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Thermal Stratification Tests in Monju Upper plenum (I)
- Temperature Distributions under Normal and Scram Conditions with 40% power operation -

Yoshihiro Doi*, Toshiharu Muramatsu*, Kousuke Kunoki**

Abstract

Thermal stratification phenomena are observed in an upper plenum of liquid metal fast
breeder reactors (LMFBRs) under reactor scram conditions, which give rise to thermal stress on
structural components. Therefore it is important to evaluate chracteristics of phenomena in the
design of the internal structure in an LMFBR plenum. To evaluate the thermal stratification
characteristics of the prototype fast breeder reactor, MONJU, axial temperature distributions were
measured with a thermocouple tree installed into the upper plenum for normal and scram conditions
with 40% power operation.

The axial temperature distribution for the normal operation showed thermal stratification
phenomena that temperatures were about 410°C under the level of the fuel subassembly top, about
480C around the level of the flow holes and about 490°C above the level of the upper flow holes.
Temperature fluctuations were observed at the levels of the lower flow and upper flow holes. RMS
(Route Means Square) of fluctuation at the lower and upper flow holes were 1.6 C and 1.5C ,
respectively.

Based on the temperature histories of the upper plenum during scram conditions, temperature
decreasing rate, temperature gradient and rising rate of stratification interface were evaluated.
The temperature decreasing rates were about 5.0 C/sec at the core outlet, 2.0 C/sec around the
level of flow holes and from 0.3 to 0.4 T/sec at the top of the inner barrel. The temperature
gradients were about 160 T/m, 90 C/m, 45 T/m and 170 T/m at the time of 120 sec, 180 sec,
600 sec and 4800 sec from the reactor scram, respectively. The rising rate of stratification interface
is about 1.0 m/h for the period from 120 sec to 600 sec with the onset of reactor scram. On the other
hand, the rising rate is about 0.6 m/h after 600 sec from the scram. The rising rate at the top of the

inner barrel is 0.2 m/h for the period from 4800 sec to 7800 sec from the scram.

* Thermalhydraulic Research Section, Advanced Technology Division, OEC, PNC
** Operations Engineering Section 2, Monju Construction Office, PNC
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=7, Fig.3.24 3 TH 70— F— VfHEDAE TE3 DiREEENIH LT LR 70—
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Th2,

QEH7a—F—NEh EHIBITHIREIR

EH 7O -F— VLD EFIIBVWTRAKBEGREZELLDIE, FFHERAY 741% 3
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Table 2.1 Mz ALE (1/2)

LAWK = S (EL) Sl % B Na {51 I {4 S Lk
(CH) [mm] Mo DF S [um)
TE 1 27000 -6050 Na eh 45 O F/A TE&5 EL27050
TE 2 27350 -5700 Kb
TE 3 27700 ~5350 Na e 4o Bl M 70— k= Lo
TE 4 27890 -5160 "
TE 5 28080 -4970 "
TE 6 28270 -4780 "
TE 7 28370 ~1680 "
TE 8 28470 -4580 "
TE 9 28570 -4480 "
TE 10 28670 -4380 " ME 70 —k— LA
TE 11 28770 -4280 "
TE 12 28870 -4180 "
TE 13 29100 -3950 "
TE 14 29600 -3450 .
TE 15 30100 -2950 "
TE 16 30600 -2450 "
TE 17 31100 ~1950 "
TE 18 31600 -1450 "
TE 19 31700 -1350 "
TE 20 31800 -1250 "
TE 21 31900 -1150 " M TEER
TE 22 32000 -1050 "
TE 23 32100 -950 ”
TE 24 32200 -850 :
TE 25 32300 ~750 .
TE 26 32400 -650 "
TE 27 32500 -550 "
TE 28 32700 -350 "
TE 29 32900 -150 "
TE 30 27650 -5400 BB 120 EF TE 3 -50mn
TE 31 28620 -4430 " TE 9 +50mo
TE 32 29850 -3200 " TE 14 +250mo
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Table 2.1 SAMAtiZE L8 (2/2)

x5 E® (EL) 3l K BE Na ik i TR O AYE T %
(CH) [mn) 5 DR & [un)
TE 33 30850 -2200 TE 16 +250mn
TE 34 29350 ~3700 AHE D 240 B A1 TE 13 +250mn
TE 35 30350 -2700 . TE 15 +250mn
TE 36 31350 -1700 " TE 17 +250mn
TE 37 33300 250 H 28— I A ZE M
TE 38 33550 500 "

. 17_
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Table 2.2 ES — R FH L MEMMER TS > b IkkE

MIE 7 — A = ST40-1 TR40-1
TEH I /BT I E R S E P
ilsE B FHTHE 11 A 30H FRTHEIZALE
i€ A a1 14 B 00 43+ 00§ 13 I 30 43 00 #&
i 5E B 1 (W) ' 4 8
i€ MR (F5) 0.1 0.1
MERLEEE T 7 > bR
L 1REGHFR Na it (’/h)
Av—7 3360 3360
Bv—7 3280 3290
Cn—-7 3260 3260
2. RFIA% 85 Na AT (C)
Av—7 359 358
Bi—7 362 362
Cw—7 360 359
3. FAF-1AE 2% Na th iR JE (T)
AV—-7 485 485
Bir—7 483 483
Cn—7 484 484
A FFCHEORRIRE (T) 513 513
PANLE 1A1 1A1
5. L ORARIERE (T) 427 427
FALLE 9F1 9F1

) 4. BLUS. OFLHORE, RIKRES L UM TOMEF + » & WMIZBITS

ELBEETIIRTOIDTH A,

Fr 2 ANVES | 400,401,422, 423,424, 425, 426, 427, 428,429,430, 431,432,433
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Table 3.1 900 F4118 DIRAE 39l & iRIEEH) (1/2)

Naiid s MTHES TR RRfE  RME REERE) RSN oy

DS (mm) (-) (T) () (C) +H(C)  -M(C)

-6050 TE1 413.8  419.4  409.6 5.6 4.2 WLETE BB
-5400 TE30 480.2  485.5  470.6 5.3 9.6

-5350 TE3 479. 4 483.8  464.9 4.4 14.5 T F/H
-5160 TE4 482.3  485.5  475.8 3.3 6.5

-4970 TES 483.3  486.1  479.2 2.8 4.1

-4780 TE6 483.0  486.1  477.5 3.1 5.5

-4680 TE? 483.0  486.1  476.3 3.1 6.7

-4580 TE8 483.1  486.7  474.0 3.6 9.0

~4480 TE9 482.7  485.5  474.6 2.8 8.1

-4430 TE31 484.3  487.8  478.6 3.5 5.7

-4380 TE10 483.3  487.8  474.6 4.5 8.7 LERFH
-4280 TE11 483.3  487.8  475.2 4.5 8.1

-4180 TE12 483.5  488.4  475.8 4.9 7.7

~3950 TE13 485.5  491.8  476.3 6.3 9.2
-3700 TE34 488.0  491.3  485.0 3.4 3.0

-3450 TE14 490.2  494.1  483.8 3.9 6.5

-3200 TE32 489.5  493.0  486.1 3.4 3.5

~2950 TE15 491.6  493.5  488.4 2.0 3.2

-2700 TE35 490.7  492.5  489.0 1.8 1.7
~2450 TE16 490.6  492.4  488.4 1.8 2.2

-2200 TE33 491.3  493.0  489.0 1.7 2.3

~1950 TE17 490.2  492.4  488.4 2.2 1.8

-1700 TE36 491.1 491.9  490.2 0.8 0.9

-1450 TE18 489.6  491.8  487.8 2.2 1.8

-1350 TE19 489.8  491.8  488.4 2.1 1.4

~1250 TE20 489.5  491.2  488.4 1.7 1.2

-1150 TE21 489.3  493.0  486.1 3.6 3.3 M TR 5B
-1050 TE22 489.2  492.4 = 485.5 3.2 3.7

-950 TE23 489.1  490.1  487.2 1.0 1.9

-850 TE24 489.3  490.7  487.8 1.4 1.5

-750 TE25 489.2  491.8  486.1 2.6 3.1

_19._.
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Table 3.1 900 £/ >iRIE EI it & IBIEL ) (2/2)

Na iz~ & MRAEXES PHIRIE RAM  RAME BETH ST

DEFE (mm) (=) (T) (T) (C)___+M(C) -Mi(c)
-650 TE26 489.3 490.7  487.8 1.3 1.5
-550 TE27 489. 3 490.7  487.2 1.4 2.0
-350 TE28 489. 1 491.8  486.7 2.7 2.5
-150 TE29 489, 1 491.2  486.7 2.1 2.5 Na {ETT iR 1%

_.20_
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Table f# 1.1 AfiA XX

PR3 SRl (i} PHERZED2E THiA SR gD S M fiii &
TE1 201. 87 0.98 0.98 2.32
TE2 L4
TE3 201.90 0.87 0.87 2.27
TE4 201.79 0.85 0.85 2.26
TES 201.90 0.93 0.93 2.30
TE6 201.73 0.87 0.87 2.27
TE7 201.81 0.88 0.88 2.28
TE8 201.85 0.86 0.86 2.27
TE9 201.71 0.87 0.87 2.27
TE10 202.06 1.05 1.05 2.35
TE1l 202.06 0.82 0.82 2.25
TE12 202.07 0.82 0.82 2.25
TE13 202.19 0.79 0.79 2.25
TE14 202.42 0.81 0.81 2.25
TE15 202.63 0.76 0.76 2.23
TE16 202.17 0.80 0.80 2.25
TE17 202.18 0.81 0.81 2.25
TE18 202.03 0.84 0.84 2.26
TE19 201.93 0.87 0.87 2.27
TE20 201. 88 0.88 0.88 2.28
TE21 201. 84 1.00 1.00 2.33
TE22 201. 80 0.92 0.92 2.29
TE23 201.78 0.86 0.86 2.27
TE24 201.94 0.84 0.84 2.26
TE25 201. 87 0.97 0.97 2.31
TE26 202.03 0.81 0.81 2.25
TE27 201.94 0.85 0.85 2.27
TE28 201.97 0.89 0.89 2.28
TE29 201. 86 0.87 0.87 2.27
TE30 202. 05 0.87 0.87 2.27
TE31 201.99 0.87 0.87 2.27
TE32 202.15 0.95 0.95 2.30
TE33 202. 56 0.76 0.76 2.23
TE34 202.23 0.88 0.88 2.28
TE35 202. 55 0.71 0.71 2.22
TE36 202. 54 0.71 0.71 2.22




