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Consider a long pipe of inner radius 1, , outer radius 1, ,and thermal conductivity . Fluid

is passing through the pipe T, with a heat transfer coefficient of hi The outer surface
of the pipe is subjected to convection to a medium at T, with a heat transfer coefficient

of* ho. Assume that uniform energy ¢" is generated within the pipe wall. Write down the
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Consider a spherical container of inner radius r,, outer
radius #;, and thermal conductivity k. Express the boundary
comdition on the inner surface of the container for steady one-
dimensional conduction for the following cases: {g) specified
temperature of 30°C, (5} specitied heat flux of 45 Wim? to-
ward the center, (¢) convection to a medium at T, with a heat
transfer coeflicient of A.

- Spherical container

Assume steady state conditions

- {e) Convection to a medium at T, with a heat transfer coeffietent of ;&

A spherical container of inner radius ., outer radius 7, , and thermal conductivity £ is
geven. The boundary condition on the inner surface of the container for steady one-dimensional
conduction is Lo be expressed for the following cases:

() Specified temperatare of S0°C: T )= 50°C

{5} Specified heat flux of 45 Win® towards the conter: k@ =45 Wind
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A flat-plate solar collector is used to heat water by hav-
ing water flow throngh tubes attached at the back of the thin
solar absorber plate. The absorber plate has an emissivity and
an absorptivity of (L9, The top surface {x = () temperature
of the abserber is 7, = 35%C, and solar radiation is incident
on the absarber at 500 Wim® with a surrounding temperature
of G°C. Coenvection heat transfer coefficient at the absorber
sarface is 5 W/m®K, while the ambient temperature is 23°C.
Show that the variation of temperature in the absorber plate
can be expressed as T(x} = —{,/kwx + Ty, and determine net
heat flux g, absorbed by the solar collector.
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Assume steady state conditions.

Assumptions 1 Heat conduction s steady and one-dimensional. 2 Thermal conductivity is constant, 3 There is no heat

Absorber plate

Water whes

Tnsidatiog

generation in the plate. 4 The top surfice at x = 0 &s subjected o convection, radiation, and incident solar radiation.

Properties The absorber surface has an absorptivity of (1.9 and an emissivity of 0.9.

Awnulpsiz Taking the direction normal 1o the surface of the plate to be the x direction with x=0 af the top surface. the

mathematical formulation ean be expressed as

f-"/ / / / ‘?mfar h, A

& & Ty o

Absorber plate
Water tulwes

Insulation

Fip-Foor 5= B
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A long homogeneous vesistance wire of redins 1, =
3.6 cm and thermal conductivity & = 152 Wim-K s being
used 0 bedl waber af abmospheric pressure by the passage of
electric corrent. Heat ks generated {n the wire uniformly as 2
result of resistance healing af a rafe of 16,4 Wiens. The heat
generated iz transferred 10 water at F00*C by convection with

an average heal transfer voefficient of b = 3200 Wim K.
Assuming steady one-dimensional heat transter, (a) express
the differential eguation and the boondary conditions for
heat conduction through the wire, (53 oblain a relation for
the variation of femperatere in the wire by solving the dif-
ferential eguation, and (¢} determine the temperaturs of the
centertine of the wire. Apswer [0 125°0

Assume steady state conditions.

Assumptions 1 Heal transfer is steady since thers is no mdication of any change with time. 2 Heat wansfer is one-dimensionz
since there is thermal symmetry about the center line and no change in the axial direction. 3 Thermal conductivity is constant

4 Hest generation in the wire is uniform.
Properties The thermal conductivity is given to be k= 15.2 WimK.

Anulysis Noting that heat transfer is steady and one-dimensional in
the radial r dircction, the mathematical formulation of this problem

can be expressed s L/ &
ii{rﬁ};_ 9
pdrl dr ) ko --

and w&@ =h[T(r)-T_] (convection at the outer surface)
dr

AT(0)
ar

=0 {thermal symmetry about the centerline}
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