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PWR BLOWDOWN HEAT TRANSFER SEPARATE-EFFECTS PROGRAM —
THERMAL~HYDRAULIC TEST FACILITY EXPERIMENTAL
DATA REPORT FOR TEST 153

D. M. Leon R. A. Hedrick M. D. White

ABSTRACT

Reduced instrument responses are presented for Thermal-
Hydraulic Test Facility (THTF) test 153, which is part of the
ORNL Pressurized-Water Reactor (PWR) Blowdown Heat Transfer
Separate-Effects Program. The objective of the program is to
investigate the thermal-hydraulic phencomenon governing the
energy transfer and transport processes that occur during a
loss~of-coolant accident in a PWR system.

Test 153 was conducted to obtain thermal-hydraulic and
critical heat flux information in THTF bundle 1 operating at
a low power and containing four unpowered rods.

The primary purpose of this report is to make the re-
duced instrument responses during test 153 available. The
responses are presented in graphical form in engineering
units and have been analyzed only to the extent necessary
to assure reasonableness and consistency.

I. TINTRODUCTION

The Oak Ridge National Laboratory Pressurized-Water Reactor (ORNL-
PWR) Blowdown Heat Transfer Program is a separate-effects study of the
relations among the principal variables that can alter the rate of blow-
down, the presence of flow reversal and rereversal, time delay to criti-
cal heat flux (CHF), the rate at which dryout progresses, and similar
time- and space~related functions that are important in loss-of-coolant
accident (LOCA) analyses. Primary test results are obtained from the
Thermal-Hydraulic Test Facility (THTF), a large nonnuclear pressurized-
water loop incorporating a 49-rod electrically heated bundle in a 7 x 7
geometry .

THTF test 153 (conducted December 8, 1976) was the ninth test con-
ducted in the facility with bundle 1 in place. This test was performed
to obtain thermal-hydraulic and CHF information in a bundle operating at

low power and containing four unjowered rods.
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The purpose of this report is to provide the reduced instrument re-
sponses during test 153 in a readily usable form to the nuclear community

in advance of detailed analyses and interpretations. These data are pre-
sented on microffche attached to the back cover of the report. Final
analyses and interpretations are scheduled for publication six months
after the completion of the test series. The program and the experi-

mental facilities are described in Ref. 1.

IT, BSYSTEM, PROCEDURES, CONDITIONS,
AND EVENTS FOR TEST 153

1. System Configuration and Test Procedure

The Thermal-Hydraulic Test Facility (THTF), shown in Fig. 1, con-
sists of a test section with a 49-rod, 3.A6-m-long (12-ft) electrically
heated core; a circulation loop couprised of three parallel heat ex-
changers with bypass, a pressurizer, a pump with bypass, and associated
control valves; two rupture assemblies; and a pressure-suppression sys-
tem. The break configuration for test 153 was 407 inlet—60% outlet with
a total area of 12,54 em? (0.0135 ft?), The THTF experimental system is
described further in Ref, 1.

The electric core was taken to the preblowdown power (80 kW/rod) in
Vv20-kiW/rod steps to provide steady-state calibration information. The
main heat exchangers were operated to match the core power input. The
primary coolant pump was tripped coincident with break initiation, but
the electric core was operated at the preblowdown power for V2 sec into
the transient and then the power was decaved with a time constant of
V0.45 sec. Rods 19, 24, 39, and 47 were unpowered. Closure of the
secondary-side main heat exchanger valves was init‘ated at the trip from
80 kW/rod.

'Project Deseription: ORNI-PWR Blowdown Heat Tramefer Separate-

Effecte Program — Thermal-Hydraulie Teet Faeility (THTF), ORNL/NUREG/TM=-2
(February 1976),

|
{
1‘.
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1. Thermal-Hydraulic Test Facility (THTF).

In preparation for the test, the loop was filled with demineralized

water and the system pressure checked.
sition checks were performed,

use in flow and pressure calibrations.

Instrumentation and data acqui-

During the warmup, data were taken for

During the test, the THTF was successfully subjected to a double~

ended pipe break through the rupture assemblies containing the orifice

plates. The effluent from the primary system was injected into the

pressure~suppression system, which was maintained at atmospheric pressure.
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-9 ,;9 tial Test Conditions and Sequence of Events

The THTF conditions immediately preceding rupture are given in Tables '
1 and 2. The prerupture steady-state primary and secondary energy balances
are shown in Figs. 2 through 4. The sequence of events relative to the
rupture ie given in Table 3. '

Table 1, Desired vs actusl prerupture conditions
Parameters Iust rament pesired?  Actual?

System pressure PE-20]

MN/m” 15,720 15,782

peig 2280 2289
Core power E1E~9, BIE=10, EtE-11, E1B-12, 1.600 3.591

Mw EEE-9, EEE-10, EER-11, EFE-12
Number of unpowered rods 4 A
Core volumetric flow rate FE-19

m'/s 0.0196 0.0200

gpm 310 317
Test section inlet temperature TE-~162

K 558.2 557.0

¥ 545 543
Test section outiet temperature FE-212

K 598, 2 597 .6 )

*F 617 616
Pressur fzer pressure PE~106

N /m? 15,224 15.430

psig 2208 2238
Mass liquid water

kg 54 .88 53,52

Iy, 121 118
Coolant pump speed S§E-72

tps 60,52 59.52

rpm 3631 3571
Pressure differential PyE-78

N /m 4.661 4,516

s e 676 655
Pressure between HCOV-2 and FOCV-1H PE-1b

MN/m? 17,706 16,706

psly 2568 2423
Pressure differential across main PyE=db
heat exchangers

M /n? 1.320 0,33 ;

psid a6, 4 G484

anuiud prevupture conditlons are based on programmatic requirements.
Actual precupture conditions are based on instrument signals recorded within 10 sec

of primary system rupture.

e ks




Table 2. Prerupture primary-coolant temperature
and pressure distribution? for test 153

Location Instrument T?:p:f:;Tre [H;;:g’?;:ig)]
Vertical inlet spool plece TE=172 557.6 (544)
Vertical inlet spool plece PE~174 15.844 (2298)
Test section inlet TE-162 557.0 (543)
Lower plenum TE~150 559.8 (548)
Lower plenum PE~156 15.865 (2301)
Upper plenum PE-201 15.782 (2289)
Test section outlet TE-212 597.6 (616)
Vertical ourlet spool piece TE-222 597.6 (616)
Vertical outlet spool piece PE-224 15.658 (2271)
Heat exchanger inlet header PE- 44 15.672 (2273)
Mixed mean temperature down- TE~28B 559.8 (548)
stream heat exchangers
Pressurizer surge line TE-2 593.2 (608)
Pressurizer PE-106 15.47°0 (2238)
Primary pump suction PE-76 15,348 (2226)
Between main control valves TE-48 555.4 (540)
HCV-2, FCV-18
Between main control valves PE~16 16,706 (2423)
HCV-2, FCV-18
dP'rempture distribution is based on instrument signals recorded

within 10 sec of primary system rupture.

Table 1, Sequence of events during test 153

Event

Core power level established

Core temperature vise established

Time relative
to rupture

(sec)

Analog tapes and CCDAS fast scan starvted

Blowdown initiated
Pump power tripped

Heat exchanger secondary valves closure initiated

Core power tripped to decay

Core power tripped

~6135

1155

=15

0

0

+2

+2
+3.4
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ITTI. DATA PRESENTATION

The recorded instrument responses for THTF test 153 have been pro-

cessed only to the extent necessary to obtain appropriate engineering

units and to ensure reasonableness and consistency. In converting the

instrument responses to engineering units, a homogeneous fluid has been

assumed. Therefore, interpretation or analysis of the data must account

for the fact that the instruments may have been subjected to nonhomoge-
neous fluid conditions during the transient.

The reduced instrument responses presented in this report were re-
corded by a computer-controlled digital data acquisition system (CCDAS).
Further information on this system may be found in Ref. 1.

Figures 5 through 7 provide supportive information for the instru~
ment responses and indicate the relative locations of the detectors in

the THTF. Table 4 gives the precision of the recorded instrument re-

sponses, and Table 5 groups the measurements by location and provides
brief comments regarding the detectors and the recorded responses. Time

zero on all graphs is the time of break initiation.

daa.iiad 4 adtediby

T N e N N N ST I NS A AN T TN Trett JU TR L FTOGT € e L LU RPN S ety L1 S L STy



ORNL~-DWG 76-19894

587 s68 559

w
(D‘
GE
%j
Eb
e m
w
D
u‘E
~
w
(o3}

S17 S18 §20 set See 823 S24
Dy 0L0L0 0200
525
22

$28 s29 | s30 Q 532
CHe G

S4 S5 S6 S7 S8

g ~

7 /
s3r | s3a | s39 T sa0
- ™ \ ~
33 34 35

S60 S61

yigy 5,
in bundles 1 and 2.

Identification of THTF heater rod and subchannel locations



e

-

9

ORNL - DWG 76-3868R

T/C
LEVEL

POWER DISTRIBUTION

AN
v 0 - %did

.

Nl
S8Z | = %4/ d|

91

®d/d

|
fosc

|

®d/d

O
-
q
@
& 8
g .
¢ oW
CTCM
TS P
9 X ©
- - g
4 -~ 9 a
w2z w W
X I pga
S%Sw
2
8§80
e ~i%
P43 -
. -
©
m&-o
i
€d/d

Location of thermocouples in THTF bundle 1.

6.

Fig.

i



b 4

VT
© =«
B . & e .._.............wmu]




i
o) o
o "
ad
Las)
St
«
(s
-
y
| o .
P - — g i TR B AR AN A ot £ e e S £
| ’ . #g Fen
\ (Q « ) a8 1 - ¥
' <
. J N Y
4
. )
()
NE ’ '
: !
1
>
A D
\ / \
{
/ o o
5 oA
o A . 3
gy — P——
‘
s
e
wa’ N
§
j v
44
- SRR s
py -
. o » gla
N 7 ¢
















Table 5. Data presentation for test 153

Range
Measurement Location and comments Figure Measurement comments
Detector Data acquisition system
BUNDLE TEMPERATURE Chromel-Alumel thermocouples +32 to +1897°F (all) ~0.0027 to +0.0400 V (all)
Heater Rod Sheath
LEVEL D
I  NAD Rod 1 8
TE-304AD Rod 4 S
TE-309AD Rod 9 10
TE-310aD Rod 10 1}
TE-312AD Rod 12 12
TE-313AD Rod 13 13
TE-317AD Rod 17 14
TE-318AD Rod 18 15
TE-3204D Rod 20 16
TE-322AD Rod 22 17
TE-323AD Rod 23 18
TE-325AD Rod 25 19
TE-326AD Rod 26 20 -
TE~331AD Rod 31 23 w
TE-338AD Rod 38 22
TE-339AD Rod 39 23 Unpowered rod
TE-341AD Rod 41 24
TE-349AD Rod 49 25
LEVEL E
TE-301AE Rod 1 26 Instrument failed
TE-304AE Rod 4 27
TE-309AE Rod 9 28
TE-312AE Rod 12 29
TE-313AE Rod 13 30
TE-317AE Rod 17 £ ;3
TE-31BAE Rod 18 32
TE~320AE Rod 20 33
TE-322AE Rod 22 3%
TE-323AE Rod 23 5
TE-324AE Rod 24 % Unpowered rod
TE-325AE Rod 25 37
TE-326AF Rod 26 38
TE-331AE Rod 31 39
TE-333AE Rod 33 40
TE-338AE Rod 38 41




Table 5 (continued)

£

SR

Location and comments

Range

Data acquisition system

Figure e 4 : 2 |

TE~3018G
TE-3048G
TE~ 30980
TE-31086

£-3138G
TE-3178¢C
TE-3188C
TE-320BC
TE-32286
TE-3238C
TE-3258G
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i ik
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45
&7
49
51

52
53
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»

Unpowered
small spike

Slightly noisy
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Table 5 (continued)

Range
HMeasurement Location and comments Figure Measurement comments
Derector Dats acquisition system
BUNDLE TEMPERATURE (conmtinued)
LEVEL G {(continued)
TE-32686 Rod 26 75
TE-3318C Rod 31 7%
TE-3338C Rod 33 ?
TE-13388C Rod 38 78
TE-33985 Rod 39 79 Unpowered rod
TE-3418G Rod 41 80
TE~ 24980 Rod 49 81 Instrument reading
bid in early part
of tramsient
LEVEL H
TE-301CE Rod 1 L.
TE-302A8 Rod 2 83
TE-303AH Rod 3 84
TE-306CH Rod & 85 o
TE-305AH Rod 5 86
TE-306AH Rod 6 87
TE-307AH Rod 7 88
TE-308AH Rod 8 89
TE-309CH Red 9 S0
TE~310CH Rod 10 91
TE-311AH Rod 11 92
TE-312CH Rod 12 93
TE-313CH Rod 13 94
TE-314AH Rod 14 95
TE-315AH Rod 15 56
TE-316AR Rod 16 97
TE-317CR Rod 17 98
TE-318CH Rod 18 99
TE~320CH Rod 20 100
TE-321AH Rod 21 10y
TE-322CH Rod 22 102
TE-323CH Rod 23 103
TE-324CH Rod 24 104 Unpowered rod
TE~325CH Rod 25 105
TE-326CH Rod 26 106
TE-327AR Rod 27 107
TE-331CH Rod 31 108
TE-333CH Rod 33 108
TE-136AH Rod 36 110
TE-337AK Rod 37 113
TE-33BCH Rod 38 12 Spike

o



Table 5 (continued)

Hange
Location and comments Figure Measurement comments
Detector Data acguis:tion system

BUNDLE TEMPERATURE (continued)

LEVEL # (continued)

Rod 39 113 Unpowered rod

and spike

Rod 41 114

Rod 42 115

Rod 43 116

Rod 44 117

Rod 45 118

Rod 46 119

Rod 48 120

Rod 49 121

LEVEL X
TE-301CI Rog 1 122
TE-302A1 Rod 2 123
TE-303AT Rod 3 124 ;
TE-304C1 Rod & 125
TE-305A1 Rod 3 126 S
TE-306A1 Rod & 127 =
TE-307A1 Rod 7 128
TE-308A1 Rod 8 129 kS
TE-309C1 Rod 9 136 e
TE-310C1 Rod 10 10 E
TE-311a1 Rod 11 132 E
TE-312C1 Rod 12 133
TE-313C1 Rod 13 134
TE-314AL Rod 14 135
TE-315a1 Rod 15 136
TE-316A1 Rod 16 137
TE-317C1 Rod 17 138
TE-318CI Rod 18 139
TE-320CT Rod 20 140
TE-3121A1 Rod 21 141
TE-322C1 Rod 22 142
TE-323CI Rod 23 143
TE-324C1 Rod 24 144 Unpowered rod T
TE-325CI Rod 25 145 &
TE-326C1 Rod 26 146
TE-327A1 Rod 27 187
TE-328a1 Rod 28 148
TE-331C1 Rod 31 149
TE-333C1 Red 33 150
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Table 5 (comtinued)

Location and comments =
Jata acquiririon system

Figure Measurement comments

TE-325F%

TE~-301ME
TE-304ME
TE-318ME
TE-I22ME

i

REeuEges"
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et 5

EREE

5.4

267

270
2n
272
273
274
275
276
277
218
279

281
m2
283

285

288
287
288

0z

Unpowered rod




Table 5 (conrinued)

Range
Figure Measurement comments
Detector Data acquisition system

BUNDLE TEMPERATURE (continued)
Heater Rod Center (continued)

LEVEL E (continued)
TE-326ME Rod 26 290
TE-331ME Rod 31 291 Spike (small)
TE-338ME Rod 38 292
TE-J4OME Rod 49 253 Instrument failed

LEVEL F
TE-391MF Rod 1 294
TE-304MF Rod 4 295
TE~3224F Rod 22 256
TE-326MF Rod 26 297
TE-338MF Rod 38 298
TE- 349MF Rod 49 299

o

LEVEL G f
TE-301MG Rod } 300
TE-310MC Rod 10 301
TE-31MC Rod 13 302
TE-317MC Rod 17 303
TE-318MC Rod 18 304
TE-322MC Rod 22 305
TE~323IMC Rod 23 306
TE-325MC Rod 25 307 Large spike
TE-326MC Rod 26 308
TE-338MC Red 38 309
TE-349MC Rod 49 310

LEVEL R
TE-304MH Rod & 311 Small spikes
TE-309MH Rod S 712 Small spikes
TE~-318M% Rod 18 313
TE-322MH Rod 22 314
TE-338MH Rod 38 315 Large spike
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Table 5 (continued)

= Range
Measurement Location and comments Figure Measurement comments
Detector Data acquisition system
TEST SECTION TEMPERA-
TURE {coarinued)
Bundle Subchannel
TE-S1 Subchannel 1 480
TE~-S2 Subchannel 2 481 %
TE-S3 Subchannel 3 482 %
TE-S5 Subchannel § 483 instrument failed
TE-59 Subchannel % 48B4 Small spike e
TE-S10 Subchancel 10 LB £
TE~-S511 Subchaonel 11 486
TE-S14 Subchannel 13 487 Instrument fafled ; &3
TE-S16 Subchanne! 16 488 e
TE-S33 Subchannel 33 <89
TE-S34 Subchannel 34 %0 instrument fafled
TE-536 Subchannel 36 491 Siightly noisy
TE-S38 Subchannel 38 452 Iastrument failed
TE-S39 Subchannel 39 493
TE-840 Subchannel 40 454 Noisy b
TE-S41 Subchannel &1 493 Noisy -
TE-S42 Subchannel 42 496
TE-S44 Subchannel 44 497
TE-845 Subchanne! 45 498
TE-S49 Subchannel 49 59
TE-S50 Subchannel 50 500 Noisy
TE-S51 Subchaenél 5! 501
TE-S54 Subchanne! 54 S02
TE~S55 Subchanne! 355 503
TE-8%7 Subchannel 57 504
TE-S59 Subchannel 59 505
TE-S6) Subchanne! 63 506
TE-S64 Subchanne! 64 507
Test Section
TE~-162 Inler line T/. 327 Slightly noisy
TE-150 Bortom flange T/C 328
TE-151 Bottom flange T/C 329
TE-152 Botrom flange T/C 330
TE-153 Botrom flange T/C in Spike (small)
TE-212 Ourlet linme T/C 347
TE-210a Outler line RTD (steady state) +32 to +800°F +0.2 to +0.52v 409 Spikes

- o
bl e okl Bl i L L R o

BT R VI SR TN LSS NN X BT Y

3 T N T B B T T O W T T Te e —



pwrt aabaie o 4t ey Y2 i) — o i s o

Table 5 (continued)

Range
Location and comments Figure Measurement comments
Detector Data acquisition system

Inlet pilenum 0 ro +3000 psig 0.0 to #+5.0 ¥ 368

Ourlet plenum 0 to +3000 psig €.0 to #5.0 V 36%

inlet plenum bortom 0 te +3000 psig 0.0 te #5.0 V 398

Outlet plenum bottom 0 to +300C psig 0.0 to #5.0 V¥ 199

Outlet steady state +500 to +2500 psig +1.0 to #5.0 ¥ 401 Zero shifted
Shroud box steady-state differential O to +50 psid +1.0 to 5.0 V 379

pressure

Bundle transient differential pressure -200 to +200 psid ~5.0 to #5.0 V ise

Test secrion steady-state differential 0 to +50 psid +3.0 2o ¥5:.0 ¥ 400 Erratic ar blowdown
pressure

Tank top T/C +32 to +1897°F —0.0027 to +0.0400 V 353

Tank exit T/C +32 to +1897°F ~0.0027 ro ¥0.0400 ¥V 354

Steady-state pressure +500 o #2500 psig +1.0 e #5.0 ¥ 374 Zero shifled
Vapor transient pressure 0 to +3000 psig 0 to #5.0 ¥ 375

Steady-state liquid leveil 0 o +150 in. +1.0 to #5.0 ¥ 4GS

0 to +800 A 0.0 to #5.0 ¥

Rod 1 413

Rod 2 4312

Rod 3 413

Rod & 414

Rod S 15

Rod 6 416

Rod 7 217
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Table 5 (continued)

Range
Measurement Locatior and comments Figure Measurement comments
Petector Dara acquisition svstem

CENERAL INSTRUMENTA-

TION (ELECTRICAL) (conmtinued)

RYD Power

EIM-10018 RTD power supply current 2.0 maA 0.400 v 10 Swall spikes
Data Acquisition

Calibration Signals
Zero cal. impur Channels 0127 0.0 av 0.0 oV &2

Zero cal. input Channels 128-255 0.0 mv 0.0 mV 473

Zero cal. input Channels 256-383 0.0 aVv 0.0 sV 474

Zerc cal. input Channels 384511 0.0 mv G.0 av &75 :
Full-scale cal. Chaanels 0-127 35.00 aVv 35.00 av i76 i
input 2
Full-scale cal. Champels 128-255 35.00 mv 35.00 wV A1y

input

Pull-scale cal. Channels 256383 35.00 sV 35.00 oV i78

input -1
Full-scale cal. Chacnels 384-511 35.00 mV 35.00 aV 473

input
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