or 316 Y4" or V2" N.P.T. test plug. 

PETERSON EQUIPMENT COMr'ANY, INC. 

P. 0. Box 217 

Richardson, Texas 75080 

Phone 214/234·2356 
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X. FLEXIBLE HOSES 

Stratoflex Silicone Hose, Part No.s 4241 and 4244. 

Use hose clamps only with extended tangs or s.hoes. Do not use wire-type 
clamps. 
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REDUCt MAINTENANCE COSTS 
- tratosil hose offers the trucking 1ndustry product improv~mt>nt ,trl<i co.,;t reduct1on. This rt-l.~tiv~ly n~w Silicone host> 

rtually eliminates "nonscheduled" rna111t~nance result111~ tro111 ~·.uly or "pn•n1.1turc" l,11lure 01 co01,11lt or h~.1ter lines. 

Certainly. the price of hose 1S .:u1'11llport:111t .:o ... t Ctlll'>ldt•r.ltlon t•) t.tw flt•t>t up.•r.II<H. H,>,~t·vt•r .• :olnpoundt•d t~xpenses 
related to frequent downt1111e. th.,- pas·:>1b1hty ot t!ll~lne rep.111 lr,tlll uverlu.!.1ts .• tn~.1 the Ius"> ol•'lJIIIJJrtlcnt ut1hl.JI1on are t.H 
greater cost considerations th<Jt n,we pi.J~ued tilt' truckt.•r tor yt·.tr'>. Strc~to.,il lt~,1St:' t.lot.•-; illltl,tlly •u'>t more cornJJ.Ired k' 
conventional hose when spec1t1ed on ongm,tl equ1pmcnt or wllt:'ll r~·placed 111 tile flt•ld. HowP.vt!r. 111~· t:lesi~n objectivt.> .1rH1 
primary advantage of Stratosil hose is to rt?duct? (it not el11nin.Ht>l hose failure during schedult!d equipment operation. 

PERFORMANCE 
Stratosil silicone hose is resistant to a wid~ vanety of cht>nHcJis. •l~ictiiing. a~c.>nts . .tcids. bdsf:'s. ,wd solvents. The hose 
also has excellent resistance to lubncatu1!!: 01ls with low cllllllllt' po111h. Clwrr111>,:·vr tl.1k111g-ott .ilter exJJosure to heat Jnd 
different types of cooling system che!n1ca1s 1S negligible. 

Stratosil is designed with higt1-p.:rformance .:md 11igh-qu,-1hty JH\.'I.lt:'ftles. m.tklll;.! 1t "" excell~nt 11ose tor diesel and ~..1s 
engine coolant applications. StrJtos1l is dt:"SI~nt>d to ltrilCtll)ll .1t low or higtt k111per.tturcs dlld under St!vere serv1ct> 
conditions. · 

STRATOSIL COOlANT AND HEATER HOSE 

.~.:~'~·-~.:. :4241 HOSE 
. ·~·~·! ... ; ... -

MIN. MAX. APPROX. 

' HOSE HOSE HOSE BURST WORKINC wr. 
PAR'l' NO. SIZE 1.0. 0.0. PRESS. PRESS. LIIS./IN. 

4741.6 • 6 :)I .66 350 50 .010 
4241.p . 8 i '2 .80 325 .so .014 
4241.10 -10 ! " .97 :100 50 .019 
-1241·11 -12 i '· 1.13 2.50 -'0 .02.5 
4241.16 ·16 }.42 200 .so .034 

I 

I 

,. 

I 
I 
I 

i 
i 

· .. \ CONSTRUCTION: Poly$tiO.canefsihcon~J r~..ot~ll:' .. ~~, •. ,n~. ·~···•-::• ·~·I .... ffl .Jilt~ OIW.II 
laDttC ttr.td,.COvered 'Ntfh \lh(one rutaoer to.;n'lc-: • ~"~cr., ... , J": · ·:t:<r Puhfl!" 

I 
' 
I 

I 
I IOENTI"CATION: Green tover. Stratotlt!o ''"'"'~ .•·; ;Jrl ,.,, .. •:o;• 

APPLICATION: Low prt\\ure \tttv•c.:r tor r:.•NI•f'4 ,. ·; · <:'.tlct t •• ·~~ ;. ..... !,utr 11..1 r td~otl'"' 
coolant,, \tedm. agtn,;, mtld~w . .-end mo .. l ,..,, .. r. ~.,. ' lh.•·h • ·· ~ ... : 'o:-'· .. t.t•h,. to:~ 
G•e\al fuel, petroteum·Da\e "'''· .tnd ·~'Jif.,n!\ 
TEMPERATURES: 6S •o · 3~ F. t~•J•lto~"4'.1 ... ~ ~· .. ·:t-1 J" .. ~ • ~,. .. \at·· ... ,, ,,,, h .. •m 

·perature\ ts.cc.eed•na the rated llmth. '"'"'''.,u•t ~·· ;· :• -:-• Eu••''-:o··• · ~ ~·:~t 
SPECIAL, Far u\41 with r.lamp~ to form.,.,~··-: t•, ··.: •: ,, .... :, 

HOSE 

CONSTRUCTION: Poly\tiOIIIdlnt!' p,tlu.''" ... ' ,.,LJ~ ... , ... o:-' ~ .. lit:" •-·· • • ·"='! .... ~,. ""'-"~ .,, 
more ph~\ r,t MO.,.en pol·le.,tt::r t~hf••. ,,.,,4,-:.;··.,•·:': ·. •·· :·'•' ····~ · .:··~-:'. ·••••I '·'·""''"'" 
Nltt't .s Nrapoe\1 tawer ot \tltr.nut: tut1tJ-:-' 'hn·.! .. ·~ • .. - ······• .• "="·- •. · • 

IDENTIFICATION: Gret=n to" ... '· SrretH,ti'='• n.t·: .. ,. ! ;...-•'' ·· , .. : .... 

APPLICATION: Low pre\\urt~ "•I!'"'' r: 1:,, r~ ... ., ..... • .... rt-:--.·· • , •.• •. •, I• ,,.,, .,.,,,,,nf· .. 
-,(t!dOl, ..t~tnte. mtldew. oJIII11nfJ')I w.t'\l'-J•,~f. !. • .! • • '•:•1 •- • 1 • •: ~~4 !u:--.•:1 fu•:t· •. 
Pt!UOit:um tw•.t! t)ll\ dntJ \1)1·.-~nf\ 

-EMPEAATUAES: ti5 IIJ . 150 F' II, .1-f I •.•• -:· •. o:"i r.,, .... d oJII 'Ill lt:-rH 

lletctiUft!\ ~A(.fo:t:I)JOI( rht! tal~tJ flmlf" • IJt· , ' • ••• 1' • ••t • II• • -··• ... ~; •. ,I 

./'- iPECIAL: lr•~ '""" ·~ r.,,,.,lruo:t.,•J ''' ,~o[ · :~·:: ·. c• t •·: .. , ".! 1 .... ,., .. ,,,., .• 

• ,ART NO. 

4243·6 
4243·8 
4743-10 
.. :/43-12 
4243-16 
4243-20 

I 
I 

I 
I 
I 

'I 
I 
I 
i 

I 
I 
I 
I 
! 

HOSl HOSE 
SIZE J.D. 

• 6 

I 
'i· • 8 Ill! 

-10 !.; 
-12 'a ' ·16 

I 
,, 

-20 1 '·'• 

I' 

I 

I 
I 
I 
I 

I. 

MIN. MAX. APPROX,. 
HOSE BURST WORKINt wr.· ; 
O.D. PRESS. PRESS.· i.as./1111, 

I .62 . 300 -'0 .009 

I ,74 300 .so .012 
I .83 225 -'0 .014 '. .96 22.5 50 .017 

1.21 200 50 .023 
1.49 

l 
175 .w .030 

r 
I 

I 
' 

I 
I 
I 

) 

) 

'· 

) 



I 

.. ··- · ... 

MIN. I MAX. . .... ~, • HOSE HOSE HOSE BURST i WOI~KING WT. 
PART NO. SIZE 1.0. 0.0. PRESS. PRESS. LBS./IN. 

I 
4244-6 6 ... .76 )40 I 50 .01ol 
4244-8 8 ., 89 340 I so .021 

I 
424.1-10 -10 '• 1.0:! 3~0 I so 

I 
.025 

4244-12 -12 '· 1.14 340 so .029 I 

I 
4244-14 -14 '• 1 26 340 50 .OJ2 
4244-16 -16 1 I.J9 300 ~Q .036 
4244-18 -18 I'• 1..51 JOO 50 

I 
.OJ9 

4244-20 ·20 1'. I 64 280 50 .042 
4244 n -22 "• 1.76 280 

I 
so .046 

4244-2~· ~ ~ 
I 89 I :?80 50 I .050. 

4244-28 . 2.14 260 I so I .OS7 
4244-32 2 2.l9 :?~0 

I so .065 
4244-36 -36 2'. 2.64 240 I so I .071 
4244-38 -38 2'· 2.77 100 so ! .074 

I 4244-40 -40 2'> 2.S9 200 so .078 
4244-44 ·44 2'· 3 1.& 160 I so .OBS 
424 •• 48 -48 ! 3 3 39 16-:l I SQ. .093 
4244-$2 ·-'2 3 64 1.&0 I so .107 3'' 
4244-56 .-56 :l'J I 3 89 1.&0 i so .107 
•244-64 ·04 4 I 4.39 120 

I 
50 

I 
.121 

Stratosil s•llcont: coolant .llld lit"Jft>• 'lOS~ t'Qlt.lli or ... ,~·t:o~ds 
the relevJ•lt pt!rformJnce ~.tll•C'S >O.:<"~illt'U "' R~CC R'-'cllill· 
m~nded Prilctice 303, SAE J.20t- .t!ld Fed.:-r,tl' Spt>(d;.:,tt•on 
ll-H-428. 

··- ana 

i 

I I 

I 

I 
I 
I 
' I 

i 
I 

I 
I 
I 

-~ 

4244 HOSE 0 

-~~ -.;::''":& • . :· . .' . .• . ., _··:-~1.;~::~ .. '~~~:\'!l' ::" •,· :· :-, .... ,i_:~~ . 

,.,_,,.,HIIU~rtON: Puo,, . ,.lltr l!\•h~\lllt'lltthb\.•r 1lhlc"l lulJtt. ''-!"''''':,•.1 .\•tn IIU••••. • 
',. i •1•1'"\ .tf "-".lWC'I' :,. ~ ,,·~1,•1 t,tiUt\.' IIO~U,1 1o(lt.tlt.'.J •\•It• ,thf•JIIr lu(ll\e" .llhi··'······J ,,,.,, I .\I.IL'L•••cJ lol)t!f . \ ,_. .. lltlJih•• lh.uhh.·d t.• til .. ''-'lltf\Jr. , •.• ,,.,,, 

t(H .~! lflt.:ATION: Cart:•··· ~ .... ')fr,ll•lfl,•, II.IIHt" .1•1.! L~Jrl ltli'IIO._.r 

.\P'-'l •\.'~TIUN· LVA '"~,- ................... t.u. o),tl,utf.tn.! ····Jic"l lt,h,• Rt''•"'l.l'llfllf.lol•t!;• 
,. ' ~ ·!t•olffl .• 1, ··.,: .. . to•,\ .111ol ·ll·•·,r ,\ 0 l'ol1!t,•,•' IIUhh l ····.t·· J ,, • ., ......... , ,. ~: 

'· .... lh•truh•to" ...... ·····'"·' ,.,;·,,.,,, ... 
It \ 1 t'ti.1.1.fUjlf[S· ... .. hd• lo ·•llllllitdlt' ~··t •'"'") ~·,If ·rtf\•r·••.ll•~•• \til It''!' ..... ': · .. •· '• ''t:"•Ju•..: · · ~ ' ''·'"' • o)ll ....... ""''·•h•ll·•' t:·•tr;•llt!~lt"l.:, c·.-~.ll 

...,,: ... ..\ ... •. lllf'tt.' ....... I ·:,o.._ lol f.•l'llt•d .tllol ht•t.lo• I •11,11,• t••t,l'l 

:!41 Hose·- SAE J.20e Part Ill ($AE 20R31; ZZ-H-428 Type VI 
~'.!J H•.ht:'- RCCC.RP303 Cl.t~i II Type E 
.;:>.;.; ..,,b~ -- RCCC-RPJOJ c:,,-;·, !, SAE J20e Part I ISAE 20R ll.' 

ZZ-H--l.:!8 Tyf)t' I 

HOW TO INSTAll STRATOSI!. 4241 AND 4244 HOSE 

Cut hose to the desired length.:,ith.a.kr.,ite ... pus.n.onto.,t.he···-"'-"v '-"=" 
formed tube end and secure w•tt1 a clamp. 

l. Extended tang hose clamps. or clamps with a shoe are 
recommended. 

2. Do not use wire type clamps. 
3. Hose clamps should be located as Illustrated. 

,,,.;.;_· 

4. Clamping pressures -l1ose 11 J inches and less in size. 
tighten to a torque of 35-40 '"c:11 pounds. Larger sizes. 
tighten to a torque of 45-50 1nch pounds. 

FORMEO / ~ in.-JI-

HOSE CLAMP 

.. :·~ 

STRATOSIL HOSE TUBE END min. I l. -; rn. 

STRATOFlfX 213· T·YPE HOSE FITTINGS FOR STRATOSIL 4243 HOSE 
Stratosil 4243 Tube I. D. coolant hose is an ewtensi~n of the 213 t1ose and. fitting family. Oesi~ne<;i to use 213-type fittings. 
tilt!> ho!>e .v1ll enable tleet operators to convert to SP•cone coo1ant hose wtthout nav1ng to rnatntam a separate .nventory of 
fittings 

PIPE MALE 

NOTE: 

90 SAE 37 FLARE SWIVEL 
90 SAE 45 ~LARE SWIVEL 
90 SF 3C F:..ARE SWIVEL 

. : '·. : .• t' .• •, .. 

SAE 37 FLARE SWIVEl 
SAE 45 FLARE SWIVEL 
SF 30 FLARE SWIVEL 



APPENDIX B 

AS-BUILT DRAWINGS 
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