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1. INTRODUCTION 2784

Phase II of the LOFT Test program in Germany, consisted of 

two-phase flow calibrations in the three-inch pipe. The instruments 

intended for calibration were the LOFT Modular Drag Disk Turbine 

Transducer (MDTT) and a three-beam gamma densitometer. The DTT is of 

the modular design and is representative of the type to be used in the 

LOFT 12 (nuclear) series. The test section provides free field 

calibrations; that is, the DTT is smaller than the inside diameter of 

the test section. The gamma densitometer is a three beam unit 

representative of the configuration used in LOFT, but modified to fit 

on a smaller pipe.

The experiments are a continuation of the experiments reported in 

Volume I.

Data were obtained in a three-inch schedule 160 pipe in steady 

state flow. The major objectives of these tests were:

(a) Obtain comparison performance data for the Modular vs the 

original plenum design DTT instrument.

(b) Determine if the stiction in the LOFT modular drag disc was 

less than in the previous design.

(c) Provide wider data base for the experiments reported in 

Volume I.

In addition to the instruments being tested, a three-beam gamma 

densitometer of the LOFT type was built to fit three or four inch 

schedule 160 pipe.

This report contains the experimental test description and the 

horizontal performance calibration data of the LOFT piping mass flow 

instrumentation. The testing was performed in the

1
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Kernforschungszentrum Karlsruhe (KfK) faci1ity at Karlsruhe, West 

Germany, in February 1978.

KFK 27S4

2. TEST PROGRAM SUMMARY, TEST LOOP DESCRIPTION, 

INSTRUMENTATION AND DATA ACQUISITION

Four test series were conducted; two with the MDTT at nominal 

pressures of 15 and 40 bars and two with a pienum DTT at nominal 

pressures of 15 and 40 bars. The reference mass flow rates were 

measured with orifices in single phase flow before mixing. In some 

experiments, radiotracer measurements were available which were able 

to measure the velocity of each phase, and in combination with the 

reference mass flow data, are capable of providing an estimate of the 

void fraction. A scanning (vertically traversing) reference gamma 

densitometer was used to provide void fraction distribution data.

2.1 Test Program Summary

The DTT (Drag Disk Turbine Transducer) testing at GfK in 

February, 1978 consisted of both single-phase calibration and 

two-phase tests. The tests included an experimental modular DTT 

design of the type used in the L2 series and a production plenum DTT 

design of the type used in the LI series. The turbine in the 

experimental MDTT failed early in the testing. The failure appeared 

to be an open circuit in the ECT (eddy current transducer) resulting 

in no signal from the turbine. The open circuit in the ECT was 

pressure sensitive and apparently closed at lower pressures, and 

subsequent experiments involving the modular DTT transducer were 

conducted at 15 bars instead of 40 bars after the failure of the ECT. 

Lowering the test pressure to 15 bars resulted in obtaining eleven 

(11) additional two-phase test points with the modular DTT completely 

functional. The ECT then failed completely. Testing continued with 

just the drag disk unit of modular DTT functioning until a temporary 

shutdown of the test facility allowed replacement of the experimental 

MDTT with the fully functional production plenum DTT. The data on the

2
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drag disk of the MDTT is a completely different design than the KFK 2784
production unit. These tests showed that there was considerably less

stiction in the modular drag disk than the plenum unit. Due to the

different ranges of the Oil's, the modular DTT has a drag disc of

1.52 cm (0.6 in.) in diameter and the production DTT has a drag disc
of 0.76 cm (0.3 in.) in diameter.

The three-inch test section was installed and initial instrument 

calibration was accomplished on February 10. 1978. On 

February 22, 1978 the MDTT (Serial Number EXP-M-1) failed. The plenum 

DTT was installed on February 23, 1978, and testing continued with 

this unit until the final day of testing which was February 27, 1978.

2.2 Test Loop Description

A schematic of the faci1ity is shown in Figure 2.1 and 

Figure 2.2. The facility is capable of either air-water (low pressure 

and temperature) operation or steam-water (high pressure, high 

temperature) operation. Different supply 1ines are used for the 

air-water system than for the steam-water system but the same mixer 

and test sections (described later) are used for both. The air-water 

system is suppiied by a high vo1ume water pump and four air 

compressors. After the air-water mixture goes through the test 

section, the individual phases are separated with the air being 

exhausted to the atmosphere and the 1iquid being recirculated. The 

steam-water misture is supplied by two boilers. Two methods of 

operation are available. In the first, termed mixing runs, either 

boiler may be used to supply the steam. In the second method, either 

one or both boilers may be used to supply high pressure saturated 

1iquid which is then flashed to a steam-water mixture. The mass flow 

rate through the test section can be control led by the pump speed and 

air compressor control system in the air-water operation and by the 

boilers in the steam-water operation. Additional control is achieved 

in the steam-water operation by use of the boiler bypass.

; _______ — —

3
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For air-water flow testing* the published maximum loop capability 

is 30 kg/s water and 1.0 kg/s air at a pressure of 4 bar. Operating 

pressure can be increased to 10 bar at reduced maximum flow. For 

steam-water testing, two steam generators are used. The lower limits 

of flow are approximately 0.164 kg/s for water and 0.024 kg/s for 

steam at 25 bar pressure. At lower pressures and flows, accuracy of 

flow measurement decreases. With both steam generators producing 

steam, the upper flow limit is 3.75 kg/s. With both steam generators 

producing hot water, the upper limit is 5.5 kg/s. Throttling of the 
hot liquid alone can be used to produce qualities up to 20 percent.

The flow rate capabilities versus quality are shown in Figure 2.3.

The two-phase loop consists of air-water and steam-water supply

sections, mixing section and test sections. The reference flow 

measurement orifices are installed in the supply sections before the 

phase mixing.

2.2.1 Air-Water Supply Section. The schematic diagram for the 

air-water supply lines is shown in Figure 2.1 and Figure 2.4. Both 

the air input section and the water input section have three orifices 

with different measuring ranges. Both "A" orifices remain fixed, but 

the "B" and "C" orifices are interchanged. The dimensions of the 

pipe, orifices, the discharge coefficients of the orifices, and the 

thermal expansion coefficients of the orifices are given in Table 2-1.

2.2.2 Steam-Water Supply Section. The schematic diagram for the

steam-water supply lines is shown in Figure 2.2 and Figure 2.5. There 

are tow boilers; the Henschel Boiler and the Benson Boiler. For 

mixing runs, either of two combinations may be used: NW65 (steam line

from Henschel) and NW50 (water line from Benson) or NW100 (steam line 

from Benson) and NWS2 (water line from Henschel). For throttling 

runs, the water lines from both boilers, NW50 and NWS2, are combined.

The dimensions and coefficients of the pipes and orifices are given in 

Table 2-2.

LTR LO-00-80-113
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TABLE 2-1

LTR LO-00-80-113

DIMENSIONS AND COEFFICIENTS OF PIPES AND ORIFICES FOR AIR--WATER SYSTEM

ORIFICE D d cd €

Air "A" 4.2165 1.4992 0.6132845 0.9785

Air "B" 2.0157 0.74567 0.6196883 0.9783

Air "C" 2.0157 0.3752 0.6113050 0.9789

Water "A" 4.2165 2.3445 0.6444408 1

Water "B" 2.0157 1.1618 0.6560336 1

Water "C" 2.0157 0.6000 0.6148216 1

D - Pipe diameter, inches

d - Orifice diameter, inches

Cj - Discharge coefficient, function of Reynolds number 

e - Thermal expansion correction factor

Mass Flow Rate

W = Cd e2 Aq /2aP/p

where

A0 = d2/45 orifice area,

p = density, kg/m3

&p = pressure drop across the orifice, N/m^

10
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TABLE 2-2

DIMENSIONS AND COEFFICIENTS OF PIPES AND ORIFICES FOR STEAM-WATER

j «J 4-

ORIFICE - SN D d cd eo el

NW 65 - SN 13696A 2.681 1.098 0.6127 1 0.0000116

NW 32 SN 13694 1.291 0.5906 0.6205 1 0.00000705

NW 100 - SN 13697A 3.917 1.7343 0.615 1 0.0000187

NW 50 - SN 13695 2.004 0.9043 0.6165 1 0.00000966

D - Pipe diameter, inches

d - Orifice diameter, inches

Cd - Discharge coefficient

e - Thermal expansion coefficient, e = s0 + • T

where T = temperature in? op

11
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2.2.3 Mixing Section. Figure 2.6 shows the mixing section.

Mixing of the phases is accomplished by means of a perforated tube.

This tube has a wall thickness of 3 mm and contains about 600 drilled 

holes (diameter 2 mm) which are inclined slightly in the direction of 

the flow. For some tests, these holes were partly closed by a sleeve 

to make sure that even at low volumetric flows the pressure drop 

across the holes was big enough to ensure stable behavior of the 

mixing chamber. There are two methods of operating the mixing 

chambers. In the first method, steam flows through the center pipe 

and water is injected from the outer annulus into steam. In the 

second method, the mixing chamber is revolved by 180° so that water 

flows through the center pipe and steam is injected into the water 

from the outer annulus. The first method of operation may be used 

with other inserts for special purposes. For example, another insert 

is available to help promote a well developed annular mist flow in the 

test section. For the testing reported here, the second method of 

operation was used where steam is dispersed into water. This method 

of operation allows a closer approach to steam-water thermal 

equilibrium at the mixing chamber outlet.

There are two mixing chamber inserts available with outlet 

diameters of 50 and 80 mm. Between the mixing chamber outlet and the 

test section entrance, a connecting pipe (length 1.36 m; diameter 50 

and 80 mm) which contained the junction to the bypass was positioned.

In all the tests reported on in this volume, the 50-mm mixing chamber 

and 50-mm connecting pipe was'used.

2.2.4 Test Section. The exit from the mixing section is 50 mm 

or 80 mm pipe. The three-inch test section is shown in Figure 2.7.

The total length including adapters is 649 cm. The first and last 

sections adapt the 80-mm pipe to the three-inch section. The second 

and third pipe sections contain the radiotracer injectors and 

detectors and two fixed impedance probes. The fourth pipe section 

contains two gamma densitometers. The first is the LOFT three beam 

system. Because of support interference, the densitometer was mounted

LTR LO-00-80-113
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upside down on the test section. The second is a scanning reference *w*’*

densitometer which was intended to supply the density distribution 

information on the three-inch pipe. The next three sections house the 

DTT and consist of the same three inch to five inch adapters used on 

the five-inch pipe and the DTT spool piece. A pipe insert has been 

added which keeps the internal diameter through these test sections 

the same as the rest of the three-inch pipe. A radiotracer detector 

is piaced on the last section of three-inch pipe. Another is placed 

on the 80 mm pipe which should give further information on change in 

void fraction through a contraction.

2.3 Experimental Instruments

The advanced instruments which were used in these experiments 

were supplied by LOFT, Semi scale, Institut fur Reaktor Bauelemente 

(IRB), and Laboratoriurn fur Isotopentechnik (LIT). The advanced 

instruments supplied by LOFT, the drag disk turbine transducer (DTT) 

and the three-beam gamma densitometer ( ), were being calibrated in 

these tests. The advanced instruments supplied by the other 

organizations were used as supplementary measurements of the two-phase 

flow in the test section. The relative locations of the instruments 

were described in Section 2.2.4.

A schematic of the DTT installed in the test spool for the 

three-inch test section is shown in Figure 2.8. The drag disk is 

installed upstream of the turbine for all of the tests reported here. 

The same test spool was used for both test sections. A sleeve was 

inserted in each installation so that no pipe diameter changes 

occurred in the test spool. The drag disk (DD) force is measured by a 

linear variable differential transformer mechanically coupled to the 

drag disk. The turbine (T) rotation rate is measured by an induction 

coi1 pick up which senses passage of the blade. Detail drawings of 

the DTT are given in Appendix 7 of Volume I.

*
-g

15
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The LOFT three-beam gamma densitometer beam orientations for the 

three-inch test section are shown in Figure 2.9. The methods of 

averaging the beams to obtain an average density are also indicated in 

the figure. Both a beam length weighting method and a vertical beam 

span weighting method are used. Both methods usually produce similar 

averages. The beam orientation desired includes one beam through the 

bottom of the pipe, one beam through the center, and one beam near the 

annular flow. The beam size is approximately 1.27 cm in diameter.

The source is located above the pipe in LOFT installations. It was 

necessary to mount the source below the three-inch test section 

because of interference between the detectors and the support 

structure. The details of the LOFT three-beam gamma densitometer are 

given in Appendix 7 of Vo 1ume I.

Impedance probes were used to measure the local void in the test 

section. The measurement principle is based on the different 

reflections of high frequency electri wave as a function of the 

terminating impedance at the open end of a coaxial line. The 

different terminating impedances are caused by the different electric 

losses to the two phases at the tip of the probe. Two fixed impedance 

probes were installed upstream of the gamma densitometer. The probe 

sensing tips were 10 mm from the top and the bottom of the pipe inside 

surface, respectively.

The traversing reference densitometer supplied by Semi scale was 

used on some of the experiments in the three-inch section to supply 

void fraction information. A diagram of this equipment is shown in 

Figure 2.10. This system uses a single source and a single detector.

The source-detector combination rotates about a fixed point at the 

source location. This instrument is intended for use in steady state 

experiments. It scans the entire cross section of the pipe 

sequentially. In utilizing the scan information, the assumption is 

made that the value that the densitometer reads at a given location is 

constant. In actual operation, discrete readings are taken at 68 

different radial positions to cover the pipe cross section. These

LTR LO-00-80-113
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Figure 2.9 - Bean Orientation on the Three Inch Test Section
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values are obtained with the use of a programmed positioner which 
stops at each of these positions and records a value integrated over 

three seconds. The resultant data can be used to plot a beam length

averaged density versus vertical position in the pipe. Thus, it is 

seen that this instrument supplies the same type of information in the 

three-inch pipe that the impedance probe supplied in the five-inch 

pipe. The details of this equipment are described in Appendix 7 of 

Volume I.

The radioactive tracer injection technique which was used to 

measure the vapor and 1iquid velocities was supplied by the LIT. The 

injection ports were mounted as close as possible to the upstream end 

of the test section. Two ports were used to inject Argon-41 at the 

center and at the pipe wall, respectively, to measure the steam 

velocity. The other two ports were used to inject Manganese-56 in a 

similar manner for measurement of the 1iquid velocities. A minimum of 

three pairs of Scintillation detectors (NaJ) and photomultiplier tubes 

were utilized to determine the time between two detector ports. The 

phase velocities were determined using the time required for the 

radioactive tracers to travel between the detector axial locations, 

and the distance between the detector locations. The details of the 

technique is described in Appendix 7 of Volume I.

2.4 Data Acquisition

LTR LO-00-80-113

All reference values such as pressures and temperatures in the 

test section and upstream of the single phase orifices, and the 

pressure differences of the orifices are recorded analog by two H.u.B. 

(Hartmann und Brown) 12 point printers and digitally by the KfK 

PDP11/40 computer. The PDP11 also reports the calculated single phase 

flow rates and the total flow, and the temperature differences between 

the single phase and the saturation temperature. The quality (x), the 

void fraction (a), and the superficial steam and water velocities are 

calculated for the condition of the test section. The reference 

values for all the experiments are included in Appendix 2.

20



? -

The LOFT data acquisition system consisted of Bay Laboratories 

signal conditioners and amplifiers, flmpex FR 1300 analog tape 

recorders, and Honeywell Strip Chart Recorders as well as all the 

peripheral specialized signal conditioning and monitoring and 

calibration equipment required for data acquisition. The outputs of 

the Bay Lab amplifiers were also input to a Hewlett-Packard 2100 

computer with data printed out on a type 33 teletype printer. The 

strip chart recordings of the experimental instruments (except the 

radiotracer data) are included in Appendix 4. Time averaged values of 

the digitized analog data are included in Appendix 5.

LTR 10-00-80-113
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This document contains hard copies of much of the recorded data. 

In addition, analog tapes are available for time analysis. Strip 

chart recordings are available for all of the LOFT recorded 

instruments. Calibration information is supplied in Section 5. A 

summary sheet is included in each experimental section which contains 

all the reference and experimental instrument measurements in 

engineering units. The remainder of this section summarizes all of 

the hard copy data contained in this report.

3.1 Operation Log and Set Up Sheets

This Appendix presents a log of each test as well as comments. 

Reference is made to each instrument-recording set-up for the given 

experiment. Setup sheets are included which relate the instrument 

identification to the apparatus diagrams in Section 2 and the channels 

which were recorded on the analog recorders and the strip charts. The 

amplifier settings are also included.

3.2 IRB Referece Values

The reference values of the flow rates are included in this 

section. The flow rates measured in each supply line are presented as 

well as the fluid conditions such as supply line pressure. The total 

mass flow is presented as well as the quality (uncorrected for heat

loss),. the void fraction (without slip), and the superficial 

velocities in the test section. The analog signals are reported by 

two 12 channel strip chart recorders.

3.3 Instrument Calibration Data

This appendix lists all the calibration data used and discussed 

in Chapter 5.

22



■'f

3.4 EG&G Strip Chart Recordings (Voltages)

LTR LO-00-80-113

Strip charts are presented which list the most important 
parameters as a function of time. The recording rate is 1 mm/sec.

This allows the determination of which quantities fluctuate with time 

for a given experiment. The voltages presented may also be used to 

evaluate errors inthe engineering values. Values of the LOFT three 

beam densitometer, turbine, and drag disk. Strip charts of the other 

recorded quantities are also available but not included in this report.

3.5 Time Averaged Digitized Analog Data (Voltages)

This Appendix contains the voltages obtained from the analog 
tapes by digitizing at a rate of 120 samples/second and averaging over 
a time period of 20 seconds.

23
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4. EQUATIONS FOR THE PRIMARY DATA AND THE COMPUTED VARIABLES

The data in terms of computed variables are included in 

Sections 6 to 9 inclusive. The first sheet of each section presents 

all of the primary time average data in engineering units. That is, 

calibration equations have been applied to al1 the voltage readings to 

produce engineering units. All data manipulations are referred to as 

computed variables and are included in all the pages other than the 

first. This section describes the computation procedures used for 

both the primary engineering unit data and the computed variables data.

4.1 Primary Engineering Unit Data

The first portion of these data sheets consist of the pressure, 

temperaure, and reference flow rates. The second consists of advanced 

instrumentation data.

4.1.1 Reference Flow Rates. The reference mass flow rates for 

the air-water runs are calculated as described in Section 4.2.1 with 

no other corrections required. On the other hand, the steam-water 

mass flow rates of each phase must be corrected for phase change 

effects. Although the total mass flow is unchanged by these 

corrections, the total volumetric flow rate (or superficial velocity), 

the quality (x), and the void fraction (a) are affected by them. The 

method of correcting these mass flow rates includes the following:

(1) The flow rate and thermodynamic conditions are given at the 

metering section for each stream. The 1iquid supply is 

subcooled and the vapor supply is superheated enough to 

insure that each stream is single phase through the 

measuring orifice. A check is made to ascetain that 

two-phase conditions are not encountered in the orifice.
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(2) Assuming that the heat loss through the piping walls and

kinetic energy changes are negligible, each stream is 

throttled to the test section pressure (a constant enthalpy 

process)

^1 ^2»^i) * ^2 ^2 ^t9 s2^

W2 h2 (P2,s2) = W2 h2 (Pt,S2)

Where W 

h

P -

S a

1 S=

2
t a

mass flow rate 

enthalpy 

pressure 

entropy

conditions at metering section in stream 1 

conditions at metering section in stream 2 

test section conditions

(3) The two streams are mixed assuming infinite heat transfer 

rate between the phases

Wt ht- . Mj hj ♦ W2 h2

where h^ is the mixture enthalpy neglecting the heat loss.

(4) The heat loss between orifice and test section is subtracted 

from the mixture at constant pressure

“t ht - “t - (O-1 Tt - 7°c>

where T^ = saturation temperature in °C corresponding to 

pt, ht is in kcal/kg, and Wt is in kg/s.

The heat loss is often a small correction.
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(5) By definition, the mass flow rate of each phase in the test 
section is calculated from the flowing quality with the 

following equations except when x is outside the range of 0

to 1

A quality outside the range of 0 to 1 means that the flow 

was single phase, in which case the total mass flow, Wt 

would represent the single phase flow rate.

(6) The flowing quality, x, can be calculated for the test 

section from the conservation of energy.

= Wt x hg (Pt) ♦ Ht (1-x) ypt)

where hg and h-j refer to saturation properties of the 

gas and 1iquid phases at pressure Pt.

Solving for x yields.

The qualities reported in Appendix 2 are uncorrected for the heat 

loss of Step 4. The mass flow rates presented on the engineering unit 

data sheets in Chapter 7 through 11 have been corrected for this heat 

loss term.

W1 = Wt (1-x)

wtht - Vs (pt} + wi hi (pt}
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The superficial velocities, Vs, which represent the volumetric 

velocity divided by the full pipe area, are obtained by the equations

where p and p. saturation densities of gas and liquid 
9sat ‘sat

respectively corresponding to the test section pressure, and A is the 

pipe cross-sectional area.

The vapor fraction referring to a two-phase mixture without slip

is:

x • p

a - TT=xr + X* P
Jsat *sat

If both boilers are delivering saturated water and the steam is 

produced in the throttle valves before the mixing section by flashing, 

the above equations are used to calculate the superficial velocities, 

the steam quality and the vapor fraction in the test section.

Table 4.1 shows a typical printout from the IRB PDP11 if one boiler 

delivers water (Wasser) and the other steam (Dampf). Table 4.2 shows 

a printout where both boilers were delivering water and two-phase 

conditions are being obtained by throttling. The IRB output for al1 

experiments is included in Appendix 2.

KFK 273<
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TABLE 4.1 - COMPUTER OUTPUT

STABILE VERSUCHSZUSTAENDE ERRE1CKT—(j)

nECHENVERTE

VERSNR - 7 .0 378
ZE1T ■ 1 0 i 33i39

W
D
H

P
[BAR]

(2)
X^S5.509 
(7y—53 • 333
(^51.038

X
t

239
293
262

T
CC],

DT
C C}[U3 [ KCAL/KG Jq

131 -31»36 3 246.595 ^1
34WT\ 25 «40 lA 6 90.554-@
468 0.0001X327.1 30 ^

ALFAH
X

V MP
[M/S] _ [KQ/S] _
0 J® X©
2.26 9 3.236
9.998—Q6) 0.730XJ) 
0 .000- 3.965^^

M 0.129 0.815
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TABLE 4.2 - Computer Output for 

Throttling Runs

STABILE VEnSUCHSZUSTAENDE ERREICKT—(T)

RECHENVF.RTE : MLSS-STRECKE 1 :PASSER KESS-STnECKE2 tWAS'SER

VERSMR 
EE I T

1 7 .0278 
11:16:21

M
V
M

©=:

P t
C BAR ] [C 3

AO .ii23^X-2l2.922 
AO.800 '2 0 8.2 5A
15.31 3^^1 97 .089

®r
X ALFAH

0.01% %

•38 .003 
-A3.223 

0 .000

DT H.
cc i _r kcal/kg:

2 1 7 . A 8 7-^(5)
2 i 2 . A 8 5'
2 1 3 .669

0.02*4 0.733 _

V
CM/S]

1 .2 39-® 
3 .AGO
0.000 V.

©

IIP 
CKG/S3

0 .909 
2 .929/ 
3.638
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The meaning of values in the PDP-11 output is described inthe 

following:

1- "Stabile Versuchszustaende Erreicht" means that water is slightly

subcooled and steam is superheated so that single phase 

conditions are obtained in the orifice.

Conditions before either water orifice

2- Pressure9 bar

3- Temperature, °C

4- Subcooling, °C

5- Enthalpy, kcal/kg

6- Mass flow (one or both orifices), kg/s

Conditions before either steam orifice

7- Pressure, bar

8- Temprature, °C

9- Superheating, °C

10- Enthalpy, kcal/kg

11- Mass flow, kg/s

Conditions in the test section at changeable 

location.

12- Pressure, bar
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„ , r/H4
13- Temperature, °C “

14- Enthalpy of mixture, kcal/kg

15- Superficial velocity of water, m/s

16- Superficial velocity of steam, m/s

17- Total mass flow, kg/s

18- Steam quality

19- Void fraction

4.1.2 Advanced Instrumentation Data. The equation used to 

relate turbine velocity (Vy) values to voltages (T) for the Modular 

DTT is given by the equation (Vy)

Vy = 0.04548 [m/s] + 1.407 yolts^ • voltsturbine 

Two different equations were used for the Plenum DTT:

voltsturbine

voltsturbine

The equation used to describe the modular drag disc output was:

(pV2)dd = -966.1 [kg/ml) + 2286.o(-k|- .... ] * voltsD
4m*s£* voltsJ

13 ucir b
VT = 0.0386 (m/s) + 1.1874 [ s • volts

and 40 bars r m t
V = 0.0322 [m/s] + 1.3468 [ .m ] .
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Two different equations were used for the plenum DTT: KFK 2784
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15 bars

(PV2)nn = 1306.0 [kg/ms2]+ 2593.0 f——l* volts
u Lm»s£» volts-1• volts

and 40 bars

= 1299.0 [kg/ms2] + 3001.0 f
m-s • volts]' vo1tsD0

The calibration of these instruments in single phase flow is 

described in Section 5.

The calibration equation for each gamma densitometer beam is 

related to the voltage by a logarithmic equation of the form:

and were calibrated daily.

The radiotracer technique is based upon measurement of the time 

that it takes a radiotracer to traverse a known distance. Thus,' the 

velocity of a phase i, V^, is estimated as

where D2 _ = Distance between two detectors and t^ =

time required for the radiotracer of phase "i" to traverse the 

distance between the two detectors.

The radiotracers may be injected at a rate of 10 injections per 

second so it is possible to determine the change in velocity with time.

pi “ Xi ln (Vvoltsj beam^
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4.2 Computed Variables

Most of the computed variables fall into four categories: the

mass fluxes, the superficial velocities (volumetric flow rates), the 

vapor fraction, and the phase velocities. Other parameters are also 
calculated.

4.2.1 Mass Fluxes. The mass flux (G) can be calculated in three 

different ways by combining three instrument readings of density 

(py), turbine velocity (Vy), and drag disk momentum flux

((pv2)DD)*

w
y -DO

V-DD ~ A DD

-T V T

and

W T-OD (pV%D
bT-DD ~ A 1y

Each of these methods depends upon two of the measurements and 

not the third. Therefore, if one of the methods od calculating G is 

superior to the other two methods, then it can be supposed that the 

two measurements involved in that calculation of G are accurate and 

the inaccuracy involved in calculating the other two G's is due to the 

third instrument.

The total mass flux is calculated by adding the mass flow rates 

of the two phases and dividing by the pipe area. The total 

steam-water mass flux can also be obtained from Appendix 2 by dividing 

the mass flow rate by the area.
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The average density calculation is described in Section 4.2.3.

The beam length averaged density is used in these calculations since 

it is negligibly different from the vertical beam span average.

The tabular values of the mass fluxes are given in Table 2 of 

each series. Comparisons of each of these mass fluxes to the 

reference mass flux is given in Figures 2 to 4 of each series. The 

numbers plotted on these figures and all others are the last two 

digits of the Test ID,

4.2.2 Superficial Velocity or Volumetric Flux. The total 

volumetric flux is calculated by adding the volumetric flow rates of 

each phase together and dividing by the pipe area. This is equivalent 

to adding the superficial velocities of both phases.

Two velocities are measured by the LOFT advanced instruments.

The first is measured directly by the turbine (Vy). This is the 

only measurement which can be compared directly to a reference 

measurement. The second velocity is calculated from a combination of 

the drag disk and gamma densitometer as

The tabular values of these velocities are with reference values 

in Table 3 for each series. Figures 5 and 6 compare these velocities 

to the reference volumetric flux.

4.2.3 Pipe Averaged Density and Void Fraction Calculations. The 

average density is calculated by weighted average of the densities 

calculated for each beam. The procedure recommended in the LI series 

consists of selecting between two different averages. If the density 

of the upper beam is less than the middle beam and if the middle beam 

is also less than the lower beam, then stratified flow is assumed.

The average to be used in this instance is based upon weighting the
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vertical component of the beam length passing through the pipe 

(vertical beam span averaging). The average for homogeneous flow 

regimes is recommended as a weighting of the length of each beam (beam 

length averaging). Both of the beam averages are included in 

Section 2.3 for each test section. Both of these averages are 

included in Table 4 of each series for all data points. Since these 

averages are very close, the beam length averaged density is used in 

all the following calculations of computed variables. The densities 

measured by gamma densitometer vs reference densities are shown in 

Figure 10.

The vapor fraction in the test section may be calculated from the 

densities measured by the gamma densitometer:

Pg - Pl

where pg and p-j are the saturated densities of the gas and 1 iquid 
respectively.

The thermodynamic vapor fraction (or vapor volumetric flow ratio, 

a flow quantity), oj, can be calculated by the equation

«T = y + V

vv
avV +
r 9

a^S + (l-Cj,)

where and V-j are the phase velocity of the gas and 1 iquid 

phase. The ratio of ^ and dj is a measure of the slip between 

phases. As the slip ratio increases, the thermodynamic vapor fraction 

decreases.

The vapor fraction can also be calculated from the radiotracer 

velocities measured for each phase and the superficial velocity of 

each phase. The vapor fraction calculated from the vapor phase is
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y

“Rg = 1 “ r1
y g

The vapor fraction calculated from the liquid phase is

i Vsl “R1 - 1 - V7-

Agreement between o^g and provides a measure of the 

accuracy of the radiotracer velocities and the reference flow, rates. 

If these two values agree, then the agreement between and c*y 

provides a measure of the accuracy of the gamma densitometer vapor 

fraction.

Table 4 of each test series presents the comparison between these 

vapor fractions. A comparison of the radiotracer vapor fractions are 

presented in Figure 7.

4.2.4 Phase Velocity Comparison. The velocity of each phase can 

be calculated from the superficial velocities and the gamma 

densitometer vapor fractions as

and

!s£
a

Y

V - —
Y1 1-0Y

A comparison of these velocites to the radiotracer velocities are 

presented in Table 5.
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The slip ratio is calculated for sets of velocities by the 

equations

4.2.5 Comparisons to Single Instruments. Three quantities were 

calculated to attempt to evaluate individual instruments. The turbine 

is evaluated directly by comparing it to the total superficial 

velocity shown in Figure 5.

A reference density can be calculated from reference values 

assuming equal phase velocities by the equation

Gref

The value of the length averaged gamma densitometer density is 

plotted versus p in Figure 10.W

Two different reference momentum fluxes can be calculated. The 

first is obtained using only reference measurements assuming that the 

velocities are equal.

The other momentum flux which can be calculated depends upon the

and

V

(»V2)h - (G)ref (Vsl ♦ Vsg)

densitometer measured void fraction (c^) by using the definition
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The drag disk value is evaluated by comparing the drag disc

2 2
outputs with (pV }j_j in Figure 11 and with pV^ in Figure 12. 

These values are presented in Table 8.

4.2.6 The Dependence of Measurement Error On Void Fraction. The
.................. 1 " ............ ~

interested measurement quantities, mass flux and velocity, is thought 

to be dependent on void fraction. The deviations of the measured mass 

flux and velocity plotted versus void fraction are shown in Figure 8 

and 9 respectively for the turbine and gamma densitometer.

4.3 Flow Regime Determination

The flow regime can be estimated from three different techniques;

(1) a standard flow regime map, (2) the LOFT three-beam gamma 

densitometer, and (3) the IRB impedance probe on the five-inch test 

section reported in Volume 1 and the Semiscale reference gamma 

densitometer on the three-inch test section.

4.3.1 Standard Flow Regime Map. The flow regime map used was 

taken from Govier and Axix (1972:523) and converted to metric units. 

This flow regime map requires knowledge of the superficial veolcities 

of each phase. The coordinates of each data point are plotted on a 

flow regime map in Figure la in each series and the flow regime 

indicated is listed in Table 6.

4.3.2 LOFT Three-Beam Ganma Densitometer Technique. The gamma 

densitometer used in these tests provided three beams, from which 

three chordal average densities were calculated. The beam

38
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orientations were as shown in Figure 2.9. The densitometer is 

designed to clamp onto a pipe of variable diameter and was used on all 

tests. The gamma source was of sufficient strength to preclude the 

need for any special piping sections to lower the shielding effects of 

the pipe. The chordal average densities obtained by the three-beam 

gamma densitometer can be processed by computer to obtain flow regime 

and pipe cross-sectioonal average density information.

The frequency response of the densitometer is 1imited only by 

count rate statistics. The densitometer, as used int hese tests, was 

capable of a minimum frequency response of 100 Hz. The accuracy of 

the densitometer is also a function of count rate statistics, as well 

as other factors. A 2a accuracy of +20 kg/m should be applied to 

the data obtained with the three-beam densitometer in these tests.

4.3.3 Impedance Probe Technique. The impedance probe data on 

the five-inch tests were obtained with the traversing impedance probe 

which was able to give experimental data as a function of vertical 

position over the whole pipe. At a given locatio in the pipe, the 

probe gives the vapor vo1ume fraction versus time. This allows the 

determination of an average vapor volume fraction at that location as 

well as an indication of the size of the bubbles, droplets, or slugs 

passing by a point. Combining the data at al1 vertical positions 

yields a good idea of the flow structure details as well as the 

average void fraction over the pipe. The details of how this method 

is employed are described in Sectin 13 of Volume I. The flow regime 

map obtained from this technique as well as the definition of the flow 

regimes are also described in Section 13 of Volume I. Figure lb in 

each data section presents the data on the revised flow regime map.

4.3.4 Reference Gamma Densitometer Technique. The reference 

densitometer is characterized by a fixed source, a smal1 exposed 

detector area, and a traversing mechanism to move the detector in an 

arc about the source point (as shown in Figure 2.10) to obtain data at 

many chordal positions over the flow field. The detector was a
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liquid-nitrogen-cooled silicon semiconductor having excellent photon 

energy resolution. The use of a low-energy characteristic X-ray 

emitting source (Cadmium-109) was facilitated by incorporation of a 

beryllium ring between a pair of flanges in the pipe spool piece. The 

22 keV X-rays provided near optimum densitometer sensitivity in the 

66.7-mm doa.eter flow area of the piping spool piece. The beryllium 

pressure containing ring permits use of such low-energy photons 

because the ring attenuates than even less than does the contained 

liquid. This arrangement also provides improved capabi1ity to 

distinguish between flow regimes by means of the shape of traverse 

count rate and chordal average density data.

Chordal average density values are calculated from detected X-ray 

count rates using

where

pc(o) = chordal average two-phase mixture density at 
detector position &

X-ray count rate at e for all-liquid condition in 

Pipe

X-ray count rate at e for all-vapor pipe condition

I (&) X-ray count rate at & for two-phase condition

Pf density of 1iquid giving count rates

p g density of vapor giving Ig count rates.
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4.3.5 Water Level Estimation. The assumption can be made that 

there is a collapsed water level to estimate whether single phase or 

two phase is flowing through the DTT. The location of the water level 

can be determined by knowing the vapor fraction c^. The value of 

«Y can be determined as

_ vapor area 
“y “ total area

LTR L0-00-80-113

or

= 1 — (6- sin 0)

The height of the water level with respect to the bottom of the 

pipe is

H . f [1-cos (f)]

The percent of the DTT height covered by the 1iquid can be 

calculated by

P3 “ ^81 cmC x 100 percent 

These values are included in Table 6.
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5. CALIBRATION

The data in this report were taken with Modular DTT S/N Exp-M-1 

and Plenum DTT S/N 087703. The specified limits of these instruments 

are T from 0.46 to 9.15 m/s and DD from 373 to 5215 kg/ms^. The 

calibration of the instruments in these devices in single phase flow 

are reported in this section. There were four series of calibrations 

perfomred. These are:

(1) An all cold water calibration of the MOTT.

(2) An all cold water calibration of the plenum DTT at 15 bars.

(3) An all hot water calibration at 40 bars using the MDTT.

(4) An all hot water calibration at 40 bars using the plenum DTT.

These data are tabulated in Appendix 3. Turbine data are plotted 

in Figure 5.1 and the drag disk data are plotted in Figure 5.2. 

Continuous lines were drawn visually through the test points for each 

of the series. The coefficients which were used to obtain turbine 

velocities and drag disk momentum fluxes from voltage outputs were 

given in Section 4.1.2. These equations are shown as dashed 1ines in 

Figure 5.1 and 5.2, respectively.

Reference instrumentation at GfK supplied by INEL consisted of 

pressure, temperature, differential pressure and density instruments. 

Table 5.1 summaries the uncertainties associated with this 

instrumentation. Calibrations for the pressure, temperature, and 

differential pressure intrumentation were conducted at INEL facilities 

prior to shipment to the GfK test facility. The gamma densitometers 

were calibrated prior to each day of testing. The calibration of the 

densitometer consisted of setting the gain and zero offset of each 

beam such that a predetermined calibration equation was correct. The 

reference conditions for the densitometer calibration were obtained by
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filling the test section with steam and then water. Shim calibrations 

were not used. No calibrations of other reference instrumentation 

were conducted at the KfK facility.

’34

Radiotracer velocities were also obtained.
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TABLE 5.1 KFK 2 7c 4

INEL REFERENCE INSTRUMENTATION AT GfK TWO-PHASE TESTS

Instrument Type Serial Number Uncertainty*

Pressure

CEC 1000 2611
2613

CEC 2500 2353 +0.156 RD RSS 11 psi

Differential Pressure

2734

BLH 50“ 42694 . +0.16% RD RSS 0.07 psid

BLH 20“

Temperature

39192

Type K TC

Density

none +4.2% RD

3-beam none +23.9 kg/m^ single beam

Gamma Densitometer +78.0 kg/m^ pipe averagi 
density

Scanning Gamma
Densitometer

none about 1%

♦Uncertainty is 2a limits from LOFT Experimental Measurements
Uncertainty analysis TREE-NUREG-1080

RD - Reading
RSS - Root Sum Square
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6. THREE INCH STEAM-WATER 15 BAR 

MODULAR DTT
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Table 6.1

PRIMARY ENGINEERING UNIT DATA

FLUID; STEAM - MATER
PIPE SIZE88 3 INCH SCHEDULE 160
NOMINAL PRESSURE88 15 BARS

INSIDE DIAMETER88 0.66665 
TURB. DIB.- 8.0381 M 
PIPE AREA8 0.0634889 M*2

PHASE II “ MODULAR DTT

RUN
ID PRESS. TEMP. 
TSN <BRRS) (DEG C>

FLOW RATES
• STEAM WATER

SUP-VEL MASS SUP-VEL MASS
TURB.
VEL

DRAG DISK 
< KG/<M/S) (KG/S) (M/S) <KG/S) (M/S) M*St£) Mt3)

GAMMA DENSITOMETER 
A BEAM B BEAM C BEAM 
UPPER MIDDLE LOWER 
(KG/ (KG/ (KG/ 

Mt3) MS3)

'i: (AH
DENS
(KG/
MtT>

RADIOTRACER 
VELOCITIES STEAM WATER 
(M/S) (M/S>

(AT GAMMA DENS)

cni

7059
7060
7061
7062
7063 
7864
7065
7066
7067
7068
7069 
7076 
7677
7078
7079
7080 
7981 
7082 
7683 
7088 
7689
7090
7091
7092
7093
7094 
7895

15.2 
15.6 
16
15
16 
14 
15.0 
16. 1 
15.2 
15.4 
12.8
17.
17.
16.
15.
16.4
14.3
15.5
16.3 
15.9
17.6 
17.2
17.
14.
19.
17.
17.

195.6 
198.5
199.3
197.8
291.4
194.2
200.4
198.9 
196.0
196.0 
188. 4
283.2 
£03.2
201.4
201.1
198.9
194.9 
198. 2
261.4
198.5
204.7
202.9
205.7
194.9
206.8 
201,8 
204.8

2.02 0.053 1.563 4.729 1.62 £659 ■ 667 725 842 4561.91 0.652 1.562 4.717 2. 19 3619 436 532 728 4140.96 0.629 1.568 4.725 1.61 2675 617 .717 8002.69 0.675 1.539 4.642 3.31 3233 262 381 515 T 13£.83 0.080 1.534 4.624 £.70 3365 310 429 562 3578.85 0.228 1.221 3.711 7.66 3472 _ 257 357 2941.91 0.053 1.889 3.284 1.45 1630 403 534 702 4J /6.28 0.007 1.113 3.355 1.09 1205 736 822 8031.35 0,038 1. 121 3.388 1.59 1753 391 524 685 4 M2.62 0.071 1.111 3.329 2.44 1832 218 363 517 c-1 48.74 0.200 0.924 2.823 7.83 2205 73 228 394 1 !-, i-t0.63 0.020 1.342 4.018 1648 672 724 823- to 6 1
1.37 0.044 1.330 3.982 2177 470 531 715 4-72.24 0.068 1.317 3.956- 2168 •856 • 422- "587 34 73.56 0. 101 1.256 3.786 2264 235 315 476 ■j 4 '_s
9.81 0.284 i O '7 w:;

X « il.. i ‘.„l 3.839 3840 162 242 40115.75 0.392 1.213 3.6 B 9 7501 120 189 2470. 104 0. 747 2.254 620 170 i' to 4 4 fc0.43 0.012 0.782 2.354 250 745 806 3371.49 0.041 0.637 1.92:! 309 382 457 684 ; -
0.26 0.008 0.666 1.994 259 673 738 853 ‘1.04 0.032 0.663 1,990 499 431 502 724 .jZ3.94 0. 120 0.718 O -|C. H ! Ob 213 287 442 2_:‘9.24 0.241 0.750 2.274 1939 137 217 34 3 i / ;•8.92 0.031 0.680 0.834 . 279 359 i;:- -3 57i o •::*i. a il„ 0.038 0.840 2.519 915 412 485 674 4 L; S0.29 0.01 0 0.837 2.506 567 800 851 o 87 ;
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Table 6.2

MASS FLOW RATE COMPARISONS

PHASE II - MODULAR DTT 
3 INCH 15 BAR

RUN GDOT GDOT • GDOT GDOT
ID REF G-T G-DD T-DD
TSN <::KG/Mt2*S> <KG/Mt2*S> (KG.-"fit 2 *8) (KG/Mt2*8)

7059 1370.633 1194.953 1399.186 1638.324
7060 1366.906 1204.843 1412.002 1654.778
7061 1362.607 1134.078 1373.110 1662.523
7062 1352.002 1243.296 1102.486 977.623
7063 1348.276 1144.714 1193.763 1244.913
7064 1126.716 453.501
7865 956.462 773.053 932.533 1124.914
7066 963.628 856.438 974.825 1109.576
7067 981.971 827.468 955.442 1103.218
7068 974.519 864.009 805.428 750.828
7069 866.462 1526.941 655.577 281.465
7076 1157.385 1098.425
7077 1153. '^45 1102.988
7078 1153.372 980.257
7079 1114.105 864.363
7080 1181.748 992.529
7081 1169.710 1163.277
7082 675.858 420.181
7083 678.151 445.412
7088 562.355 389.644
7089 573.828 439.752
7090 579.552 517.674
7091 651.208 487.500
7092 720.858 657.418
7093 247.929
7894 732.896 683.087
7095 721.144 684.417
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Table 6.3

TOTAL VELOCITY COMPARISONS

PHASE II - MODULAR DTT 
3 INCH 15 BAR

RUN
ID . VSL+V8G
TSN (M/S)

7059 3.585
7860 3.474
7061 2.523
7062 4.232
7863 4.367
7864 10.072
7065 2.997
7866 1.395
7067 2.468
7068 3.726
7869 9.664
7076 1.967
7077 2.702
7078 3.561
7079 4.815
7088 11.088
7081 16.963
7082 4.513
7883 1.216
7088 2. 128
7089 0.938
7090 1.702
7091 4.655
7092 9.991
7093 , 1.597
7094 2.063
7895 1.124

TURB. VEL.
VEL DD~G

(M/S) (M/S)

1.623 1„906
2.187 2.563
1.609 1.948
3.307 2.932
2.703 2.819
7.656
1.449 1.748
1.086 1.236
1.589 1.835
2.440 2.275
7.834 3.363

1.500 
1.974 
2.212 
2.619 
3.869 
6.448 
1.477 
0.562 
0.793 
0.590 
8.965 
1.612 
2.949

1.340
0.828
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Table 6.4

VOID FRACTION COMPARISONS

PHASE II ~ MODULAR DTT 
3 INCH 15 BAR

It E H SITIE S < K G / M13 > V fi P 0 R F R fl C T10 N S
RUN
ID VERT RVG LEN RVG SCAN RLPHfl ALPHA ALPHA RADIOTRACER
TSN GAM MR GAMMA

7059 733.30 736.26
7860 545.95 550.91
7061 701.72 704.83
7062 371.66 375.96
7063 419.22 423.58
7064
7065 528.42 533.51
7066 787.41 783.62
7067 515.75 520.75
7068 349.02 354. 10
7069 198.99 194.91
7076 729.55 732. 12
707? 554.66 558.83
7078 439.30 443.22
7079 325.90 330.00
TO 80 252.48 256.54
7081 178.24 180.40
7082 279.88 284,58
7083 791.68 793.25
7088 486.52 491.65
7989 742.72 745.78
7098 531.64 536.62
7091 298.50 302.40
7092 219.40 222.90
7093 371.89 376. 10
7094 565.44 509.90
7095 825.90 826.30

DENS GAMMA SCAN 
(LEN) DENS

455.61 0.16 0.48
413.53 0.37 0.53

, 0. 19
412,71 0. 57 0.53
357.11 0.52 0.59
204. 18 0.7?
447.17 0.39 0.49

0.09
498. 15 0.41 0.43
313.55 0.6 0 0.65
185.91 0.78 0. 79
661.31 0. 15 0.23
446.62 0.35 0.49
347.21 0.49 0. 60
269.19 0.63 0.70

0.71
0.80
0.68
0.08

311.82 0.44 0.65
707.47 0. 14 0. 18
409.42 0.3 8 0.53
236.97 0.66 0.73
181.66 0.75 0.80
505.28 0.57 0.41
426.44 0.41 0.51
808.23 0.04 0.0 6

I HER riO VAPOR FRACTION 
STERM NRTER

0.56 
0.'55 
0.38 
0.64 
0.65 
0.88 
9.64 
0.20 
0.55 
0.70 
0. 98 
0.32 
0.51 
0.6 3 
0.74 
8.89 
9.93 
0.83 
0.36 
0.70 
0.28 
0.61 
0.85 
0.92 
0.57 ‘
0.59
0.26



U R L0'00-80-113

KFK 27£4

Table 6.5

PHASE VELOCITY COMPARISONS

PHASE II - MODULAR DTT 
3 INCH 13 BAR

RUN V GAS V GAS V LIQ. V LIQ. SLIP
ID G DENS RADIO G DENS RADIO G DENS
TSN <M/S> <IVS> (M.--S) ai/s>

7059 12.986 1.851 7.015
7060 5. 177 2. 477 2.090
7061 5.058 1.933 ,2.617
7062 4.707 3.597 1.309
7063 5.488 3.171 1.731
7064
7065 4.879 1.788 2.728
7066 3. 101 1.224 2.533
7067 3.322 1.885 1.762
7068 4.372 2.765 1.581
7069 11.142 4.286 2.599
7076 4. 142 1.580 2.621
7077 3.872 2.068 1.888
7078 4.564 2.591 1.761
7079 5.698 3.353 1.697
7080 13.813 4.403 3. 137
7081 19.682 6.072 3.242
7082 5.548 2.325 2.386
7083 5.115 0.855 5.986
7088 3.409 1. 132 3.011
7089 1.953 0.770 2.537
7090 2.722 1.072 2.539
7091 6.005 2.085 2,881
7092 12.307 3.011 4.083
7093 1.619 1.568 1.038
7094 2.963 1.430 2.071
7095 6.954 0.873 7.966

SLIP
RADIO
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Table 6.6

FLOW REGIME COMPARISONS
ivFii kJB4

LTR LO-OO-80-113

RUN ID From Govier & Aziz 
TSN Flow Regime Map__

From Gamma Densitometer
Flow Interface 

Location (5Q*

From
Flow

Regime

Reference
Densitometer

Interface
Location(%)*

7059 Slug Flow 100.42
7060 Slug Flow 67.75
7061 Slug Flow . 94.92
7062 Slug Flow 41.21
7063 Slug Flow 47.32
7064 Slug Flow —

7065 Slug Flow 64.74
7066 Elongated Bubble 113.01
7067 Slug Flow 61 .72
7068 Slug Flow 36.44
7069 Slug Flow 10.34
7076 Slug Flow 101.84
7077 Slug Flow 70.74
7078 Slug Flow 51.26
7079 Slug Flow 32.14.
7080 Slug Flow 20.37
7081 Slug Flow 7.25
7082 Slug Flow 24.93
7083 Elongated Bubble 115.01
7088 Slug Flow 57.81
7089 Elongated Bubble 103.93
7090 Slug Flow 66.46
7091 Slug Flow 27.88
7092 Slug Flow 15.08
7093 Slug Flow 40.78
7094 Slug Flow 61.72
7095 Elongated Bubble 122.62

*Pipe Empty: 0.0 cm liquid level is -37.47%
Pipe Full: 6.665 cm liquid level is 137.47%
Bottom of DTT Housing: 1.4275 cm 1iquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%
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Table 6.7

ERROR CALCULATIONS

'

PHASE II -
3 INCH 15

MODULAR DTI
BAR

RUN GDQT-GDOT
.

ID ALPHA G-T REF VT- <VSL+VS
' T8N GAMMA (KG/Mt2*S> (M/S)

■ 7859 0. 16 -175.68 -1.96
7068 0.37 -162.06 -1.29
7061 0.19 -228.53 -0.91
7062 0.57 -108.71 -0.93
7863 0.52 -203.56 -1.66
7064 -2.42
7065 0.39 -183.41 -1.55
7066 0.09 -107.19 -0.31
7-067 0.41 -154.50 -0.88
7068 0.60 -110.51 -1.29
7069 0.78 660.48 -1.83

' 7076 0. 15
7077 0.35

■ 7078 0.49
. 7079 8.63

7080
7081

0.71
0.80

7082
7083 
7088

0.68
0.08
0.44

7089 0. 14
7090 0.38
7091 8.66
7092
7093

0.75
0.57

7894
7095

0.41
0.04
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Table 6.8

SINGLE INSTRUMENT CALCULATIONS

F'HfiSE II -• MODULfiR BIT 
3 INCH 15 BAR

RUN LEN RVG GDOT/<VSL+V8G) DRAG < G D 0 T > N < V S L+V S G > (SUM MV/
ID GAMMA REF DISK REF ALPHA)/AREA
TSN ::KG/M*3> <KG/Mt3> <KG/M#S*2> <KG/M*St2> <|<G/M*3"!"2>

7059 736.26 382.32 2659 4913.72 2785.26
7060 558.91 393.47 3619 4748.63 3426,13
7061 704.83 540.07 2675 3437.86 2659.45
7062 375.96 319.47 3233 5721.67 4886.96
7063 423.58 308.74 3365 5887.92 4328.16
7064 111.87 3472 11348.29
7065 533.51 319.14 1630 2866.52 1757.76
7066 788.62 690.77 1205 1344.26 1183.43
7067 520.75 397.88 1753 2423.51 1866.94
7068 354. 10 261.55 1832 3631.06 2727,22
7069 194.91 89.66 2205 8373.49 4185.88
7076 732. 12 588.40 1648 2276.58 1844.82
7077 558.83 427.07 2177 3117.96 2399.97
7078 443.22 323.89 2168 4187, 16 3027.15
7879 330.00 231.38 2264 5364.41 3803.53
7080 256.54 106.58 3840 13103.22 5970.53
7881 180.40 68.96 7501 19841.78 8631,98
7082 284.58 149.76 620 3050.15 1667.48
7083 793.25 557.69 250 824,63 593.93
7088 491.65 264.26 309 1196.69 663.60
7089 745.78 617.01 259 533.65 444.68
7090 536.62 340.51 499 986.40 636.72
7091 302.40 139.89 786 3031.37 1492.88
7892 222.98 72. 15 1939 7202.09 2813.52
7093 376.10 155.25 395.94 389.2?
7894 509.90 355.26 915 1511.96 1065.28
7895 826.38 641.59 567 810.57 647.12
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\

Table 7.1

PRIMARY ENGINEERING UNIT DATA

-4 FLUID: STEAM - WATER INSIDE DIAMETER- 0.06665 ML, PIPE SI2E= 3 INCH SCHEDULE 160 TURB. 0.0381 MNOMINAL PRESSURE* 40 BARS . PIPE AREA* 0.0034889 Mt2
PHASE II - MODULAR: DTT GAMMA DENSITOMETER RADIOTRACER

FLOW RATES DRAG A BEAM B BEAM C BEAM ‘S'-AH VELOCITIES
RUN STEAM WATER TURB. DISK UPPER MIDDLE LOWER DENS STEAM WATER
ID PRESS. TEMP. SUP-VEL MASS SUP-VEL MASS VEL (KG/ (KG/’ (KG/ (KG/ (KG/ (M'-S) (M/S)
TSN (BARS) (DEC C) (M/S) (KG/S) (M/S) (KG/S) (M/S) M*S+2) M+3> MTS) M't‘3) M + 3 > (AT GAMMA DENS)
7835 42.3 253.5 2.05 0. 152 0.059 3.457 2.68 2236 336 401 603 289
7036 42.7 254.9 1.92 0. 146 1.317 3.667 2.49 2545 369 , 436 652 339
7837 42.1 253.5 1.28 0.096 1.390 3.756 1.95 2248 486 525 758 406
7038 42.0 253.5 0.03 0.002 1.390 3.878 1.46 1819 697 712 ' 894 658
7039 42.0 253.5 1.57 0. 117 1.310 3.633 2.34 2237 376 464 623 ....

7040 42.3 253.5 2.99 0.222 1.260 3.498 3.87 2311 £57 371 494

9

dash indicates error in data 
blank indicates no data
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FK 
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RUN
ID
TSN

7035
7036
7037
7038
7039 
7048
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KFK 2784

Table 7.2

HASS FLOW RATE COMPARISONS

PHASE II - MODULAR BIT 
3 INCH 40 BAR

GDOT
REF

:kg/m*2*

GDOT
G-T

<KG/Mt2*S>

GDOT
G-DD

<KG/Mt2*S)

GDOT
T-DD

<KG/M*2*S>

1834.423 1158.222 
1092.895 1171.778 
1104.073 1116.749 
1112.098 1105.042 
1074.837 1115.248 
1066.239 1410.307

982.841 
1094.157 
1134.932 
1171.751 
1031.668 
917.820

834.817 
1021.678 
1153.412 
1242.486 
954.352 
597.312
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Table 7.3

TOTAL VELOCITY COMPARISONS

PHASE II - MODULAR DTT 
3 INCH 40 BAR

RUN TURB. VEL.
ID VSL+VSG VEL DD-G
TSN <M/S) (M/S) (M/S)

7835 2. 109 2.681 2.275
7036 3.237 2.491 2.326
7037 2.670 1.949 1,981
7038 1.417 1.464 1.552
7039 2.880 2. 344 2. 168
7040 4.250 3.869 2.518
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Table 7.4

VOID FRACTION COMPARISONS

PHASE II - MODULAR DTT
3 INCH 40 BAR

DENSITIES (KG--•'MTS) VAPOR FRACTIONS
RUN
ID VERT AVG LEN AVG; SCAN ALPHA ALPHA ALPHA RADIOTRACER
TSN GAMMA GAMMA DENS GAMMA SCAN THERMO VAPOR FRACTION

7035 427.46 432.01 289.05

(LEN)

0.47

DENS

0.65 0.97

STEAM WATER

7036 465.59 470.40 338.82 0.41 0.59 0.59
7037 568.36 572.99 400.27 0.28 0.51 0.48
7038 751.47 754.81 658.35 0.05 0. 17 0.02
7039 471.60 475.79 0.41 0.55
7040 360.48 364.51 0.55 0.70
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Table 7.5

PHASE VELOCITY COMPARISONS

PHASE II - MODULAR DTT 
3 INCH 40 BAR

RUN V GAS V GAS-
ID G DENS RADIO
TSN (M/S) (M/S)

7035 4.408
7036 4.632
7037 4.544
7038 8.597
7039 3.845
7040 5.408

V LIQ. V LIQ. SLIP
G DENS RADIO G DENS

(M/S) (M/S)

0.110 39.978
2.249 2.059
1.935 2. 343
1.456 0.410
2.214 1» 736
2.818 1.919

# ’i

SLIP
RADIO
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Table 7.6

FLOW REGIME COMPARISONS

LTR L0-O0-80-113

:,F:

From Gamma Dens itometer 
RUN ID From Govier & Aziz Flow Interface
_JS_N Flow Regime Map Regime Location(%)*

Reference
From_____Dens i tome ter
Flow Interface

Regime tocation(%)*

7035 Wave Flow
7036 Slug Flow
7037
7038 Slug FIow
7039 Slug Flow
7040 Slug Flow

53.44
62.15
81.58

120.61
62.15
42.95

*Pipe Empty: 0.0 cm 1iquid level is -37.47%
Pipe Full: 6.665 cm 1iquid level is 137.47%
Bottom of DTT Housing: 1.4275 cm liquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%
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Table 7.7

ERROR CALCULATIONS

'PHRSE II - MODULAR BIT 
3 INCH .40 BAR

RUN GBOT-GBOT
in ALPHA G-T REF VT-< VSL + V3G>
TSN GAMMA (KG/M't'2*S) (M/S)

7035 8.47 123.80 0.57
7036 0.41 78.88 -0.75
7037 0.28 12.68 -0.72
7038 0.05 -7.06 0.05
7039 0.41 40.41 -0.54
7040 0.55 344.07 -0.38
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Figure 7.8 Error in Gamma Densitometer - Turbine Mass Flow Calculation
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K

Table 7.8

SINGLE INSTRUMENT CALCULATIONS

PHASE II - MODULAR DTT 
3 INCH 40 BAR

RUN LEN AVC GDOT/CVSL+VSG) DRAG 
ID GAMMA REF DISK
TSN (KG/MTS) <KG/MT3> <KG--'M*St2>

7035
7036
7037 
703S
7039
7040

432.01
479.40
572.99
754.81
475.79
364.51

490.48
337.63
413.51
784.83
373.21
250.88

2236 
2545 
2248 
1819
2237 
2311

(GDOT) o '■ VSL+VSG) 
REF

<KG/M*St2>

2181.68 
3537.70 
2947.87 
1575.84 
3895.53 
4531.51

(SUM MV/ 
ALPHA)/AREA 

(KG/M*Sf£>

301.70 
2557.76 
2207.99 
1618.57 
2434.56 
3170. 12
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8. THREE INCH STEAM-WATER 15 BARS

PLENUM DTT



Table 8.1

y

PRIMARY ENGINEERING UNIT DATA

FLUID'. STEAM - WATER INSIDE DIAMETER® 0.0S665 M
PIPE SIZE® 3 INCH SCHEDULE 160 TURB, DIA.= 6.0381 M
NOMINAL PRESSURE* 15 BARS PIPE AREA® 9.0034889 Nt2

PHASE II - PLENUM DTT GAMMA DENSITOMETER RADIOTRACER
FLOW RATES DRAG A BEAM B BEAM C BEAM SCAN VELOCITIES

RUN STEAM WATER TURB. DISK UPPER MIDDLE LOWER DENS STEAM WATER
ID PRESS. TEMP. SUP-VEL, MASS SUP-VEL. MASS VEL (KG/ (KG/ (KG/ (KG/ (KG/ (M/S) (M/S >
TSH <BARS) <DEG C) <M/S> <KG/S> <M/S> <KG/S> <M/S> M*St2> M+3) Mt3> MT3> M't'3 > (AT GAMMA DENS)
7102 18.3 207.5 2.13 0.067 1.580 4.721 2.43 2593 377 452 774 4147103 16.9 202.5 0.52 0.014 1.599 4.807 1.62 2048 752 884 941. 766
7164 17.5 202.9 1.51 0.048 1.584 4.746 2. 16 2441 460 543 872 _ 476
7105 16.4 199.3 3.24 0.091 1.565 4.713 3.08 3166 309 383 665 ....

7106 17.7 202.5 8.72 0.274 1.361 4.072 7.19 4117 161
«

247. 525 234

dash indicates error in data 
blank indicates no data

■"O 
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Figure 8.1a Govier and Aziz Flow Regime Map
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A
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Table 8.2

MASS FLOW RATE COMPARISONS

PHRSE II - PLENUM DTI
3 INCH 15 BAR

GBOT GDOT
REF G-T

<KG/Mt2*S) <KG/nt2*S)

1372.352 1241.526
1331.811 1333.395
1374.072 1299.640
1376.938 1333.226
1245.665 2093.682

GDOT GDOT
G-DD T-DD

<KG/Mf2*S> .<KG/Mt2*S>

1151.951 1068.838.
1297.935 1263.418
1211.624 1129.570
1169.904 1026.589
1094.744 572.442
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Table 8.3

TOTAL VELOCITY COMPARISONS

PHASE II - RLEHUM DTT 
3 INCH 15 BAR

RUN TURB. VEL.
ID VSL+VSG VEL DD-G
TSH (H/S) (M/S) (M/S)

7102 3.712 2.426 2.251
7103 2. 121 1.621 1.578
7104 3.097 2. 161 2.815
7105 4.802 3.084 2.786
7106 18.032 7.192 3.761
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Table 8.4

VOID FRACTION COMPARISONS

PHASE II - PLENUM DTT 
3 INCH 15 BAR

DENSITIES (KG/MT3)
RUN
ID VERT RVG LEN AVG SCAN 
TSN GAMMA GAMMA DENS

VAPOR FRACTIONS

ALPHA ALPHA ALPHA RADIOTRACER 
GAMMA SCAN THERMO VAPOR FRACTION 
(LEN) DENS STEAM HATER

7102 585.01 511.76 414.01 0.41 0.52 0.57
7183 819.36 822.58 766.03 0.05 0. 11 0.25
7184 594.41 601.41 476.37 0. 30 0.45 0.49
7105 426.25 432.30 0.51 8.67
7106 284.92 291.10 233.73 0.67 0.74 0.87

8-6
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Table 8.5

PHASE VELOCITY COMPARISONS

PHASE II - PLENUM DTT 
3 INCH 15 BAR

RUN V GAS V GAS V LIQ. V LIQ. SLIP
ID G DENS RADIO G DENS RADIO G DENS
TSH <t1/S> <M/S> (M/S) (M/S)

7102 5.225 2.669 1.958
7103 10.834 1.680 €. 449
7104 4.964 2.279 2.178
7105 6.404 3. 164 2.024
7106 13.044 4. 186 3. 177

SLIP
RADIO

o
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RUN ID from Govier & Aziz 
TSN flow Regime Map

7102 Slug Flow
7103 Slug Flow
7104 Slug Flow
7105 Slug Flow
7106 Slug Flow

Table 8.6

FLOW REGIME COMPARISONS

From Gamma Densitometer
Flow .... Interface

Regime Location(%)*

61.72
120.61 
- 78.70 

49.07 
26.19

LTR LO-00-80-113

KFK 2784

Reference
From Densitometer
Flow Interface

Regime Location(%)*

*Pipe Empty: 0.0 cm liquid level is -31 A7%
Pipe Full: 6.665 cm liquid level is 137.47%
Bottom of DTT Housing: 1.4275 cm 1iquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%
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Figure 8.2 Mass Fluxes Calculated from Gamma Densitometer and
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RUN
ID
TSH

7182
7103
7104
7105
7106

LTR 10-00-80-113
KFK 2784

*

Table 8.7 

ERROR CALCULATIONS

PHftSE II - PLENUM DTT 
3 INCH 15 BAR

GDOT-GDOT 
ALPHA G-T REF VT-<VSL+VSG) 
GAMMA (KG/Mt2*S) <M/.S)

0.41 -130.83 -1.29 
0.05 -48.42 -0.50 
0.30 -74.43 -0.94 
0.51 -43.71 -1.72 
0.67 847.94 -2.89
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Figure 8.9 Error in Trubine velocity
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RUN
ID
T8N

7102
7103
7104
7105
7106

S-i R LO-QO-80-113

Table 8.8

SINGLE INSTRUMENT CALCULATIONS

PHRSE II - PLENUM HIT 
3 INCH 15 BAR

LEN flVG GDOT/<VSL+VSG) DRAG (GDOT)X(VSL+VSG) (SUM MV/
GAMMA REF DISK REF ALPHA)/AREA

(KG/Mt3) (KG/Mt3) <KG/M*St2> (KG/M+St2) <KG/M *81" 2)

511.76 369.71 2593 5094. 17 3711.88
822.58 '651.49 2848 2938.82 2359.31
601.41 443.68 2441 4255.50 3167.(9
432,30 286,74 3166 6612,06 4442,87
291.10 123.55 4117 12558.79 5816,59
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9. THREE INCH STEAM-WATER 40 BAR 

PLENUM DTT



Table 9.1

*

PRIMARY ENGINEERING UNIT DATA

FLUID: STEAM *- WATER INSIDE DIAMETER* 0.06665 M
PIPE SIZE* 3 INCH SCHEDULE 160 TURB. DIR.= 0.0381 M
NOMINAL PRESSURE* 40 BARS- PIPE AREA* 0.0034uyy MtU

PHASE II - PLENUM DTT

RUN
FLOW

STEAM
RATES

WATER TURB.
DRAG
DISK

GAMMA 
A BEAM 
UPPER

DENSITOMETER
B BEAM C BEAM 
MIDDLE LOWER

SCAM
DENS

RADIOTRACER 
VELOCITIES 
STEAM WATER

ID PRESS.. TEMP. SUP-VEL. MASS SUP-VEL MASS VEL (KG/ (KG/ (KG/ (KG/ (KG/ (M/S) • (M/S)
TSN (BARS) <BEG e> (M/S > <KG/S> <M/S> <KG-S> (M/S) M*St2) Mt3> M-T3) Mt3> MT3> (AT GAMMA DENS)
7119 40.5 246.0 0.50 0.058 1.579 4.406 2.21 £322 476 549 737 527
7120 41.6 248. 1 0.38 0.028 1.649 4.582 2.05 8380 533 616 731 tr•J ! O

— 7121 40.9 248.8 1.39 0. 102 1.634 4.546 3,88 2877 ‘*0 i»i'» i 422 598 393
7122 38.9 242.7 2.34 8. 159 1.569 4.393 . 4 8 2970 £93 382 567 .349
7123 37.3 241.3 £.32 8. 151 1.043 2.932 5.32 3349 204 302 515 .-i ”7

& i (

7128 42.6 248.5 1.93 0. 145 1.060 2.938 5. 18 1152 292 369 549 • 323
7129 38.9 244.2 3.76 9. 257 1.026 2.872 4.37 1717 236 303 374 236
7138 35.2 237.3 4.87 0.299 1.932 2.920 5.81 2082 203 277 337 O v Cf c. o.

7131 44.4 249.9 1.27 0.098 1.154 3. 185 ? O'""1 1146 349 . 441 591- ••».-ic-oo

7132 41.9 247.8 0.64 0.846 1.090 3.027 0 56 923 461 ' 568 707 4 93

7133 44.0 251.3 0.25 0.030 1.094 3.808 1.41 1015 528 641 741 6 0 £
7134 46.8 252.8 0. 13 0.012 1.093 2.994 1.3? 97? 566 682 755 637
7135 43.3 250.3 0. 10 0.021 0.770 2.116 0.96 £73 585 706 776 679
7136 41.0 £44.9 0.24 0.01? 8. 762 2. 120 0,98 385 551 • 664 761 hi (j

7137 38.3 244.2 8.75 0.050 0.831 2.329 1.02 366 492 618 •••:• i~- •)f :J 1 54 '::i
7138 37.9 242.0 1.27 0.084

dash indicates error in data 
blank indicates no data

9.37? 2.461 1.49 1074 362 496 637 42 7
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Figure 9.1a Govier and Aziz Flow Regime Map
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Table 9.2

MASS FLOW RATE COMPARISONS

LfR 10-00-80-213 

KFK 2784

PHASE II - PLENUM BIT 
3 INCH 40 BAR

RUN GDOT GDOT ' GDOT GDOT
ID REF G-T G-DD T-DD
TSN <KG/Mt2*8> < KG/hit 2 *8 > (KG/M't2*S) <KG/Mt2*8)

7119 1277.767 1265.143 1154.241 1053,061
7120 1321.333 1266.363 1212.821 1161.542
7121 1332.225 1340.796 1119.845 935.386
7122 1304.789 1393.352 1090.954 854.185
7123 883.660 1726.943 1042.949 629,866
7128 883.660 2028.733 670.610 222,222
7129 896.844 1455.066 716.025 352.350
7138 922.648 1553.698 731.753 344.638
7131 940.984 1826.228 717.416 501.532
7132 880.793 888.852 724.382 590.345
7133 870.762 887.001 798.788 719.348
7134 861.590. 907.472 804.036 712.391
7135 612.514 653.925 431.850 285.192
7136- 612.514 637.649 445.379 311.084
7137 681.877 617.960 471.096 359.136
7138 729.456 724.595 723.426 722.260
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Table 9.3

TOTAL VELOCITY COMPARISONS

PHASE 11 - PLENUM DTT 
3 INCH 40 BAR

RUN TURB. VEL.
ID V8L+VSG VEL DB-G
TSN < M/S) (M/S) (M/S)

7119 2.031 2.205 2.012
7128 2.029 2.049 1.962
7121 3.026 3.076 2.569
7122 3.906 3.477 2.722
7123 3.362 5.317 3.211
7128 2.991 5. 184 1.718
7129 4.783 4.873 2.398
7130 5.904 5.809 2.736
7131 2.420 2.285 1.597
7132 1.726 1.564 1.275

• 7133 1.346 1.411 1.271
7134 1.227 1.372 1.216
7135 0.869 0.958 0.632
7136 1.001 0.980 0.684
7137 1.579 1.018 0.776
7138 2.150 1.487 1.485
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VOID FRACTION COMPARISONS

PHASE II - PLENUM DTT 
3 INCH 40 BAR

LTR L0-O0-80-1I3 

!v£K_22M

DENSITIES (KG ■■■'lit 3 > VAPOR FRACTIONS
RUN
ID VERT AVG LEH AVG SCAN ALPHA ALPHA ALPHA RADIOTRACER 
TSN GAMMA GAMMA DENS GAMMA SCAN THERMO VAPOR FRACTION

<LEN> DENS STEAM WATER

7119 569.33 573.76 527.18 0.28 0.34 0.2 4
7120 614.68 618.04 577.89 0.22 0.28 0. 19
7121 431.29 435.89 392.88 0.46 0.52 0.46
7122 396.98 480.73 348.87 8.51 0.58 0.60
7123 319.52 324.88 277.46 0.61 0.67 0.69
7128 386.02 398.38 322.75 0.52 0.61 0.65
7129 296.25 298.68 236.25 0.64 0.72 0.79
7130 265.19 267.46 228.64 8.68 0.73 0.83
7131 444.99 449.12 384.48 0.44 0.52 0.5 2
7132 564. 14 568.32 497.57 0.29 0.38 0.37
7133 625.82 628.63 686.33 0.21 0.23 8. 19
7134 658.22 661.42 686.97 8. 16 0. 12 0. 11
7135 679.62 682.88 679.84 0.14 0. 14 0.11
7136 647.22 650.79 647.91 0. 18 0.19 0.2 4
7137 602.64 607.03 549.11 0. 25 0.32 0.47
7138 482.62 487.29 426.78 0.40 0.48 0.59
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Tablt 9.5

PHASE VELOCITY COMPARISONS

PHASE II - PLENUM DTT 
3 INCH 40 BAR

RUN V GAS V GAS V LIQ. V L10. SLIP SLIP
ID G DENS RADIO G DENS RADIO G DENS RADIO
TSN CM/S) CM/S) CM/S)• CM/S) .

7119 1.769 2.204 0.8 0 3
7120 1.696 2. 125 0.798
7121 3.015 3.035 0.993
7122 4.588 3. 198 1.435
7123 3.812 2.663 1.431
7128 3.721 2.204 1.689
7129 5.863 2.857 2.052
7130 7. 135 3.254 2. 192
7131 2.876 2.061 1.395
7132 2.208 1.531 1.442
7133 1.227 1.377 0.891
7134 0.855 1.296 8.660
7135 8.729 0.891 0.818
7136 1,308 0.932 1.403
7137 3.053 1. 101 2.773
7138 3. 186 1.461 2. 181
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Table 9.6

FLOW REGIME COMPARISONS

LTR L0-00-80-113

ru-K 2784

RUN ID From Govier & Aziz 
TSN FIow Regime Map

From Gamma Densitometer 
Flow Interface

Regime Location(%)*

Reference
From Densitometer
Flow Interface

Regime Location(%)*

7119 Slug Flow 81.58
7120 Elongated Bubble 90.34
7121 Slug Flow 55.19
7122 Slug FIow 49.07
7123 Slug Flow 34.72
7128 Slug Flow 47.32
7129 Slug Flow 30.43
7130 Slug Flow 24.93
7131 Slug Flow 57.81
7132 Slug Flow 79.94
7133 Elongated Bubble 91.89
7134 Elongated Bubble 100.06
7135 — 103.24
7136 Elongated Bubble 96.79
7137 Slug Flow 85.22
7138 Slug Flow 63.02

*Pipe Empty: 0.0 cm liquid level is -37.47%
Pipe Full: 6.665 cm 1iquid level is 137.47%
Bottom of DTT Housing: 1.4275 cm liquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%
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Figure 9.2 Mass Fluxes Calculated from Gamma Densitometer and
Turbine Measurements at Different Reference Values
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Figure 9.4 Mass Fluxes Calculated from Turbine and Drag
Measurements at Different Reference Values
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Table 9.7

ERROR CALCULATIONS

PHASE II - PLENUM DTI 
3 INCH 40 BAR

RUN GDOT-G'DOT
ID ALPHA . G-T REF VT-CVSL+VSG)
TSN GAMMA (KG/Mt2*S) CM/S)

7119 0.28 -12.62 0. 12
7120 0.22 -54.97 0.02
7121 0.46 8.57 0.05
7122 0.51 88.64 -8.43
7123 0.61 843.28 1.96
7128 0.52 T140.07 2. 19
7129 0.64 558.22 0.09
7130 0.68 631.06 -0. 1 0
7131 0.44 85.24 -0. 14
7132 0.29 8.06 -0. 16
7133 0.21 16,24 0.07
7134 0. 16 45.88 0. 15
7135 0. 14 41.41 0.09
7136 0. 18 25. 13 -0,02
7137 0.25 -63.92 -0.56
7138 0.40 -4.86 -8 . 66

— ___



(k
g/

m
 s)

• • •

GAMMA DENSITOMETER VOID FRACTION «r

Figure 9.8 Error in Gamma Densitometer- Turbine Mass. Flow Calculation

LTR LO
-00-80-113

K
FK 

2784



91
-6

>E

o>
to>■

+
(/)

GAMMA DENSITOMETER VOID FRACTION a

Figure 9.9 Error in Turbine Velocity

■ ■___________ ____ ______ '______ _________________ __________________________



tTR L0-O0-80-113

’K 27»'i-

Table 9.8

SINGLE INSTRUMENT CALCULATIONS

PHASE II ~ PLENUM DTT 
3 INCH 4@ BAR

RIJN LEN AVG GD0T/<VSL+VSG> DRAG <GDOT)K<VSL+VSG)
ID GAMMA REF
TSN <KG/M*3> <KG/Mt3>

7119 573.76 614.02
7120 618.04 651.22
7121 435.89 440.26
7122 400.73 334.03
7123 324.80 262.84
7128 390.38 295.44
7.129 298.60 18.7.51
7138 267.46 156.27
7131 449.12 388.84
7132 568.32 510.31
7133 628.63 646.93
7134 661.42 702. 19
7135 682.88 704.85
7136 650.79 611.98
7137 607.03 • 431.84
7138 487.29 339.28

DISK REF
<KG/M*St2> <KG/M*St2>

2322 2659.03
2380 2688.99
2877 4031.31
2970 5096.19
3349 2970.86
1152 2643.03
1717 4289.61
2082 5447.27
1146 2277.18
923 1528.25

1015 1172.05
977 1057.17
273 532.27
385 613.13
366 1076.68

1874 1568.33

(SUM MV/ 
ALPHA)/AREA 

<KG/M*Sf2>

2809.51
2804.64
4043.17 
4235.97 
2403.38
2010.18 
2783.10
3335.47 
1962.77 
1357.50
1197.47 
1115. 10
544.80
572.94
778.51

1107.05
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IRB - Test-Equipment l»TR L0*00"80*l 13
Pre-evalution of the velocity-measurement with Radiotracer IK f ix 
(Results of a manual evalution)

II
m

j-i

iil
! >. ■ J

"d
::r
:1

$

M

i

Test-number time
(LIT) (MEZ)

steamvelocity
(m/s)

1iquidveLocity 
(m/s)

date

157 10.56 10,2 3,2 ,f
1 58 11.37 4,8 1,4 ■

158 b 11.40 5,1 1,4 |
159 12.00 5,2 1,35
160 12.22 10,0 2,3
161 13.01 10,0 2,5
162 1 3.54 1,2 1,15
163 14.22 1,1 0,6 t"{■-164 14.48 1,4 2,0 i

r—

165 15.16 10,0 10,0
166 15.32 7,3 only steam
167 15.49 3,8 M !1
168 16.30 5,2 .. It

169 16.58 5,3 li IS

170 17.17 1,0 1,2
171 17.38 1,1 1,9
17 2 17.56 1,2 0,67
173 18.14 not evaluated

174 11.59 11,8 10,8
175 12.49 5,8 4,1 :

176 13.23 1,7 2,1
177 13.26 2,0 1,1
178 1 3.38 1,6 1,2
179 14.06 6,8 2,5
180 14.31 10,5 4,8

r

181 15.34 2,1 2,5 r*
182 15.55 2,3 2,5 i—

i—

183 16.31 8,0 5,5 c
»-—

184 16.55 4,4 3,2
185 . 17.14 6,0 4,7
186 17.33 8,7 7,0

,

187 17.44 10,4 8,5
.188 18.10 6,9 4,5
189 18. 22 A2-13 evaluated

V



LTR 10-00-80-113IRB - Test-Equipment ^ _ „
iTK

Pre-evalutxon of the velocity-measurement with Radiotracer
(Results of

Test-number
(LIT)

a manual evalution)

time steamvelocity
(MEZ) (m/s)

liquidvelocity
(m/s)

da t e

190 11.04 8,7 6,0 /\
191 11.24 3,0 3,0
192 12.11 1,6 1,2
193 12.32 2,1 2,2
194 12.59 6,0 3,3
195 13.15 4,6 3,8 f"-
196 13.59 6,0 4,5 r-t

rH

197 15.00 7,6 6,0 m
198 15.49 5,2 3,8
199 16.10 3,1 2,9
200 a 16.59 7,4 5,4
200 b 16.59 7,3 5,8 > i

201 17.31 not evaluated

202-210 no manual evalution because of an 18 .11.77
experimental cross-rcorrelation

211-215 not evaluated 2 .12.77

216 12.49 10,3 9,5 A
217 13.14 6,5 5,0 r-r-218 14.09 3,4 2,9 «fN
219 14.45 1,7 2,3 rH

220 15.56 1,2 1,2 |
221 16.24 not evaluated V

\ ■ -
r

A2-14

%



LTR LO-OO-80-17.3
Pro-evalut ion of I ho veloeity-measurament with Radiotracer 
(Results of a manual evalution)

I un Ttm( ■ l.sju 1 [murnl

Test-number
(LIT)

time
(MEZ)

steamvelocity
(m/s)

liquidvelocity
(m/s)

da t e

222 14.07 2,5
223 14.59 1,6
224 15.17 M

0 1,7a
225 15.43 fOu 5,1
226 16.03 4Jl 3,6 I"-r-•
227 16.23 < 2,4 CNj

rH0228 17.18 c 1,1 ro
rH

229 17.35 1,1
230 18.04 0,54
2 31 18.27 1,7 y
232 11.38 1,5 1,1 V
233 12.11 1,4 1,1
234 12.37 40,0 33,0
235 13.02 4,8 3,0
236 13.23 12,9 3,8
237 13.43 4,0 4,0
238 14.10 not evaluated 31,0
239 14. 31 2,9 3,2
240 15.09 2,7 2,7 r
241 15.27 1,9 1,4 CN
242 16.02 7,0 1,6 «

in
243 16.19 2,0 2,0 rH

244 16.40 1,6 2,2-
245 16.54 36,0 28,0
246 17.29 28,3 only steam
247 17.44 56,0 IS It

248 18.07 not evaluated



L7R LO-00-80-1131KB - Teat-Equipment

Pre-evalution of the velocity-measurement with Radiotraceitr tv 27B4

(Results of a manual evalution)

Test-number time steamvelocity liquidvelocity date

(LIT) (MEZ) (m/s) (m/s)

250 13.50 12,8 / V

251 14.20 6,9
252 , 14.45 4,2 u<u
253 15.03 3,01 010

r^
r-'

254 15.25 ' 1,2 u■U1
04
rH

255 15.53 2,8 01
256 16.22 11,9 oc
257 16.45 6,2
258 17.13 4,0
259 17.51 2,4
260 18.05 not evaluated \/
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INSTRUMENT CALIBRATION DATA



TABLE A3-1 CALIBRATION DATA

L:R L0-00-80-113

1.

2.

Turbine Turbine Momentum PD
Calibration Run Veloeity Output F1 ux? D'ut put

I. D. I.D. (to/s) {volts) (Vi/iim ) I. vol ts !

All cold water 7000 0.0 0.0355

MDTT 7001 1.0 0.7255 1000.0 0.8162

7002 2.0 1.378 4000.0 2.329

7003 3.0 1.879 9000.0 4.199

7004 4.0 2.746

7005 5.0 3.469

7006 6.0 4.244

7007 7.0 4.941

7008 8.0 5.720

7011 8.0 5.662

7012 7.0 4.978

7013 6.4 4.558

7014 5.5 3.896

7015 4.56 3.191

7016 3.43 2.385

7017 2.54 1.732

7018 6450.0 3.387

7019 1.63 1.122 2657.0 1.488

7020 0.0 0.101

All cold water 7107 1.59 1.278 2181.0 0.308

Plenum DTT 7108 1.00 0.841 874.0 -0.108

7109 0.48 0.408 197.0 -0.392

7110 0.23 0.122 47.0 0.602

A3-1

V
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LTR L0-C0-80-H3

K f K 2/84
TABLE A3-1 CALIBRATION DATA

Calibration
I.D.

Run
I.D.

Turbine
Velocity
(to/s)

Turbine 
Output 
(volts)

Momentum
F1ux2 

(kg/ms^)

DD
Output 
(volts)

All hot water 7026 227.0 0.3122

MDTT 7027 0.53 0.2868

7028 1.21 0.7456 1192.0 0.7939

7029 0.70 0.4283 398.9 0.4524

7030 0.92 0.5686 689.0 0.5921

7031 1.04 0.6607 880.4 0.6995

7032 1.30 0.8307 1376.0 0.9260

7033 0.71 0.4540 410.3 0.4952

7034 0.56 0.2572 255.3 0.3598

All hot water 7114 1.66 1.203 2186.0 0.271

Plenum DTT 7115 1.42 1.033 1602.0 0.118

7116 1.18 0.856 1108.0 -0.046

7117 0.93 0.671 683.0 -0.197

7118 0.59 0.409 281.0 -0.359
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EGAS STRIP CHART RECORDINGS (VOLTAGES)
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The following table lists the voltage outputs from the turbine, drag 

disk, and the 3 beams of the LOFT gamma densitometer. The voltages 

reported are on a range of 0 to 10 volts, as determined by calibra­

tions .

Errors in some voltages reported here have been corrected in the data 

reported in the data chapters.

f A



LTR L0-C0 B0*11 3

Input Voltages

Turbine Drag Disk A Beam B Beam C Beam

7000 .0355 .2315 6.655 5.918 7.002
7001 .7255 .8162 6.018 5.534 6.988
7002 t.370 2.329 5.947 5.515 6.974
7003 i,879 4.199 5.901 5.516 6.975
70O4 2.746 5.935 5.904 5.513 6.989
7065 3.469 5.948 5.898 5.512 6.989
7006 4 244 5; 954 5.901 5.523 7.024
7007 4 941 5.959 5.909 5.527 7.035
7008 5 72 5.964 5.93 5.513 7.O06
7009 5814 5 969 5.916 5.53 7.031
7010 6 277 5.975 5.894 5.513 7.03
7011 5.662 5.976 5.91 5.523 7.045
7012 4.978 5 969 5.913 5.514 7.034
7013 4.55R 5.972 5.926 5.511 7.03
7014 3.896 5.9? 5.891 5.503 7.041
7015 3.191 5.971 5.895 5.499 7.032
~iU6 2.385 5.956 5.899 5.495 7.037
7017 1.732 3.387 5.95 5.506 7.053
7018 1.727 3.354 -.0324 . 0558 -.004
7019 1.122 1.488 5.931 5.493 7.059
7020 .1013 .288 6.514 5.806 7.117
7021 .Hi? -.1341 6.574 -.0341 —, 06c.i
7022 .0218 -.2337 6.587 6.13 7.41?
7023 .0478 -.2481 6.486 6.055 7.351
7024 .0502 .094? 6.435 6.024 7.346
7025 ,1297 . 1732 6.536 6.126 7.424
7026 .1359 .209 6.338 6.112 7.413
AJ27 .2868 .3122 6.371 6.131 7.412
7028 ,7456 . 7939 6.579 6.142 7.423
7029 .4283 .4524 6.628 6.183 7.484
7039 .5686 .5921 6.591 6.149 7.44

A5-2



Input VoUages

-a

UR LG-00-80413
I\f K 27£4

T urbine Drag Disk A Beam B Beam C Beam

«

7031 . 6607 . 6995 6.561 6.142 ? 443
7032 .3307 .926 6.604 6.155 7.43?
7033 454 4952 6.624 6.163 7 444
7034 . J f . 3598 6.645 6.204 7.49
703S 1 . 873 1.401 8.662 7.955 8.1 79
7033 1 . 738 i 536 8.53 7.787 8.043
7037 1 . 353 1 . 406 8 091 7.384 '*7 “7 8r-'~1 . r Kj
70 3S 1 . 008 1.218 7.348 6.601 7.401
7030 1 . 633 1.401 8.504 7.66 8. 184
704U '?> . 7 i 8 1 . 433 8.979 8.097 8 492
704 1 . 5263 .6133 7.047 6.268 ? 636
7042 1 . 885 .4815 9.991 9.98 Si .371
7043 ,0547 1.105 6.691 6.328 7 .•*.0.0
7044 “ . 3516 . 9037 6.704 6.328 7 351
7045 . 0765 7847 6.656 6.325 7 586
7040 . 0812 .5591 6.533 6.261 7 421
7047 .0871 .467 6.593 6.275 7.376
7040 . 0809 .4135 6.614 6.281 7.332
7040 .0961 .3499 6.512 6.216 7.359
7050 . 0993 . 4396 6.584 6.26 7.381.
7051 . 1057 .55 6.548 6.257 7.41?
7052 . 1069 .6977 6.612 6.27 7.357
7053 1079 .9417 6.612 6.294 7.395
7054 .1141 1.051 6.626 6.294 7 398
7055 . 1171 .3601 8.983 8.411 8.379
7U30 . 9339 . 1981 1.315 1.329 1.255
705 7 3 . 144 .7671 10. 10.05 9.95
7053 . 9 707 I .42 6.397 6.082 7.411
7053 1 . 121 1.586 7.088 6 584 7.479



Z'- r

LTR LO-OO-80-313

Input Voltages

1urbine Drag Disk A Beam B learn C Beam

ro60 i . 522 2.086 8.003 7.389 7.781
7061 i .in 1.593 7.279 6.617 ? . 589
T067 2 .318 1.837 8.772 9.081 8 . es8
T'(i63 1 . 689 1 694 8.552 7.855 8.244
7064 5 409 1.941 __ 8.701 8.856
7065 . 9977 1.136 8. 147 7.379 7.852
7066 7398 9498 6.835 6.219 7.568
t lJt- 7 1 . 09? 1 189 8. 193 7.425 7 9
7068 1 . 792 1 224 8.977 8.1? 6.378
7067 erO . 536 1 33? 9.69 8,852 9.02
7070 . 1187 .5012 10.38 9.804 10.08
7071 . 1163 . 3763 6.671 6.178 7.546
7073 . 0539 . 397 9.987 10. 10.O2
7074 . 0607 1.265 6.474 6.106 7.279
7073 .0719 1.428 8. 187 7.66 7.879
7076 .0799 1 . 143 7.082 6.551 7.353
707? . 2068 1.375 7.864 7.337 7.661
7078 .0921 1.371 8.341 7.825 8.043
7078 . 0885 1.413 8.886 8.335 8.391
7080 . 0927 2.102 9.228 8.702 8.634
7081 1 .206 3.704 9.433 8.981 9.154
7082 . 1076 . 694 9.19 8.53 8.486
7'08 3 . 1065 . 532 6.816 6.24 7.313
?t6>4 . 1 103 .2516 10. 9 944 10.09
7080 .1133 . 2335 -.0054 -.0061 .015
7086 . 0165 1.374 9.94 9.932 9.958
7087 .0315 l . 236 6.462 6.11? 7.402
7088 . 078O .5577 0.223 7.708 7.889
7- 7.0 .0864 - .5361 7.066 6. M3 7.434

A5-4



Input Voltages

LTR 10-00-80-113

KFii £7c4

7090
7091
7092
7093
7094
7095 
7090
7097
7098
7099
7100
7101
7102
7103 
71 04
7105
7106
7107
7108
7109 
71 10 
71 1 1
7112
7113
7114
7115 
71 16 
71 17 
7118 
71 19

Turbine A Beam B beam C Bo.im

3.846 .6411 8.015 7.5€*8 7 779
. 109 . 7664 8.985 8.514 8 ls?i
. 1082 1.271 9.348 8.868 0,098
.1167 .363 8.677 8.162 8.339
.1182 .8229 8.096 7.585 7.91?
. 1234 . 6706 6.61 6.124 7.512
. 1265 2.2.18 9.898 8 0^8 10.25
. 1197 6625 6.384 5 996 7.493
. 073S 1.972 10. 10. 10.06
. 0784 1.967 10. 10. 18 03

2.186 >*.417 9.945 9.951 9 989
1.247 .3779 6.424 6.092 7 418
2.011 .5312 8.241 7 73c* 7 946
1.333 . 3063 6.786 6! 314 7.493
1.788 .4687 7.895 7.344 7.68
2.566 . 7678 8.535 8.056 8.253
6.026 1 . 16 9.216 8.713 8.676
1.278 .3087 6.484 6.096 7.368

. 8417 -.1082 6.274 5.898 7.213
. 4088 -.3924 6.189 5.816 7.184
.1221 -.6027 6. 199 5.828 7.188
. 1226 -.4322 6.203 5.842 7.203

6.155 1081 9.94? 9.938 10.01
1.853 -.4892 9.951 9,876 9.5*82
1.203 .2715 6.562 6.175 7.375
1.033 .1189 6.685 6.178 7.369

. 0565 -.0466 6.627 6.191 7.367

. 6718 -.1973 6.643 12.57 12.96

. 4098 -.3592 6.648 6.261 7.45
1.613 3406 7.832 7.249 7.635

A5-5



Input Voltages

Turbine Drag Disk A Beam B Beam

7120 1.497 .3596 7.597 6.9687121 2.259 .5253 8.475 7.8227122 2.558 .5563 8.631 8.0057123 3.924 .6826 9.85 8.3977124 1.261 *•.4732 10.09 9.7347125 .8512 “.@821 6.673 6.2987126 1.962 -.4716 9.91 9 9277127 1.121 . 1944 6.35 6.6917128 3.824 -.0491 8.689 8.1347129 3.594 . 1389 8.881 8 467138 4.289 .2338 9.838 8 5947131 1.672 -.0510 8.348 7.7977132 1.137 -.1254 7.849 7.2317133 1.023 -.0946 7.567 6.9277134 .9952 . -.1974 7.412 6.7617135 .687 -.342 7.338 6 66571-36 .7035 -.3315 7.475 6.8327137 .7324 -.3112 7.718 7.8537138 1.00 -.0751 8.287 7,547

LTR L0-O0-80-I13
KTk .;"'4

C Beam

8. @56 
8.151 
8.318
9.814 
7.527 

10. 16 
7.547 
8.387 
8.901 
9.012 
8.267 
7.947 
7.858 
7.821 
7.763 
7.884 
7.83 
8.14
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