Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

Poiseuille-Rayleigh-Bénard BN xR BEE 5 X FARL A

THE AR TER \hA

Partition and growth of convection patterns in Poiseuille-Rayleigh-Bénard flow

Ning Li-Zhong Hu Biao Ning Bi-Bo Tian Wei-Li

5| F{5 K Citation: Acta Physica Sinica, 65, 214401 (2016) DOI: 10.7498/aps.65.214401

TEZ 7 132 View online:  http://dx.doi.org/10.7498/aps.65.214401
2 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/121

R /\@E’JE@IE

Artlcles you may be interested in

S 1 BETR 2 RE B IR 003 B0 AR A R 2 2 LB T ik

Coupling double-distribution-function thermal lattice Boltzmann method based on the total energy type
PP A% 2015, 64(15): 154401 http://dx.doi.org/10.7498/aps.64.154401

prag i R T AL S P WAN & GIER £

Mesoscale simulation of the sedimentation of melting elliptical particle
YH 24,2015, 64(11): 114401 http://dx.doi.org/10.7498/aps.64.114401

43 B8 LEXHE AUk Rayleigh-Bénard X i 52 1
Influence of separation ratio on Rayleigh-Bénard convection solutions in a binary fluid mixture
PP 2#4%.2014, 63(10): 104401  http://dx.doi.org/10.7498/aps.63.104401

LA A A AN (R A R St B o8 R R 5

The implement and influence of different boundary conditions in direct simulation on particle sedimentation
YH=4.2013, 62(8): 084401  http://dx.doi.org/10.7498/aps.62.084401

AR AN LEE 73 B
Analysis of convection heat transfer mechanism in nanofluids
V32242012, 61(15): 154401 http://dx.doi.org/10.7498/aps.61.154401


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.214401
http://dx.doi.org/10.7498/aps.65.214401
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I21
http://wulixb.iphy.ac.cn/CN/abstract/abstract64812.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64812.shtml
http://dx.doi.org/10.7498/aps.64.154401
http://wulixb.iphy.ac.cn/CN/abstract/abstract64348.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64348.shtml
http://dx.doi.org/10.7498/aps.64.114401
http://wulixb.iphy.ac.cn/CN/abstract/abstract59950.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59950.shtml
http://dx.doi.org/10.7498/aps.63.104401
http://wulixb.iphy.ac.cn/CN/abstract/abstract53056.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53056.shtml
http://dx.doi.org/10.7498/aps.62.084401
http://wulixb.iphy.ac.cn/CN/abstract/abstract49085.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49085.shtml
http://dx.doi.org/10.7498/aps.61.154401

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 21 (2016) 214401

Poiseuille-Rayleigh-Bénard it & =5 %177 BE [E #Y
X FARL T

= Ao

1) (P58 T A%, Pidb 5K

R

H;EKQ

A K T 5 T ST 5
2) (B2 TSR, 7%
3)(E

B A1)

P4 710048)

314001)

BRFEIR, L 200444)

(201645 A 3 Hi#; 2016 4 6 A 17 HUIREMETR )

KM SIMPLE S350t 4Btk 1) 2 5 AR T R AT 1 BUE Y, BF 7T T Poiseuille-Rayleigh-Bénard i3]

HRORHR B PR 2 DX R B2 KT st 3 A [ B P R A ) P A R

ZiRRY], £ T Im T E R Rew, Rey 5

BN =X, BIAT I X BB AT IR X KR X, Rey M Rey W5 MBS R - BOBE KT K. FEXRIE
PR K B B, = B P I 1) 1 A Sl R A A R 0, 5G9 P T A A 0 DX T e i ;. R 7 2 2 o o i )
A2 A A [ 1), AT 98X S R JR3 S8 AT U8 %o IR ) i K T BV T wma A3 E IR B Nw 3 4R B0 K B B 33
N AL AR E B B AR BE Y wimax M Nu 3T 218 WK 5 18 MBI R e . = FhBE B A wimax A1
Nu B Re 38 KM/, AR BE B XA A F AR, AR ST H T Rey 1 Rey Bl r (1978 b K R K

ANTEBE B wimax 1 Nu BE%E Re AR R .

X ##18): Poiseuille-Rayleigh-Bénard ial, 174, REATE, BEEIM KK

PACS: 44.25.+f, 44.15.+a, 05.70.Ln, 82.40.Bj

1 5 =

X UL B P R G S At A A — A B P R A
W, DRFF I 1 1 BE TR BE 18 e, 45 T BE T AT N
TR AE P BE 2 TR B 22, 24 | T BE T Z TR
I ZE I e e AR, T BE I SR N A R 2B
i, B I i A A AR AR, 2K (W) 1
WARSAEFE PR BT (B, XS SE
Fr BB . R A ISR A T A F P 2
Ot 0 26 2 e & R B, SR Ak
SR EEHEEL. WK e T /L BHFTER
Ko IR R B A SR L%, TN 2% A 2 A Jl
PRI R o i A B v B o B D - TR F i 82 22 . BE T
FOIn AT 3R R 45 I AR SN K P R S5 AR AR

DOI: 10.7498 /aps.65.214401

W 2 ORI it 0 46 A2k o 9 B LR 3 0 2 R 1 1
ST, B TAEEATT T REm T Y 1
Rayleigh-Bénard %J bt 72 77 11, SCHR [5, 6] # i
TERER, 1EIR A WA 4y B L (—0.15, —0.06) 75 [ N
WEL R 7 —Fh 5 EBAT e 6 B . Barten 25 79
FE5r BN —0.08 Fl1 —0.25 i, Bk f 2 A
75 FEZA I U BRI S ) T R AT IR AT R R
BERE. SR [10—12] 33— R H BB T 5
HO TR, BRATAEIR A AR TR B E R 3
SRFE AT T2 R TAE DL R T
7K 3 ) Poiseuille-Rayleigh-Bénard i 8l 7, 3
R [17, 18] R IR AR A ) 5 05 R 2H 3R AT (AU,
FE S s AR RO T B SR AT
B, HERGE T AV ARG IR A AR AT Bl e 2 45
FATRIREIR . AN 5] R KPR B v 5B A ) P sk

* [F5K AR AES (HEYS: 10872164) ALY I 5 S RHE B LI 4 (MU 00X901) ¥ BRI,

T #E/E#. E-mail: ninglz@xaut.edu.cn
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

214401-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.214401
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 21 (2016) 214401

JEEI, AN 5] E A ) B ) 5 L i 2 A T DL B
B TR0 52 140 35 3 24T Sy 119200 KPSk e %o %o 3k
I A AR B A B35 5, SOk [21-23) 45
T AR KRR VB AT IR — LSe35 T
AR, AR SIMPLE SHyE%T —4EmAk 7y
FHEARTTRRA AT 1 BUE R, WS T Poiseuille-
Rayleigh-Bénard Jit 2l HH 6 B B 20 XL Rl &
IKPRLBNREAS [F D R BE 2 52 . ARSI Al
Bz s, RO ETN m AR R AR AN X
B, RATHEIX S JRHAT X AKFRLIX; KR B
I I R A e AR T i R R K T RGO AR AR
B BT 1) A B B, = o Bt ] ] ) A R AR AN
[ 1), AE0 37T L8 e AN W X T A R AR A 2
S I A) ) AR R AN R, AT B I 33T P A
FAT O I8 T P ) e K S L W TP 8% IR 2 i
TR KB B Ja BN 132 1 A B B KR
B P 1 o oK BRI AN 8% ZE R B A 1 2218 4 K

GG A B REE AR = R ] 0 M A i K 3 EL UL

TS 5 36 A BB 2K T 7 V4 O K TR
AR R R, At T - T
S AR SR O 25 56 2 5 B ) B L
ST T B 755 98 A BB 25K PRt R
ML KR,

2 HxraEER
2.1 THIFEA

I s P O 5 eI S 2 R U TR
ENEE (B R E ZE AT = Thor — Tiop- H
T A B 9, P LA PR 3 B 2 5
S {5 A B B P P IR X T
B, — RV Ra KA A1, 300b 7
ﬂﬁRm:%%AR%T%ﬁﬁ@ﬁﬁ%%mﬁ
BRI — Rao/Rae, ¥ ER0H I ELI AT i 2
W, XI5 A E N Rae = 1708, R o AR FH

%%%azjaﬁyﬂgﬁiﬁM@ﬁm%ﬂ
0

#ﬁ%ﬁwzpzwAﬁ%%%%ﬁw%ﬁ%m
0

VBB REG AR R p N T
%%%ﬁ%ﬁﬁ%%%ﬁPw:%%%ﬁ.

W s BT 5 7 S T 2 b 9 A il
SLE AT 2 DA N IE. T e b R T 2 6]

T R il 2 72 # LL LD, TR A% 2R 42 2 Boussi-
nesq € 251, 7F Boussinesq R 2 T, R % &
7 IR B P AR Ak, LA I 8 O R V)
T 5 B SR FE I R R N p = po[l — (T — 1))
AR 0 KR AL SRS T A B B & 1P 35 1H.
B 1R R . MHZ R G AT iR AR
TR A ROR IR

V.U =0, (1)
ouU
ﬁ + (U ’ V)U
= — Vpﬁ + VU — a(T —Tp)g, (2)
0
% + (U - V)T = kV2T, (3)

XA, Uu,0,w), T, p, t 5739 RNEEREY. HE
W 71, WAl g = —ge., e, Nz 77 ALK .

Selele/elol0N

K1 sz

Fig. 1. Schematic diagram of convection.
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Fig. 2. Variation of streamline with Reynolds number
at r = 3.

K1 XRBEERT Re

Table 1. Dependence of convection patterns on Re.

HiBH Re
HIXHRIE

i REER AT

1.5 <20 20—50 <50

2 <30 30—70 <70
3 <50 50—110 <110
4 <65 65—150 <150
5 <75 75—175 <175
6 <90 90—190 <190
7 <100 100—240 <240
8 <125 125—250 <250
9 <140 140—275 <275
10 <150 150—300 <300
12 <175 175—340 <340
14 <200 200—375 <375
16 <225 225—410 <410
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Fig. 3. Partition diagram of convection patterns.
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Fig. 4. The growth of maximum vertical velocity with

time in different convection patterns.
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Fig. 6. Variation of streamline with time in different
convection patterns: (a) Traveling wave at Re = 45;
(b) localized traveling wave at Re = 75; (c) horizontal
flow at Re = 100.
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Table 2. Variation of characteristic parameters with

Reynolds number in different convection patterns.

WU Re  BATEER wmax/m-s™! TS5 IE/REL
25 0.00593 75.048
30 0.0059 74.811
40 0.00583 74.295
50 0.00573 73.737
75 0.00572 68.944
80 0.00558 65.119
85 0.0054 61.809
90 0.0049 56.909
95 0.00437 51.493
100 0.00331 42.058
105 0.00237 36.299
110 0.00172 32.516
M T (b) W LA H, T BE T 5% 2 7R B [F) A fi

TV SR TE VB KT DS, AEAT B IR PN T BE
T 5% 8 R BB 7K T A 7 U 50 1 K 22 A% k),
1113 J53 B AT ¥ X 8] AN 7K P9 X 1) Y R D). A
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Fig. 7. Variation of characteristic parameters with
Reynolds number in different convection patterns:
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Abstract

The natural phenomena which we are familiar with, such as the convections in reservoir, ocean, atmosphere, etc.,
all occur in nonequilibrium open systems away from heat equilibria. The Poiseuille-Rayleigh-Bénard flow in a horizontal
fluid layer heated from below has always been a typical experimental system for studying the nonlinear problem and the
pattern formation. The experimental system can be accurately described by the full hydrodynamic equations. Therefore,
the researches of the convection spatiotemporal structure, stability and the nonlinear dynamics by using the Poiseuille-
Rayleigh-Bénard flow model possess certain representative and theoretical significance and practical value. So far, the
investigation on the Poiseuille-Rayleigh-Bénard flow in a horizontal layer heated from below has concentrated mainly on
the stability and made remarkable progress. However, a partition of convection pattern and growths of different patterns
in the Poiseuille-Rayleigh-Bénard flow have been seldom studied in theory. By using a two-dimensional numerical
simulation of the fully hydrodynamic equations in this paper, the research is conducted on the partition of convection
pattern, growth and the effects of horizontal flow on the characteristic parameters of different patterns in the Poiseuille-
Rayleigh-Bénard flow in a rectangular at an aspect ratio of 10. The SIMPLE algorithm is used to numerically simulate the
two-dimensional fully hydrodynamic equations. The basic equations are solved in primitive variables in two-dimensional
staggered grids with a uniform spatial resolution based on the control volume method. The power law scheme is used to
treat the convective-diffusive terms in the discrete formulation. Results show that a flow zone is divided into three zones
by the upper and lower critical Reynolds numbers Re, and Rej, i.e., traveling wave zone, localized traveling wave zone,
and horizontal flow zone, where each of the Re; and Re, is a function of reduced Rayleigh number r and increases with
increasing r. In the growth stage of the convection pattern, the growth processes of three kinds of patterns with time
are different, but the convection rolls all start to grow from the downstream. The variations of characteristic parameters
with time are also different, with maximum vertical velocity wmax and Nusselt number Nu of traveling wave and localized
traveling wave entering into the stable stage of the cycle variation after the exponential growth stage, and the wmax and
Nu of horizontal flow pattern decrease down to a stable constant after slow increase. The values of wmax and Nu of
three types of patterns decrease with increasing Reynold number Re, with different laws being in the different pattern
areas. In this paper, formulas for computing the Re; and Re, varying with r and formulas for computing the wmax and

Nu varying with Re in different convection patterns are suggested.

Keywords: Poiseuille-Rayleigh-Bénard flow, traveling wave, localized traveling wave, growth of convec-

tion pattern
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