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Nomenclature

AR : aspect ratio [W/D]

c, : specific heat [J/kg-K]

D . cavity height

g . gravitational acceleration [m?/s]

Gr : Grashof number [Ra/Pr]

h : heat transfer coefficient

H : channel height [mm]

L . channel length [mm]

Nu : Nusselt number

Nu . average Nusselt number

P > pressure [N/m*]

Pr . Prandtl number, v/a

Ra : Rayleigh number, ¢BATI?/aw

Re : Reynolds number, u;, (H=D)/v

T . temperature [C]

AT : temperature difference, 7;,— 7. [TC]
U : horizontal velocity component [m/s]
v . vertical velocity component [m/s]
w : channel width [mm]

x : axial coordinate [mm]

Y : vertical coordinate [mm]



Greek symbols

o : thermal diffusivity [m?/s]
I6; : thermal expansion coefficient [K™']

:inclined angle measured from horizontal [°]

K . thermal conductivity [W/m-K]
1 : dynamic viscosity [kg/m-s]
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A Study on Mixed Convection in the Horizontal Channel

with a Cavity

Young Chang Ko

Department of Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

Mixed convective heat transfer phenomena are studied in a channel with
rectangular cavity heated from below. The parameters governing the problem
are the Reynolds number (0= Re<50), the Rayleich number (0<Ra<2x10°),
the Prandtl number (0.7<Pr<909), the aspect ratio. (0.5<AR=W/D<2) and
the angle of inclination (0°< 8#<90°). Finite .volume method was employed for
the discretization and PISO algorithm was used for calculating pressure term.
Detailed velocity and temperature fields are computed, and various result for

the streamline, isotherms and the heat transfer rates in terms of the average

Nusselt number are presented and discussed for different parametric values.
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A A 25 A (Fr) Re, Ra(Gr) AT
_ , 30< Re<1.1x10°, )
Kamotani % air A3
10°< Ra<3.1x10"
65< Re<6.5<10°, )
Osborne % water 5 8 49
4.2x10°< Gr<4.2x10
, 15< Re<170, )
Chiu % Pr=0.71 5 3 A3
1.4x10°< Ra<8.3X10
12.5< Re<500, 438 4
Maughan & Pr=0.7 3 5 )
7x10°< Gr<10 2= 2] 3] A
_ 10< Re<10", L
Lee & Pr=0.2~7 St 10° e S
Re=18.75, 36, 54, Ay g
Nace = Pr=0.7 ] o
Ra=2.22%10 2= 2] 3] A
Bilgen 5 Pr=0.71 TR 5 2] 3 4
et e e 0 B 2.5 A
. o - | 10< Re<1x10°, L 59
eeE e ™ 100= Gr<5000 s
o= o 2= 3] 5| A
Amahmid & Pr=0.72 1 2 =] 3 A
50 < Re <1600, g 2
L. C. Fang & water .
0.25<AR<4 2= 2] 3] A
Khalil i, 10? < Re<107, PR
r=0. 3l A
Khanafer 5 10°< Gr<10° N
L C Fang = P 50< Re <1600, PR
e e ” 1< Gr=4000 B
VL Natam = P71 0.1< Re <200, .
. Najam = =0. 10%< Ru<10° T =] 3 4
, 10*< Ra<3x10°, )
M. El Alami 5| Fr=0.71 X3 A
1/8<AR<1/2

Table 1.1 Recent research related to a mixed convective flow in

the rectangular channel or cavity



= 7% BAAE HlAMY EFdHF T

off

S AR-12, Pr=0.79]
Re<50)5 9 Ra6x10°< Ra<3x10M)42 W52 3o TR
A

zo ekl 4P WHOR AT

N
o
n
X
IA
Do
S
3
K
g
5.&
IA
N
IA
5@
T
.
V)
=
il
Bl
o
i



AL T Tl Bt CHEAS B AZ4FAY FE =9Ad
oAl Hdstol AdE = AlEe A AsiAn. HHElE 3
= HEAMY HAE AA= B odwol mEARE AEe FE FEE
A= ed=ds AAT Zart o H2ol FA994 FeE5EdS °

od=dE AN, 4 fE= Agst
SA ASsaA g o]l AFH A FUE v HAAHAFAS HFEaAE A
4ot a7t 7HEE = AR AREE 7B S AE WelAl o] Al Reynolds
T (Le<1)e] EFHF Fe5RHS Loti7] fste] FAHAA FHoZ A
shlom, M
st AT g I 05<AL<2), Reynolds(0< Ze<50), Rayleighg=(0

-

]

o5 A Prandtlg9F oA o2 2 Reynolds$ 9 I %

<Ra<2x10%), PrandtlF(0.7< 27<909) 183 ZAZH0 < §<90)0] Z &+

24 % 2Egol §Fo WAL 9 nBY



A 2 g o2

A= AREE 7B AR AE Wel Ao 2kl A E SR T
Fol &3 Ao, 71584 F4E Fig. 213 2ok 543 2=234S 4
ol glojA HAAaatm Barddgde Atk fAE v gEAoln nE
597 AZe 2xzo] o3 wxEw
(Boussinesq AH3FA T e frale wd&EE9 Ha2ez dAIA F4

o] AnElE A AR

-

L
Uin, [~ . . b N
i 1 s S r 2
Te g
Y o H
R D
E DR
Th

Fig. 2.1 Schematic diagram of the geometry investigated
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HOT WALL

Fig. 2.2 Schematic illustration of the computational

grid distributions
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Fig. 2.3 Examination of grid independence of numerical solution

at Pr=909, Re=0.1, Ra=6.86x10", AR=1, 6=0".
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U =U+d (P +Py) (2.9)
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FR A G384 AW (Finite Volume Method)S 7122 3 #4835 9)
STAR—-CD 3.228 Alg3lgoen, daEarAL PISO(Pressure Implicit with
Splitting of Operators) @18 =S AL3A1, HFIFLE FAAEEY
(Central  Differencing  Scheme)S A}&3dth  SxolMe S3A S
(Relaxation factor)® 0.7, &¥8 2 0.3 281 &£5& 0.852 AI}FT. $X
Aol = A 228 A(Residual tolerance) S 107102 ¥t X3S
aPste] 73 = obef o] 2 (2.10)7 A (2.11)e] o3 =4 NusseltF} 3
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vy PP_\D T
) B k B T_‘T dy =0 (210)
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Susk tade AUEES AR AR Welde EFUF AE5HS

#3795ty 348 (AR= D/ W), Reynolds4=, Rayleigh4*, Prandtl

0
[
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I BARE WER She] olBo] EFUFY 45 nAE 9FL 23 F

A5G o, Table 3.1 FXHHL A3 2 WS

Table 3.1 Range of parameters for 2—D numerical simulation

Variable Range
Reynolds number (Re) 0<Re<50
Rayleigh number () 0= Ra<2x10°
Angle of inclination (6) 0°<H<90°
Aspect ratio (AR) 0.0<AR<?
Prandtl number (/7r) 0.7<Pr<909
Gr/Re 1.1X10°< Gr/Re<1.1x10"
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3.1 Velocity vectors for various Rayleigh numbers



(a) Ra=6.86x10"
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(c) Ra=2%10°

Fig. 3.2 Temperature patterns for various Rayleigh numbers

at Re=0, Pr=909, AkR=1, 6=0".
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(¢c) Ra=10°

Fig. 3.3 Velocity vectors and temperature patterns for various

Rayleigh numbers at Ke=0.1, Pr=909, AR=0.5, 6=0".
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for various Rayleigh numbers at AX=0.5, Pr=909, 6=0".
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Fig. 3.5 Average Nusselt number of hot wall versus Ke number

for various Rayleigh numbers at AR=1, Pr=909, 6=0".
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(d) Re=50

Fig. 3.6 Streamlines for various Reynolds numbers at Fa=0,

Pr=909, AR=1, 6=0".
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Fig. 3.7 Velocity vectors for various Reynolds numbers
at Ra=6.86x10", Pr=909, AR=1, 6=0.
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(a) Re=0.01

(b) Re=0.05
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(c) Re=0.5

——

(d) Re=50

Fig. 3.8 Temperature patterns for various Reynolds numbers
at Ra=6.86x10", Pr=909, AR=1, 6=0".
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(d) Re=1

Fig. 3.9 Velocity vectors and temperature patterns for various
Reynolds numbers at Ra=10°, Pr=909, AR=0.5, 6=0".
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(a) Re=0.01 (b)-Re=0.5

> % e

(¢c) Re=1 (d) Re=10

Fig. 3.10 Particle tracks for various Reynolds numbers
at Ra=10", Pr=909, AR=0.5, &=0".
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(b.) jéaZIOé

Fig. 3.11 Particle tracks for various Rayleigh numbers

(¢) Ra=10°

at Resl0l 1, Pr=909 @ die=0.5, =0,

(b) Ra=10°

Fig. 3.12 Particle tracks for various Rayleigh numbers

.(C) ]?3;105

at Re=0.5, Pr=909, AR=0.5, 6=0".
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Fig. 3.14 Velocity vectors for various angles of inclination

at Re=0, Ra=6.86x<10", Pr=909, AR=1.
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(a) 6-15°

(b) =45

(¢) 6-60°

:
:
%

(d) 6=90°

Fig. 3.15 Temperature patterns for various angles of inclination

at Re=0, Ra=6.86x10"* Pr=909, AR=1.
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Fig. 3.16 Velocity vectors for various angles of inclin

at Re=0.01, Ra=6.86x10", Pr=909, AR=1.
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(a) 6=15°

2334
Z93.2
Z33.0

Fig. 3.17 Temperature patterns for various angles of inclination

at Re=0.01, Ra=6.86>x10", Pr=909, AR=1.
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Fig. 3.18 Temperature patterns for various angles of inclination

at Re=5, Ra=6.86x10", Pr=909, AR=1.
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X/

Fig. 3.19 Local Nusselt number distributions of hot wall for

various @ at Re=0.01, Ra=6.86><104, AR=1, Pr=9009.

—+— =15
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Nu
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Fig. 3.20 Local Nusselt number distributions of hot wall for

various & at Re=5, Ra=6.86x10* AR=1, Pr=9009.
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Re

Fig. 3.21 Average Nusselt number of hot wall versus Ae number

for various & at Ra=6.86x10%, AR=1, Pr=909.
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(¢) Pr=909

Fig. 3.22 Velocity vectors for various Prandtl numbers

at Re=0, Ra=10°, AR=1, 0=0".
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(a) Pr=0.7

(b) Pr=9.3

(¢c) Pr=909.

Fig. 3.23 Temperature patterns for various Prandtl numbers

at Re=0, Ra=10°, AR=1, 6=0".
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(b) Pr=9.3

(c) Pr=909.

Fig. 3.24 Streamlines for various Prandtl numbers

at Re=1, Ra=10°, AR=1, 6=0".
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(a) Pr=0.7

(b) Pr=9.3

| SEE—— |

(¢c) Pr=909.

Fig. 3.25 Temperature patterns for various Prandtl numbers

at Re=1, Ra=10°, AR=1, 6=0".
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—a— Pr=803
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x W
Fig. 3.26 Effect of Prandtl numbers for local Nusselt number

on the heated surface at Re=0, Ra=10"° AR=1, 6=0".
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Fig. 3.27 Effect of Prandtl numbers for local Nusselt number

on the heated surface at Re=1, Ra=10° AR=1, 6=0".
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Fig. 3.28 Average Nusselt numberof hot wall versus Ke number

for various Prandtl numbers at Ra=6.86><104, AR=1, 6=0".
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Fig. 3.29 Velocity vectors for various aspect ratios

at Re=0.01, Ra=6.86x10"*, Pr=909, 6=0".
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(a) AR=0.5

(e). AR=1.5

| SEE—
(d) AR=2

Fig. 3.30 Temperature patterns for various aspect ratios
at Re=0.01, Ra=6.86%<10", Pr=909, 6=0".
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Fig. 3.31 Average Nusselt number of hot wall versus AR for

various Reynolds numbers at Ra=6.86x10", Pr=909, 6=0".
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(¢) Gr/Re=1.1x10"

Fig. 3.33 Velocity vector plots for various Gr/Re at

Pr =909,AR=1,0=0"° and Ra = 10°
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