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FACULTY OF ENGINEERING
MECHANICAL ENGINEERING DEPARTMENT
ME 313 HEAT TRANSFER

CHAPTER-5
EXAMPLES

1) A steel ball (c = 0.46 kl/kg.°C, k = 35 W/m. °C) 5.0 cm in diameter and initially at
a uniform temperature of 450°C is suddenly placed in a controlled environment in
which the temperature is maintained at 100°C. The convection heat transfer
coefficient is 10 W/m?.°C. Calculate the time required for the ball to attain a
temperature of 150°C.
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A plane wall ofa famace Js fubrivated from plain carbon steel I = 60 WimK, p= 7850 kg,
¢ = 430 Fke-K) and is of thickness £ = 10 . To pratect It from the comosive ollzes of the
fumaze combustion pases, vue surfave of the wall is coawd with a thin eemmic film. The
thermal resistance of fie coaring per unit surface area s 0.0 KAV, The opposie surface fs
well insulated from the surrouadings. At the furnace steri-up the wall 15 av an initia] wniform
teperature of 3060 K. The combusiion gases eater the furnaes st 1300K providing & convection
coeflicient of 25 W/m™¥ o1 the commic fihm. Assume fhe film has neulicfole tisenma)
capacilance. Flow long will it lake for the joner surface of the steel io achieve f {femperature ol

4

L209K? Whatis the temperature of the exposed surfree of the cemmic film at tis lioe?
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4) A 50 mm thick iron plate is initiall
: y at 225°C. Its both surfaces ' ex

to an environment at 25°C with convection coefficient of 500 W/m? ?”ie suddenly exposed
8 (éaficul}ate ﬂ;}e center temperature, 2 minutes after the start of expo.su.re

alculate the temperatu ‘
o e, p re at the depth of 10 mm from the surface, after 2 minutes of
¢) Calculate the energy removed from the

: plate per square meter during thi i

thermophysical properties of i k= = S P
hermophysic prop iron plate: k = 60 W/m.K, p = 7850 kg/m?, ¢ = 460 J/kg, a =

Voo W m K = 6% Ml
©= 7859 yim3  c= 4607 /KK

Selution .
Given : A hot thick iron plate exposed to convec
2L = 50 mm or L = 25 mm = 0.026 m,
T, = 225°C, T =25°C,
p =7850 kg/m?, C = 460 Jkg K, h = 500 W/m2 K
o = 1.6 x 1075 m%s, Depth =10 mm from the surface.

To find :
1. The centreline teperature o
exposure. .
9. The temperature at the depth of 10 mm from the surface, air
after 2 minute. -
3. Heat transferred daring 2 minute. .

 Assumptions
1. The heat transfer area of 1 m?

9. Constant properties. - . . :
Analysis : 1. Consider the plate of thickness 2L, bence con-

sidering L as characteristic length

1, B00Ox0.025
The Biot No. Bi= AL 2T - om
k 60 :
nee the lumped heat sys- Fig. 6.31. Schematic of |
thick iron plate

tion ambient on both surfaces
k=60 WmK,
t = 2min = 120 s,

f the plate, after 2 minute of

The Biot no. is greater than 0.1, he
tem analysis cannot be ased. Using the Heister charts

here L=l
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B~ 021 " +8
ar (1.6x107° m®/s) % (120 8)
Fourier Mo. Fo= — = = 3.0
ourier No o Iz (0.025 m)? 3.07
From Heisler chart = " for centreline temperature, for /Bl = 4.8 and Fo = 301
6, Ty - T.. '
& =TT " 058
or T, = 0.58 x (225 - 25) + 25 = 141°C. Ans.

9. Temperature at the depth of 10 mm from the surface,
z =L —depth = 25 mm ~- 10 mm = 15 ram
x 15
-I:' = Eg = 0.6
From chart . =" Y for position temperature, for 1/Bi = 4.8 and 2/L. = 0.6
Temperature ratio at the location,
8 T-T,
5, T,-T.
or T =25 + 0.95 % (141 — 25) = 135.2°C, Ans.
3. Heat Jogs from the plate during 2 minute exposurs ;
Bi=1021

Bi? Fo = (0.217 x 3.07 = 0.135

Hence

=0.85

From the Gréber chart ¥ - for heat transfer ratio for plape wall

Q/Q, = 0.45 o |
T = pVC(T, - T ) = p(A 2Ly &(T, - T,
e ? = (7850 f;gfmS) % (1 m? x 0.05 m) x (460 J/kg) % (225 — 25)(K) .
- 35.33 % 106 J/m? = 36.33 x 108 kJ/m?

heat transferred during 2 minute, .
Tb? : Q = 0.45 x 3533 x 10% kJ/m? = 15.8 x 10° kJ/m?. Amns.




5) Annealing is a process by which steel is reheated and then cooled to make is less
brittle,  Consider the reheat stage for a  100-mm-thick steel plate
(p=7830kg/m’, c=550]/kgK, k=48 W/mK)which is initially at a uniform
temperature of T; = 200°C and is to be heated to a minimum temperature of 550°C.
Heating is effected in a gas-fired furnace, where products of combustion at Tw, = 800°C
maintain a convection coefficient of h = 250 W/m2.K on both surfaces of the plate. How
long should the plate be left in the furnace?

Ki 3 R ; ;
NOWN: Thickness, Properties and initial temperature of stee]

IND: Heating time required 1o achieve a minimum temperature of 550°C iy fhe g1 b
< i the slab,

slab. Convection conditions, S

e - SCHEMATIC: : e

Combustien - . BOCOC
= R,
gases " h = 250 Wim2-K L=005m

N Steel, T = 20000
p = 7830 kg/m3

o ¢ = 550 Jikg-K
k = 48 W/m-K

>

ASSUMPTIONS: (1) One

- -dimensional {
properties. onduction,

: . .
ANALYSIS: With a Biot mumber of hL/k = (250 Wim'K x ¢
Ca'!paC]ta%}Be analysis should not he performed :
ﬂ}e slab is at the widplane, # 2 “raem e -

05m)/48 Win K = ¢ 260
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6) A plate of stainless steel (18% Cr, 8% Ni) (k=16.3 W/m.°C, 0¢=0.44x10> m?/s) has a
thickness of 3.0 e¢m and is initially uniform in temperature at 500°C. The plate is
suddenly exposed to a convection environment on both sides at 40°C with h = 150
W/m?.°C. Calculate the times for the center and face temperatures to reach 120°C.
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7) A slab of copper (k=370 W/m.°C, 0=11.23x10" m?*/s) having a thickness of 3.0 cm is
initially at 300°C. It is suddenly exposed to a convection environment on the top surface
at 80°C while the bottom surface is insulated. In 6 min the surface temperature drops to
140°C. Calculate the value of convection heat transfer coefficient
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8) An infinitely cylinder (k=17 W/m.°C, p=8000 kg/mn’, ¢=0.42 kl/kg. °C) 5.0 cm in a
diameter and initially at 550 °C is suddenly exposed to a convection environment at 50°C
and h = 340 W/m?.°C. Calculate the center and surface tempeature of the cylinder and the
heat lost per unit length 2 min after the cylinder is exposed to the environment,
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9) A solid iron rod (¢ =2x10" m? /s, k =60 W /m°.C) of diameter D = 6 cm, initially at
temperature T; = 800°C, is suddenly dropped into oil bath at T = 50°C. The heat transfer
coefficient between the fluid and solid surface is h = 400 W/m?.°C.

a) Determine centerline temperature after 10 minutes.

b) How long will it take the centerline temperature to reach 100°C? 2
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10) Cylindrical stee] rods (AISI 1010), 50 mm in diameter, are heat treated by drawing
them through an oven 5 m long in which air is maintained at 750°C, The rods enter at
50°C and achieve a centerline temperature of 600°C before leaving. For a convection
coefficient of 125 W/m“K, estimate the speed at which the rods must be drawn through

the oven.
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D-a05m~y, 5125 Wima-K
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11) Oranges are usually refrigerated as a preservative measure. However, some people
prefer to eat oranges that are a little cooler than room temperature but not as cold as the
refrigerator makes them. Determine the time it takes for an orange removed from a
refrigerator to reach 20°C.

Use the following conditions:

Refrigerated temperature = 4°C
Ambient room temperature = 23°C
Surface conductance = 6 W/(m2.K)
Thermal conductivity of an orange = 0.431 W/(m.K)*
Density of orange = 998 kg/m3
Specific heat of orange = 2 kJ/(kg.K)
Orange diameter = 105 mm
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12) A semi-infinite aluminum cylinder (k=215 W/m.°C, o=8.4x10"° m%s) 5 cm in
diameter is initially at uniform temperature of 200°C. It is suddenly subjected to a
convection boundary condition at 70°C with h = 525 W/m?2.°C. Calculate the temperatures
at the axis and surface of the cylinder 10 cm from the end 1 min after exposure to the
environment.
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13) A short aluminum cylinder (k=215 W/m.°C, 0=8.4x10" m?%/s) 5.0 cm in diameter and
10 cm long is initially at uniform temperature of 200°C. It is suddenly subjected to a
convection environment at 70°C, and h = 525 W/m?.°C. Calculate the temperature at a
radial position of 1.25 cm and a distance of 0.625 cm from one end of the cylinder 1 min
after exposure to the environment.
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