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Table 3 ....Radiation Factors or Emissivities, «*
For the detarminction of fodor Fg in Equotion 3
Fraction of Black- Rodiation
= St | S
At 50-100F At1000 F
1 A small hole in a large box, sphere, furnace, or enclosure. ............ 0.97 to 0.99 0.97 to 0.99
2 Black non-metallic surfaces such as asphalt, carbon, slate, paint, paper.{ 0.90 to 0.68 .85 to 0.98
3 Red brick and tile, concrete and stone, rusty steel and iron, dark paints
{red, brown, green, etc.). . ................... ... .} 0.85 to 0.95 0.65 t0 0.80
4 Yellow and beff brick and stone, firebrick, fire clay. .| 0.85 to 0.85 0.50 to 0.70
5 White or light-cream brick, tile, paint or paper, plaster, whitewash...{ 0.85 to 0.95 0.30 to 0.50
6 Window glass ...] 0.90 to 0.85 ‘Transparent*
7 Bright aluminum paint; gilt or bronze paint.. .1 0.40 to 0.60 0.30 to 0.50
8 Dull brass, copper, or aluminum; galvanized steel; polished iron. .[0.20 to 0.30 0.40 to 0.65
9 Polished brass, copper, monel metal....... ........... .| 0.02 to 0.05 0.30 to 0.50
10 Highly polished aluminum, tin plate, nickel, chromium. .{ 0.02 to 0.0¢ 0.10 to 0.40

* Emissivities of other materinla may be found ic Reference 4. * Raflects about 8 peroont.

The temperature drop, Af, through an individual resistance
may then be calculated from the relation:

At = Rg,. (15)

where R is the mxstanw in questmn

The problem is now reduced to one of evaluati the in-
dividual resistances of the system. This entails suitable
‘manipulation of the rate Equations 1, 2, and 5 to produce

expressions of the form:

=% s

where ¢ is the heat transfer rate, and At is the potential
drop or temperature difference through the resistance R.
Table 6 lists such solutions for six different conduction sys-
tems. Table 4 in Chapter 9 and Table 1 of this chapter in-

dicate f.he mng-mbudes of the thermal conductivities, &, to
ployed in the expressi of Table 6, after dlv:dmg

k by 12.

The soluti licable to the problem depicted in Fig. 8,
for the calculation of R, and R, , is Case 2 in Table 6. Thus
for a 1-ft length of 2 in. nominal size pipe (I. D. = 2.067
in., 0. D. = 2.375 in.) insulated with 1 in. of material hav-
ing a conductivity of 0.025:

1.188
1033
26 X 26X 1
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By = xRl 39 (hr) (Fdeg_) per Btu.

tog.

Ry = = 85 X 10~ (hr) (F deg) per Btu.

. The convection resistances to heat transfer from the pipe

Table 4 .. .. Heat Transmission by Radiation for Black-Body Conditionss
Expressed in Biv per (squara foot) {hour)

Temp F Deg [ —1 -2 -3 -4 —5 —& -7 -8 -9
-30 59.3 58.7 58.2 57.7 57.2 56.7 56.2 85.7 55.2 .7
-20 .65.2 6.7 8.1 3.5 62.9 62.3 61.7 “61.1 60.5 59.9
-10 71.4 70.8 70.1 69.5 68.9 68.3 67.7 67.1 66.4 65.8

0 78.0 7.4 76.7 6.0 75.4 74.7 4.0 73.4 72.7 72.1
- o +1 +2 +3 +4 +5 +6 +7 +8 +9
0 78.0 78.7 79.4 80.1 80.8 81.5 82.2 - 82.9 83.6 84.3
10 85.0 85.7 86.5 87.2 88.0 88.7 89.4 90.2 90.9 9.7
20 92.4 93.3 9.0 9%4.8 95.6 96.4 97.2 98.0 98.8 9.6
30 100 101 102 103 104 105 105 108 107 108
40 109 110 111 112 nz | 13 114 115 116 117
50 118 118 120 121 122 123 123 124 125 126
60 127 128 129 130 31 132 133 134 135 136
70 137 138 139 140 142 143 144 145 146 147
80 148 149 " 150 151 152 153 154 155 156 157
90 159 160 161 162 183 164 166 167 168 189
100 170 171 173 174 175 176 178 179 180 182
110 183 184 185 187 188 189 191 192 193 195
120 196 197 199 200 201 203 204 206 207 209
130 a1 | 212 214 215 217 218 20 21 222 24

—25 F for eff

o 095 = (103 — 62.3) 085 = 37.7 Btu per {squsco foot) (bour).

* Ezgmple: Radiation [rom wally of room at §2 F to surfa
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Table 5. .. Net Rodiation Solutions
Sysem Solution Remarks
Two infinite parallel [ 1 (g Py Consideri interreflecti (Refer-
’1{ lEa planes. A1 v~ +) ence 5)
2+-_a
a e
One radiation shield e _{1 ! @ - T‘; Consideri interreflecti (Refer-
ele €€, between two infinite A~ \z2/1 1 % ! ence 5)
paraliel planes. - + a 1
n radiation sbhields ar 1 g qr Considering interrefl (Refer-
LH’“”H beteen Lwo infinite a”avi\a), TPy, | emces)
L R W " planes. is the net radiation exchange without

the shields.

Two concentric spheres] ¢,

.

cylinders.

or two infinitely long A" ;*IF——) o(Tit = TyY)
: -+ 2=~

Considering interreflections and dlﬂ'use
surfaces. (Reference 5)

T 3
dns 'wo areas d4, and dd, @ _ aaaF 4 (T — Tat)
N | 2 dA;

Surface diffuse, neglecting interreflec-
tion. (Reference 5)

Tube of infinite length o _ {1 Neglecting interreflections. (Ref
‘-:i) la parallel to an infinite 2erN (2) e (Tt = T 5)
. wall. where N is the length of cylinder from
~*| which ¢, is exclidnged.
Surfaces are perfect radiators. See Fig. 4 (Reference 4)
Surface element d4 and rec-
tangle above and parallel to . -
da it, with one corner of rectangle; o
contained in normal to dA. -
Surfaces are perfect radiators. See Fig. 5 vReference 4)
Adjacent rectangles in perpen-|
l\! 1 dicular planes.
v
See Fig. 6 (Reference 4)

Opposed. parallel rectangles

Surfaces are perfect radiators.
l I and dises of equal size.

wall to the cold water, R, and from the air to the surface
of the insulating material, R.,” are dependent on the flow
conditions prevailing at these surfaces, and on the thermal
pmperf.les of the fAluids. These msnstanees are also directly
dent upon the ion, and for this
reﬁson it iz necessary ﬁm to guess, on the basis of the prob-

lem statement, a temperature distribution upon which to .
base the initial calculations. Since the values of A, for heat
transfer between water and pipe walls are relatively high in
thm temperature range, it is logical to assume only a small
ture difference bet the ture of the fluid

" body and the temperature of the pipe wall. For the purpose

of an initial guess, this temperature difference will be as-
sumed to be 2 deg. On the other hand, A, for heat transfer
from air to a body is relatively small, and a higher tempera-
ture difference would be expected between these masses.

The value initially assumed here will be 20 deg In summary

the temperature distribution in the system is assumed as
follows:

Fluid temperature = 34 F. ~
Inper pipe wall tempersture = 36 F.

Outer insulation surface temp e = 100 F.
Ambient air temperature = 120 F.

With these assumptions and the problem statement, it is
now possible to calculate values for hhe convective mxst—
ances. If it is found in the ulti of the p
that the temperature distribution is different from that as-
sumed, it will then be necessary to repeat the solution pro-
cedure.

1f reference now be made to Table 2, it is found that Case
3 of this table is a system similar to that encountered in the




