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heat transfer performance.on logarithmic coordinates, and the factor B
should be regarded as a simple constant of proportionality.

HEAT-FLOW RESISTANCE

In most of the steady-state heat transfer problems encountered in air
conditioning applications, more than one of the heat transfer mechanisms
are effective, and the thermal current flows through several resistances in
series or in parallel. In using the resistance concept the calculations in-
volved are analogous to the application of Ohm’s Law in electricity, viz.,

TaBLE 7. Heat Tmsmssxoy BY RADIATION FOR BLACK-Bopy CONDITIONS2
) Expressed in Btu per square foot per hour

’ll‘)m <
Folo | -t —2|-3|-a]| 5| 6| -7 -8 —9
—-30| 59.3| 58.7| s8.2| .57.7| 57.2.| 567 | 562 |. 857 | s52 | sa7
~207 652 64.7| 64.1| 63.5| 629 [ 623 | 617 | 61.1 | 605 | 599
—10| 71.4] 708| 701| 69.5 689 | 683 | 677 | 67.1 | 664.| 658
0| 780| 774| 767| 760 754 | 747 | 740 | 734 | 727 | 721

0 0} 787 794| 80.1 808 8L.5 82.2 82.9 83.6 84.3
10 { 850 857| 86.5| 97.2] 88.0 88.7 89.4 90.2 90.9 91.7
20| 9241 93.3) 940 948| 95.6 96.4 97.2 98.0 98.8 99.6

.30 {100 (101 102 | 103 104 105 105 106 107 108
40 1109 | 110 | 111 | 112 112 113 114 11§ 116 117
50 1118 119 120 .]121 122 - 123 123 124 125 126
60 | 127 | 128 [ 129 | 130 131 132 133 134 135 136
70 1137. (138 {139 | 140 142 143 144 145 146 147
80 {148 (149 150 . 151 152 153 154 155 156 157
90 {159 |[160+ | 161 | 162 163 164 166 167 168 169

100 {170 1171 | 173 |.174 175 176 178 179 180 182

110 1183 | 184 | 185 | 187 188 189 191 192 193 195

120 (196 [ 197 '] 199 | 200 - 201 203 204 206 - | 207 209

130 211 | 212 214 |215 217 . 218 220 221 222 224

sExgmple: Radiation from walls of room at 32 F to surface at.— 25 F for effective emissivity of 0.95 = -
(102 — 62.3) 0.95 = 37.7 Btu per square foot per hour.

the heat flow or thermal current is directly proportional to the thermal

potential or temperature difference, and inversely proportional to the
thermal resistance: : . : .

Following the electrical aﬁaiogy, when there is a thermal current flowing:

through several resistances in series, the resistances are additive:

Re=Ri4+Ri+Rs+..... 4R : @

Similarly, conductance is the reciprocal of resistance, and for heat flow

through two resistances in parallel, the conductances are additive:
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CHAPTER 3. FUNDAMENTALS OF HEAT TRANSFER

Practical Heat Transfer Problems .
The use of these simple relations for resistance and conductance simpli-

'fies many practical heat transfer problems. As discussed in Chapters 4,

26, the practical analyses of heat transfer in building walls, in
flii-etlgge coils ancll) in pipe coverings, are usually computed by th1§ method.
The same resistance analysis may be applied to complicated steady-
state conduction problems: Table 8 indicates the solutions in six common
cases of steady-state conduction. )

A complete analysis by the resistance met'hod is best 1llustrat§d .by
considering the heat transfer from the air outside to the cold water inside
of an insulated pipe. The temperature gradients and the nature of the
resistance analysis are indicated by the two sketches of Fig. 4.

Since air is sensibly transparent to radiation, there yvill bq some heat
transfer by both radiation and convection to the outer insulation surface.
The mechanisms act in parallel on ‘the air side. The total current by

[ .
1,2 120 ) .

;/— 2 - nominal size pipe
f 1. D.’2067in.0. D. 2375in.
® “Yin. cork insufation. Water
0° 90 velocity, 5 ft per second

Fic. 4. HEAT TRANSFER CONDITIONS IN THE INSULATED CoLp WATER LINE -

radiation and convection then passes through the ins],ilatipg [ayer ar}d
the pipe wall by thermal conduction, and thence by convection into main
cold water streams. = Radiation is not significant on the water side as

: liquids are sensibly opaque to radiation, although water transmits energy

in the visible region. The contact resistance between the insulation and
the pipe wall is presumed to be equal to zero. ' : .
Referfing to Fig. 4, the thermal current for-a given length N of pipe,
g Btu per hour, may be thought of as flowing through the para!lel ,
resistances Ry and R, associated with the insulation surface radiation and_.
convection transfer. Then the flow is through the résistance oﬁ'er,ed to
thermal conduction by the insulation, R, through the pipe wall resistance,
Ry, and into the water stream through the convection resistance, R;.
Note the analogy to the direct current electrical circuit problem. A
temperature (potential) drop is required to overcome these resistances to
the flow of thermal current. The total resistance to heat transfer,: Rr,
hour degrees Fahrenheit per Btu, is the summation of the individual
resistances: S AR
: Rt =Re+R+R+R 7 - R )]
81 . : :



