. 381).
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CHAPTER 5
HEAT TRANSFER

Conduction, ‘Convection, Radiation; Equations for Conduction, Convection, Radi-

ation and Combined Copvection and Radiation; Heat-Flow Resistance, in
Series and Parallel; Practical Heat Transfer, Probleins; '
Periodic and Transient Heat Flow

. l I EAT is the form of energy that is transferred by virtue of an existing

1 temperature difference. The temperature difference is the potential
which causes the. transfer, the latter in turn being resisted by the thermal
properties of the material combined in a single term known as the resist-
ance. Energy exchange associated with evaporation, condensation, ete.,
is treated elsewhere such as in the section on cooling lower desi,yn in
Chapter 35. The objectives of this chapter are to:

1. Describe the mechanis d i  di
of emrescribe th ms and present the rate equations for the different modes

2. Illustrate the application of the basic concepts to stead,
S 3 | . -gtate problems (tem-
perature independent of time or 2 cyclie variable thereof) by n};eans of%evera.l ty(piclgl

‘ solutions of heat transfer systems.

3. Present concise summaries of available methods of analysi i
periodic heat transfer problems. ' ® of anelysis for transient and

GUF;I;;ther applications to specific systems will be found throughout Tae

CONDUCTION, CONVECTION AND RADIATION

; Thermal conduction is the term applied to the mechanism of heat trans-
er whereby the molecules of higher kinetic energy transmit part of their
energy to adjacent molecules of lower kinetic energy by direct molecular
action. Since the temperature is proportional to the average kinetic
gnergy of the molecules, thermal transfer will occur in the direction of-
isecrea\smg temperature. The motion of the molecules is random; there
th:o net material flow associated with the conduction mechanism. In
; case of ﬂowmg fluids, thermal conduction is significant in the region
e"yl;:lose to a solid boundary or wall, for in this region the flow is Jaminar,
F:TSI el with the wall surface, and there are practically no cross currents
ol e;) d(xl{ectlon of the heat transfer across the solid fluid boundary. In
cOndué(t)i Olgs the significant mechanism of heat transfer is always thermal
in\rc()(l)\r:traSted to the thermal conduction mechanism, thermal convection
conduet?‘ energy transfer by eddy mixing and diffusion’ in_addition to
om ction. This is shown schematically in Fig. 1 which exhibits transfer
perata Pipe wall at surface temperature ¢, to a colder fluid at a bulk tem-
i :tre lr. (Bulk temperature is that which would be attained if the
Somewl;e%mhiwere drawn off at a certain section and mixed. It is therefore
Zaminara X gher than the lowest temperature in the stream.) In the
ot bsu layer, immediately adjacent to the wall, the heat transfer
o butt y thermal conduction; in the transition region, which is called
uffer layer, eddy mixing as well as conduction effects are significant;
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