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Several Stabilized Solution Schemes for Viscoelastic Flow Problems

HU Xiaolin, GAO Puyang
(School of Sciences, Chang’an University, Xi’an 710064, China)

Abstract: Based on the log-conformation representation (LCR), we gave two fully coupled numerical
methods for viscoelastic Oldroyd-B flow problems, and conducted a comparative study on two
methods. The first method was to introduce the discrete elastic-viscous split-stress gradient (DEVSS-
G) method into the momentum equation, which enhanced the ellipticity of the momentum equation
and obtained the LCR-DEVSS-G stabilization scheme. The second method was to combine the
streamline upwind Petrov-Galerkin ( SUPG) method, we obtained the LCR-SUPG stabilization
scheme. Finally, the verification results of numerical examples of Poiseuille flow and flow around a
circular cylinder show that using LCR-DEVSS-G stabilization scheme to handle viscoelastic Oldroyd-B
flow problems has better convergence and higher computational efficiency.
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Fig. 1 Process flow chart of solving algorithm
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Fig.2 Computational domain and boundary conditions (A) and mesh partitioning (B)
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Fig.3 Comparison results between v, (A) , 1, (B) .1, (C) and exact solution when Wi =5
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HAh, WEBE 1 P 4 B RRE . 425 LCR-DEVSS-G #1 LCR-SUPG T R v 112058 8 114 7K 743
B OIEN ARG )W L JERGR A, ARSI TR 2. R 2 9l WL, A] LCR- DEVSS G J7 kK g,
v, Fl ., MIRZEFXT AN, BIRAERIE AL . ] LCR-DEVSS-G J5 kR ## o, iR 2 L LCR-SUPG
TRt R K, (HEEE WA an 1k, £E M # B M4 B, F LCR-DEVSS-G J7 ¥ 3R fift 19 % 22t A
LCR-SUPG Jyi& 3K figmf /Iy, b LCR-DEVSS-G Jr ik 3R 30 H 4 P i I S50 B
1 Poiseuille 7 &) & i) M 1% 15 2

Table 1 Grid information for Poiseuille flow problem

¥ % FAITEL Ax= Ay
M1 192 2.5X107!
M2 768 1.25X10 !
M3 3072 6.25X10 *
M4 12 288 3.125X107?

®2 FEFET L REMIT

Table 2 Error estimation of L*> under different methods

%2 Jrik M1 M2 M3 M4
e, (v,) LCR-SUPG 2.83X10 * 2.37X10 * 2.46X10 * 2.41X10 *
LCR-DEVSS-G 2.52X107" 2.24X107" 2.20Xx107" 2.01Xx107"
e, (Te) LCR-SUPG 2.28X107° 1.89X107° 1.69x107° 1.59X107°
LCR-DEVSS-G 4.91X107° 4,21X107° 3.07X107° 1.47X107°
e (ray) LCR-SUPG 5.85X107" 4,34 X107 3.51X107" 3.12X107
LCR-DEVSS-G 2.53X107* 1.90X10™* 9.62X107° 1.08X107°

3.1.2 irEREAI
T X LCR-SUPG #1 LCR- DEVSS-G J7 i B F 5308, 715 LCR J7 1A 5 i F 580 R a4 %)
b, 75 Wi=5 Bf, A RIRME 1L iy 4 #ks, T R BRI 5K f# Poiseuille ¥ 818, & 4 i
TEAN IR} B4R S Bl 19 CPU I i), 25050358 3. 13 3 A WL, LCR-SUPG Jj i fir il i) CPU I [i] 7£ A
[ A% R 2 g i JF BEMAS ALK AL . 1l LCR-DEVSS-G J5 ik fif 5 1) CPU I ) i 28 de /b, HL
P A% A0, LCR-DEVSS-G Ji i SR a R 5 i i .
* 3 FREHEKRER Poiseuille 7 18 8 BT E CPU Bt g

Table 3 CPU time required for solving Poiseuille flow problem by different methods s
JilcS M1 M2 M3 M4
LCR-SUPG 14.58 62.92 185. 30 657.23
LCR 9.84 47.16 159.13 645. 87
LCR-DEVSS-G 9.52 44,58 135.70 600. 32

3.2 E#E&ZR

TR 2 M B AR SR S, B Oldroyd-B Wi AATE @ 1E N SE 3l A2 1 I BIAEAR i g, il
o H=4. W TR X FRE . 28305 8 1 BRI, el 4 B, A A i 3 O Dy il 4y 7
W u=1.5(1—y"/4), v=0. N HEAB KN Oldroyd-B £ B 1 Poiseuille 3 [0] 5 iy Fa 2 fi, B
(25, Fp XSG RPEAT e, HoMds B A5 SCRT T4 T— B, A8 20 000 8 81 3 A RAS 000 5 751 3AE 13 19 2%
N b BEHE A R R W R L AR, FEX R v =0, 7, =0. MEE p=19 T, EX
Reynolds $t 1 Weissenberg 43 3| iy Re=pUR/ 9, s Wi=2U/R, U Sy 4l 4 AL 3 J&& % a7 0 ~F- 4 2. %
BB SEEHE R 9.=0.59, Re=1, p=1, BRI KI Ar=0.001, FrR AW MEEEBS TR 4, Hp
VM1, VM2 fil VM3 HFEHH8E CPU RN 2 51858, XHERA VM4, K 5 45 T PR #2015 5.

FEWCA ) ) Wi {E I, 4351 LCR-SUPG #il LCR-DEVSS-G Jj #i R fif 12 m] . AR 45

C[) :J\ T *N¢ * ¢ dS (26)
WHE BRI RE Kb one REETRAERTHAN M. FFSEH FEMILE. 4RNES
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B 6 Frzn. 2 5 MIE 6 w0, 1 3R U7 vk i v 45 R 5 SCIRES R Y & L lr . LCR-DEVSS-G 4
PR 28 A T B0 SCIR T 14 TR SRR 15 DR &5 28 FEBEAU A2 p . SR A LCR-DEVSS-G J7ri& 31, B IR
R R 355 R 1 ) A A BE A 31 -5 H At Y b 7 32k AH [ 19 BHL T R 5

*4 FMEREERBIEENBRE

Table 4 Grid information and degrees of freedom for each variable

o 4% R BITH B/ P R 2 u T
VM1 3 345 6 189 0. 033 009 50 3 345 12 878 25 756
VM2 4 675 8583 0. 028 346 30 4 675 17 932 35 864
VM3 11 115 21 262 0.017 269 40 11 115 43 491 86 982
VM4 64 606 126 181 0. 007 432 66 64 606 255 392 510 784
Tl Bk A
u:l./S\(ll;ﬂM) i\ _ H_,
R (N
y . ARSI v=0, 7 =0 ‘
Ll 208 ' 20R ‘ L ‘
-3 -2 -1 0 1 2 3
x
B4 BEESERTEE B S5 EfZEREEE 4 1 VM4 BT iz K% E 5 B
Fig. 4 Schematic diagram of flow Fig. 5 Subdivision graph of grid described by VM4 in Table 4
around circular cylinder for problem of flow around circular cylinder
x5 Wi=0~1K, FRAFAEFINEEREENREN
Table 5 Drag coefficients on surface of cylinder obtained by different methods when Wi =0—1
Wi LCR-SUPG LCR-DEVSS-G SCHK[14] k[ 15] SRk 16]
0.1 130.352 6 130.357 5 130. 364 130. 355 130. 358
0.2 126.621 6 126.622 4 126.626 126. 32 126. 622
0.3 123.191 0 123.197 5 123.192 123. 210 123.190
0.4 120.594 1 120.596 4 120.593 120. 607 120. 595
0.5 118.832 1 118. 835 8 118.826 118.838 118. 829
0.6 117. 802 7 117.779 5 117.776 117,787 117. 794
0.7 117.334 3 117.319 0 117.316 117.323 117,331
0.8 117.436 8 117.355 1 117. 360" 117. 357 117. 404
0.9 117. 889 2 117.784 6 117. 810" 117.851 117.897*
1.0 118.572 1 118.502 0 118. 550" 118. 518 118. 636"
e o ROR AR IR LS, TR 7 & BT B — >R L.
3.2.1 rEHKER LK 132
%6 5T Wi=0. 1, 451 LCR-SUPG, EO e
LCR DEVSS G fil LCR Jr kR i LM kEgesitd 000 . S
AR, AR 6 AT UL LCR-SUPG Ji ik (1) ¥t i SCHETL6]
P W A6 A& R R, UG IR R G E2f .
LCR-DEVSS-G J5 i 76 B 41 I #6 2. 56 5 F iy CPU el - -
AR A s LCR J7 i BT o 0 V5 I A F° 75 4 22 T S
0 010203040506 070809 1.0 1.1
). BEE A% B . LCR-SUPG J5 i iy K Wi

HOR IR, RUHOIT R Z X MR ERE. B REASRTERERERNRMO LR
LCR-DEVSS-G JJELEARN A AT XT3 & i K Fig. 6 Comparison results of different methods for
R K, . ¥E RO AR A, HE T calculating drag coefficients on surface of cylinder
LCR-DEVSS-G J5 ¥.
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R6 FARFTERBEEZEREILNFR CPU K E

Table 6 CPU time required for solving problem of flow around circular cylinder by different methods s
i M1 M2 M3 M4
LCR-SUPG 644. 94 3 306. 89 7 154.35 11 666.78
LCR 413.94 2 814. 30 6 816. 15 11 183. 35
LCR-DEVSS-G 396. 25 2 210. 38 6 138.28 10 187. 36
3.2.2 £E%HE

Kl 7 Jg/R T LCR-DEVSS-G J7 iR i Wi {53410 0. 1,0. 5, 1 I BAE BT 5 993 181 J o FNBT )
1o, WAL (SHRERERS 2.2 W —80. W7 alWL. B B3 AZ Pk s . B Wi
(3G g, HLIRAE R T R AR B S0 050 Ty o, o R S R S OB B Wi 8 i i AT
TFE. BN ) B R AR T2 B R O IR AR AT 00/ 9y 14 /N WG/ i B8, 5 90 B AT S B 9 16] 0 0 8 1L g Y
TURRIZE i T 5 WA ORI BT U 7 X 5 3CRRI 14 1op i 45 R A — B

(C) Wi=0.5, 7 2752t (D) Wi=0.5, 7 %52k

(E) wi=l, t sk (F) wi=1, 7 sk

Bl 7 LCR-DEVSS-G 75Kk EENE K0 A ro MBI A o, 9 S B2
Fig.7 Contour plots of normal force 7., and shear force 7., near cylinder solved by LCR-DEVSS-G method
g8 B TR, AU R FR % Oldroyd-B i i s o] . 3T LCR-SUPG Hl LCR-DEVSS-G f& &
7 ¥R Poiseuille WA SR AEAT 7L BN R KN, LCR-DEVSS-G fs@ L5 i H A
EREHA: 1 LCR-DEVSS-G LR MR 2 &+ LCR fl LCR-SUPG J5ik; 2) 7e Ll 2 A
X T LCR-SUPG J5ik, LCR-DEVSS-G J5r ik i A S R e UL 2 5y WD PR 8 LWL 5 3) 4K
LCR J5 A B A 4 04 (R i BE 55 AL A A8 P 26 0 o A3 B 1 3 SR B3 55 P T BB L BB R A e TR 4R
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