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ABSTRACT |

|
4

This report summarizes the results from upper plenum air-water
.

reflood behavior testing performed as part of the program to investigate

three-dimensional aspects of PWR LOCA research. The test program was

performed in mid-1978 by EG&G Idaho Inc. at the Idaho National Engineering

Labo ra to ry. Tests described were performed at near ambient temperature

and pressure in a plexiglass vessel which included the important features

of the upper core and upper plenum regions corresponding to a single fuel

bundle in both Westinghouse Electric Corporation (Trojan) and Kraftwerk

Union (KKU) PWR designs. The data included observed two-phase flow

characteristics, particularly with regard to countercurrent flow, and

cinematography of the characteristic upper plenum flow patterns,
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SUMMARY

p +

p A series of air-water reflood behavior experiments has been performed
,

by EG&G Idaho Inc. at the Idaho National Engineering Laboratory 'with a full

size model of the upper core and upper plenum regions correrponding to a

single pressurized water reactor (PWR) fuel bundle of both Westinghouse
,

Electric Corporation (Trojan) and German Kraftwerk Union (KKU) designs. The.

j purpose of tests performed was to increase the basic understanding of two-
, ?
! phase flow characteristics in the upper core and upper plenum regions of a

PWR during core reflooding following a loss-of-coolant accident (LOCA).

This increased understanding will help to assure optimum design and planning

of subsequent experiments intended to investigate important aspects of the

; reflooding process.

i

PWR upper plenum designs include several different categories of internals.

j- Consequently, KKU flow tests included separate test series with plexiglass models
i !

j of KKU open hole upper core support plate (UCSP), support column, and control rod

: guide shroud upper plenum configurations. Westinghouse test series included models
!

of Westinghouse designs for the open hole UCSP, support column, guide shroud, and*

stub mixer configurations. In addition, tests were performed to investigate the

behavior of the UCSP to be used in the' cylindrical core reflood test facility

planned by the Japanese Atomic Energy Research Institute.
,

In a PWR undergoing reflood, it is anticipated that steam generated by

elevated temperature fuel rods would entrain sufficient core region liquid water,

,

to build a significant inver, tory of water in the PWR upper plenum, provided that
!

4 i
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sufficient de-entrainment occurs in the upper plenum region. Consequently,

the direction of the experiments perfonned herein was to provide basic infor-

i mation on that process. The entrainment - de-entrainment process was simulated
''

by the injection of air into the bottom of the test vessel, and water droplets-

| into the resulting air stream.

i

! Most air flow velocities typical of PWR refloeding steam velocities re-

suited in. buildup and establishment of a froth layer in the test section upper

! plenum. This froth layer was observed to oscillate rather violently about the

! upper plenum outlet after a quasi-steady condition was reached. Neither phase
i
j appeared to be continuous throughout the upper plenum region, in fact, local

areas with the gas phase continuous and local areas with the liquid phase con-4

tinuous existed simultaneously. De-entrainment did not occur by the process
,j

i

; of droplets striking structures, but rather by droplet growth from coalescence ;

} in the region where gas flow deceleration was occurring slightly above the UCSP.

! Countercurrent flow characteristics of the apparatus were found to be heavily

dependent on the geometry of the upper end box, UCSP, and upper plenum structures,-

i but were well correlated by a linear combination of the liquid and gas Kutateladze

numbers:

| (K)l/2+A(K)1/2=B,
g g

where A and B are constants dependent on the system geometry.

*

Some difficulty was experienced in obtaining core region water entrainment

typical of anticipated PWR reflooding values. Typical entrainment may, in fact, e

require heated fuel bundle regions to ensure that a liquid film does not build

up on the upper ends of fuel rods.

iV'

_ _ _
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Future tests of this nature should include one or more of the following

features: 1) a heated core section to correctly simulate the core region
,

Ientrainment process, 2) multibundle geometry to investigate the effects of
~

upper plenum flow in the radial direction, or 3) facilities for injection

and testing with steam and water r6ther than air and water. |
|

|

|
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I. INTRODUCTION |
|

i
.

# Air-water upper plenum tests were conducted by the 3-D Experiment
Project, Engineering Projects Division of. the Water Reactor Research
Directorate, EG&G Idaho, Inc., for the United States Dcpartment of-

Energy and Nuclear Regulatory Commission in order to provide visual j

evidence of PWR. upper plenum flow behavior during refh od conditions I

and'to provide data on the tendency of upper plenum e id inventory

to drain back into the core under such conditions. ' b results
acquired provided'a better understanding of the role played by upper
plenum hydraulics in the postulated loss-of-coolant amident (LOCA)

,

and contributed to the development and preliminary verification of
LOCA analysis computer codes.

The analysis of postulated loss-of-coolant accident (LOCA) behav-
ior for pressurized water reactors (PWRs) requires detailed knowledge
of the hydraulic phenomena occurring during the transient. An impor- |
tant feature'of the analysis of the reflood portion of such a trans- |

icnt, when coolant water covers the core and reduces fuel rod tempera-
tures, is the behavior.of water stored in the upper plenum region of
the reactor vessel. This water could either exit the vessel through
the hot leg nozzle or could, possibly, fall back into the core, thus
enhancing the core cooling. In addition, the return of water to the

core would minimize the " steam binding" problem and would allow a

swifter reflood, thus minimizing fuel rod temperatures.

The' rate at which upper plenum water could flow down to the core
would be limited by the upflow of steam from the core. While such

vertical countercurrent flow limiting (CCFL) behavior has been studied
in the past, the experiments have not modeled realistic PWR geo-

,

metries. Studies in such geometries are required to verify the poten-
tial for the occurrance of CCFL phenomena.under reflood conditions and,

to develop analytical models required to describe it quantitatively.

1

. - . . - - .
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The tests were conducted in a single fuel bundle sized vessel
: incorporating com m ents representing the fuel bundle, grid spacer,

upper end box, upper core support plate (UCSP), upper plenum, ande
,

i upper plenum internal structures (if appropriate). Tests were con-
ducted under flow conditions believed to be representative of PWR ,

reflood. Configurations based upon typical U.S. and German reacter
designs and a Japanese experiment design were tested. The data

gathered in the tests were analyzed to provide both a qualitative
description of the flow behavior above the core under reflood condi-

tions and a preliminary data base for modeling the CCFL behavior of
typical reactor vessel designs.;

The following sections contain a description of the test system,
including ti,e vessel, piping, associated equipment and instrumen-
tstion, the procedures used to perform the several tests, and the re-
sults and conclusions drawn from the observation of the test behavior
and the CCFL data. The appendices to this report contain the raw test

,

data (Appendix A), an estimate of experimental error (Appendix B), a
listing of the computer routines used to reduce the data (Appendix C),"

and the TRAC computer code model used to simulate the test vessel be-
havior (Appendix D).

,

.

II. TEST SYSTEM

The test system was designed to allow the testing of full size
components. A one-bundle sized section of the reactor core and compo-
nents above the core bundle up to and including the upper plenum were
represented. Air and water flow rate capabilities were sized to allow
reproduction of the full range of core flows predicted for reflood
conditions. The test vessel and air and water supply subsystems were

*

instrumented to allow the monitoring of input flows and vessel hydrau-
response. A feedback control system was used to permit control of,

,

.alet flows and vessel pressure. The remainder of this section de-
scribes the details of the various test subsystems.

:

2
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.

1. TEST VESSEL.

The vessel used in the tests is shown on Figure 1. Tables I and,

11 give the internal flow areas associated with the KKU and ' Westing-
house configurations, respectively. The material used for th vessel-

is plexiglass, with the exception of the back of the vessel wroch is
polystyrene. Polystyrene was chosen beca4se it absorbs less of the
gamma radiation used in the density measurement system. The top and

bottom vessel support plates are stainless steel.

Air was introduced to the test section through two stainless
steel diffusers or, opposite sides of the vessel, near the bottom.
This scheme for air injection has been found to produce a nearly-
uniform flow (as desired) at the top of the simulated core.

,

I

|Water may be introduced into the' vessel in two ways. First, the
l

core-entrained water may be simulated by injection upward into the
bottom of the core via-a water injection nozzle. This device has a
14 x 14 array (Westinghouse) or 15 x 15 array (KKU) of tubes allowing ;

direct injection into each bundle subchannel. This tubing was of |
sufficiently small size to force rapid stability-induced breakup of I

liquid jets over the range of anticipated injection rates. In order
to maintain a steady state liquid inventory in the upper plenum, a
second water inlet directly above the UCSP was included. This inlet

introduces the water by means of slots around all four sides of the
vessel, thus flooding the UCSP evenly from all directions. .

|

The air or two-phase mixture exits the vessel through the stain-
less ste"1 exit diffuser, which extends across the entire side of the !

vessel piece in which it is located. A number of positions for this ],

outlet may be used, ranging from 0.3 m to 1.5 m (approximate) above
the UCSP..

i

1

j

|
1

3 |
|

.. .
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TABLE I
,

INTERNAL DIMEllSI0fl, KKU MODEL VESSEL

(all dimensions in meters)<

Core overall measurement 0.24mx0.24mx0.241n high
*

2Core flow area 0.0289 m

. End box flow area 0.0130 m ]
2

'

1

UCSP flew crea

i round hole 0.0213

2i

square hole (guide shroud test) 0.0194 m

U.P. flow area 0.071 m
|

U.P. area blockage due to internal

2support column (max blockage) 0.00811 m

2guide shroud (max blockage) 0.0172 m

! Outlet diffuser entrance area 0.0272 m2

2JAERI UCSP flow area 0.0274 m
(used in KKU vessel & end box)

.

$

5
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!

,

i
~

4

TABLE II
i

| INTERNAL DIMENSION, WESTINGHOUSE MODEL VESSEL
'

|- (all dimensions in meters)
1

i

i Core overall measurement 0.216x0.216m,0.305m high

2Core ficw crea 0.0247 m

2
End box flow area 0.0156 m

i' (all tests except control
; rod guide shroud)

f
2

0.0166 m
(test with control rod guide

,

[ UCSP flow area shroud)

|
2 <

round hole 0.0213 m

! squarehole(guideshroudtest) 0.0277 m
2

2U.P. flow area 0.0575 m

U.P. area blockage due to internal,

2
! support column (max blockage) 0.0071 m

2guide shroud (max blockage) 0.0304 m
2

| flow mixer (min flow area) 0.0095 m
,

2Outlet diffuser entrance area 0.0244 m
;

i

i -

i

)
|
1

e

I
,

J

.

t

e

0

6
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Water which falls back into the core from the upper plenum

gathers at the bottom of the vessel and exits to the fallback steam
trap through a pipe nozzle in the bottom support plate.s

|

The upper plenum internals used in the different test series are*

shown on Figures 2 through 9. Also shown are the UCSPs used with

these internals. For both the Westinghouse and KKU designs, a square
1

(or " scalloped" for the KKU model) UCSP hole design is used when the
control rod guide shroud (Figures 3 and 5) is located above it, while '

i

a round hole is used for the remainder of the tests. The UCSP holes

used with the two guide shroud models are shown in Figures 3 and 8.
The UCSP for the Japan Atomic Energy Research Institute (JAERI) cylin-
drical core reflood test facility (CCRTF) is shown on Figure 9. Four

holes are shown since this test facility will have electrically heated
8 x 8 rod bundles. The 16 x 16 core and end box used in the KKU tests
were retained.in this test to provide the flow area and core dimen-
sions corresponding to a 2 x 2 array of the smaller bundles. In this
test, no upper plenum internals were included, although scaled down
internals will be used in the CCRTF experiments. The Westinghouse

type end box used in the last four test groups is shown in Figures 7
and 8. Figure 7 shows the end box (with slotted flow openings)
partially covered by a square plate with circular and scalloped holes
in it. This plate was used in test groups W-1, W-2, and W-3, and I

simulates the plate which blocks and supports the control rod guide
I

tubes in bundles without control rods. In rodded bundles, this plate
is replaced by a control rod drive spider, as shown in Figure 8, which I

was used in test group W-3 and ee'. <esents the control rod machanism in*

the scrammed position. The V' .id box (not shown) consisted of a
15 x 15 array of holes aligned 4bove the core flow channels. These

holes are 1.05 cm in diameter., ;

2. AUXILIARY COMP 0NENTS3

A piping schematic is shown on Figure 10. A number of components

besides the vessel are shown. Among these are: |

|

7

|
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f

1. Separator; This-serves to separate, using gravity and a 1

demister screen,.the' outlet two-phase mixture, allowing
measurement of the outlet. liquid phase flow rate.,

'

2. Steam Traps (2); These permit the removal of liquid from-

the pressurized system without venting the air. One is

located below the vessel for removal of the fallback water.
The other~is below the separator to allow removal of the
carryout liquid.--

3. Measuring Tanks (2); The fallback and carryout steam traps

each drain into a separate measuring tank. The fallback and
carryout flow rates are determined by tracing the rate of
change of liquid level in these tanks.

4. Air Supply; An auxiliary.. diesel. compressor (capacity 0.42
3m /s.at standard conditions) was used:to augment the nor-

mal plant air. The plant air could be used alone for air
3flow rates less than 0.12 m /s. The air supply lines were

4-inch carbon steel.

5. Water Supply; Demineralized water was used in these tests.
Typical water chemistry for this supply is shown in
Table III. The water supply linac ws tainless steel to
minimize corrosion fouling. Circulation was provided by an
externalpump(notshown). The system was closed-loop with
respect to water in that the measuring tanks could be
emptied (using an auxiliary pump) into the water supply
storage tank. The water was emptied and renewed frequently

due to the presence of slight oil-fouling by compressor air.
r

b
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TABLE III

TYPICAL SEMISCALE DEMINERALIZED WATER COMPORTTION[a]

,

pH 10.70 ,

*

Conductivity (pmho/cm) 130.
~

Lithium (p/mt) 3.2

Chlorides (ppm) <0.1

Fluorides (p/mt)[b] <0.4

0xygen (cc/t) 0.'06
s

Total gas (cc/1) 162.5
'

Suspended solids (p/mt) 1.67

[a] B. L. Collins, C. E. Coppin, K. E. Sackett, " Experiment Data Report I

for Semiscale Mod-l Test S-28-1 (Stean Generator Tutie Rupture Test), |
TREE-NUREG-ll48, October 1977. |

[b] Present analytical methods prevent accurate determination of
fluorides at concentrations of less than 0.4 ppm.

.

1
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3. CONTROL SYSTEM ,

i
|

The four parameters controlled in this experiment were inlet air
flow rate, core-injected water flow rate, upper plenum injected water,

flow rate, and upper plenum pressure. The sizes and performance char-
]
'

acteristics of the control valves are shown in Table IV. On both the-

inlet air and core-injected water supplies, controlled by-pass routes
were provided. This system allowed constant flow through the air and
water l'ines which enhanced the quality of control possible, since a |

constant pressure was thereby maintained upstream of the control
,

valves.

Vessel pressure control was achieved by using a back-pressure
controlvalve(CVAW4onFigure10). This valve was located downstream

of the separator. The characteristics of this. valve are shown in
Table IV.

i

Feedback control of these four variables was achieved through the |
use of specially designed electronic three-mode controllers intended
for fast-response operation.

,

I
|4. TEST INSTRUMENTATION

The experimental measurements recorded for each experiment and

the approximat6 location of the sensors are shown on Figure 10. The

accuracies required for each measurement are shown in Table V. In

general, these required accuracies were met, with the exception of air
3ficw rate accuracy and stability at air rates below 0.038 m /s.

Since most tests used greater air injection rates, this lack of sta-
bility is not censidered to be a serious difficulty. The stability of

the air-flow at analysis of associated error in calculations is dis-
' cussed in Appendix B.

i
o I

i

|

)
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TABLE IV

CONTROL VALVE CHARACTERISTICS

____

VALVE DESIGNATION
(FIGURE 8) FUNCTION VALVE CHARACTERISTICS VALVE SIZE

CV AW l core injection Linear position versus flo,e curve 1" (2.5 cm)
water control full open to full closed in 0.25 sec

full closed to full open in 0.25 sec

CV AW 2 air injection Linear position versus flow curve 3" (7.6 cm)
control full open to full closed in 0.25 sec

full closed to full open in 0.25 sec

CV AW 3 upp2r plenum Linear position versus flow curve 1" (2.5 cm)
water injection full open to full closed in 0.25 sec

control full closed to full open in 0.25 sec

CV AW 4 back pressure Linear position versus flow curve 3" (7.6 cm)
control full open to full closed in 0.25 secm

full closed to full open in 0.25 seco

__

Y
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TABLE V

EXPERIMENT MEASUREMENT SPECIFICATIONS
,

INSTRUMENT
'

TYPE OF MEASUREMENT NUMBER LOCATION RANGE ACCURACY

MASS FLOW RATE QW1 Inlet water (be- 0.0-0.00227 -+5%,

3lowcore) m /sec

QW2 Inlet water (to 0.0-0.00227 -+5%
3upper plenum) m /sec

QA Inlet air 0.0472-0.472 -+5%
m3/sec

PRESSURE P1 Upper plenum 0-0.2078 mPa 11.38 kPa |
1

PA Inlet air 0-0.2078 mPa 11.38 kPa

FLUID TEMPERATURE TA Inlet air 288.7-322 K 12.77 K

TW1 Inlet water " "

TW2 Inlet water " "

(upper plenum)

TWA Upper plenum " "

PRESSURE (DIFFERENTIAL) 3DTl Measuring tank 0-24.88 kPa 11% F.S.
(from bottom
of vessel)

AWT3 Measuring tank 0-24.88 kPa -+1% F.S.
(from separator)

DPl Across grid 0-4.98 kPa 1 0249 kPa
plate

DP2 Across upper " "

core support
plate

r

DP3 Top of UCSP " "

to top of U.P.,

FROTH DENSITY

(GAMMA DENSIT0 METER) GD-1 Upper plenum 0-1041 kg/m3 18%

21
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,

'

5. DATA ACQUISITION SYSTEM
'

1
I

| Six. teen data channels were scanned and recorded by the Semiscale ;

DAS(l) Output data for the tests were available in two forms. A g
.

transient record of each channel for the duration of a 60-second tests'

I was plotted for each test. In addition, tapes recording the average |
-

value of each measurement were provided for.each 60-second test. In |
'

| general, the tape of' average values'during the test was used for fur- )
ther data _ reduction and handling with two exceptions:-

;

1. The liquid outflow measurements were made by following the

f level changes in the collection tanks. The reduction of |

| these measurements to flow rates required direct use of the

transient data.

2. Occassional control or instrument malfunction invalidated
the results during portions of some tests. These failures
would render meaningless the average sensor readings for the

entire 60-second test. In many instances, the results of
portions of the 60-second test were still meaningful, and
the transient data were used to estimate average sensor

readings during the proper portion of the tests.

In addition, the transient data were found useful in the determi-
nation of the validity of individual tests.

III. TEST METHOD

The tests were run under conditions representative of PWR LOCA

reflood. Steady state tests were used to gather the CCFL data. Im-

portant considerations during the conduct of these tests were: (a) ,

accurate flow rate and pressure utpoints on controls, (b1 establish-
4
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,
,

ment and maintenance of steady state flow conditions, and (c) periodic
checking and calibration of the ganina densitometer electronics and DAS

'

amplifiers.

/
3

iThe following sections describe the operational procedures used
for each type of test run, and the method.used to determine the-range-

of flows to be tested..
I

1. TEST MATRIX SELECTION

For each upper plenum geometry tested, the range of air flowrates
which allowed countercurrent flow of water from the upper plenum was

'determined by visual observation of the flow. This range was then
divided into suitable-increments and several water injection flowrates
were selected which resulted, in general, in establishment of a froth
layer in the upper plenum.

For the KKU tests, designated G-1 thru G-3, and the JAERI CCRTF

test, designated J-1, the fuel bundle region water injection flowrate
was chosen to correspond with the FLOOD 4 (Referer.ce 2) predicted en-

trainment value for each air flow rate tested. Sufficient additional
water was added by upper plenum injection to result in a total water
injection of either.8, 13, 17, or 22 x 10-4 3m /s. The variation in I

upper plenum injection was intended to provide a variation in upper
plenum average density and corresponding liquid content, because these
variables could possibly have an effect on countercurrent flow.

In tests with the Westinghouse upper plenum internals (designated
Groups W-1 thru W-4), the lowest air flow rate which resulted in any
entrainment of fuel bundle region water injection was found sufficient
to completely prevent liquid penetration (countercurrent flow) from

' the upper plenum. Consequently, all data points in Groups W-1 thru
W-4 were obtained with no fuel bundle region water injection.

,

1
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4

Between the KKU and Westinghouse test series, a number of supple-

| men,tal experiments were performed to investigate, (a) the influence of
the method of air injection en the CCFL behavior of the system, ('b) g

the effectiveness of the fuel bundle region water injector in

; entraining water into the core air flow, and (c) the effects on coun- -

; t,ercurrent flow caused by varying the relative proportion of liquid

| inje_cted into the upper plenum and fuel bundle regions.

i

The air and water flow rates for each of these-investigations
were cho;en to provide a sufficient number of countercurrent flow,

points at the " flooding" (maximum liquid downflow) condition such that
i valid conclusions could be drawn in each case.
4

2. PROCEDURE

4

For the original test section configuration, and af ter completing

{ changeovers to a new upper plenum internals arrangement, motion pic-

| tures were taken of several representative upper plenum upper end box

j flow combinations. The test matrix was then selected by the method of
Section III. 1..and CCFL testing commenced. After the desired water

j and air injection flow rates for a test point were established, flcws
; were held constant until a steady froth layer was obtained in the test
; section upper plenum. Flow, temperature, pressure, and density data
j were then recorded for a period of sixty seconds. Upper plenum liquid

{ carryout and UCSP liquid fallback flow rates were measured by recoa-
ding the rate of liquid level cha.nge in the carryout and fallback

| collection tanks. Froth height (defined as the highest elevation
j above the UCSP which the froth regularly reached during its oscilla-
} tion about the-upper plenum outlet) was checked visually and recorded

in the test log. Flows were then reset for the next test point and
'

the procedsre repeated.
,

a .

s
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At. selected test points, a direct measurement of upper plenum
liquid content was made by simultaneously stopping all test section
inflows and outflows, and measuring the -liquid volume which fell to,

and collected in the test section' lower plenum. The volume collected
was measured visually with a ruler and recorded.in the test log.-

The special tests to investigate fuel bundle region entrainment
characteristics were qualitative in nature. For e6ch flow combination
tested, the test engineer categorized the upper plenum /end box flow
condition as (a) no liquid into end box, (b) some liquid into end box,
very little in upper plenum, (c) immediate flow into end box, slow
t,uildup in upper plenum, or (d) rapid froth buildup in upper plenum.

The flow rates used in each test appear in the data summaries,
and are not repeated here.

IV. RESULTS
,

Data taken for each test section configuration consisted of
60-seconds of tape recorded transducer output voltage for each channel
listed in Table V, and visual observations of both froth height (all
tests) and upper plenum liquid content (Westinghouse tests only).
Motion pictures of the upper plenum flow field were taken of selected
sample points for most of the upper plenum configurations. The fol-
lowing sections describe the methods used in the reduction and report-
ing of this data and the important features of these results. In

addition, the results of a computer simulation of the test system are
presented and compared to the experimental data, and the suitability
of classical CCFL correlations for the prediction of PWR reflood
behavior are discussed.

F

0
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1. UPPER PLENUM FLOW CHARACTERISTICS
A

.The. experiments suggest that the two-phase mixture in the upper

| plenum region behaves as a-churn-turbulent froth when the air flow g
I rates are chosen to represent reflood steam flows. Although to deter-

mine which, if either, phase is continuous is difficult, apparently .,

~ small liquid droplets do not contribute significantly to the upper

|| plenum liquid inventory. This contrasts with the. assumptions made in

) some previous analyses of upper plenum flow behavior. The model

employed in Reference 2 pictured the upper plenum (during reflood) to*

consist of a liquid pool from which small droplets were entrained and

| convected with the steam flow. These droplets were then assumed to

: exit the upper plenum or (more likely) strike an internal structure,

f This behavior is unlike that observed in the test vessel in which

| large and irregularly shaped drops could be observed near the top of
l

! the froth. These drops, in general, fall back into the froth, al-

| though some near i.he outlet nozzle are swept out. The liquid is post-

f ulated to be projected upward in the regions of high air velocity (the
; end box and UCSP), and then was dominated by gravity in the upper
i plenum except-in a. region.near the outlet nozzle where the air was

again accelerated.,

i
' As expected, the top of the froth was found to oscillate around

the upper plenum outlet, in those cases where a froth became estab-
lished. Froth heights reported in the raw test data (Appendix A) can

9

be interpreted as the maximum height which the froth regularly reached
during its oscillations around the upper plenum outlet. -

4

In those cases where a permanent froth failed to become estab-*

lished, occasional excursions of liquid were carried into the upper,

'

plenum. Reported froth heights lower than the upper plenum outlet
'

height may be' interpreted as the height which these excursions regu-
larly reached.

,

,

26

- -- -. . . .



These froth height results are not considered to be indicative of
'large scale upper plenum behavior. In a multi-bundle reactor upper

plenum, upward steam flow would be expected to persist above the

height of the outlet nozzle above bundles not located near the hot leg'

outlets. This could permit a froth to persist locally whose heighta

exceeded the outlet nozzle level. The vessel used in these experi-

ments did not permit an upward air velocity above the outlet and thus
limited the heights of the resultant froths. Some froth heights

reported do exceed the outlet level, but this is due to the upward
momentum of the liquid droplets and is not a result of an air-sup-
ported froth above the outlet level.

2. RAW DATA

Raw data f-om each test series were available for subsequent

examinatio in two forms, specifically, as (a) engineering unit plots
er output vs time (60-seconds), and (b) time averagedof the t m a

,

values (. . channel recorded. Typical transducer output voltages
converted to engineering units by the Semiscale data acquisition
system are shown on Figures 11 thru 24. These data are included here-
in to illustrate the relative time-variation in each transducer signal
and to acquaint the reader with the characteristics of the data ob-
tained.

3. CALCULATED DATA

After being converted to engineering units, the raw data were
examined to eliminate any obvious errors, and delete any invalid
tests. Time averaged data were then analyzed by a small computer

program, designated " CALC", to convert the air flow and water fallback
1 data to gas and liquid Kutateladze numbers, K and K ;

g f

D
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,gf , jf f0.5(gg(,f_p))-0.250.5(gggg f _ p ))-0.25K =jo p ,

ggg gg

.

where: j = volumetric flux (gas or liquid)
0 = density (gas or liquid)*

,

9 = gravitational constante
o = surface tension
f subscript denotes liquid, g subscript Jt..c' < ,-

A listing of the CALC program is included in Appendix C.

Fallback and carryout ' low rates were determined external to
" CALC" and then input directly to the program. The method of calcula-

ting these quantities was to determine the time rate of change of the
differential pressure type level detectors located in the fallback and
carryout measuring tanks (by hand) and multiply by the individual tank
cross-sectional areas. Generally, the method of data analysis (by
CALC) consisted of first ad:isting the measured air flow rate for
variations in temperature and pressure occurring downstream of the air
measurement location and then calculating tne required dimensionless

quantities from the adjusted air rate and input values of the fallback
flow rate.

Tabulated raw and calculated data are given in Appendix A for the

entire series of air-water tests. Table VI presents the breakdown of

the test section configuration used for each test group and series.
In all cases, volumetric fluxes used for calcu!:t|ng the Kutateladze
numbers were based on the flow area through the upper end box. These

flow areas cre listed in Tables I and II.

,

Q
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TABLE VI
'

TEST SECTION CONFIGURATIONS AND TEST SERIES DESIGNATIONS
'
.__

UPPER PLENUM / H0T LEG OUTLET SHOWN IN
. TEST GROUP TEST SERIES UCSP CONFIGURATION HEIGHT (m) FIGURE (S)

G-1 A KKU open hole UCSP 0.81 3 25

B KKU open hole UCSP 0.305 26

G-2 C KKU support column 0.305 27

'

D KKU support column 0.813 28

G-3 E KKU control rod guide 0.813 29

F KKU control rod guide 0.305 30

J-1 G JAERI open hole UCSP 0.305 31

H,Y JAERI open hole UCSP 0.813 32,33

W-1 I Westinghouse open
hole UCSP 0.813 34

W-2 J Westinghouse support
column 0.813 35

W-3 K Westinghouse control
rod guide shroud 0.813 36

W-4 L Westinghouse stub
flow mixer 0.813 37

_

9

2
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4. COUNTERCURRENT FLOODING AND ENTRAINMENT TEST RESULTS_

!

Counterturrent flooding data with the square roots of the liquid
and gas Kutateladze numbers plotted against each other are presented4

on Figures 25 through 37. These plots represent direct reduction of

the raw data.*

Investigation of the ananalous data behavior exhibited in Test
Series E and F, (Figures 29 and 30) led to the conclusion that a sign-
ificant amount of water injected into the fuel bur.dle region was, in
fact, not being entrained, but falling back to and being collected in
the fallback collection tank. A series of tests was then undertaken
to investigate entrainment characteristics of the test apparatus, by
injecting water into the fuel bundle region at varying rates of air
flow, and observing the relative speed at which a froth was estab-
lished in the upper regions of the test section. The results of these
tests are shown in Figure 38. In general,'entrainment is shown not to

3exist at air flows below 0.125 m /s and is shown to reach the upper
3plenum in significant quantity for air rates greater than 0.140 m 73,

The nature of the tests did not allow determination of the air rate
required for complete entrainment. Subsequently, it was decided to

treat the data for test groups G-1, G-2, G-3, and J-l subtracting

out all, or a portion of the fuel bundle region in' i flow rate
from the fallback flow rate, depending on the magnitude of the air
flow rate.

Test results from Series E were used to determine a suitable
method of data treatment because of the small relative data scatter
and large nt.mber of test points. The Series E fuel bundle n bn
water injection flow rates (QWl) were subtracted from the failaack
ficw rates for all data points and the resulting (K ) /2 and

L

(K )l/2 values cross-plotted. These results showed a resulting
G

(K )l/2 intercept of approximately 1.8, indicating that negligibleg,
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countercurrent liquid flow was penetrating downward from the upper'

plenum through the upper end box for (K )1/2>1.8., a mathematicalg,

function was then derived which predicts the observed division of QW1*

fuel bundle region into entrained and fallback portions for those
, ,

testshaving(K)l/24 1.8. This function was as follows:g
'

.

(1) for air flow rates (QA) < 0.142 m /s ('300 CFM);3

f actual f a11back'( AFB) = measured f allback (MFB) - fuel
j bundleinjection(QW1),
1

j -(2)' for airflow rates 0.142 m /s < QA < 0.209 m /s;3 3
,

AFB = MFB - QW1 1- , and29 0 14?

3(3) for airflow' rates QA > 0.209 in /s,
,

j AFB = MFB
e

!

j A direct' comparison of the predictions of this function with results
i illustrated in Figure 38 can not be made, since the figure is only

qualitative in nature and indicates the rate at which liquid builds up
in the upper. regions of the test section at various air and fuel
bundle region water injection rates. Some degree of agreement, how-

3| ever,=is indicated. Apparently, at air rates between 0.125 m /s and
30.142 m /s, entrainment is too limited to'have any discernable ef-

feet on the overall mass balance, and for air rates greater than
30.142 m /s,:entrainment increases more and'more rapidly until com-

plete entrainment occurs. 'Results of the treatment adjusting counter-,

current flooding data for fallback of core region injection are shown
on Figures 39 through 46 for Series A thru H. Test Series E and F..
results, which previously showed anomalous behavior, are depicted in
Figures 43 and 44.: Use of-the entrainment fallback correction has
resulted in excellent. straight line correlations for Series E and F

,

-gas versus liquid Kutateladze number plots. Also included on the
figures are straight' lines fitted to the data by the least squares ,

,

,
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d

method and coefficients of the straight line fits. Those points with

zero fallback or obviously below the flooding curve and have not been
included in determination of the best fit straight line. Figures 47
thru 50 are reproductions of the data from the Westinghouse tests with

,

best fit straight lines and coefficients. Note that it was not neces-
sary tn use the fallback adjustment on the Westinghouse tests because

,

fuel bundle region injection was not used.

A compilation of (K )l/2 (g ) / correlations and ' statistics isg l

also given in Table VII. Reference 3 contains a description of the
< statistical terms used in this table.

5. EFFECT OF THE UPPER PLEWUM OUTLET HEIGHT

Test Series A, D, E, and H in which the simulated hot leg outlet
from the upper plenum was located 0.813 m above the USCP were repeated
With the outlet located 0.305 m above the USCP (Series B, C, F, and

,

|G). Comparison of the adjusted CCFL data from these series shown in
Figures 35 thru 42 leads to the conclusion that the greater upper
plenum liquid content occurring in the 0.813 m outlet height tests
results in a small but definite increase in countercurrent liquid
penetration.

,

6. COMPARIS0N OF KKU AND WESTINGHOUSE TEST RESULTS

Countercurrent flooding data gathered for the KKU and Westing-
house type upper core region / upper plenum designs exhibit signifi-
cantly different behavior. The KKU tests, in general, permitted a
greater degree of liquid penetration of upper plenum stored liquid to
the fuel bundle region at a given gas upward velocity. The diffe-

S rences appear to be due to the combined effects of (1) flow blockage
or channeling caused by the thin plate positioned at the exit of the

,
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TABLE VII

COUNTERCURRENT FLOODING CORRELATIONS AND STATISTICS

(General Form of Correlation ; (K )b + A(K ) = B,),
'

g L

.

Test Series A (KKU Open Hole UCSP, 0.813 m U.P. Outlet)

Equation of best fit st. line (K )b + 0.719(K ) = 2.04g L

Estimated standard deviation S.O. = 0.0584
of coefficients S.D. = 0.0259

Coefficient of determination 0.830

Estimated standard deviation
of (K )'1 on (K )b 0.0792g g

Test Series B (KKU Open Hole UCSP, 0.305 m U.P. Outlet)

Equation of best fit st. line (K) + 0.784(K = 1.98
G L

Estimated standard deviation S.D. A) - C.0541
of coefficients S.D. B) = 0.0267

Coefficient of determination 0.905

Estimated stanpard devigtion
of (K ) on (K ) 0.0387

G L

Tcst Series C (KKU Support Column.; 0.305 m U.P. Outlet)

Equat^ ion of best fit st line (K )b + 0.798(K ) = 1.93g L

Estimated. standard deviation S.D. - 0.0279
of coefficients S.D. = 0.0137

Coefficient of determination 0.980

Estimatedstangarddevigtfonof.(K) on(K) 0.0216
G L

Test Series D (KKU Support Column, 0.813 m U.P. Outlet) -

Equation of best fit st. line (K ) + 0.718(K )b = 2.01G g ,

Estimated standard deviation S.D. ( A) = 0.0613
of coefficients- S.D.(B) = 0.0280

Coefficient af determination 0.825

Estimated standard devigtion
of'(K )b on (K ) 0.0615g L
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|

I
I

,

TABLEVII-(CONT.) |

-Test Series E (KKU Control Rod Guide, 0.813 m U.P. Outlet).-

Equation of best fit st. line (K )b +-1.10(K ) = 1.78
'

g L

Estimated standard deviation S.D. A = 0.0163
of coefficients' 'S.D. B = 0.00866'

. Coefficient of determination 0.987

Estimatedstangarddevigtion'

of(K)2 on.(K ) 0.00300g L

|
Test Series' F (KKU Control Rod Guide, 0.305 m U.P. Outlet) '

Equation' of best fit st, line (K)b+1.37(K) = 1.80g L
|Estimated standard deviation S.D.(A)=0.0465

of coefficients S.D.(B) = 0.0238

Coefficient of determination -0.958

Estimated standard devig, tion
of-(K )b on (K ) 0.0740g t

Test Series G (JAERI UCSP,'0.305 m U.P. Outlet)

Equation ~ of best fit st, line (K)b+0.800(K) = 1.90g L
Estimated standard deviation S.D. A = 0.0336

of coefficients S.D. B '= 0.0163

Coefficient of. determination 0.954

Estimated standard devigtion
of(K)*5on(K)2 0.0381g L

Test Series 'H (JAERI UCSP; 0.813 'm U.P. Outlet) i

Equation of best fit st line (K )b + 0.689(K ) = 2.02g L

Estimated standard deviation S.D. (A) = 0.0542
of coefficients S.D.(B) = 0.0265

V

Coefficient of detemination 0.838
*

Estimated standard devigtionof (K ) U"(K) 0.0729G L
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TABLE _VII (CONTL)

.

Test Series I (Westinghouse Open Hole UCSP)
*

Equation of best fit st. line (K )* + 0.720(K ) = 1,46g L

Estimated standard deviation S.D. (A) = 0.0319
of coefficients S.D. (B) = 0.0145

Coefficient of determination 0.946

Estimated standard deviption
of (K )b on (K )'1 0.0243g L

Test Series J (Westinghouse Support Column)

Equation of best fit st. line (K) + 1.26(K ) = 1.33G L

Estimated standard deviation S.D. = 0.129
of coefficients S.D. = 0.0285

Coefficient of determination 0.813

ard deviation
Estimatedstanp5on(K)of (K ) 0.0574g L

TestSeriesK(WestinghouseControlRodGuideShroudl

Equation of best fit st line (K)b+1.03(K) = 1.65g L

Estimated standard deviation S.D.(A) = 0.0536
Iof coefficients S.D.(B) = 0.0198

Coefficient of determination 0.934

Estimatedstangarddevip' tionof(K) on(K) O.0367g L

= Test Series L (Westinghouse Stub Flow Mixer)

. Equation of best fit st. line (K ) * + 2.16(K ) = 1. 31g L

Estimated standard deviation S.D. (A} = 0.102 i

of coefficients S.D.(B; = 0.0227 ;
,

Coefficient of detennination 0.942
'

Estimatedstangarddevigtionof (K ) on(K) 0.0265_ g L
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westinghouse end box, and (2) general differences !n design of upper j
plenum internals. The overall impression received is that dpper ple- |

inum to core region countercurrent liquid penetration is extremely
geometry dependent..

1

7. FROTH DENSITY RESULTS-

The density of the upper plenum froth was measured by two methods.

In test groups W-1, W-2 and the supplemental tests performed with the
JAERI CCRTF configuration, gamma densitometer measurements were made

at a location 0.08 m above the UCSP. In group W-4, the measurement
,

was made 0.05 m above the top of the stub flow mixer. The results are
included in Tables A-9, A-10, A-11, and A-13 in Appendix A.

'

The alternate density estimate was derived from measurements of the
amount of liquid draining back to the bottom of the test vessel upon
cessation of air and water inlet flows. The results of these tests
are shown in Table VIII.

.

This table also contains the identification of tests performed
with similar air and water flow rates, and the densities measured by

1

the gamma densitometer for these tests.

The comparison of the results generated by each density measure-
ment method shows that the gamma densitometer predicted higher froth

densities. Two potential reasons for this have been identified.
First, the gamma densitometer scans the bottom region of the froth
mixture, where the froth might be expected to be more dense due to the
presence of the water injection and the accumulation of water flowing
down along the vessel upper plenum wall. Second, the direct-fallback
measurements are expected to be low since the method employed for

these tests allowed the loss of some upper plenum water into the air
' injection diffusers (see Figure 1). The magnitude of this effect is

o
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TABLE VIII

UPPER PLENUM LIQUID CONTENT TEST RESULTS

.

UPPER PLENUM .

|AIR INJECTION RATE
WATERINJECTI0g) RATE LIQUjDCON}ENT

2

3 2 (m3 s x 10 (m x 10 )(m /s x 10 )___TEST SERIES / -

i W-1 5.19 1.26 1.12

5.19 1.26 1.43

5.19 1.26 1.32

6.14 1.26 1.66 1

7.08 1.26 1.88 |
8.02 1.26 1,79

'

8.02 1.26 1.97 |

8.97 1.26 1.73

8.97 1.26 1.88

9.91 1.26 1.79
9.91 1.26 1.84<

W-2 9.91 .315 .95

9.91 .631 1.04

9.91 1.26 1.07

9.91 1.89 1.18
7.55 .315 1.18

7.55 .631 1.29

7.55 1.26 1.36
7.55 1.89 1.45
4.72 .315 0.82
4.72 .631 1.38
4.72 1.26 1.50
4.72 1.89 1,59

.

W-4 2.83 1.26 1.70
3.78 1.26 1.70

*

4.72 1.26 1.50
5.66 1.26 1.50
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1

thought.to be'small, but cannot be estimated accurately due to the
difficulty experienced in measuring the amount of water in the air
lines. This inaccuracy is estimated as less than ten percent of the
measured density, based'on attempts to measure the liquid gathered

i
,

,

when the air lines were drained after several fallback measurement |
|tests..

,

t

' Some systematic variation with air flowrate was observed in the
density measurement made with the gamma densitometer in the three |
Westinghouse tests. These trends are shown on in Figures 52 and 53.

|
The unusual behavior shown on Figure 51 is believed to be caused by4

calibration error rather than an abrupt change in flow structure.4

Although the trend of these data is expected - low air flows lead to
denser froths - the significant wall effects in the one bundle sized
vessel minimize usefulness of the froth density data in predicting
large scale upper plenum behavior. Observation of the froth suggests.

j the presence of a thick film of water running down the upper plenum
; vessel. walls. The densitometer is sensitive to this film which masks
; the density of the two-phase mixture in the center of the upper

plenum. The figures, therefore, are presented only as qualitative,

evidence of the trend of such behavior.
8. CINEMAT0 GRAPHY

.

Motion Pictures were made of representative flow patterns and

j flow rates for all test series. In general, the pictures are suffic-
ient to illustrate the general flow pattern in the upper plenum but

,

are not detailed enough to show small scale, droplet behavior. The

upper end box and core region flow patterns are not shown.

] 9. SIGNIFICANCE OF PRIOR CCFL STUDIES

.

3 The general problem of countercurrent flooding has received con-
siderable attention due to two primary factors. First, in simple

'

geometries (i.e., round tubes), where a liquid film falls relative to

71
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the up-flowing gas, it presents a. basic situation in which interfacial
stability and drag phenomena may be studied and modeled. Second, it

is an'important effect in some chemical processing equipment; distil-
lation columns, gas absorption columns, etc. The attention focused on

,

CCFL for these reasons has resulted'in a number of studies aimed at
the development of empirical relationships for flooding behavior. The.

description of this behavint from a theoretical viewpoint has not yet
been successful. Early CCFL studies are described in Reference 4.
Few studies to date have' employed geometries more complicated than

single tubes or annuli. This lack of PWR-typical geometry in previous

studies is particularly important, since the results from this program
indicate that test system geometry can have a significant effect on
flooding behavior. Two experimental studies which have been performed
in more complicated geometries are the BWR component flooding studies

performed by General Electric, Co., (References 5 & 6), and the paral-
1el tube and orifice studies by Hagi, Wallis, and Richter (Reference

7). The results of the study by Hagi are particularly important since
they demonstrated that the flooding behavior for a system of two
parallel tubes (or orifices) differs from what would be predicted from
single tube data. Their study and analytical techniques, however,

have not been generalized to more than two parallel flow paths.

Other dissimilarities between this study and classical CCFL ex-
periments involve the methods used to inject the gas and liquid into
the flooding region. In the classical studies, entrance and exit
regions are designed to minimize disturbance of the gas flow in the
flooding region. Also, liquid is introduced into the wall film in a
manner which produces minimal disruption to the down-flowing film.
These idealized flow conditions are not possible in the complicat.ed
geometries typical of nuclear reactors. The flow path for the air in
this experiment was non-linear, and the water entered the flooding

* region as a turbulent two-phase mixture.

A
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In general, the geometry dependent behavior observed in this 7,

experiment does not compare well with any of the empirical relation-
,

,

i ships developed in simpler geometries. The KKU models flooding curves

; are somewhat higher than the classical results, while the Westinghouse ,

type models exhibited considerably varying behavior somewhat near or

; below the empirical predictions. The empiricisms are not reproduced -

'here since their use is not straightforward in a complicated geometry-
| the Wallis type correlation (Reference 5) requires a characteristic

length, which is somewhat ambiguous in this geometry.
4

j 10, SIMULATION OF THE AIR-WATER TEST

i APPARATUS VIA THE " TRAC" COMPUTER CODE !

} One of the objectives of the overall Nuclear Regulatory Commis-
'

sion (NRC) 3-D Program is the verification of the TRAC computer anal- i

! ysis program. TRAC is an advanced nuclear. reactor analysis code in-
' tended for use in modeling reactor behavior during transient or acci-

! dent conditions (Reference 8). It is intended to be capable of model-

| ing reflood behavior, so it was anticipated that the simulatior. of a
CCFL experiment would provide a useful tool for preliminary checkout 1

of the code. A detailed report of the results of this study will be
published elsewhere. A brief summary of the code data comparisons is
included here to provide insight into the capability of TRAC to simu-
late this system, and to point out some of the features of the analyt-
ical'results that are important to understanding the experimental
behavior. 1

i

The TRAC results are summarized in Table IX which also compares '

them to the experimental data. In general, the TRAC results agree

reasonably well with the data for both the CCFL and' froth density
comparisons. The model used in the calculations is described in

#
Appendix D.

.

1
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TABLE IX

" TRAC" CALCULATION RESULTS

LOWER WATER UPPER WATER EXPERIMENTAL TRAC CALCULATED
AIR FLOWRATE INJECT 1GN RATE INJECTION RATE FALLBACK RATE FALLBACK RATE EXPERIMENTAL TRAC CALCULATED

3 3
/ 3(m3 s x 10 ) FROTH DENSITY FROTH DENSITY _/

33 3 (m3 s x 10 )(m /s) (m3/s x 10 ) (n /s x 10 )~EST. NUMBER

YO2 0.152 0.0 0.932 0.471 0.379 366 390

YO6 0.169 0.0 0.91 5 0.332 0.331 301 266

Y10 0.187 0.0 0.909 0.273 0.312 315 270

Y25 0.147 0.188 0.777 0.707 0.578 375 260

Y34 0.187 0.150 0.767 0.370 0.384 272 260

Y49 0.146 0.465 0.443 0.726 0.832 351 260

Y58 0.187 0.467 0.447 0.196 0.718 260 280
_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The TRAC calculations have displayed behavior which has aided the

understanding of the experimental results. One such feature is amount

of time required to reach a steady state fallback condition. The
,

calculations indicated that approximately twenty seconds is needed

before the fallback rate stabilitzes. Since a similar startup time ,

was allowed before the data was gathered for each test point, it is
assumed that a quasi-steady state existed during the tests. Another

, calculated phenomenon of interest is the behavior of the core injected
water. The startup of the calculations showed immediate dumping of<

core injected water into the bottom of the vessel. This has;

reinforced the opinion that core entrainment was not successfully
duplicated with the present mixer design. Also, the code-data agree-
ment seems much better when core entrainment is not employed, suggest-

ing that overall modeling could possibly be improved with a better
,

entrainment mixing scheme. This code-experiment comparison will be

expanded in the future, and will include calculations simulating other
test configurations.

V. CONCLUSIONS AND RECOMMENDATIONS

This experimental program has resulted in an increased knowledge

of flow behavior for PWR vessels during reflood flow conditions. Some

specific conclusions drawn from the experimental results are listed
below. In addition, recommendations are made for future test programs
of this nature that could enhance the data quantity for such tests.

1. CONCLUSIONS

The most important result of this test series is the evidence
that,significant countercurrent liquid penetration from the upper

'

plenum to the core and significant upper plenum liquid storage may
occur in a PWR during reflood. This result suggests that steam

,
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binding may be less sesere in PWR reflood than calculated under
licensing type assumptions. In addition, the geometry dependence of

,

the CCFL behavior has been demonstrated, indicating that use of |

empirical modelt based upon CCFL experiments in nontypical geometries.

is not correct for reactor reflood analysis.
.

Another result of importance is the' qualitative description of
the upper _ plenum gas-liquid mixture during reflood. The existence of
a distinct turbulent froth, which persists over the range of air flows
representative of reflood conditions, has been demonstrated. This

flow structure must be considered when upper plenum instrumentation is
designed for reflood experiments.

The problems associated with simulation of core-entrained water
at the top of the core have been mentioned previously. These problems

appear to be inherent in experimental designs that do not include a
heated core. We conclude thatadequate mixer designs for upper plenum
simulation experiments require further analysis and development.

Upper plenum outlet height was demonstrated to have an effect on

CCFL behavior. This suggests that CCFL may be influenced by the upper
plenum water inventory. Presently accepted empiricisms used to

describe CCFL behavior do not include this effect, thus suggesting
that improvement is required in these models to describe PWR-typical
behavior.

The disagreement between the results generated by the two
different froth density measurements suggests that a single dansity
measurement with a gamma densitometer, combined with a known froth
height, may not be sufficient to estimate upper plenum liquid con-
tent. A vertical array of densitometers .may be required to accurately

'

determine the froth density variation with elevation, and thereby
estimate the amount of water stored in the froth above the UCSP. ;,

79
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|
1

!

'

The empirical models devel'oped for CCFL behavior.in the various
.different reactor geometries-are limited in their utility since high'

. temperature steam-water data would be needed to duplicate PWR condi- ;

-tions. These correlations-reflect the geometry influences of the ,

$ different designs, but.further steam-water data are needed to verify
.their applicability to PWR reflood flow behavior.: .

3

2. -RECO.MMENDATIONS

f The results of thse experiments strongly indicate a geometry

| influence upon CCFL which (to date) cannot be predicted in advance.
The CCFL behavior of'other reactor designs during reflood flow condi-

| tions therefore can be determined only by individual tests of the
' different designs. In anticipation of future CCFL testing of this j

nature, the following recommendations are offered:-

1

1

1. The modeling of core entrainment is extremely difficult in

j this type of experiment. The need'for realistic air (or |
steam) flows requires at least a short section of simulated |

core, but an unheated core readily allows fallback of the |

fsupposedly entrained water. The need exists for further
,

study of entrainment effects and effective methods of'

f simulating entrainment.

!
2. The film of water on the vessel walls is an effect peculiar ;'-

to small scale tests. Multibundle tests would minimize this
4

effect and provide a much improved simulation of realistic

;. upper plenum behavior.

|
|

3. Air-water tests.cannot simulate phase nonequilibrium. Thus,

correct simulation of upper head injection (Westinghouse or
'BWR) or hot leg injection (German design) plants with air-

water is not possible. In addition, superheated steam is
.

expected to exit.the core during some periods of reflood.'-

The effect of this nonequilibrium upon CCFL is not known,

80
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but could be significant. Steam-water testing would allow
investigation of these effects and also the use of a heated
core to produce typical core region entrainment charact?eris-
tics. Further: analytical studies via " TRAC", Reference 8,.

could generate comparisonsyof steam-water versus air-water
behavior in identical geometries, and could also providea

insight into the effect of phase nonequilibrium.

4. The cinephotographic test records proved inadequate to
record the details of the upper plenum flow. Future tests

should allow for preliminary studies aimed at maximizing the
usefulness of the photographic data. These studies could

include investigation of the effects of alternate
illumination methods (back lighting, lighting from the side
or above, etc.) and investigation of the suitability of
optical probes for the viewing of local flow behavior at
various vessel locations.

,

The incorporation of these recommendations into future CCFL tests
modeling realistic PWR upper plenum geometries would enhance the

|quality of data generated by these studies. This would prcvide addi-
tional data which could prove to.be of great utility in the analysis
and understanding of PWR upper plenum behavior during reflood.

(

a
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APPENDIX A

DATA
Y

'Tables A-I to A-XIII record the data gathered for the entire test

program. Test points in which instrument or control failures invalidated

the results have been eliminated from this listing. In addition to the

recorded data, the calculated square roots of the gas and liquid Kutateladze

numbers, based on the end bow tie plate flow area, are also included. The

sensor locations and designations are given in Figure A-I.

|
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- ~ TABLE A-I (CONT.) - -- - m ru

KKU OPEN HULE UCSP IE$i HE IGHT = 0.813M E TE R S
~ ,y -

, ..
....

3

CHANNEL LMITS A60 abi A62 A63 A64 A65 A66 -

. my- - .. -- ~ . . ,

ca Ctsd I C ME TE R St 5E COMO .1151 00 .1240 00 .13 4 E + 0 0 .193E+C0 .153E+00 .154f+00 161E * f10
QW1 CUD IC METE R5/SECCMD .20CE-03 .2 20E -0 3 .261E-03 .302E-03 . 33 3E-0 3 . 338E-0 3 .369E-03 *

Lui!C METER 5/SECCMD .2 0 CE -02 .1960-02 .192f-02 .189E-C2 .187E-02 .I830-02 .180E-02
. ' ' "'

CW2
~~ KILCCR AMS/ CUBIC ME TER C.000 0.000 J- 0.000 ~ 0.CC0 C.000 0.C00 124.275 * ~ "**' "*T*TM* '

GD1
P1 KILCPASCALS 5 0.692 49.198 50.726 50.e46 5C.227 51.047 50.494

-

TN1 DE G P E E 5 KtLVIH 292.605 293.345 273.274 294.382 294.499 299.148 298.693
IW2 CEGMEES KiLYlM 294.032 294.855 295.559 295.879 29E.213 300.7'O 30C.t94

" ~ ' 'T_

TA CE GR EE S KE LV IN "' 28E.948 288.996 "289.052" 287.233 2S5.544 285.736 ~~'285.997
" ' '' ' ' " '""

TWA LE GREE S KELVIM 293.249 294.096 294.721 294.917 295.142 299.300 298.707
PA KILOPASCAL 5 52.807 50.619 51.?68 51.217 50.923 48.045 47.556 -

.629 .688 .752 .f97 .715 .840 .609OP2 KIL DP A SC ALS
' ' ' " ' ~ 2.498 2.328 2.129 2.835 2.140 1 719 ' 1.878 ~ '' ~~""'W' " '**'' N~

CP3 KILLPASCALS
DP1 KIL CP ASC ALS .607 .572 .565 .550 .418 .505 .419
FEUTH HEIGHT ME T ER $ 1.067 1.118 1.143 1.168 1.219 1.16E 1.219

.' '
F ALL 8ACst ~ Cu3tC METERS /SECOMO .14eE-02 .132E -02 .109E-02 .10 2E -02 .908E-03 .669E-03 .512E -0 3 ' '' " '' " * " 7MCARRYOUT CU31C ME TER5 75ECOMO -".547E-03 . 7 79E -0 3 ' . 8 3 3 E-0 3 ' .92 4 E-C 3 .119E-02 .127E-02 154E-02
GAS KUTATELAcit NUNEER ESC RLoli 1.494 1.541 1.607 1.658 1.718 1.7C0 1.738
LIQUID KUTATELA02E NUMBERISO Rif .837 . 789 .718 .695 .655 .562 +491

- . . , , . _ r. ._ ,. , ,, .c . w , S. y , -s., n -- .. 7. m y 9

CHAMMEL UNITS A67 A68 A69 A10i

.-,.,..,y- ,. . . , . . . . . . , _ - . , ,, ,.. , ,_ .. . .

3) QA CU9 IC METERS /5ECOND .172E.00 . le tE +00 .19 C E + 0 C .202E+00
CW1 CU5 IC METE RS/5ELOND .407E-03 .44 4E -0 3 48CE-03 .538E-C3

@ uW2
~ ' KILOCRAMS/CUSIC METER' ' .0.000 0.000 * C.000 '.16 5E -02 ' "I'' *tuatC MEIER5/SECOND .177E-02 .174 E -0 2 .171 E -0 2

.

C01 04CCO ~ ~nmw i 'O'' c ' '' ~ ' ' ' ~ ~ ~""m" ' ' ' '

P1 K IL UP A 5 C ALS SC.407 52.684 5C.726 50.422
TH1 LEGREE5 KtLVIN 29e.068 297.757 297.835 297.958
TW2 CLCREt5 KILWIN 299.950 299.551 299.716 299.E68
IA

'

OEG R EE S KELV i h T OM4 <"~~~ 2 8 7.096 288.218 ""'2 8 8.64 5 T 289. 2 59 '~'i''~~ " '':' W ''T*'F Y '" *""''" *! * ' "'" ''f " """ '''1~ "~~

IWA Ct G R E ES KLLv1M 298.393 297.953 298.200 298.357
r PA ktL0PASCALS 47.457 49.747 47.657 47.298

CP2 KIL UP A SC ALS .783 .768 .792 . 767
'

OP3 KIL0PASCALS - 1.963 1.926 1 894 r F 1.t31 " " ' - ' ' " " ' " ' ~ ~ * "7 ' 8'' *' T" U ~ "'P " N"' N *~' */1~ ' " ' '
.

CPI KILUP ASC ALS .34H .257 .164 .I29
r FROTH HEIGHT ME T ERS 1.270 1.346 1.321 1.346

OU6 IC METE R S/5E COMO .381E-0) .310t-03 .278E-03 . 213E - C 3F ALLbACK ~ CUB I C M E TE R $ /5 ECON D '''"" J 15 4 ELO2 " .177E-0 2'.17 5 E-02''.17 7E- C2 ~ "' ' . r y "- - s . y- we" - &= r - p*-y - '-~--*v as~~ CARRYOUT
GAS KUIATELACIE NUMMER (SC RU0il 1.794 1.847 1.886 1.938
LIQUIU KUI AT ELA02E MUMBER E50 Ril .424 .383 .362 .317
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0 TABLE A-II
. -e ..

( KKU UPEM HOLE UCSP TESI HEIGHT = Ow305"ETERS

g, .
_ _ _ .- _ _ .

CHAMMEL UMITS B01 802 503 804 805 806 BOF

'i N CA CUBIC METERS /SECCMD 4123E*00 .133E * 00 -'4142E * 00 ' 4151E +00 ~. *'i9E *00 ' i 169E * 00 7178E *f70 ~ ' - ~'

QW1 CUBIC ME TER S/5E CONQ .212E-0) . 2 6 F E -0 3 .301E-03 .3330-C3 .36BE-03 4 09 E -0 3 4 40E-9 3*

QW2 cud f C METERS /SECONO .586E-03 . 561 E -0 3 .514E-03 .468E-03 .442E-03 417f-03 .381E-0 3
CD1 KILOGR AMS/CU8IC ME TE R C.000 0.000 0.900 0.000 C.000 0.00n 0.007

% 'N'S P1 KILOP A SCALS 51.016 51.795 ,50.430- 49.340 49.802 52.061 ' 52.759
TW1 CEGRFE5 KELVIN 296 522 296.910 297.278 29 7. e 49 295.0e8 296.719 297.159 -

TW2 CEGREES KELVIN 297.562 297.958 298.336 298.722 299.189 297.96R 298.30'
TA CEGREES KfLVIM 288.505 288.890 289.299 290.397 290.886 286.664 28F.59*

- PA ~
CEGREES KELVIM 297.513 297.208 297.357 297.663 298.374 296.088 296.208, , _ _

+ TWA
KELOPASCAL5 53.774 54.622 53.248 52.196 52.764 53.230 53.26n

OP2 KILOP ASCAE S .1 34 .195 .156 175 .232 .347 .312
DP3 KIL0PASCALS 2.164 2.121 2.097 2.C99 ~~ ~2.132 .228 2.212 '

.064 .075 ~ . 0 7 4 -'"' .071 .073' ~ .060 ~',-" 4074n.---*"' DP1 KILOPASCAL 5 ~ " ' ' '

FRUTH HEIGHT METERS .356 406 .432 .308 .635 .737 .813
FALLEACK EUBIC M E TER $15E COND .817E-03 . 75 7E -0 3 .707E-03 .675E-C3 .506E-03 .283E-03 .185E-03
CARRYOUT CUS I C ME TT t s/SE COMO .8 71E-04 .101 E -0 3 .195E-03 .158E-03 .353E-03 .652E-03 .65 2E-n 3

M P ' GAS RU T A TELA D2E MUMBER 4 50 R00T 3 "" 1.547 * 1.612 N 1.662 M' 1.710 *- 1.757 F 1. 813 W -' 2 & 85 9 "~~ " "'
' '

L10U10 KUIATELADIE NUMBERtSO Ril .621 .598 .578 .564 .489 .365 .295<

-a .. - ..- - . - - - -- -y -- , -r .yy + - ~ , , . . ,-

f CHAMMEL UNITS B08 809 810 811 B12 813 Bt4

- ' ~ ~ '

QA CU9 IC NETER 5/SECOND " ~~i19 0E *00 " .198E * 00 'N 112E +00 "il22E * 00 713 2D00 "s 141D 00 ** 315 UE*t'0 ~ ~ -""~
,

3> QW1 CU3 t c ME TE R S/5ECOND .484E-03 .536[-03 .194E-03 .221E-03 .26CE-03 .299E-03 .3 31E-0 3
8 QW2 CU310 ME TERS/5ECOMO .334[-03 .312E -0 3 .971E-03 .945E-03 .906E-03 .874f-03 .8 3 FE-0 3
'd GD1 KILOCR ANS/ CUBIC ME TER 0.000 0.000 0.000 0.000 C.000 0.000 0.000

~

W~ P1 KILOPASCALS .

%,y~ 5 2.38 7 ~ 50. 76 5" 5 0 12 8 " 51. F99 "^. 5 2 8 2 8 ~~~" 5 2.2 6 8 N 5 2 212 '"* " "" ~~*

TW1 CE G RE E S KE LVIN 291.352 297.602 297.852 297.024 296.314 296.620 296.6e8.( TW2 DEGREES KELVIN 298.416 298.689 299.158 298. C 79 297.535 297.812 297.731
TA DEGREES KELVIH 287.814 303*151 292.072 291.102 285.824 785.237 286.373

"* 7 TWA DE G RE E S KEL V1M ~~~'~~~ 29 6.020 ~ 296. 687 M25 7.508 N29 7 6 49 T 296 6 8 7 ~ 796 4 0 B *CT'29 74 209 "**"*~ ~ ~
PA Kgl0 PASCAL 5 53 327 51.361 50.529 52.843 56.669 56.165 55.921

( OP2 KIL UP AS C ALS .332 .362 .287 .320 .327 .282' .356

< o , DP1 KILOPASCAla
_ ,_ _ ,2.206 __2.084,,__2.084 2.161 _ _ 2.329 _ _2.320 2.270 _ _ __DP3 KILOPASCALS

.074 . 071 .070 4072 .077 -.078 .238- , . ,
..

( FROTH HE IGHT PEl tRS .864 .838 432 .508 .610 .686 .686
FALLBACK CUBIC METERS /SECOND .131E-03 .111E-C 3 .915E-03 .779E-C3 .626E-03 .610E-03 .59 4E-0 3

GAS Kui ATEL. ADEE MuiiBER 150 ROUT 8 '"" . 1.918 ' 14924 " .631E-08
.462E-03 .562E-03 .6F0t-03 .616f-0 3 ' 'CUBIC **f TERS/SECOND .669E-03 .185E -0 3

P .. CARRYOUT - 16 461 *T ^ 1.5 34 ~ 14623'~ .14677 T*tre723' ~ ~ ~
LIQUID KUIAIELADEE MUMBERt50 RT 8 .248 .229 .657 .606 .544 .537 .529 -

737- ~ - - - -
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TABLEcA-U (CONT.)
7, -

_ _ _ . . . . _ . - . .

KKU OPEN HOLE UCSP TEST HE ICHY= 0. 305 METE P)

g-n . . .. . - - , . - - . , - - . -

CHAMMEL UM I T S 815 H16 817 sie P19 820 M27

F ~ QA CUB IC ME TER S/5tCOMO .160E*00 .169E+00 .105E*00 ~.939E-01 -.113 F + 00 ~ .123E * 00 "T9 4 3E-01 ' "' '"-'" -* "-~ ''"' ~
OW1 CU8IC ME TER 5/5E COND .3 7 0E-03 .406E-03 .149 E-0 3 .9390-04 .192E-03 . 222E-0 3 .8 8 ]E 0 9
OW2 CUSIC METER 5/SECOMO .798E-03 . 76 2E -0 3 .140E-02 .144E-02 .137E-02 .13 4 E-02 .19 7E-0 2,

0.00G 0.000 0.000 0.00"
,-. . 001 KILOGR AMS/ CUBIC METER 0.000 0.000 0.000 '~' 5 0. 6 e 9 - ' $ 1.119 -" 52.218~'"~52 595

~ ~

P1 KILOPASCALS 52.770 51.068 $1.725
TW1 CEGREES KELVIN 297.09% 297.150 297.388 297.228 297.607 298.056 292.602 3'

TW2 DEGREES KELVIM 29 8. l e9 298.209 298.499 295.357 298.730 299.246 294.208

._ .. TWA DE G R E E 5 K E 4_ V IM
' 287M25 289.418 290.707 290.tS2 289.850 290.769 283.910 ~ ' ~ ' "TA DE G R E E 5 KELVIM

297.290 297.373 '298.140 '' 297.993 " 297.800 ~ 29 8. 59 4 ' "'29 4. 85 9
PA KILUPASCALS 55.907 54.071 56.606 54.C76 53.530 54.842 6 3. 2 2n
OP2 KILCPASCAL5 .315 .347 .422 .168 415 417 .247

'. ' ~~' 2 311 2.274 ~ 2.333 2.171 2.258 2.330 t.877UP3 k!LOPASCALS ~~~'

OP1 KIL OP ASC ALS .686 . 88 J ~ .780'~~~*.295~~ .008 ~ ~ .003 ~ A*729'' " " ~ '
FRUTH HEIGHT METERS .666 . 78 7 406 .305 .660 .660 406 I
FALLBACK CUB IC METE R 5/$ECOND .435E-03 .332E-03 .111E-02 .155E-02 .V80E-03 .805E-03 .19 6E -0 2
CARRYOUT CU S I C METERS /SECOND.'' . 815 E-0 3 .929E-03 . 597E-03 .524E-04 .670E-03 .669E-03 .908E-04

- GAS KUTATELA02E MUMBER 5 50 RCOT S 1.777 1.814 1.441 N' 1.354 1. 4 ft t '- 1.546 7 1 404'''
~

-'

LI4Ulu KUIATELA32E MUMRE R tSO Ril 453 .396 .724 .e54 .680 .616 .*62

--- - . . , _ . _, r -. 7 ___....._._-n.,... . _ - -. . . - _ . ,

CHAMMEL UNE15 823 824 B25 826 B27 P28 8?9

"* '" OA CUSIC ME TER S/SECOMO ~ ' * 10 3E + 00 ~ .113 E * 0 0 ~ 312 'E * 0 0 7131 E 4 00 ''7141E * 0 0 ' ".13 2E + 0 0 '7 3151E * C 0 ' ''"~-~ ~ ~"
~~

QW1 CUSIC ME TE ks/5E COND .166E-03 .198E-03 . 2. 0E -0 3 . 2 65E -0 3 .30CE-03 .265f-03 .32 7E-0 3

UW2 CU B I C NEIERS#5ECOND .19 0 E-02 .169E-02 .te4F-02 .18 0E - 02 .182E-02 .130 E -0 2 .12BE-02

F32 .P. GD1 KILOGRAMS / CUBIC NETEP 0.000 0.000 0.000 0.CCO 0.000 0.000 0.004 ~ ~ -"

P1 KILOPASCALS
' '' . 5 1. 8 9 5 ~ ~ 51. 62 8 ~ $ 1.9 74 7' 4 9. 925 -~ 5 3.3 42 '" . 51 75 4 T"5 0.492 - " " ~

CO IW1 CEGREES KELVIN 293.496 293.314 F 9 3.55 3 293.325 294.080 294.076 291 406 3

TW2 DEGREES KELVIM 294.799 294.551 294.775 294.479 295 272 295.232 291 446

294.405 7 294.495 7 299.414 "' 294.059' " 294.856 " '312 349
283.706 283.362 284.562 287.254CEGREE5 KE L V I M "~ ""~'7 8 4 15 3 ~*' 2 83. 851Y." 7 .TA 2924831 - -- ' ' ' ~ "

TWA DE G RE ES RELVIN 294.724
PA RILOPASCALS 62.120 61.700 62.251 59.678 63.243 61.407 52.483 )
DP2 KILOP ASCALS .498 .522 .528 .526 .517 .412 .407

2.298 2.254 2.273 2.200 2.5t7 2.I63 .113
r+- ~~~ _ D P 3 k!LOPASCALS ~ "' ~-^ "-

OP1 KILOPASCALS "'''~ .276 " ' 15.217 N ' . 03 3 P' a. C 17 -"'"~ .592 ' ~"-6 0 401"; 991 P - --

F RU T H HE IGH T PE T E R S .762 .813 .813 . 839 .864 .737 .762 '
,

FALLBACK CUSIC METER 5/SECOND .120E-02 .965E-03 .506E-03 .734E-03 .708E-03 .588E-03 ' .57 7E-0 3
.79 7E-03~ ~ .109E-02 '.119E-02 _.1320-02 .136E-OR .90$E-03 9 78f-0 3

i _ _ CAFRYOUT CUBIC METERS /SECOND" ~~ ~ ~ ' ' ' ' ' " ~ ~~ ~~~1.717 T ~~1.846 P T-1s&78" 1.594 - s16643"'" 1.464 1.530GAS KUTATELA02E MUMBER 5 50 RODI) *

LIQUlO KUTATELADlE MUMBERESQ RT8 .752 .675 .617 . 6 0J .578 .527 .522 ,

p7 3g . - ~ - .-.rc,y -w7 77 -. - -- , - ,p % - _ g ,,y ., , _ _ . _ __ _ .m , .. w...-,-- -
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TABLE A-B (CONT.)
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KKU SUPPORT COLUMN TEST HEICHT= Q.3C $ t4STEfS
, , . - - -. . . ,m

*

y m-
..

CHAMMEL UM I 15 CIS C19 C20 C2R C22 C23 C24 !
y )

g a n" Q A
CriS I C ME TE R $t3 ECON 0 ' ~ .113E400 ' A 123E + 00 .132E+00 !!52F*00' .169F400 .18 7 E* 0 0 -'~ 19 7 E 8 0 0 ~~*'' -~ ~' ~ - ' ' " ' '~QW1 CU3IC ME TE.R 5 7 5E COND 191 E -01 .226E -0 3 . 26 3E -0 3 .33tE-03 . 4 0 6 E -0 3 479E-03 .%310-03QW2 CUBIC METER 5tSEC0MD .140E-02 .13 FE -0 2 .134E-02 .12 7E -02 .121E-02 .112E-02 .107E-D2601 KILOGRAM 5/CU810 NETER 0 009 0.ono c.0e9 0.000 0.000 0.000 o.000FO _ P1 K I L C2 A S C A1.5

''

52.933 51.'180 52.476 ~~ ' 5 3.16 e 52.497 ' 5 2. 2 9 3 ~''' 5 2 + t 3 9 ~ ~ ' ' '' ' ' ~ 'TW1 DEGREES KELVIN 296.357 296. 327 296.594 296.854 297.127 297.354 297.787IW2 0EGREES RELWIM 296.223 296.180 296.907 296.(68 296.911 297.121 297.037TA OfGREES KELWIN 285.347 266.823 286.721 286.461 .286.905 28f.712 287.613
3

E ,. ~ TWA OLGREES KEEVIM " ^' 296.159 ' 296.338 296.043 295.857 255.996 '' 295.773''~295.882'* " ''~1~' ~ ' ~ ~

!
PA KlLOPASCALS 54.740 53.420 53.805 54.579 54.020 53.788 53.801DP2 KILUPASCAL5 .518 .53g .550 .584 .583 .517 .474DP) KILUPASCALSP''T . DP1 KILOPASCALS ' ~ ~ .259 .206

.192 ~ .231 "~~~" . 20 3 '" . 212 ~ ~ 12 01 ' ~ ' '~ ~'
.177 .239 .3a9 .357.279 .275 .243FCOIH HE IGHT PETERS .584 .b10 .635 .660 .686 .711 . 787F ALL BACK CUS IC NE TE R S/5ECOND .817E-03 .648E-03 .642E-03 .436E-03 .327E-03 .207E-03 .170 E -0 3CiRRYUUT t.U 8 I C ME TE R $f 5E COND .70SL-03 .92it-03 .763E-03Pm GAS KUTATELA0lf NUMEER (SQ R oui t " ~ 1.487 " 1. 5 4 4 ~ 1.606-~.120E-02 .125E-02 . 700t -0 3 .145E-02

~ ' , ,

1.727 ' 1. 8 * 4 ' 14907 N 159EU " N ~ ~~~- ~ ~ ~ ~ "LIQUIU KUIATEla3EE MUMBERtSO RII .621 .553 .551 .453 .393 .312 .264
y, - - -
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TABLE A-IV

r' KKU SUPPORT COLUMN TEST HEIGHT = 0.305 METERS ,

J

_

.

CHAMNEL UNITS 001 D02 003 004 005 C06 CDP

C F GA CUB IC ME TE R S/SECOMO .122E*00 .132 E * 00 .193E*00 .t51E*00 4159E*00 .169E*00' .18 7E *n 0
QW1 CU8 tC ME it R5/5ECOND .226L-03 .258E -0 3 .298E-03 .32PE-03 373E-03 . 4 04 E -0 3 .4 2 45 -C 3 ,

QW2 CUB 1C METERS /SECOMO .608E-03 . 565 E -0 3 .538E-03 497E-03 .464E-03 422E-03 .358t-0 3

P1 RILOP A Scat 5
'

0.000 0.000 0.000 0.000 0.000 0.000 C.000
001 KIL OGR AM5/CUhl0 ME TER'

53.983 52.231 _ 52.922 51.863 51.834 _ $ 2.19 4 _ $2.589y,_._.

IW1 0LGREES RELVIH 292.676 293.71b 294.866 295.70$ 296.600 297.657 29 P.13 8

TW2 CEGREE5 KELVIM 292.479 293.443 294.551 295.379 296.262 297.287 297.655

295.604 ~.236.3e9
288.587

,
TA DEGREE 5 KE L V I M 283.255 282.923 284.985 256.C97 287.369

295.429
- TWA CEGREES KELVIM 292 561 292.621 293.625 294.195 294.925

-

PA KIL UP A SC AL5 56.036 54.577 55.599 54.E28 54.684 55.096 55.369

DP2 KILOPASC3LS 467 .688 .754 . 766 .806 .782 .P14

__. . OP3 KILOP A SC AL S .303 .023 .187 .C51 .049 _ . 0 55 , . .109

' DP1 KILOPASCALS .251 .510 .795 .911 1.013 1.071 1.058

FROTH HEIGHT PETERS .610 .787 1.143 1.143 1.210 1.346 1. 372

FALLBACK CH3 IC ME TE RS/SECOND .871E-03 . 6 75 E -0 3 .610E-03 .528E-03 .449E-03 . 3 21 E-0 3 .180f-03

. . _ _ CARRYOUT CUS IC M E it.R 5/SE COND ._ .631E-07 .6 31 E -O F .2180-03 .2180-03 .334E-03 _.428E-03 ,,,.618I-63

GAS KUTATELA02E MUNBER ESQ ROUTI 1.$54 1.615 1.681 1.723 1.77C 1.8I9 1.921

r LIQUID KUIATELADfE NUMBE R(50 Rif .641 .564 .536 .499 .460 . 389 .291- - - ~

CHANNEL UMll5 008 D09 DIO 011 012 013 E' I 4

U " QA CUS IC METE R S /SECOND " ' .112E*00 .125 E * 0 0 .132E*00 .14 3E * 00 " .1$2E* 00 ~ .1$9E * 00 ~~716 8E +00
QW1 (USIC METERS /5ECOND .192E-03 .225E -0 3 .2640-03 . 299E -0 3 .3371-03 .3641-03 .413f -0 3

Gh2 CualC METERS /SECOND .998E-03 . 955 E -0 3 .9220-03 .889E-03 .855E-03 . 811E -0 3 .795E-03
,

0.000 0.000 0.000 0.CC0 C.000 0.000 0.000
G01 KIL OGR AMS/ CUBIC. METER ^ 52.896 52.041 51.712 52.743 ' 52.104' $2.803 N 52.760

'

EP ' P1 KILUPASCALS .
296 170 296.825 297.833 298.833 299.695 299.732 301.112

8 IW1 CESPEES KElvtH
TW2 OEGREES KELvlM 296 008 296.636 297.587 298.564 299.360 299.418 300.543g "

W IA DEGREES KELVIN 286 268 285.309 285.510 284.993 284.987 281 116 285 594
F. ,_ I W A DEGREES KELVIN - - 295 674 295.923 296.676 297.238 29 7.576 ~29 t.6 4 2 "298. 612

PA RELUPASCALS 55 751 55.144 54.676 55.677 55.093 55.904 55.847

DP2 KILOPASCALS .299 .261 .229 .218 .231 .233 .27t

__, _ _ D P 3 KILOPASCALS __. . 745 .288 _ .302 . 29 8 . _ _. 290 , _.298__ .294 ,

DP1 KILOPASCAL 5 .698 .770 .768 .834 782 .510 .870

FROTH HEIGHT NEft95 .613 .991 1.092 1.168 1.219 1.270 f.346' *

F ALLB ACK CU S I C ME TE R S /S ECOND .1091-02 .946E-03 . 8 8 3E-0 3 .69tE-03 .550E-03 . 46 3E-0 3 .378E -0 3,

I ,'__,GA5 KUTATELADIE MUMBER 5 50.R00T 8 _ _ .236E-09
.138E-03_.273E-03 .454E-03 .818E-0 3 .. 6180-0 3. 7541-0 3

CAkRYOUI CusfC METER $15ECOND
1 487 1.569 1.610 1.682 1.731 1*776 16626

Cluulb KUIAIELADZE NUMUER(50 RIS .717 .668 .646 .571 .509 .467 .423
(

_. , . - . .
3
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TABLE A-IV (CONT. )
-- -

. , _ _ _ ..

KKU SUPPORT COLUMN TEST HEIGHT = 0.305 METERS )

7-
. .,_ ._ . ._ _ . .

CHAMMEL UMIIS 029 030 D31 032 033 D34 -)

f""''" OA CUB IC ME TERS/SECOND .142E*00 .t52E*00 .160E + 00 " .18 7E + co .197E*00 ' 4 2 02 E * 0 0 * '~-" -'' " "- - ' ' - '' ''

QW1 CUBIC METE R5/5ELUND .301E-03 3 3 3t -0 3 .36 7E-0 3 479E-03 .535E-0) .5901-03 .
'

Ok2 CUSIC ME TERS/SECOND .177E-02 171 E -0 2 .169E-02 .160E-02 .155E-07 .15 CE- 02
.

CD1 KILOGR AMS/ CUBIC METER 0.0 00 0.000 0.000 0.000 0.000 0.000
T" Pi KM CPASCAL5 St.7t? 52.654 52.M 6 53.415 51.051 51.52 t mW '

.

IW1 DE G RE E S KE L V I N 297.640 297.411 297.e40 298.646 296.271 2'id. 4 G 7
TW2 CEGREES RELVIN 297.327 297.131 297.323 297.309 297.929 296.057
TA DEGREES RELV!M 288.072 287.521 289.746 290.C34 290.068 289.423

. _

TWA DEGREES KELV!M 297.055 296.594 296.829 297.027 297.225 297.223
PA KIL OP A SC ALS 55.466 56.294 56.239 56.754 54.517 55.057 )
OP2 KILUPASCALS .249 .251 .269 .323 .350 .39f

'

.t36
'

DP3 KILOPs5CALS .005 .003 .014
-

.C69 .096
~

+920 -DP1 KIL O* A SC AL S .768 505 .815 .866 .931
FRUTH HE IGHT HEBER5 1.270 1.321 1.346 1.422 1.422 1 473 ,

F ALLBACK CUB EC ME TERS/SECOND .842E-03 .637E-03 .544E-03 .315E-03 .259t-03 . 2 45E-0 3

' ' ' ' ' ' GAS EUTAI EL A02E MUMBER I50.RCOT3 1.676 1.733'" 1.774 " .14919 " 1.963
".18 F E -0 2 ~ ~ 'CARRyour CU6 t C MEIERS/SECOND .122E-02 .145E-02 .154E-02 .17 3E -02 .180t-02

' I . '9 8 P '" ~ '- ~ '' - ' ' -

s NUID KUIATELAD2E MUMBER150 RI) . 6 50 .548 .507 . 386 .399 .340

__. 7.,
- .. - --

- -- , - . _ , . . .. . ._ . - , . , - .,--%,,- m _ .

,- .~.5<.*~---'-
- -

e g , -- v,, m -- --w ww s ;-g= , .j r -* - . .-3 m y . --- y. , ..r,-.,,-- - - ,
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!
TABLE A-V

a

KRU CONTROL 200 SHROUD TEST HE IGHT= 0.e13METFPS

-

CHAMMEL UhtT5 E01 LO2 E03 E04 EOS E06 E"1

QA CUS IC METER S/5ECOND .104E+00 .114 E + 00 .122E*00 .132E+00 .150E+00 .169E+00 .18eF+c0'

GW1 CU3tC ME TE R S/S ECOND .151E-03 .19 7t -0 3 .220E-03 .260E-03 .3 31E-0 3 404E -0 3 480E-e3

QW2 CuaIC METER 5/5ECOND .66 9E -03 . 65 3 E -0 3 .600E-03 .568E-03 . 510t -0 3 . 4 38E -0 3 .356f n 3

GDI KIL OGR AMS/CU8t C METER O.000 0.000 C.000 0.000 0.000 0.000 0.00^

Pi KILCPASCALS 52.867 52.688 52.308 53.C02 52.649 52.453 52.937

TW1 DECREES KtLVIN 297.174 297.427 297.839 298.236 298.6e6 299.290 299.049

TW2 CEGREES KE LVIN 296 739 296.972 297.332 297.719 298.140 298.713 298.436
i TA LEGREE5 KELVIN 291 053 291.242 290.798 291.456 292.448 293.C60 29/.799

THA CEGREES KELYIN 296.332 296.391 296.632 296.264 297.092 297.703 297.146
PA KILOPASCAL 5 56.921 56.335 55.864 56.459 56.066 56.022 56.370

DP2 KILOPASCALS .559 .577 .596 .587 .599 .626 .66f

OP3 KI L O P A SC ALS 3 045 2.892 2.P93 2.792 2.674 2.522 2 374

DP1 KILOPASCALS .690 .698 .006 .CCB .011 .014 .016

FROTH HEIGHT METERS 940 .991 1.016 1.041 1.016 .991 1.016

F ALLB ACK CU5IC METER 575ECOND .408E-03 . 3 21 E -0 3 .305E-03 .310E-C3 .354E-03 .316E-03 .16 3E -0 3
CARRYOUT EudIC ME TE R S/5 E COND 416E-C3 . 3 98 E -0 3 435E-03 .525E-03 .38CF-03 453E-03 .59 7E-0 3
GAS KUT ATEL40Zf HUMSER 550 ROUTI 1.4 30 1.497 1.547 1.609 1.715 1.819 f.918

LluulO KUTATELA02E NUM3E RISO RT ) .439 .389 .379 .383 409 .3P6 .278

CHANNEL UN ! ! 5 E06 E09 E10 Ett E12 Et3 E!*

QA CU3 ic MF TE R S/5ECOND .103E+00 .112E+00 .122t*00 .132E+00 .151E+00 .16ef+00 .!e90+r0

uWI CU ,l l C NE TE RS/SELONO .14eE-03 .190E-03 .227E-03 .267F-03 .3 3 t f -0 3 4060-03 4 81E -0 3

QWI CU B I C METEF575ECOND .10 3 t -02 . 9 95 E -0 3 .957F-03 .924E-03 .855F-03 . 7P 3E -0 3 .7 t Of 6 3

> GD1 KILOGA AM5/CO3tC ME Tf R 0.000 0.000 0.000 0.000 0.000 0.000 0.00"

8 P1 KILOPASCALS 51.858 53.169 52.481 52.321 52.624 52.4F1 51.508

TW1 DEGPEES KELVIN 29 7.P62 298.016 298.331 298.546 298.983 299.565 299.537~"
Ch TW2 CEGREES KELVIN 297.483 297.589 297.854 298.ce8 298.481 299.044 299.904

3.712 294.360
{'8.314 298.333TA LEGREE5 KYLVIN 289.916 290.566 290.896 291.465 292.823

,

TWA DEGREES KILVIN 297.153 297.206 297.305 297.4C0 297 n69 _#
PA a.! L OP A SC ALS 55.654 57.104 56.112 55.259 56..ai 55.937 55.632

DP2 KILOPASCALS .567 .576 .568 .586 .5 76 .603 .f 62

DP3 AILOPASCALS 3.324 3.167 3.049 2.968 2.764 2.661 7.500

DP1 KILOPASCALS .327 .323 .332 .330 .329 .329 .432

FROTH HEIGHT PETERS .965 .991 1.016 1.041 1.016 .991 1.n16

FALLBACK Cu91C ME TER S/ SE COND .3 3 2E-03 . 32 7E -0 3 .300F-03 .316E-03 .34eE-03 .321E-03 .19 6E -0 3
CARRYOUT CU 3 f C ME TER 5/SECOND .776t-03 . 7 76E -0 3 .921E-0 3 . 79 5E -0 3 .e520-03 . 890t -0 3 .9 7 er-0 3
GAS KUIATELA02E NUMBER (5C ROUT 3 1.425 1.487 t.547 1.608 1.722 1.813 1.92f

LIQUIU KUTATELAQ2E NUMhE R t SQ RI) .396 .393 .376 .386 405 .389 .304

.

.
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TABLE A-V (CONT. )

KKU COMTRGL RUD SPROUD Test HTICHf= 0.811MFT8P5]
3 .

CHANNEL t *61 I S E15 c16 Eg7 rle fto [20 FJI

''" OA CUS IC ME TER S/SECOND .945E-01 .104E+00 .114E+00 .12 4E + 00 .142E*00 .160E+00 .9500-01

( QW1 (.U31C M E if R 5 /5E CCHD .101E-03 . t 45 F -0 3 .201E-03 .226E-03 . 3 0 3 E -0 3 .389t-03 .1201-03
cW2 Cud 1C MEILES/SECCMD .19 8E -02 .14 TF -0 2 .142E-02 .13 R E -0 2 .13tf-02 .123f-02 .1921-I2

* . .
601 KILUGR AN5/LU8IC NE TE R 0.000 0.000 0.000 0.C00 0.000 0.000 0.n0:
P1 KILOPa5 cat 5 52.018 52.012 52.753 53.351 53.135 53.917 53 476
IW1 LEGREE5 Kt t e th 2 7 5.2 s o 2V2.G52 29 3.r c i 293.t t3 294.131 294.407 274.907
TW2 OEGREES KfLVIN 295.137 291.631 292.469 293.C72 293.572 293.902 294.331
IA CE GRE E S KILVIN 283.464 283.991 2e4.306 285.390 286.421 287.265 288.001
TNA DEGREES KELVIN 294.900 291.751 292.304 292.723 293.124 293.969 294.I'18

PA KILGPASCAL5 55.957 54.539 54.946 55. e 36 55.067 55.873 55.?TO
( OP2 KI L OP A S C ALS 482 490 .490 . 510 .531 .572 .579

DP3 KILUP ASC AL5 3.346 3.230 3.129 3.026 2.805 2.722 3.574
OP1 KILOPASCAL 5 .100 .119 .116 .109 .116 .159 .708

r FRUTH HEIGHT PlitR$ 1.061 1.118 1.092 1. 118 1.118 1.041 1.04t

FALLBACK CU31C N E TF R S/ 5E CGND .32 7E-03 . 310E -0 3 .291E-03 .286E-03 .332t-03 . 360E -0 3 4 06r "3

C AR R YOUT CUBIC MillRS/SECOND .121t-02 .12Ff-02 .134E-02 .131F-C2 .127E-02 .12?f-02 .1501-?2
GA5 KUI ATEL ADJE NUMBER ( SC ROOT! 1.372 1.432 1.501 1.564 1.672 1.776 7.365
LIQUIU KUI AIE LADIE NUNHERtSO Rif .393 . 3e 3 .371 .368 .396 .412 439

.

CHANNE L Unlis E23 E24 E25 E2e E27 r28 E20

:s OA CU31C NE TE E S/SECOMD .114E+00 .12 3E + 0 0 .143C+00 .162E+00 .953E-01 .901E-01 .8 5 3E-c 1
> e uW1 EU31C METER 5/5E00MO .19 3 L -0 3 .218t-03 . 306F -0 3 . 3 98F -C 3 .5791-04 .618F-04 .292f a4

* UW2 CualC MEltRS/SECOHO .1876-02 .1P3E-02 .111E-02 .169E-02 .712r-03 .712E-03 . 713F-0 3

N GD1 kILGGR AM5/CU8 t C NE TE R C.000 0.000 0.000 0.000 C.000 0.000 0.000
~

P1 KILCPASCAL5 53.795 54.008 52.939 51.249 53.242 53.196 53.316
TW1 CLGREE5 KELVIH 295.704 296.002 296.272 296.fl3 296.825 297.301 297.56*

TW2 ULG REI S KELWIH 295.193 295.510 295.F57 296.C68 296.694 297.019 297.415

'''
TA CLGREES KELVIN 288.163 289.436 289.745 289.764 285.572 286.538 287.608
TWA DEGREES KE L V IN 294.900 295 133 295.362 295.625 295.076 296.075 296.150
PA ktLOPASCAL5 56.147 56.270 55.049 53.327 55.481 55.769 57.814
DP2 KILUP 45C ALS .521 .520 .539 .565 .474 .472 .484

OP3 KILOPASCALS 3 380 3.267 3.089 2.912 3.491 3.537 3. e 0 9

DP1 KILOPASCALS .105 . 111 .113 .15T .109 .t19 .103
FRUTH HTIGHT NLTERS 1.092 1.016 1.016 1.C67 1.016 1.016 .991

F ALL B ACK CUS IC METERS /SECOND .321E-03 . 310E -0 3 .348E-03 .354E-03 .381E-03 +435E-03 . 43 5t -0 3
CARRYOUT CUB IC NE TE RS/5ECOND .1750-02 .175 E-0 2 .168E-02 .174E-02 .380E-03 . 36 2E -01 .3 4 4F-0 3
GAS KUTATELAD2E MUMBER (50 RCOT3 1.495 1.552 1.6TI 1. 774 1.370 1.33T t.305
LIQUtb KUI ATEL ADIE MUNBE R tSQ Ris .389 .383 .405 . 409 424 453 453

,. _
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~ ~ ~~ TABLE A4
>

*
WESi!NG400SE UCSP TEST HEIGHT: 0.r13*ETEPS

r 3 _)-r,*

'3 4

5

C4A1NEL UNITS fal 192 103 104 TC6 107 ICR
- .. .; 1

3J1 CURIC METECS/SLCON3 .297E r,5 .292E-95 .2 99 E-95 .297E-US .2'9E-05 .2 9 9 E - 05 1.2 99 E- 05 .

*

* 31 CUDIC MLTERS/SECOND .46*L-ci .469E-P1 4 69 E-01 .458E-01 .512E-91 .51?E-ci .513E-11

531 KILOGRA*S/ CUBIC *ETER 448.581 469 612 6 299 4.395 436.54 453.73F 11.207
. .- r~ . ." 'i3d2 CU f< I C PETERS /iLCOND .190E-02 .1240-02 .617E-03 .321E-03 .193E-3 .125E a2 .614E-03 _a "

''"

u 21 K lluP a%C AL S 53.437 53.413 53.416 53 404 50.39 5?.309 51 343<

"
" TJ1 DEGREES KELVI4 296 842 295.714 295 604 296.529 295.919 295.989 295 918

TJ2 DEGRLES KtLVI1 298.840 299.742 300.530 301.317 302.595 303.280 3 04.0 a 0
-

__ _u T
'

294.416
- -a"

215 7aT3el.612399.761Tt DE6REES KELVI4 293 666 294.344 293 655 292.201 294 995a *
* TdA DEG4EES MELV14 29?.916 299.139 291.945 198.0'3 301.697 ''

*t K ILUP ASC ALS 56.3?3 55.393 55.313 55.290 53 394 53.918 53.952 "

" 3'S KILOPASCALS .114 .079 .119 .086 .134 .131 ' .156 , . . ~~ ' " ')
'

* 322 K ILOP ASC ALS a.969 2.690 .351 .368 5.163 3.27? . * 91
=

321 KIL0PaSCALS .929 .972 .017 .a05 .R25 .329 .0 16
n et0TH HETG4T *ETERS .965 .737 .051 0.000 1.015 .787 +0 76 n"

'

.6100-03 _. ._ . . . ."')
n FtLtdACK CUDIC METERS /SECOND- .144E-52 .133C-02 .605E-03 .3 2 0 E- 0 3 .129 E- U2

.114E-C2_O. . .

a
"

:) C4aATOUT C U BIC METERS /SECOND 473L-03 0. D. O. a463E-03 0. .

2* G4S WUTATELAD2E MJMBER edu RJOT) .*74 .8 72 .97? .860 973 .997 .9 99
LIJUIO KUT ATEL A0ZE v3MBEttS3 RT) .751 .722 497 .355 .7G) .569 .4 89 "

." )] - .- x
. . .

21 M

" '4ANNEL UeITS 189 116 117 118 119 121 122 a,

" . -- _ _. ~ ,, _ .,. - - - - . - - - . - 7" ?

2: "J J 1 CUDIC PETERS /SECOND .29AE-a3 .299 -uS .303E-os .$097-On .3ntE-@ -.290t-04 J M 95t- M 's:

" 34 CUBIC PE TERS/SECOND . 512 E-01 .605 -91 .60gr-01 .605E-01 .6 05 E- J1 .640E "1 .649E-11 =

* GJ1 K ILOGR AMS/ CUBIC METER ' ~ .335E-53
.190 -02 .124f-02 .615r-03 * .317E-03 .189E-02 .124 E- 02 ' '

y g
2a 3J2 CUu!C ME T t R'./S E C O NG ' ~ "

445'*3 419.291 441 422'' -48 629 5 5 75 412 0 45 V 4 21.2 39 '" .7 .*
=

* P1 K ILOP ASC AL S 50.321 49 525 49.5?2 49.496 49.492 52 515 52.606
5'

v 141 DE GR E ES KLLV14 295.715 295 591 295.527 295.469 295.399 295.207 295 196 *
w TJ2 DE GREES KELVIN 304.932 305 339 305.336 306.306 307.425 301.013 301.669 ~ ~ ~ ~ ' * " " >

'? ? .9 p,5 295 39 7 ~ 294.294 ~ 2 90.8 92 ~ . 2 9 3.513 7 219 6 5? ''*""'"* > T4 DE6REES KELvl4' ~ '292 920' son.a 9 393.ars 302.883 302.434 300 3ia 300.7a1 *
8 TJA DE GRE E S KELVIN 303 93a a* W 34 KILOPASCALS 52 670 54.566 59 556 54 566 52 774 61.5 70 61 077

*2e )* 479 4 988 t-071 492 472 4.570 4.963
- *

e '-

932 KIL334SCALs
~ ' C" 413 *13 6 ~ ~ .1 E * C" .18 6 "~ 4167 ~~ ~ 6153 e* .141 *"~7'a

.02] .A41 .826 .126 .020 .919 .9 15DSS KILOPASCALS a

381 KILOPASCAL 5 c a*

F10TH ttEI GH T "E TE R S .051 1 041 .914 .?29 .102 1.016 .9 89
)a+

FALLBACK CUBIC METERS /SECOND . 3 29 E - 0 3 .992E-u3 .107E-02 .611E-03 .325E-03 .980E-P3 .994E-0 M *' ' '"* " ' ' "a

CARRTOUT CUBIC METERS /SECD10 7 D. ~ ~ 47 09 E-C3 4129Ea037*e328E'03 0. ~ ' ' '~"' 6 9 7 5 E 3 't 3 *"6 3 4 2 E O a

Gas KOTATElaDIE NJMBER ESO 403T)~ .ses .s92 .970 .99z .944 1.04s 1. *e *
a a
a LI3U10 KUT ATEL A0ll hJMBEttSG RT) .359 .624 .64A 490 .357 .620 92.
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w
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**
. .

[~ EBLE UUC0hT.) 's

*
JESTING 400SE UCSP TE S T HEIGHT: 0.9134ETERS*

- . . .- | t')t{. | -

C4ANNEL U"ITS 123 124 125 I27 i R I29 141 *

*
. . )*

*.302E-0%* 241 CUBIC METERS /StCOND .304E-05 .303E-us .292E- 5 .2 98 0- 05
.2''5E-C.699E-0$

.2?6E-
* Q4 CUBIC METERS /SECOND .652E-91 .663E-Di .699E- 1 .699E-01 .699E- .938 - 01 '

}*
' * 2J2 CUdIC "E Tt.RS/SECoho .Te3E-C3 .320E-03 .190 E -3 2 . . 12 * E- G ? _ .4' 21 E-0 3 . 315E-03_ .169 - 02 - - . _ . . c. -

427.138 35 652 18.331 lio 293,...
.,_ "

". 3J1 K ILOGR AM S / CUBIC. P.ETER 439 645 3.953 432.037 -

''
" P1 KI(OPESCALS 52 601 52 596 49.150 48 126 49 113 49 554 52.557
" TJ1 deb 4EES MELVIN 295.191 295.180 295.256 295.209 295.177 295 155 294.126 **

303 7 % 03 303 303.533 _ 3 C4 214 . . 509 9 6S- J C9.6 72 _ , _, , - . . _ _ . . . " " ^293 406 ~ r}91 421 292 672 292.511 291 511 293.101
^

" Ta DEGREES KELVIN - ' ~~ ~~~ 302.794TJ2 D E r.R t. E S KELV14a

294.193 *
* IJA DE GN E ES MLLVIN 301.176 33J.126 392.193 302.601 302.277 30?.963 303.757 *
" 34 K ILOP a SC AL S 59 572 56.076 55.477 55 497 54.a 07 52 570 59.935

. . . " '*
^^

3'2 KILOPASCALS - ' - ' ~ - ~ ~
2.355 493 ' 4.794 ^ 4.1 78 ' 2.49 .473 4 .3 15 _ . ",

=- D*3 K ILOP ASC ALS .153 .114 .151 .162' .153 ~ .163 U'" ' ~ +184 ~P'"". - "
".797M D)1 KILOPASCALS .a33 .052 .916 . 821 .910 . 0 31

. 1 .1 16 "
" F10TH HEIGHT METE 9S .610 0.000 1.392 .991 .787 .2P3

0.32DE-03,.. 928E-03_ ,_ _ _ s- . _ , , . _ . " in F4LL9ack CUBIC METCPS/SECOND .6 23E-03 .320E-c3 .7 79E a 3 791E-03 562E.93 .

. - . < .165E*02 - - ' n
n C ARRY ')UT C00LC FETi%S/SECOND O. .

D.
' 4104E-02 .9 4 4 E- 0 3 0. ,

.

. "
" 34S MUTaiEL ADlE NJMBER ESQ R33T) 1.042 1.042 1.074 1.075 1.071 1.064 1 184
n 613UlO KUIATELA0lE NUMBERtSG RT) .494 .355 .553 .557 469 .355 4 10 a

w T
", , _ _

_ - .., .. -,. -

7 - - ..g - y. .- - - - gf

M

C 4 A'.NE L UNITS 142 14 3 144 131 I32 133 134 "
- ,

"
_ .

- . - , , . - ,
. ,

- 3,-,.

)J1 CunlC METERS /SECOND M 305t-05 .312E-05 2.315E-05 .304t-65 0.3 00 t-05 .3 05E- 05 Mil 6E- 05 ~ *
= '"
n Q& cud 1C 9ETLRS/StCOND .8390-01 .93SE-01 8 38E-D1 .760E-01 .757E-01 .749E "1 .759E-01

.1* E-u?''.543E-03 .319E-33 -~""7 3J2 CUBIC MtitRS/SLCONU 12 4 t.- 0 2 .650E-03 . 315 E - M .189E-02
21 .781 2314172 V 45 357 7 " S ' " '. "

%- 3J1 KIL93RA%S/ CUB 1C NETER''' 179.071 197 723 1 219.230 "'.198 785 * *
" %a $1 A ILOP A%C AL S 52 591 52.567 52.576 51 15 e 5 .192 51 2"3 51 134
r TJ1 DEGREES MELVIN 298 056 297.99R 297.950 297 404 297 187 097.065 296.944 ''

=02.167 a3. 26 P3 672
93 0 79 E z} s).2 83% 93 251 TE- TV"~~"

* 142 DE GRt E S MLLVIN . 305 145 306 192 306 119 301.166 "
W ~ T4 D E GRE r S KELV11 '?'NrF 7292 765 '- 292.804 7 292 445 G292e445"
a TJA OEGR ES MELVIN ' 304.224 304.52P 303.595 300.483 01.443 30. 980. _ 01.723 a

"
59 991 59.02 58.908 59.874 58.144 ' 56.115

: 84 UtWSatS 3:T5 3: m m ';i?g3 W :in-~ 3:inam 'd h ,-:WO - x- :** P4 K ILDP ASC ALS 59.672
-- a

021 K ILOP ASC ALS .931 .911 .905 .788 .797 .783 .499a
a ~40TH HEIG1T ME TER S .940 .813 .711 1.067 .914 .7R7 .6 60 a

a iM 12h 03 "~' " "? 7 -*'.279E-03 .611 E- 0 3~ .535E-03 50
C4RRYOUT CU BIC ME TLR S / SEC O ND -''' " e 139 E-0 3 .119 O3 9. '' ' :' O.5 7 3 E- 0 3 ' D a

/ * F4LL8ACM cubit METERS /SECOND 4700-03 .344b-03
. ' " " ' ' ~ ' '

03 "
aa 34S N1T AT EL AD2 E tJJMBER (SQ ROOT) 1.193 1.180 1.14 1.126 1.lM' B6 l.il5 1. 07

:V r.,' Y- '

,a *
a

L13UIO WUTATELADZE NUMBEttSW RT) .429 .367 .331 .474 4R9 .458 4 45a ,

<
- - mn n- . - . - - .g . - - n g _ g.- - - n ,

u u
$3 g.s . ^

a 7 -- t mpr' -*wg -- w - ' Jw e == v .g+ - + g ; *** ws ,r.--+mq p* *-wm ? y *' e g.{ M *"T*v C ".7/ N -* *"** T"W e * 55-w+--s .

-e r..- v.w-yq
w , .,
57 5e

/ Se -- **W'"'f"**
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_ .m . . , _ _ _ . . _m. _ _ . _ _ _ _ _ _ _ . . __ ,

.%

- TABLE A%X (CONT.) .

\

*

.

WESTING 40USE UCSP TESI . - 4 3*E TE R S '*

(I['
- 8)
4

C4A1 net. Uw115 139 146 149 14 9 157- 162 164 - 5-

r:., . . . . . - , . - -. A>,
-

*
* 241 CUBIC ME TERS /SLCOND . 3 4D E-0 5 .317E- 05 .3 35 r-05 -.3 3 3E-05 .3 45E-05 .3 24E-05 .3"5E- 05

'
* 34 CUBIC METLRS/SECOND .799E-r1 .993E-01 .824f-C1 .884E-01 .9RSE-01 .103 E * P0 .103E+03 ' ' ' '

. 125E 4"2_ .3 26 E- 03 - ' -
~ '(- * 2d2 CUBIC METERS /SECOND .316E-03 .190E-02 .6500-03 .351E-03 .125E-92 "

154.4 2 203.403G31 KILOGRAMS / CUBIC 1ETER~ 48.1T9 159.335 176.436 194.268 154.176
'

" **
'2 P1 KILOPASCALS 52.861 52.140 52 273 52.279 52 93C 52.325 52 312 o
" TJ1 DCeREES KELVIN 297.919 297.958 299 017 298.021 298.071 ^299.304 298.314 * * ' '

TJ2 DEGRtES KLLV11 303.397 301 879 304 619 305.761 304 .'41 306.797.#. 3 06 6 72 _ y ,, . ~ . ._ _ ; m . .-f a "
'' 292.537 292 309 293.299 293.641 294 322 292 965 292 556-'* T4 DEGREES KELVl9~ "

a TJA DE GREES NELVII 299.573 301.492 302.949 302 941 303.307 305.390 302 954 '

. . ' "" 34 KILOPASCALS 57.011 59.113 59 405 57.925 57.986 59.094 57 0 %

D*3 KILOP ASC ALS .143 .137 .l52 ' "2.128 3.527 3 395 2.111 *
.( 022 KILOPASCALS ''

.509 3.942 2.991
.137 .161' 4167 .169

_ ,#...
_. , , - ,. y= ~* *s* =.9 36 .9 99

1.233= '3*1 <1LOPASCALS .145 .929 .a54 .350 .

u67 .965 .g 3g r.
n 840TH HEIGHT *ETERS .3P5 1.143 .965 .989 '

:( n 2 4 LL B A CW. CUBIC ME TL R5 /SECONO .314E-03 .327E-63 .2 R9 E-0 3 .259E-03 .218E-33 .242E-93 .143E-03 _'m. _

.. , _ . _ "

n CARRYOUT CUBIC ME TLRS /S EC0hD 0. .127E-02 0. 'O. . . O. . O. , , 86 . -- 'y n
n

a GLS MUTaTELADlE MJMBtR ESQ ROJT) 1.144 1 223 1 210 1 207 1.276 1 304 1 .3 00
a L13UID MUT ATELA0ZE NJMPEttSe RT) .351 .359 .336 .319 .293 .3ns .2 36 a

.; 3! ;__. .
- ,- -, -.,,. ..n r. _ ._ w -- .v

,

=

n C4ANNEL UNITS 151 152 153 154 172 187 189 a~

.: 2x: . .

. 8 03 0-05 .319E-05 .3 310-05 -.327E-05 .3320-0$
.300E-0.707E-Sk.2.796E-D n

.- . - . . , , . , . -
_

2 b9E-0
'

=
" 241 CUB 1C ME TE RS /SECONO
n 34 CUBIC METERS /SECOND .942E-01 .942E-01 .942E-31 .943E-01 .112E+00

615E-0 ' ~n
"'.647r-93 .323 -05

147 657 " ' .125 E- n >393 6$2'"N 4 02.0 40' FT182 5 35 * 2 23[.152 ~ '.130 E-07
* 242 CHHIC METLRS/SLCONO .19uE-P2 .127E-02 ' ~"~

D" G31 K ILOG R AM S/ CUBIC.1 METER ' 178.046 165.246
21 KituPASCA'S 53.151 536143 53 154 53 156 52.779 52.607 52.206 - *

"
- TJ1 DEstEES KELVI4 298 31T 299.230 299 251 298.205 299.290 295 058 295.072

TJ2 DEGREES KELVIN 302.650 303.569 304.672 305.900 304.934 301.17 9 *

- T4 DEGPEES KrLVIN 't - 293.144~ 292 521 " 292.508 3 292 202 T~ 293 065 " 290464 mri *I k nm v C'- ~~ ~ 7 ~3.

301 827 302.510 302,826 302.579 303.186 299.96 3 .5 4 =
= TJA DEGRtES KELVIN
a 34 n!LOPASCALS 59.763 59 579 59.955 58.375 59.249 69.647 - 58 901 =
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2. DENSIT0 METER CALIBRATION DATA

i

109The low energy (Cd gamma source) gamma densitometer was used in

v. Westinghouse-test Series I, J, and L, and the supplemental test series. '

Special test points were run at various times during each series to provide

information required to calibrate the data system to allow for varying
,

(decreasing) source strength and possible variation in source location and
,

- plastic vessel wall thickness. In addition, tests employing upper plenum

internal structures (W-2 and W-4) could potentially subject the measuring,

- beam to decimation through the plastic internal. The densitometer calibra-
1

; tion data for each test in which it was used is given in Table A-XIV.
I
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.
fTABLE A-XIV

DENSIT0 METER CALIBRATION DATA*

. TEST SERIES COUNTS /SECOND COMMENTS ,

(Vessel Empty)- (Vessel Full)
*

Supplemental Tests 26451, 25.03 at start of test series
(SeriesY) 26088, 25.05 after test Yl8

26356. 24.42 before test Y19

26148. 25.31 after test' Y72
26196. 25.74 before test Y25
25755, 24.87 at end of test series

Westinghouse Open 21650. 39.62 at start of test series ;

Hole UCSP Tests (Series 1) 21462. 39.20 after test I-30
21501, 43.67 after test I-34

Westinghouse Support 13199. 47.10 at start of test series

Column Test (Series J) 13086. 47.73 after test J-4
12937. 43.43 after test J-9

at end of test series12906. ---

Westinghouse Flow 21710. 46.92 at start of test series

Mixer Test (Series L) 21760 47.06 at end of test series

c

s

9
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APPENDIX B

ANALYSIS OF EXPERIMENTAL ERROR
'

(Provided by S. Y. Liou, Dept. of Nuclear Engineering,
University of California, Berkeley, California)

e

i

The maximum likely uncertainty of a dependent variable calculated from

experimental data may be expressed as: ~

"N[ ( a
3 2 1/2

inR j ( N )2AR.
=

-k=1 __aN J
p,_,,

R '

k

is thewhere AR is the uncertainty in a calculated variable of magnitude R, Nk

value of the kS measured variable, and AN is the magnitude of the uncertainty
k

assigned to this measurement.

Based upon sensor accuracy , specifications, as given in Table B.I, the

following uncertainties have been assigned: |
I

1 2.77 K1. temperature measurements =

1 1.38 KPa2. pressure measurements =

3
1 0.004 m /sec3. air flow rate =

3, 2.3 x 10-5 m /sec4. water injection rate = +

(core and upper plenum)
-5 3

1 0.4 x 10 m /sec5. water outflow measurement =

(level change in collec-

tiontank)

u

In addition, error may arise in the visual interpretation of the slope of the ,

. recorded collection tank level. This has been estimated as 12% of the reading,

However, this estinate could be low for the tests with a low fallback rate.

Also, an exact water mass balance is not achieved in the tests. In general,

B-2
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TABLE B-I

EXPERIMENT MEASUREMENT SPECIFICATIONS

INSTRUMENT
TYPE OF MEASUREMENT- NUMBER LOCATION RANGE ACCURACY..,

MASS FLOW RATE QW1 Inletwater(be- 0.0-0.00227 +5%

lowcore) m3/sec
-

QW2 Inlet water (to 0.0-0.00227 -+5%
upper plenum) 3m /sec

QA Inlet air 0.047,-0.472 -+5%
m3/sec

PRESSURE P1 Upper plenum 0-0.2078 mPa 11.38 kPa

PA Inlet air 0-0.2078 mPa 11.38 kPa,

FLUID TEMPERATURE TA Inlet air 288.7-322 K 12.77 K,

TW1 Inlet water " "

TW2 Inlet water " "

(upperplenum)

TWA Upper plenum |
" "

|

PRESSURE (DIFFERENTIAL) 30T1 Measuring tank 0-24.88 kPa 11% F.S. l

(from bottom |
ofvessel) |

AWT3 Measuring tank 0-24.88 kPa +1% F.S. |(fromseparator) ~

DPl Across grid 0-4.98 kPa 1 0249 kPaplate |
l

DP2 Across upper
|

" "

dore support
|

plate 1

( DP3 Top of UCSP " " '

to top of U.P.

#
FROTH DENSITY

(GAMMA DENSIT0 METER) GD-1 Upper plenum 0-1041 kg/m3 18%

B-3
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the' outlet water flows total to within five percent'of the total inlet flows

although occasionally larger descrepancies are noted.
4

The calculated maximum expected errors in the gas and liquid flow ,

r 1

Kutatetadze numbers are dominated by the relative errors in the gas flow

and liquid fallback measurements respectively. It is thus possible to

plot these errors as functions of the gas and liquid Kutateladze numbers

for each test with a different tie plate flow area (upon which these numbers

arebased). Since these flow areas do not differ greatly among the tests

in the series, this has been done for the KKU Open Hole Test Series A as a

representative example. These plots are shown in Figures B-I and B-II.

As shown in the figures, the error in both gas and liquid Kutateladze

numbers is generally less than 0.04 over most'of the range of" interest.

Only for very low gas flow and liquid f allback flow rates does the error

become significant.

.

h

4
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APPENDIX C;
r

i

DATA REDUCTION COMPUTER ROUTINE| f,

l
'

.-;

A listing' of. program " CALC" and associated subroutines appears in
4

Table C-1. The functions of these routines are:

j 1. Read data from the data tape.

2. Delete and edit data points if required.'

3. Create a file with properly lablea test points and program

input data (froth' height, fallback and carryout rates). )
4. Adjust differential pressure readings for sensor zero point

to vessel.

6. Calculate air density, and various.dimensionless flow rate groups.

7. Store the results on tape suitable for plotting and listing data,

;

The data tape to be read is in the "INDP" format, Reference 8.

:
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115 IDaiat121-434 .* .'10ATAt2Tl=1 * '
10A1At26)*9 '

00 500 I*1,14.
_

*

IDATAt32)=" *

120 10A1At33t== = . . . . . 'i . ,*
ia

IDATA(34)=0tt) *
10ATA(353=p(I3 a -

IDATAa36)=Stil
|CALL hEITMSt ,IDATA,3C,IDATAtl),08 . ~ . - - . _ _ ___ ..

" '
* " .

125 NOR C*NOR * '
IRE tWORF DATAtla !e

500 10Aleill=10AIAtll*1 ,)
U * ~~ ' a
C ***WRiiE TITLES, FROTH HEIGHT, AND TAkK FLOW DATA TO DI$K (CHNL$ 204 '=

130 C -2 0 71 * * * ''

C
.

** *
IDATAtll=204 . _ . _ _ _ _ _ _ n '
DO 5 0 !=1,4 **
IFt .E0.49 GD 10 524 * a

135 IFtI.EG.31 GO 10 523
IFII.EQ.23 GO TO 522 __ . . _ . . . . . . - - , -

= '
sr '

DO 551 J-1,MM
551 DATAIJ =NAMEtJ1_

=

GO 10 68
* a

7I=
140 522 00 552 Jel,MM ' ~ ' ' ' ' ' ' ~'~~" " ~ ' ' ' ' 's' #j

552 OATatJi=HEl&HitJ1 S'

GD 10 568 n
523 00 553 J-1,MM

'kb ON66 - -

145 *
Sk 524 00 554 Jel,NM 5t

554 CATAtJi= LTKFLtJ)

! 1 !1 ^

['~~~~' - ' ~ ~i'~# ''"" -c
A

150 C E I

AIR FLOW DATA'ANC WRITE TO TAPE IN CHNL 208*A4g *** CALCULATE VESSEL
- - - - " ' ' ~ ~ ' ~ " ' ' ' ~'

CALL READMSt4,$TO MM,63 --
~

pfADMSt4,5T02,MM,26)psADnS(4,5101,nM,CALL *
41i 155 CALL = '

00 570 I=1 MM ~~~~~ ' ~ ~ ~ ' ~ ~ ' " ~ ~ ' ~ ~ ~ " ' ~ '' ' ' ~

Nr ''
570 OATAtIl=5I0tII*(ST01(II*12.31/tS102(1)*12.3)i

i*i CALL WRITMSt4,0ATA.MM,208,03 Itai

C
160 C 5

,

t C *A* ADJt;5! DP READINGS FOR 2ERO OFFSET
~ ~ ' ' ~ ~ ~ '

i

se
Ci u

5,

i C
CALL R[ADMst4,DP1,MM,273 Tg

165 00 7eo Iah,MM
~ ~~ ~~ "~ ~ ~~~ ' '"" ~ ~ ' ' -

*'

* * -i

i =
780 DATAtit=Deltll-DP1ZR0til sri

C ALL %RIT MSE 4,D AT A,MM,2[,18
. . _ _ _ ,

. ,

. . _ _ . . . .,DP2,MM,24 .
q,j>

QLQEL-
= *

173 781 DAT4til=DPZill-OP2ZR0til s'CALL k R I! M$ t 4,0 A T A , Mf* r 2 8,1 )
. . . . _ , . , ' ' ,

~ __ --.,,.,2., -,,_.,,,q ,

t
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.
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. 4
*

1 SU8POUTINE REMO%EIGUfeNMI
CONM0?n s 0 A T IN s D A l a t 1100l e 5 Tu t 2003,5folt 200le5T0Zi 2005, )*

' 1 STC38 2003* *CDPFCN NNeJJt2 Col,K, At10leDt10leNJGSf3 2005,XJL5(3 2001,
'

_ 5 C xmGt3,2003.zKLt3,200ss0EN$te50RIEN
g [

"
'l=1 "

* "16 J*L
' *. " 1FtJJfil.EO.J3 GO 10 2

10 LaL+1 _ . ")"

" IFtJ.GE.Kl GD 10 7 ''

" *GC 10 le
- ''" 2 L*L+1 - .

15 IFfJ.GE.R3 GO TO 7
, ")" OATAtJl=UUT* *

* t=F+1 "
" 5 IFil-NNI 16,16e7 "

My{ - -- -

'" 3", 7 n-
'' 20 !=1 "
" 21 iFIDATAtII.EO.UUTI GO TO 22 "

; g 360AIA(KkI . _ . . . , . _ . .~
"

" Ift11.GT.MMI GO TO 23 *

". 25 Kd=kM*1 ",'" !=I+1 "

GO 10 21
. . _ _ . . _ - -. . , -

'' '

22 krakK+1
-

" *
" O "I=I+1
[$ 30 (gGgKl.GOTO23.._ , __ . _ - _ _ _.- _. _ -_.7.~-- - , . - ~ - . -- . [_'-

* 23 RETUFN *

','
._ _ __ _ . . _.__. . . - . , . _ _ , _ _ - . . - - ,,

* "END
,

~
.4 ..

SYNBOLIC PEFERENCE MAP (9 31''
~ ~ ' ' '~ ' ' ~ " ~ ~ ~ ~ '' ' ' ' ' ~ ~~~ ' ' '*

" ENTRY POINTS DEt LINE REFERENCE 5 ''

4 PEPOWE 1 32 ._ _ _m . __. _ _. .-._ -.. - .... . ." )"

VARIABLES $N TYPE RELUCATION" *
" 312 A REAL ARRAY / / REFS 4 *

5' 0 DATA FEAL ARRAY _ ./ / ._

REFS
.

2 . 21 . 22 - . DEFINED . - ,- 14
._. _. "J" 324 D RLAL A F li A Y PEF 5 4

DATIN "
" 5076 DENSL REat t t REFS 4 *
" 107 1 1h1EGER REFS *

9 16 17 21 26 29 30 "

55' 112 11 INTEGER REFS 22 23 24 bEFINED ~~~ . ' 29 " 23 '
.

"\" DEFINED 7 16 20 26
19 " *

110 J ihTEGER REFS 9 11 14 15 DEF1hED 8 "*
" 1 JJ 1hiEGER ARRAY / / REFS 4 9 5'

~~' ' - ~ ' '22 ~ N ' ~ ' ~ N '" 0 N I N b 7"15 - - - "2 5 '' ' ' 28KM **
* 106 L INit6ER FEF5 8 10 13 DEFINED .6 10 13 "

[ 0 MM 1hiEGER F.P. REFS 24 DEFINED 1 ;
., . ---.. . n. .,

- .-

f
,

O

TABLE C-I (CONT.)

,

*
J

9 9 . , ~ p
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* 1 SLBRCUTINE CALCAktMMI
*COPPONt0ATINt0AIAt11 Col,5T0t 2003,51018 200le5T02t 2001, )*
'' 1 5103t 2006
** COMMUN NN JJt2003,k, A t 10 ) ,Dt 1C i s XJG5 t 3,200 3, XJL5 4 3,200 5,
'* 5 C axGt3 2003,XKL(3,2003,DEh5L,50RTEN
" '* OIMENSION AJGt3,200).XJL13,20kRITEt6,12458t5 total,5101til,0)5102 tile I=le81, "'"
"" C Atll.At2),0til,0t26,50RIEN,DENSL,MM
"" 1243 F0WMaitet3F12.31),6F12.3el158

". 00 10 J=leMM
- -

" '10 00 IC !=1,2"
""
*" AJGil,Ji=5T0tJittAlll*60.1
"N JL t i, J i = 5 T 01 t J 5 / t A t l 4 * 60. l * .13 3 7"

_ " " TR= t 32.2 *0 t il * t 0E N5L- STO2tJill**.5 , "'15 xJG5t!,Ji-tXJGtl,Ji*SiO2tJa**.5/Rl**0.$*
=" xJL5tl,Ji=thJLtl,Ji*0EN5t**.5tRl**0 5

5=132.2*SURTtN* t 0EN5L- S T02 t J ill * *.2 5 ""
" 1" AkGil,Ji-tXJGilsJa*ST02tJ)**.5/51**0.5

" 10 xxt(1,Ji=tXJLtl,Ji*DENSL**.5/58**C.5
- ''

"" 20 RETURN
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APPENDIX D,

!

TRAC MODEL OF AIR WATER TEST APPARATUS t

i. (Contributed by M. M.'Giles) ;~
<

.

I 1. TRAC MODEL DESCRIPTION

1

i

j The analyses were performed using a two-dimensional TRAC model of
.

| the Air-Water Facility with the JAERI four hole upper core support plate
;

i (UCSP)asdescribedinSectionII. As shown in Figure D-1, the TRAC model

consists of a vessel. component with attached pipes, fills and breaks to
:

i represent th'e air and water injection sources and hot leg outlet. The vessel

component' has twelve axial levels, the interface between most levels being

: placed at elevations where vessel flow area changes occur. Levels 7, 8, and
!

4 11 are. required to provide. pipe connection points, and Level 9 is included *

to represent the gamma densitometer location,.

i
~

Each axial level is divided in the x direction (see Figure D-1) into

{ five cells. The spacing of these calls, which is the same on each axial

. level, was chosen to allow modeling of the openings in the UCSP. On the
.

- axial level representing the UCSP (Level 7), the two outside cells and the

center cell are completely blocked off from all adjoining cells. The two

remaining. cells on that level are fully open in the axial direction, each

open cell representing two of the UCSP orifices. The total axial flow
>

-area of these open cells was chosen to be the same as the total flow area
4 -

of the four holes in the UCSP. - The.x-direction width of each open cell is

the same as the width (or dianeter) of the individual UCSP holes, and the i

D-2
. ___ _ _ - _ _ _ _ _ _ _ _ _ _ - --.



_. -- -. _ - - . . _ _ _

,

separation between these open cells is the same as the separation between

holes in the UCSP. The'y-direction thickness of the vessel model was

d chosen to meet the above area and spacing constraints. I

3 l

The maximumiaxial cross section area of the vessel model is the same

as the axial flow area of the test vessel upper plenum. Reductions in

flow area at other axial levels were achieved by adjusting the TRAC frac-

tional flow area and fractional volume parameters such that the correct

axial flow areas were obtained at each level. With the exception of

Level 7 which was discussed above, any flow restriction on an axial level

is considered to be uniformly distributed across the vessel.

The lower core water injection is simulated by vertically upward

directed pipes connected to the plane separating axial Levels 3 and 4.

The upper plenum water injection is modeled by a pipe connected to a single

outside cell on axial Level 8, just above the UCSP. In the actual test

vessel, the upper plenum water injection takes place around the entire

perimeter of the UCSP, but it is judged that the single injection point
'used in the TRAC model is sufficient in view of the' fairly uniform distri-

bution of mixture density observed across axial Level 8 after steady state

upper plenum conditions were obtained. Lower core air injection is achieved

by means of a single pipe connection to the vessel on axial Level 2, This

again is uMike the actual test apparatus where air is input through two,

injectors, one on each side of the vessel. However, the present steadyy

state-TRAC results indicate that the axial air velocities in the core are

symmetrically distributed about the center cell by the time the air reaches

D-3
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axial Level 4, justifying the use of a single air injection point. Test

results with one air injector blocked have also verified that the use of

a single injection point' is ~ adequate.
['
.

A modified form of Version 19.3 of the TRAC Code was used for the

analyses. The code was modified to use air thermodynamic and transport

properties in place of the steam properties normally used for the vapor

phase.

2. TRAC ANALYSIS PROCEDURE

The initial TRAC run was begun with all components filled with station-

ary air at a pressure of 0.134 tiPa. Air injection and upper plenum water

injection were then begun and the model was run to a quasi-steady state ,

condition 91th constant average air flow and with water froth exiting the1

vessel through the hot leg outlet. About twenty seconds of model time were

required for the f roth to reach the hot leg axial level. The model was

initialized in .this manner using the actual test conditions for test Y-10.

In order to save computer time, most of the other tests were run as restarts

from this coninon initial state. On these restart runs, the air and water

inlet flows were reset-to represent the particular test being simulated, and

the code was run-for about 10 seconds of model time to allow the fallback

rate into the water collector (axial Level 1) to-be determined. The run ,

was teminated when the fallback rate stabilized, approximately 30 seconds

from test initiation.

,
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