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A thin electric element is wedged between two plates of conductivities k,and k, The
element dissipates uniform flux q]. The thickness of one
plate is L, and that of the other is L, . One plate is insulated
while the other exchanges heat hy convection. The heat
transfer coefficient is # and the ambient temperature is 7.
Assume one-dimensional steady state conduction, determine
the temperature of the insulated surface.

Y dls

A constant area fin of length 2L and cross-sectional area A. generates heat at a
volumetric rate g~. Half the fin is insulated while the other half exchanges heat by
convection. The heat transfer coefficient
is & and the ambient temperature is 7.
The base and tip are insulated.
Determine the steady state temperature
at the mid-section. At what location is
the temperature highest?

The profile of a straight fin is given by
¥, =8 (x/LY

where L is the fin length and & is half the base
thickness. The fin exchanges heat with the
ambient by convection. The ambient temperature
is T, and the heat transfer coefficient is k. The base is maintained at 7,. Assume that
(6/L)<<1, determine the steady state fin heat transfer rate.
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A very large disk of thickness & is
mounted over a shaft of radius R,. 8
The shaft rotates with angular Y
velocity @. The pressure at the 1

interface between the shaft and the
disk is P and the coefficient of
friction is u. The disk exchanges heat with the ambient by convection. The heat
transfer coefficient is 4 and the ambient temperature is 7. Neglecting heat transfer to
the shaft at the interface, use a fin model to determine the interface temperature.

Ali-JM.



Y iyl i Jdai!

10 dls

Develop an equation for the critical thickness of insulation for a sphere

17l
A straight rectangular fin is 4 in wide and | in long. It is made of wrought iron and is
to be designed for an environment where T, = 60°F and 7, = 600°F. &, can vary from
1 to 50 BTU/(hr-ft>°R). The fin must transfer 30 BTU/hr. Determine its optimum
thickness as a function of &, .

Consider steady state two-dimensional

conduction in a hollow half disk. The inner radius
is r;, outer radius 7, and the thickness is &. The
disk exchanges heat by convection along its two
plane surfaces. The heat transfer coefficient is & and
ambient temperature is 7_. The cylindrical surface
at r; is maintained at 7, and that at r, at 7,. The

two end surfaces are insulated. Determine the steady
state temperature distribution in the disk.
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Starting with an energy halance on a ring-shaped

volume element, derive the two-dimensional steady heat
conducticn equation in cylindrical coordinates for Ti{r, )
for the case of constant thermal conductivity and no heat
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A spherical metal ball of radius r, is heated in an oven
to a temperature of T, throvghowt and is then taken out of the

oven and allowed to cool in ambient air at T.. by convection
and radiation. The emissivity of the cuter surface of the cylin-
der is &£, and the temperature of the surrounding surfaces is
Tour The average convection heat transfer coefficient is esh-
mated 1o be f. Assuming variable thermal conductivity and
transient one-dimensional heat transfer, express the mathemat-
ical formulation (the differential equation and the boundary

An B-m-internal-diameter sphercal tank made of
1.5-cm-thick stainfess steel (& = 13 W/m - °C) is nsed to store
iced water at 0°C. The tank is located in a room whose tempera-
wre is 23°C. The walls of the room are alse at 25°C. The outer
surface of the tank is black (emissivity £ = 1), and heat transfer
between the outer surface of the tapk and the surroundings is by
patural convection and radiation. The convection heat transfer
goefficients at the inner and the outer surfaces of the tank are
80 Wim? - “Cand 10 W/m? - °C, respectively. Determine {a) the
rate of heat transfer to the iced water in the tank and (&} the
amount of ice at 0°C that mells during a 24-h period. Theheat of
fusion of water at atrnospheric pressure js iy = 333.7 kifkg,
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Chickens with an average mass of 2.2 kg and average

specific heat of 3.54 Kl/kg - °C are to be cooled by chilled wa-
ter that enters a continuous-flow-type immersion chiller at
0.5°C. Chickens are dropped into the chiller at a uniform tem-
perature of 15°C at a rate of 500 chickens per hour and are
cooled to an average temperature of 3°C before they are taken
out, The chilter gains heat from the surroundings at a rate of
210 klfmin. Determine (a) the rate of heat removal from the
chicken, in kW, and (b) the mass flow rate of water, in kg/s, if

the temperature rise of water is not to exceed 2°C.

An antomolive engine can be approximated as a 0.4-m-

high, 0.60-m-wide, and 0.7-m-long rectangular block. The
bottom surface of the block is at a temperature of 75°C and has
an emissivity of 0.92. The ambient air is at 5°C, and the road
surface is at 10°C. Determine the rate of heat transfer from the
bottom surface of the engine block by convection and radiation
as the car travels at a velocity of 60 km/h. Assume the flow to
be turbnlent over the entire surface becanse of the constant
agitation of the engine block. How will the heat transfer be
affected when a 2-mm-thick gunk (k = 3 W/m - °C) has
formed at the bottom surface as a result of the dirt and oil
collected at that surface over time? Assume the metal
temperature under the gunk still to be 75°C.
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