


\CI ick To Downl oad Full Chapter 1 to 15 Sol ution manual on G ouneh ’/
3_

1-1  Derive the heat conduction equation (1-43) in cylindrical coordinates
using the differential control approach beginning with the general
statement of conservation of energy. Show all steps and list all
assumptions. Consider Fig. 1-7.
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1-2  Derive the heat conduction equation (1-46) in spherical coordinates
using the differential control approach beginning with the general
statement of conservation of energy. Show all steps and list all
assumptions. Consider Fig. 1-8.
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1-3  Show that the following two forms of the differential operator in the
cylindrical coordinate system are equivalent:
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1-4  Show that the following three different forms of the differential
operator in the spherical coordinate system are equivalent:
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1-5  Set up the mathematical formulation of the following heat
- conduction problems. Formulation includes the simplified
differential heat equation along with boundary and initial conditions.
Do not solve the problems.

1. Aslabin 0 <x <7 is initially at a temperature F(x). For times ¢ >
0, the boundary at x = 0 is kept insulated, and the boundary at x =
L dissipates heat by convection into a medium at zero
temperature.

2. A semi-infinite region 0 < x < oo is initially at a temperature F(x).
For times ¢ > 0, heat is generated in the medium at a constant,
uniform rate of g, (W/m?), while the boundary at x = 0 is kept at
zero temperature,

3. A hollow cylinder a < r < b is initially at a temperature #(r). For
times ¢ > 0, heat is generated within the medium at a rate of g(#),
(W/m?), while both the inner boundary at » = ¢ and outer
boundary r = b dissipate heat by convection into mediums at
fluid temperature 7, .

4. A solid sphere 0 <7 < b is initially at temperature F(r). For times
¢> 0, heat is generated in the medium at a rate of g(r), (W/m), |
while the boundary at » = b is kept at a uniform temperature 7.
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1-6 A solid cube of dimension L is originally at a uniform temperature
T,. The cube is then dropped into a large bath where the cube
rapidly settles flat on the bottom. The fluid in the bath provides
convection heat transfer with coefficient 4 (W/m?* K) from the fluid
at constant temperature7, . Formulate the heat conduction problem.

Formulation includes the simplified differential heat equation along
with appropriate boundary and initial conditions. Include a sketch
with your coordinate axis position. Do not solve the problem.
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1-7  For an anisotropic solid, the three components of the heat conduction
vector ¢, ¢, and g, are given by equations (1-80). Write the similar
expressions in the cylindrical coordinates for ¢,, g4 ¢, and in the -
spherical coordinates for q,, ¢4 go.

) 2T al
ﬂl‘ (,(Hd |LT"9++‘C (7)

) 2T 9T
+kzarﬂ-/—kzs'—‘5

. )
Ze ()(SI -()"F + k3z_—‘,;'“&—~r4)_)_ }C'“ ;)%_)

[N}

o))
-
f\
IT
Q,
7

o
5 =
I
/\
AN
,Q,

5
+
’_:7\'
R
o
>
b
<L—‘“~/
< I~
e
~
7 [—
=
D
\__/

12


https://gioumeh.com/product/heat-conduction-hahn-ozisik-solutions/
https://gioumeh.com/product/heat-conduction-hahn-ozisik-solutions/

\CI ick To Downl oad Full Chapter 1 to 15 Sol uti on manual on G ouneh )/
ya

1-8  An infinitely long, solid cylinder (D = diameter) has the ablhty for
uniform internal energy generation given by the rate g, (W/m ) by
passing a current through the cylinder. Initially (t=0), the cylinder is
at a uniform temperature T,. The internal energy generation is then
turned on (i.e. current passed) and maintained at a constant rate g,
and at the same moment the cylinder is exposed to convection heat
transfer with coefficient 4 (W/m?* K) from a fluid at constant

temperature 7, , noting that 7, >7,. The cylinder has uniform and

constant thermal conductivity £ (W/m K). The Biot number
h% < 1. Solve for time ¢ at which point the surface heat flux is

exactly zero. Present your answer in variable form.
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