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ABSTRACT

A steady water loop with well controllea flow and thermodynamic condi-
tions was designed, built, and made operational for the measurement of the
net vapor genera:ion rates under nonequilibrium conditons. The test section
consists of a converging-diverging nozzle with 49 pressure taps and obser-
vatinn window at the exit, Pressure disrributions and photographic obser-
vations were recorded under various flashing conditions. The effect of the
various parameters such as inlet pressure, inlet temperature, mass flux, and
back pressure on the pressure distributions and flashing regimes was investi-
gated and is reported here. For flashing under high back pressures, a sharp
increase in pressure (condensation shock) was observed in the diverging
section., For lower back pressures, although the pressure distributions i
the converging section were identical to the single phase calibration data,

a constant pressure region was observed all along the diverging section of
the nozzle. With y-densitometry, the chordal averaged void fraction profiles
were also measured along the centerline axis of the test section under
various flashing conditions and are reported herein.

The measured pressure distributions were combined with the centerline
axial void fraction profiles to calculate the volumetric vapor generation

rates under nonequilibrium conditions.



TABLE OF CONTENTS

ABS TRACT . - - - - - . - - . - - - . - - - - - . - 1
LIST OF FIGURES , . Tt ol P Tm e e Tl S B % L e & S iv

LIST nF TABLES . - . . . . . L . . - . - - - - - . - viii

)IOMENCLATURP: . - - - - - - - - - - - - - - - - - - i‘
-~
i 1. INTRODUCTION « « o o o + s &« o o s o s 2 = o o« .= 1 :
] 2 . RRVI m OF LITERATURE - . - - . - - . - . - - - - - 2
i 3. EXPERIMENTAL TEChAIQUES .« « =+ & o 5 « o« o o &« & & » 4
j 3.1 Flow Loop « « « « « o 2 o s & & & &« & »
’}.2 TeBt Section . . - - - . - . . - - . - - -
] 3.3 Loop Operation Conditions and Instrumentation . . . . 10
| 4. DATA ACOUISITION .+ « & + =+ + o + « o o s o & « » 13
4,1 CGCeneral Data Acquisition System . .+ =« « « =« =« o« 13
4.2 Static Pressure Measurement Set-Up . . . .+ - + =« & 14
4,3 y=Densitometer for Void Fraction Measurements > w s 17
5. RESULTS AND DISCUSSION ¢« & B % & w ® & & ® &_& ¥ = 22
| 5.1 Single Phase Calibration . . .+ +« « =« « « o & 22
‘ 5.2 Pressure Distributions Under Flashing Conditions . . . 28
5.2.1 Reproducibility Studies. . . +« . .+ =« . 35
]
‘ 5.2.2 Operational Effects (Dffect of Back Pressure) 35
‘ 5.2,3 Parametric Effects . .« « « + + o+ « 39
5.2.4 Flashing Urstream of the Throat . . . . . 52
‘ 5.3 Veoid Fraction Measurements Under Flashing Conditons . . 57 )
5 5.3.1 Flashing Close to the Throat . . . . .« = 57
| 5.3.2 Flasi..ng Upstream of the Throat . . . . . 68 .
5.4 Calculations of Net Vapor Generation Rates Under Flashing
Conditions . . - . . . - - . - - - - - - . 71
6. SUMMARY AND CONCLUSIONS . + « s & s s s & o s s s @ 78
7. ACENOWLEDGEMENTS:. +« &+ o &« s & & o » s s & & s » 80
-ii-
L7¢C N
f ,'u" wd ‘L;Z4

e A T L T T L -

B e e e



LTRSS e B R R N R NN R R NSRS, P —— P— e —— N PR mm——

TABLE OF CONTENTS (Con.'d)

8 - REFERENCES - . . . - . - . - . - . - - . - . . . bz

NOTES To THE APPKNDICES - . . - . . . . - . . - . . 86

Appendix A. Single Phase Calibration Data . . . « =+ =+ =« =« 86

. Appendix B, Pressure Distribution Data Under Fiashing 12
Conditions and Some Photographic Observations. . .
Appendix C. Pressure and Void Fraction Distributions
Under Flashing Conditions . . - +« =+ + « « = 156

wii g~

T T IR




Figure
.3

5.6

5.7

LIST OF FIGURES

Schematic of BNL Heat Transfer Facility
{BNL Neg. No, 1-1246-79).

Inside Dimensions of TS-2 (BNL Neg. No. 10-243-780)

Deviation From Design of TS-2 Inside Dimensions
{BNL Neg. No, 10~244-78).

Schematic Representation of y=Densitometer
(BNL Neg. No, 3-1016-79°

Calibration of the Test Section doth Empty (Air)
and Full of Water as a Function of Axial Distance
(BNL Neg. No., 3-1018-79)

Calibration of the Test Section Both Empty (Air)
ad Full of Water as a Function of Radial Distance
at a Fixed Axial Position (BNL Neg. No. 3-1020-79)

Typical Pressure Distributions Along TS-2 for the
Single~Phase Flow Hvdrodynamic Calibration Runs
(BNL Neg, No, 3-1017-79)

Dinensionless Pressure Distrfoution for TS-2. Data
is Averaged for all the Hydrodynamic Calibration Runs
Performed (BNL Neg. No., 3-1022-79)

Typical Representation of an Isothermal Flashing
Experimert in the p-T Diagram (BNL Neg. No. 3-1027-79)

Pressure Distributions Under Flashing and Nonflashing
Conditions in TS5-2 (BNL Neg. No. 3-1019-79)

Dimensionless Pressure Dis-:ibutions in TS-2 Under
Flashing Conditions as Compared to Single-Phase Hydro-
dynamic Calibration Data (BNL Neg. No. 3-1021-79)

Comparison of Pressure Distribution in Two Experiments

to Show the Reproduciblity of the Results at Low Mass
Fluxes, G = 3.03 Mg/m°s (BNL Neg. No. 3-1029-79)
Comparison of Pressure Distributions in Two Fxperiments
to Show Reproducibility of the Results at High Mass Flux,
G = 4,45 Mg/mzs (BNL Neg. No, 3-1028-79)

-fiv~-



LIST OF

Figure
5.8

5.9

5.10

5:17

5.18

5.19

FIGURES (Cont'd)

Pressure Distributions Showing the Effe~t of Condensing
Tank Back Pressure for Identical Nozzle Inlet Conditions

Photographic Observations for the Experimental Conditions
Presented in Fig. (5.8). 1In these and all following photo-
sraphs, the diameter of both the front and rear windows is
50 mm, (BNL Neg. No. 1-919-79).

Effect of Mass Flux on Pressure Distributions for Identical
Nozzle Inlct Conditions Which are Close to the Onset of
Flashing in the Test Section (BNL Neg. No. 3-1032-79).

Photographic Observations for the Experimental Conditions
Presented in Fig. (5.10) (BNL Neg. No. 1-922-79).

Effect of Mass Flux on the Pressure Distributions in the
Test Taction (BNL Neg. Neo. 3-102 79)

Photographic Observations for th: Experimental Conditions
Presented in Fig. (5.12) (BNL Neg. No, 1-918-79).

Effect of Nozzle Inlet Temperature at Constant
(p1n - psat(Tin)) on the Pressure DistriLution in
the Test Section (BNL Neg. No. 3-1030-79).

Photographic Observations for Experimental Conditions
Presented in Fig, (5.14) (BNL Neg. No. 1-921-79).

Effect of Nozzle Inlet Temperature at Constant
(pin - psat(rin)) on the Pressure Distribution
in the Nozzle (BNL Neg. No. 3-1037-79).
Effect of Nozzle Inlet Temperature at Constant
(p{n - psat(Tin)) on the Pressure Distribution
in the Nozzle (BNL Neg. No. 3=1035-79).
Effect of Nozzle Inlet Temperature at Constant
(pm - psat(Tin)) on the Pressure Distribution
in the Nozzle (BNL Neg. No. 3-1034~73).

Photographic Observations for Exgerimental Conditions
Presented in Fig, (5.16) and (5.18' (BNL Neg. No. 1-920-79).

-y= 57 : L;? /




LIST OF

Figure
5.20

5.21

o b

5.23

5,24

5.26

327

L——qu——_—r—m.——_‘«-m_-—. e e e e

FIGURES (Coni'd)

Fffect of Nozzle Inlet Pressure on the Pressure
Distributions in the Test Section (BNL Neg. No.
3=1036-79)

Effect of Nozzle Tnlet Pressure on the Pressure
Distributions in the Test Section (BNL %eg. No.
3-1023-79)

Effect of Nozzle Tnlet Pressure on the Pressure
Distributions 1i:. the Test Lection (BNL Neg. No.
1-1025-79)

Pressure Distributions in the Test Section While
Plashineg Onset is Upstream of the Nozzle Throat
(BNL Neg. No. 3-1024-79)

*
Nondimeansional Pressure Distribution DP = DP/%pUi

in the Test Section While tne Flashing Onset is

Upstream of the Nozzle Throat (BNL Neg. lo. 3-1026-79)

Pressure and Axial Void Fracti-n Distributions in
the Test Section, Plot of the difference between
dimensionleis measured pressure drop and the non-
dimensional presc;u-e drop measured in the single

* %
phase calibratisn (DDP = me - DPC) as a function
axial distance (BMNL Neg. No, 3-1645-79).

Pressure and Axial Void Fraction Distributions in
Test Section, Plot of the Difference Between the
Dimensionless measured pressure drop and the non-
dimensional pressure drop measured in the single

B *
phase calibration (DDP = DPm - DPC) as a function
axial distance (BNL Neg. M 3-15644~769).

Pressure and Axial Void Fraction Distributions in
the Test Section. Plot of the difference between

dimensionless measured pressure drop and the non-
dimensional pressure drop measured in the single

% %
phase calibration (DDP = DPm - UPC) as a function
axial dist nce (BNL Neg. No. 3-1643-79).

-yi=-

the

of

the

of

the

of




LIST OF

Figure
5.28

5.29

5.30

5.31

5."2

5.33

T e ——— S ———— SRR NN S T ———

FIGURES (Cont'd)

Pressure and Axial Void Fraction Distributions in

the Test Section, Plot of the difference between the
dimensionless measured pressure 'rop and the non-
dimensional pressure drop measured in the single

* %
phase calibration (DDP = DPm - DPc) as a function of
axial distance (BNL Neg., No. 3-1642-79),

Pressure and Axial Void Fraction Distributions in
the Test Section, Plot of the difference between the
dimensionless measured pressure drop and the non-
dimensional pressure drop measured in the single

% 5
phase calibration (DDP = DPm - DPC) as a function of
axial distance (BNL Neg., No. 3-1110-79).

Pressure and Axial Void Fraction Distributions in

the Test Section., Plot of the difference between the
dimensionless measured pressure drop and the non=-
dimensional pressure drop measured in the single

I3 %
phase calibration (DDP = an - DPC) as a function of
axial distance (BN. Neg. No, 3-1111-79),

Pressure and Axial Void Fraction Distributions in
the Test Section. Plot of the difference between the
dimensionless measured pressure drop and the non-
dimensional pressure drop measured in the single

% *

phase calibration (DDP = DPm - DPC) as a function of

axial distance (BNI. Nez. No. 3-1112-79),

Pressure and Axial Void Traction Distributions ir _he

Test Section With Flashing Occurring Upstream of the Nozzle
Throa.., Plot of the Difference Between the Dimensionless

Measured Pressure Drop and the Nondimensional Pressure
Drop Measured in the Single Phase Calibration,

i *

(bDP = e - DPC) as a Function of Axial Distance.

(BNL. Neg. No. 3-1108-79).

Pressure and Axial Void Fraction Distributions in the

Test Section With Flashing Occurring Upstream of the Nozzle
Throat., Plot of the Difference Between the Dimensionless

Measured Pressure Drop and the Nondimensional Pressure
Drop Measured in the Single Phase Calibration,

* *

(DDP = DPm - DPC) as a Function of Axial Distance.c_“ .

(BNL Neg. No. 3-1109-79),. I
-vii-

(29




L e e e e — - —.j

LIST OF FIGURES (Cont'd)

Figure

5.34 Top: Measured Pressure (o) and Void Fraction (@) Disrribu-~ i
tions in the Converging Part of the Test Section in Runs |
82/821 and the Least Square Polynomial Fit to Data, |

Bottom: Calculated Net Vapor Generation Rate Based on the ;
Least Square Fit to the a and p Data. (BNL Neg. No, 3-1226-79). ¥

5.35 Top: Measured Pressure (o) and Void Fraction (@) Distri-
butions in the Converging Part of the Test Section in Runs
83/832 and the Least-Square Polynomial Fit to the Data,

Bottom: Calculated Net Vapor Ceneration Rate Based on the
Least-Square Fit to the a and p Data. (BNL Neg. No, 3-1225-79).

LIST OF TABLES

TABLE I Operational Range of the Facility

TABLE 11 Test Sect lon Instrumentation

TABLE TIT  Tvpical Pressure Drop Data

TABLE IV Calibration Data for the Test Section Both
Empty (Air), IF’ and Full of Water, IF
(Date 1-19-79)"

TARLE V Summary of Experimental Conditions

A. Hot and Cold Calibration »
B. Flashing Experiments |

TABLE VI Void Fraction Distribution Data .




B S S — A S— Ny SN~ —

*
bp
DPP

G

2¢

1
|

NOMENCLATURE

nozzle cross sectional area, and throat area,
respectively

distribution parameter
diameter
pressure differential between the test section inlet (tap 1)
and a specific tap location along the nozzle., (This difference
does not include any gravitational head effects,.)
= DPikpUi, dimensionless pressure differential
- *
= DP -~ DP
m c
mass flux

acceleration of gravity

number of counts for a specific period of time at a given
location while the test section is empty (full of air)

number of counts for a specific period of time at a given
location while the test section is full of water

number of counts for a specific period of time at a given
location under two-phase conditions

volumetric flux

axial length

pressure

radial coordinate

temperature

test section inlet velocity = G/Ainpin
velocity

drift velocity of vapor

quality

axial coordinate along the nozzle
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NOMENCLATURE (Cont'd)

o void fraction

r mase of vapor generated per unit time per unit vo lume
of mixture

p density
H y attenuation coefficient
o surface tension

Subscripts

none mixture

¢ single phase calibration

ct condensing tank (test section discharge)
f saturated liquid

8 saturated vapor

in test section inlet

2 liquid

m meaured

sat saturation

v varor

Sugeracrigt

* d mensionless
Symbol
< > rnrea averaged quancity
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1. TINTRODUCTION

Seversl experimental, as well as analytical investigations have lLeen
undertaken to date in order te calculate the discharge flow rates of two-
phase mixtures from pipes, nozzles, and orifices ac:urately, This problem
presents itself in the safety analysis of water cooled nuclear reactors and
also in the safe storage and handling of liquid cryogens in space appli-
cations.

During a hypothetical Loss=0f-Coolant Accident (LOCA) of a nuclear reac-
tor, the flow 1s expe:ted to be choked at the break, The discharge flow
rate affec s the heat transfer in the core, the depressurization rate of the
vontainment vessel, and it dictates the design requirements of the Emergency
Core Cooling System {(ECCS). Theoretical models have been proposed, and
large computer codes have been developed, to predict the critical low rates
and their dependence on .he upst ea. thermodynamic and flow conditions, as
well as the pipe size and component geometry. At present, there is no
general model or correlation for critical flows which considers both thermal
nonequilibrium and relative velocities between the phases and which is valid
for a wide range of pipe lengthe, diameters, and upstream conditions,
includiug subcooled liquid. A modeling effort in conjunction with
well-controlled experiments is currently being undertaken at Brookhaven
National Laboratory to investigate and measure the actual vapor generation
rates under nonequilibrium cond!tions. The purpose of this report is to
describe the test facility, including the venturi test section and loop
instrumentation, as sell as to present the experimental results and photo-

graphic observations acquired to date under nonequilibrium flashing condi-

. 1 0 ‘) ’
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2, REVIEW OF THE LITERATURE

Fxtensive analytical and experimental work has 'een reported on the
two-phase critical flows in the last three decades. Thorough reviews have
been presented by Hsu (1972) and Saha (1978)., The latter summarized the
various available critical flow models and emphasized the effects of thermal
nonequilibrium and relative velocities between the phases, which become
prominent under certain conditions. ¢ince the objective of the present
research was the determination of the vapor generation rates under ncnequi-
librium conditions, we will concentrate on pertinent experimental work in
the literature.

To study flashing flows and critical flow conditions, researchers have
used several kinds of test facilities., Some use an upstream vessel con-
taining a saturated or subcooled liquid, which expands and may vaporize in
the test section., Others have used systems where the two phases are gener-
ated separately and then mixed together before being introduced into the
test section, Ulen either system is operated as a once-through experiment,
the flow from the test section discharges into a downstream container whose
pressure can be adjusted independently of the upstream conditions. When
either system is operated as= a steady closed loop, the control of the
downstream pressure independently of the upstream conditions becomes more
difficult to achieve due to the hydrodynamic coupling ~€ the test section
with the loop. In this report, we will consider only experiments conducted
with subcooled or saturated inlet conditions. The various test sections
investigated to date can be classified as: first, long tubes and nozzles;

second, short tubes and short nozzles; and third, orifices,

P
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1 ug tubc:‘and nozzles can be characterized by L/D > 40 (Seynhaeve
1977). Such experiments were conducted by Tsbin, Moy, and DaCruz (1957),
James (1962), Fauske (1965), Reocreux and Sevnhaeve (1974), Ardron and
Ackerman (1978}, etc, Reocreux (1974) was the first researcher to provide
pressure measurements, as well as void fraction Jdietri* cions which allow
the direct calecnlation of the vapor generatisn rates, provided a specific
slip model is adopted. 1In all of the experimeni.s conducted with long straight
F pipes, the frictional effects are equally important as the vapor g neration
| rate to the choking condition, and thus the vapor generation effe ran not

be singled out easily.
! Short tubes and nozzles with 1 < L/D < 40 have been extensively invizti-
{ gated by Silver (1948), Zaloudek (1963), Fauske ana Henry (1971), and
! Schrock, St rkman and Brown (1977). Similar choked flow experiments were
! also reported by Simoneau (1975) and Hendrick, Simoneau, and Barrows (1976)
| with cryogenic liquids., Although the experiments in this group with a
I converging diverging nozzle can provide information on the flashing incep~
) tion, and choking conditions, no detailed void fraction measurements were
! performed to allow the determination of vapor generation rates in any of the
experiments in the literature,
{ Experiments with orifices were usually coaducted using orifices with
| L/D < 1 placed in a uniform cross section tube, and the jet has been investi-
a gated by several authors, More recently, Seynhaeve (1977) measured axial
and radial void fractions of the jet, in addition to the pressure distri-

butions.
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3. EXPERIMENTAL TECHNIQUES

3.1. Flow Loop

The main flow loop presented in Fig. (3.1) is constructed from “three
inch" nominal (7.5 cm) stainless steel pipe. High purity water is circu-
lated through the loop using a cencrifugal pump rated at 1500 2/min at a head .
| of 600 kFPa.
Starting from the pump, the fluid passes through a flow control station
where tne flow rate can be controlled from 3 to 950 2/min and measured with

an accuracy of 1/2 percent of full scale. Excess flow from the pump is

directed to secondary loops for coolirg, purification and simple Lypass flow
' routing, After the fiow rate i{s set and measured, the fluid passes through
the heater systom where up to 520 kW of heat can be added to the water, and
the outlet temperature can be regulated to :'O.BOC over the entire controlled
flow range.

Leaving the heater system, the fluid passes through the test section.
A pressurizer is connected to the main loop between the heat r system and
the test section and, when valved in, the pressurizer fixes the inlet
pressure to the test section, Alternately, the pressurizer may be isolated
from the loop and in this fashion, the pressure in the locp is controlled by

pump “low rate., Thus, two modes of operation are possible: the pressure

the test section, it enters a condensing tank where a cooling spray is
utilized to condense the vapor and to fix the tenk temperature. Since the

pressure in the tank is essentially the same as in the¢ (lesi section exit,

:
|
J
|
)
|
|
!
I
i
! controlled and the flow controlled modes, Once the fluid has passed through
|
|
I :
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the c. d~ ing tank and pressurizer can be used together to fix the pressure
drop across the test s~.tion,

The fluid travels, after leaving the condensing tank, tack to the pump,
and, depending on conditions, cooling witer can be added to this flow to
prevent cavitation in the pump. Cooling water is provided from excess pump
flow and 1s cooled by shell and tube heat exchangers tied to a 730 kW
conl.ng tower,

Purification of the vost fluid 1s accomplished during initial filling
of the test loop., The water is deoxidized, deionized and passed through
0.22 micron filters. In addition, about 40 2/min of excess pump flow is
passed through the purification station as a polishing procedure during flow

loop operation,

3.2, Test Seccion

The test section is made of stainless steel with a total length of
78.7 em, including a symmetrical converging/diverging portion of 55.9 em
length and inside diameters of 5.1 cw at the ends and 2.5 em at the throat,
The wall thickness varies only from 0,57 mm to 0.60 mm over the entire tube
length, "Intrimiks" were used to accurately map the interior dimension of
TS=2, The data taken have been reduced 2:d analyzed and are summarized in
Figs. (3.2) and (3.3). A reference datum was established as the flange face
o1 the inlet to the test section assembly, Figure (3.2) shows the mean
inside diameter plotted as a function of the axial distance from the ref-
erence datum. Each point is the mean of four measurements made at a parti-

cular axial distance with the "intrimik" rotated 90° in each case. The
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"error bars" show the maximum deviation from the mean encountered at each
point. The solid line plotted is the actual design dimensions for the test
section that were specified prior to construction. A point by point compari-
son of the design versus the measured dimensions is given in Fig. (3.3), and
shows that most of the measured dimensions deviate less than one-half a
percent from the design.

Th: test section design and construction was performed in three levels,
each with an increased complexity in instrumentation. In the first level,
49 wall pressure taps (0.4 mm in diameter) were installed on 1.27 cm center.
along the length of the venturi, in addition to a set of observation windows
located 30 cm downstream of the test section exit, which allowed photo-
graphic observations by flash photography. Taps 1, 2, and 3 are in the
constant area entrance of the converging section, while Taps 47, 48, and 49
are a. the exit of the diverging section., If we take Tap 1 as the origin of
the axial coordinate, as designed, Tap 25 is located 30,61 cm downstream,
However, as constructed, the throat determined from the actual diameter
measuremcnts reported above is located at 30.48 cm downstream of Tap 1.

This fact implies that Tap 25 is 0.13 cm downstream of the geometric throat,
An additional pressure tap, 50, is located at 159 cm upstream of the test
section inlet tap 1., The gauge pressure at Tap 50, with “=-—ect to the
atmospheric pressure, is constantly monitored at the control panel, and it
provides the needed information to calculate the absolute pressure at the
test section inlet within an accuracy of < 1 percent. The temperature is
monitored by means of two platinum resistance thermometers, one located near
pressure Tap 50 for the flow inlet conditions and one at the condensing tank

for the flow outlet conditions.
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In the second level, a s.agle channel (i{,e., single >eam) gamma densi-
| tometer which can be traversed virtually everywhere within the test section
\ was added for chordal averaged void f.action measurements, As the system
develops, the single beam densitometer will be replaced by two banks of five
beams each for more efficient data taking and creoss correlation. A statio-
nary hydrofoil-like probe containing ten pairs of local sensors is planned
to be the third level of construction, and it will allow the measurement of
local void fractions and phase velocities across a particular diameter.

! To date, pressure aistribution, as well as void fraction distribution
data have been taken, and the flashing regimes were recorded photographi-
cally by means of a flash and a still camera arrangement located downstream

of the test section outlet,

3.3, Loop Operation Conditions and Instrumentation

The operational range of the facility is summarized in Table I. The
inlet pressure and temperature can be varied from 100-1000 kPa and from room
f temperature to 150°¢ respectively, The inlet mass flux covers a range of

1.1-7.9 Mg!mzs. These operation limits cover an approximate Reynolds number

$ based on test section inlet conditions, The various loop

range of 105—10
instrumentation, including ranges and accuracies, are tabulated in Table II.
Pressure measurements are accomplished by means of Statham gauges, each

calibrated to an accuracy better than 0.1 percent of the reading. The

measurements are obtained by two Cox turbine flow meters, upstream of the

test section in the subcooled flow region,

?
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i temperatures are measured by thermocouples and RTD's, and the flow rate
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TABLE I

OPERATIONAL RANGE OF THE FACILITY

Test Section Inlet Pressure 100 - 1000 kPa
Test Section Inlet Temperature 20 - 150%¢
Mass Flux 1.1 - 7.9 Mg/mzs

Reynolds Number Based on 105 . 106
Inlet Conditions

Converging Test Section Inlet Conditions From
Subcooled To Low Oualities

-11- 575 047
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TABLE II

TEST SECTION INSTRUMENTATION

QUALITY MEASURED

TYPE OF SENSOR RANGE ACCURACY
Temperature Resistance Temp. Detector (RTD) -200 to 50¢°c 1.2z @ 200°
Differential Strain Gage Ap Transducer 4 to 500 kPa 1% of Reading
Pressure
é; Flow Rate Turbine Meter 3 to 950 ¢/min 0.5% Full Scale

Void Fraction

Gamma Densitometer
(Thulium/Cad-Telluride)

0 tol

5% Steady State
(Future 5% per
1 ms)

1

Y.

ol k!

N
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4, DATA ACOUISITION

4,1 General Data Acquisition System

The centralized Data Acquisition and Data Analysis System (DADAS) was
. designed as a real t;me digital data system with multiterminal multitasking

capability. The system was constructed around a Hewlett Packard 9640 system
consisting of a 21MX minficomputer with 112 kilowords of central memory, 7.5
megaword cartridge discs, 9 track magnetic tape transport and paper tape
1/0., Central control of the system is accomplished with a CRT terminal
while the 3 satellite stations employ silent 700 terminals. Tabular and
graphical presentat. n of data is achieved with a Varian electrostatic
printer/plotter capable of listing 600 LPM and plotting 1.6 ips. Interface
of the ADC systems is both direct, an interface per device, and via the
universal interface bus, IEFEE standard 488,

Three levels of ADC speed and resolution are incorporated within DADAS.

The slow speed, high resolution system employs an integrating digital

voltmeter with microvolt resolution and 300 channel guarded crossbar scan-

i s

ner, The through-put rate of this system i{s up to 18 measurements per
second with high common mode voltage rejection capability, The intermediate
speed system is a 15 bit (+ 10.24 volts) multiplexed ADC with a 50 kHz

through-put rate. The system employs a single programmable gain amplifier

high common mode voltage rejection capability and can be connected directly
to experiments. The high speed system is also a 15 bit (+ 10,24 volt)

1

] : and a signal conditioning amplifier and filter per channel., The system has
] multiplexed ADC with a 500 kHz through-put rate. The system has eight input
|

-13-
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channels with simultaneous sample and hold amplifiers. This system was
designed specifically for digitizing analog tapes.
i

4.2, Static Pressure Measurement Set-Up

Each of the 49 pressure taps on the test section can be connected to .
e¢ither of two manifolds, one a common high side the other a common low side,
via two hand operated toggle valves to the low or high pressure sides of a
nressure transducer bank. The differential pressure between two locations
along the test section can be measured by connecting the two taps to the low
and high sides of the pressure transducer. Six Statham pressure transducers
with the ranges of 17, 34, 69, 170, 340, and 690 kPa (2.5, 5, 10, 25, 50,
100 psi) were connected in parallel to the two pressure measuring manifolds
through two solenoid valves., A third solenoid valve in each transducer
allows the shortiag of the high and low pressure lines and thus provides a
means of measuring and monitoring the zero point stability of the transducer
preceding every Ap measurement, The solenoid valves are devigned for a 200
psi differential pressure and were tested prior to installation. Once the
two pressure taps were manually connected to the high and low pressure mani-
folds, the computer controlled procedure described below was initiated for
the recording of the data.

Fach measurement started with the pressure gauge shorted to record the
zero Ap output, The pressure differential between the two taps was then .
measured across the 690 kPa (100 psi) range transducer, Once the pressure
differential was calculated, the system automatically selected a pressure

transducer such that the DF to be measured would fall between 25 and 75

.y -
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percent of the full range of the particular transducer chosen. With the
chosen transducer, the computer first measured the gauge's zero output when
shorted, then took 20 consecutive DP readings, averaged them, and calculated
their standard deviation. The same sequence was repeated once again and the
new average of 20 new readings was compared to the last one calculated, If
the two consecutive averages were within one percent of each other, the
measurement was accepted and printed out as a data point, At the same time,
the instantaneous flow rate and other flow variables of interest were also
recorded. On the other hand, if the two consecutive averages did not
satisfy the acceptance criterion, the computer repeated this procedure until
the criterion was met or until 15 sets of 20 readings each were made and the
last output was printed as the data peint. 7This procedure permitted the
measurement of static pressures with an accuracy of 1 percent of the reading
as quoted in Teble If. Tt also allowed us to detect the presence of large
pressure fluctuations at the onset of flashing or condensation., At other

locations, such fluctuations were not observed and the readings converged

» smoothly, It should be noted that since the pressure transducers were

located at the same horizontal level, gravity effects due to the elevation
difference of the pressure taps were canceled out in the measurements, The
pressure data reported here represent the difference, at two pressure taps,
of the sum of the static pressure and gravational head. A typical output
for an experiment is presented in Table III, which depicts the data acqui-
sition format with the tap ldentity, pressure data, as well as various other

instantaneous flow parameters of interest,

-]15=
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LOOP FLOW

LTR/SEC

10.36
10.3S5
10.39
10.37
16.39
186.36
10.38
10.37
10.36
10.36
10.39
10.36
10.38
10.36
10.36
10,34
10.39
10.37
10.37
10.39
10039
10.35
10.38
10.38
10.34
10,38
10.38
10.35
16.39
10.37
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TYPICAL PRESSURE DROP DATA

TABLE I1I

BNL FLASHING FLOWS EXPERIMENT

PRESSURE DROP DATA FROM

TEST SECTION # 2
RUN NUMBER 74
TEMPERATURES (DEG ©)

@
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¥+

87.
88,
87.
87.
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PRESSURE (KPA}
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4.3, vy~Densitometer for Void Fraction Measurements

The single channel y densitometer set up presented in Fig. (4.1) was
used for the void fraction measurements, Thulium-170, obtained as 99.999
percent pure Thulium Oxide powder, sealed in an aluminum cylinder formed the
basic material of the y-source. The present source was purchased from
Amersham Corporation and was irradiated at the High Flux Beam Reactor at
Brookhaven National Laboratory. The source strength was kept at a few
millicuries due to the presence of high energy-activity (1.12 MeV), which is
due to trace amounts (v~ 70 ppm) of Scendium impurity present in the scurce
material and which caused difficulties from the Health Physics and Safety
point-of-view, The source capsule i1s placed in a "lead pig," with a colli-
mator opening of 2.5 mm in diameter, which determines the size of the y beam,
The detector consisted of a Cadmium Telluride crystal (2.5 x 2.5 mm) mounted
on a2 regular BNC connector, The CdTe detector was connected to "off-the-
shelf" radiation electronic components (Tennelec), consisting of a preampli-
fier (TC 164), a high voltage power supply (TC 948) for the bias voltage
(150 V), a linear amplifier (TC 203 BLR), a single channel analyzer (TC
440), a T 541 Timer and a scaler (TC 540A). The single channel analyzer was
used in the differential discriminator mode of operation and the energy
window was set around 84 keV with a dispersion range of + 10 keV. The TC 541
timer was altered by Tennelec to include time intervals as short as 0.1 msec
and as longAas 54 sec, The y source holder and detector were set on a
traversing mechanism, which allowed both axial and radial traverses along
the test section. The axizl and radial reposicioning of the y beam by the

traversing mechanism car be accomplished with an accuracy of + 0.05 mm,

-17~
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Figure 4.1 Schematic Representation of y-Densitometer

(BNL Neg. No. 3=1016~79)
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The chordal averaged void frz:.ion were calculated fiom the following

relation:
1

ln —gi .

ptn IE
=] ~— 3 (@8]

Poe F
In T
E

where a is the chordal-ave.aged void fraction, IF’ and IF are the number
of counts during a preset period of time when the test section is "empty",
i.e., full of air (attenuation duz to stainless steel walls only) and full

of water respectively, and [ is the number of counts during the same

2¢°
preset period of time under two-phase flow conditions, Poc is the water
density at the calibration temperature, (20°C) and Pom is the water density
at the temperature where the experiment was being conducted.

The calibration of the test section along the axis was performed with
the test section empty and full of water at 2% (Table IV} Figura (4.2)
presents the calibration data, as well as the calculated values (solid
squares) derived from the physical measurements of wall thickness and inside
diameter along the nozzle, For these calculations, the attenuation coef-

ficients for steel was taken as “a = 2.7 cm-l and for water uw -

1

t
0.167 em

s, both values are listed for a 100 keV y-energy level (Reactor
Physics Constants, 1963). All calculated values were normalized to the
entrance of the nozzle when the test section was empty, which provided a
value of Io = 2854 ¢/54 s. The calibrations were alsc repeated on different
days, and the repeatability of the results are satisfactoryv, as long as the

source decay is taken into consideration. Radial calibration data were

recorded at a given axial location (Z = 183 mm) and are presented in Fig.

-19- J
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TABLE 1V

CALIBRATION OF THE TEST SECTION BOTH EMPTY (AIR), I,
‘U0 FULL OF WATER, 1.. (Date 1-19-79)
AXTAL AXIAL
i l.(f((:ATlON I, counts /54s IE counts /54s LOCAT10N IF counts /54s IE counts/54s
! 7 (em) Z (mm)
5.1 941 2045 304.8 1239 1856
30, 5 964 2053 307.2 1286 1944
' 55.7 976 1994 309.8 1307 2061
81,3 1019 2027 312.3 1360 2788
106, 7 1017 1974 314.8 1371 2122
132.1 1110 2047 317.6 1374 2165
57,4 1125 2035 319.9 1396 2161
182.9 1147 2009 322.5 1419 2220
208.1 1206 2021 325.2 1427 2199
| 233.7 1260 2031 327.7 1406 2189
259.1 1260 1983 330.2 1354 2155
l | 2.8 1328 2060 332.6 1337 2077
i 274.3 1337 2062 335.1 1280 2076
| 276.9 1341 2059 360.8 1210 2025
| 279.4 1313 2039 386.0 17 2019
| 281.9 1338 2031 411.4 1180 2044
| | 284.4 1352 2061 436.8 1113 2013
& ! 287.0 1366 Py b | 462.3 1081 1989
} 289.5 1378 2101 488.6 1039 2002
| 292.0 1367 2027 513.1 1003 2011
s 294.5 1355 2063 538.5 1009 2038
| 297.1 1338 2009 563.8 957 2082
| 299.6 1318 1986 576.5 961 2078
‘ 302.2 1278 1932




No. CF COUNTS PER 54 sec (1/19/79)

THROAT
TAP No. S 10 15 20 25 30 35 40 45 49

YITIIIIIIIT1711VIIITTITTIIITT1IIIIIIIIIIITIIIYI

2x103

EMPTY CALIBRATION (ROOM TEMP.)—

. - FULL CALIBRATION (ROOM TEMPR)
15x10

0 10 20 30 40 50 60
Z- AXIAL DISTANCE (cm)

Figure 4.2 Calibration of the Test Section Beth Empty (Air)
and Full of Water as a Function of Axial Distance
(BNL Neg, No, 3=1018-79)
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(4.31). The circles at R = 0, which is the axial location, corresponds to
the calibration measurements reported in Fig., 4.2 at Z = 183 mm, The repro~
ducibility of the results is very good.

1n Fige. (4.2) and (4.3), the bars present the standard deviations of
ten consefutive measurements., The accuracy of the system (“ 4 percent) is

stil]l governed by the statistical error Q% - -l, due to the low rate of

/T

counts which in turn is caused by the low source activity, Increasing the
source strength to higher activity level should improve the statistical

errors by increasing the number of counts per second.

5. RESULTS AND DISCUSSION

1n this section, results will be presented for the single phase nozzle
calibration experiments, as well as pressure and void fraction distributions
and photographic observations under various flashing regimes. All the
experi.ents reported herein are tabulated in Table V with their respec-
tive inlet conditions, mass flux and corresponding condensing tank condi-

tions,

5.1. Single Phase Calibration

The hydrodynamic calibration of the test section was done to determine
the performance characteristics under single phase flow .nditions and to
obtain the axial distribution of the effective nozzle cross-sectional area.

Three main parameters were varied during these calibration tests: the
mass flux (1,6-7.9 Hg/nznec), the inlet pressure (300-1000 kPa), and the

inlet temperature (23-1b9°C). These experiments covered Reynolds numbers

I
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Figure 4.3 Calibration of the Test Section Both Empty (Air)
and Full of Water as a Function of Radial Distance
at a Pixed Axial Position (BNL Neg. No, 3-1020=79)

g3



SUMMARY OF EXPERIMENTAL “ONDITIONS

TABLE V

A, COLD & HOT CALIBRATION
'

RUN Pyq(kPa) ‘rin("C) c(uglui:)— P (kPa) Tct("C)
1 - m—— - PR - PR
2 371 26.4 1.56 354 6.3
3 368 26.8 3.13 345 26.2
4 36l 27.2 4,71 331 26.6
5 351 27.6 6.28 311 27.4
6 682 27.7 7.01 647 27.2
7 691 27.3 6.30 657 24:3
8 695 26.9 .71 652 26.8
9 709 27X 3.13 674 26.6

10 711 27.0 1.56 683 27.0

11 688 i % 6.26 632 27.6

12 1033 9.2 1,05 973 29.1

13 1031 29.4 7.88 961 29.3

14 337 23.0 6.25 316 22.9

i5 3438 22.9 4.74 339 22.9

is 365 66,3 3.08 309 66,1

17 36, 64.1 1.56 322 63.9

18 ———— - ——— - —————

i 337 94.4 5.49 324 94.5

32 27 11.6 4.71 352 12.

33 315 139 6.29 326 11.9

34 336 12.3 3.15 169 12.3

36 293 69.1 3.08 30% 68.9

62 692 148.4 2.33 646 148.4

70 213 54.0 3.35 201 48.6

71 211 54.4 3.34 203 48.8

=24~




B. FLASHING EXPERIMENTS

RN p, (kPa) T, (%)  G(Mg/m’s) p  (kPa)  T_(°C)
20 281. 98.3 4.90 245, 98.2
21 393. 100.6 6.01 136. 100.4
22 170. 100, 2 3.04 125. 100.1 "
23 130. 99.4 1.81 121, 9,3
24 160. 98.0 o L 122, 97.8
25 247, 97.4 4,52 X25. 97.3
26 386, 97.8 6.02 132 97.7
27 326. 130.0 2.95 299, 129.6
28 566. 133.7 5.90 316. 131.4
29 488. v S:77 210. 115.4
30 375. 125%.1 4,50 206. 114.7
31 —— - —— ——— mee——
35 287. 99.4 4.96 290, 99.2
37 296. 100.3 4.94 B, 100.0
38 117. 100.3 2,05 12, 99.8
39 136. 100.5 225 h & i 28 100.1
L0 168. 100.3 3.02 112, 100.0
41 250. 100.2 4.54 115. 99.8
42 194, 99.6 3.79 114, 99 .4
43 287. 100.2 4.97 121. 99.9
44 271. 99.9 4.50 101. 99.9
45 308. 99.8 4.97 99. 100.0
46 2213. 99.9 3.79 99. 99.9
47 —— — —— R— —

-
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B, FLASHING EXPERIMENTS

(Cont'd)

RUN  p, (kPa) T, (°C)  GMg/m’s)  p_ (kPa) T (°O)
48 183. 99.9 3.04 100 99.9
49 146. 99.9 2.27 99 99.7
50 142, 99.8 2.06 101 99.9
51 ey s e e et S
52 381, 123.5 4.48 254 123.5
53 395. 123.6 4.45 249 123.6
54 525. 123.6 5.96 252 123.7
55 293. 123.6 2.99 251 123.6
56 261. 123.2 2.20 252 123.6
57 263. 124.7 2.04 256 123.9
58 254. 123.3 2.98 174 110.2
59 254. 123.1 2.98 174 110.2
60 264. 125.8 2.93 186 112.5
61 259, 123.8 2.98 162 108.8
63 739. 148.7 5.85 464 148.7
64 609. 148.8 4.40 463 148.8
65 st o ————— s it A Bt
66 521, 148.8 2.94 463 148.8
67 502. 148.6 ©.22 463 148.7
68 395. 143.5 1.24 185 118.0
69 399. 144.3 1.23 188 118.5

-26~
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R =R,

B. FLASHING EXPERIMENTS

(Cont'd)
o 2 o

RUN pin(kPa) Tin( C) G(Mg/m"s) pct(kPa) Tct( c)
72 — — - s memee
; 73 275. 99.4 4.90 56. 87.9
" 281. 99. 4 4.88 52. 88.0
132" 285. 99.4 4.93 52. 87.9
733* 288, 99.4 4.91 53. 88.2
734" 287. 99.4 4.91 54. 88.0
735* 287. 99.4 4.91 55. 88.1
736" 287. 99.4 4.90 54. 88.0
737* 287. 99.4 4.91 54. 87.9
74 285. 99.3 4.90 56. 87.9
75 395. 99.3 6.04 57. 88.5
761 396. 99.3 6.04 60. 88.7
762 393. 99.3 6.05 62. 88.0
763 392, 99.3 6.06 65. 88.0
77 157. 99.3 3.06 65. 88.7
771 157. 99.4 3,03 69. 88.3
78 138. 99.3 2.61 71. 88.0
782 138. 99.3 1,61 71. 88.1
79 124. 99.4 2.27 72. 88.2
791 126. 99.4 2.26 73. 88.1
792 126. 99.4 2.26 83. 88.1
80 585, 148.3 4.6 436, 143.5
803 579. 148.3 4.32 432. 143.5
81 493, 148.3 2.91 432. 144.0
811 493. 148.3 2.91 432, 164.7
814 492. 148.3 2.91 428, 144.1
82 376. 142.3 2.36 174. 111.6
823 377, 142.4 2.32 176. 110.9
83 352. 140.0 2.30 150. 107.9
833 348, 139.5 2.29 145, 107.1

*
Runs 731 through 737 are subsets of Run /3 as are other runs in the
hundreds subsets of their decade base. =27~

C7C (50

1!‘. LA

R e i M e e st e e —




—

P —

from 9 x 104 to 9 x 105. based on test section inlet conditions, The raw
data for all the single phase calibration experiments are presented in
Appendix A, Typical pressure drop results with respect to the inlet and as
a function of axial distance are presented in Fig. (5.1) for several flow
conditions, In the converging section, the flow acceleration 1is accompanied
by a pressure drop. The deceleration in the diverging section results in an
expected pressure recovery, The unrecovered pressure loss at the nozzle
exit is representative of the friction losses, Figure (5.2) is a plot of
the nondimensionalized pressure drop data obtained from 19 different experi-
ments, The quantities p and Uo are the density and the velocity at the in-
let of the test section., The dots represent the average of the pressure
drop, and the bars the standard deviation of all the experiments performed.
This maximum deviation is < 5 percent in the converging section, reaches 6
percent at the throat, and reaches a maximum of 10 percent in the diverging
section. The single curve corresponds to the pressure distribution due to
acceleration only, and was calculated from the geometrical inside diameter
measurements, Tals hydrodynamic calibration provides an effective hydro-
dynamic area distribution for the test section and will be used for compari-

son with -"he flashing data.

5.2. Pressure Distributions Under Flashing Conditions

Referring to a p-T diagram such as that in Fig. (5.3), showing the
equilibrium vapor pressure Paat of the liquid, the isothermal expansion of
the test liquid in the nozzle may be represented by a vertical line A-B.

Here, point A designates the nozzle inlet condition (pin’Tin) and point B

-28~
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— . 2 ,
SYMBOL RUN G(Mg/m"s) pin(kpd) Tin(c) pc't.(kPa)

O 10 1.56 711 27 683
O 9 3.13 709 27.1 674
O 8 4.71 695 26.9 652
A 7 6.30 691 27.3 657
X 6 7.01 682 27.7 647

S ALl L bbb b i & 4 42k dbbaddbdddl

3 W x2a o ’ 0% A gxX n
a x O Lo o AAx
x x& © o 8, X
% 200+ X s 0 AAx -
o x
X 7Y
(] Xa X
w 300+ Oy "
x
2 &
(1l
o x
500+ e
E“)() L | ' . L | |
(0] 10 20 30 40 50 60

AXIAL DISTANCE (cm)

Figure 5,1 Typical Pressure Distrihutions Along TS-2 for the
Single~Phase Flow Hydrodynamic Calibration Runsg
(BNL Neg, No. 3-1017-79)
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Pigure 5.2 Dimensionless Pressure Distribution for TS-2, Data
is Averaged for all the Hydrodynamic Calibration Runs

Performed (BNL Neg. No. 3=1022-79)
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Figure 9.3 Typical Representation of an Isothermal Flashing

Experiment in the p=T Diagram (BNL Neg, No. 3-1027-79)
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that at the throat., The distance A-B is directly related to the mass flux G
through the nozzle. Thus, for a given inlet condition, the saturation line
may be crossed }n the expansion if G is above a certain value,

Figure (5.4) presents typical pressure distributions obtained at inlet
temperature of 100°C and four flow rates. At the low mass flux 1,81 Kg/mzs
(Run 25), very little or almost no flashing was observed at all, and the
results are very similar to the single phase calibration data. At the
highest mass flux, 6.01 Mg/mzs (Run 21), the pressure is observed to drop in
the converging section up to the throat and level off from there onwards in
the diverging section. At intermediate mass fluxes, 4.90 Mg/mzs (Run 20)
and 5.90 Hg/mza (Run 28) the results show a constant pressure region down-
stream of the throat followed by a pressure recovery region in the diverging
section of the test section., This sudden pressure increase in the diverging
section is caused by a condensation region to accommodate the back pressure
imposed on the system. The dimensionless form of the pressure drop data
presented in Fig., (5.4) are plotted in Fig. (5.5) vs the axial distance
along the test section. The observations about the pressure recovery
regions in the diverging section mentioned above are more obvious in this
figure, The good agreement of the low mass flux pressure distribution
results with the single phase calibration curve was interpreted to mean that
no vapor was present in the pressure lines after the flashing experiments.

Similar experiments with flashing flows were also conducted at inlet
temperatures of 124, 130, and 150°¢c for various flow rates and are tabulated
in Appendix B. If one were t» plot all these experiments on a p-T diagram

like Fig. (5.3), it would be found that the saturation line was crossed at a
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2
=€) -~ kp‘ Y f > P
RUN G(Mg/m"s) pin( 5y E. . (C) pc.t.(kld)

in
23 1.81 130 99.4 121
28 5.90 566 % P 316
20 4.90 281 98.3 245
21 6.01 393 100.6 136

Conditions in TS~2 (BNL Neg. No., 3-1019-79)
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Figure 3.5 Dimensionless Pressure Distributions in TS-2 Under
Flashing Conditions as Compared to Single-Phase Hydro-
dynamic calibration Data (BNL Neg. No, 3-1021-79)

~34- 7



|

R

location upstream and close to the throat in each experiment. Thus we
cencluded that in most of the experiments reported, flashing occurred at a
location upstream but close to the threcat, In some later experiments, the

flashing front was moved well upstream of the throat,

5.2,1. Reproducibility Studies

To check the repeatability of the data, several runs were performed at
nearly identical inlet conditions and flow rates. Figure (5.6) shows the
comparison between the pressure distributions obtained in the two experi-

3

ments for Pin = 168 kPa, T, = IOOOC, and mass flux of 3.03 x 10

in

kg/mzsec. Experiments were also performed at a higher mass flux 4.45 x 103
ks/n’sec and T, = 123°C and p,_ = 390 kPa. Figure (5.7) depicts the
pressure distributions for these latter cases, i.e., Exps. 52 and 53. The

results at these mass fluxes are reproducible to within 2 percent.

5.2.2, Operational Effects (Effect of Back Pressure)

In one set of experiments, flashing was initiated with the condensing
tank liquid level (defined as the location of the free surface below the top
of the tank) equal to zero, i.e., almost a solid loop condition, Decreasing
the condensing tank liquid level, i.e., increasing the size of the steam
cavity in the condensing tank, changed the downstream (condensing tank)
pressure and affected the flashing conditions and pressure distriubutions
although the flow rate and inlet conditions were held cunstant., Figure
(5.8) depicts the pressure distribution results for these experiments, Runs
35, 37, and 43, The pressure distributions in the converging section and
mass flur are observed to be independent of the downstream pressure, which
imply that the flow is choked. Run 35 depicts the above-mentioned constant

by S s;@ {
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RUN GQtg/u’s) py (kPa) T, (C) p_ , &Pa)

35 4.96 287 99.4 250
37 4.94 296 100.3 170
43 4.97 287 100.2 120
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Figure 5.8 Pressure Distributions Showing the Effect of Condensing
Tank Back Pressure for Identical Nozzle Inlet Conditions
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pressure region downstream of the throat followed by a sudden pressure rise,
which seems to correspond to a condensation region as previously described.
Runs 37 and 43 are almost identical although the condensing tank pressure is
lower in Run 43,

The photographic observations pertormed during these experiments are
presented in Fig., (5.9). For Run 35, the bubble sizes are minute, and their
number density is very large. Decreasing the back pressure increases the
vapor generated in Runs 37 and 43. During Run 43, the windows were covered
with a water film, and the interior of the tube was invisible. This drastic
difference in observed appearance between Runs 37 and 43, does not notice-

ably affect the pressure distributions presented in Fig. 5.8.

5.2.3. Parametric Effects

The effects of the flow parameters, i.e., inlet pressure, Pin? inlet
temperature, Tin‘ and mass flux, G, in the flashing regimes and pressure
distributions were also investigated and will be presented below. Figure
(5.10) presents the results when Pin and Tin were kept constant and the mass
flux was varied close to conditions of flashing onset in the nozzle. This
is equivalent to lengthening or shortening the line A-B in Fig. (5.3),
moving the point B near the psat curve, The pressure distribution in the
converging part follows very closely the single phase calibration. Down-
stream of the throat the vapor generation manifests itself as a deviation in
the pressure distribution, This region is followed by a pressure increase
caused by the sudden collapse of the bubbles and followed by a pressure
recovery zone typical of single phase flows in divergent pipes. Figure

(5.11) depicts the photographic observations for these two cases. Although
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RUN G(Hg/nzs)

Py (kP2) T, (C) p, . (kPa)

49 2,27 146 99.9 99
50 2.04 142 99.8 101
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Pigure 5,10 Fffect of Mass Flux on Pressure Distributions for Identical

Nozzle Inlet Conditiens Which are Close to the Onset of
Flashing in the Test Section (BNL Neg. No. 3-1032-79).
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the appearance of the bubbles was found to be intermittent, this fact was
not apparent in the pressure measurements due to the time response of our
pressure manifolds and to our long averaging times. In Fig. (5.12), we
present the typical effect of a more substantial change in mass flux for an
inlet temperature of 123°C and an inlet pressure of 260 kPa. At a mass flux
of 2.04 Hg/mis (Run 57), one observes the onset of flashing, which intensi-
fied to violent flashing at a mass flux of 2.98 Mg/mzs (Run 61), The
corresponding photographic observations are presented in Fig. (5.13).

The effect of changing the inlet temperature from 100 to 150 °¢ was
also investigated while maintaining a fixed initial overpressure, Pipg ™
psat(Tin)' This corresponds to moving the point A parallel to the satu-
ration curve Peat in Fig. (5.3) and keeping the mass flux unchanged. For
constant values of the pressure difference between the inlet pressure and
the saturation pressure at the inlet temperature, i.e., Pin ~ psat(Tin)'
the effect of inlet temperature on the pressure distributions was not very
pronounced for the various flashing experiments. This behavior was to be
expected, since the driving potential, i.e., (p - psat) was not changed in
these runs, Figure (5.14) represents these results for Exp. 67 (T1n =
149.2°%, Py, = 503.3 kPa) Exp. 56 (T, = 123.5%, Py, = 136.5 kPa) and Exp.
39, while the mass flux is 2,20 x 103 kg/mzsec for the experimental condi-
tions close to the onset of flashing. The photographic observations for
Fxps. 39 and 56 are presented in Fig. (5.15). One observes that the effect
of inlet temperature is small as long as the inlet pressure is adjusted for
constant subcooling at the inlet. The same observation will be valid for
the following results, Figures (5.16), (5.17), and (5.18) show similar

results for progressively higher mass fluxes, and Fig. (5.19) shew
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pin(kpa) Tin(c) pc.t.(kpa)
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RUN G(Mg/u's) py (kPa) T, (C) p_ . (kPa)
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photographic observations for Exp. 55 and 52,

Finally, the influence of variation of Pin? i.e., moving the point A in
Fig. (5.3) up and down without changing anything else, was studied. A
slight variation of the inlet pressure was found to affect the pressure
distributions and flashing regimes for identical inlet temperatures and mass
fluxes. This dependence and sensitivity is more pronounced at low mass
fluxes, Fig. (5.20) (Runs 55 and 58 with an inlet temperature of 123.5°C and
mass flux of 2,98 Hg/mza). A variation of the inlet pressure from 293 kPa
(Run 55 ) to 254 kPa (Run 58) shows a marked variation in the pressure
distributions in the diverging section of the nozzle.* This strong depen-
dence observed for the low mass fluxes does not repeat itself at the higher
mass fluxes, 3.04 and 4,96 Hg/mzsec, as presented in Figs, (5.21) and (5.22)

for an inlet temperature of 100 “c.

5.2.4 Flashing Upstream of the Throat

In all the experiments presented above, flushing occurred in the
vicinity of the throat. By controlling the flow conditions, we were able to
approach saturation conditions at the inlet of the test section. The
pressur * distribution recnrded under this condition is presented in Fig.
(5.23), The continuous pressure decrease in the convergirg, as well as the
divergirg sections of tha nozzle, 's reminiscent of tue supercritical flows
in supersonic nozzles in classical gasdynamics. The onset ot flashing,
which is accompanied with a strong deviation in the pressure distribution as

compared to the single phase calibrat’on, is depicted in Fa,.

*
Note that in these two experiments, the condensing tank pressure also
varied from 174 kPa (Exp. 58) to 251 kPa (Exp. 55).
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RUN G(Mg/u's) p, (kPa) T, (C) p_  (kPa)
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58 2.98 254 123.3 174
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Figure 5,23 Pressure Distributions in the Test Section While
Flashing Onset is Upstream of the Nozzle Throat
(BNL Neg. No. 3-1024~79)
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(5.24), This pressure distribution piot nondimensionalized with the inlet
dynamic head of the flow provides an accurate way of determining the onset
of vapor generation., For this experiment, it was found that flashing

started near pressure Tap 13 (15 cm upstream of the throat).

5.3 Void Fraction feasurements Under Flashing Conditions

The axial distrib.tions of the diametrical averaged void fractions were
also measured together witn the static pressures under various flashing

conditions and are presented in this section (Table VI).

5.3.1., Flashing Close to the Throat

Figures (5.25A) and (5.253) present the results for an inlet temperature
and pressure of 99°C and 394 kPa and a mass flux of 6,05 Hg/nzs. The
pressure profile is constant in the diverging section, and thr id profiles
follow an aliaost linear variation in Fig. (5.25B). The (+) symbols are the
void fraction data, and the crossed circles in Fig. (5.25B) give the dif-
ference between the two-phase and single phase dimensionless pressure
distributions., The dimensionless pressure was defined as the local pressure
drop divided by the inlet dynamic pressure of the fliow. DP; is the dimension-
less local pressure drop with respect to the nozzle inlet measured under
flashing conditions and DP: is the corresponding pressure drop measured
during the single phase calibration experiments, The onset of flashing can
be determined either from the void fraction measurements or from the point
of departure of the dimensionless pressure distribution from the single
phare calibration curve.

Reducing the mass flux te 4,91 Mg/nzs and to 3,06 Mg/mzs while keeping

-
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TABLE VI

VOID FRACTION DISTRIBUTION DATA

FLASHING EXPERIMENTS

RN p, (kha) T, (°0)  G(Mg/m’s)  p_ (kPa)  T_(°0)
730 285 99.4 4.91 54 88.0
740 285 99,4 4.91 54 88.0
762 394 99.3 6.05 61 88.3
770 157 99.3 3.05 67 8.5
71 157 99.3 3.05 67 88.5
780 138 99.3 2.61 7n 8.1
781 138 99.3 2.61 n 88.1
792 125 99.4 2.26 76 8.1
793 125 99.4 2.26 76 88.1
801 582 148.3 4.34 434 143.5
802 582 148.3 4.34 434 143.5
812 493 48.3 2.91 431 144.4
813 493 14 .3 2.91 431 144 .4
821 376 142.3 2.34 175 111.3
822 376 142.3 2.34 175 111.3
831 350 140.0 2.30 147 107.5
832 350 140.0 2.30 147 107.5
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the inlet temperature coastant " 99°C we obtained similar results, which

are presented in Figs. (5,26) and (5.27). The onset of flashing is close
to, but upstream of the nozzle throat., The linear variation of the void
fraction with axial distance in the diverging section, combined with the
constant pressures observed in Fig. (5.26A) and the fact that the test
section diameter also varied linearly, seems to imply the presence of a
nearly constant area liquid jet at the core surrounded by a steam envelope.
When the mass flux is further veduced to 3.05 Hg/mzs, the pressure profile
in the diverging section starts to show a slight recovery (Fig. 5.27A),
which 18 accompanied in the void fraction profiles by a reglon where the
voids are constant (Fig. 5.27B). 1If one still reduces the mass flux to 2,61
Hg/mzs, the pressure distributions observed in Fig. (5.28A), show a sudden
pressure recovery in the diverging section which may be considered as a
condensation front., This fact is clearly observed in Fig. (5.28B), which
shows an increase in the void fraction followed by a decrease to the all
liquid situation. The dimensionless profiles of DDP plotted on the same
figure also show the pressure deviations from the single phase calibration
which closely follow the evaporation and condensation fronts. Still low-
ering the mass flux to 2.26 Mg/mze brings us to a situation which is close
to the onset of flasking, Figure (5.29A) depicts the pressure distribution
which is very close to the single phase calibration results, and the void
fraction distribution presented in Fig. (5.298) shows a very slight rise
close to the throat, but otherwise remains mostly liquid throughout the test
section, A similar sequence of events was also observed in experiments at
an inlet temperature of 148.3°C for two mass fluxes 4.34 Mg/mzs (Fig. 5.30A

and 5.30B) and 2.91 Mg/m’s (Fig. 5.31Aa and Fig. 5.71B). The high mass flux
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run presented in Fig., (5.30A) and (5,30B) shows an almost constant pressure
distribution in the diverging section with a steeper rise in the void
fraction profiles and higher void fraction values at the exit of the nozzle.
The | - mass flux run presented in Fig. (5.31A) and (5.31B) depicts a
vaporization zone in the diverging section downstream of the throat followed
by a condensation region which reduces the void fraction (Fig. 5.31b) and

causes a pressure recovery close to the test section exit (Fig. 5.3la).

5.3.2, Flahsing Upstream cof the Throat

Additional data was also recorded with the flashing front upstream of
the throat, Figures (5.72) and (5.33) present the results for two mass
fluxes 2.34 and 2,30 Hg/mzs at an inlet temperature of 140%¢. Figure
(5.32A) depicts the pressure distribution for which Fig. (5.32B) presents
the void fraction profiles. The pressure distribution shows a decrease in
the converging, as well as in the diverging sections of the nozzle. How-
ever, the slope seems not to be continuous at the throat in contrast to what
is usually presented in the literature. The void fraction profiles show
that at the test section inlet, the void fraction was around 10 percent, and
the vapor generation increases along the test section, causing a void
fraction of almost unity at the exit of the venturi. The DDP plot shows
clearly the drastic deviation of the dimensionless pressure profiles from
the single phase calibration curve., Figures (5,330 and (5,33B) present
similar results obtained at a mass flux of 2,22 “:/nzs and an inlet temper-
ature of 140 °C. The results of those two experiments were used to cal-
culate the net vapor generation rates under nonequilibrium conditions, and
the methodology followed will be presented in the next section,
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5.4 Caleculations of Net Vapor Generation Rates Under Flashing Conditions

In this section, we shall present the method with which a cross-section-
averaged net vapor generation rate per unit volume rv may be determined from
the measured pressure and void fraction distribtuions along the test sec-

tion. We recall the following definitions of cross-section-averaged quanti-

ties.

Mixture density,

W - <apv> + <1 - a)ol> (2)

Mass flux of vapor,

<G » = < >
v 0 Yy (3)

Liquid mass flux,

<6, = <1 - a)olul> (4)
Total mass flux,
<G> = <G > + <G > (5)

Total volume flux,

| <3> = <an > + <(l - a)u£> (6)
|

| Quality,

l

| x> = <Gv>/<c> N

E We shall assume that the densities p _ and p, of the vapor and liquid
' phases are given by the saturation values corresponding to the local pres-

sure p, and therefore, are constant over a cross-section. Moreover, we




shall assume that the vapor drift velocity

Yy T W 7 ot

is also constant over a cross-section, Combining Eqs. (7) and (3) and using

the drift velocity, Eq. (8) we have

<x> <G> = <qpv_1> - <apvvgj>
(9
).

~ pv(<uj> + <a>V

2]

Introducing the distribution parameter Co = <aj>/<a> <j>, we may write

)

<x> <G> = pv(co<a><j> 4+ <uq>»V

g

which may be expressed as

<x><G> <] - x><G>
x> <G> = <a> +
< <G> PG [Co( pv 01 ) +ng].

when Eqs. (6), (3), and (4) are inserted. Solving for the cross-section-

averaged quality <x> and replacing the liquid and vapor densities with their

saturation values, we get finally
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P p vV
s [c i P _L.Bl]

o pf <G>
b ® s — (10)
1 - :G>C _f___j. )
o Of

The vapor drift velocity is assumed to be given by the expression for the

churn-turbulent upflow of a bubbly mixture,

08(9f -p.) /4

’f
where the coefficient K = 1,41 according to hroeger and Zuber (1968). For a
given set of test section inlet conditions, we may assume that Co remains
constant in the test section, and that the variation of the liquid density O¢
is negligible., Thus V_, varies only weakly with ps, and we shall assume

CA)

V ., to be roughly constant in the test section as well. Hence <x> may be

&]

considered as an explicit function of the local cross-section averaged void
fraction, the vapor density and mixture mass flux.

From conservation of vapor mass, we have

™ <G>d<x>/dz , (12)

which leads to, after dropping the symbol < >,
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d dp ap V
Gx da . Gx (1 - ac ) —& dp _ B8] dC
a dz o o" dp dz G dz

- a3 b
1 uco(of pg, /pf

where we have replaced dog/dz by [(dpaldp)(dp/dz)). The quantities da/dz
and dp/dz in Eq. (13) may be obtained from the experiments, and dos/dp is
given by the equation of state of the vapor, or the steam table., We note,

from the mixture continuity equation

146 _1dA_ 1 d@/AD -
G dz A dz (A/A*) dz

To account for the frictional effects in an approximate manner, the effec~-
tive cross-sectional area distribution (A/ﬂr)eff determined from single
phase calibrations instead of the geometrical area distribution were used in
the reported calculations, This is probably a good assumption in the
convergent section where the favorable pressure gradient is expected to keep
the wall boundary layers thin and attached. Greater uncertainty arises when
such a procedure is applied to the divergent part of the test section where
the boundary layer displacement in two-phase flow may be significantly
different from the single-phase flow under adverse pressure gradients.

Thus, all terms in Eq. (13) may be evaluated as a function of z and the net

vapor generation rate may be calculated.
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Figures (5.34) and (5.35) show the two examples of rv thus determined
for the convergent part of the test section. In these figures, the top
graph displays the measured pressure and void distributions in the experi-
ments., In addition, least-square polynomial fits to the measured data are
also shown for comparison. The deriatives of a and p may be evaluated along
the fitted polynomials, instead of through the actual data points, which may
lead to considerable scatter. The Tv values calculated from Eq. J13) are
exhibited in the bottom graphs.’ It is seen that Fv's of the order of 102
kg/u3s are attained in these experiments, which are in approximately the
same range as those found in Reocreux's (1974) experimente,

It was found that the value of rv was dominated by far by the variation
of & with z in these experiments, For example, for Runs 82/821 at z = 254

mm, the value of the three terms in the numerator in Eq. (13) are
(Cx/a)da/dz = 22.53 kg/mas.
©x/o,) (1 = aC,) (do /dp) (dp/d2) = = 2.66 ka/n’s,

3
v x
(ao8 gj/G)dc/dz 0.33 kg/m’s,

w*l v = . 1 .
ere 24 0.21 m/s

Thus, the term involving dG/dz, which is directly proportional to the drift
velocity assumed, contributes about one percent to the value of Tv. Any

uncertainty in the assumption of V_, is expected to lead to insignificant

gl

*
In Fig. (5.35), the sudden turn in the Fv curve at z -~ 260 mm may be traced

back to the discontinuity in the slope of the two pieces of 3-deg. poly-
nomial fit to the experimental data at the intersection of the two poly-
nomials, For this preliminary evaluation of data, a better curve fit, which
may yield a smoother transition from one polynomial to another has not been

attempted.
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Figure 5.34 Top: Measured Pressure (o) and Void Fraction (@) Distribu-

tions in the Converging Part of the Test Section in Runs
B82/821 and the Least Square Polynomial Fit to Data,
Bottom: Calculated Net Vapor Generation Rate Based on the
Least Square Fit to the a and p Data, (BNL Neg. No. 3-1226-79),
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Figure 5.35 Top: Measured Pressure (o) and Void Fraction (D) Distri-
butions in the Converging Part of the Test Section in Runs
83/832 and the Least-Square Polynomial Fit to the Data.
Bottom: Calculated Net Vapor Generation Rate Based on the
Least-Square Fit to the a and p Data. (BNL Neg. No. 3-1225-79).
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errors in rv thus determined., TIn Fig. (5.34), we have also shown rv's calcu~
lated for zero drift velocity and a ten~-fold increase in Véj (taking K = 0
and 14,1, respectively, in Eq. (11)). The difference between the three
curves are indeed small, Hence, it may be concluded that void fraction and
pressure distribution measurements are adequate for the determination of

cross-section averaged vapor generation rates.

6, SUMMARY AND CONCLUSIONS

In order to measure the steady state vapor generation rates urder
nonequilibrium conditions, a flow loop with well controlled flow and thermo-
dynamic cond.tions was designed, built and made operatioaal. The test
section consisting of a converging-diverging nozzle was first calibrated
hydrodynamically with single phase flows. Pressure distributions were
recorded along the test section and photographic observations made at the
exit of the test section under various flashing regimes. With flashing
occurring close to, but upstream of the throat, the pressure distribution in
the converging section was observed to follow closely the single phase
calibration results, In tha diverging section of the nozzle, either a
continuous constant pressure distribution was observed all along this region
or the constant pressure was followed by a sudden pressure increase (conden-
gation shock) and a single phase-like pressure recovery.

Variation of the back pressure revealed a choked flow pattern in the
converging section of the nozzle. Depending on the back pressure, the
pressure distributions in the diverging sections showed the presence of a

condensation shock. In the absence of condensation shocks in the test
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section, marked variations were seen in the photographic observations at
different back pressures, but corresponding variations were not observed in
pressure distributions,

Purin,, the investigation of the parametric effects, the mass flux and
inlet pressures were found to have a stronger effect on the pressure distri-
butions and photographic observations than variations in the inlet tempera-

tures under constant Psn ™ Poue (Tin) conditions., These parametric effects

were more visible at low mass fluxes at the onset of flashing than at higher

ones. The flashing onset was also observed to be an intermittent phenom-

enon.

)

|

|

: Flashing was also initiated upstream of the nozzle throat, and the

| pressure distributions depicted a continuous decrease in the converging, as
I

| well as diverging section., The onset of flashing was accompanied with a
strong deviation in the pressure distribution as compared to the single

; phase calibration,

: Using a single beam y-densitometer, the axial distributions of the

| diametrical averaged void fractions were measured and compared to the static
pressure measurements performed under the same condtions. At high mass
fluxes with flashing occurring close to the throat, the constant pressure
distributions in the diverging section of the nozzle were accompanied by a

linear increase in the void fraction., Since the test section diameter

changed linearly, it is suggested that a constant diameter liquid jet

existed in the diverging section, At lower mass fluxes, the constant

pressure distribution was followed by a pressure recovery. The corres~
ponding void fraction profiles depicted an a-increase reaching a maximum,
|
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then decreasing to zero, i.e., an ail-liquid condition. This fact shows the
presence of a condensation region in the diverging section,

Also reported were void fraction profiles with the flashing front well
upstreas of the nozzle throat, These measurements combined with the pres-
sure distributions were used in calculating the net vapor generation rates
under “'ashing conditions in the converging section of the nozzle, The y
densitometry system will be improved for the next series of experiments, by
increasing the strew_th of the source, thereby increasing the number of
counts per unit time to minimize the intrinsic statistical error. In addition,
radial profiles will be recorded. Experiments will be conducted according
te a proposed matrix, which includes given r=-.ges of the various parameters

of interest, 1,e, Pin? Ttn' G, and onset of flashing,
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1.

5.

NOTES TO THE APPENDICES

In Runs 1-36, run average values of the flow rate, the test section
inlet temperatures and pressures, the condensing tank temperatures and
pressures, as well as the turbine flow meter temperatures were hand
inputted, and thus they do not show any variations during the experi-
ment.

In Runs 20-43, run average values of the flow rate, the test section
inlet temperatures and pressures, the condensing tank temperatures and
pressures, as well as the turbine flow meter temperatures were hand
inputted, and thus they do not show any variations during the experi-
ment.

In Runs 44-69, run average values of the test section inlet and con-
densing tank pressure were hand inputted, and thus they do not show any
variations during the experiment,

The Differential Pressure Measured in in (kPa) and can be expressed
as:

Differential Pressure Measured = DP(kPa)

P (kPa) + pgl

= Pyth Tap Nth Tap - Tap 1 N p’I‘ap 1

Thus to obtain the local static pressure at every tap, one has to
subtract the gravitational head from the presented data. p is the
average density in the manifold (% Room Temperat:.re).

The dimensionless pressure differential is defined as the differential
pressure measured divided by the test section inlet dynamic pressure.
DB = DR/l

p is the density, and U0 is the velocity at the test section irlet.
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APPENDIX A

SINGLE PHASE CALIBRATION DATA




SUMMARY OF EXPERIMENTAL CONDITIONS

A. COLD & HOT CALTBRATION
RN p, (kba) T, (%) GOg/m’s) p_ (kPa)  T_ (°0)
1 .......... - Je—— S e
2 371 26.4 1.56 354 26.3
3 168 26.8 3.13 345 26.2
4 361 27.2 4.71 331 26.6
5 351 27.6 6.28 311 27.4
6 682 27.7 7.01 647 27.2
7 691 27.3 6.30 657 27.3
8 695 26.9 4.71 652 26.8
9 709 27.1 3.13 674 26.6
10 711 27.0 1.56 683 27.0
1 688 27.7 6.26 632 27.6
12 1033 29.2 7.01 973 29.1
13 1031 29.4 7.88 961 29.3
14 337 23.0 6.25 316 22.9
15 148 22.9 4.74 339 22.9
16 365 66. 3 3.08 309 66.1
17 367 64.1 1.56 322 63.9
7 SR P — -
19 337 9%. 4 5.49 324 9.5
32 327 11.6 4.71 352 12,
13 315 11.9 6.29 126 11.9
34 136 12.3 3.15 169 12.3
36 293 69.1 3.08 308 68.9
62 692 148. 4 2.33 646 148 .4
70 213 54.0 3.35 201 48.6
7 211 54,4 3.3 203 48.8
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LOOP FLOW TEAYCRATURES (DBO O PRFSSURE (XPA) YEIOCITY REYNOLDS DIFFFRFAT LAL PRISSYRE
TArS LTR/SEC FLOW WET TS INLET COND TANK TS IMLET  COND T Cn SEC NUMBER MEASUKED  DIAENS IONLESS
1=2 16.08 2.2 29.4 29.3 1034 uei.l 291.9 AGSE i 2 iy
1=4 16,08 29.3 29.4 29.3 1831.4 91,1 791.9 L AGSL o, 2.54 B
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APPENDIX B

PRESSURE DISTRIBUTION DATA UNDER FLASHING CONDITIONS

SOME PHOTOGRAPHIC OBSERVATIONS
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B. FLASHING EXPERIMENTS
o 2 o
RUN pin(kPa) Tin( C) C(Mg/m"s) pct(kPa) Tct( c)
20 281. 98.3 4.90 245, 98.2
21 393, 100.6 6.01 136. 100. 4
22 170. 100.2 3.04 125, 100.1
23 130, 99.4 1.81 121. 99.3
24 160. 98.0 3.05 122. 97.8
25 247. 97.4 4.52 125. 97.3
26 386. 97.8 6.02 132, 97.7
27 326. 130.0 2.95 299, 129.6
28 566. 131.7 5.90 316. 131.4
29 488. 123.5 b P S 210. 115.4
30 375. 125.1 4.50 206. 114.7
31 - e =wen sem L ———
35 287, 99.4 4.96 250. 99.2
37 296. 100.3 4.94 170. 100.0
38 117, 100.3 2.05 2312, 99.8
39 136. 100.5 2.2%5 112, 106.1
40 168. 100.3 3.02 112, 100.0
41 250, 100. 2 4.54 115. 99.8
42 194, 99.6 3.79 114, 99.4
43 287. 100.2 4.97 121. 99.9
44 £t 99.9 4.50 101. 99.9
45 308. 99.8 4.97 99. 100.0
46 223. 99.9 3.79 99, 99.9
47 o — - — ————-
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B. FLASHING EXPERIMENTS
(Cont'd)

KON p, (kPa) T, (°C)  GOMg/a’s)  p_ (kPa) T (°0)
48 183. 99.9 3.04 100 99.9
49 146. 99.9 2.27 99 99.7
50 142, 99.8 2.04 101 99.9
31 e meee- —— - e
52 381, 123.5 4.48 254 123.5
53 395. 123.6 4.45 249 123.6
54 525. 123.6 5.96 252 123.7
55 293, 123.6 2.99 251 123.6
56 261, 123.2 2.20 252 123.6
57 263. 124.7 2.04 256 123.9
58 254. 123.3 2.98 174 110.2
59 254, 123.1 2.98 174 110.2
60 264, 125.8 2.93 186 112.5
61 259. 123.8 2.98 162 108.8
63 739. 148.7 5.85 464 148.7
64 609. 148.8 4.40 463 148.8
65 . — U
66 521. 148.8 2.94 463 148.8
67 502. 148.6 2.22 463 148.7
68 395. 143.5 1.24 185 118.0
69 399. 164.3 1.23 188 118.5
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IN§. D J1GEae
Ike. 3 KIS
W% 196

DIFFERENT JAL PRESSVRE
NEASURED  DINENS IONLIDS

.25 14
3 I8
i 4
1.¢ .76
2.14 1.28
3.2 1.0
4. .65 2.n
6 w9 4. .08
9.41 5,50
13,48 7.97
19,14 AL
30,14 17,60
22.03 1,87
15.39 L
11.84 6.9
9.56 .58
7.8 - 56
6.57 N4
5.61 4.28
4. Ry 2.nS
4.3 P«
J.eh 2.7
3.9 2.0
3.33 Lo
1.47 N6

—y
se.9



el e s

BNL PLASHING PLOVS EXFER|NENT
FRESNVRE ORGP DATA FRON
TEST SKCTION ¢ 2
~ N NUNRFR 24
DIPFERENT 1AL PRESSUNE
LoOP FLOW TENPERATURES (DEG PRESSURE (KPA) VELOCITY  REYNOI DS : :
TArs LYRASEC PLON WUTER TS INLET ND YANE TS INLEY CuND Y CH SEC NUMHER REASURED  DIRENSIOVLESS
: 122.0 312.2  .S)iE-06 18 02
:3 :: :: == 332 :2‘: 11;?: g:;g' gg::g ;3 o8
-5 6. 44 9.7 95.0 978 15 @ 1220 3172 k08 18 19
1-6 .44 h.7 9% .0 97,8 1609 |‘3.o 317.2 331106 )68 4
1=7 6 44 e .7 8.0 9.8 160, 0 122.0 3:7'2 ”:hm 320 g
- 6 44 8.7 K0 97 600 122.0 3172 Sk 2.8 -5
-9 (.44 P 9%.0 978 s, 0 '53': 7.2 S a0 .
118 6 44 ™ 7 a8 8 97.8 RN 1". 45 - .8 o
-1 . ae %7 8.0 97 .. 1660 122.0 37.2 $HEue 6.77 .29
1512 6 a4 .7 9n.0 9. 160, 8 122.0 372 Sdikne 354 1.9
1=13 6. 44 98,7 G%.8 47 .4 160, 0 122.0 3172 33E-06 19.07 3.07
=18 6.44 9% 7 9% 0 97.u 160, @ 122. 312.2 ks ia.13 2.
=17 6. 94 N, 7 N 97N 160,09 lg..o 3!_’.2 e 2. 04 g
(e f, 44 Gk .7 g% 0 :IT,' 16, 0 122.0 117.1 b 32:5‘ Sk
e .. o i ne 24 168.6 135.0 I B < 11 2 % 67 798
133 i - =8 9. 166, 8 1220 N2 S21) a 47,42 9.71
i3 G ae 4 Se.0 97. 1600, # 1220 N7 L8N o6 41 11,89
- -4+ =% -5 9. 1608 1228 37,2 53w 7,86 13,94
o33 o %] %0 o O S T2 S < T 5.2
e . X 5 ] Y 3" 75 TKIIE 7 1467
13 6 44 .7 % HoH 168 0 {3270 373 5311+ 71,05 1460
44 0 bl 99:: 97 % 164, 8 220 3172 .53k 13 441
5 ' " ; ; ) .2 S311e0% 6. 4.
132 b -~ 3¢ 3”. :::8 :§§ : 3:3: 5210 el 6573 14,12
138 - ;; :: 97 N 1509 122,40 7.2 .51l 67 80 3.9
e - ‘ u 7’ : 22 7.2 S3ir e €618 !
1=37 o aw.7 8.8 a7 % 1, 1220 3.2 331y 08 6. 18 £
1= 0 6oas %7 %0 9.8 16,0 l-g.n o8 e ol L
- ::: 3.."3 :'g "J;: e :5”3 g:; 3 S TR 15.93 9.44
- ) " ; 7, 33’ 317. S31f e 41 .00 T
tos o 3:'; 3:‘8 ‘;': :23': 355‘3 ;\;‘g 8311 s006 31.23 ;.gg
I ) : 3 ; : s 2 Sme 35 b
* ) 9.0 LI 168, 0 122.0 312.2 3 3
et - w7 .0 97.% 160.0 i22.0 317.2  .SiEewe 5,91 1.2
[ - e — -
| Fuom & e ——
AL 5 BRI 4 6 e b 20 4 0 20 20 i B on oe e g 2 20T S v ey R g v
sy S L T IR ST " Y TP YT L T T S I Y™
S1° e, -® B,
' .D.. ' s -
» .
o T - >4
. f'
- = -
? : SR I
~ - - - T,
K | esar . g r2
X u - a s " w
ks ot " . vt
» 0 L; =
—
= 11 l]
- o J,- ’ epiese ety
- o -
= AN NSEIR 2 z T Rm oA 24
- -1 2| 6a rs '
@e DLC e MGCC i
- 160.8 PR TS 1RET Ly w4 6E.R KPR TS INEY
33 1222 wPR CON TAN | : : 122.8 KPR CON AWK
3 v : L WM. | - g R om e : R
ee e e w8 @ e 5.8 0.0 ee % N
AX 1AL DISTANCE (CM)

2.2
Ax1AL 01
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BNL PLASHING FLOVS EXFERIROT

-
..’
A o

Sre

588
alk

Bi= () 40

el

6L°C1
A

i

o

NE DROP DATA PROW
TEST SEATION 0 2
RUN NUMBER 25
LOOP PLOW TENFERATURES (DEG ) PRESSURE (KT 4) VELOCITY REYNOLDS DIPFERFNT |AL PRESSIURE
LTRASKS FLOW WETHR TS INLET CUND TANK TS INLET  CUNL TANK O SIC  NUMBFK WEASUNED  DIMENS IONLYSS
9.55 . 97,4 97, 247 0 125.5 a%.3 - 1,14 A
9.5% % 97.4 HE e 83 4703 7MIEe0K 2.25 ‘3
9.58 e .2 9 - 9.3 2470 128.8 4703 TRIE 0K 5.34 .50
9.5 9.2 9.4 $2.3 247.8 128.% 4. THIE DG 9.3 87
9.5% 9% 9.4 97.3 2478 125.5 a70.3 JINIE G 15.59 1.46
9.5% 9,2 97,4 97.3 247 .8 125.5 4703 TRINC06 22.90 2.14
9.58 o 97.4 ¥7.3 247.6 125.5 470.3 TR0 30,88 R
9 58 9N . 97 .4 27.3 2.0 125.8 479.3 THIE 06 w6 15 4.
9.58 oy 7.4 97.3 7.8 128.5 4.3 TRIE 16 62 08 $.80
9.58 . 97.4 97.3 247.0 125.5 4793 TR 06 73.82 6,69
9.5 9. 97.4 97.3 247.0 125.5 .3 TRAE Ry 02 w.22
9.5% 9% 97.4 97.) 247.0 125.5 am.) PRI 6 1009 10, 1
9.58% 9n . 9.4 97 3 247 .0 125,85 476.2 124,44 11.62
9.5% o 97,4 97.3 247.8 125.% 4%.) 147,68 13.7%
.58 9. 97.4 ¥2.3 247.0 125.8 a4 1. a 14,95
9.5% 98.2 97.4 97.3 247.0 125.8 am. 3 164,29 14.97
9.55 9.2 9.4 97.3 247,90 125.5 4.1 159 .81 14.93
9.55 %, 2 97.4 7.3 247.0 125.5 470.3 15539 14,89
9,548 b . 97 .4 97.3 247.@ 125.5 703 159,20 14.87
9. 5% Y] 97.4 97.3 247.0 125.5 470.3 158 . 48 14, %0
9.5 9 497.4 97.3 247.0 128.5 470.3 158 .43 )b ok
9.58 o 97.4 97.3 2470 125.5 4.3 157.99 14 76
9.55 9. 97.4 97.3 247.9 128.5 470.3 156.7% 14.64
9.5 98 . 47.4 97.3 2470 125.8 470.3 156, 48 14.62
9.58 98, 97.4 97.3 247 % 125.8 4703 156,08 14,58
9.55 9u, 2 97.4 97.3 470 125.8 470.3 155,71 14.54
9.5% 9n.2 97.4 $72.3 24 (PN, | 470.3 155.18 14,49
.55 N 97 .4 97.3 24 .9 125.5 am. 2 154.2% 14,41
9.58 o, 97.4 97.3 247.0 128.5 479.3 14.99 1.
_-_—___-—-"-—‘
[ e | Ll
- v R TR R T W TR R o YT T e
) ~ .,
r. : 2 <
' B
o ~ |
l’cg z )
- g_.4
a2~
. - .
23
Y —
- ;.‘
. o p
r'
' |
< &
RN wSER 25 " > Py RN NrEER 25
5 % B 8.6 LPS i
06G ses & 8 0 & & * 0 9.4 DECC |
247,80 xPR TS INLEY ] 2 2478 xPR TS INETY I
125.5 KPR CON AR E ¢ 125.5 KPR CON AN
v . - — 2 L v - EPeTT——
e ae.e 28 62.0 ee LR ] 2.0 LA we s2.e 2.2
DISTANCE (CM) AXIAL DISTANCE 1C*)
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BNL PLASHING FLOVS mnlm
PRISNUNE. DROP Dala
TEST SECTION o l

RUN NUMBYR 26
LOO® L0V TENPERATURES (DED C (KPA) VELOCITY REYNOLDS DIPFERENT [AL PRESSVRE
Tars LTiser PLOV RETER TS INLET m TWix ﬂ lv'n CUND TANK O SIX NUMBEX WEASUNED 0] MENS 1ONLINS
1-4 12.7 98 & ar. 9.7 6| 132.4 62%. 0 . 185F 87 2.19 Nl
1-s 12N w6 9.8 9.7 86 | 192 .4 620.0 «INSE07 <4 0% .. |
-7 2.7 9 6 97.8 .7 Nk | 132.4 626 v L JOSE 7 9.97 39
-9 2.7 o .6 97.8 9.7 NG| " €26.0 10507 16.3% il
-1 12,71 .6 9.8 97.7 e . 6260 L MOSEeRY 27.41 1,43
=13 12.7 98 .6 .. 9.7 N6 i 4 6260 CA0SE.? 40 .23 2,12
=18 2.7 98 6 9.8 $2.7 sk | ) 6260 . IUSEs 2 6. 24 .97
=17 2.7 9% .6 97.8 9.7 NG | 4 B26 1 P INSE«0? R4 28 e
=19 12.21 s .6 97.8. 97.7 sk 4 6268 NSk« 1ivg 4 s7n
=20 12N N 6 “47.% 97.7 ING 1 4 626 0 L 10SEer? 136,22 N2
1= 2.7 9.6 9.8 9.2 InG. ) .4 6260 5. Uy
p-2e 2. 9% 6 Y7 K 9.2 INh .| - Kk 0 1902 R
1+23 2.7 98 .6 97 9.7 I | 4 626.0 : 218,18 1.5
1=2a 122N 9n. K 9.8 9.7 NG L 4 626.0 L 10SE 07 23 13,59
1-38 12,7 Yn 97.> a7.7 Iné . | L4 6260 CASE iy I 7. 60 6.2
1=26 12. 9.6 9. $7.7 6. | 4 6268 LA0SE 07 299 . 9% 15.82
=22 12.7 N 6 97 . 7.7 INE | 4 2L 0 JOSEen? Jor G 5. %5
=79 12.7 9.6 978 97.7 e | A 6201 L, eSKen? 29% 15.77
=31 12.7 9N .6 WrN 97.7 UL 4 626 » . LOSE07 298 .94 15,77
1=33 2.0 an .6 9.8 97.7 NG, | 4 626.0 o HASEs? Jun, 89 15.78
=18 2.7 98 .6 9. ¥?7.7 Ink | . 6. ¢ - TS e1s7 20N b 15.7%
=37 127 9 6 97 % 9.7 NG, | - (SN . HOSEN? 298, 5.7
1<3% >N o ._H LN 9.7 N6 1 4 626 0 S 10SE.Q7 297.78 15 "
t=4) 2.0 9% 6 9. 9.7 NG| 4 6261 L ADSE 7 297.36 1% 6n
1=43 12.7M Y 6 9.8 9.7 6.1 - 626 .0 L AOSE0? 2974 15.69
1=48 12.n EL 978 $7.7 N6 | 4 626 .8  ASE 07 29% .36 15.63
=47 12: 7% L 97 .. 92.2 Ine | 4 626 .0 L 1DSEA0? 206 . 4y i5.64
1oy 2.7 9 6 97 s 9.7 Inf. | 4 626 .0 NOSE0? 20488 1S 58
- 12.7 9.6 9.8 9.7 6. | 4 626 0 . 1BSE07 2686 1.42

g
e
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2 - w4 ME KPR TS DeEr i
. 2 =1 132, xer Cow AW
e 8 dae e e .io e e e T
AXIAL DISTANCE (CM) } ' AXIAL DISTANCE (CH) o
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DIMENS IONLESS

URED

DIPFERENT [AL PRPSSURE

(XPA)
CUND TaNk

PLOV TENPERATURES (DEO C) PW
LTRssEC FLOV METER TS INLFT COND TANK TS |

TArs

ARFAUEARIERANCHAIIIRITINTIRLOIR G 2A

anmxm.wujmﬁ.ux..anmmugﬁ..mmuuunnm“u
BB £ DEEPTEPE R

T T
R R R R R SRS AR R AR AR
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Parar -a4d.4'bﬂlz’-‘:2§h‘zz

BEgERRgRRE sReserrereesrec Rt ies

Ll el ot mEaAnAARAOn noans Ll atalyl

BEOCDVOCE DRIV COVEN R T VR L L L L DOV T COEC L DD

ARARARARAARACAAARANZALAZANANARRARARL
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RAZRRARARSIRARIRARARENARARARRRERRRR
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RRERERAZAAR " AAAAAARRAIRAARIAAAARAIR
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BI95IF9T3FT9T9TsIIes eSSy

L

!
e
0.2
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m
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o
% Jm
i FLIRG
g R o8
F A -
=/ foate 13
o &3 n
ar SSRER
et .
€00 400 oM 1280 1608 2000
£ 0P=
OP (PS])
eM  ume e 2% 6 WNe
“ T s A i Y“
b -
1 .
y - -
. . %
-
R . al
v . a.m
r & -
v’ . w
m . JM
% : r® A
o .t o
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ﬁ : o&
L wmram
g S
e ™ H -
s wmummfm
ok, | o3
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,Inwl. g —— |||L ¥ ) "
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BNL PLASHING FLOVS FPXPER]NENT
PRENNTRE VATA 'mom
TISY SICTION ¢ 2
RUN NUMBER 28
Loor TENPERATURES (DEO ) PRESSURE (KPA) VELOCITY

Tars Lﬂlg FLOW NETER TS INLET COND TANK TS INLET  COND TANK Cn SIC NUMBER

1-4 12.8 1.6 131.7 13:.4 565.6 3158 636 7 L 129E.87
=5 12,81 132.6 131.2 131.4 565.6 IS8 638.7 L 139007
1-6 12.81 12.6 131.2 131.4 565.6 Jis.e 63,7 L1 3GEen?
1=7 12.81 132.6 131.2 131.4 565.6 2158 630.7 L A39E07
% 12.4) 132.6 131.7 131 .4 565.6 3i5.8 630.7 R T
-9 12w 132.6 131.7 131.4 565.6 315.8 630.7 L3907
1=1® 2.8 132.6 131.7 131.4 568.6 Ji15.% 636,27 1397
=1 12.81 1326 121.7 13i.4 565 .6 NS N 630,7 139k e07
1-32 12.81 132.6 131.7 131.4 565 .6 AiS.. 6.7 1306507
=13 12,81 132.6 131.2 131.4 565.6 Jis.e W, 7 L139F Y
=14 12.80 132.6 131.7 131.4 565.6 IIS.. 60,7 13907
=13 12,81 132.6 121.7 131 565 6 388 630.7 13907
1«17 2.8 132.6 131.7 131.4 565.6 IS8 (38,7 R T
=19 12.81 1326 131,27 1J1.e 565.6 215.8 630.7 L 1396007
1=21 1280 132.6 131.7 131.4 565 6 35 650.7 139K 07
=22 12.81 132.8 131.7 1914 8.6 388 60,7 L1290y

1-23 12.81 132 6 131.2 131.4 565 .6 258 6367 129K 07
=24 12.8) 132.6 131.2 1314 565.6 JiS.8 6307 L A9E0Y
1-24 2.8 132.6 3.7 131.4 $65.6 3158 630 .7 L3907
=27 128 132.6 131.7 131 .4 $6S & 358 6307 L139Ee0?
1-39 12.%1 132.6 131,7 13,4 565.6 28 60,7 L 139K 07
1-3) 12.8) 132.6 131.7 131.4 565 6 Jis8 630.7 13984007
=33 12,81 132.86 131.?7 131.4 565.6 RIR ] 6307 139K« (¥?
1-3% 12,81 132.6 131.7 13 .4 565.6 2188 6307 A7
1=37 12.43 132.6 131.7 131 .4 S65.6 IS8 [ AJ9Fe?
=) 12.81 132.6 31,7 13i.4 S65.6 JiS.8 630.7 « 12907
1~ 128 132.6 131.7 1314 S65.6 3. 6307 L1390e0?
1-43 12.81 132.6 131.2 131.4 S65.6 Jis.e 630.7 139%+07
1-48 12.m1 132.6 131.7 131.4 565.6 3.8 6.7 L139E«07
=47 12.81 132.6 131.2 131.4 S65.6 IS8 636.7 L2907
| -9 12.91 132.6 .7 131.4 5651 s« 6.7 o 1ot 00
S0 12.81 132.6 tNn.? 1314 565.6 LREN 630.7 LAI2E07

DIFFFRENT AL PRESSURE

WEASURED  DIMENS ONLESS
1.33 M7
3.63 N9
67 .M
5.01 B
.79 63
15.47 83
28 65 1.53
27 o8 1,48
N, i2 2.04
an 03 2.14
46 84 2.50
5.2 2.95
%3.32 4 45
07,42 5. 74
152.6) 16
IRT_ NS LU
21718 11,61
26" 64 139
9. 54 16,55
a9 1h. 26
I8 1629
MN2.19 16,18
302.74 16,18
2.00 .15
W2.21 16. 16
00 .67 w.n?
00,72 1,08
299.7% 1n. 02
299 40 16.00
298 92 V50
0003 16.04
27.22 ).

1
LS00 S 0 28 0 b S a0t s B it S TETT T Ty Y—v—vw—J D L0 S0 20/ 00 S (0 Svua o B S B S gt 0 S0 2 st S0 £ S Shn S 2 2 2 s g o g o e 2 g e
s 1S : 152 7 3% ar e ae T M SR A I B A AT AR AR
= . - b
g 3 3
-.
s
-
L N 1.," =
Qﬂ . 2 2
° . %
;:4 L, %..-
- . g LR 1
3% | =
— - e
.'.'34 . ,l‘;- 51
=8 "% %
SO — . SN S 1
A -
34 !'.I'I.H‘.!l e ..’_.s.__ ; ‘.4 RN W3ER » ...---.llll.
Bl 128 s e R TR TR 2| 28 s
13,7 D6G € 1317 06 € ] |
el S65.6 kPA TS IMgY » m] SE5.6 kPR TS MY |
iy 5.8 KPR CON TN ' ! S8 KPR CON TANK |
% e - . - - S — .
v e 2.0 2.0 @0 .0 2.0 ee we e 2.2 we .0 .8
RXIAL DISTRANCE (CM) RXIAL DISTANCE (CM)
=123~




1N PLOVS EXPUR | MENT
Sk, MROP DATA FRON
TEST SECTION # 2
RUN NUMBEN 29
LOOP FLOW TEMPERATURES (DO C) PRESSURE (XPA) VELOCITY REYNOLDS DIFFERENT 1AL PRESSURE
TAPS LTR/SEC FLOV WITEX TS INLET COND TANK TS INLET  COND TANK N SIC  NUMNEXR WEASUKLD DI MENS [ONLISS
-4 12.42 116.6 123.5 1184 7.9 209 .6 811.7 12707 134 o™
-3 124 66 1338 1184 ws e g2 i an o
-8 138 Hee 1238 1 7.9 3.8 6i1.7 L1277 14.72 w
=1 12 42 165 12).§ 115.4 -7 20 6 611.7 N2 ew? 25 46 | 44
=13 1242 116.6 1228 118 4 w7y 9.6 611.7 L1207 37.96 2.14
=18 12,42 116.6 122.5 115.4 N7 8 209.6 611.7 A2TEe? 5$1.9% Fa L
=17 12,42 116.6 123.8 118.4 aN7.9 209.6 611.7 L1270 w42 a5
i-19 12,42 116.6 1. 115, 4 a7 9 209.6 611.7 L1207 109.99 $.75
=20 12.42 116.6 un.g 15,4 487.9 9.6 611.7  L127Ee?  122.94 6.93
i-21 12.42 116.6 i23.5 i15.4 :’1.9 ,’:’,’2 :::; :g::; :g: o
-2 2 ’ . v - - e - -
-3 :§:~ 18 ¢ :gg 11354 pift 29.6 61,7 137w 207.38 169
=33 12,42 116.6 1215 115 4 PR 2006 611,72  .127h+07  247.89 R
=38 12042 1166 ng,s 115.4 .9 2096 611.7 L2707 297.88 1%.79
1e26 12 42 166 123,58 115.4 ax7.9 2096 GLILT (707 2. ie 17.04
=37 12,42 116 6 123.5 115.4 7.9 2.6 611,72  .12Ne07  308.46 17,22
] 12.42 1166 123.5 115.4 a87.9 208 611.7 12We? 3.9 7. 14
=21 12.42 1166 123.5 115 4 879 9.6 611,72  L127407 203 61 17,12
=33 12.42 1166 123.8 115.4 “87.9 9.8 611.7 A7 4 79 17,19
1=3% 12.42 116.6 123.5 115.4 “87.9 209.6 611.7 A2TENT 2. e 12,08
37 12,42 166 12308 115.4 an?.9 2096 611.7 12707 WA.39 17. 11
-39 12,42 11i6.& 122.5 115.4 7.9 0.6 611.7 A2TetY »11.79 17.02
Fesi 12,42 116.6 123.8 135.4 ax7.9 2046 $11.7 127w 22,08 17,03
(=43 12,42 116.6 123.5 1154 w19 209.6 811.7  Lid7en7  301.853 17,04
|-48 12,43 1166 1235 115 4 487.9 209.6 611,7  L127+07 2.4k 17 08
1-47 12 43 116.6 1235 18,4 an7.9 2096 611.7  .i27ew?  302.12 17,04
j -4y 12,42 116.6 17's 118 « an?.9 209.6 B11.7  L127ke07 2. 17,03
S 12,42 166 123.8 115.4 “n7.9 299.6 611.7 AW 26,47 1.49
’ ';.‘\\__________—-—'—-——j‘
! ; " 15 n Fel % “w @aoon b |
b L) - r.‘ -
.. (2 a]
- ]
-
B T -~
- | 2
! 2
| : ["'—- g..<
- 5 -
23 ¢
- | —
R - —: % :;;.
. s 8
. e - L.. !
RUN KSR 29 . < RN N S'TR 29
12.8 ¥ ®ss o 0w o 5 8 8 s e e 2 2 12.4 LS A s m ¥ as R K
123.8 X0 ¢ 123,85 DEG C ] :
1 4879 wPR TS 1w EY Lo ud 487.9 R 1S wEr i
9.6 xR (0N AW 2 . 209.6 KPR CON TAWK [
L. T T e ; v v Y SEEstaypeiprpue-aiieag®
ee e e we @.e 2.0 e e e .0 2.8 @.e @0 2.0
AXIAL DISTANCE (CM) AXIAL DISTANCE (CM)
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BNL FLASHING FLOVS EXPER I NENT
PRESXE

I DNOP DATA FROM
TLLT SICTION 0 2
RUN NUNBER D0
Lor v TENFFRATURES Ci Kra VELOCITY REYNOLDS DIFFENEL " 1AL PRFSSURE
' Tars LYR/SEC FLOV RETER TS IIJF COND TANK TS INLFT  COND T Cn SEC NUNBER MEASURIY  DINENS LONLESS
; (-4 964 H;.! lg.l 114.7 375.2 206.2 4.7 LGB | a8 .18
n-* 9.64 115.% 1281 114.7 gg 208 ar4.7 LA 06 2.17 ]
i 9 6 1189 1281 1147 . 266, ajra? L9UIE U6 .28 LAY
-9 9 6 118.9 128.4 114.7 »s 206, 4747 Lk e 6 9.22 NG
1=l 9. 64 118.9 1251 114.7 175.2 % 4.7 SR G 18.79 1,45
., =13 9.64 115.9 12%.1 114.7 378.4 206 474.7 LRI R 23.18 2.
! 1=20 9.64 1159 125.1 114.7 378, 6 a%% .7 LW 06 7%.80 7.3
=21 9.64 115.§ 128,14 1147 17S. 200 4% .7 AT A6 B9 44 839
' =22 9. G 115.9 1258.1 14,7 75 206 . 474.7 ST 06 1 13 1e.33
=23 9 .64 118.9 |g.| 114.7 378, 206 . 474 7 L999E D6 126.62 N
1=24 9 64 118.9 125,14 114.7 7S, 2062 4%4.7 LUFIE 06 151.58 14.21
. 1-25 9 64 189 1251 114.7 378.2 6.2 474.7 RO IN] 46 12.092
1=26 9. ha 118.9 1281 114.7 375.2 26,2 “74.7 L9 e ING, 22 7 1
| 1=27 9. 64 115.% 1281 114.7 0.2 6.2 4747 LU IN7 46 12,8
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Tars LYR/SEC FLOV NETER TS INLET OUND TANK TS INLET CusD T Cn SEC NUMBER WEASURLD  DIMENS TONLESS
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BNL PLASHING FLOWS EXPER|MENT
PRESNIRE DROP LeTa FROW
TIEST SECTION # 2

RUN NUMBER 53
LOOP PLOW TENPERATURES (DED ©) PRESSURE (KPA) YELOCITY REYNOLDS  DIFFFRENTIAL PRESSURE
Tars LTR/SEC FLOV WETER TS INLET COND TANK TS INLET COND TANK  CN SEC  NUKBER  MEASURED DI¥ENSIONLESS
1-2 9.8 1166 1225 1226 3948 2489 470.3 97906 37 .03
V=d 9,55 166 1235 123.6 3946 2403 470.3 979106 Y 85
1= 9.5 116.6  123.5 1236 3946 2489 68D 9741406 19w 18
1-7 9.54 116.6 1238 123.6 3946 2a8.9 a7.8  LO7RK08 5.04 lan
1~y 9. 54 116.6 123.6 12).6 394 .6 245 .9 471.6 OB 2L 0% 2.23 .Sy
i=11 $.53 166 123.5 122.6 3946 24%'9 459.4 977w 18,50 {48
=13 9,55 116.6 123.6 1226 394.6 2488 a70.2 579106 23.05 2.20
1=18 9.54 166 1236 1226 394.6 2489 4698 .9Le06 30,10 > e
=17 9.55% 116.6 12).6 123.6 394.6 248.9 47%.2 L9791 06 45,56 4.35
1-19 9.35 166 126 1236 3946 24n.9 S 9006 61.39 s.88
1-21 $.53 16,6 1236 1236 3946 248.9 469.2 977606  87.53 .39
=22 9.5 116.6 123.6 1236 394 6 248 .9 a7 .m 974106 102,02 19,32
i-23 9.5 116.6 122.8 1236 3946 2489 470.5 97906 123.36 11.76
124 9.5 116.6 123.8 123.6 394 .6 2489 “68 23 975F+06 146 9% 4,14
=28 9.5 116.6 123.5 12).6 3940 248.9 acs. S L975E 06 153,85 15.78
1= 26 9.5% (6.6 1228 1236 3946 248.9 4708 97906 161.96 IS dd
1-27 9.52 16,6 1238 1226 3946 24H.9 6.9 9IEeOR 169,32 15.29
1-29 3 5% 166 1238 126 a6 2489 4.2 .97Ewh  159.61 15.23
1=31 9.53 116.6 123.5 123.6 2946 244.9 “69. S L9778 158 99 18,22
1=33 9.56 116.6 123.5 123.6 394.6 248.9 an.? LGB0« 96 15K, 78 15,12
=38 9.56 116.6 123.5 123.6 I 248.9 an.7 LGN s 06 155,37 i5.0%
1=-37 9.5 116.6 123.5 123.6 J9a. 6 2489 a6y 4 LS77E06 157,10 15.08%
-3 9. .54 1166 122,85 123.6 194.6 2489 “63.6 LI77E06 185.70 4.0
I=ei G5 116.6 123.6 1226 X946 2489 M7 L OROE <06 154 84 14,75
| =43 9.5 116.6 122.6 123.6 394 .6 248.9 09,4 LOTIERG 154.59 1.8
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w PLASHING FLOVS EXPFR|NENT
ltfg:l DROF DATA FROM

SECTION # 2
' RUN NUMBER 54
LOoOr FLOV TPMPERATURES (DEG C) PRESSURE (KFA) VELOCITY REYNOLDS DIFFERENT |AL PREXSURE
Tars LTW/SEC FLOV WETEX TS INLET COND TANK TS INLET  COND TANK W SEC NUNBEN MEASURFD  DINENS IONLINS
-2 12.88 184 123.5 122.6 524.9 252.3 6€32.5 132807 .00 .0
|4 12.8) L 1236 123.7 §24.9 252.3 631.9 3267 1.51 N
1-S 12.87 1IN 5 123.6 122.7 524.9 282.3 631.6 132107 3.7 20
-7 12.86 118.6 123.7 123.8 524.9 252.3 63).2 LA2E07 9.5¢ .56
-9 12,88 118.6 123.7 123.8 524.9 282.3 630 132807 16.57 N7
t=14 12 .84 118.6 123.7 1239 524.9 252.3 632.4 A6 27.51 1.4%
-1 2.8 118.6 1.3.7 12).8 524.9 252.9 630.7 13 IE0? 39.92 2.12
=i 12 w4 186 123.6 123.7 524.9 252.3 632.0 A28 $6.7% Aiw
=47 12.88 1'8.6 122.6 123.7 524.9 252.2 632.9 L2602 ®S5.53 4.5
I-i9 12.87 118.6 123.6 122.7 524.9 252.% 633.9 NA2ET 110,28 .7
=21 12.82 1in.6 123.6 123.7 524.9 252.3 631.2 A31Een? 155.62 .24
=22 t2.42 Lin.f 123.6 123.7 524.9 252.3 63i.5 L3107 19243 10,18
=23 2.4 1IN 6 123.6 123.7 524.9 252.3 632.2 A0 221 .48 11.69 o
1=24 12.82 186 123.6 123.7 524.9 252.3 63).1 LAdE07 267.75 14,18
=25 12.82 1in.6 123.6 123.7 524.9 252.3 631.4 A31ke0? Jia ny 1606
=26 12,88 1186 12).6 123.7 $24.9 252.3 632.8 L2800 310,94 16,9
=27 12.8) Hin.6 123.6 122.7 524.9 252.3 611.9 1328017 311.00 15,48
-9 12.83 1186 123.6 123.7 5§24.9 252.3 631.9 32607 311.39 16,45
=3 12 w6 1IN 6 123.6 123.7 $24.9 282.3 63), ) LAATEN? 310,17 16.33
1-33 12.87 1in.6 i2).6 123.7 $24.9 252.3 633.7 LAAZE? 310,56 16.31
=3 12,88 1i%.6 123.6 123.6 524.9 252.3 632.¢ B0 3190.59 16.3?
-39 12,80 118.6 123.6 121 6 $2a.9 252.3 633, 1 L2607 0%, .51 16.24
1=43 t2.53 1in.6 123.6 123.6 524.9 252.3 £31.9 L131E07 307,81 16.27
1-49 12,84 8.6 123.6 123.6 524.9 252.3 632.2 AI2E? 306.323 16,17
501 12.81 1185 123.6 123.6 524.9 252.3 63:.0 LAIE? 28.058 1,49
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BNL FLASHING PLOVS
PRESSVNL

NI, DRUF DATA FROM
TEST SECTION # 2

RUN NUMRER  §7

LOOF VL0 TEWPERATURES (DEG O
TArs LYR/SEC PLOV WITEX TS INLET COND TANK TS
i-5 2 198 4 122.2 124.0
-9 435 liw. 3 124.5 124.2
<13 <. Tos .3 122.9 1228
=17 431 Tk 3 124. % 1241
=21 <+ 1043 122.0 1209
=23 4.5 18,2 123.7 122.7
1%24 4N 1w, 2 124 8 126 0
1=2% 404 1% .3 122.6 123.7
=% a5t 18| 124.1 123.9
(S dd -2 1w, | 124.2 123.9
=29 a3 1wt 123.6 123,48
- “. 1o, 1 124.6 1229
1= <32 1o 124.5 123.7
1-3% 4.0 s, | 124.6 12).9
1=37 “ T 124, 1 123.9
1= 4,32 s, | 124.7 122.9
L <0 1o, 2 122.7 123.6
1=4) 404 1w | 124.7 1238
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BN PLASHING m EXPER | NENT

(1 M)

6LEL

E DROP DATA FRUM
TEST SECTION ¢ 2
RUN NUWHER  SB
Loor FLow TEMPERATURES (DEG C) PRESSURE (KPA) VELOCITY REYNOLDS DIFFERENT [AL PRESSURE
TArs LYR/SEC FLOV WETER TS INLET COND TANK TS INLET  COND TANK CR SEC NUMBEX MEASUNLD  DIAENS |ONUISS
-2 6.8 1062 123.1 110.2 2541 174 4 4.2 L652E+06 .15 s
-5 6.3 96,2 123.1 119.3 254.1 174.4 313.7 L6SI1ECDG .58 12
-7 6. 3% 16,2 1221 119.3 254.1 174 .4 313,) LGSOE 1N 1.64 .35
(] 6.35 16,2 123.2 110.3 254,1 174, . 4 312.7 LBAGle 3.7 .82
t«11 6.8 106.2 1231 1.2 2841 174 4 Ji4.2 LES52E06 6.3 1,38
=13 6.37 106.2 123.1 11e.3 2541 174 4 3134 LBSIEG 9,46 L
=15 &N 6.3 123.2 .2 2541 1744 313.% 6515, 13.85 2.9
=17 6.34 16,2 123.2 118.3 2541 174.4 312.4 LGAYF o0, 211,45 4,42
=19 6.36 1062 123.1 110.3 254.1 174, .4 313.2 LBSOEG 26.60 5.72
1=2w A 1, 2 123.2 118.3 254. 1 174.4 e BSOE 0, 31.72 £.83
=21 £.35 106, 2 123.1 110.2 2541 174 4 312.9 LBl e I7.8R 3.6
=22 636 e 2 1221 110.2 254,101 174 .4 313.0 JBADE N w6 S5 10,02
=23 6.5 6.2 12J.0 1o 2541 174 4 3ir.9 L6506 4a9.29 .55
=24 6.35% 1% 1 1230 e 254010 174 .4 312.2 N LT 65.05 14,03
1=25 6% 16, 1 122.9 Hiew 2541 17«3 J13.1 LB 06 82.70 12,99
=26 6w 106 . 122.9 tm,z 2541 174.4 313.3 LBAF 0 i, 59 ho1R
=27 6. 3% 104 00 122.9 1o, 2% .1 174 .4 33,1 LB ke w485 18, 2%
=2 6.2 1960 122.9 [RTUN 2541 174.4 J12.3 SBATY 06 85.32 1N, 48
1= 6.34 e . 0 123.2 ot 25410 174.4 3i2.3 ST SR N b .32
=23 6.3 G 123.1% 1iv. 4 254.1 174.4 11,3 LGA0E 206 Rd in. <9
1=3s [ 1) 123.1 1161 254.1 174 .4 3.8 s 75 06 55.1) 1% 81
=37 6.1 196, 1 123.2 110.2 2541 174 .4 3:13.5 A5 86 .03 In 47
-3 B33 106§ 123.2 11,2 2541 174.4 Jit.e L6 TE 06 NG 34 i~
1=4] 6.34 16 | 123.2 13 254.1 174 .4 312.) GRS OR 86,12 IN.GS
(e 6,06 16,2 123.2 110.3 254.1 174.4 3131 L BSOF 106G »6.01 N, 51
I=45 .3 1.2 2.2 11v.3 28«1 174.4 335 681106 86,01 In, =i
=7 6.6 w6, 2 123.3 110.3 254.1 174.4 313.4 GS 1k 85 49 in.27
f -9 6.3) 1062 122.3 116.3 2541 174.4 3.8 CGARE 06 85.73 18RO
- ) 6.32 1063 123.3 11e.3 2541 174 4 .4 64 7L 00 5,80 126
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i

M EXPFR | MENT
r»s-mz DROF ATA FROM
TEST SECTION 0 2

LOOF MOV TEMPFRATURES (DED © PRESSURE (KPA) VELOCITY DIFFERENT [AL PHESSURE
Tars LTRAEC PLON WTEh TS INLEY COND TANK TS INLET  COND TANK CN SKL  NUMRER MEASUKED  DIAENSTONLESS
- ) 9.9 254, 174.4 212.2 649006 50 17
:-3 :’J: ::3 :g; 13 254. 1 174.4 312,58 .6A9Le06 2.04 T44
-9 6.4 1062 123.3 110.3 254. | 174.4 312,27 .649E08 400 &7
=11 6.35 12 123.3 1103 2%a. 1 174.4 3126 6506 6.96 1,50
<13 6.35 1062 123.3 116.3 254, | 174.4 312.9  .650E+06 10,41 2.24
=18 6% 1062 123.2 119.3 254, 174.4 3128 L6SOK-06 13.76 2.9
' 6 3% 106.2 123, 10,2 254. 1 174.4 31,7 LBATEG 20.67 4.49
bt 6.3 1.2 123.2 s 2541 174.4 2133 .BSIED6 26,50 5.69
2944 £ 35 106.2 123.2 10,2 254.1 174.4 312.5 6496 37.62 W12
132 £.38 1061 123.2 1.2 2541 1744 2B LESOEA 6.6 9.99
e 6.1 1062 1212 8.2 2541 174.4 3116 L64IF0B 49,34 10.72
He: .36 6. 1 1222 12 254\ 174.4 3138 LGSOLE €5.19 14.03
e HE 1. | 123.2 110.2 25401 1744 3118 .6a7F+06 82.21 17,87
133 £33 106 1 1234 1102 2541 1744 3117 L6408 §4.27 %29
HS: 6.32 1% 1 1231 1) 254, 1 174.4 1.2 LbebEeh N 19 ¥ 34
13y 6.3 Jobo. | 12301 1.2 254l 1744 31009  L64SEeU6 8494 5,54
13 6.0 106 | 121 1.2 2541 e 34,1 LBS20A06 55,49 1827
=33 6% 106§ 123.2° 110.2 2541 174.4 N0 LESOFe6 S 19 18,56
149 6.4 16 | 1231 1.2 2541 174.4 312.2  .BABEe0B §5.02 1K, 54
S 6.23 [ 1231 10,2 254.1 174 .4 3.6 GATL 6 5. 86 .22
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PULBLENSY
sessnssss
FUZIUDENN

BNL FLASHING FLOVS EXPER|NMENT
PRENSUKE DROP DATA FROM
TEST SECTION o 2

RUN NUMBEN 6@

TEMPERATURES (DPG C) PRESSURE (KPA) YELOCITY  REVNOLDS DIFFERENT 1AL PRESSURF

PLOV RETER TS INLET COND TANK TS INLET  COND TANK M SEC NUMBER MEASUNED  DINENSTUNLESS
1129 lzs.g 112.4 263.7 86.2 309 .8 L6SIE+06 30 64 6.79
112.9 128, 112.4 263.7 186.2 309.1 65406 36.79 814
113.0 125.8 112.8 263.7 186,2 309.5 LB58E e, 45 0% 9.95
1:13.0 1258 12.5 263.7 186.2 7.7 BSIE 41.22 U
113.0 125.% 112.5 263.7 186,.2 3609 .0 B5AE 06 63,49 14.07
113.0 125.8 112.5 3.7 186.2 309.5 OS5 w BS54 17.79
113.8 125.8 112.6 263.7 86,2 309.7 656} 196 82 .26 In, i
1131 125.8 112.6 263.7 1862 I .9 GS4E 06 83,13 5,42
131 1258 112.6 263.7 186.2 Jie. 657E06 3.1 18.27

"1108" L -' ! }



Bl

BNL PLASTIING FLOWS EXPER ! NENT
PREZNURE DROP DATA FROM
TEST SICTION ¢ 2

RUN NUMBER 61
LOOP FMLON TEWNPERATURES (DEG C PRESSURE (KPA) VELOCITY REYNULDS DIFFERENT 1AL PRESSURE
Tars LYRASEC PLOV METEW TS INLET m TANK TS INLET  COND YaNx CW SkC NUMBER MEASUNED  DIMENSI1ONLINS
(55 ] 606 1992 124.2 168.9 258.9 162 @ 313.1 JHSSE06 1.89 .23
1-7 6.35 19,2 124.2 1089 25%.9 162, 212.4 JBSAELU6 2.47 .54
-9 .34 109.3 124.2 108.9 258.9 162.0 Ji2.3 L6531 eiW 4.22 .93
1=11 6.35 109.3 124, 1689 258.9 1h2.0 312.6 A8 06 7.08 1.52
1=13 £.33 109.3 124.1 1990 25% 9 162.8 < 1 1% JES1EDG 10.20 -2
t=18 6.32 9.3 124.1 108.9 25%.9 162.0 .2 BSIF06 1.7 2.99
=17 600 11,3 124.0 10%.9 258.9 162.0 3134 BSSEO6 0,54 <. 41
=19 6.6 1093 124.0 1.9 25%.9 162 .40 3.0 LB5at e 2600 5.60
=21 ho34 144, 1240 8.9 2549 162.0 312.4 A8 06 37.19 » e
t=22 6.35% 19193 124.0 1N 9 254.9 182.0 n2.9 JGSAF e 48,52 )81
$=23 6.0 nwrs 2 124.0 108 & 25%.9 162.0 313.2 ASAE 06 a8 A8 10,41
1=24 o W2 123.9 N B 25% .9 162.0 313.2 HSAE 06 61.3% 13.6a
1+28 6.3 9,2 123.8 1087 256.9 2.0 311.9 LBS I Ee0h X0l 17.58
1-27 6.3?7 et 128 1vs.7 258.9 162.¢ 3% JBSSE 0 N}.62 17,93
=31 .15 (U 123.8 108.7 25%.9 162.0 312.9 LESIE 0 uS.27 N9
- 6.33 1090 123.8 1.6 254.9 162.0 36 SBSE08 LR IN. 7N
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APPENDIX C

PRESSURE AND VOID FRACTION DISTRIBUTIONS
UNDER FLASHING CONDITIONS
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FLASHING EXPERIMENTS

RUN pm(kPa) 'rm(°c) G(Mg/mzs) pct(kPa) T, t("c)
72 i — -—- - e
73 275. 99.4 4.90 56. 87.9

13" 281. 99.4 4.88 52. 88.0

732" 285. 99.4 4.93 52. 87.9

733% 288. 99.4 4.91 53, 88.2

734" 287. 99.4 4.91 54, 88.0

735" 287. 99.4 4.91 55. 88.1

736" 287. 99.4 4.90 54. 88.0

737" 287. 99.4 4,91 54. 87.9
74 285. 99.3 4.90 56. 87.9
75 395, 99.3 6.04 57. 88.5

761 396. 99.3 6.04 60. 88.7

762 193, 99.3 6.05 62. 88.0

763 392, 99.3 6.06 65. 88.0
77 157. 99.3 3.06 65. 88.7

m 157. 99.4 1.03 69. 88.3
78 138. 99.3 2.61 71. 83.0

782 138. 99.3 2.61 71. 88.1
79 124. 99.4 2.27 72. 88.2

791 126. 99.4 2.26 73. 88.1

792 126. 99.4 2.26 83. 88.1
80 585. 148.3 4.36 436. 143.5

803 579. 148.3 4,32 432, 143.5
81 4913, 148.3 2.91 432. 144.0

811 493. 148.3 2.91 432. 144.7

814 492. 148.3 2.91 428. 144.1
82 376. 142.3 2.6 174. 111.6

823 377. 142.4 2.32 176. 110.9
83 152. 140.0 2.30 150. 107.9

833 348. 139.5 2.29 145. 107.1

*
Runsg 731 through 737 are subsets of Run 73 as axe othex guns in the

hundreds subsets of their decade base,
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-8 1 w6 99.4 §7.8 274.8 558 $15.2 B741 06 67.13 £.2
I=1y 1 4S 96 .3 99.4 s 3 275.1 $5.8 S14.4 B72L 06 74.03 5.7
1= 10,43 .3 99 .4 8.8 2741 558 $13.7 RYIE06 &8 73 6,9
124 My 44 9.3 9.4 87.9 275.8 5.7 513.9 W72+ 06 105 99 8.31
)32 I a4 9.3 99 4 $2.7 274.8 55.9 14.2 HI2E 086 129 48 w1
1-23 1046 9.3 99 .4 8.6 274 % S6.1 15.3 LB74F 06 149,86 11.68
1-24 10,45 96 .3 99.4 7.9 274.3 55.9 14.3 LB72E 06 179.55 14.0%
1-2% 10, 4% 9 4 99 .4 88 .7 262 .4 S48 6.0 ”#ms 224.14 17.42
1=2% 10 44 96 4 99.4 LN 273.6 8.7 5i4.3 + . 184,92 14,47
| e o 46 9.1 99 .4 87.R 274.2 55.3 s1s.0 LR73E08 Ind. |1 14.37
1-7% 10, 44 96.3 9.4 8.0 27%.0 558 514.0 LH721L 006 N3 80 14,40
= 1 4y 9.3 9.4 LR 2743 55.8 Side 87 1F 06 183,56 14.39
1= 1. 46 o 4 99. 4 88 4 275.7 8.2 14.9 N7IE 06 183,06 1429
(B} 1 a6 9.3 99 .4 &5 0 274.5 55 4 si5.0 R741 06 183,08 14.28
=32 19, 6 9.3 99.4 8.7 275.3 55.5 14.9 LM73E 06 18294 14.2%
1-33 10 44 96 4 9.4 8.6 274.6 55.9 4.0 L7206 182.9 4.3
1-34 19 47 9.3 99 4 87.9 274 .6 ss.g 15.6 L2406 182,47 1420
1-38 1043 9.3 99 4 8 3 274.6 §S. 13.5 KYE06 181,96 14 2%
1= 10 45 o3 99 4 w0 27%6.0 55 4 4.8 RIIE06 181.25 14.1%
=37 1. 3w 9.3 99 4 87.7 277.3 $5.4 8.9 LBEEE 08 185.91 14,74
- .39 9.3 99 .4 876 277.8 55.5 1.8 HGBF 00 IN6_23 4.7
139 10,39 .3 99.4 8.9 276\ 55.6 .7 LHENE 06 185,50 14,66
[y 10,44 9.3 99 4 L) 272.9 55.0 4.0 A72E 06 w0, 97 14,18
(]! .43 W a9 4 87.5 274.) $5.2 1.5 N7E«06 180,38 14,16
a2 10«2 9 . ¥ 4 oo 273.9 55 1\ 13.2 AL 6 I80. an 14,18
1=43 1. 4% .3 99 .4 oy 274.1 54.5 514.7%, N e 18010 14.07
=44 10,42 o a4 99.4 840 2740 $5.2 12.2 LBT0F 06 179.58 14,10
|-45 e 42 9.3 99 .4 87.6 27 .6 85.2 3.3 JB0E 6 179.25 14 U8
=46 10, 44 96.3 9.4 w8 274.8 55.1 14.2 JE721 06 179.95 14,09
147 1. 9.3 9.4 87.6 279.1 $4.9 1.3 JNET1 06 18304 14,49
1odn 10,44 wh.3 9.4 88 a 274.9 sS4 14.2 BI25406 178 .67 13.9%9
1~49 16.43 96 3 99.3 8.5 274 .6 $4.7 $13.7 MY LE 06 182.13 14.28%
50~ 19,37 9.3 99.4 .7 Fea b | $4.8 518.7 LHEEE 06 17.94 1.42
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BNL FLASHING FLOVS FXPER | NENT
PRESSURE DROP DATA FRUM
TEST SELTION ¢ 2

RUN NUMBER ™

‘mﬂllﬁ 1DB0 PRESSURE GIPM YELOCITY REYNOLDS 1AL
Tars LYR/SEC FLOW METER TS INLET COND TANK TS INLLT  COND T o NUMBER WEASURED  DIMENS |ONLESS
-2 8.3 w2 99 4 L 2807 52.3 So8 5 CBE2E 06 L4 .0
1=3 .1 9.2 99 .4 877 219.7 2.6 $08.7 REF 06 0 o
-4 19,38 9.2 99 4 57,6 2608 $2.5 5098 BESE 06 1.29 i
-S 10,33 9%.3 99.4 89 4 279.8 5.5 508 .8 NEIE 6 2.8 22
=7 .33 96.3 99 .4 N8.3 281.3 52.1 So8.9 B L &. 08 49
-9 1034 96.3 99.4 w52 281.1 $2.2 509.1 JREIL D6 10,66 NS
=il 18,32 9.2 99 .4 &5 0 RN 52.4 S08. 3 LBE2E 206 I8, 16 | .45
i=13 10, 30 ] 9.4 . 2808 52.4 $07.2 L WEOE « 06 26.43 2.1
=15 1n.33 o« 3 9.4 w0.2 52.2 5088 REIF 05 35.7% 2. .56
=17 0. 32 9.3 99 .4 87.8 %) .0 523 S0, 3 BEDE 208 55.82 4.47
I=19 0.3 9. 99 4 87, 279.% $2.4 5.5 REDE 2 (¥ 72.4% 5.8
1-20 .3 96.3 9.4 7.5 2813 2.4 $09.9 NESE 6 8661 684
129 19,32 .3 99,4 87.7 %07 52,8 Som .3 BEIE 16 103,08 .28
132 1031 w6 99.4 8.9 2807 52.6 507.9 RO L +06 126.62 1016
1-23 10.33 6.3 99.4 879 28110 52.5 SN 8 BOIL 06 145.82 i1.65
1-24 038 9.3 954 7.8 281 .4 52.6 509 6 Sk« 06 174,49 13,90
=28 1030 9.3 45 4 LR 229.2 52.6 507.0 Bl 006 228.19 LR
126 W35 .3 9.4 s 0 278.9 §2.7 509.6 REAL O 192.09 15.31
=27 W3t o6 3 99 4 7K 2. 1 $2.2 5076 BE L E 06 861N 14,95
=% n.32 9.3 99 .4 8.5 2803 52.8 oM. | WED1 06 1y 68 15,12
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139 .32 9.3 994 87.7 2808 $2.7 S, 2 WE2E 6 18682 14,97
1) 10.33 963 99.4 87 2814 52.6 Su .6 BOIL 06 18629 1490
1-43 10.34 9.3 ¥9.4 §9.5 286 1 51.9 09, | BE3E <06 INS . BS 14.¥4
=45 10,32 9.3 55,4 wE 5 279.8 2.3 So8, 3 NEZESO6 185,92 14w
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BNL FLASHING PLOWS EXPERININT
PRISSUME DROP DATA FROM
TEST SICTION ¢ 2

AUN NUMBER 32

LOOP FLow TEMFERATURES (DEG © PRESSURE (KPA) VPLOCITY REYROLDS DIFFERENT 1AL PRESSURE
TAPS LIRASEC METER TS INLET COND TANK TS INLET COND T W SEC NUMRLN NEASURLD  DIMENSIONLESS
-5 10,44 r——— 99 4 88| FLEN 52.5 5142 872006 2.65 24
-9 10 41 o 4 99 .4 LN ma 7 2.1 $12.4 (HESE 0 1079 RS
1-13 1,42 9.2 99.3 N7 3.7 52.2 $i13 3 R0 06 26 Re 2.1
1-17 42 9, 3 9% 3 Ll 2838 52.3 $13.1 (HOF 6. 94 4 48
=21 1, 4] 9% 3 99.3 8.6 » | 52.2 gl!.‘ K7L 10<.94 8.23
=22 10,40 963 99.1 87.9 %38 52.4 12.3 .BGEE 06 126,94 w17
=23 10,42 9.2 99.3 87.6 2%8.2 52 .4 513.2 ML 06 148 43 1.6
1=24 1945 w3 99.3 87.7 M4 4 52.6 514 .4 BI2E 06 177.34 13.87
1-28 1. 40 963 99. e w82 263 .6 $2.3 $12.0 LHEH) 206 264 1614
1-26 16,43 9.3 9.4 8.7 2%).6 52.4 51,4 M7 06 194 82 15 W
1-27 0,43 9% .3 99.4 7.9 284 .8 526 514.4 .B70E 06 194 14 15.24
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1-29 i a3 9.3 99.4 8.0 2%4.7 52.2 S13.5 K711406 193, 15.20
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BNL FLASHING FLOWS EXPER|NENT
PRESSUNE DROP DATA FRON

TEST SECTION # 2

RUN NUMBER
TEXPERATURES (DEO C)

DIREN TOSLESS

DIFFERENT JAL FRESSURE
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BNL PLASHING FLOWS EXPER|NENT
PRESSUKE DROP DATA FROM
TENT SECTION ¢ 2

RUN NUMRER 734

FLOW TFWPERATURES (DEO C) PRESSURE (KPA) VELOCITY RFYNOLDS
LTA/SEC FLOV RETER TS INLET COND ™ & 7S INLET COND TANK W SEC NUMDER
L % 2 99 .« 88 0 7.5 54,0 si10.8 BGSE 06
.39 .3 99 .4 LI w768 54 Si).4 un-os
w. 37 ™. 99.4 o2i® 7.3 54.2 5189 BB <06
19 % 9% .2 99 .4 LU 267.2 54.3 $11.2 BE 7L 06
1098 %3 99 .4 W80 M7 54.3 511.3 LBETE06
I, 38 9.3 99 . 4 Ll w2 54.3 Si1.@ WEBE 06
.41 9.3 99 4 &5 0 06.9 S54.4 $12.7 REIE 06
.39 963 99 .4 87.5 2%7.8 4.5 $1.2 LRERL 06
16, 40 9.3 99.4 B8 6 %6 .7 54.0 si12.0 LNORL U6
19,42 96.3 99 4 5. 285 .0 54.2 sSi13.0 LBEO6
1,39 9.3 99 .4 5.0 2%7.7 54.3 5i1.9 L BEHE 06
16.39 96.3 99 4 "E.2 07.7 54.4 S11.8 LRERE <06
10.39 9.3 99 .4 L 2%6.9 54 .4 511.5 LB67E06
Wi 9.3 99.4 87.9 7.4 54.8 $11.3 BETED6
oAl 9.3 99.4 wE_ 0 %69 54.6 Si2.4  .B69L-06
16 9.3 99 .4 87.9 2%6.3 54.5 Si12.e TR

DIFFERENT [AL PRESSURE
NE2SURED  DIMENSIONLESS
2 56 .26
15.67 | .48
S 49 4
147.77 H.m
176.53 13.97
23054 18,31
198 41 15.62
192. 20 15.20
194 8% 1539
193, 49 1s.22
196.70 15.54
19496 15,40
194 .41 15.38
193,52 1>.32
192.69 15.19
17 1,42
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BNL FLASHING FLOWS EXFERIMENT
PRESSURE DROP DATA FROW
TEST SECTION » 2

KUN NUNBER 735

LOOP FLON TENFERATURES (DEG C) PRESSURE (KPA} VELOCITY REYNOLDS DIFFENENT IAL PRESSURE
Tars LTRAEC FLOV WITEW TS INLET COND TANK TS INLET  COND T M SIC  NUMBER NEASUKED  DINENS [ONLESS
-5 0 93 99.4 881 2 9 $4.2 $18.3 . H65E06 2.49 .20
Tew 10,37 %1 99.3 w83 266 6 S4.4 S10.5  .HBSF06 ¥ 30 66
1=12 1.3 w1 9.4 w9 w78 544 Si1.0 e 25.%) 2.02
1= if 1038 %) 99.4 o3 w78 545 Si1.0 RS 43,67 3.4
1= N 19, 40 963 993 5.0 27,1 $4.5 £11.9 BEEL 06 87.39 .90
1=32 10,38 w3 99 4 8.7 P 4.6 S10.5  .s6EE® 128,08 10, 1S
-2 19,9 .3 99 4 w80 2%7.5 545 $11.1 SHEF6 147,78 1,71
1=24 .37 9.3 99.4 o2 7.4 546 5105 BOEOD6 175,94 13.97
=29 10,38 96.3 99 4 842 b 6 $4.7 509.9 KE4Ee6 212,01 16 K8
=% 16, 40 L ] 99 .« NN 2 FL N 54 .4 $12.2 ROSE 6 197 W 15.54
1-27 10,29 9 ) 99 4 #5.0 206 8 54.6 $11.2 B67F 06 196,48 15,56
=% 19,39 w0 99 4 LIS | /2.7 54.6 $11.7 KLRE 06 196, 56 15.54
1= 1. 39 9.3 g.a B8 %78 54.7 $11.7 WGRESOB 19669 15.55
i=34 1. 40 P ol w3 258 3 548 512.0 WERE D6 194,99 15,40
1~ 0.8 9.3 99.4 88 3 o6 4 $4.3 $10.9 BOAES06 194,46 15,42
jedd 19.8 o ) 99 4 w81 2%7.2 54.5 5i1.2 w6706 193,29 15.31
) =, ™ 9.3 99.4 W 2563 546 5113 NOEOD6 192,64 15.25
149 16, 41 963 99.4 87.9 248 3 54 6 512.5 s69E6 19221 15, 14
- .39 9.3 99.4 7.6 %7.8 54.6 Sii.4 86706 17.92 ).42
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DIFFERENT |AL PRESSURE
MEASURED  DIMENSTONLESS
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BNL PLASHING FLOWS EXFEW | RENT
PRESSVNE DROP DATA FROW
TEST SECTION 0 2

U ¥irenen ke b

LOOF FLDY TENPERATURES (DEG ©) PRFSSURE (KP4 VELOCITY REYNOLDS DIFFERENT 1AL PRESSURE
1475 LYR/SEC FLOV ®ITEN TS INLET CONO Tadl %S SLET Cosb Y O SKC NUMBER RLASURLD  DIMENS I ONLESS
14 H a8 Ragcand 99 .. o 2 8.7 54.8 s512.0 BENE « % 9 "
= 19,39 .3 95 . L) 4 542 $11.5 B67E 06 9.7 1.6
=16 .37 L | .4 LI M. $4.2 Si0.8 BEAE (6 42 68 339
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127 10w "2 99 .« Ll N9 54,2 511.9 SBERL o 196 .62 15,53
1= 19.3% w3 ¥ e 5.8 285 .1 54.2 $i11.7 LR 195 .62 18, 4
=33 16,39 @) 99.4 k7.9 27.1 54.3 S8 SR sl 198 .22 18,44
1+ 1939 5 2 ¥4 L 287 @ 54.3 S11.4 WETE 06 194.52 15.09
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VOID FRACTION DISTRIBUTION DATA

FLASHING EXPERIMENTS

RUN P o (kPa) Txn(OC) G(Mg/m’s) P, (kPa) Tct(°C)
730 285 99.4 4.91 54 88.0
740 285 99.4 4.91 54 88.0
762 394 99.3 6.05 61 88.3
770 157 99.3 3.05 67 88.5
771 157 99.3 3.05 67 88.5
780 138 99.3 2.61 71 88.1
781 138 99.3 2.61 71 88.1
792 125 99.4 2.26 76 88.1
793 125 99.4 2.26 76 88.1
801 582 148.3 4.3 434 143.5
802 582 148.3 4.34 434 143.5
812 493 148.3 2.91 431 144.4
813 493 148.3 2.91 431 144 .4
821 376 142.3 2.34 175 111.3
822 376 142.3 2.34 175 111.3
831 350 140.0 2.30 147 107.5
832 350 140.0 2.30 147 107.5
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BNL FLASIHING FLOWS EXPERINENT
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RUN NUMBER 812
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OF COUNTS AVIRAGR
IN S4 SEXC ALPHA
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3.3 1009,
4,58 s,
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24 8% 1208
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2% .92 1159,
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GANMA DENSITOMETER DATA
TEST SECTION & 2
RUN NUWRER 832

AVERGE NVMBER

O COUNTS AVERAGP

IN %4 SEC ALTHA
1923, }.0s
1924, 1.0
1908, 1.6
IR2S., .02
N7, 1.02
10, 97
LE96, A8
16UR, NS
1593, 8 ]
1532, 64
1507, -53
1517, . $9
1860, .80
1587, (4N
1607, 49
1586 a8
1548, a4
i$2:. .42
1506, L2
1478, a0
jdan, a2
1383, 39
13i6. 37
13%9. .36
1366 . 30
1I%6, 30
1412, 30
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1N, 24
1388, .24
44RT . )
1386, .29
1366, 27
1377, 26
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1226, LR
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