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1) The temperature distribution across a wall 0.3 m thick at a certain instant of time is

T(x) =a+bx +cx® ,where T is in degrees Celsius and x is in meters, a= 200 °C,
b =-200°C/ m, and ¢ =30 9C/ m?. The wall has a thermal conductivity of TW/ m K.
(a) on a unit surface area basis, determine the rate of heat transfer into the wall on left
face

{(b) on a unit surface area basis, determine the rate of heat transfer out of the wall on right
face

(c) the rate of change of energy stored by the wall.

{(d) Tfthe cold surface is exposed to a fluid at 100 °C, what is the convection coefficient

h(W/m>K) ? -
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2} In a manufacturing process, a transparent film is being bonded to a substrate as shown in
the sketch.

— T.=20°C ,,
— h=50W/m2.K |% ke= 0.025 Wim-K

Bond, 7, = 60°C
< Substrate ks =0.05 Wim-K

\—7}:3000

To cure the bond at a temperature T , a radiant source is used to provide a heat flux

qp (W/m®) , all of which is absorbed at the bonded surface. The back of the substrate is
maintained at T, while the free surface of the film is exposed to airat T, and a
convection heat transfer coefficient h. Calculate the heat flux q:, (W/ mz) required to
maintain the bonded surface at T, = 60 °C . I
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3) A house has a composite wall of wood, fiberglass insulation, and plaster board, as indicated
in the sketch. On a cold winter day, the convection heat transfer coefficients are

hy=60W/ m*.K and h, =60W/ m?.K . The total wall surface area is 350 m2.

Fiberglass biankcf@gkg/ma), kg
: Piywood siding, ke

o REZZAN] 41 thes 60Wma K, To=-15°C
LP’lomm_{‘—"{"Lg}OQm"l‘—"l_L = 20mm

?ROPERTEES Table 4-3, (T (Ti+To )/ 2=(20~ 15) C/2=25"Cw~ SOOK} Fibergiass

blanket, 28 kym , kp = 0.038 Wim-K; Plywood siding, kg = 0.12 W/m-K; Plasterboard, kp =
0.17 Wim-K.

Determine the total heat flux through the wall.
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4) A 5-cm diameter steel pipe is covered with a 1-cm layer of insulating material

having k =22 W/ m.’C followed by a 3-cm thick layer of another insulating material
having k = 0.06 W/ m.°C . The entire assembly is exposed to a convection surrounding
condition of h=60W/m*."C and T, =15 "C .The outside surface temperature of the

steel pipe is 400 °C .Calculate heat lost by the pipe-insulation assembly for a pipe length
of 20 m.
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5} Hot water at 85 °C flows through a thin- walled copper tube of 30- mm diameter. The
tube is enclosed by an eccentric cylindrical shell that is maintained at 35 °C and has a
diameter of 120 mm. The eccentricity, defined as the separation between the centers of the
tube and shell, is 20 mm. The space between the tube and shell is filled with an insulating
material having a thermal conductivity of 0.05 W/m K. Calculate the heat loss per unit
length of the tube, and compare the result with the heat loss for a concentric arrangement.

Feaentric circular
cylinder of Jength L
ina cylinder of
cqual Jength

D:120mm

~z=20mm

Insulation

k=0.05W/m-K -1, =35°C, shell
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A 50 mm thick iron plate is initially at 225 °C. Both of its surfaces are suddenly exposed to an
environment at 25 °C with a convection coefficient of 500 W /m?K

i. Calculate the center temperature 2 minutes after the start of exposure.

ii. Calculate the temperature at the depth of 10 mm from the surface after 2 minutes of :
exposure ) :

iii. Calculate the energy that is removed from the plate per square meter during this period.
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