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Abstract

A method to mitigate the thermal stratification

Unsteady State(u] R A+ Abell), Numerical

phenomenon of pressurizer surge line is

proposed by heating bottom outside of horizontal pipe. Unsteady two dimensional model has been

used to numerically investigate an effect of heating the bottom of pipe. The dimensionless

governing equations are solved by using the control v

olume formulation and SIMPLE algorithm.

Temperature and streamline profiles of fluids and pipe walls with time are compared with the

previous study result. The numerical result of this

study shows that the outside heating can

relaxate the thermal stratification flow of the pressurizer surge line. Maximum dimensionless

temperature difference between hot and cold sections

of the pipe inner wall which causes thermal

stratification was reduced from (.514 to 0.424 at dimensionless time 1,632 and 1,500 respectively.
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Table 1 Design specification of surge line'¢?

Properties & Spec. Value

0. D. of pipe 0.305m
Thickness of pipe 0.036m
Material of pipe SA-762-TP-316
Conductivity 15.4W/mC
Heat transfer coef. 0.79W/m*C
Ambient temp. 43C

Table 2 Dimensionless numbers at a ngen condi-

tions
Dimensionless No. Value

Gr 1.938x 10"
Re 1.199x10°
Py 1.1712
Bi 1.87x1073
Ri 1.35
T —9.94%x107?
a 0.31

as/ a; 22.2

ks/ k; 22.65

A
ot ANFANS FAAFU Ri 49 ol
web Fold ZAIMY A of¥E W,
Ritt $3o) 98 AAhFd4e vehie ¥
A442 Gr 4 9 F5450] o8 BYYL 4
B FA4el Re 49 vz ohgat gol
e %+ Qe
_gBd4T* »!
(uhot ucold) R <14)
A4F 5ol Yok Hade) Ri 4 0 ol
Aolul, Falvh ddeoz obdsl AFEstEr] S

7
Ri 4% 1 ol4olch d4dzd4 wAdzAE
o wE AYAANDE Asrad F 3ol A
dAFEAe] WAz 9E3 2

Re

20° (15)

at Re=10° (16)

AF 4 AAHYALe] FH2ANA Agd
Table 22] Re @ RiZ A7)el zA3 v)wsly
i"i' Rex lotm 2 A%l Ri 47 125t #

Riz(
Ri>1

) at Re<10°

ARE 54

% 31y A9 A5

P
=

ol Feld 4ol el o

2 e,
Fig. 391 (a)(b) ¥ (0¥ Z7]d A F=z
N & a2 W So] n2FAst KA Az

afo} Fah9 A7} 25000 A1,
iz Aol A RE S e duslA
(B=n/D A 4917t =2sta al-"wroaol A A 5]
£ SRUA7 88,2500 Al W 2719 n
b %
e

A43 AA=e|

&+ A4
°t}54 % TZI--d A7k 150 0o} 733 Al Ao

40L
%
N
4
r_‘
i

i}‘ A1 7L 88,25 4|77 7}-2]-‘; 9,}.? 7bed o] ods)



o) 2l 5}

Rl R AR Y Selol 9 AAE B 43 S 64 675
of WiT rka AmslA ehol Wi Adel Wi 9,000 4% AHe] £8 S glold weat A
FAlSl A FAlel $IA B ol 2o FAT EYH] dyFPAe] DU A
bedslo] wel A fAL WsE FAYAL o S¥olede] gl Aol 4% a9 @
150041 §-243h foadel $ 2o} ebds] Az fAlel gloixle Aol FaUAZ 12, 0000] 9 2.
@b FA RE 01004 08779 S Fol =2 si¥slele] Sl Ao} ddHoz 25%
Holsia fal 4eysl s ot A R G8BUY) AdAl, fRpiE vl

1

g fH 7t %’ﬂl
et

o Frbd o] AASL T4 A7 661.75 A
2+t Fig. 3(d) (F-24 417k 750) oll 4 =

9% shed
of sl £x7h A4Esenl wael ohe) Fael o
ol AAS G Aol 9% Flol os) 2w
oh oz ok e wrbss]) Azapawr Wy
ol B %

& FAE ARkl gl ol 9l
2
o

&

T10.9¢0.150.1]

P

T£0.9¢0.1>0.13

)

Present
Result

TL0.9¢0.>G.13  TL0.9¢€0.0.11  T[(0.9(0.1>0.13
(o) t=25.0 <> t=88.25 (c> t=1500
TL0.5¢0.1>0.1]

TL0.5¢0.1>0.13
(FY £=22500

-
T00.5¢0.1>0.1]
(e) t=1500.0

T{0.6¢0.1)0.1]
(d> t=750.0

TL0.3¢0.1>0.1]

T00.3¢0.10.13
(@ t=9000.0

T10.2¢0.10.11
Ch) t=120000 < t= 240000

Fig. 3 The comparison of isotherms (Left) and
streamline (Right) between without heating!®
and present result

A= F-=12] &) 7k
7 8]

12, 000 41 it W o
glojz] &4 0.3, 0.2, 0.1°] ¥eted 7o

ol F-7ked Folle §-24 0,29 0,10 kel
42 2k 22X EM vl
s el wmie) Auky-(4=0)9 &xbR(h=
) Bl 2 FAS} AL FaAe 4 zhH st wi
=525 Fig. 4ol vebviolch Fig 4(a)& %7}
ol glof sl Wio] Aol Lx il oluuls) &
“ska Fig. 4(b)w= o] f7tdo] glo] Wiz} 2w
o] Fxzab wste] molo] whepAr)
1.0
Fluid
o84  Lemmee—- Inner_ﬂ
%0.6<
— 0.44
0.21 \‘\\\\ —— |
0.0 r r T
0 6 12 18 24

Dimensionless Time(x1000)

Fig.4(a) The temperature difference of fluid and pipe
inner wall without heating™®

1.0
Fluid
.84t | Inner Wall
Outer Wall
8
E 0.6
O
e
8 0.4 477
e / \
i
/
0.2 4 —~——
0.0 T T j ) ’
0 6 12 18 24

Dimensionless Time (x1000)

Fig.4(b) The temperature difference of fluid and pipe
inner, outer walls with external heating



676

23947} 88,257 AL ol Rrbedol
sjewdel F349 LEAV} 0472747 FAAget, 9
Rrbedol TR olFel FAAAZ 25077 o
e %

rﬂ.

At vz

w

i) X 37} 0,1800 8 7HAdE ojfE e
el fraloll el Abrb-o] Lxo) gl 3
Hole) &x a7t F47

ol A 2, 5007t 9% =iwg
vl
=

de ¥ ot
"y o
rQorqua 21[;
fl o rir
Dl N
cow TN
—_ == l,m

;:Jri'i”%’-élﬂ
He rlo 2

Jo

2

f

-

s

o

n

r>~l

aft

fu

r
kS
fol
i)
ufu
u
3
30
i

0.0 T r T
Dimensionless Time(x1000)
Fig.5(a) The comparison of the pipe inner wall tem-

perature difference between without heating**
and present result

1.0
-+ Without Heating

0.84 ———— Presont Result

064 \'
g 044
b

0.2

0.0 . T U

6 12 18 24
Dimensionless Time(x1000)

Fig.5(b) The comparison of the fluid temperature
difference between without heating!"® and
present result

(o}
4 d 4.7 w

=]

98 stedo] gl Aol T 1, 63200 4
wjg e 2ol A8 2Ea7) 0.5140 et
o R7tdel 9l Zfols FAUAIL 1, 500004
Aol $149 Lxsh 0.42600 ), o)k 7ol wh
wWelel el Fakel 253 17.1% #4E g o
ez sigty] dase] ZAA

4 AA4E
ol WE 243 5 4ol A5

32 o oo

I
A4 e AR Yalo] =He Al
5 FAAAIZE 6,00000 42 #2449 A
L= ap7E 0449904 0,3482 22.5% A3
e AF7t g fA 2EAE
AE & F UL ol sk FERZ A

FAe 2 As, 2, AR FAe 2=

2 a2
rfo
},ﬁ
Y

r}om{N__VLéﬁL'

100

t

88.25

Wi

1.'57 3.14
Angle(Radian)
Fig.6(a) The local nusselt number along the pipe Inner
wall of without heating"®

100

80

40+

Nu

204

-20 y
0.00 1.57 3.14

Angle(Radian)
Fig.6(b) The local nusselt number along the pipe inner
wall of external heating




Peb7l ez 4

WS ool o@ A4FALE A &
% Suws

ol

43 FTEY SY vl

ik sk fAl Abele] Alzkel wE AALE
g ofotus] Hl F4 3 HF Nusselt 5 o
&3k 7ol Aejstglet,

bt dT
Nu_ k - dr r=7ro (17)
Nt 1
Nu="7 ~ﬂ£ Nu d6 (18)

A A0 B Wl T4 dALE
—g— Fig. 6(a) 2} Fig. 6(b)oll wlmalaict, Fxb4d 4
b 88.25%0 Afole F A T wiat Aol
1% FAeh W@ s 2EAs 2R F4
Nusselt 47} 274 vhepdel, o ¥-7tdel n¢ #
Aol Ao dxetEol slysbdoel gl Ao

000 075 180 226 300 375 450
Dimensionless Time(x1000)
Fig.7(a) The comparison of the mean nusselt number
with time between without heating""® and
present result

20

- -
o »
y 1

(-4
«”n

Difference of Average Nu

0.0 T T T T T
0.00 0.75 1.50 225 3.00 3.75 4.50

Dimensionless Time(x1000)

Fig.7(B) The difference of the mean Nusselt number
with time between without and external heat-

ing

Jula 9% Ahedel @ W4E F

5 Sk FAHA 677

7l =3 uwidl QIBE(0<O<a/2) oA

SBRCEL I -2
@ pEE
A7} wjzheruiel kol
257473 Nuol FAA Foekalar el 4 2 o5
ve wig ude 2R s ARE Fa4)
7+ 1,500742 FASA Zagch ¥ Ao Nu
WatE Alsiue] W8 Weox R rlede) ofEke
F-3h91 417} 88,2574 stk glont
2 o Foli o gsbedel g Wizt ol ol
(—)Nusselt 49 ojgoz Ny} zolzla Fig.
7(b)oll 4] B upel 3] FxbQA|7b 250004 Nu
o] polr} 1,84602 b Arh ol ¥l
ol & wigk o2l Wyolq W A FAEY AL
gk 27]% 9u|dle] i oHolA] Wz Ax
o 93 AL Ao A7 dgoz FAYAT
25000 4 A Ny 3ho|7b vhelde},

k
At ;

SR IAs

5.8 B

b4z Qe el s AP
ol ol Base d4EE4E B30 9

stof Wi ob7 ¥R S¥eld i walg
Acrsteleh, d43E4e A% HEE BAs)
st} A7l DB w9 e

H e W EE FEZE Adbsts

(1) A% & F4o 3 47 84 A &
] 2] A& FA7}
Eqsle] d4FHA] ARl F24Al7Le} 9,
000024 9]F7ldo) gl 74$-xc} 25% wabz

(2) 59 Azoldel 5L LT sl¥rjede)
A9 WA deht sl¥bede] gl ASur o
sabade] ach,



678

(3) wiak wede] Absieby Ao FA4 Ex s}
a9l Al 7ke] 1, 63200 41 0.5140]w] Heol F-xb A
7k 1,50000 40,4248 =5 17.1% #4412
a ok Fx0A17E 6,000 4 FAle) FHe 2
2% 0, 4490l A1 0. 348 22,5% A4 skl

(4) 2]% 7}do] 9= Zolo] wizl ol W
wrjof 4 o] 34 Nusselt 1= (—) o g A4S 1,
(—)Nusselt 4-2) dgko 2 9|¥rlodel A% Nu
7b Adid e g zbch Nuol #ole FapAA|7E 250
ol A7k 184602 7b 2 ghg vhER e

E Aol R Wit d4EFES o3
s7] gk ol4rked wbde) 848 Elaldlsie
2 ol F WA A 7
7ted ey ; 2= z7

FA814,

(1) Turner, J. S., 1979, Buoyancy Effects in Fluid,
Cambridge University Press, Chapter 1, p. 1.

(2) Nuclear Regulatory Committee, 1988, “Ther-
mal Stress in Piping Connected to RCS,” NRC
Bulletin No. 88-08.

(3) Nuclear Regulatory Committee, 1988, “Pres-
surizer Surge Line Thermal Stratification,”
NRC Bulletin No. 88-11.

(4) Shah, V. N. and MacDonald, P. E., 1989 “Resid-
ual Life Assesment of Major Light Water Reac-
tor Components-Overview, Volume 1,” NUREG/
CR-4731, EGG-2469 Vol. 1, pp. 46~62.

(5) Talja, A. and Hansjosten, E., 1990, “Result of
Thermal Stratification Test in a Horizontal Pipe
Line at the HDR-Facility,” Nuclear Engineering
and Design, Vol. 118, pp. 29~41.

(6) Wolf, L., Hafner, W, Geiss, M., Hanjostan, E.

1992, “Result of HDR-
Experiments for Pipe Load under Thermally
Stratified Flow Conditions,” Nuclear Engineer-
ing and Design, Vol. 137, pp. 387~ 404.

(70 Kim, J. H,, Ridt, R. M. and Deardorff, A. F.,

and Katzenmeier, G.,

1A
4944

1993, “Thermal Stratification and Reactor Pip-
ing Integrity,” Nuclear Engineering and Design,
Vol. 139, pp. 83~95.

(8) Smith, W. R., Cassel, D. S. and Schlereth, E. P.,
1988, “A Solution for the Temperature Distribu-
tion in a Pipe Wall Subjected Internally
Stratified Flow,” Proceeding of 1988 Joint
ASME-ANS Nuclear Power Conference, pp.
45~50

(9) Ensel, C, Clas, A. and Barthes M. 1995,
“Stress Analysis of a 900MW Pressurizer Surge
Line Including Stratification Effect,” Nuclear
Engineering and Design 153, pp. 197~203

(10) Ahn, J. S, Ko, Y. S., Kim, Y. H., Park, B. H.
and Kim, E. K., 1995, “Analysis of the Circumfer-
ence Wall Temperature in a Long Horizontal
Pipe with Thermal Stratification,” Proceedings

of the Kovean Nuclear Society Autumn Meeting,

pP. 364~370

(11) sde7), =habg, AHAd4, 1995, “7Fkr] A1z
ehele] F3uld Ul AAE%% FH84," A
Z1AEs] 4 9 fAgEtE deds, AFEg
g

(12) Youm, H. K., Park, M. H. and Kim, S. N,,
1996, “The Unsteady 2-D Numerical Analysis in
a Horizontal Pipe with Thermal Stratification,”
Journal of the Korean Nuclear Society, Volume
28, Number 1, pp. 27~35

(13 "4, 2+, dhabs) 1996, “7}
b7 el el o d42F%, 7 )
A a3 =FA4B) A204, A4E, pp.
1449~1457.

(14) Patankar, V., 1980, Numerical Heat Transfer
and Fluid Flow, McGraw-Hill Book Company.

(15) Lubin, B. T., 1989,
Cliffs Unit 1 Surge Line Temperature and Star-
tup Conditions as a Basis for Determining YGN
3&4 Surge Line Wall Temperatures,” YGN 3&
4 Design Data Status 1.

(16) ASME B 31.1 and Sec. 11, 1992 Edition.

(17) ASTM A 376/A376M-91a.

A&7y,

“Evaluation of Calvert



