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HEY, OFEEE = +u2 (FAKEFRR)
L. 16 v B s ﬁiﬂuﬁﬁﬁﬁﬂlﬂ, LS
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0.81
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3.2.2 PT AR ARARA
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(c) BhRE (bniE) I PT AEXTFR B Eo0t 5 v 20 br
FEHRIE - T7, 2RO TJ5 b5 BE B 1B 1), X & — Fob

Wy, = MRS T PR FRE S, Y ALK
IR, BEIRB I 22, TV 7 b5 BE 2 10 R ECH B
ANE], WE 7R

Bl 7 B s 3 PT AR X FR 68 30T O b BE 3
R A(i = u,w, KE) TEAF IR T AT
WHIAR L. MR (9 W TT T 22T
M=MARERX ) =T () EE (KE)
%, (b) i H (c) BhRe (br ) ¥ 10°F J5 br B &
b, BEEWRB)ET 7 bR EE R BURCOR, SR 3K )
R, MRS B T7 55 FE R Eim /. 16T 6]
— N, P Ii bR R BAEANF KR IEE TN A
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10-3 10-3 h 10-3
10—4 I 10—4 & 10—4
I
105 N 10—5 10—5
106 10-6 106 3
. 107 L 107 £ 107
QU QU QU
10-8 10-8 10-8
10-9 10-9 10-9
1()—1(] 10—11] 10—11)
10-11 10-1 10-1
(a) (b) (c)
1012 1012 10-12
102 10! 100 10! 102 101 109 10! 102 101 10° 10!
Re Re Re
6 i PTAEXFREE (772 (8)) ZEARFIRBIER FAAX 145 Re HIFITFREER, pf = Re2(i = u,w, KE)

SRIRENRE: BT I S L RS, SR A 3 A 3K

(a) M (K&E)7; (b) Bhit (W E) 7; (c) WIE;
B, ZAR A= MRS

=5 —5F _5F
O (a) 107 (®) 1077 ©
r iz = = ] F
10-6 [';l =) =) £] 10-6 L 1076 F
5 5 5 Ec [" = = ]
1077“? - - " 1077 £ 1077
108 ul ul m 10-8 sl vl il 10-8 T BRI B SR
1072 101 10° 10! 1072 107! 10° 10! 1072 101 10° 10!
Re Re Re
7 W PTARMREECT IR ER R A (i = u,w, KE) (a) H¥ (K&) %; (b) shfe (lF &) %5 (c) R

o, =FPIREIEI IET5 N ST FEURES; S NI o A SRS, = %8 = o A kS

W

A SCHETT T R T 1) & A AT 4 AR
(I PTXEFRPE. A ELAE T i o ) 1 25 16 15
ppr # 0, % T XML RTREIR, AT LA AR 3 L

4 %

R E M EE NS &, S PT AR PR i £
Pl (i =u,w, KE,n = 2), B FAEAN R B IRl AR =
ARG IR
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H Re FU3E N, XIRRMEIZEBLIR, 24 Re > 100 B,
WA CE IR HE, TEWHNE, X3
AR RR 1 e sk = A PR () AR 2 BRE A2 72 (7)
R I FE O R 2R I 5 | T ). X AR IR
TSR 3G aR R B, FRATTHT R F B I LU AL S i
Fo 385 LE 08 e T 1 7 T 58 B A AL 3

JUE R VB R B AR X BN Re S, A 45 )
73X G A R PR 0 R AR A IR A, AR AT TR IRAE )
2B U RS A RAS R SRS R, 3 B2 3. 3))
RE370 F10 B2 37 1 PT AESX FR oR H50GT B T B b 2 6
27, Bl ph, = A'Re?(i = u,w, KE), RHF
P BEZE R ABIE 1. X —Fhifidsn, = MILIKE) N
MR BT, ISR B IR 2, HL IR i 2,
XTSRS B 2 R A T AR Ho, B
UK )1 77 bR B R UK, Y IR Eh IR, = A
TEIK B -1 J7 b5 FE R 80/, T T [F — Mg,
FoP IR B R BAEA R B 30T e .
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Abstract

In the past few years, the balanced sink and source macroscopic open system, which satisfies the parity and time-
reversal symmetry, has become a research hot point. We introduce parity and time-reversal (PT) symmetry into fluid
system by setting up balanced inflow and outflow in a two-dimensional channel. The flow is governed by Navier-Stokes
equation and we use lattice Boltzmann method to solve them. Defining configuration-dependent asymmetric functions in
velocity, kinetic energy density, and vorticity fields, we find that the PT function of the flow increases with the increase of
the 2th power of Reynolds number i.e., p, ~ Re™. In this work, we use three different velocity profiles to drive the flow.
It is demonstrated that in the three driven modes, the power-law schedule holds true. It is concluded that PT asymmetry
of the viscous flow is determined by the flow dynamics not by the driven modes, thereby verifies the universality of the

power-law scaling in viscous flow with balanced inflow and outflow.

Keywords: balanced sink source, lattice Boltzmann method, parity and time-reversal symmetry, low

Reynolds number
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