KRB ERCE B 164 % 3%, pp. 555~568, 1992

(G

Key Words: Natural Convection (2}t ),

30

AR A Azt

555

TN WA o2 SdsE FA

Al {5 2 A<

OIZHE" « ZRYZ** - Wt "

(19913 84 29 AH+)

Natural Convection Flow and Heat Transfer in a Fluid Heated Internally
within an Inclined Rectangular Enclosure

Jae-Heon Lee, Jae-Gun Kim and Man-Heung Park
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Rectangular Enclosure (2 A}Zt 29| -#-7}) Internal

Fluid (W] -4+ §-#]), Aspect Ratio(F3]u})

Abstract

A asic study is performed on two-dimensional natural convective flow and heat transfer in a
fluid heated internally within an inclined rectangular enclosures. For Rayleign numbers from
1.0X10* to 1.5X10°% aspect ratio of 1/4, 1/3 and 1/2, and inclined angle from 0" to 90", the
governing equations were solved numerically and the experiments were performed by Mach-
Zehnder interferometer using low salinity water as a test fluid. For aspect ratios adapted in
present study, the natural convection occures the most intensive at inclined angle of 0°, This
became weak at inclined angles of 60" and 30° in case of aspect ratios of 1/3 and 1/2 respectively.
The intensity of flow was roughly in proportion to Rayliegh numbers and in proportion to the

forth power of aspect ratios.
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Fig. 1 Schematic representation of inclined rectangu-
lar enclosure containing heat generation
within it
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A : He-Ne Laser (15mW) B : Beam Expander
C . Pin Hole D : Convex Lens(f=1500mm)

E : Beam Splitter F : Full Reflection Mirror
G : Full Reflection Mirror H : Test Apparatus
I: Beam Splitter

J : Convex Lens(f=1500mm)

K : Long Focus Camera Lens

L : Camera Screen

Fig. 2 Optical alignment in present study

Cooling water chamber

Fig. 3 Contitution of test volume
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Fig. 4 (a) Comparison between experimental iso-
therms and numerical isotherms, A=1/2,
Ra=1.0x10°, =15
(b) Comparison between experimental iso-
therms and numerical isotherms, A=1/4,
Ra=1.5X10°, =15
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Fig. 5 (a) Comparison of temperature distributions
between experimental and numerical results,
alongxaxis, A=1/2, Ra=1.0X10°, =30
(b) Comparison of temperature distributions
between experimental and numerical results,
along y axis, A=1/2, Ra=1.0X10°, =30
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Table 1 TR(=AT pax/AT naxz) and positions(x, y) of maximum temperature (aspect ratio=1/4)

, Ra 1.0X10* 5.0 10* 1.0X10° 1.5%10°
TR 0.9996 0.9994 0.9990 0.9975

0 (%, ¥) (1.000,0.281) (1.000,0.281) (1.000,0,281) (1.000,0.281)

( - ) |« - ) | ( - ) |« - )
TR 0.9989 0.9997 - 0.9995 0.9980

. (x, ¥) (1.030,0.281) (1.030,0.281) (1.100,0.281) (1.170,0.281)
TR 1.0000 1.0000 0.9998 0.9990

%0 (x, ¥) (1.030,0.281) (1.100,0.281) (1.230,0.281) (1.300,0.281)
TR 1.0000 1.0000 1.0000 0.9999

® (%, ¥) (1.030,0.281) (1.170,0.281) (1.300,0.281) (1.370,0.281)
TR 1.0000 1.0000 1.0000 0.9999

% (x, ¥) (1.030,0.281) (1.170,0.281) (1.300,0.281) (1.430,0.281)
TR 0.9998 0.9996 0.9995 0.9995

" (%, ) (1.030,0.281) (1.170,0.281) (1.300,0.281) (1.430,0.281)
0 TR 0.9996 0.9994 0.990 0.9969

(x, ) ((1.030;0.250)) ((1.17040.250)) ((1.30040.250)) ((1.430;0.250))
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Table 2 TR (=4T nax/ AT naxz) and Positions(x, y) of maximum tempeature (Aspect Ratio=1/3)
, Ra| 4 ox100 5.0X10¢ 1.0X10° 1.5X10°
. TR 0.9986 0.9858 0.9509 0.9179
(%, ¥) (1.000,0.367) (1.000,0.367) (1.000,0,367) (1.000,0.367)
( - )|« - )|« - ) |« - )
5 TR 1.0000 0.9858 0.9509 0.9188
x, ¥ (1.030,0.367) (1.030,0.367) (1.100,0.367) (1.230,0.367)
" TR 1.0000 0.9876 0.9555 0.9326
(x, ¥) (1.030,0.367) (1.100,0.367) (1.430,0.367) (1.630,0.367)
" TR 1.0000 ©0.9904 1.9683 0.9528
(%, ¥) (1.100,0.367) (1.370,0.367) (1.630,0.367) (1.700,0.367)
6 TR 1.0000 0.9922 0.9766 0.9583
(x, ¥) (1.100,0.367) (1.430,0.367) (1.630,0.367) (1.700,0.367)
TR 0.9995 0.9922 0.9757 0.9555
» (x, ¥) (1.100,0.367) (1.500,0.367) (1.630,0.367) (1.700,0.367)
00 TR 0.9986 0.9885 0.9711 0.9509
(x, ) ((1.000;0.333)) ((1.500;0.333)) ((1.700;0.333)) ((1'770;0'333))
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A5l dg FAEEE JeEddt A4
Rayleigh4-7} 1.0x10% 5.0x10% 1.0x10°
1.5x10°9 % 7+ fA71e] ZolE FRAcz el
wWlew Fa4 e 247 0.1, 0.2, 0.2 ¥ 0.2
ojc}, F¥v], ArANAE g Rayleigh<-ol a2} &
£ ZE€ SEATL BE A WsjF WR
o] F5€ 2-Roll 775 Ao, F509 Roll
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Table 3 TR(=AT nax/ AT nax2) and positions(x, y) of maximum temperature (aspect ratio=1/2)

Ra

563

; 1.0X10* 5.0%10* 1.0%10° 1.5%10°
0 TR 0.9348 0.7645 0.6911 0.6542
(%, ¥) (1.000,0.567) (1.000,0.633) (1.570,0,781) (1.630,0.700)
( — ) ( - ) (0.430,0.700) (0.370,0.700)
; TR 0.9392 0.8018 0.7333 0.6929
1
{(x, ) {(1.170,0.567) (1.573,0.633) (1.700,0.700) (1.700,0.700)
" TR 0.9498 0.8251 0.7429 0.6924
(z, ¥) (1.300,0.567) (1.630,0.633) (1.700,0.700) (1.700,0.700)
: TR 0.9594 0.8237 0.7249 0.6722
4
{(x, ) (1.370,0.567) {1.700,0.567) (1.700,0.633) (1.770,0.700)
" TR 0.9629 0.8237 0.7249 0.6722
(x, ¥) (1.430,0.567) (1.700,0.567) (1.770,0.633) (1.770,0.633)
s TR 0.9686 0.8167 0.7184 0.6652
(x, ») (1.430,0.500) (1.700,0.500) (1.770,0.567) (1.770,0.633)
00 TR 0.9708 0.8154 0.7153 0.6613
(x, ¥) (1.430,0.500) (1.700,0.500) (1.770,0.500) %1.770,0.633)
( — ) ( - ) ( - ) 1.770,0.367)
0 - 0° 15° 30° 60°
Ra ‘ @
b
50x10° "
L 4
1.0x 10°
1.5x10°

Fig. 7 Numerical stream lines, A=1/2
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Tabel 5 Maximum and minimum stream function
within the enclosure (aspect ratio=1/3)

Ra |y 0x104]5.0%10¢| 1.0x10° | 1.5%10°

Ralq 0x104|5.0x10*| 1.0x10° | 1.5x 10°

0 +0.0145{ +0.0722 | +0.1420| +0.2090
—0.0145| —0.0722| —0.1420 | —0.2090

0 +0.0587 [ +0.2750] +0.4820{ +0.6380
—0.0587| —0.2750{ —0.4820| —0.6380

15 +0.0140| +0.0684 +0.1330 | +0.1920
—0.0141] —0.0711) —0.1430| —0.2130

15 +0.0566  +0.2540( +0.4330; +0.5720
~0.0579| —0.2800| —0.4990| —0.6580

30 +0.0137} +0.0664 ) +0.1270 | +0.1830
—0.0139| —0.0708 | —0.1440| —0.2160

30 +0.0544 ] +0.2340| +0.3890| +0.4970
~—0.0570( —0.2850] —0.5040 | —0.6650

45 +0.0127{ +0.0609 | +0.1150 | +0.1640
—0.0130| —0.0669| —0.1370 | —0.2080

45 +0.0487( +0.2020{ +0.3340| +0.4320
—0.0522| —0.2680| —0.4680| —0.6170

60 +0.0109| +0.0517| +0.0974 | +0.1390
—0.0111| —0.0508| —0.1200; —0.1840

60 +0.0436 +0.1820( +0.3010| +0.3920
—0.0470] —0.2440) —0.4420} —0.5890

75 +0.0100{ +0.0485| +0.0953 | +0.1410
—0.0101) —0.0522| —0.1070 | —0.1630

75 +0.0385] +0.1670] +0.3010} +0.4220
—0.0411{—0.2140| —0.3960 | —0.5370

90 +0.0099| +0.0498 | +0.0995 | +0.1490
—0.0099] —0.0498 | —0.0995| —0.1490

90 +0.0369 +0.1810{ +0.3400| +0.4740
—0.0369( —0.1810{ —0.3400| —0.4740
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Table 6 Maximum and minimum stream function
within the enclosure (aspect ratio=1/2)

Ra |1 0x10¢|5.0x10* | 1.0x10°| 1.5 10°

0 +0.3240| +0.8610{ +1.1300 +1.3200
—0.3240, —0.8610{ —1.1300| —1.3200

15 +0.3050| +0.8040| +1.1100| +1.3100
—0.3450( —0.8770{ —1.1500| —1.3200

30 +0.2780( +0.7320| +1.0300 | +1.2400
—0.3440( —0.8620( —1.1700( —1.3900

45 +0.2470( +0.6590 +0.9280 | +1.1200
—0.3260( —0.8430( —1.1600 | —1.3900

60 +0.2140( +0.6050 | +0.9000 | +1.1100
—0.3000| —0.8000| —1,1400| —1.3800

75 +0.1940| +0.6550 | +0.9740| +1.1800
—0.2580| —0.7680( —1.0900 | —1.3100

90 +0.2230} +0.7170| +1.0300 | +1.2400
—0.2230( —0.7170| —1.0300 | —1.2400
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