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Numerical study of three dimensional instability of nonlinear viscoelastic fluid
flow around a sphere
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, 3D investigation has been employed to study the wake instability of viscoelasic fluid flow
Received 17 January 2017 behind unconfined sphere. For estimating the proper properties of the viscoelastic fluid in this study a
Accepted 09 June 2017 non-linear Giesekus model is used as the constitutive equation of viscoelastic fluid. Numerical

Available Online 08 December 2017 - - - - S - - :
variable Online B8 Lecember computations are carried out by solving the governing and the onstitutive equations of the viscoelasic

fluid flow using the finite volume technique and OpenFOAM which is an open source code is used as

ggymgf{gaﬁon the CFD solver. At first velocity field and flow streamlines of Newtonian fluid around the sphere for

Viscoelastic fluid various Reynolds numbers have been plotted and by plotting the velocity magnitude and pressure at a

Sphere point behind the sphere versus time, the value of Re in which the flow become unstable has been

Giesekus model reported. Furthermore, for validating the present numerical code, variation of drag coefficient around

OpenFoam . . . L .
the sphere versus Reynolds number has been compared with previous investigations. In the following,
the effect of Reynolds and Wisenberg number on fluid flow and instability of wake formation behind a
sphere have been investigated at high values of Reynolds number for the first time. Results show that at
high values of Reynolds number the effect of Wisenberg number has less effect in contrast with
Reynolds number on flow instability behind the sphere.
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Fig. 1 Schematic geometry in current research
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Fig. 3 Streamlines around sphere verius Reynolds number on xy and xz
planes
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Table 1 Values of drag coefficient around the sphere for various grids

at three differenct Reynolds number

Re=270 Re=250 Re=220 Ax/D
0.8315 0.8514 0.9854 0.4
0.7825 0.8125 0.9432 0.2
0.7413 0.7826 0.8912 0.1
0.7217 0.7377 0.8707 0.05
0.7211 0.7375 8706 0.025
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Fig. 5 Values of drag coefficient on the sphere versus time at
various Reynolds number

ciliza polia hil 4 Gloj > 2 055 59y 2 Ty e polie 5 S

g, ue

8,8 a0 (138) alal, &je0 4 Gadzd ol jo colatul 0,90 0ole olg>

132] el oo
Ny = 0.2Pa.s,n; = 0.2Pas,a = 0.4,p = 80358/ . (19)
Slyess polie 6 JK& 50 08 Cuty 50 gbyz )bl S5l (om0 10
sloel gyl 4 0,8 cuty 51 3D alols o abi Sy 45 ,Lid 5 s o3l
sl 0 53 100 5 Syly sae 45 1000 o 500 400 jalsis,
Ol jolsiy dae 4w 52 (6l 09l oe oaalin 6 JS )3 &5 jebles
1555 055, 208 Gl L 5 ass Glugi oad saalive JLid 5 e
it SISyt sy e Gl 0,8 a0 baals S S >
ouds sleul sladils 3 15 ouls saslice Sllugl p» S yinly o jalgn, das
3 Synly g s, sae can p Jlag il sue Dl )5 Cuty o
b cans e oLt 3 Jsam polie a5 jsblan ool oa 35 3 Jsir
32 Jogyiad S0 ol ooyl I e 4 b sala, sae 2
S el Jo s ol s Gl 68 cudy o oy glaals S
Jbw SVl ples ialidl oaims lis a8ly jo a5 S s 5ls sae ul3dl
9 ) juidew Sy 55 g slaals I lugs )5 Jlaia et il

o oo ol L 5 ply sas (il b by il sae

104

"\ Remto0 U@
84 \ — P (Pa)

\
6 N —_—\
\ 2. \ = ik
~ 3 / i \

4 g Mgy 4
24
U_[//\/\/\/_/\
2 T T T !

0 0.02 004 0.06 0.08 0.1 0.12

£(s)

12 o )lais 17 095 1396 sl (w30 SilSo uwdise

# Resoo U@ ' Re-400 :;‘((;)2)5)

—p (Pa) 60

0
0 001 0.02 ,0(0)3 0.04 005 006

1) L —
0 001 0.02 003 004 005
s 1(s)

Fig. 4 Values of velocity magnitude and pressure behind the sphere

versus time at various Reynolds number

Sl a Gloy a0, oty j0 alas G 4o ,Lid g e o5l polie 4SS
gy e ol

0,5 695 » Jlagyinl sae 5 550 o o bwgio Dl 2 Jgua
Table 1 Variation of averaged drag coefficient and Strohal number
around the sphere

St St Co Co Re
(Ref [20]) (2> @is) (Ref [20]) (2> is)

- - 0.85 0.7807 220

- - 0.8 0.7377 250

- - 0.79 0.7217 270

- 0.1224 0.77 0.6964 300

0.137 0.135 0.73 0.6406 400

Gl Re=400 gly yol> Guios 5l o] Cawds Jlogyiwl soe Cpuiomon
e oo i 1) [20] J Guis ol ados 0 Jlag il soe b cnlie
P S iagSny it et ol 8l yp 4 i nl Al o
Sl beme )3 08 Sy S YleSs Jbw GLx )
o S ooliial 0590 Jua ad SIUS &5 joboplen 39h o0 aiSlo
el S5 S i ol o SeaVlsSany b alite dolas

2:5
Re=250
2
Q:l S
1
0.5
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
1(s)
22
5
= Re=270
1.8
1.6
a
Q14
12,
1
0.8]
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
1(s)

218



ol)l&o.b,@)‘g),.‘» Sgexo

0,5 Joa 5o jae SuimwVlgTamyg Jlw JISabl 2z A Yl S33e Gw) e

72=0 axa0

Fig. 7 Streamlines around sphere for various Wisenberg number at
Re=1000 on xy and xz planes

5 Synly sae il polie l5l 4 o, Gl Jlw ob,> bghs 7 Kb
Xy 5 X2 Sl>aw o Re=1000

b Sl ples il3dl L Re=400 cll> o sas o lid cpioren
Lol 05 cod 0amlinn 0,5 GBIl Lid ay595 10 Slaiz s (S piply sae)
“o An e L~’154 0,8 SBlybl jo jlad ol s o5l julsa, sae Gl38I L
ode ali daad YU julgn, slacl jo (g Lad s aS canlioe lay pl gl
it o 585 o Loy 51 50 Sl Sl ol 5 o s,
Ao o i |y by slwly o b sle 510 49 slo IS

S| ol W oy olael 5o aams o ol 55 S 53 ol
Gl Ll 805 058 695 » (ohp ST 59, 2 pSeiz b Sl
2 SBhol S50 b i 50 g (Shp A5 IR el jalsn ) sae
Sl j3 0,8 Zuiy yd Oy (A5 e 10 S0 55 Jlie (sl 058 055 (s,
Jlaie Re=1000 b jalss, sae (iol38l b Lol sl JISCul 30 890> Re=400
[ ol cl e sy oo JSuly 200 S0 405 Sedy )3 (B 25l
I3 Rl s )5 g 08 Sty jo by i pud jlabl @ g o
Dgad o,Lil

Lol ol Jro Jbop glo i jlade SSa0 OVl ;o a0l 0525 b
ot S ¥leSs s Sl 5o b s ol wies oo 5L 13 U 11 sl S

219

129~
o]\ Re=soo --U@9
\ N — P(Pa)
8+ 1 i 2N
\ " by A B -
6 N o R g Ne TN
O Ny o
44
24
04
2 T T T T \
0 002 004 006 008 0.1
1(s)
254
" = =U(m's)
20 \ Re=1000 p(P
— a)
\\ -
154 X A A o - i
L NN TN
104 aid
54
0
5 T T T T T T )
0 001 002 003 004 005 006 007
1(s)
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for various Reynolds number at We=100
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Fig. 11 Distribution of oy (Pa) around the sphere on y=0 plane at
t=0.11s
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