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Numerical simulation of thermal stratification phenomenon in stagnant branch pipe

of pressurized water reactors

MA Jingxiang DONG Shichang GONG Shengjie
(Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract  [Background] In thermal pipelines of nuclear power systems, thermal stratification is a common
phenomenon that can cause stress concentration and deformation of pipeline structures, thereby leading to safety
hazards. A stagnant branch pipe is connected to the main coolant pipe, and a large temperature difference exists
between the fluid in the pipe and the coolant in the main pipe of the primary circuit. Due to factors such as turbulent
flow penetration and valve leakage, thermal stratification is prone to occur in the branch pipe. [Purpose] This study
aims to analyze the temperature change characteristics and flow characteristics of thermal stratification in stagnant
branch pipes and provide a theoretical basis for subsequent experimental research and stress analysis. [Methods]
Firstly, a stagnant branch pipe model was established, and numerical simulation of thermal stratification phenomenon
in stagnant branch pipes was conducted using FLUENT 2022 to analyze the temperature variation characteristics of
the pipe wall and the distribution characteristics of the flow field inside the pipe. Then, the SST k- model was used
to perform three-dimensional numerical simulation of the thermal stratification of stagnant branch pipes, with a
leakage flow rate of 0.062 kg's™', leakage temperature of 488.15 K, and leakage pressure of 6 MPa. [Results]
Thermal stratification is prone to occur in horizontal pipe sections. Without insulation measures and a large pipe

diameter, thermal stratification can be exacerbated, while the curved section can effectively reduce the temperature
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difference of the cross-section. A backflow phenomenon occurs in the horizontal section of the stagnant branch pipe,

while the structure of the large and small end pipe sections causes secondary backflow in the flow field inside the

pipe. The backflow phenomenon is not conducive to the mixing of cold and hot fluids in the pipe; consequently, the

influence time of thermal stratification is longer. [Conclusions] A significant difference in the thermal stratification

phenomenon exists between the stagnant branch pipe and equal cross-section pipes.

Key words Pressurized water reactor, Stagnant branch pipe, Thermal stratification phenomenon, CFD

J& 7K HE (Pressurized Water Reactor, PWR) 1% H
sl — [E g KRR EIA Y. A S5 H A RS
B TEAE R 73 SCE WAL T-HOROIRAS , 40 38
DAY (18 A i AR T 3 3 P AR R = BT
i LIS 17 B 1) kU A R T, 2 TE N B e iR O A
NI SCE N, TR BRI E IR

FEK P BUURHE & b, IR 218 AR LA
BB, BT IR AN [RGB B 22, IR AR T8
AR B2 AR D707 M) BT R BERL L, R #y 2
MEH ., oy B2 RECEE R 1 A AN 5],
I 5| L T8 P 57 I B TE A R

H 20 tH40 80 FFEAHD , R 7K HEAZ FRLGG A % (1 #4470
FEIRR KIS 3 T2 K. REREEZE
14> (U.S. Nuclear Regulatory Commission, NRC) &
A o> T SR A FEA BE A% ) ATON) A AR O
2L G AT 3 AT ik, DA fR B TE 25 1) S8 B
PENT . RRHEAE T, R K HEAZ 3 A 2 R R (1 2 Ak 25
M2 52 BN Z IR R0, 5 0« ZEIROR AR AR I 45
IKE L EAARGEIE B m R RS & R
HAE LR EAL

BRI HLk T ZE VRO AR A LK BBy IR
(BN 5 & BT T BRI AL . R IR
TRANEE T 77 1A B 2 A0 45 8 #8452 5 1T AN i A2
A, FFIAUE T ¥ TGRS PR A X VL 3R A G i 22 2 5
Wi L 4 B L AR A 3 . B AR 0 AP1000 25 1Y
P A B 2R ADS-4A 353 2T e Ao s B E AR AL,
WHIC . RINCRIR 2 1)V B4 8 T8 W R 1 iR S o 3
87N s ADS-4A & 261 45°25 Sk Be 8 A 24 FEAIK FH i It
BIEAE N 2R B AR AR B . Jo SEHR
r M b B R 3 ) % (Computational Fluid
Dynamics , CFD) 80 £ s 85 i sh & AT 1A
PR LT B AR, AR, 1R H T E B R

Wi, A THEAS R A B B IR A LB T 77 =X
A T 7R A M TIO E E N AR B . Cai ST
T Richardson #t (RO AL, 57 1 1/3 LU )48 5
W E R, IF R T P NAIB D T T I
PN S BS o d ad S A6 B R S A 4 R XS R I -
SST k-c i I A58 28 RIS B AR T B 14 - it A A5 Y
(Standard k- ¢ Model, SKE) 1 & ¥ N /7 #i &Y
(Reynolds Stress Model, RSMD .

H AT, #5230 5 B 7T 3 [ 58 55 Ak T B 1E
AR TFF& , T F T 738 48k 1/ T 1) Bk 25 0 30 AR e A i
FEARACREVE I L > o AR SL TAAEE AL
AR 73 SCE R, T R 7 BRI AR, 20 i
T 1] T IR 0 R R A ) JE B0 5B I AR b Ry
PERVE T8 N I3 R, N I 22 A AU S 56 AN A 18
N F3 53 Wb RS A

1 RS EYIEEEMBERE

1.1 R, EXERBRT

i S8 R F A 42 4 3 9 DN100. DN200
DN350 [ B Bt R/ Sk DL S B B2 R, T A
A BAT B EE . N T BRI S RN
1AL I T TR 1 51 R # B IR, B IE N 1AL B R
F R 4514 5 DN1S (8 Sk . N T i 8
CIAE B R AR TRl A G A 4D B3 T4, H 1 Ar
B KA [E) 450 5 DN1S (1) 5 2% bz, 25 1 W #
RLE 1. AEEREE N BEAAR TR 1R,
1.2 RS ZEFERE KN S AYIEE

RN TR ARG B IR AEE AN [F A B AR AR
FetE, R R ) A EE T Rk T — RV E AR
M o7 B R B U M S, ZE R B AR il
ST S WA 5 P 3L o D) P AR A, Ao 3 AL

*x1 EEEEEE
Table 1 Pipe wall thickness

#B 1 Component AFRE 1% Nominal diameter / mm #}MZ Outside diameter / mm  BE & Wall thickness / mm
% Straight pipe 350 355.6 31.75

200 219.1 15.88

100 114.3 8.56

15 21 3

010604-2



1
L i \
{ Bl O

\

Outlet

@) DN100

1 RS SCE R

Fig.1 Physical model of stagnant branch pipe

2. EEHEBMEEBILETE | A~ESE 5 N E

Mo U0 AT, 54K T A6 T A0 JER S i L3 P8 B )

Syl A LRI 2. LE 00 1000 mm ) B B B

B R EEHCE T 6 AN I A, 2 e A
H1~H6,

Location of Temperature
Measurement Points

Section D Section E

2 RFAIE R M 0 A o7 B Y
Fig.2 Location selection of characteristic temperature
monitoring points

1.3 SST k-oimmiZB 52 HiRE
SST k-eo it 745 24 J& T 95 77 A2 1) 7 ¥4 B 351 ¥ 7
Ji R — B, A LT k-e S IRAR Y, AR A BT T L
A TR B 2 B AN B . 1A Y AE By B T AR
H 5] NI BT RE A AR IRAERCR o, 1AW T
6(Pk) 4 a(pkuj) a(rak

+ Gk_ Yk+Sk(1)

ot ox; ax; |~ "ox,
I pw) N a(pwuj) _
ot ox; @)
S8 G -y et
ox; ox;

Ko p R FE  kgem™ s LRI [, 5300, =1,2,3)
R A, mes ' sx, =1, 2, 3) R 2 B A AL R 4
Bty Gy G, 2 30 B U0 RE B 2 2
5 Y, ¥, 13 BT s I I AR AT 2 0505 D, A

(a) EIEAT E 730, (b) HIERA T
(a) Pipeline layout method, (b) Pipeline model size

XA B 5 S, S, A H g SRR .

HH, 0F T #GF ST E A, 3 226 Bossinesseq
R SR P R T vk . IR T VEIAE B & T
FEHIS NG J3 500, A5 [H] 1 2 : Bossinesseq 15 8K 1% )
PRI B 2 S R B ORI 2, shE T R T
B FE I % 2 26 I FE BUE , AR NS T % B AR AL
TN T A, LR (3D 5 A7 JI R R FH 5
WOITERHHPME 1, EGREBRKMRS
THE,

Suoney = (P = prr) g ==puB(T = T) ()
SM,buoy = (P - prcf)g “4)
T+ Sy ey IR TR ; p RESFH L  kgrm™s
gMREE N IEE , ms TRERE K T MAEKS
ERE K BB 25K
1.4 KBV ESH

F IR HER L0 SE R A RIS i Z2BOR
b2 % 5% H [ X br 5 8RB 5T B (National
Institute of Standards and Technology , NIST) 47 14 £
I8 P K5 K 1k 5L BN 5 IR A SR K 73 B e b v
i&[lﬂ , ]J_ll_;lgl 3,

15 BFFH

RO B fBE B T B T IR S R i
572 R AR R, #4958 295.15 Ko Wi 2 SCE
TR [ B T SRS L 2 ) A DRl 4 it ) RS AT O R
IR T PR O, 225 4SS TN R e s,
T 8 DR S B AR DRI B A BE T G R 8. VR4
L S oA i B AR 2 s o
1.6 YREEESMER 5

A3 K FH FLUENT 2022 55 i i 49 32 & #0y |2
IR BEAT BUE AL, 70 M T T8 BE T IR AR AL R
PERVETE W BRI 0 AT R

010604-3



% AR

2024, 47: 010604

1050 : 48
(a) —=®—Density bog,
—e— Specific Heat Capacity fﬁ
1000 ®—m_

| . /o "y

7 s =
|E ] f
_.°1‘) 950 é
= {44 2
z B
§ 900 | ‘U_
a S
850 | ®-e—e—0~® s

=
-

800 L L 40 »

250 350 450 550

Temperature / K

0.75 — 20
DY (b) —— Thermal Conductivity
4 —A— Viscosity -
g 0.70 15 7
> U A E
z RN b
£ g e 7—‘
£ 0.65 / N (0=
H A® Ny
T % £
S * ‘z
© 060 = 5 8
g Nl >
5 * ‘\A\A‘A
= s

0.55 L L 0

250 350 450 550
Temperature / K

3 KEITESE (a) KEVE LS LLIVE, (b) KT IR BN

Fig.3 Physical properties of water

(a) Density and specific heat capacity of water, (b) Thermal conductivity and viscosity of water
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Table 2 Boundary conditions

1415257 Boundary type ¥ Parameters HU{H Values
A M Inlet JRE R T Mass flow inlet 0.062 kg-s™
i J& Temperature 488.15K
H T Outlet AEXt 77 Gauge pressure 0 MPa
2% J& /7 Reference pressure 6 MPa
HMEETH PR BEAMEE TR B Heat dissipation on the outer wall 0.3 W-(m*K)"
Outer wall surface surface of pipe sections with insulation layer
A PRI ZMEE [HI EX A% Heat dissipation on the outer wall 17 W-(m*-K)™
surface of pipe sections without insulation layer
P BE T B THI 52117 Wall impact e No slip

Inner wall surface B TH 44t 74 Wall heat exchange
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Fig.5 Grid model of stagnant branch pipe
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