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Extended Surfaces

13113 A very long rod of 5-mm diameter and uniform thermal
conduclivity k =25 W/m-K is subjected to a heat
weatment process. The center, 30-mm-long portion of
the rod within the induction heating coil experiences
uniform volumetric heat generation of 7.5 X 10° W/m’.
The unheated poriions of the rod, which protrude from
the heating coil on either side, experience convection
with the ambient air at 7., = 20°C and h = 10 W/m’+ K.
Assume that there is no convection from the surface of
the rod within the coil.
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Induction heating coil ~ i

fo— 30 mm —+|

Very long rod.,
5mm dia.

Region experiencing &

(a) Calculate the steady-state temperature T, of the rod
at the midpoint of the heated portion in the coil.

(b) Calculate the temperature of the rod T}, at the edge
of the heated portion.
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3.116 Turbine blades mounted to a rotating disc in a gas
turbine engine are exposed to a gas stream that is at

T, = 1200°C and maintains a convection coefficient ,
of h = 250 W/m?+ K over the blade. e

The blades, which are fabricated from Inconel,
k = 20 W/m- K, have a length of L = 50 mm. The
blade profile has a uniform cross-sectional area of
A, =6 X 107" m" and a perimeter of P = 110 mm. A
proposed blade-cooling scheme, which involves rout-

ing air through the supporting disc, is able to maintain
the base of each blade at a temperature of 7, = 300°C.

(a) If the maximum allowable blade temperature is
1050°C and the blade tip may be assumed to be adi-
abatic, is the proposed cooling scheme satisfactory?

(b) For the proposed cooling scheme, what is the rate
at which heat is transferred from each blade 1o the
coolant?

Air coplant
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Lumped Capacitance Method

5.8 A solid steel sphere (AISI 1010), 300 mm in diameter, is
coated with a dielectric material layer of thickness 2 mm
and thermal conductivity 0.04 W/m - K. The coated sphere
is initially at a uniform temperature of 500°C and is sud-
denly quenched in a large oil bath for which 7. = 100°C

Name:
Date: / /

and & = 3300 W/m? - K. Estimate the time required for
the coated sphere temperature to reach 140°C. Hint:
Neglect the effect of energy storage in the dielectric
material, since its thermal capacitance (pcV) is small
compared to that of the steel sphere.
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[512 Thermal energy storage systems commonly involve a
packed bed of solid spheres, through which a hot gas
flows if the system is being charged, or a cold gas if it is
being discharged. In a charging process, heat transfer
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from the hot gas increases thermal energy stored within
the colder spheres; during discharge, the stored energy
decreases as heat is transferred from the warmer
spheres to the cooler gas.
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1§21 Before being injected into a furnace, pulverized coal is  approximated as spheres of |-mm diameter and it may
preheated by passing it through a cylindrical tube  be assumed that they are heated by radiation transfer
whose surface is maintained at 7, = 1000°C. The coal  from the tube surface, how long must the tube be to heat
pellets are suspended in an airflow and are known to  coal entering at 25°C to a temperature of 600°C? Is the
move with a speed of 3 m/s. If the pellets may be  use of the lumped capacitance method justified?
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5.27 A chip that is of length L = 5 mm on a side and thick- Chip, chip is characterized by uniform volumetric heating
ness £ = | mm is encased in a ceramic substrate, andits "= " 4T p.c with ¢ = 9 X 10° W/m’. Assuming an infinite contact

resistance between the chip and substrate and negligible
© Substrate conduction resistance within the chip, determine the
—f steady-state chip temperature T, Following activation
the coolant (7; = T..). When the chip is energized, how- £ A of the chip, how long does it take to come within 1°C of
ever, its temperature increases until a new steady-state this temperature? The chip density and specific heat are
is established. For purposes of analysis, the energized p = 2000 kg/m® and ¢ = 700 J/kg - K, respectively.

exposed surface is convectively cooled by a dielectric
liquid for which & = 150 W/m’ - K and T, = 20°C.
In the off-mode the chip is in thermal equilibrium with L/




MECHANICAL ENGINEERING Assignment:

“ | 'Tm DEPARTMENT

HW# 3.113, 3.116, 5.8, 5.12,5.21, 5.27,5.28

§.28 Consider the conditions of Problem 5.27. In addition to
treating heat transfer by convection directly from the
chip to the coolant, a more realistic analysis would
account for indirect transfer from the chip to the sub-
strate and then from the substrate to the coolant. The
total thermal resistance associated with this indirect
route includes contributions due to the chip-substrate
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interface (a contact resistance), multidimensional con-
duction in the substrate, and convection from the sur-
face of the substrate to the coolant. If this total thermal
resistance is R, = 200 K/W, what is the steady-state chip
temperature 7,7 Following activation of the chip, how
long does it take to come within 1°C of this temperature?




