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Investigation of Analytical Methods in Thermal Stratification analysis (I)

- Analyses of normal and scram conditions of 40% power operation with AQUA code-

Yoshihiro Doi*, Toshiharu Muramatsu *

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, numerical analyses were carried
out with AQUA code using algebraic stress model (ASM) and k- ¢ model for normal and scram
conditions with 40% power operation.

Through comparison of analysis results and measured temperature, analysis result was
agreed well with measured around the inner vessel above lower flow hole level in steady condition.
In the lower region of the upper plenum, the analysis result showed that the temperature is higher
than the measured . The cold fluid would remain in the lower region and made the temperature
difference.

In post-scram condition, thermal stratification phenomena was observed in measured and
analytical temperature distributions after 120 seconds from the scram. Axial location of
stratification interface in analysis was agreed with the measured. Though, temperature gradient
of the stratification interface in analysis was gentle compared with the measured in same period from
the scram. The cold fluid in the lower region would cause this difference of the temperature

gradients and make important role of the thermal stratification phenomena in the upper plenum.

* Thermalhydraulic Research Section, Advanced Technology Division, OEC, PNC
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2.1 BHEOHGHIRE & PO i

AR5 wEEE | O | iE [kg/s] RE[T) EdinkiinE

il i) 4 - - 1.41 359.7 12
PR L %1 1 23.61 513.0 13
PR Ly %1 2 47.21 511.0 14
AR %2 3 16.75 509. 0 15
il 4 - - 4.22 359.7 16
PR Ly %2 3 22.34 509. 0 17
il i A - — 1.53 359.7 18
PR AE s 2 3 5.58 509. 0 19
PR s 53 4 85.2 511.0 20
PIRIAE Ly %4 5 4.97 £ 499.0 21
fill i 4 ~ - 4.22 359.7 22
AR L 84 5 39.78 499, 0 23
il 4E - - 1.53 359.7 24
PR L %4 5 34.81 499.0 25
PR s 54 5 32.55 482.0 26
fill 4 - - 4.22 359.7 27
RIECER %5 6 46.5 482.0 28
il 2 - - 4.22 359.7 29
AR AR Ly %5 6 13.95 482.0 30
AL R 5 6 7 150.43 492.0 31
SHIE L 8 8 11.92 470.0 32
AHAIER L 87 8 29. 98 470.0 33
AR L %3 8 39.3 507.0 34
ANLIDGAR %17 8 29. 66 507.0 35
CANLDGRR %8 8 27.8 470.0 36
TI Yy b 59 9 47.31 427.0 37
754y b & 10 10 25.16 419.6 38
7 b g 11 11 11.63 420.9 39
SETELS - - 9.54 359.7 40

_18_
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% 2.2 BLAATY T 2 FHCER B L URE® S SMEORX THV L EY

Yok Cs c1 c2 cs Co Cn Cz

E 0.11 1.44 1.90 0.70 0.15 0.62 0.13

%23 L4/ VXD THWSEH

%&% Cn Cr2 Cr3a
EK s 1.80~2.80 | 0.40~0.60 { 0.30~0.50
AQUA {5 FR 1 2.30 0.50 0.40

# 2.4 ELMARREHEXN TRV 2 B

fé?&% Cri Cr2 Cra
TE 48 3.20 0.50 0.50
AQUA 1 F 1 3.20 0.50 0.50
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