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DNS study on rotating plane Couette flow of viscoelastic fluid: change in roll-cell instability
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Rotating plane Couette flow (RPCF) of Newtonian fluid is known to exhibit various structures including roll cells even
in low Reynolds-number region due to the Coriolis force. The roll cells are longitudinal vortices aligned along the
spanwise direction with regularity and would change their forms dependently on the Reynolds number and the rotation
number. We have performed a series of direct numerical simulations (DNS) of RPCF of viscoelastic fluids. We
investigated the roll-cell instability of RPCF affected also by the fluid viscoelasticity. We observed promotes, restraints,
and modulations of roll cells and additional periodicities of unsteady roll cells as viscoelastic effects. In addition, we
recognized the relationship between the structure of roll cells and the frictional coefficient.
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Fig.1 Configuration of rotating plane Couette flow.
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Table 1 Computational conditions for rotating plane Couette flow: L;
and Ni represent the computational box size and the number of grids,
and h is the gap width between the two parallel plates.

cou2p | couzph | cousd | QTR3D
Rew 25 50 100 250
L, 150 200 150 200
L, 400 840 6.00 6.40
(N, Ny, N,) (128, 128, 128)
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Fig.2 Wall-normal velocity distribution in the channel central plane for
Newtonian and viscoelastic fluid (Wi = 1000) at Rew = 25.
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Fig.3 Space-time diagram of wall-normal velocity for Newtonian and
viscoelastic fluids (Wi = 1000) at Rew = 25.
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Fig.4 Wall-normal velocity distribution for Newtonian and viscoelastic
fluids (Wi = 1000) at Rew = 50.
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Fig.5 Space-time diagram of wall-normal velocity for Newtonian and
viscoelastic fluids (Wi = 1000) at Rew = 50.
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Fig. 6 Wall-normal velocity distribution in the channel center for
Newtonian and viscoelastic fluids (Wi = 160, 1000, 4000) at Rew = 100.
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Fig.7 Space-time diagram of wall-normal velocity for Newtonian and
viscoelastic fluids (Wi = 160, 1000, 4000) at Rew = 100.

(7). 96>T, ZOMEMNTECIRHEMEAS Wi=1000 £ THOZ
{UZB W TEEILDOERZ A L, FIZW 235E< 72 D1z, AX
VIFROEEEN B U DR LDOVER Z LN D Z LD,
Rew = 250 (2331 %%:r kAR L Wi = 1000, 4000 Tk
MEFROREE L LT, X8, 913 2—L STD &Ry, —=
— FITHA TSR A 5 3 Roea—/LERHER TE A, Wi
= 1000 ORFEMAHATIL, —=2— PUPiiETOr—/L1/L &KX
TR I I B> T, Wi=4000 OFEHMETRA (X18(c), 9(b)
TiE, BV OEENRE L, RFmia—/L2u 3 g
DBGINIR DI, Z ORREBR O AN Lo, X 7(b)
\ T Rew=100, Wi=160 L [RIEECH DAY, ZOEWIMETENM
WZHHERD. OF Y, 3k —/L VIR T e — L
DFNCEICHAT 5%, 0K —/LOERRAAIT 7(0) 085
(Rew=100, Wi=160) (H#lZ722Dizxt LT, K 9(C) TiF—EH
MOEREZHEFT 5. ZORIY, ==— bRk A IHETH
23 W —/LIVEREECH S, LovL, FLA VA D=
a— NI LD RRIABIOFH L 0 SRV, KRE Rk
THPERROG AL CX, MR OBISR LB 2 b,
VL EDRRC, FEFIEE] (U A B UL 750 BINCHE-C, ki
MR — e O, ZEll, SO e—LRL
SNORZECE BT HTIRANEBE LT, L, &AHE
EBBETA LI ICHOWTULRRAETHY, S1%0HE
L7s.

Copyright © 2015 by JSFM



(2)Newtonian

-0.3 V> 0.3
Fig.8 Wall-normal velocity distribution in the channel central plane for
Newtonian and viscoelastic fluids (Wi = 1000 and 4000) at Rew = 250.

(a)Newtonian

-0.09 Vv 0.07

(b)Viscoelastic(Wi=1000)

| aaaaaaaa— |
-0.07 V* 0.07

Fig.9 Space-time diagram of wall-normal velocity for Newtonian and
viscoelastic fluids (Wi = 1000 and 4000) at Rew = 250.
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Table.2 Frictional coefficient in each case. (Cr =8x(U:/Uw)?)

Newtonian fluid Viscoelastic fluid (Wi = 1000)
Rew=25 0.403 (COU2D) 0.484 (intermittent COU2D)
Rew=50 0.326 (COU2Dh) | 0.321 (COU2Dh)
Rew =100 0.190 (COU3D) 0.225 (intermittent COU3D)
Rew=250 | 0.094 (QTR3D) 0.094 (QTR3D)
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