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Numerical Study of Double Diffusive Mixed Convection Around
a Heated Cylinder in Enclosure

XIAQ Rui-xue, LI Bei-bei, XU Hong-tao, YANG Mo
(School of Energy and Power Engineering , University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract: The numerical solution of the double diffusive mixed convection phenomena around a heated
cylinder in an enclosure was presented. The heated cylinder is located at the center of the enclosure with
high temperature and concentration. The inlet flow with low temperature and concentration is located on
the lower-left wall of the enclosure,and the exit is on the upper-right wall. Other walls are assumed to be
adiabatic. The influences of Lewis number Le , buoyancy ratio Br and Richardson number Ri on the double
diffusive mixed convection were investigated. Streamlines, isotherms, isoconcentrations,as well as the local
and average Nusselt number and Sherwood number under different parameters were reported to
characterize the mixed convection in an enclosure.
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1.2 HFEHR

FEEAT J7 1 PR It e BRRNA% TS A BB T TSR B
BT A T T 2 R B 25 T S R T I,
% 1] Boussinesq %% .

= p[1-B(T~-Ty - B(C-C] (D
Horp, o EEE s 00 5 To AR HTRAARSS B kg/ ' 5

B RFE S MBI IR VKB = — - (5])

B, JE AR R kg, B = — L (20,

0O\ ocC
FE RN Te NS EL

_u v _ _ I-T,
U_Mi’ V . P = 2 e T. - T
X:Lﬁs Y:%’ C:CC Cci’PT:l’

b~ Ci a
Re = LL, Ri = 9B (T, - Ti)L’ Le = &,
)% U D



172 Bl B NI = 2014 4F 45 36 #
_ B.ley = ¢ 6.40 -
NG
Kl w0 P BIAELA AR ER AR TP 1o B F7 " 0L oot Lol
A EE 532 T ps ¢ 430 il BE L T Rk B 6.30 o ’
a:Dovog WY MARC RS MARCE T, ¢
T RE . WP 1 T 77 1 A R & 5 =
(] FUFE B A AR AR 2R T I TC R B A T R 6.20
oU oV _ 6.15 \*
oX Toy ~ Y @ T,
2 2 61() 1 | 1 1 |
U% + Vg—g =- g—)}z + é(g}g + 2;{) (€)) 50x50 60x60 70x70 80x80 90x90 100x 100
A% 4
oV oV _ 9P 1 22V, *V
Usx " Voy " ox "rRSox T oy " B2 FREMETH Nuw
Ri(® + B.CO) 4) Fig.2 Grid independency check for the average
) 1 , , Nusselt number around the heated cylinderat
Ug—?(+ Vg—@ = RePr(gX@+g£) )] Ri=0.01,Br=10 and Le=1
poC yal _ 1 (&C, aC g T BRI 0 A 1 A SO T3 3
oX oY - LeRePr oX" oY PO B P XL R 45 X R EAT T B9 0651
=R > MLz
RN T BER FF A 5 SO T8 T B2 SRR 7 e, Bl 3 ]

HE U=1,V=0,0=0=0

oU_oV _20_0oC _
e 29X 29X oX oX 0
FlfEEm U=V=0,0=C=1

o 20 _oC
JRE ﬁ l = V = = =
LB Ovan on 0

A, n SR . BRI R Nu A= Sh,
CEZ,|
Nu = hd/X == (30/3M) qyiinder wan (D
Sh = hnd/2 == (3C/M) cylindger van (3)
s by B S [BIRTH Y Jay 45 R R BRI ot A 4K
A 2R 18 1 Nuwoy F1 Shy AT RN N

2w

Nuav = hd//l = 1/27[JO (a‘g/aql)cylinder vmlld¢ €Y

2n
Shav = hmd/A = 1/271'JO (ac/an)cylhlder Walldgo (10)

1.3 HEFE

P R A BRAAR AR SRk, T RRR
Bl XS 3R . % 3 5 Rk ] SIMPLE (semi-
implicit method for pressure linked equations) 5. &
PEAT R R 5 TR AW R S R HERR I L R T
TR ST PR SR E AR S 3 50 % 50,60 X 60,
70X 70,80 X 80,90 X 90 A1 100 X 100, 41& 2 Fr/~.
TERIREECR 100 X 100 BYTE LT  BUE R HEATRE .
PRI e 2358 5 S H5CR 100 % 100. {353, i
SV 5 #E L Bl i Oy R AL BT 0T B TRk 25
1077, fesr PR THR AR 25 L 10°°.

4 Jir 7. B rRoa] g H AT B RUE T LA A AR S

CHRA RIS AT A AT
; \\\\\w
—

Mgk iR
(a) SCHR[SIZEHR

&

SFURBELR k=73
(b) AR
3 EREL RENERELZSHE
(Pr=0.7,Ri=1,Br=1,Le=10)
Fig.3 Isoconcentrations,streamlines and isotherms
at Pr=0.7,Ri=1,Br=1 and Le=10



F Jiir 5 25 < PN AR B 5 PR XL IR 6 D B (AU 7 173

%2
6 r
4t e-.__ Pr=07,Ri=1,Le=1  __e
2r ¢ o A
----- k(8]

0 L 1 1 1 1
-12 -8 -4 0 4 8 12

4 AR5 HE8]1% Sh. HLE

Fig.4 Comparison of average Sherwood numbers

2 REERDH

2.1 HSHTE Le HIRNE

Le Je A i 37 BOM A B X 5 & 1 3 2
SR — AW T Le 76 0.1 5 10 WHE M. 7
JEE IR HGRAXIRE O S 45 T Ri =1 Je

E\ o
e &

AR TR T

T
(d) Le=10
B 5 AR Le THEREL. REUREFRL

SwER(Pr=0.7,Ri=1,Br=1)
Fig.5 Effects of Lewis number on isoconcentrations,
streamlines and isotherm at Pr=0.7,Ri =1
and Br=1

Br =1 AR Le 55 B2k Uit 2 145 IR 2 o0 A
THOL.

MBS AT LAFE H L A0 A5 IR 2 (9 20 A FEAS AN B
Le WAzfeimze Al e A AR B2 w1 Bl 2 RE% Le
TG IR L (A A U RGN Le = 0. LN, 55
W LRI S 3 AR DT 22 T ffy itk LRI, D7 JEs A b A
WAL N2 BEE Le RUBG R, SR 2k th ik 11
B KBRS . Y Le = 10 B, Sk BELL R 2 4R
TE AR JT L Rt T BRI 2 11 vk BE R 2 T Lo %
TR _EER BRI ARBA 2. AIEL S ik A B mT
VA H AR F BRI — 0 » T o MOIEA LR 22
MGEIL . F MR A M =R Ri =1 1
SRAF UL 58 A X LA AR . M 5 SR e oA P ]
LA SRR AR R B R R N BE 22 ] 532 43 A1 FE
TR ZE T ARRE B

K645t T Br =10, A[F Le TF#553EK
RO S A8 R 9722 AR5 0. I 6 Ca) il
UF A — Ri F s Nua JLFABE Le (975 4k 1fi 25
b Nu, BEE Ri BISGINTTZEETI ) X RO R

7
6 —s— Le =0.1
—o—Le =05
5 —a—Je =1
—v—Le =5
:E 4l ——Le =10
= ——Le =15

3+
Pr=0.7, Br=1
2 -
1 1 1 1 1 |
0 4 8 12 16 20
Ri
(a) ANl Le T NugbfiRi 1 A8 AR
18

—a—Le=0.1 —e—Le =05
—a—Le=1 —v—Le=b

15 —<—Le=10 ——Le=15

12

Shay
©

Pr=0.7,Br=1

Ri
(DY RIFLe T Sha BRI AE AN B

B 6 RE Le T Nu,fl Sh. B Ri BELFR

Fig.6 Average Nusselt and Sherwood numbers



174 B B == )

2014 4 58 36 &

Ri (3G, 8 i 6 G Ve F a5 . DA 9855 1 4 44
PR WKL 6 (D) AT LA XY Le<<1 B, Sh,, i %
Ri WG 2 #risis N 24 Le=5, Sh. b Ri 13y
JnSERE i 5 8N AR Le R Ri 5200 5 327
Hifii. NI 6 (D) IR AT LA T Sho BliE Le HY3EHNTM
B X SRR Le A3 IS 545 Bs R 48 i
2.2 FFAL BrB¥m

FEFJ7 LG Br 25200 J i 3 3T JIOR & %
HEERNRZ —, ARG Br i85l 52 5 5 6l
WL E 7T Ri=1M Le=0.1 0 AF Br F
FURPEL AN FIRL A 8. Le = 0.1 KBy
LAY R Nl LR L 7 Le = 0.1 B, 46
WL LT ANFE Br 928 A 224k, IF B 7E3E F j
I SIEURE 43 )2 4y A T v AT LUOW 22 B, BUE R
0.95 Y 45 ¥ BE Z5 [l 5 Br 19 38 K, 30 i 41 i 5%

R Wk T
(a) Br=-10

Witk
(d) Br=10
B 7 AR Br THRELZ RENERL
2B (Pr=0.7,Ri=1,Le=0.1)

Fig.7 Effects of buoyancy ratio on isoconcentrations,

streamlines and isotherms at Pr=0.7,Ri=1
and Le=0.1

Br = =10 &}, JTiE 1 £ S0, H S5 392 T )
7 T AH . TR O] LA HY S ik 4 A & A B 22
it . B Br RGN, K Ak R A2 |
A T, 2 Br=0 B ek 1 g
BN, R Br B35 328 8 1E R A TR 2k
LR RAAEA.

Bl 8 45 TRk XR Ri=0.01 i, AN Le F
I BB IREL Now o, FV- 1 5 ALY Sho B Br 1972
NGO T 7 FE R OB 5 SR XHRAE I L Wi
SR RAE . I 8(a) AT LA L TE Le = 0.1 |,
Nu AN Br B3 K i A8 4k, BUVE T+ 7 H XIS 3% 5
WrE e g/ R Nu, & Br 36K
MW/ 25 Br A — 10 2846 5] 10 B 5 Nt 980708
R RER Le IS RIMIE K. 24 Br =0 Bf, A2
(ORI LLE AR O i 8 A 52 ma, PR AN [A] Le
T Nu M5, 24 Br>0 i}, Y J7 [ (s 5 12 b I
TS, Le (35 KIG 58 T 15 TR, T4 5P R 5
N, i 5 Le 1t 34 K 9 /> . AH R . 24 Br<<ORY, F

72
i —m— Le=0.1
7.0 —eo—Le=05
68 ——Le=1.0
.8 —v—Le=5.0
—<— Le=10.0
6.6 - —»—Le=15.0
S 6.4
6.2 |-
6.0
5.8 I 1 L L 1 !
-12 -8 -4 0 4 8 12
Br
(@) AIFlLe T Nuy FiBrit AR Ak 1 B
12 - —8—Le=0.1 —e—Le=05

—A—Le=10 —w—Le=50
0L —4—Le=10.0 —»— Le=15.0

8
5} 6L A\‘\A—H\‘\‘
~— A oo * .
4L Pr=0.7,R;=0.01
2 | | | | | |
-12 -8 -4 0 4 8 12
Br

(b) AFlLe T Sho FEBrZLTE DL
8 A[E Le T Nu.#1 Sh.,B Br B)ZE WX ER

Fig.8 Average Nusselt and Sherwood number



5 2 1

F Jiir 5 25 < PN AR B 5 PR XL IR 6 D B (AU 7 175

YIS IRE Nuo B Le (3G RMIG K. [FFE, 777+
3 LU R RIS T SR AR L DS T R X
VEF  E 8(h) I IR B i b L 7 0. 1<<Le<<1
By ST JLF-ANRE Br (972846 T ARk, U2 B Ok i
FE A1 J0T A% 3 R R 3 K. 24 Le = 5,10 A1 15 B,
Sh..5% Br B0 2 H i Br 148 K i vk /). 5]
— Br F,Sh,Ji# Le (KiK.

R T S R T AR A R A A A L
JECE L B G b S e Bre S X B0 A X5 3 BB
Bl 9O THE Le=1F1 Ri =1 i, Ad] Br F &M
[52] 2 1f1 Jsy &8 ST (9 AR Ak 1% . AT pml LU L 24
Br=0 W}, Ja#B Sh (i RAEAE ¢ = 240°4b. 4 Br =
=10 B, Sh e RAEAE 90°<@<120°Z [H].

—— Br=-10
— — Br=-1
—-— Br=0
—-— Br=10

180

270
B9 RAERESH Sh (Le=1,Ri=1)

Fig.9 Local Sherwood number around the heated
cylinder at Le=1 and Ri =1

3 & #

X PN 2 BB £ T s PR L TR A5 X6 W7 i) A e
17T BUEBA BT A5 1 LU R E58

a. 4 Ri=1F Br=1, %M E% 045
A Le (A LTI ARk, U BE LR Le 1)
B 2E 320 T ) R AR E AL R L Y Br =
ff s Nuo JUT-ABE Le 2 f0I ARk, B %5 Ri (73
TNz W/, Sha B Le B3GR N, 24 Br =
1 F Le<<1 W}, Sho Bl Ri (3400 28 80080708 5 4
Br=1 M1 Le=5, Sh,, b6 Ri 18 i 518 fin i
JE /N

b. 24 Ri=1# Le=0.1 0, S5k ELILTE AR

B Br 72 AL AS Ak, I HLAEF 101 RO 52 it o0 )2
SiAn . B Br 3G 0 3 i 2 N & AR 2 L A
45 T . 24 Br=0 B, J 4 e 9F O JE TR
— NS, IR Br B3RS 02 G O, AR iR 2 L
T KAAEAL.

c. ¥ Ri=0.018.Le=0.101 Nuy JLEA
W& Br 284k A2 Ak, HEHH T Nu. bEE Br
Y14 R 11 2 W ek /N, 24 Br BN — 10 A2 3 10 B,
Nu /N R E Le B3 RMIE K. 24 Br=>0
Bty Nuo i Le B3R/, 24 Br<<0 B, Ny,
M Le fXE R . 7 0. 1<<Le<<1 W, Sh, JL
PANBE Br 197246 A2 1k . H R R I LN 1Y) JBT
&353R K. 2 Le =5,10 #1115 i}, Sh,, 5% Br K
S B I . HLFE Br 09 55 R W 980N [/ — Br T,
Sh. W& Le WHERIMHE K.

Sk

[ 1] Marcos J D,Izquierdo M, Parra D. Solar space heating
and cooling for Spanish housing: potential energy
savings and emissions reduction [ J]. Solar Energy,
2011,85(11) :2622 — 2641.

[ 2] Serrano-Arellano J, Xamédn J, dlvarez G. Optimum
ventilation based on the ventilation effectiveness for
temperature and CO, distribution in ventilated cavities
[J]. International Journal of Heat and Mass Transfer,
2013,62.9 - 21.

[ 3] Ghaddar N, Ghali K, Chehaitly S. Assessing thermal
comfort of active people in transitional spaces in
presence of air movement[ J ]. Energy and Buildings,
2011,43(10) : 2832 — 2842.

[ 4] Vijaya Venkata Raman S, Iniyan S,Goic R. A review of
solar drying technologies [ J ]. Renewable and
Sustainable Energy Reviews, 2012, 16 (5): 2652
— 2670.

[5] YangM, Ma N. Free convection in a liquid-
encapsulated molten semiconductor in a vertical
magnetic field[ J]. International Journal of Heat and
Mass Transfer,2005,48(19/20) :4010 — 4018.

[ 6 ] Hasan M, Mujumdar A S. Simultaneous mass and heat
transfer undermixed convection along a vertical cone
[J]. International Journal of Energy Research,1985,9
(2):129 - 140.

L7] BRCBMEm AT K% GRS BUn = N
IR & X0 3t iz ok A LT ). 1 3 25 9L 2006, 36 (8)
12 -18.

[ 8 ] Teamah M A, El-Maghlany W M. Numerical simulation



176 ISR BN 2014 4F 45 36 45
of double-diffusive mixed convective flow in Heat and Mass Transfer,1998,41(11) :1601 — 1611.
rectangular enclosure with insulated moving lid[J]. [15] Chamkha A J, Al-Naser H. Hydromagnetic double-
International Journal of Thermal Sciences, 2010, 49. diffusive convection in arectangular enclosure with
1625 — 1638. opposing temperature and concentration gradients[J].

[97] Al-Amiri AM, Khanafer K M, Pop I. Numerical International Journal of Heat and Mass Transfer,
simulation of combined thermal and mass transport in 2002.45 <12_)_ :2465 — 2483.
a square lid-driven cavity[J |. International Journal of [16] Ching Y C, Oztop H F, Rahman M M, et al. Finite
Thermal Sciences,2007.,46(7) :662 — 671. element simulation of mixed convection heat and mass
[10] Basak T. Roy S. Sharma P K. et al. Analysis of transfer in a right triangular enclosure [ J J.
mixedconvection flows within a square International ~ Communications in  Heat and
cavitywithuniform and non-uniform heating of bottom MassTransfer, 2012,39(5) : 689 — 6?6' ) )
wall[ J]. International Journal of Thermal Sciences., [17] .Chamkha' A J,Al—Naser H. DOUble_dlfqu“.]e COHVGCt.IOH
9009.48(5) 891 - 912. in an inclined porous enclosure with opposing
o temperature and concentration gradients [ J .
[11] Nayak AK, Bhattacharyya S. Double-diffusive . i
o ) T . . International Journal of Thermal Sciences, 2001, 40
convection in a cubical lid-driven cavitywith opposing (3),927 - 244.
temperature and  concentration  gradients [ J J. [18] Sun H,Lauriat G, Sun D L, et al. Transient double-
Thearetical and Computational Fluid Dynamics, 2012, diffusive convection in an enclosure with large density
26(6) 565~ 581. variations[ J ]. International Journal of Heat and Mass
[12] Kandaswamy P, Eswaramurthi M, Lee J. Density Transfer.2010.53(4) : 615 — 625.
maximum effect on double-diffusive natural convection [19] Hasanuzzaman M, Rahman M M, Oztop H F, et al.
in a porous cavity with variable wall temperature[J]. Effects of Lewis number on heat and mass transfer in
Transport in Porous Media,2008,73(2) :195 - 210. a triangular cavity[ J]. International Communications
[13] Sivasankaran S, Kandaswamy P, Ng CO. Double in Heat and Mass Transfer,2012,39(8).1213 — 1219.
diffusive convection of anomalous density fluidsin a [20] Gray D D, Giorgin A. The validity of the boussinesq
porous cavity[ J . Transport in Porous Media, 2008, 71 approximation for liquids and gases[]]. International
(2):133 — 145. Journal of Heat and Mass Transfer,1976,19(5) :545 —
[14] Nishimura T, Wakamatsu M, Morega A M. Oscillatory 551.
double-diffusive convection in arectangular enclosure [21] Patankar S V. Numerical heat transfer and fluid flow

with combined horizontaltemperature and

concentration gradients| J]. International Journal of

[M]. New York:McGraw — Hill, 1980.
(4 4D



