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HEAT TRANSFER
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The two spheres shown interchange radiant energy in the space between surfaces 1 and 2.

1 Di=1m, D;=2m

2 T1=500k,T2=800k

Determine the view factors F,, Fa, Fyy, and Fx.

If the surfaces are black, determine the direction (from or to the surface) and magnitude of total
heat transfer at surface 1 and surface 2. If both surfaces are gray with €; = 0.8 and €; = 0.9
determine the radiosity for surface 1 and for surface 2. Determine the magnitude and direction of
total heat transfer for surface 1 and surface 2.

enclosure equations to develop the expressions you use to find radiosities and heat transfers.
Devive +we
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Liquid refrigerant-12 at a temperature of T, = 7°C interacts with the surface of a flat plate
whose temperature is T, = 47°C. The free stream velocity of the fluid is 100 m/h. Ata
characteristic length of L = 1 m, the temperature distribution is

(T, - T)/(T, - T.) = 16.242y - 49.460y?

where T is in °C and y in meters. Using the average fluid temperature for evaluation of
properties, calculate at the characteristic length:

a. The Reynolds number.

b. The temperature gradient at the interface (y = 0) and include appropriate units.

C. The temperature at y = 0.05 m.

d. The rate of heat transferred to the fluid.
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Heat is generated at a constant rate of g'"(W/m3 ) in a thin circular rod of length L and diameter D by the
passage of electrical current. The two ends at x = 0 and x =L are kept at constant temperatures T(x = 0)
= T, and T(x = L) = 0, respectively, while heat is dissipated from the lateral surfaces by convection into a
medium at T_ = 0 with a heat transfer coefficient, h.

(@). Derive the one-dimensional steady state energy equation for the determination of the temperature
distribution, T(x) in the rod.

(b). Cast the result from Part (a) above in dimensionless form and solve the derived differential equation
to provide an equation for the temperature distribution in the rod.

(c). Sketch the resulting dimensionless temperature profile. Show the general behavior —- do not even
attempt to compute or plot numerical data---since you have not been given specific property or geometric
data. Discuss how the magnitude of axial conduction and surface convection varies along the surface.
from the x=0 end to the x=L end.
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8.49 = sinhz 8.50 = coshz ‘ 8.51 ¥ = tanhz
v . v v
_______ - ——==
A
0 * ) z 0 ¥
________ - ———=
Fig. 8-1 ' Fig.8-2 ' Fig.8-3
8.52 ¥ = cothz 8.54 Y = ceschz
v
o z

Fig. 8-4 * Fig.8-5 o Fig.8-6
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%%t . DEFINITION OF HYPERBOLIC. FUNC‘I’IONS"‘ $ o

8.1 Hyperbolic sine ofx =
8.2 ' - Hyperbolic casine of z : = rf}"
- _ . 7
8.3 Hyperbolic tangentof z = tanhz = SO '
. yperbolic tangent of 2 = z'—4e:‘_'_c_z
. ' e +e =
8.4 Hyperbolic cotangent of x = cothz = pra—
8.5 Hyperbolic secantof z = sechz = —2 .
) I o
8.6 Hyperbolic cosecant of x = cschz = 2

8.7 : tanhz = BiBhZ
cosh z
V _ 1 _ coshz
8.8 cothz = fohz _ sinhz
8.9 sechz = 1
. : cosh z
8.10 ” cschz = —1—
. sinh z
8.11 cosh?z — sinh2z = 1
8.12 . sech?z + tanh?z = 1

8.13 coth?z — esch?z = 1 ' P =

13.31 %sinhu = coshu:—: 13.34 a‘—i—cothu = -—csch2u::
13.32 i— coshu = sinh u% 13.35 % sechu = —sechu tanhu %
13.33 % tanhu = uchz % :—E 13.36 % eschu = _’,-h esch u cothu :—3



