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Experimental Study of Natural Convection Adjacent to an Isothermal
Vertical Ice Cylinder in Cold Pure Water
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Abstract

A natural convection adjacent to an isothermal vertical ice cylinder is studied experimentalty
in cold pure water. The experiments are carried out as changing the temperature of the ambient
water and then the flow and heat transfer characteristics is visualized and observed. It is shown
that flow patterns are steady state upflow, unsteady state flow, steady state dual flow, and steady
state downflow. There is also obtained a heat transfer coefficient and mean Nusselt number at
various ambient temperature. These results are in good agreement with the thearetical ones.
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(2) Laser system {3) Cylin-
Agitator 6

(1) Main tank
drical lens 4 Specimen 3
Thermocouple 7 Camera 8§ Ice box 9
Microprocessor (10) Water tank (11)
Recorder (12) Distiller (13) Water tank (14)
Chiller (15) Pump (16) Const. Temp. Bath
{17) Thermometer (18) Airconditioner (19)
Control box

Fig. 1 Outline of experimental apparatus
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Fig. 2 Schematic diagram of test set up
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Flow adjacent to a vertical ice cylinder for 7.

=4.2°C, 10 seconds exposure time. These
photographs were taken at ia) 50 minutes, (b’
70 minutes after the ice cylinder was ini-
tially put into the water

g3}

ICE CYLINDER

Fig. 5

(b)

a) Flow adjacent to a vertical ice cylinder for

T-.=4.6C, 10 seconds exposure time. This
photograph was taken at 90 minutes after the
ice cylinder was initially put into the water
and (b) sketch of the flow directions and
melting shape
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Flow adjacent to a vertical ice cylinder for 7.,
=4.7C, 15 seconds exposure time. These
photographs were taken at (a) 40 minutes,
b) 80 minutes after the ice cylinder was
initially put into the water
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Flow adjacent to a vertical ice cylinder for 7.

Fig. 7
=4.9C, 15 §econas exposure time. This
photograph was taken at 60 minutes after the
ice cylinder was initially put into the water
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Flow adjacent to a vertical ice cylinder for 7.
=5.4C, 15 seconds exposure time. This pho-
tograph was taken at 65 minutes after the ice
cylinder was initially put into the water

2]

65%0] AR el 25 bAH Abxolh

T
ool ol 7A7kg- TollMd= viekdl Ak fFo

!

3

e

[=]
Zan Qo dAAE dolde sasFo

N

s Hdojch Aj3 AnkPoide 22 vortexzh A
slo] glow, o] vortex+ Al7ke] Zstedx =
Ziel 2lale] HEzb A7 e
Fig. 9(a)+= Al"o] 5.7Ce #4F% Zo A7
F 70%0] AEHE o FFE sHAESE Abalelx,
BHAg atogd Alzlelch Fig. 8ol
A el Abek BZoll A9 vortexw Aol 4£EE
ok #Hw slatojol M ofrlslef ALgER-E-Sha
= HAZE Hell X sibstan e 39 dn
ol olsled A7} AHA Lx7 A FoiAY 3
71

2ol Byslo] HHFEL voh olsh pe

32

o
=l



1743

T FALE AT Mo e AR 48 4

nm.m Jﬂmﬂu_hﬂﬁﬂb:_. T AR w =
w B g ol ok ¥ F T _ % W L, WO
.m..mma o ﬂwmu%mm_mﬂvfr MW gy g

ﬂ [t —q oF OT e we o C._ _o 0% Tl .
L gw e eI N & 0y
& .2 & B o x — w0 R Of x uT i g
R n wr % of) ofo - =D ol e
S Eg¥ Mo Ko TN X o

t4 8% o4k <o I = Mo ol ~
IR T TR g W 2o o T owg) 3
SgEE wplrzEs it e 4R

3823 TWIXHTTOF G g L !

m ¥e e T g n 0= o} AM m: w_ﬁ e
LR E Bo w Mo of M @ =1 & W ooy © K

a.m e w® ﬂ._‘or_ T o A I o o 3 Al =

g5 &=% T T A Vo — ok o i
. “ w k] = s .In 1 X° iu Nz 33 =y R m.usﬁ .al_./ﬂ‘_ 63 n_.—n._ \_|7r e .d\xr.

m w83 b x e oy L {+ ofp e Mn Sy A_J

L e — o~ o = s = o u o N

5 - 5 ot T B | z 0 T F = ME Kb oo A |

ROE S s wE3 ow B ut ) oS

g 8 E 2 . T

8w w.aﬂ. S B =& X

Il 23 > T & =

2 g ®o o
B 8 B oy

& 2 RIS o

(a) Flow adjacent to a vertical ice cylinder for

Fig. 9

10 seconds exposure time. This

photograph was taken at 65 minutes after the

5.7C,
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ice cylinder was initially put into the water

and (b) Meiting shape of Fig. 9 ia)
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Fig. 11 Local heat transfer coefficient versus dimen-
sionless length for various ambient tempera-
ture, 7.
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Fig. 12 Local Nusselt number versus dimensionless
length for various Rayleigh number
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Table 1 Density extremum parameter, Rayleigh num-
ber. mean heat transfer coefficient and mean
Nusselt number at various ambient tempera- ® Present,L/D=2
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Fig. 13 Mean Nusselt number versus density
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