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Natural Free Convection of Air in a Vertical Open Tube
'With Uniform Heat Flux and Temperature

Son Byung lir, Kang Hee Yung
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ABSTRACT

~ The natural free convection in a vertical tube with uniform heat flux and temperature has
been studied by the theoretical analysis of governing equations and experimental measure ~
ments. In order to determine the Characteristics of Convective heat transfer in the
tube, a dimensionless Rayleigh number is introduced, The relationship between Nusselt and
Rayleigh number is compared with the numerical analysis of finite difference method and
ekperiment. Nusselt number obtained from the experimental measurements are in a good
agreement with the calculated values, and the relationship equations between Nusselt and

Rayleigh number are obtained.

* F&R, EBITX
wx Rl ] =] BHIERT

Journal of the S.A.R.E.K. Vol,12,No.4 — 234 — Nec. 1983



B R B

gldll

Dimensionless x -axis velocity
Dimensionless r - axis velocity
Dimensionless 7 - coordinate

Dimensionless x- coordinate

O

Dimensionless temperature

Gr Grashof number

Pr  Prandt! number

Ra Rayleigh number

Nu  Nusselt number

Pd Dimensionless Pressure defect
p4  Pressure defect( p-p,)

h. Convection heat transfer coefficient
C, Specific heat

1 Height of tube wall

k Thermal conductivity

g Gravity acceleration

B  Thermal expansion coefficient
© Dynamic viscosity

v Kinematic viscosity

q Heat flux

@  Tube wall

W, Mean value at wall

o Ambient conditien

* Based on uniform heat flux
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Table. 1. Experiment Conditions
Bronze 1.D. I1.D. I.D.
tube 21.2mm | 34.6mm | 47.0mn
Resistance | 17.6 () 22.0Q | 13.5Q
Experiment | 60Volt | 85Volt | 68Volt
Condition 44 70 52
30 57 40

Temperat ure
measuring tube

Position
setting -
device i

Bronze

2>
b
tube 3)‘» ‘ Nicrome wire
B Steel plate
A \ B

Asbestos
fiber

Rubber band

C~A Junction
G &>
wd | /
]

Figure 1. Experimental equipment

4. BR Y HE

Bine BEMEN BREA —F BRRA E
HERANA 379 259 27 2¢ Fig.2
of FoAA —E BERGE AT L2 %
EY¥-EZx Fig. 3o vy ok Fig. 2004
vebd AAY BFRY BEC FRERA Ful

Dec. 1983



€93, 289

o8 A48 Zastn Jeod, I F
o mEHHEOE BEZ 78t ASE
o F 3 gtk ol AL —& &K AE
o] golol wat BEET A dANA St
2 &g vehfith ol9} wlaste] Fig. 3ol
vehd —% BE 4 $de # TR
=0.2)0ol4 BETN7 2A W3S £ F
Aok —7E #HEKS SEXEE vl wA Ray-
leigh @7} 3 x 10° Y= FREES AT 2
oAl & SETF 7L etz e, —%
BEAE Re= 4.5 X 108 o4 & &=l
7 &S ¢ & sk oA EHEY A
o] cha Am Y9 #frol A o el
12l HHEhol Bt ol A 2A W<

oo

X ofd
N

ig. 4+ 9A 2279 FolA Rayleigh
Boll 3 Nusselt {E FAstget. 2ol
vebd A Re B B Aol via
A AA F7tetw & Re® G Qo4& Nus-

& uag?
08
a
§
06 ”
2 g
- s
T a4 S
5 ¢ 2 hed
‘D Q
2 L o
Q Es
Eoz a>
a
o.eg 5
o S
£086 {6
O
P "
2 g
EOA 14 2
S g Rad 2
o .
Eo.2 AN 283
NS £
= [sy=g
a ‘\\;
[ —am o
a v ! .
£ — X/1:0.2 "
12 ---x/£10.6 0
o4} —-x2=r0 {22
@ a ]
I A S >
QO 7 Bt
< A E
2 0.2 Ros| 2xi0 ‘Eg
g N as
£ N
& co S <]

'

R——

Dimensionless Radius

Fig. 2. Dimensionless temperature § and
velocity U profiles (uniform heat flux tube
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Fig.3. Dimensionless temperature and
velocity profile (uniform surface temperature)
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Fig. 5. The comparison of dimensionless
temperature § profiles between calculated

and experimontal velues at x/1 = 0.3,
x/1=0.,6
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Fig.6. Comparison of Nusselt-Rayleigh
relationship between calculated values and
experimental results
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