186 Chapter 3 ® One-Dimensional, Steady-State Conduction

3.93 A radioactive material of thermal conductivity k is cast
as a solid sphere of radius r, and placed in a liquid bath
for which the temperature 7., and convection coefficient
h are known. Heat is uniformly generated within the
solid at a volumetric rate of g. Obtain the steady-state
radial temperature distribution in the solid, expressing
your result in terms of 70, 4, k, h, and T,

(d) |A proposed extension of the foregoing design
volves storing waste materials having the s:
thermal conductivity but twice the heat genera
(g =2 X 10° W/m®) in a stainless steel containe
equivalent inner radius (r; = 0.5 m). Safety con
erations dictate that the maximum system temp
ture not exceed 475°C and that the container 1

3.94 Radioactive wastes are packed in a thin-walled spherical thickness be no less than 7 = 0.04 m and prefers

‘ container. The wastes generate thermal energy nonuni- at or close to the original design (¢ = 0.1 m). Ass

I formly according to the relation ¢ = gol1 = (#r,)2, the effect of varying the outside convection coe

5 where ¢ is the local rate of energy generation per unit cient to a maximum achievable value of & = 5(

i | volume, g, is a constant, and r, is the radius of the con- W/m?” - K (by increasing the water velocity) and

| ! tainer. Steady-state conditions are maintained by sub- container wall thickness. Is the proposed extens

merging the container in a liquid that is at T, and pro- feasible? If so, recommend suitable operating ¢
i vides a uniform convection coefficient . design conditions for  and , respectively.

3.96 Unique characteristics of biologically active materi
such as fruits, vegetables, and other products require s
cial care in handling. Following harvest and separati’
§=4, [1— ()l from producing plants, glucose is catabolized to produ
° ¢ carbon dioxide, water vapor, and heat, with attendant
ternal energy generation. Consider a carton of appl
each of 80-mm diameter, which is ventilated with air
5°C and a velocity of 0.5 m/s. The corresponding value
the heat transfer coefficient is 7.5 W/m? - K. Within ea
apple thermal energy is uniformly generated at a total 1z
3.95 Radioactive wastes (kv = 20 W/m - K) are stored in a of 4000 J/kg - day. The density and thermal condus:tivi
spherical, stainless steel (k, = 15 W/m - K) container of of the apple are 840 kg/m’ and 0.5 W/m - K, respectivel
inner and outer radii equal to r;=05mandr,=0.6 m. g Apple, 801
Heat is generated volumetrically within the wastes at a f diamete;
uniform rate of ¢ = 10° W/m®, and the outer surface of @ @
the container is exposed to a water flow for which % = s
1000 W/m? - K and T, = 25°C.

Determine the temperature distribution, 7(r), in the con-
tainer. Express your result in terms of 4, Ty Twy, h, and
the thermal conductivity & of the radioactive wastes.

Radioactive wastes,

ke
Stainless steel,
kSS
(@) Determine the apple center and surfac
temperatures.
! sy L0 For the stacked arrangement of apples within the
] ‘ _crate, the convection coefficient depends on th
| (@) Evaluate the steady-state outer surface tempera- velocity as & = C,V *** where C, = 10.1 W/m?
| ture, T, . K - (m/s)**». Compute and plot the center anc
| (b) Evaluate the steady-state inner surface tempera- 'surface temperatures as a function of the air veloc-
[ ture. T . ity for0.1 = V=1 mys.
{ > L
[ (c) Obtain an expression for the temperature distribu-  3.97 Consider the plane wall, long cylinder, and sphere
| tion, 7(r), in the radioactive wastes. Express your shown schematically, each with the same characteristic
* result in terms of r;, T, k., and §. Evaluate the length a, thermal conductivity k, and uniform volumet-
? temperature at r = Q. TiC energy generation rate q.
|
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