A. THEORY
SENTENCE 1: Built the continuity of fluid
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SENTENCE 2: Give three princible of the heat transfer and the base (origin) equations
1. Conduction
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2. Convection
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3. Radiation
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SENTENCE 3: BUILT THE HEAT EQUATION OF CYLINDER COORDINATE
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and the heat flux is then
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FIGURE 1.4
Boundary layer development in

convection heat transfer.
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where ¢, the convective heat flux (W/m?), is proportional to the difference between
the surface and fluid temperatures, 7, and 7., respectively. This expression is
known as Newton's law of cooling, and the parameter A (W/m? - K) is termed the
convection heat transfer coefficient. It depends on conditions in the boundary layer,
which are influenced by surface geometry, the nature of the fluid motion, and an as-
sortment of fluid thermodynamic and transport properties.
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FIGURE 1.6 Radiation exchange: (a) at a surface and (b) between a surface and large

surroundings.
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This expression provides the difference between thermal energy that is released due
to radiation emission and that which is gained due to radiation absorption.

There are many applications for which it is convenient to express the net radia-
tion heat exchange in the form

Gra = 1 AT~ T,,) (1.8)
where, from Equation 1.7, the radiation heat transfer coefficient h, is
hy=eo(T,+ T,) (T2 + T2) (19

Here we have modeled the radiation mode in a manner similar to convection. In this
sense we have Jinearized the radiation rate equation, making the heat rate proportional
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to a temperature difference rather than to the difference between two temperatures
to the fourth power. Note, however, that 4, depends strongly on temperature, while
the temperature dependence of the convection heat transfer coefficient 4 is generally
weak.

The surfaces of Figure 1.6 may also simultaneously transfer heat by convection
to an adjoining gas. For the conditions of Figure 1.65, the total rate of heat transfer
from the surface is then

9= Qoo + Qs = WAL, = T) + eAo(T; = T3 (1.10)
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Cylindrical Coordinates When the del operator V of Equation 2.3 is expressed
in cylindrical coordinates, the general form of the heat flux vector, and hence of

Fourier’s law, is

” AT, 19T, ,dT
q'=—kVT= 7}((1% +17£+k5) (2.22)
where
n__,dT n_ _koT v__,dT
4 =kGr W=y 9T kg (223
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FIGURE 2.12  Differential control volume, dr - r d¢ - dz, for conduction analysis in
cylindrical coordinates (r, ¢, z).
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For an arbitrary control volume ¥ fixed in space and time (Fig. 11.2), conservation
of mass requires that the rate of change of mass within the control volume is equal
to the mass flux crossing the surface S of V, ie.

%Iodh—{gv-nds, (11.7)
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Fig. 11.2. Conservation of mass
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where n is the unit (outward) normal vector. Using the Gauss (divergence) theorem
(Gustafson 1980, p. 35), the surface integral may be replaced by a volume integral.
Then (11.7) becomes

_([a"w (gv)]dV=0 (118)
vl
where V+(ov)=div gv. Since (11.8) is valid for any size of ¥, it implies that

a0 _

E*‘V(QV)—O» (11.9)

which is the mass-conservation or continuity equation. In Cartesian coordinates
(11.9) becomes

090

6( ou)+ E(QW+ (gw) 0. (11.10)
X

It is convenient to collect all the density terms together and to write (11.10) as
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where D/Dt is called the time derivative following the motion or the material
derivative and 9 is called the dilatation. For flows of constant density (g

incompressible flow) (11.12) reduces to
du o ow

PP
=VveatytE

(11.13)

for both steady and unsteady flow.
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FIGURE 1.3
One-dimensional heat
transfer by conduction

(diffusion of energy).
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The heat flux g, (W/m?) is the heat transfer rate in the x direction per unit area per-
pendicular to the direction of transfer, and it is proportional to the temperature gra-
dient, dT/dx, in this direction. The parameter & is a transport property known as the
thermal conductivity (W/m - K) and is a characteristic of the wall material. The
minus sign is a consequence of the fact that heat is transferred in the direction of de-
creasing temperature. Under the steady-state conditions shown in Figure 1.3, where
the temperature distribution is /inear, the temperature gradient may be expressed as

dar_L—-T,
& L




