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CHAPTER 5

perature difference (!, — ) which is ‘the temperature of the surface less
that -of the fluid. The particular fluid temperature to use for a given
system will be noted under the discussion of that system. The-propor-
tionality factor is termed the unit thermal convective conductance (sometimes

_called the film coefficient for convection), h;, Btu per (hour) (square foot)
Fig. 1 shows the conditions associated Wlth con- g

(Fahrenhelt degree).
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‘The heat transmission by free or natural convection for ob]ects sur-

rounded by air can be conveniently expressed as in Equation 2a:
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% = heat transmission by convection, Btu per (square foot) (hour).
C = a constant depeﬂdmg upon the shape of the surface.
D = diameter of pipe .or circular duct or height of vertical wall, inches. *
(Effect of diameter or height becomes constant at 24 in.).
T,y = average of wall surface and surrounding air temperature, Fahrenhelt

degrees absolute.
t, — i = temperature excess between wall surface and surrounding air, Fahren
heit degrees.

For horizontal cylinders, the value of C = 1.02 has been well estab--
lished by various investigations. “For vertical plates, the value of C =
1.39 has been fairly well established. Suggested values® of C' for hori

zontal plates warmer than the surrounding air are 1.79 when facing upward 2

and 0.89 when facing downward.

Problems in either forced convection or natural convection may be solved &
by the simple first-power equation if the convection coefficient is expressed 2

as a unit conductance: : Lquation jor Air 4
} , . eraca) = o (B}
g=ho 4 (b~ 1) ) L ey = 02017 S
' ) DG
where 12 _— where I(X)0< — < 50,000
4 Same as Case 4. ) —
¢ = heat transmission by convection, Btu per hour. ER m‘w’('aéo-;oléwp"‘)‘d Water '
A = surface area, square feet. g (1 )0®
t — ta = temperature "difference between the surface and the fluid, Fahrenhext;';s Ae(average) = 34.0(t)0-36 (%)

dégrees.

(hour) (Fahrenheit degree temperature dxﬂ'erence)

Thermal Radiation Equation

The relation given by Equation 3 is applicable to systems in which$

radiant exchange takes place between the surfaces of solids, as schemati-:
gr = oA\ FAFg (T —~ Ty (3 ¢

cally shown in Fig. 3. Gaseous and luminous radiation are not considered
in this discussion. Equation 3 states that the net radiation per unit trans
fer area of surface 1, ¢,/ A Btu per (hour)' (square foot), which sees surface;
2 through a non- absorbmg medium, is proportional to the difference of the
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-c (11_))0.2 (—7%)0,131 om s : i (23) %

untt convective conductance, from Table 2, Btu per (square foot)
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TasLE 2. APPROXIMATE, UNIT CONDUCTANCES FoR ‘T
SeveERAL FLow SysTems -

Ezpressed in Convenient Empirical Form -

BERMAL CONVECTION FoB

,%\
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Forcep Convecrion B
1 = . General Equation 3
o .
% = 00225 (@)o.u (C-l“)o.a
~ " k
where £ > 44D
Longitudinal ﬁow in a cnrcular cylinderb. : ba
and (—)
” > 2200
2 Same as Case 1.k Eguation for Asr © 3
—_ Gﬂ»l
he = 54 X 10T g
where z > 44D
and (%”) > 200
n - i &
Same as Case 1.b Equation for Li utd Water 3 -’1
(32-4001%‘)

= E s Bm®t
he = 13.5(t)om i

where z > 44D
wna (29) > a0
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Uy, . . General Equation 4
’ AP - oz (E)"' (=)™
k
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where 1000 < = < 50,000
Flow normal to a single cylinder.

Same as Case 4.

where 1000 < D—G < 50,000

u.— General Equa 3
& D (Turbulent Flow) .
&:—’ = 0.0206 (’_G)" (‘L“)""’

K “ k
;: where (zg) > 500,000 and

— X s
i ——|______Flowalong a fiat plate. Be = 125k
e 8
¥ Same as Case 7. Bquation for Air 3
5 (Turbulent Flow)
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hex = 051(Tr)ss lzz)%
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