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Fig. 1. Schematic diagram of calculation model.
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LBM and power law model.
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Fig. 3. Velocity distribution at center line of lid-driven flow.
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Fig. 5. Time-frequency spectrum characteristics at the velocity monitoring point for three types of fluids: (a), (d) n = 1, Re = 7500,
8500, 16000; (g) n = 1, Re = 8500; (b), (e) n = 0.75, Re = 5500, 6500, 10000; (h) n = 0.75, Re = 6500; (c), (f) n = 1.25, Re =
9500, 13000, 20000; (i) n» = 1.25, Re = 13000.

—0.07350 [-(a) —0.0588
—0.083
—0.07385
—0.0590 —0.084
o —0.07420 | s s
7500
= 8000 —0.085F
—0.07455 - 8500 ~0.0592
! — 8600
! — 9000 X
—0.07490 |*~~-~__ | — 9500 — 6000 —0.086
) -o- Center -o- Center
L L L L L —0.0594 L L L L L L L L
0.0532 0.0536 0.0540 0.0497 0.0498 0.0499 0.0500 0.0522 0.0524 0.0526 0.0528 0.0530
u u u

K6 el SALRIBUEZARIE () AWK (b) BTUIER AR, (c) 35 UTHE B ik
Fig. 6. Velocity phase diagrams at the monitoring point: (a) Newtonian fluid; (b) shear-thinning fluid; (c) shear-thickening fluid.

184703-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021)

184703

] B sl, HALREFAEAKIGm. & 6(c) M
B ) 3G B AR TE R ) TR BT A R, e
Re = 11500, 12000, 12500 I, 4 J3 AH & Sy 2A— 5,
1M Re = 13000—15000 K, 33 & 4 & k6 3 B 4]
k. B AH B AR AR e B Se a4 B 22 B
B, AR i, By L E o JLF
WA AR, im e BB sy, S h&a
BRI TET UMY R, Ak B b 1) 28 A R

3.4 RIGEESSH

E—25A8 ] POD X ARt A | 59 Y1) A5 H F1 55
VISR AR ) T S R | W i ARG P T A 3 25
R 7 mE 8 . Bl 7(a)—(c) 4Bl AT
P BTYV AR AR BT DTG BRI A K- B2 POD
A L. L 7 AT LUR R, AN RIZEH A i i TE
O — I AR TR A Bk AR R R Y R AT
PR AS fE  E SH  4FAT BE S O
95%, HATHpASRESR 7 . #£18 7(a) Re =
10500 B, LT Z2HEARZE R X B AR 0] BE
J&1E A Hopf 8 — 7 7 8 —Bih BL 72 E 7(c)
Re = 11500, 12500 i}, — B2 68 & A bR 0E

5

T B R RE R S b, HZE AR 6(c) TR K
B, BEE 9 A B U B AN LT S
— B RS S B RS AR T 283 3 JLF AT L

Kl 8(a)—(c) 43l A A iR A . 55 D1 AR R It 1A
FET LI B AR IR B POD fig i 5 HL R i
POD fg a5 H 5 /KFE B POD R 4 HL 2 A
Ee, AR ARAE [ — B 20T, s POD — i
AR Ems T KR EE POD g Sk, W&
POD Hii i AN o .

]9 Sy AT A 7 A [) TR T AT A IR S 1Y)
MBS EET =, B 9(a) FIE 9(d) 43510
Re = 8500 5 Re = 9000 H P14 7K S35 - 1
& 9(b) A& 9(e) 43514 Re = 8500 5 Re = 9000
B K — B s = T, [ 9(c) AT 9(f) 43 5]
9 Re = 8500 5 Re = 9000 It /K-35 B — fii 25
= WHEEEE35RE, Re = 8500 5 Re = 9000
FIZE AT ; N— S o R, 16 X
SEITRET, FLEE DI AIE AL, N S i
HERE, S AT, HIG(E 3225010
FERETIAL.

70 70 70
(a) Re (b) Re (c) Re
60 [ 8000 60 [ 5700 60 [ 11500
[ 8500 [ 5800 [ 12500
.90 I 9000 .90 I 5900 _ 90 B 13500
£ 0 110500 £ 0 [ 6000 £ 0 [ 14500
< B 11500 < < B 15000
A 50 B 13000 A 30 A 50
< < <
20 20 20
10 10 10
0 N 0
1 23456 78 910 12345 6 7 8 910 123456 78 910
Mode Mode Mode

7 B o AR IRER L (a) TS (b) BYOVER G (o) B9 DI B Ak
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Transitions of power-law fluids in two-dimensional lid-driven
cavity flow using lattice Boltzmann method”

Zhang Heng  Ren Feng  Hu Hai-Baof

(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)
( Received 8 March 2021; revised manuscript received 7 May 2021 )

Abstract

Studying transitions from laminar to turbulence of non-Newtonian fluids can provide a theoretical basis to
further mediate their dynamic properties. Compared with Newtonian fluids, transitions of non-Newtonian fluids
turning are less focused, thus being lack of good predictions of the critical Reynolds number (Re) corresponding
to the first Hopf bifurcation. In this study, we employ the lattice Boltzmann method as the core solver to
simulate two-dimensional lid-driven flows of a typical non-Newtonian fluid modeled by the power rheology law.
Results show that the critical Re of shear-thinning (5496) and shear-thickening fluids (11546) are distinct from
that of Newtonian fluids (7835). Moreover, when Re is slightly larger than the critical one, temporal variations
of velocity components at the monitor point all show a periodic trend. Before transition of the flow filed, the
velocity components show a horizontal straight line, and after transition , the velocity components fluctuate
greatly and irregularly. Through fast Fourier transform for the velocity components, it is noted that the velocity
has a dominant frequency and a harmonic frequency when Re is marginally larger than the critical one. Besides,
the velocity is steady before transition of flow filed, so it appears as a point on the frequency spectrum. As the
flow filed turns to be turbulent, the frequency spectrum of the velocity component appears multispectral.
Different from a single point in the velocity phase diagram before transition, the velocity phase diagram after
transition forms a smooth and closed curve, whose area is also increasing as Re increases. The center point of
the curve moves along a certain direction, while movement directions of different center points are different.
Proper orthogonal decompositions for the velocity and vorticity field reveal that the first two modes, in all types
of fluids, are the dominant modes when Re is close to the critical one, with energy, occupying more than 95%
the whole energy. In addition, for one type of fluid, the dominant modes at different Re values have similar
structures. Results of the first and second modes of velocity field show that the modal peak is mainly
distributed in vicinity of the cavity wall.

Keywords: power-law fluid, transition, lattice Boltzmann method, lid-driven flow
PACS: 47.85.—g, 47.50.—d, 47.15.Rq, 47.11.—j DOI: 10.7498/aps.70.20210451
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