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A Study on the Characteristics of Natural Convection in a Partially
Opened Enclosure with a Heat Source
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Abstract

Natural convection heat transfer in an enclosure with an opening in the right vertical wall and a heat
source at the bottom surface is investigated using a holographic interferometric technique. The effects
of the opening length, divider length attached to the top wall, and heater temperature on the
temperature distribution are examined. The openging length as well as the divider length greatly affects
the degree of inflow and outflow of air. With a small opening, the opening doesn't affect much the
upward warm air flow resulting in the symmetric temperature distribution. On the other hand, with the
increase of the opening length, the inward cold flow moves the upward flow to the left direction. With
the increase of the divider length, temperature in the lower region of enclosure becomes higher for the
small opening and lower for the large opening.

.M 2 =7b Frtetn 2 2olAY gRERH £9
HE 79 Fe Zddes ARE G
B2 P& ARRE 2+ AZITT ddANY
dgol 9% AAYF AL 4L £ A
dte], 2 A7 Ao} FAY 25F $EE
stk £ A%s wdAg AT} dE T
el AAUF-2AL dAe] e £ H47
A7E FY3d, TR AR @ FrY
—r‘g“_‘ﬂ:i 27}'5}‘\_ Aa E—]"ols}-?\i\:]-

o]34 P& ww A neoz A3
A% HR2Z Fr7} FUS] 28F R
717k HEHE Az BRUAAMe] Fdg d4
g2 DUAE ol4dty AFsgEd

% =} 1. =
R-2A7 Bgd fg@%—% g saage O EASE A% A6 dALel o8
dq e e Gerigteh 29s 28 dTF2A, Mym®

, GHEY FUtdl w 47 F99 FA £ vlgto] "ol EAsm, AR FAo] BR
* Agd gEd 7]_741—3‘55’{, * Add 2pEaF AdE Y= 4y HAH L]]o]]k].,] 2 g 8o
e e e Betel Husel, ATF FANAS L2, &

JHE FAd o8 Dojxie AL AU
-322-

TN AF7 LR Ux, vige] 4
°] EAste AH U AAdF ddg @
P AT, AW Y AHE &3 75E 9
i IZ’:i} ME" Tl 712 AzEN 88449
’E opyet, el o 2ulHE oAuA de
HAME o F2& EAolth. =8, Ax &
TEYe W7 ¥4, HEE JAdde HA
d2lel Ao o3 Fads A7 F59
Aol TAE &8&€ F Utk

ols B ATE2A, 7‘EH Z 5V g4 00

R Agse WAt F0E FAAMY A

U

K

P A s

o off mo ol

flo ao
U\

o)



oY dol EAste Azt B WY A
WF @ U@ 54 A4 AFE Bol 1y
ARAE, 494 A7E ¥X 2 dolth m
M, B AFAE £A99) 4R AR5} gy
o} A3, 3 viewe] ddo] EAFE A9
AAUF AL 2oy A AJ2de o)
stel, SNkt e, AR @s), B2 W)
o EAse AW, TAde] LE/ G4EH
of MAE 9% vlm, BAsct

2. A7 &
2.1 g A

Figure 12 Ao Al¢® 2335 7143 A
2goltt, #4<2 He-Ne #o]Ad A U He
7t WE 87 (variable beamsplitter)ol]l 23] 7]
T#F EXBor RIAAY, 40 wie g2a=
objective)9} A Eo] 10pm<l
gtod, Woj Y xo|2E A
T om

=)

h=
273

(microscope
= TAsHA
99 HAd 2 nE Ex s
St B1E 23 F e 9
Az ofsle] HYPFoz FAHHATH
AY AHE THte s WE
712%e 485 3 $¥g o 23
20y BEAAM WA |
Figure 29| 4% AHL 94 axks £

al,

A

g3

rlo

sEjstel Ay HEoz

4

of &

g \2 . He-Ne Laser

. Mirror

. Shutter

. Variable beamsplitter
. Microscope objective
. Pinhole

. Collimating lens

. Object beam

. Reference beam

10. Test section

11. Holographic plate
12. Optical table

~No
W N D U WA -

1

Fig. 1 Schematic diagram of the holographic

interferometry system

_I:r_
10 mme] W3=oleg AZslgon uvlghy
o7’

-323-

He=0.5H H:'o,25H
H

w

|

Heater

X

B80mm

Fig. 2 Schematic diagram of the test section.
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Table 1 Test conditions.

H H, | T
R o a | Thlgr|l R
N (mm) | (mm) (D 2
115 025H] 0
2 130, 05H ] 0
3 | 15, 0.25H|15, 0.25H ,
4 | 30, 05H |15, 025H| 0 | 22 5410
5 | 15, 0.25H] 30, 05H
6 | 30, 05H |30, 05H
7 30 | 12 pA2X10°
g |30 05H | 0 Tl sxe
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Fig. 3 Photographs of fringes showing the temperature distribution; (a) no
divider, H,=0.25H, (b) H/~0.25H, H,=0.25H, (c) H+0.5H, H,=0.25H,
() no divider, H,=0.5H, (e) H~0.25H, H,=0.5H, (f) H~0.5H,
H~=0.5H
0.6W

(a) (b) (c)
Fig. 4 Photographs of fringes showing the effect of heater temperature; (a)
Tw=30 C, (b) =40 TC, (c) T»=50 T.
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Fig. 5 Effect of the divider length on the
horizontal temperature  distribution at

y=0.4H; (a) H,~0.25H, (b) H,~0.5H.
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Fig. 6 Effect of the opening length on the
horizontal  temperature  distribution at
y=0.4H, (a)without divider, (b)
H~025H, (c) H~0.5H.
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Fig. 7 Effect of the opening length on the
horizontal temperature  distribution; (a)
H/~025H, at y=0.8H, (b) Hr/~0.5H, at
y=0.7H.
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Fig. 8 Effect of heater temperature on the
vertical  temperature  distribution -at
x=0.6W
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