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2-71 A long, thin copper rod 5 mm in diameter is exposed to an environment at 20
e C.The base temperature of the rod is 120  C. The heat-transfer coefficient between the

5 & =
) @ =To-lp —Z =X

rod and the environment is 20 W/m2 * = C. Calculate the heat given up by the rod
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2-85 A long stainless-steel rod [k =16 W/m* - C] has a square cross section 12.5 by 12.5 mm and has one end

maintained at 250 ¢ C. The heat-transfer coefficient is 40 W/m2 C, and the environment temperature is 90 < C.
Calculate the heat lost by the rod.
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2-68 An aluminum rod 2.0 cm in diameter and 12 cm long profrudes from a wall that is maintained at 250 » C. The
rod is exposed to an environment at 15 < C. The convection heat-transfer coefficient is 12 W/m2 - ° C. Calculate the
heat lost by the rod. R
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2-74 A straight fin of rectangular profile has a thermal conductivity of 14 W/m = - C, thickness of 2.0 mm,
and length of 23 mm. The base of the fin is maintained at a temperature of 220 = C while the fin is exposed to a

convection environment at 23 = C with h =25 W/m2 + - C. Calculate the heat lost per meter of fin depth.
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2-77 A triangular fin of stainless steel (18% Cr. 8% Ni) is attached to a plane wall maintained at 460 = C. The fin
thickness is 6.4 mm. and the length is 2.5 cm. The environment is at 93 ¢ C. and the convection heat-transfer
coefficient is 28 W/m2 - - C. Calculate the heat lost from the fin.
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2-75 A circumferential fin of rectangular profile is constructed of a material having K = 55W/m* - C and
is installed on a tube having a diameter of 3 cm. The length of fin is 3 cm and the thickness is 2 mm. If

the fin is exposed to a convection environment at 20 » C with a convection coefficient of 68 Wm2 » = C
and the tube wall temperature is 100 » C. calculate the heat lost by the fin.
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2-89 An aluminum block is cast with an array of pin fins protruding like that shown in Figure 2-104 and
subjected to room air at 20 < C. The convection coefficient between the pins and the surrounding air may
be assumed to be h=13.2 W/m2 - - C. The pin diameters are 2 mm and their length is 25 mm. The base

of the aluminum block may be assumed constant at 70 = C. Calculate the total heat lost by an array of 15
by 15, that is. 225 fins
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CRITICAL THICKNESS OF INSULATION
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Figure 2-7 | Critical insulation thickness.
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T h e Equation expresses the critical-radius-of-insulation concept. If the outer radius is less
than the value given by this equation, then the heat transfer will be increased by adding more
msulation. For outer radu greater than the critical value an increase in insulation thickness
will cause a decrease in heat transfer. The central concept 1s that for sufficiently small values
of h the convection heat loss may actually increase with the addition of insulation because

of increased surface area.
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EXAMPLE 2-6

Calculate the critical radius of insulation for asbestos [k =0.17 W/m - °C] surrounding a pipe
and exposed to room air at 20°Cwithh=3.0W/m2-°C. Calculate the heat loss from a 200°C,
5.0-cm-diameter pipe when covered with the critical radius of insulation and without msulation
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£-Y An infinite plate having a thickness of ¥,° cm is initially at a temperature of ) © +°C, and
the surface temperature is suddenly lowered to ¥+ °C. The thermal diffusivity of the material

is 1.AxY+—1 mY/. Calculate the center-plate temperature after ¥ min by summing the first
four nonzero terms of Equation (£-Y). Check the answer using the Heisler charts.
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£-1 A piece of aluminum weighing 1 kg and initially at a temperature of ¥+ +oC
is suddenly immersed in a fluid at ¥ « °C. The convection heat-transfer coefficient
is °AW/mY°C.Taking the aluminum as a sphere having the same weight as that
given, estimate the time required to cool the aluminum to +°C, using the
lumped-capacity method of analysis.
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£-1+ A stainless-steel rod (VA% Cr, AZ Ni) 1,¢ mm in diameter is initially at a uniform
temperature of Y2°C and is suddenly immersed in a liquid at Y©+°C with ~= Y+ W/mY C.

Using the lumped-capacity method of analysis, calculate the time necessary for the rod
temperature to reach )Y +°C.
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€Y1 A ) Y-mm-diameter aluminum sphere is heated to a uniform temperature of ¢ + +°C and
then suddenly subjected to room air at ¥ +°C with a convection heat-transfer coefficient of

Y+ WY XoC. Calculate the time for the center temperature of the sphere to reach ¥ * +°C
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£€-Y) A very large slab of copper is initially at a temperature of Y+ +°C. The surface

temperature is suddenly lowered to Y°°C. What is the temperature at a depth of V,° cm ¢
min after the surface temperature is changed?
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£€-Y1 A large slab of copper is initially at a uniform temperature of 9:°C. Its surface
temperature is suddenly lowered to Y+°C. Calculate the heat-transfer rate through a plane
V,e cm from the surface )+ s after the surface temperature is lowered.

hfut. T. Cake,

b suddealy . 0 g 3
\arge glap. co®eEr: = e [ Te=30 , Wd g
Xz 1L em. Crom W surce,
'K = '[0 < .

Q= \23 ¥ & S Ys

W coqer xR
S‘bk;‘ &_ w1 )
%3 ~ Leac®
- = (T -
(- qu‘\{. oS (_C_% = ~X e
9 . A - e ) - ; Fm

Jame .
' pmtd
@ o - 3426 (C[Q-ge) é”" ¥\ 22 ¥ 10

—_— .—-————-_——“"'_'
A '\\,1,7, s A0

Al-Mustagbal University College

= -\ hpkw/m 2

£o https://uomus.edu.iq/



Subject: Heat Transfer
Dr. Mahmood Shaker
E-mail: mahmoodshaker@uomus.edu.iq

@ conchank A Fluy sa semi- tnbiaite seltd:
—_ e (). C%A L ?q )( ( = L
- F J\ - (ANT) L 2 Jdy

'(izq

* =S - .5
BN 2 N M T 23t aeata e e
| o — ool )
—,\yr&\.'{)\ ank},ﬂ_p&u_p\)ﬁ Q) g APy {
L] e

£-YV A large slab of aluminum at a uniform temperature of ¥+ -C is suddenly exposed to a
constant surface heat flux of Y© kW/mY. What is the temperature at a depth of Y, cm after
Y min?
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¢-t° A semi-infinite solid of stainless steel (1A% Cr, A% Ni) is initially at a uniform
temperature of *°C. The surface is pulsed with a laser with Y+ MJ/mY instantaneous
energy. Calculate the temperature at the surface and depth of Y cm after a time of ¥ s.
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£-Y¢ A semi-infinite slab of material having £ =+, W/m *=C and o=, x) +—YmYA& is

maintained at an initially uniform temperature of Y+ °C. Calculate the temperature at a depth
of © cm after ) + + s if (a) the surface temperature is suddenly raised to )¢+ °C, (b) the surface
is suddenly exposed to a convection source with ~=£¢+W/mY °C and ‘°+°C, and (c) the
surface is suddenly exposed to a constant heat flux of Yo+ W/mY.
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