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PWR BLOWDOWN HEAT TRANSFER SEPARATE-EFFECTS PROGRAM —
THERMAL-HYDRAULLIC TEST FACILITY EXPERIMENTAL
DATA REPORT FOR TEST 157

G. S. Massengill K. A. Hedrick M. D. White
ABSTRACT

Reduced instrument responses are presented for Thermal-
Hydraulic Test Facility (THIF) test 157, which is part of
the ORNL Pressurized-Water Reactor (PWR) Blowdown Heat Trans-
fer Separate-Effects Program. The objective of the program is
to investigate th. thermal-hydraulic phenomenon governing the
energy transfer and transport processes that occur during a
logs-of-coolant accident in a PWR system.

Test 157 was conducted to obtain thermal-hydraulic and
CHF information in the THTF bundie 1 operating at nominal

power with significant outlet subcooling and containing four
vnpowered rods.

The primary purpose of this report is to make the re-
duced instrument responses during test 157 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.

1. INTRODUCTION

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 critical
heat flux (CHF), the rate at which dryout progresses, and similar time-
and space-related functions that are important in loss-of-coclant accident
(LOCA) analyses. Primary test results are obtained from the Thermal-
Hydraulic Test Facility (THIF), a large nonnuclear pressurized-water loop
incorporating a 49-rod electrically heated “undle in a 7 » 7 geometry,

THTF test 157 (conducted March 24, 1977) was the l4th test conducted
in the facility with bundle 1 in place. This test was performed to obtain
thermal-hydraulic and CHF information in a bundle operating at nominal

power with significant outlet subcooling and containing four unpowered
rods.
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The purpose of this report is to provide the reduced instrument
responses during test 157 in a2 readily usable form to the nuclear com-
munity in advance of detailed analyses and interpretations. These data
are presented on microfiche 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 ex-

perimental facilities are described in Ref. 1.

I11. SYSTEM, PROCEDURES, CONDITIONS, AND
EVENTS FOR TEST 157

1. System Configuration and Test Procedure

The Thermal-Hydvaulic Test Facility (THTF), shown in Fig. 1, consists
éf a test section with a 49-rod, 3,66-m-long (12-ft) electrically heated
core; a circulation loop comprised of three parallel heat exchangers with
bypass, a pressurizer, a pump with bypass, anrd associated control valves;
two rupture assemblies; and a pressure-sup| ression system, For test 157
the break configuration was a 40% inlet-60% ou:let break with a total break
area of 12.54 cm® (0.0135 ft?). The THTF experimental system is described
further in Ref. 1.

The electric core was taken to the preblowdown power (100 kW/rod) in
“20-kW/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 "2 sec into the transient.
The power was then decayed with a time constant of "0.45 sec. Rods 19, 24,
39, and 47 were unpowered. Closure of the secondary side main heat ex-
changer valves was initiated at the trip from 100 kW/rod.

In preparation for the test, the loop was filled with demineralized
water and the system pressure checked. Instrumentation and data acqui~
sition checks were performed. During the warmup, data were taken for use
in flow and pressure calibrations.

1. Project Desoription: ORNL-PWR Blowdowm Heat Transfer Separate=-
Effecte Program — Thermal-Hydraulic Test Faeility (THTF), ORNL/NUREG/TM-2
(February 1976).
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Fig. 1. Thermal-Hydraulic Test Facility (THTF).

During the test, the THIF was successfully subjected to a double-
ended pipe break through the rupture assemblies containiv , the orifice
plates. The effluent from the primary system was injected into the

pPressure-suppression system, which was maintained at atmospheric pressure.
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2, 1Initia)l Test Conditions and Sequence cf Events .

The THTF conditions immediately preceding rupture are given in Tables

Table 3.

1 and 2. The sequeance of events relative to the rupture is given in . {
|
l
Table 1, Desired vs actual prerupture conditions |

1

3 b

Parameters Instrument Desired” Actual” ‘

System pressure PE~201

MN/m 15.858 16.061

psig 2300 2329
Core power EIE-9, EIE-10, E1E~11, EIE~12

MW EEE-9, EEE-10, EEE~11, EEE-12 4,500 4.493
Number of unpowered rods 4 4
Core volumetric flow rate FE~19

m’/s 0.0331 (.0335

Bpm 525 3l
Test section inlet temperature TE-162

K 558.2 5573

" 545 544
Test section outlet temperature TE=212

K 588.7 587.9

°F 600 599 ‘
Pressurizer pressure PE~106

MN/m* 15,444 15,499

psig 2240 2248
Mass liquid water

kg 54,88 78.42

lbm 121 173
Coolant pump speed §E~72 1

rps 60,33 60.04

rpm 3620 3602
Pressuse differential PdE-YG

MN/m” 4,509 4.573

psid 654 663
Pressure between HCV-2 and FCV-18 PE~16

MN/m’ 16.761 17.679

psig 2431 2564
Pressure differential across main PdE-Ab
heat exchangers

MN/m” 0.331 0. 340

psid 48 49.3

“pesired prerupture conditions are based on programmatic requirements.

“Actual prerupture conditions are based on instrument signals recorded within 10
sec of primary system rupture,




Q| Y o R e o

?
i'

Table 2. Prerupture primary-coolant tsomperature

and pressure distribution” test 157

3t g bt o s S e e A L L b e

Temperature Pressure

Location [nstrument (K (7)), (MN/m® (psig)]
Vertical inlet spool piece TE<172 557.3 (544)
Vertical inlet spool piece PE~174 16,396 (2378)
Test section inlet TE-1€2 557.3 (544)
Lower plenum TE=150 558.3 (545)
Lower plenum PE=156 16,344 (2371)
Upper plenum PE~201 16.061 (2329)
Test section outlet TE=212 587.9 (599)
Vertical outlet spool piece TE-222 587.9 (599)
Vertical outlet spool plece PE~224 15.924 (2310)
Heat exchanger inlet header PE-44 15,759 (2286)
Mixed mean temperature TE-288 564.4 (556)
downstream heat exchangers
Pressurizer surge line TE=2 599.2 (619)
Pressurizer PE~106 15,499 (2248)
Primary pump suction PZ-76 15,381 (2231)
Between main control valves TE~4B 555.4 (540)

HCV-2, FCV-18

Between me i~ control valves PE-16 17.679 (2564)

HCV~-2, FCV-18%

aPrerupLu e distribution is based on instrument signals recorded

within 10 sec | f primary system rupture.

Table 3. 8equence of events during test 157

Time relative

Event to rupture
(sec)
Core power level established -3195
Core temperature rise established -3015
Analog tapes and CUDAS fast scan started s 4
Blowdown initiated 0
Pump power tripped 0
Heat exchanger secondary valves closure initiated 42
Core power tripped to decay +
Core power tripped #3.5
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I1I. DATA PRESENTATION

The recorded instrument responses for THTF test 157 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 nonhomogen-
eous 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 2 through 4 provide supportive information for the instrument

responses and indicate the relative locations of the detectors in the THTF.

ORNL-DWG 76-19894

$57 558 $59 $60 561 S62 $63 S64

Fig. 2. Ildentification of THTF heater rod and subchannel locations
in bundles 1 and 2.
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Table 5. Data presentation for test 157

Range
Measurement Location and cemsents Figure Measurement comments
Detector Dara acquisition system
BUNDLE TEMPERATURE Chromel-Alumel thermocouples +32 to +iB97°F (all) -0.0027 ro #0.7%00 vV (all)
Heater Rod Sheath
LEVEL D
TE-301AD Rod 1 5 Erratic prier to 8D
TE~304AD Rod 4 &
TE-309aD Rod § 7
TE-310a4D Rod 10 8 Smail spike
TE~-312AD Rod 12
TE-313AD Rod 123 Ml
TE-317AD Rod 17 i1
TE-318aD Rod 18 12
TE-320AD Rod 20 i3
TE-3224D Rod 22 14
TE-323AD Rod 23 15
TE-325AD Rod 25 16
TE~326AD Rod 26 17
TE-331AD Rod 31 18
TE-338aD Rod 38 19
TE-339aD Rod 39 29 Unpowered rod
TE~-341AD Rod 41 21 Noisy
TE-349AD Rod 49 22
LEVEL E
TE-30IAE Rod 1 23 Instrument failed
TE-304AE Rod & 24
TE-309AE Rod 9 25
TE-312A8 Rod 12 26
TE-313AE Rod 13 27
TE-317AE Rod 17 28
TE-31BAE Rod 18 29
TE-320AE Red 20 30
TE-322AF Rod 22 31
TE-323AE Rod 23 32
Te~324AE Rod 4 33 Unpowered rod
TE-325AE Rod 25 34
TE-326AE Red 26 35
TE-331AE Rod 31 36
TE-333AE Red 33 37
TE-338AE Rod 38 38
TE-339AE Rod 39 39 Ur,powered rod
TE-341AF Rod A1l 40
TE-349AE Rod 49 41
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148
149
150
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i53
154
155

157
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Small spikes

Unpowered rod

Small spike
Small spikes
Smail spike

Small spikes
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Table 5 (continued)

Range
Measurecent Location and comments Figure Measurement commenrts
Detector Data acquisirion system
BUNDLE TEMPERATURE (contiimed)
LEVEL J
TE-361D3 Rod 1 162 S»all spikes
T7-302C3 Rod 2 161
TE- 304DJ Rod & 162
TE-305CI Rod 5 163
TE-306C) Rod 6 164
TE-307CI Rod 7 165
TE-308CS Rod 8 166
TE-3090) Rod 9 167
TE-310R7 Rod 10 168
TE-31207 Rod 12 169
TE-313D0 Red 1 170
TE-314& 2 Rod 14 171
TE-316CS Rod 16 172
TE-317D0 Rod 17 173
TE-318DJ Rod 18 174
TE-3200J Rod 20 175
TE-321C2 Rod 21 176
TE-322DJ Rod 22 177
TE-32302 Red 23 178
TE-324D3 Rod 24 179 Unpoweve . rod
TE-325D7 Rod 25 180
TE-326DJ Rod 26 181
TE-327C) Rod 27 182
TE-3284) Rod 28 183
TE-31310J Rod 31 184
TE-333DJ Rod 33 185
TE-336C) Rod 36 186
TE-337C) Rod 37 187
TE-338DJ Rod 38 188
TE-3390 Rod 39 189 Unpowered rod
TE-340C) Rod 40 1%0
TE-351D2 Rod 41 191
TE-342C) Cod &2 192
TE~343CJ Rod 43 <93
TE-344C) Rod 44 194
TE-345C) Rod &5 195
TE-346CJ Rod 46 196
TE-34903 Rod 49 197

-
v

PRI ety s SR S I L U0 S Sl S LI PTIP P SO L L0 e, TR e A ot WG SN S W] W OSpgmmp gL P



i

Rod.
‘Rod
Rod
Rod
Rod
Red
Red
Rod
Rod
Rod
Rod
Rod
Rod
Rod

E STeeuByBERERRERET "

T




A M AnEREARATEATIIILERS

f nnnnnnnnnn

:

RRER

!.".”

1121

=

FE

-

i1

13253

Iﬁ‘.“.u

11231




Table 5 {continued)

location and comments Figure
Data acquisition system

LEVEL 0 (continued)
B~ 31 7EC Rod 17 269
TE-318E0  Red 18 270
TE- 32080 Rod 20 mn
TE- 322E0 Rod 22 272
TE-323E0 Rod 23 273
TE- 32480 Rod 24 274
TE-325F0 Rod 25 275
TE-326E0 Rod 26 2%
TE-331E0 Rod 31 277 Noisy
TE-333E0 Rod 33 278
TE-338E0 Rod I8 279
TE-339F0 Rod 39 280 Unpowered rod
TE-341E0 Rod &1 281
TE- 34980 Rod 49 282
Heater Rod Center

LEVEL E
TE-30INE Rod 1 3
TE- 304ME Rod & 284 Smali spike
TE~-318ME Rod 18 285 Spike
TE-322ME Rod 22 286 Small spike
TE-326ME Rod 26 287 Small spike
TE-37IME Rod 31 288 Instrument failed
TE-338ME Rod 32 289
TE-349ME Rod 49 290

LEVEL F
TE-301IMF Rod 1 291
TE-304MF Rod & 292
TE-322MF Red 22 293
TE-326MF Rod 2€ 294
TE-338MF Rod 38 295
TE-349MF Rod 49 29¢

LEVEL ©
TE-3INIMC Rod 1 297 Small spike
TE~350MG Rod 10 298

AT B BT T LT L SISt







| -200 to 4200 psid ~5.0 to 45.

5.8 10 #5.0V

2000 to +2000 gpe

vertical inlet ~2000 to +2000 gpm ~5.D te 5.0 ¥ o w

Vertical outlet ~2000 to #2000 gpm ~5.6 to 3.0V L 367

Torienaeni owtdet 4000 to #4000 gpm 5.0 t6 $5.0 ¥ Ly
250,000 ro +250,000 ~5.0 10 #5.0 ¥

! G u_m-.n"

Horizontal inlet 358

Vertical inlet 368

Vertical outler i7e

Horizontal outlet 376
0 to +62.4 n.._m“ 0.0 to #10.0 ¥

Horizontal intet 156

DE-168 Vertical inlet 362
DE-218 Vertical outlet 68
DE- 36 Horizontal outler 374
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1.0 to #5.0% : e

Tank top T/C +32 to +1B97°F -0.0027 v #0.0400 ¥ 346 2 S
Tank exit 1/€ +32 o +1B97°F “.0027 te +0.0200 ¥ 347 T A

bl Steady-state pressure = +500 to +2500 psig +1.0 te 45,0 ¥ 183 Zero shifted
0 - PE-106 ! Vapor tramsicat pressure 0 to +3000 psip 0 to #3.0 ¥ | 384 2

Steady-state liguid level 0 *o +150 in. $1.0 €6 +3.0 ¥ @

0.0 to ¥5.0V -

E1E-1186 Rod 1 312

E1£-1286 Rod Z 313

' E1E~1187 Rod 3 14
o EXE-1287 Rod & 415

ETE-956 Rod > “lb

EIE-9S8 Rod 6 L7

- EIE-9S5 Rod 7 418

EIE-1185 Rod 8 a1y

’ ETE-1158 Red 9 &0
EIE-1258 Rod 10 a2

E1E-987 Rod 11 422

E1E-954 Rod 12 33

E1E~95) Rad 13 a24

ETE-9S11 Rod 14 475

EIE-1184 Rod 15 526
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