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Numerical Study of Secondary Flow Phenomenon of
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Abstract ; Fluid flowing through a curved channel will produce a secondary flow phenomenon on its cross-section.
Viscoelastic fluid and Newtonian fluid have different flow characteristics. The viscoelasticity of the fluid can strengthen
the secondary flow in the bend pipe. In order to explore the influence factors of the viscoelastic fluid on the secondary
flow in the bend pipe, the FLUENT software was used to numerically simulate the secondary flow characteristics of the
viscoelastic fluid in the bend pipe, and the viscoelasticity of the fluid was realized by UDF. The effects of Weisenberg
number Wi, solute viscosity ratio 8, and pipe geometry on the strength of the secondary flow of viscoelastic fluid were
studied. The simulation results show that there is a non-monotonic relationship between the Wi number and the intensity
of the secondary flow in the pipe. The greater the viscoelasticity of the fluid, the greater the velocity of the main flow in
the pipe, thereby enhancing the secondary flow effect in the pipe. The geometric structure of the channel such as the
curvature ratio and the number of bends have a greater impact on the secondary flow. The greater the curvature ratio, the
stronger the secondary flow in the pipe. The study of secondary flow in bend pipe has certain reference significance for
strengthening convection and heat transfer by using bend pipe in engineering.

Keywords : viscoelastic fluid ;secondary flow ;bend pipe ; Giesekus model

W5 H 87 :2021-08-14 ; {& 8] H #§ :2020-11-25

ESTH . #AFaE - A4 %P H (20113120120003)

E—IEFE M XE R (1997) , 55 LR s N A B AT G A, EZEBF5E 7 o) ) F P AR B a5 . BIEEE : M

(1978) BTSN, LA BB, R TR S 01, Bl e o O, BRI 7 1) i A LA I 4 3l )
2 AR B ER AR 244 . E-mail ; wangqk@ usst. edu. cn



*2- BETITH# Light Industry Machinery

2022 FFEE1 A

FE—E AT, T & th & il e ok m &
FEAR R, H R A LEAE 0 T R A L
WS R A SR 22 XX AN IS [ Ak
AR 223 30 3 A BT R At L S 56 R AR (AR 4D 4 Ty ik
R R S AT T R IIBESE . DEAN? JE sk
fift N-S Jr A BT 45 452 P A A SR ESS F4 1) — IR
Pi——it B . DATTA 261 5 5 5236 5 4 A4 7
SO BRI N T T SR A T TS . X AR
I, U gD il e B M R s N A SE
TRIRIIE R MHEZ T, B AR A A AR R A
Iv], BV E B P Dl 23R (4 15 0 T AR SR BE =2k Ik
Wio LIS % BB A/ E AR A I 1A% ot 7
AT R B B A T R A
SEALAE R . POOLE 45" i g 1B 4% v 8 v WA 1)
TGN T R, WF5E T #h 245 BT 55 96 L AR
B LU WS B A S . SUN 2617 ) 22 s 7 5
A I 28 R B 25 il A T A T R 4 i shatt AT T AL
[ERE EVIRES I IA Sl N il b A G Ty e YR g T BRI N
TSR R

726 25 7 8K T e b R A0 R
R PR 2 LUk = ) o DRI 32288 F) FH AL
15 B (FLUENT ) SRAR ST B0 AR VUAS B Wi 7 I 2
Eb B LA B A8 T B4 JLART 25 A5 ot 280 s M A — U I o 1Y
SO, S N R ST, 3T AR R R S R
TSR A PO eSS —E TR AR .

1 T FLUENT 3030 (48l ) 24 AR h A R v
TR AR AL, B P 75 2 A 1758 X5 A FLUENT
WS T 225 SRk (8 1o o AU b Lk I (AR S AR X
AT TS T A 2 LA AR G 17 3 P, BB L S Ml A
IRFRPLE R AR S AR . R ARMBIRLA Oldroyd-
B # #1°) FENE-P £ #1"°) F1 Giesekus #8511 LI
2510 35 3o o 286 34 P A A AT B0 v R IR G o 1
UEMY T I UDF Kt Giesekus A4 AU fix A FLUENT
BAFRIATATE . IRAEIAIR A Giesekus SEAIHETTHIFSY,
PRIE R I AT 258 P R s e R
1 HEEBES5HE
1.1 HE#ERSMER S

POOLE % ik 4% ol L {51 Fty 308 168 460 T8 ok — W 34
FEWISZMHEAT T RIS, kB 5 T 48K I 4 3 = A ) —

UL BE fe R o IR IR AT D5 T2 2574 EA 7 2
B, B 2 BEEEES 4 BeE R A E A,
AR 10 mmo Sy 1 RCATRE T BR A FIZ8O0E, 7625
B ADHIHUR 10 5 59 8 5 n B8 B (OB S8 1
Hig EARRILETE LK) o TSNS EOLE
L3 d B i 25 JAR, R s i A T8 Al Ao
o Keiid g a2 h PR ) R HE SO R E T,
Bl r, =d/2R,
K1 BEEMSE

Table 1  Pipeline structure parameters
BT d/mm R/mm T,
I 10 10 0.500
I 10 9 0.556
I 10 8 0.625
v 10 7 0.714
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Figure 1  Grid independence verification

1.2 HEAE

AR A S R IR S TR R Sl R, TR
A1 ] Giesekus HERDR R IUGIRMFBMERAE . %
JEL B e = 4E AN AT H AR |2 N AR Y 1 S A
gl e R R



[Tt - igit] JER., & . SH@EEARALBERE _NARMSNEEFR . 3.
L. o TR B
| € - W I 000 P B 5 3 M o T 2R Sy — 1Y
ol SR H 1R B S AR B0 1) B VB Re B DL A%
gy = e Wi RV RERIE 1L B ST
pu’md . )\u’m /‘L>
— #m2 Re = ; W, ==, 710 7
‘ Mo ' d BMU )
g’ P ST, g BT s S RAE K, i B A
= i&D iﬁ%ﬁﬁﬂl{i ;MO ::u‘s +Iu’/10
(@) BEBRBHE (b) BRI Rt TR EN IR E S, E X H

B2 5% s
Figure 2 Calculation model of pipe |

u,
ZZi_p. 1
o =05 (1)
u, u,; ors.  orh
p4+pu.;:_aip+7v+7vo (2)
ot ! 0x; 0x;, 0x;  0x;

A cu, B S xR ORARAR R R AR AR A 1,
i=1,2,3;0 N, HAEH N 998.2 kg/m’;p /R R ;
T TR
X TR AR, 7, R R
T, =T 4T (3)
A SRR Tk L, A A Y ) K
T, M T AR TR

ou- auj
* = —t 4y —1]. 4
7 us(axj+axi), (4)
ﬁ:%qumf@ﬂo (5)
e, AR s, NE

,HAB A1 x10 7 Pa -
BV ER S R s A I FASHIN [E] ;8,04 Kroneker £F
= BTHUE R 1, i) BFEUEN 04/ (r) A Peterlin bR
B, 5T Giesekus B8 f(r) = 1;C 0 RA Y SR
PR3+ AR T ek i

C,INB TR

ot 0x,, 0%, Tox, A
(1-a)8,C,;-ad,C, - (1 -a)5;] (6)
o o ARLAE R AR B, B LR st It 1A 1) 5 U0
LG . R 1 CE R T3 A W S5k AR E T, R

TESR(6) 41 AT R HFE AT, B BCU) »

%\ 0%,

[ aCi/r C/rj +

Lf Vub + widA
Al

Sv* = (8)

oA BB, u NI « 7 W TR, w0 TR
& 2 T T
1.3 KRBEASAIHMERY

£ FLUENT H IS0 B2 47115, R F§ COUPLED
s FORAL B 5 1 ) W REA , B ) 7 R B HCR
PR =, S R AU P B SObr i R Y B R
FH QUICK #%:0. R T T RRAE IS, £ (6) il
T N TR, 38 5 R N TR/ R 5w, (1155
AT LOLERREAR B # . XF T AR Re %0Fn Wi
B AR I SN LR R k., /D TR AN I A
B R SR, 2 AMTHE LA T «, fH.

K2 EBRATREM R

Table 2 Critical artificial viscosity coefficient m’/s

u

k,x1073
Wi

Re =5 Re =10 Re =20 Re =40
0.01 0.041 0.080 0. 150 0.285
0.05 0.215 0.415 0. 805 1.500
0.07 0.260 0.450 0.865 1.700
0.10 0.350 0.540 0.950 1.800
0.50 1. 800 2.900 4.500 8.500
0.70 2.200 3.800 6.300 15. 000
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Table 3 Intensity of secondary flow under different «

Ex107%/(m? - s7!) Ex107%/(m? - s71)
50.00 0.217 5.00 0.223
15.00 0.220 1.50 0.223
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Figure 3 Trend of secondary flow intensity with 8

2.2 Wi %&XT_b’t:ﬁE’Jelﬂﬂ

PG [R] A AR TERE I TR Z )5, Bk i Ak
B 5 — VAR REERT ] A X — R I B A =R
SIS AR A R R AR . A B, I A 1 1 R AR
NP ?Jflﬁ B A

PEH 1 58 B AT 05 AL, Re 3510 5,10,20

40,8 Fl a %Ihxﬁﬁ 0.5 B, Wi ZryHUE > 0. 01 ~
0.70, % A H I R R FE O ¥ME L 158 S,
Wi )RR NELS iR o

m-s™)

(@ f=0.1

(b) =05

B4 Al e TR AL

Figure 4 Mainstream velocity distribution at

cross section 1
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Figure 6 Secondary flow intensity in each

section of bend with different curvature ratio
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