48 45 A 4 0]
2021 4F

JEHAE TRAZ2AR (A RBA )

Journal of Beijing University of Chemical Technology ( Natural Science)

Vol. 48, No.4
2021

SIRMESK . JH A Bk T kBRI 25 ORI A S B X T R TR IR A T IS A [ 1], ALt TR 4 (A 4R

RIS ) 2021 ,48(4) .71 78,

ZHOU ZhaoChun, CHEN BaiYu, ZHANG QiQi, et al. Influence of the elbow of branch pipes with different curvature on

thermal fatigue under turbulent mixing in a T-junction[ J]. Journal of Beijing University of Chemical Technology ( Natural

Science) , 2021,48(4) .71 -78.

AEHMEZESEXN TRERMLES THREZH

FRA  MHaT skt

(ERE TR HLR TR B, Jbat

VA
= Al
kzgk W OR OB
100029)

B OE: N TRIOAE MR SE B XT T B BORAR IR A T IR 07 B R, 23 50 xS L 2R 0..006
0.01.0. 02 iX 3 FhES AL T B0 I TR TR & 5 R A7 R AU (LES ) | K 31345 B ) Ik i I 2 A )
AT B 25 M 2B [T A SR A U (R 5 T, A5 A Y A 3 3 A1 18 0 5 P R O 805 1 X AR A Y e sl AR
JSE AT G2 3T RS Z P 55 15 475 SR DU A 1 BAG8 55 PP A , 74 08 T 1) T e 2 R S i AR A
LR A JC A A I XA BE G 442 T ARl BE R IC ek 9 BV 5 1047 SR AT EAT T LU RO SR T < 3 B A5 4 19 T A
JO7 30 53 A1 R SRR AR ; Bt it 5 0384 O, JLRE e sl A8 A T B0 T AR B DX B g 4 v o s, [ e HG G i 4 SR

R NL RSy I EE 8
KEIE, TR, EDE,; WERE; KT
FESZE S TQOSI. 1; TQOSS. 8

T RV R A% FLE B R G0 R UL — A 1
B, T BASIE IR 55 S R AR 25 i
(), A PRI IR 25 A AR TR B s/ E
TP T S RO IR 5T G W% LY
B AR TR ™

Lee %532 HI R R A 400 ( LES) XF T 7445 38
(¥ PR A 45 R E AT B RS 40, 575 Hh 8 B 1
i TR B T 5 | 1) 5 T o 3 45 PR 45 3 B 97 2K
A FFRHA , Zhang % 5T RS %
HBRIC T (CFD—FEM) F W 502 % T Y
BEWRR RIS AT T BUE i, T
T RUAE Ve PRI T TR A 04 v A 55 11 AR ik
Hu 2RI LES BERIRE T BU4 Py 4 #0019 8
R FEIEAT T BUE B, IR 4 45 5 B3
S MR A TR Y 43 O BE TS A A 2 S I R e

Wk H . 2020-12-30
FH—AEH . B 1996 44 Wik
#AFEBERN

E-mail ; likesurger@ sina. com

DOI: 10. 13543/j. bhxbzr. 2021. 04. 009

TS, Wegner 25l i3 0028 T Y045 £ BE 4R 1
TR AR A ROR , IF & BT AR AR R e T iR
SEREA U, I = A T AN TR) 04 s T TR & 53R
s X R 2 I B A AT R IR AL, RS B
AT B ) 3 [0 R A 2 %o 45 3 R AT L g 43 A, 9 %
BIEMAT T % 57 PRAL T T B R 57 R A
Kamaya'® VBl X B A T B Bl S %
MBS HEAT Ak, SE BT A Y A - - AR A
30T .

i LTk, BArxE T BV S PSR IR B TR
PRI Bl 5 1% AR L R A 55 PTAS CL IS TAR R
ST (HOCT 3 BRI A S8 0 T R4
W O SCRRARIE , ARSCMCE T T BV Y S A5 T
GESCE E AN ) 2 00 2 A A R X T Y IR R D )
R SR L I Fluent B00EXF T 45 Y74 #4
TR TR IR A 1 B UEAT CFD BUEAR L, XA 2
SRIEAT BT, A5 T TR A 2 R 9 U 80 5 4% AR I 5
FIIH CFD —Post #4442 U B2 37 Fil s 0 3 1) 55090
I35 ANSYS Workbench F 6 H 5l 25 i #% 3 [#]
R JT % CFD-FEM B0 BHE A5 15 5
[ AN 7 08 43 A S 2 A5 8L, TR A o i 47
THIE ST T



-72- JERE TRA2AR (A RBFA )

2021 4F

1 E#EA

AR SCHIT B BERC RN 1 (a) BN, NN
e R R R A A, S PN AR IR A A, FE S
EALE BT AR R & (i 2% k= 0.006,0.01,
0.02) A5 % 3 Pl RS 8 0 T AU 174
(EASTAUL K o HT WIS AN (] i 23R 25 8 % T R4 98 #
IR I 55 IS, T 48 B A 1 45 0 2 8
TR, K L o EERK, L MEE TR,
LSRR d o INE  d, B NAR e NBEIR . XF
Ay AR (1 [ A Sl R A S I st 4 45 40 1 )
BT 4, IF%F 32 S A R B X Rt B2 o B AT g
AR, T RS LR AR AL AN 1 (b) T, W%
R 1358 638, 55— 2 MAS = B2 0. 05 mm, I F
EECR 10, IR E RIS 1.1,
| [iEEdients

[EBEAER - LN

FERERINEN

() PR

-

(b) P& AL

K1 T R
Fig.1 Model of the simulation of T-junction
1 T RGBS E

Table 1  Structural parameters of T-junction
B2 RF/mm 28 R /mm
L, 865 d, 110
L, 630 d, 70
L, 200 e 5

T AVE N PR BIRE— 1R A ZEW
RERR DTS G A AR PR i DA TR A I R0 Bl R
AL RFAE AN, AR SCR AR AU T7 36 % T 1Y
BN 4B TR A A T B A B
AR R AT s e R IR A )
TR TE T XK ) & 35S kAT AR
B . FIF NIST SR %8 7K A 25 B2 Bl 1l B2 19 742 A i
fr = Br2miais, ma(n) Fs,

p=—0.0023T +0.988 7T +909. 5 (1)
L, p HKIERE ke/m® T AR EE K,

2 HKEEM

2.1 RipEHL

T AL R A 2 FioR, AR
XK B RE R B ) B B SR AT AR iR
B OIFREEEAERE IR 7 MPa, 4 3245 A D A
PEATHIIR AL . B SEIE T b — e BORLEE T R P4 A
TARIR A R SRS Sk, B R S S 1T 5
Z5AEN LES BESITHR IR, o T 5 45 A
FEA P ARIB IR Wk 0o A0 B )RR AE A0, A cou-
ple B AR ge 5 Bl MR 7R . BRI
FRIRSHTE] A 4 R 0. 005 s, J B W T i A 30 31 3y
200 Hz, i3 A R 20 s,

E AN R TR N BUR o S
Table 2 Boundary conditions in the CFD simulation

WHRAFR WA

EEAN BEA L (v=0.8m/s, I 393. 15K)
XEAH HREA T (v=0.4m/s, IR 343. 15K)
T [ 32 AL G/ LB hR
EIESMEETH 2 FARE T

FEHH A 3 Coutflow)

WK 2 7w, R w2 i R B R sh B
W ) B 80 mm BEE — AW TE (P1 ~ P8) , PO
TR YA el = W 3 W 1 E - = L S
50 mm ; 4 A W I 1T () B 30° 15— A W )
(N1 ~N12) B~ Wi 7 ) b3 2 AW, B
BETAT (1) FIEBETRT (F) 1 mm AL A4 344 Wl | P2 -
N4—F =T (V) AP2 I N4 Jy [m] 11 B [ e A T B (3
JE ) WA,
2.2 Mg TR MIIE

R T HEBR PR /N R B TR R 22 X A A5
RUBEAT TGO PE S, HEA5 A8 Ak A% J 43 S8 3k 3



JRIBEAR A o AT it A S A T B R 5 P57 B R =73

PO P1 P2 P3 P4 P5 P6 P7 P8

B2 s e

Fig.2 The arrangement of monitoring points

JIE7R o XF 4 RS SEAT BB TR AR 204 NP7
N6 77 ] T A4S 4 °F- X5 3 B T P4 AT N4 7 T] A4 1)
V-2 T O s 4 i 7 AR Y AR AR TN 3R
WL 3 0 L7 HE Meshl . Mesh2 B 1 8525 3 15
Mesh3 Mesh4 FH 2238 K, Mesh3 5 Mesh4 P& 1911
BEE AR BN, 5 R B THE RS B RO SR
Mesh3 1F4 Ja Se8UETHE R ARSI 43 T 8

K3 PRI UER] 73 T7 %
Table 3 Meshing scheme of the tee pipe for the grid

independence test

- MR IREE— BRZE BRE/

. N R IR BEIERA RS AR
Rob/mm - JEE/mm BT JEH

Mesh1 <6 0. 06 1.1 10/4 564 166

Mesh2 <5 0. 05 1.1 10/4 867555

Mesh3 <4 0.05 1.1 10/4 1358638

Mesh4 <3 0.04 1.1 10/4 1791323

2.3 HREBAEITE

it AR G AR T A A AR R JE
AT T RUAE A P PR N 316 L AN, 7255 Br iz
Frr S8 I TEARARIN AT LA Z0s e 3 i s [
IR — ol RS R B B s . K
WA T I A5 1 (1% PN R T 119 1 7 AR A S ek
3 i A B ) 5 ik i BRI ] P 80 SR A7 HE B, K
HBh AR B B A S e Ay A i R A
gk, FERA B AR A 0.01 s, 11&
B 58(15 ~20s) o EMAR WIS i B an &l 2 BF
7N TETAR W s i e hl B3 T E AR IX N
BETLE ) 8 A~ W 5 (A1, A2 . B1.B2.CI.C2,
D1.D2), 7EJER G R b, BRI I 5 i N
TEEE S, T J5 2289 0 753 B R 55 5347
AT SRR 4 FoR

380

377+ A
A A
1 1 L 1
376 Meshl1 Mesh2 Mesh3 Mesh4
A&
(a) P7-N6-F-T
0.86
[ ]
~ 0.85
&
i 0.84
% n
&
B 0.83
[ ]
[ ]
0-82 1 Il Il 1
Mesh1 Mesh2 Mesh3 Mesh4
A&
(b) P4-N4-F-V

KKENCL PSS Xial
Fig.3 The grid independence test

F4 BRI RO
Table 4 Boundary conditions of the CFD-FEM simulation

BRZFR LIRS ST
EX-PNENTT] FR il %1 16) 13 %% ( Displacement, X =0)
A= YNEE ] I s k1 11 437 % ( Displacement, ¥ =0)
FE W PR 42 1] 3 %% ( Displacement, ¥ =0, Z =0)

I P RETH FABSHE]

BN BRI

AT 101325 Pa

3 WEEREAN
3.1 RGBS
3.1.1 BEY

Ry T AT A A A T B B () ) 22 AR T
D, 8 SR FE A i B G R R TR A
AP YR T A TG N i T, o o
YRR R Tk O LA B R T, G W B X IR R T
DI et B %) A7 A7 0, T G 1 4 35 7 S O B2 AT LA
RAETRE PSR

XT3 AN () 23 (A A A ) Bl v 3L 1A T TG 1 W
AbBRIE R B A R B HoA — B0k % Bk
TEESCE MBI XA B A FE S S R 4



74 . JERE TRA2AR (A RBFA )

2021 4F

S DX A i e, TR A X 2 B T 28 T U
N4 ~ N8 J7 ] , e v i B 72 Ak fi o W1 S ) J2 N7 7
6] o R RE R Sl v AR B TR 5 AR A, T EE i 3
FERAAEEE TWE N3 ~ N8 1), Ho il i i 8
R ZURE N4 D7 1), 3 RO TR] R SRS T
T NT J7 1) 64 G B 20 B 24 3 RE R N4 7 1] 9 T
AR TR Ak 1) o AT AP 4 R

1.0
—=—[=0.006
L —o—£=0.01
0.9 —A—£=0.02
.08
~
0.7
0.6
0'5 L Il Il L 1 1 1 1
Pl P2 P3 P4 P5 P6 P7 P8
B E
(a) TR AT H IR EE(NT)
0.35
0.30F
0.25F
. B
&~
0.20F
0.15r
0.10 Pl P2 P3 P4 P5 P6 P7 P8
BUEALE
(b) Toik 43 AL E (N4)

ESIP N v b i T i
Fig.4 Axial distributions of T and T

HE 4 (a) ATLAE I, 1 48 N7 7 3 Fhity
FR I B ) SRR S T . FE SR AR B X A A B T
AR A, AR RRAIR , 1T 76T B AH B
XBALE TR AT RS, FERE FA H
HITE £ =0. 006 11 38 25 8 45 48 vh i A4 1) O 5 B h
Wi, 302 T iR/ R AR TE 348 & 2k
TARK I ) etz , e AR SRR A . B 4(b) Xt
Ho T 3 PSS AR R i Bl e AN (N4 T 1)) TG
NI AR IR R U A e A S AR S O, AT LU
T Al ) 3 Fh 2 AL AL I 238 2 A S I8/ )N
s GRFARTE A BT IX 5 @RI A, R i
TRBP A T4, T BB WE AR, PSS XN 450
{67 B 1) PN RE TR 7 , 76 P2 881 A RS 46 DX A e 21
BETRIZ B, PRI P13 P2 7 I 0 B v 38 B 0k s i
W, BEE R TR SR A B N AR
R TASE , B U B0 1 ) B B L R, ik

FEPE SR ZUAY X BAE P2N4 Kb, Y 5225 45 1 il
RIERIS AR TR AE T4 I R 1) R /), #4583
XA SEQRE RSB KIS 3K,
T B i 2 e T ZUAR B R R
3.1.2 #%fEY

SEARE R A T R N % PR AR
RA SRR, EEEREEmNEENBIR
TR I U, 20 s B 3 FhES A TE P2 A Yk
JER B ENE S B, ol LG 8 1) sl B 2
TR TTIX I (N4 T N6 ) I 378 1A I 28 i 2R /N i
B S AR ] 1) 4 PRI B A i R A 1 R
JE 1) S N

v/(m+s7h)

Il.4
1.1

(c) ][:0.62
K5 P2 g o ) S 51 (20 s)

Fig.5 Vector of circumferential velocity of P2 at 20 s

T M RIS A8 A L AT A1 A0 3 Y



5 4 ]

JRIBEAR A o AT it A S A T B R 5 P57 B R 75 -

SRR, AR SCHIAR BB v, R T AR
Ve » T RT3 RE PSR SRAIE 38 B2 9 701 LA, 24907 ARG
JE R RN I SR

6 S A T UlF N5 7 1) 14 3 B2 1) Jl 1) A
Dlo N5 NS ILE, LT i) A3 8 A A K 38
s AW R, B 6(a) ATLIA H,3 Bl iy i s 2
OP AR RS0, Y B RO TSR
AR AR i M AE S S A L o 32 o, PRt
AT T AL A X 950/ 5 G 1 SN AL B 0T R
TAE IR A A, 6 (b) 2 3 Rty 1E
N5 J7 [ia) i A8 ol i 329 05 ARG PE AR AR O, 7] U
H 3 R R /N Sl B B, SRR A
el i e KR I X SR R B B — Bk, 3
ERERA S EE SRR AREME KRS, B TR
TRV A R R, RS 48 DXy 2 T 7 ) A B
T # | 75 P2 AT A FASE 80 DX fi B8 22 P9 BE T, o J3E
B I, BEE Ve PRI R R S8R B 8

BT TR
1.0
0.8
E 06
3 —=—}=0.006
inE —e—}:=0.01
0.4r ——=0.02
02 L
Pl P2 P3 P4 P5 P6 P7 P8
i {8
(a) HYH5 R E
0.25
—=—[;=0.006
—o—[=0.01
0.20 —a—=0.02
£ 015
t
e
0.10
.08 P1 P2 P3 P4 P5 P6 P7 P8
A E
(b) By A S

6 HLE B 4346 (NS)
Fig.6 Axial distributions of V,__ and V, _(N5)
3.2 REBRESH
3.2.1 B A
X} 3 FhLEA 2 B A A A 21 A 10 7 485 SR it
7508, 7 20 s i 3 Rk fe PO 1 455K
N o AL, FTLUE 1 #0 S X 2 F

FABEDX A BE T, B0 T fh 3R BE 0 B 1R A, 14 4
T E S BT XSS, 7 AR R A T s B
SR NS IVPAE U EEE ST 3L BERe e e oY 9N
HRRE P BRI ZUAR RE i A H R — B

o/Pa
g 13x10°
1.2x10%

1.0x108 \
8.1x107
7.8x107
6.5x107
5.2x107
3.9x107
2.6x107
1.4x107
6.8x10° Y

(a) k=0.006

o/Pa \
I 1.1x10% %,
1.0x108
9.1x107

8.0x107 \

6.8x107
5.7x107
4.6x107

1 3.5%107

23x107
I 12107
7.0x10° y

Z'L—IX

(b) k=0.01

a/Pa \
I 1.1x10%
19.8x107
1 8.7x107 Y

7.6x107

6.6x107 |

5.5x10
| 44x107
| 33x107
| 22x107

11107

43x10° v

Z'L_IX
() k=0.02

K7 PO A A AEALI T3 7341 (20 5)

Fig.7 The equivalent stress distribution of PO at 20 s

3.2.2 #Eay

WE 8 firw , & BRI AR 5 11545 A b W I st
D1 (1% k =0. 006 ) BN S35 S5 5 , I HE 7 fi
PR AR PSER) .

&1 9 S Wil 5 D1 A A 55 103 100 R PAG 45 2R
I FH R S0 385 0t 4 B () FA 1 38 sh A5 554 T
GiiteE o A ELE A B AN 9 (a) T 7 B T 3 40 B
N BRI R EL n, FIFH Goodman i 423547 1 )
BIE W S A ) 5 A R RO R ) o,
JHERNWE 9 (b) B BB IERN I HRE N o BUERL
P TR FARA Wi AE S PR T AR IR 2



.76 -

JERE TRA2AR (A RBFA )

2021 4F

17 18
i} [)/s
(a) BIR(ES

it [} /s
(b) FAL (5=

K8 DI I sl 1B s 5 5

Fig.8 Stress fluctuation information at the point D1

(a) FIMLALMEN

T

() P53 A AN,

(d) 535 4 2 AEPED,

B9 DI s A A 55 1 4 3 AT

Fig.9 Estimation of the thermal fatigue damage rate at the point D1

ZRIH R (A5 IREESE) | IR AR SR 22 4 R 3K
KABIEXS BRAGERI I, F R Aar (o 45 S T8 IR~
KBUYE M 2, Goodman £k R

o,=0", (1 —%:) (2)

Xb o8 B IE IS RIS FRIGER RN ST, o, A AF L

FROE BE W R, B o, =520 MPa, o, NI SR, o, N
BN A1,

FIFHRE - F it 2e (S -N M2k ) #EAT % 551F
fili o FRAE L[RSS5 A9 1) 9% 57 734 S = N i SR A B
FRAFAH AN F1 T W TG PR U B, 24 S5 RO A
PEFRRE J1 KT 100 MPa B8 /2 S —N #2614 A8 fE K1



%4

JRIBEAR A o AT it A S A T B R 5 P57 B R <77 -

5 A RORIE IR 3 /NT 100 MPa B, 17 AR 34
UETCRIGAC | RN S 902 55, (B SR T AR XE A 3]
PR T OLR AR | PRDHE E A R B i 2 S —N il
LA A . XSSO BRAE R R 3 /N T 100 MPa
9% 57 A6y S-N A TG, A A

Ig Ny = —8.467 x10 7" xo*, +90.15  (3)
GavaE] ,Nﬁmngﬂ? Goodman & IE N 715X I BAEFR BN .

29 55 FF A AL S W AR an 18 9 (¢ ) Jir
NIRRT o RN T3 o, 5 9% 55 75 i A
e N FIVE AR FRREL Ny o RESEPRIRER YRS VF
FATEIRUCEARER | AT 3RA5 9 55 A5 FE M D, MR P52k
PRI 57 BIHRGHEN] s D Hron SR A, Tl A 5 g
95 Ritfith D, R TR EA B NS % E L,
FEIH R B R VPAT 38 B0 52 0], DA SE T 2 00 b 73 Bt
BRI IT I, A SCH A S5 B R A6 D, i
AR 9 (d) s, 9 55 Bt % D, A it
955 BT R D) LR,

D

T,i,j:% (4)
p =2 (5)
T
* DT
D =lg (107,91) (6)

Kb, D, SRR RE D, P& TR 1 WA
NI FE SR 7 =5 s,

XTEEICHS 9 BT A W) 5 A A 1 {5 kA T
PRI 57 0 R VAN, R BTG 140 B39 55 10140 e Bl
TEGE MR R ERE N BT E=0.02 45t
LM BT 57 W0 5N, IFA5 e 7 &
H k=0.006 454 B1 A1 D1 Wi gi b, H TG 49
995 Bt F o 0 52. 98 152,27,

4 i

(1) FH R BAELXT #% £ 24 0.006.0. 01,
0.02 iX 3 FhZ R T BRI O A i T T A 1
FREHERT T BB T , 45 5 F 01 3 Fh 25 44 A9 3 3 43 A
FE S AR, MR KW S S A S5 R T
T T R B

)RR AR AT EHAETEG EFEEN
FRA SR I R HL B S R A R e
JE BTN

(3) FIIFHHA- i - B A T30, 3R45 T #40
TV B s o, & BN 1y S vh £ T =

SCEFHBEIX, A0 ) 46 vh B B < 48 25 4 il SR 1 14
PN &=

(4) 38 0T % S5 I Ge T2 4 i Mo ad
PRSERE T XA T (0 I 55 PEAL , & PG AR R
S 4755 B S A A R G R e R T
S5 S HIAE k= 0. 006 454975 4 1 B {7 BAL,
HICH P 57 BT HN 52. 98,

S 3K

[1] LEEJI, HU L W, SAHA P, et al. Numerical analysis
of thermal striping induced high cycle thermal fatigue in a
mixing tee[ J ]. Nuclear Engineering and Design, 2009,
239. 833 —839.

[2] ZHANG Y, LU T. Study of the quantitative assessment
method for high-cycle thermal fatigue of a T-pipe under
turbulent fluid mixing based on the coupled CFD - FEM
method and the rainflow counting method [ J]. Nuclear
Engineering and Design, 2016, 309 175 —196.

[3] HUL W, KAZIMI M S. LES benchmark study of high
cycle temperature fluctuations caused by thermal striping
in a mixing tee[ J]. International Journal of Heat and
Fluid Flow, 2006, 27(1) : 54 —64.

[4] WEGNER B, HUAI Y, SADIKI A. Comparative study of
turbulent mixing in jet in cross-flow configurations using
LES[J]. International Journal of Heat and Fluid Flow,
2004, 25(5) . 767 -775.

(5] skl KD S 35 1 T8 S B- T B & S5 40 N

N RS H PGS [D]. dbat: dEaife T oR2#,
2017.
ZHANG Y. The coupled thermo-hydro-mechanical analy-
sis and thermal fatigue assessment for the pressurizer
surge line[ D]. Beijing: Beijing University of Chemical
Technology, 2017. (in Chinese)

[6] KAMAYA M. Assessment of thermal fatigue damage
caused by local fluid temperature fluctuation ( part II;
crack growth under thermal stress) [ J].
neering and Design, 2014, 268 139 - 150.

[7] KAMAYA M. Assessment of thermal fatigue damage

Nuclear Engi-

caused by local fluid temperature fluctuation ( part I
characteristics of constraint and stress caused by thermal
striation and stratification) [ J]. Nuclear Engineering and
Design, 2014, 268 121 - 138.

[8] MING T Z, ZHAO J Y. Large-eddy simulation of thermal
fatigue in a mixing tee[ J|. International Journal of Heat
and Fluid Flow, 2012, 37 93 - 108.

[9] TIMPERI A. Conjugate heat transfer LES of thermal mix-



- 78 - AEEA TRAE2AR (A ARERR) 2021 4F

ing in a T-junction[ J]. Nuclear Engineering and Design, LU T, ZHU X G. Influence of buoyancy on thermal fluc-
2014, 273 483 —496. tuation of fluid mixing in T-junction[ J]. Journal of Ther-
[10] J5¥, ARXE. FETHSIRE T BUE TE N ¥ R AR A 0 mal Science and Technology, 2011, 10(4): 305 - 311.
RIS REm [ )], BEE SRR, 2011, 10(4) . (in Chinese)
305 -311.

Influence of the elbow of branch pipes with different curvature on
thermal fatigue under turbulent mixing in a T-junction

ZHOU ZhaoChun CHEN BaiYu ZHANG QiQi ZHANG JingHao TIAN Yuan LU Tao”

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Large eddy simulation (LES) of the mixing process of cold and hot fluids have been carried out in order
to study the thermal fatigue in T-junctions with branch elbows having different upstream curvatures of 0. 006, 0. 01
and 0. 02. First, we loaded the obtained instantaneous temperature and pressure dynamically into the solid domain
to calculate the fluid dynamics-finite element modeler coupling, which affords the thermal stress distribution of the
pipeline. Then, a rainflow-counting algorithm was used to analyze the resulting fluctuating thermal stress statistical-
ly. According to the linear cumulative fatigue damage rule, we evaluated the thermal fatigue and calculated the di-
mensionless cumulative fatigue damage rate of the pipeline. We then compared the normalized mean temperature ,
the normalized root mean square temperature and normalized thermal fatigue damage rate for each structure. The
numerical results showed that the fluctuations in temperature and stress distributions are similar for all three struc-
tures. However, as the curvature increases, the temperature fluctuates more dramatically, while the thermal stress
concentration in the intersecting zone decreases gradually, and the dimensionless cumulative fatigue damage rate
shows a decreasing trend.

Key words: T-junction; branch pipe with elbow; fluid-solid interaction; thermal fatigue
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