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Reconsideration of the Azimuth Functions in the Analysis of
Heat Transfer by the Method of Similarity Transformations
Byung Jin Son, Wan Ik Lee and Hyun Yi

Abstreet

Boundary layer equations (partial differential equations) can be transformed to ordinary
differential equations with constant coefficients in terms of similarity transformations in
the heat transfer analysis on the surface of any axisymmetric bodies.

The azimuth functions can not be uniquely determined because of the singular behavior
at the stagnation point (X=0°).

In spite of the azimuth functions behaving singularly, many of researchers have analyzed
the heat transfer problem on a horizontal cylinder or a sphere, supposing the set of solu-
tions (H; & G;) of being yielded from the simple differential equation to be unique solutios
of therazimuth functions.

In order to ascertain whether mathematical incompatibility as mentioned above can be
admitted in the viewpoint of engineering or not, condensation heat transfer coefficients on
a sphere are computed for all azimuth functions (H;, G, & H;, G;), and comparisons with the
experimental result are discussed.

Nomenclature
R sphere radius T vapor-saturation temperature
D diameter of sphere T»  wall temperature
r radial distance from symmetrical axis, T temperature
Fig. 1. v kinematic viscosity
u velocity component in x direction a thermal diffusivity
velocity component in y direction 6  film thickness
x coordinate measuring distance along circu- ¢ stream function
mference from upper stagnation point 7 similarity variable
¥ coordinate measuring radial distance outw- F dimensionless velbcity function
ard from surface ] dimensionless temperature
dimensionless coordinate, x/R, Fig. 1 Cy heat capacity at constant pressure
g acceleration of gravity g latent heat
p density G azimuth function of X appearing in
oy density of vapor definition of 7
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H azimuth function of X appearing in
definition of F

k thermal conductivity

hix local heat-transfer coefficient

qs local heat flux

Nu  average Nusselt number

Pr Prandt]l number

Nu; average Nusselt number obtained from
experiment

m mass flow of cooling water

& average heat-transfer coefficient
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Table 1. The values of {—6°(0)P,2%} and {kse/C,4T} near the stagnation
point from solutions of boundary layer equations

* 0.003 I 0.03 | 1.0 ’ 10
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0.1 42.73 ‘ 5% 108 24.03 5% 10° 10 1.5x10* 5.62 1.5x]1¢?
0.2 2114 |3.06X10° 11.89  [3.04x10¢ 4.948 | 9.1x10? 2.79 91
0. 401 10.67 |1.94x10¢ 6.0 |1.94x10° 2.496 58. 1 1.43 5.56
0.605 7.07  |3.77x10° 3.97 |3.77x 102 1.664 11 1.01 0.88
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He{X) & G4(X)

H{%) & Gp(X)

Fig. 2. Azimuth functions H(X) and G(X)
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Table 2. Experimental Results. (Pressure 1,2kg/cm?® gage vapor)

. Steam
Cooling water Temperature on the sphere temperature Latent heat
: -C) ) Mean
Dlschar)ge temperature T:(C?) hre(kecal/kg)
(g/sec T, Ty T, ' T, } Ts T(°C)
40 18 27.3 74.5 76.8 79.1 76.8 115.2 528.0
40 18 27.3 79.0 81.7 83.6 81.4 119.8 525.5
40 18 27.5 84.2 86.4 88.4 86.4 125.2 522.5
40 18 27.5 89.7 91.2 92.7 91.2 130.1 519.0
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Table 3. Azimuth function for horizontal cvlinder
(by Hermann®)

HE 2 e P = { ==
ae degree) o> | 30° ( 60° 1 150° | 155° 1807
};# 3"1.' fic’*/“p'ﬁ 47vu1 by N»d *’}’ 7\{7 5%76‘_‘-1:_ ﬂl, ad ’I : | E— " l —

Fat Nunch 8 16%495 29 22 zeo, Hy(X)| 0 L 1872.8573.430) 4.41 | 5.24 | 5.55 [5.84

- > (X)10.7600.7520. 71810, 664] 0.581 0.458| 0. 730!
2952, HEEB 0, GO faa Mo C1(0).7600.7520.7180.654) 0.581 0.458 0750 0
Table 4. Azimuth function for sphere
(by K.S. Whang®)

LT — " : e
B 60° 200 | 1500 | 10" | 1s0°
Hy{X) 0 0.7215 1.5057 2.4847 4.0307 8.1182 12.1178 e
Gy (X) 0.9035 0. 0089 0.8315 0.7382 0.5984 0. 3950 0.3041 [ 0

Table 5. Azimuth function for sphere
(by Byung Jin Son®)

degree | g0 [ 3o | e | o1t | 100 | v | e

Hy(X) 1 0 0.5344 1.5130 2. 4899 4.0430 8.1293 | 24.0554 | oo
G(x)| 1o 0. 9659 0.8294 0.7382 0.5981 0. 3945 0.1931 0
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Table ¢, Azimuth function for sphere

(by Yang®)
degree o ° [ e s C ieme | e ‘ i
e 0 3° | 60 90° | 1200 | 1500 | 1657 | 180°
H(X) 0 . 0.6065 1.1781 1.8864 | 3.0097 | 6.1362 | 12,1853 | 8
G(X) 1 0.9776 0.9025 0. 8093 0.6580 ’ 0.4335 0.2769 0
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