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Expressed in Convenient Empirical Form

Fandamentals of Heat Transfer -

free -or natural. convection for objects sur-

t transmission by ) )
rouT‘}:;!é;l ?:;; air can be conveniently expg@sed as in Equation 2a:

- ——— - - 1\e2/ 1 \em .
Cass. 1. -Svsrm . | © Uit Conpuctance EquaTiond . g=C (l_)) (&,_ (te — t* ¥ - (2a)
- - . o, - . av . -
Forcep ConvECTION ’ where - ' . . . . ‘ ’
. ’ . -  heD T DG 1 - go = heat transmission by convection, Btu per (square foot) (hour).
L " | Longitudinal flow In cylinders, turbulent | & 0.0225 (T) . (‘,%‘)“_ C = a constant depending upon the shape of the surface. - :
reglon. - Fluld being heatede, 1 DG - D — diameter of pipe or circular duct or height of vertical wall, inches.
: o For ( o ) >. 3000 (Effect of diameter or height becomes constant at 24 in.)
- . . T,y = BYVErage of wall surface-and surrou’nc_lix;g air temperature, Fahrenheit
2. For 1 . . ho = 0.0036 Go4/per .- - S degrees. absolute. _. . S Lo i
’ rguc::gt’g.‘dw olr fow In cyun.dm case 1 DG . ’ . — {; = temperature excess between wall surface and surrounding air, Fahren-
. . For( )>3000 UE ts t = Wl - : g . . g g
“ R beit degrees. . - .
3. For longitudinal water flow in cylinders case 1 | - 00 20 (1 +0.019 g: For horizontal cylinders, the value of C = 1.016 has been well estab-
reduces tox. ' ' For (D6 Y. lished by various investigations. For vertical plates, the value of C =
or ( a)> a0 1.394 has been fairly well established. Suggested values® of C' for hori-
) o mal . - - zontal plates warmer than the surrounding air are 1.79 when facing upward
Cvitndey, "ormal to a slugle right dlreular | . o 45 (.%.) +0.178 Gvw (_h_)“' anid 0.89 when facing dovwnward: . ‘
- ' . NP Problems in either forced convection or natural convection may be solved
. ’ 1 § * by the simple first-power equation if the convection coefficient is expressed - .
> Alr fiow over staggered pipe banks. ko = 0.061 ('% o ;lg a unit crt))nductance: T ’ 3 .
v T ge=h A(h—t) (2b)
6. | Alr flow over gingle spheres, o ko = 0.040 g"‘: where ) )
. 0 <f<z0F ¢. = heat transmission by convection, Btu per hour. -
. S : ’ ho=1+022V, A = surface area, square feet. .
7 Alr flow over plane surfaces. For Vs < 16 fps 4 — 1: = temperature difference between the surface and the fluid Fahrenheit
. . e . :;';;!F<053 ':.';”‘ ‘ degrees. . . P .
N K t = L _ he = unit conductance, from Table 2, Btu per (square foot) (hour) (Fahren-
8. Alrﬂown : o : cytinders. ko = 6.2 (3& )M ;;: _— , 'heit degn-ee temperat.ur'e dlffe;ence.)" :
— _O<i<oF Thermal Radiation Equation T , .
N : : The relation shown in Equation 3 is usually applicable to systems in
o Faex Convectiond . : S ‘ -
i g@onm‘nﬁag dn_muymdum air. | Bo = 023 (:;4. )ufl NOMENCLATURE AND DMENSIQNS EOR- TABLE 2
— - — o b ¢, = fluid unit heat capacity at constant pressure, Btu per (pound) (Fahrenheit
10. Vertical surfaces in air, . ho = 0.3 (r—ris degree). : P
D’ = cylinder diameter, feet. .
1L Top surface of horizontal plates to air. o = 0d (g em . Ll E o oo G = 3600 Vo t= ﬂ;xid mass velocity, pounds per (hour) (square foot of flow
- = : . . cross-section).. . . . R o
12 o -, X - B p = density, pounds per cubic foot. .
. of h ! plates to air. | ko = 0.2 (h—t2)>5 . - h, = unit conductance for thermal convection, Btu per (hour) (square foot)
. : (Farhrenheit degree). :

k = unit thermal conductivity of the fluid, Btu.per (hour) (square foot)
. (Fahrenheit degree per one foot thickness). = . .
Rx = hydraulic radius of the flow cross-section = flow cross-section area per
wetted perimeter, feet. - . < : ’ !
s =-fin spacing, feet. B
-t = average fluid film temperature, Fahrenheit degree. 5
ti—t: = temperature difference surface to main fluid, Fahrenheit degree.
V. = fluid velocity, feet per second.

* Heat m;:sl_liision, by W H; MeAdams . o
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® Fluid properties antad & Lo o T
dividedb'j‘;o‘ rtiea should be evaluate ‘3.?'-118 azith mean fluid temperature, ¢ = ( e psd)
o THss o t = (furtace + ¢ flatd)

i A“'reagrv (X}

t  longit 2l flow in other than right circular cylindérs provided'ib
- 4 For Iy 28 the soz R . Fornon-ci.r(:ularm-eectxcy € a‘og;‘glgs?a‘

- rates igammhes‘sahni‘fe’ boi'h,w‘fw'v tion the dec towards zero. ‘t.nd fo ilixh :
. | inthe intermedistarance The f llowing equationa employing an exponent eqzal to 0.25 arg ,ﬁg%hmb' ia

’ EEEAN

# = fluid viscosity, pounds per (bour) (foot) = viscosity in centipoises X 2.42.
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