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eonsxdemble eomphustxon i3 involved. Themfore, in t.hls
the tent units of conductivity

Btu per (hour) (equare foot) (Fahrmhcd dcqreu pcr onc joot
thickness) are used
Jrom Chapter 8 or Table 1 mthu chapler, mu.st (Iwrefvmbe
converted for use in the calculations of this chapler by dividing
by 12. As an example, the conductivity of brick listed as 5.0
in Table 4 of Chapter 9, becomes 0.42 when used in the
calculations of this clmpoer Also it should ‘be emphxsued
that in order to make the and i

sistent in this chapter, all dimensions of thickness must be
ezpreszed in fea.

Laminas region

Fig. 1.... Thermal Convection Conditions
Thermdl Convection Eqbuﬁon
2w hetty — 1) @

This rate equation states that the thermal convection per
wunit transfer area (¢/A), Biu per (hour) (square foot) is
proportional to the temperature difference (t, — f;) which
is the temperature of the surface lese that of the fiuid. The
particular fluid temperature to use for 8 given system will
be noted under the discussion of that system. The propor-
tionality factor is termed the unit thermal convective con~
ductance (sometimes called the film coeflicient for convec-
tion), k., Btu per (hour) (square foot) (Fahrenheit degree)
Fig. 1 shows the conditions associated with convection.

The heat transmission by free or natural convection for
ob)ects surrounded by air can be mnveme.ntly expressed
as in Equa\‘.mn 3:

RCYARU -
Z =B (B) (E) (O # 1 3)

_qz = heat trapsmission by convection, Btu per (square
foot) {(bour).

where

Table 1.... Approximate Unit Thermal Condudtivities*
Conductivity, k = Biv pear (] {sq #1) (F deg per in}

Material k Material k
Lead. . 240.0
’erckel 408.0
Soil. 2.4-12.0
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B = a constant dependiog upon the shape of the sur-
face.

D = diameter of pipe or circular duet or height of ver-
tical wall, inches. (Effect of diameter or beight
becomes constant at 24 in.)

T = average of wall surface and surrounding air tem-
Fah baol

heit

-ty :empemture excess between wall surface and sur-
rounding air, Fahrenbeit degrees.

For horizontal cylinders, the value of B = 1.02 bas been
well established by various investigstions. For vertical
plates, the value of B = 1.39 has been fairly well established.
Suggested values? of B for horizontal plates warmer than-
the surrounding air are 1.79 when facing upward, and 089

" when facing downward.

Problems in either forced convection or natural convec-
tion may be solved by the simple ﬁmt—power equnuon if the
couveccmn coefficient is d 8s 8 unit

g = hod(ty ~ &) @

where

g = heat transmission by convection, Btu per bour.
A = gurface srea, square feet.

i }

b~ = the surface and

the fluid, Fahrenheit degrees.
h, = unit convective conductance, from Table 2, Btu

per (square foot) (hour) (Fahrenheit dégree tem-

perature difference).

ﬁg.Z....ﬂmmuICondudionthalSlab’

Thermal Radiation Equation
The relation given by E: 5is
in which radiant exch takes place b

of solids, as schematically shown in Fig. 3.
g = SAWFLIF (T = TaY) ®)

Gaseous snd lumi diation are not in
this discussion. Equation 5 states that the net radiation per
unit trangfer area of surface 1, g,/4 Bta per (hour) (square
foot), which sees surface 2 through a non-absorbing medium,
is proportional to the difference of the fourth powers of the

bsolute surface (T =
ality factor (rF‘I’;) ma.y be eonvemmtly separated into
three bl involving inter-
reflections, where it is not possxble to divide the product
(F 4F3) into separate terms):

& = the Stefan-Bot diati tant = 1730 X 10~1*

plicable to sy
the surfaces

3o 4

- Btu per (hour) (square foot) (Fahrenheit degree abso-

lute temperature to the fourth power).

). The proportion-

b

Heat Tronsfer Sl
- Table 2. :.. Approxil Unit Cond! for Thermal Convection for Several Fow Systems
Expreswd in Convaniont Empirical Form
Cm»‘ Systaes Heat Tronster Equation® ond {is Limits of Application
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General Equation

: o Longitudinal Bow in | .y
Q{ a circular cylinder.® h%D - 0.0225 (DG) (c'“) where z > 44D ausd (——) > 2200

2 ) Eq-uuhm for Air
B 1.t
Ref: 3] Same as Case ;,,=uxw<(7',)"D,, whmz>4wana( )>zzoo
Eguation for Liquid Water
Rz:; 3| Same 28 Case 1.6 e @ » DG’
he = 13.5(1)0m Y= where 2 > 4.4D and (M) > 2200
D '
4 o Flow normal to a » DG\ L (fzvmn( Bouation . -
MT 4 < single cylinder. = 0.28 (T) (—b’g) where 1000 < DT—G < 60,000
s Egqualion for Air
Bame as Case 4. h oa
Ref. 4 - Betererama = 021L(Ty)0:8 (“;?‘ where 1000 < %—G < 50,000
P Eguation for Liquid Water
R:;4 Same as Case 4. e B pa
Betamres = 340047030 ( * ) where 1000 > —— > 50,000
B
[ General Equation (Turbulent Flow) .
7 —_— h.. 0. "
Ref. 3 _AFlow along a fiat plat.e. —ff = 0.0298 (?) (51"—) where (?) > 500,000
. L X et and ke = 1.25A.
Eguation for Air (Turbuleat Flow)
-8 £l
Ref.3| Bawe as Case 7. he = 01T (58 ( )>5°°0°0
and Rotevernenr = 1 25hea
General Eguation (Laminar Flow)
h“; (N Cap [E-)
- 2
Rc!:.:! Same as Case 7. P ( ) ( )
=G
For (—;) < 500,000 and Aetareresr = Zhen
o Equation for Air (Laminar Flow)
Ref, 3| Same as Case 7. bl

hes = 0.0562(T/)*>

(o)
zlJ

For («’9) < 500,000
I




