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Experimental Study on the Thermal Flow Stratification in
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Abstract

Characteristics of thermal flow stratification were studied experimentally by using the small
scale pressurizer-surge line model. Thermal flow stratifications in the horizontal section of surge
line were analyzed by the relation between the maximum temperature difference at any cross
section in surge line and the Froude number representing the boundary conditions, i.e., in/out
surge flow velocity and temperature difference of system. Thermal flow stratifications in outsur-
ge flow decreased inversely proportional to the Froude number and did not exist for Fr>1. In
insurge flow thermal flow stratifications disappeared near Fr=1_5, but resulted in the higher
temperature difference than the case of outsurge flow.

ZNzHYy [/ 3

D 327 (m) FZR : 7}3}71
Fr :Z3ols 4 RCS: 942 Y72A%
g I FHIEE(m/s2)
Ri EAEL 4
t 1 AlZk(sec) LA B
T &=(TC)
AT  2=A(TC) LHE AEP 4ol Ao A e FA7}
AT 7Ad =4 e FHl A L2 R FAS} vlad B
Vv o EERE%5E(m/s) £22 #9E A¥ 2=z Jd 5 e &
o A= (kg/m) AL sulde] 482 Ll Ue Fak &3
¢ 1 %97 (degree) el ohp-2 felHel 2t @4 Tec) o
sHE R A AR ASHEA4L sS4 EY dAzy
c AX FRA7Y FFEF =E3¥A s} F

A, Beldan A FHAE A FHuidy BPY £ gow
w39 golgetn gay 53 A2H A Fo4i@el Fn viaxy g
A, EFAARA L €59 ¥aFert 39 o 4 =39



ol Aol AGE A2 Y AU AF

NRC(nuclear regulatory commission) &= 7] & ¢]
UG Eado] ofegt AT Uxjauxl
dol HelA olst B WMBEL HASE AHE

Azgaae Edoy Ax 4 48 Fste
W@ A-dA4-s #l % #Hr=EF NRC
Bulletin 88-110l 34| 3} c}, ¢

A% ASstE o] 43 vl ol A3y I b
nio} Ao} SRk A Ao s v
o] wAEe eRA AR Al g
= ol gye 73‘7—11“4&!50*1 upel g g W
A el oleldt whE A2 AF9 gt AA
e 3ol

ir

>3H o) wiA) 2] ol 3)--07""5 Fx 23
B WA 7= 2238 20low mugech @
A4zd dxta Adule] shgkr) (PZR) 2} =
A5 (RCS) o] 3.2 (hot-leg) tole] Az
13 (surge line) & AG-% AZ3z8 o] ul
whshe 2] vyt @ sglA)
23379k L350 AAA gleng 2
qEA A Al sHdrle YA

Jro4 n?:
TN
D o J.\i ﬂ‘i
! "

2
Lo
LN
LTS

#&lgtck, RCSe] otddo] ZFsist 74
ZAe RIS Foked shsirlel fod (k)
o] RCSY o&FsHE 234715+ RCSS ¢
e A bl Aoz & 2
4 E3le] RCSz §9 (v}
£ WA olst vigef 7}
szdo) 7} TEa] AEe
FAskA ek, wigElE
(outsurge) Aol A Zitr e Ao g mA
& A 20D deld 425 B 4%
Z2 Q% zE23, B pEE AgHoz o
RCS z23zhdl f4eo 2=xz2 {A=d Uz
(insurge) o] WABslw RCS m-29) Aoz
7 fA7L AR HEE Aedd B
AFE AFSAAe) Az Y4t
Soost Lyczkowski®y 9xtz ol FF43e £
=27 & d1z2F47 ez F 4 (high
pressure injection, HPI)% A% BHRANELZ
Wste] dFade FF4NRE) e nzI4
1

wnor
o 9FUAY ARE FhdaA, F e

i

of o & L
I

l)l

2065

(downcomer) olj 4] WetdlyE 2z B yo] 48 )
ey

Nourbakhshe} Theofanous®& U=z ol FF
4ol €57} ohE MEF4r} Agtez F9W
Afel TPAEFEAN ool BFaglon o2
) GE AFHEA AAE cERBA 1
FUFI Y2 Ao

2) 2}

2L
Jﬂl
ne
28
H
.—i‘é
_}':
&
£ ;
S
r_\‘.l‘
A
ox
o
N
L
it

n‘RL
m}n
-{‘r
1 32
fr &
4
o
g 2
Lo
ox
e
*
_(')L
n e
o 2
e ®

Fo o
I‘.Eu
2
o opr o v ok o b o o2t

_\:J_‘
B
3
o
. rlo N
b -
P &K

fu
Xorlo =

2

ing Statione] Unit 22} Unit 3(SONG 2/3)o[4] =
e AA4HHE FH37] $sted EPRIY
FatiguePro A)2®¢ =43k ch & 10417kl 2
H 7FshNe hEE 247l A 15371 A St
A7) 7} A (heatup) F-oF HR HollA A3
£ 2EXE siAsiger o] o RCSe 2=
AA3A FAHG e 7girid 25 25
haie) Frket g Agsisicl s &%
Szke] Exzkel 30 %04 80 %l 3
2EAE iR ot ok
F2e A% 0%
+2a7b wAs vt F3eka

o i rir _O,L

.

. 4B ox
o



2066

ol
o
S

sl LANA Foll A AYH ATE v
o] sled olo] fE MAH odTFs STFH)

2 ATolAe A -7k H458 e A

stol ShE A ob/ubE BARTA 3L ol
A BAHE AHF 45% 54¢ 4940z A
Faoleh, A ARF 45 542 23
Bl walold Y4sE Ahenate Zudols 2
AFELE, APl WAASY LER 39 &
AzAe 4z ddsigls, & AFe A 4
Aol Aol A ol E FAAA L 2
o EgAeln A MAAx) 4A U 3
$ 9% 71z A22 959 4 2 Aoln
2. AlEER F YUY
2.1 AYEA
£ dFoldE Fig 13 o] BAB-7kep] A

5o 7lEleHq F25 FASHA 2 271E A
£9 1/6 422 745t dAfF AFFAA
AdA oz HAslgdch B AFAxE= FAF
Ay, 3E%5F2 7459 RCS 2AE9
He A7 gomme] SUS 3045 = 99 vl
3 50 mme] SUS 30438 A2-31ich

.

2

I+ 47

211 RASESR
FAZFEE A A /45 AREe %‘—

ga(dA 40088 27)9 siHE=

Main
DPT tank
GTV_Filter GLV

ngl_] ( °’7-M[l]

“GLV =]

VS Pump DPT
RCS line

BV

BV - Ball Valve
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Ranges of parameters in thermal flow-
stratiication experiments

Parameter Range
RCS hot leg temperature (°’C) 10~28.5
Pressurizer temperature ('C) 70~90
Pressure (bar) 1.0
Pressurizer level (mm) 800

RCS flow rate (liter/min) 6.0~16.2
Surge flow rate (liter/min) 0~1.0
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Fig. 2 Arrangement of surge lines for thermal flow
stratification experiments

Fig. 3 Variation of fluid temperature at different
azimuthal angle in cross section 2 in the case
of outsurge flow
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Fig. 4 Variation of fluid temperature at different
azimuthal angle in cross section 3 in the case
of insurge flow
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