CHAPTER TWO

One Dimensional Steady State Conduction

EX.1

Consider a 2-m-high and 0.7-m-wide bronze plate whose thickness is 0.1
m. One side of the plate is maintained at a constant temperature of 600 K
while the other side is maintained at 400 K. The thermal conductivity of
the bronze plate can be assumed to vary linearly in that temperature range
as k (T) _ko(1+ B T) where ko _ 38 W/m - K and g = 9.21 *10"-4 K™,
Disregarding the edge effects and assuming steady one-dimensional heat
transfer, determine the rate of heat conduction through the plate.

A
q=-Ko = [(T,-T) +2 (1,2 = T,?)]
[(400 — 600) + 221297 (4002 — 6002)]

2

2%0.7

= -38*
0.1

=155.4

{Hﬂ=hﬂ-ﬂﬂ
'

Flane
wall




CHAPTER TWO

EX.2

A certain material 2.5 cm thick, with a cross-sectional area of 0.1 m?, has
one side maintained at 35°C and the other at 95°C. The temperature at the
center plane of the material is 62°C, and the heat flow through the
material is 1 KW. Obtain an expression for the thermal conductivity of the
material as a function of temperature.

T35 T2:=62 T3=93

Assume Linear variation: k = ko(1+ BT)

__kOA ﬂ 7 A
9=="- BT, +5(73~_7i2)J=_Tk0/2' {Tz =] +g(7'22—712)J el
5 /
T=95°C, Ty =62°C, T, =35°C, Ax = 0,025

2[62 _354 8 (62* —352)J= [95 _354 8 (95° -352)J

2 ) )
B=—468x10-3 e .
1000 =g = X0ODf o .. 468x107

=05 53 s — (95% - 352
ko = 5.988
k=5988(1-4.68x107 T) W _
m-°C
CLASS WORK

A plane wall is constructed of a material having a thermal conductivity
that varies as the square of the temperature according to the relation k
=ko(1+T ?). Derive an expression for the heat transfer in such a wall.
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EX.3

Find the heat transfer per unit area through the composite wall Assume

one-dimensional heat flow.

R=x
kA
0.025 £ =130
Ry = =1. -3
A 150000 667 x 10 E‘E
0.075 bl
=——— =00 |
? (30)(0.05) >
0.05
= =0.01
e (50)(0.1)
0.075
Rp=—-—"—=0.0214
b= (70)0.05) 3
I
R=Ry + R +——=2.667x 107
AT B R
370 - 66
4= = =I],
R 2667x1072 400 W
EX.4

A thick-walled tube of stainless steel [18% Cr, 8% Ni, k =19 W/m.'C]
with 2-cm inner diameter(ID) and 4-cm outer diameter (OD) is covered
with a 3-cm layer of asbestos insulation [k =0.2 W/m. °C]. If the inside
wall temperature of the pipe is maintained at 600°C, calculate the heat
loss per meter of length. Also calculate the tube—insulation interface

temperature.

where T, 1s the interface temperature, which may be obtamned as

Ia=35958C

. Stamless steel

T;=800°C \
1 rll

Ashestos
- I, = 100°
T T.
o—AMA—O—AAN—D

Inir/r)  Inirr)
kL L




CHAPTER TWO

EX.5

Consider a 0.8-m-high and 1.5-m-wide double-pane window consisting of
two4-mm-thick layers of glass (k _ 0.78 W/m - °C) separated by a 10-
mm-wide stagnant air space (k _ 0.026 W/m - °C). Determine the steady
rate of heat transfer through this double-pane window and the
temperature of its inner surface for a day during which the room is
maintained at 20°C while the temperature of the outdoors is _10°C. Take
the convection heat transfer coefficients on the inner and outer surfaces of
the window to be hl1 _ 10 W/m2 - °C and h2 _40 W/m2 - °C, which
includes the effects of radiation.

1 1 Glass Glass
- — — - = 0.08333°C/W
R: Rcaml hl.v-i (10 Wim? - °C)(1.2 ml) .( ‘I'.
L 0.004 m : A
Ri=R;= —-— = - - — = 0.00427°C/'W pije
1= R = Rans = 1 = 078 Wim - “C)(1 20 —|;
L 0.01 ™
2 0lm
Ry = = = — = 0.3205°C/'W
2= Rar ka4  (0.026 W/m - °C)(1.2 m") \
R, = Regw2 = L. 1 — = 0.02083°C/W Ts“‘“\r‘ -lIc
Y A (40 Wim® - °C)(1.2 mY)
) ) ) 4 mm 10 mm 4 mm
Noting that all three resistances are in series, the total resistance is ] —
Rigal = Reooy 1 + Rgass 1 + Rair + Rgass 3 + Rea2
= 0.08333 + 0.00427 + 0.3205 + 0.00427 + 0.02083 u
= 0.4332°C/'W L,k & & & & I

Then the steady rate of heat transfer through the window becomes

Ta—Tga [20—(—10)]°C g
Q= Roww  04332°C/'W °©

The inner surface temperature of the window in this case will be

Ty = Tuy — OR g1 = 20°C — (69.2 W)(0.08333°C/ W) = 14.2°C

CLASS WORK

Draw the thermal resistance

FICIIAF A 14



CHAPTER TWO

EX.6

a)A hollow sphere is constructed of aluminum with an inner diameter of 4
cm and an outer diameter of 8 cm. The inside temperature is 100°C and
the outer temperature is 50°C. Calculate the heat transfer.

b)if the sphere is covered with a 1-cm layer of an insulating material
having k =50 mW/m. "C and the outside of the insulation is exposed to
an environment with h=20 W/m?. 'C and Teo =10°C. The inside of the
sphere remains at 100°C. Calculate the heat transfer under these

conditions.
a)
dmk(T, - T,
q=—%ﬂl k=204 ——
P '
4)(204)(100 -
_ (&)l ]"[l 5131:5]2?“,
002~ 008
b)
= al
7 R

4 204)
1 _ 1
. O0E 005
. 1 _
feom =34~ Gowamoom? -
g=— 10010

0.00975+7.958 +1.592



CHAPTER TWO

CLASS WORK

A hot steam pipe having an inside surface temperature of 250-C
has an inside diameter of 8 cm and a wall thickness of 5.5 mm. It is
covered with a 9-cm layer of insulation having k =0.5 W/m."C, followed
by a 4-cm layer of insulation having k =0.25W/m."C. The outside
temperature of the insulation is 20°C. Calculate the heat lost per meter of
length. Assume k =47 W/m. "C for the pipe.



CHAPTER TWO

EX.7

A 2-mm-diameter and 10-m-long electric wire is tightly wrapped with a
1-mm-thick plastic cover whose thermal conductivity is k = 0.15 W/m -
"C. Electrical measurements indicate that a current of 10 A passes through
the wire and there is a voltage drop of 8 V along the wire. If the insulated
wire is exposed to a medium at T= 30°C with a heat transfer coefficient
of h = 24 W/m? - °C, determine the temperature at the interface of the
wire and the plastic cover in steady operation. Also determine if doubling
the thickness of the plastic cover will increase or decrease this interface
temperature.

th:ti: Seanw
- T AMAN AN T3
Q=W, =Vl =(8V)(L0A)=80W

The total thermal resistance is
1 1
Reonv = = >
heA, (24 W/m?.°C)[r(0.004 m)(10 m)]
- _In(rp/n _ In(2/1)
Plastic ™ okl 21(0.15 W/m°C)(10 m)
Ruotal = Roony + Rplastic = 0.3316 +0.0735 = 0.4051°C/W

Then the interface temperature becomes

=0.3316°C/W

=0.0735°C/W

Q= T 7T — T, =T, + QR = 30°C + (80 W)(0.4051°C/W) = 62.4°C
total
The critical radius of plastic insulation is
ry, = K = QISWIMC _ 1 5065 m = 6.25mm
h  24W/m?.°C

Doubling the thickness of the plastic cover will increase the outer radius
of the wire to 3 mm, which is less than the critical radius of insulation.
Therefore, doubling the thickness of plastic cover will increase the rate of
heat loss and decrease the interface temperature.
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EX.8

Water flows at 50°C inside a 2.5-cm-inside-diameter tube such that hi
=3500 W/m? ."C. The tube has a wall thickness of 0.8 mm with a thermal
conductivity of 16 W/m. ‘C. The outside of the tube loses heat by free
convection with ho =7.6W/m? . ‘C. Calculate the overall heat-transfer
coefficient and heat loss per unit length to surrounding air at 20°C.

1 1
A (3300)a(0.025)(1.0)
In (d,/d;)
= TomEL
_ Inf0.0266,0.025)
T (16

1 1
R — —
T heds  (7.6)m(0.0266)(1.0)

=0.00364 °C/W

000062 °C/W

=1.575C/W

AT UAAT
1=y =Uo

1 1
“A, LR [m(0.0266)(1.0))(0.00364 + 0.00062 + 1.575)

=7.577 Wjm?-°C

Us

g=UA, AT =(7.577)7(0.0266)(1.0)(50 — 20) =19 W (for 1.0 m length)

EX.9

A 3-m internal diameter spherical tank made of 2-cm-thick stainless
steel(k = 15 W/m - "C) is used to store iced water at T1 = 0°'C. The tank is
located in a room whose temperature is T2 = 22°C. The walls of the room
are also at22°C. The outer surface of the tank is black and heat transfer
between the outer surface of the tank and the surroundings is by natural
convection and radiation. The convection heat transfer coefficients at the
inner and the outer surfaces of the tank are h1= 80 W/m? - °C and h2 =10
W/m? - C, respectively. Determine the rate of heat transfer to the iced
water in the tank
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A =1Df = a(3m)' =283 m’
4y =aD{ = (3,04 m)’ =200 m’

Also, the radiation heat transfer coefficient is given by

g = eo(T¢ + T3 + L)

Foa
T, T, Ty
R Ry B
o R,
Then the individual thermal resistances become
_ __1 _ 1 _ -
R; = Reowe.1 = hd; (80 WimP - °C)(28.3 o) 0.000442°C/'W
R R 2T _ (152 — 1.50)m
17 Mphee ™ Yoy, 4w (15 W/m - °C)(1.52 m)(1.50 m)
= 0.000047°C/'W
_ __1 _ 1 _ °
Ro = Reom2 hyA; (10 Wim? - °C)(29.0 m?) 0003457 /W
! 1 — 0.00646°C/W

Rot = pad; ~ B34 Wm® - "0)29.0 md)
The two parallel resistances R, and R4 can be replaced by an equivalent resis-
tance Requw determined from

1 " 1
0.00345 * 0.00646

+

e 20 — 4447 WrC

which gives

Requie = 0.00225°C/W

Rigm) = R; + Ry + Ry = 0.000442 + 0.000047 + 0.00225 = 0.00274°C/W

Then the steady rate of heat transfer to the iced water becomes

. To—Ta (22-0°C : -
= = 5o0rTacw = S20W  (or O = 8.027Kis)

To check the validity of our original assumption, we now determine the oute
surface temperature from

'=Tw2_T2
0-"5—

s Ty=T.;— OR
= 22°C — (8029 W)(0.00225°C/ W) = 4°C



CHAPTER TWO

H.W
1- A 1.0-mm-diameter wire is maintained at a temperature of 400°C and

exposed to a convection environment at 40°C with h=120 W/m? . °C.
Calculate the thermal conductivity that will just cause an insulation
thickness of 0.2 mm to produce a “critical radius.” How much of this
insulation must be added to reduce the heat transfer by 75 percent from
that which would be experienced by the bare wire?

2_
10:0°C
Consider a 5-m-high, 8-m-long, and 0.22-m-thick wall 1
whose representative crossg section is as given in the figure. The . **© //// /
thermal conductivities of vanious materials used, m W/m - °C, \\. als Lf .
arek, =k.=2 ky =8k, =20k, =15, and k; = 35. The 6em | F
left and nght surfaces of the wall are mamtained at uniform . -l :
temperatures of 300°C and 100°C, respectively. Assuming heat i
transfer through the wall to be one-dimensional. determme c| 6em
(a) the rate of heat transfer through the wall; (b) the tem- n ,,:|

m

perature at the pomnt where the sections B, D, and Emeet. and 1cn| |sem| 10cm 5em A
(c) the temperature drop across the section F. Disregard any
contact resistances at the interfaces

3- Steam at 320°C flows in a stainless steel pipe (k =15 W/m - 'C) whose
inner and outer diameters are 5 cm and5.5 cm, respectively. The pipe is
covered with 3-cm-thick glass wool insulation (k = 0.038 W/m - "C).
Heat is lost to the surroundings at 5C by natural convection and
radiation, with a combined natural convection and radiation heat
transfer coefficient of 15 W/m?."C. Taking the heat transfer coefficient
inside the pipe to be 80 W/m? - "C, determine the rate of heat loss from
the steam per unit length of the pipe. Also determine the temperature
drops across the pipe shell and the insulation.

4- Derive a relation for the critical radius of insulation for a sphere.



CHAPTER TWO

HEAT-SOURCE SYSTEMS

Plane Wall with Heat Sources

EX.1

Consider a large 5-cm-thick brass plate (k = 111 W/m - "C) in which heat
is generated uniformly at a rate of 2 * 10° W/m?®. One side of the plate is
insulated while the other side is exposed to an environment at 25 C with
a heat transfer coefficient of 44 W/m? - 'C. Explain where in the plate the
highest and the lowest temperatures will occur, and determine their
values.

: 5 3
T, =T, + 9 - pgec (2AQ WIMNOBM) _ 555 5oc
h 44 \W/m? °C
<1 2 5 3 2
T, =T, + 95 959 goc (2X10° WIMHQ0SM)” _ 55, 5o
2k 2(1L11W/m?°C)

/—b

- L=}
Insulated T =257C

L=5 om
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EX.2

Consider a large 3-cm-thick stainless steel plate (k _15.1 W/m - C) in
which heat is generated uniformly at a rate of 5 * 10° W/m®. Both sides of
the plate are exposed to an environment at 30 C with a heat transfer
coefficient of 60 W/m?. "C. Explain where in the plate the highest and the
lowest temperatures will occur, and determine their values.

gL (5x10% W/m?*)(0.015 m)

T, =T, +==30°C+ 5 =155°C “

h 60 W/m?.°C

a2 5 3 2 T, =30°C
T 0L eroc, (5X10° Wim)(0.015m)? . Lo

2k 2(15.1W/m=°C) 2L=3 cm

T, =30°C
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EX.3

A certain semiconductor material has a conductivity of 0.0124 W/cm ."C.
A rectangular bar of the material has a cross-sectional area of 1 cm” and a
length of 3 cm. One end is maintained at300°C and the other end at
100°C, and the bar carries a current of 50 A. Assuming the longitudinal
surface is insulated, calculate the midpoint temperature in the bar. Take
the resistivity as 1.5x10-3_Q/ cm.

w =1.24 W

cm-°C m-°C
p=15x107 Q-cm

R=(l.5x10“3)(%)= 4.5%1073

k=0.0124

g=I"R=(50*(4.5x107)=11.25W

g 1125 MW i )

=== =375 — T=-=x"+cx+c
V. 3x1078 m> % 0

L=15cm=0.015m T=300 at x=-0.015

T =100 at x=+0.015
300-100 =¢,(-0.015-0.015) ¢, =—6667
00— 375X 106)(0.015)?
(2)(1.24)
at x=0 T =c, =540.2°C

— (6667)(-0.015) + ¢, ¢y = 5402
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EX.4

Consider a shielding wall for a nuclear reactor. The wall receives a
gamma-ray flux such that heat is generated within the wall according to
the relation "g= "gee ™

where "qq iIs the heat generation at the inner face of the wall exposed to
the gamma-ray flux and a is a constant. Using this relation for heat
generation, derive an expression for the temperature distribution in a wall
of thickness L, where the inside and outside temperatures are maintained
at T; and Ty, respectively. Also obtain an expression for the maximum
temperature in the wall.

1 490
Tf' v FLUX
(1]
B
T;
X -
g g d’T _ —goe™™
dx =40 dxz &
i o

T=cy+crx— e

1 2 a2k
Boundary conditions:
(1) T=T at x=0
(2) T=T1, at x=1L

' To—T;—2-(-eh)
C :T+ﬂ)__. Cz:-_ a k
P07 a2k L
T _ 40 (1-e aL)x .
40 0 "1 2 —qo —ax
=T; + + e
T Tl+a2k L a’k
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EX.5

Electric heater wires are installed in a solid wall having a thickness of
8 cm and k =2.5W/m. "C. The right face is exposed to an environment
with h=50W/m? ."C and T =30°C, while the left face is exposed to
h=75W/m?."C and Too =50°C. What is the maximum allowable heat-

generation rate such that the maximum temperature in the solid does not
exceed 300°C?

k=25 b =175 (left) hy =50 (iight)
Tlm = SOOC sz =30 C
gx>
=—a—+Ccx+Cp
r=—"2 "

T=T, at x=-0.04 T=T, at x=+0.04

ET- = —-q:]-:':' +C
ox _1(— .
T =T =300 at X=0 p
=43 @)
(T — 1) = 3| 000
3
"ka‘T\ = hy(Ty — Tpeo) (3)
0X | x=40.04 )
) ) |
300-‘:'—-2' Cl',i +C1[C1—'-}+C2 (1)
2%| Vg p
: 2 -k +f1(0.04)) 2
75[50 + -2%;(0.04) +¢(0.04) - cz] ==
. 2
—40.09] _ 50| 900D, 0.04)+ ¢, - 30} 3)
M 2%k

3 Equations, 3 Unknowns, ¢y, gz, q
Solve for g =2.46%10° W/m
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Class Work
A 3.0-cm-thick plate has heat generated uniformly at the rate of 5x10°

W/m®. One side of the plate is maintained at 200°C and the other side at
45°C. Calculate the temperature at the center of the plate for k =16
W/m."C.



CHAPTER TWO

CYLINDER WITH HEAT SOURCES

A 6-m-long 2-kW electrical resistance wire is made of 0.2-cm-diameter
stainless steel (k _ 15.1 W/m .’'C). The resistance wire operates in an
environment at 30 C with a heat transfer coefficient of 140 W/m? .’C at
the outer surface. Determine the surface temperature of the wire (a) by
using the applicable relation and (b) by setting up the proper differential

equation and solving it

_Qgn  Qgn  2000W
Vyie  at,2L z(0.001 m)?(6 m)

The surface temperature of the wire is T.
(1L061x10® W/ m?®)(0.001 m)
2(140 W/ m?.°C)

(b) The mathematical formulation of this problem can be expressed as

=409°C h

T,=T,+ % _30°C+
2h

and -k—9% -

dT(0)
dr

h[T(r,)-T,] (convection at the outer surface)

=0 (thermal symmetry about the centerline)

k

n

Multiplying both sides of the differential equation by r and integrating gives

. I
df,dary__9, , 9r__9r, (@)
dr dr k dr k 2

Applying the boundary condition at the center line,

—1061x10° W/m® *

1dfdr), 8 4 1
rarl dr )k *
AT (1) e

d

B.C.at r=0: 0x dLErO) ng 04C, — C=0
Dividing both sides of Eq. (a) by r to bring it to a readily integrable form and
integrating,

a__9 __9p

2K r - T()= v r2+C, (b)
Applying the boundary condition at r =r,,
B. C. at r=ry. —kgﬂ:hK—ir0 +C,-T j - C, :Tw+gﬁ+;r

2k 4k 2h
Substituting this 02 relation into Eq. (b) and rearranging give
_ _ dro
T(r) =T, +4 (r0 r2)+=2 oh

which is the temperature distribution in the wire as a function of r. Then the
temperature of the wire at the surface (r = ro) is determined by substituting the known

quantities to be

o _1 I _3pecy

(1L061x10® W/ m?®)(0.001 m)

g 2 2
T(ry)=T,+—(ry —15)+ "
(fo) 2k (0 1) o 2h 2(140 W/ m?.°C)

=409°C
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SPHER WITH HEAT SOURCES

Consider a homogeneous spherical piece of radioactive material of radius
ro =0.04 m that is generating heat at a constant rate of g- = 4 * 10" W/m°.
The heat generated is dissipated to the environment steadily. The outer
surface of the sphere is maintained at a uniform temperature of 80 C and
the thermal conductivity of the sphere is k = 15 W/m - C. Assuming
steady one-dimensional heat transfer, (a) express the differential equation
and the boundary conditions for heat conduction through the sphere, (b)
obtain a relation for the variation of temperature in the sphere by solving
the differential equation, and (c) determine the temperature at the center
of the sphere.

. Yy T=80C

%i(rz d—Tj+g =0 with g = constant

r? dr dr k

and  T(r)=T,=80°C (specified surface temperature) g
—dz(rO) =0 (thermal symmetry about the mid point)

(b) Multiplying both sides of the differential equation by r? and rearranging gives
d [ 2 dT] g >
—|rf—/Il=-=r

dr dr k
Integrating with respect to r gives

AT __gr°

=Tk +C, (@)
Applying the boundary condition at the mid point,
B.C.at r=0: wm:—ixmq - C; =0

dr 3k

Dividing both sides of Eq. (a) by r* to bring it to a readily integrable form and
integrating,

ar__9,

dr 3k
and T(r):—6%r2+C2 (b)
Applying the other boundary condition at r =r,,
B.C.at r=r,: TS:—6%r02+C2 - CZ:TSJra%rO2

Substituting this C, relation into Eq. (b) and rearranging give
T =Ty o (15 %)

which is the desired solution for the temperature distribution in the wire as a function
ofr.
(c) The temperature at the center of the sphere (r = 0) is determined by substituting
the known quantities to be

. w2 7 3 2

T(0)=T, +i(r02 _02) _T, +£=80°C+ (4x10° W/m?)(0.04 m)
6k 6k 6x (15 W/ m.°C)

Thus the temperature at center will be about 711°C above the temperature of the outer
surface of the sphere.

=791°C




CHAPTER TWO

H.W

1- Derive an expression for the temperature distribution in a hollow
cylinder with heat sources that vary according to the linear relation

‘g=atbr
with ~qi the generation rate per unit volume at r =ri. The inside
and outside temperatures are T =Tiatr =riand T =To at r =ro.

2- The temperature distribution in a certain plane wall is

T-T1
:Cl ‘|‘C2 X2 ‘|‘C3 X3
T2-T1

where T, and T, are the temperatures on each side of the wall. If the
thermal conductivity of the wall is constant and the wall thickness
is L, derive an expression for the heat generation per unit volume
as a function of x, the distance from the plane where T =T;. Let the

heat-generation rate be " at x=0.
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HEAT TRANSFER FROM FINNED SURFACES
EX.1

A long stainless-steel rod [k =16 W/m.C] has a square cross section 12.5
byl12.5 mm and has one end maintained at 250-C. The heat-transfer
coefficient is40 W/m? . °C, and the environment temperature is 90°C.
Calculate the heat lost by the rod.

SoL.
k=16 h=40 Tp = 250°C T, =90°C
P=(4)0.0125)=0.05m  A=(0.0125)2 =1.565x10™% m2
q = VhPkA@, =[(40)(0.05)(16)(1.565 x 10~*)]/2(250 - 90) = 11.31 W
EX.2

An aluminum fin [£=200 W/m-“C] 3.0 mm thick and 7.5 cm long protrudes from a wall,
nsszgum"-O The base is maintainad at 300°C, and the ambient temperature is 50°C with
& =10 Wym? - °C. Calculate the heat loss from the fin per umit depth of material
B Solution
We may use the approximate method of solution by extending the fin a fictitious length /2 and
then computing the heat transfer from a fin with msulated tip as given by Eguation (2-36). We
have
Le=L4+1)2=75+4+015=7.65cam [3.01 m]
&P [n<_2z+2o]‘ﬂ 5y
L R B — B ] —
¥ kA krz

Y ke
when the fin depth ; =% ¢. So.

Q2)(10) 12
= =5.714
[(200)(3 = 10 3)] 3

From Equation (2-3§). for an insulated-tip fin
g=(mnhmi-)VAPEA 6y

For a 1 m depth .
A={1)3 x10-3)=3 x 103 m? |4.65in?)

and
a = (5. 774200%3 » 103300 — 501 tanh 1157740 076511

338 Wm |
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EX.3

Aluminum fins 1 5 cm wide and 1.0 mm thick are placed on a 2 5-cm-diameter tabe to dissipate the
heat The tube surface temperature is 170, and the ambient-fluid temperanare is 25°C. Calculate
the heat loss per fin for & = 130 Wym? - °C. Assume & = 200 Wym - “C for alumimum
B Solution
For this example we can compute the heat transfer by using the fin-efficiency curves in
Figure 2-12. The parameters needed are

Le=L+42=154+005=155cm

n=15/2=125omm
ne=r+Lc=125+155=280cm

g/ =1%/125=224
A =t(ry. —r1) =(0.001)2.8-125)(10 ) =155 x 10 m?

12 12
() =eoss poas=wy| o

From Figure 2-12, , = 82 percent. The heat that would be transferred if the entire fin were at the
base temperarure is sides of fin exchangmg heat)
Gmax = 2v(r3, — ATy — Toc)
= 2w(2.82 — 1.25%)(10-%)(130)(170 - 25)
=7435 W |[253.7Bm/h]|

The actual heat transfer s then the product of the heat flow and the fin efficiency-
qact = (0.82)(74.35) = 60.97 W [208 B /R

Aty

Figure 2-11 | Eficiencies of ciroumferential fins of rectangular
prafile, accarding to Reference 3.

1
HL
k3
0T

-
- 06

‘g o5
= 4
- a3
02
il

L=ry-r
—_ I
J'.‘—J.fi

Fo. =R EL

Ag=tL,
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EX.4
A finned tube is constructed as shown in Figure. Eight fins are installed

as shown and the construction material is aluminum. The base
temperature of the fins may be assumed to be 100°C and they are
subjected to a convection environment at 30°C with h=15 W/m? ."C. The
longitudinal length of the fins is 15 cm and the peripheral length is 2 cm.
The fin thickness is 2 mm. Calculate the total heat dissipated by the
finned tube. Consider only the surface area of the fins.

k=204 N=8;, To=100°C; Ts=30°C;h=15L=0.02;t=0.002
P = (2)(0.15 + 0.002) = 0.304
A = (0.002)(0.15) = 0.0003
m = [(15)(0.304)/(294)(0.0003)]'* =8.632
L. = 0.02 + 0.001 = 0.021
g/fin = (hPkA)"? 8, tanh(mL.)
= [(15)(0.304)(204)(0.0003)]*(100 - 30) tanh[(8.632)(0.021)]
= 6.62 W/fin

Total = (8)(6.62) = 53 W

EX.5

Steam in a heating system flows through tubes whose outer diameter is
D1 = 3 cm and whose walls are maintained at a temperature of 120°C.
Circular aluminum fins (k = 180 W/m - °C) of outer diameter D2 = 6 cm
and constant thickness t = 2 mm are attached to the tube, as shown in
Figure. The space between the fins is 3 mm, and thus there are 200 fins
per meter length of the tube. Heat is transferred to the surrounding air at
T= 25 C, with a combined heat transfer coefficient of h= 60 W/m* - C.
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Determine the increase in heat transfer from the tube per meter of its
length as a result of adding fins.

Ay = wDL = (003 m)(1 m) ~ 0.0942 m?
OQutin = My 5Ty — T.)
~ (60 Win* - °C)(0.0942 m¥)(120 — 25)°C
- 53TW

The efficiency of the circular fins attached to a circular tube is plotted in Fig.
3-43. Noting that L -.;(D; — Dy) = H0.06 — 0.03) = 0.015 m in this case,
we hawve
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ptrt (0541 % 0.02Z)m

T T

|k - 60 Winr'- °C
(L +11) B (0005 + 5 % 0.002) m % | W - Op0nm 0.207

A = e — 1)) + It
= 2{{0.03 mif® — (0.015 m)] + Zor(0.03 ma){0.002 mi)
= (.00462 o’

Opo = ﬂrugnq msx = el (Tp — 1)
— 0.95(60 Wi - *C{0.00462 m){120 — 25°C
- 50W

Heat transfer from the unfinned portion of the tube &

Apg = w05 = {0,053 m)0.003 m) - 0.000283 o
O = s, — L)
= (60 Win' - *C)(0.000283 m“y120 — 25)°C
- 180 W

Moting that there are 200 fins and thus 200 interfin spacings per meter length
of the tube, the total heat transfer from the finned tube becomes

0y 2 = W05 + D) = 200250 + LEW - 30W

Therafore, the increase in heat transfer from the tube par meter of its length &
a result of the addition of fins is

One = Ot g — O = 5320~ 537 = 478W  (per m mbe lengt)
Discussion  The overall effectiveness of the finned tube is

Ehi,l’m SBNW

L e s+ 7

H.W

Steam in a heating system flows through tubes whose outer diameter is 5
cm and whose walls are maintained at a temperature of 180°C. Circular
aluminum alloy 2024-T6 fins (k = 186 W/m - C) of outer diameter 6 cm
and constant thickness1 mm are attached to the tube. The space between
the fins is 3 mm, and thus there are 250 fins per meter length of the tube.
Heat is transferred to the surrounding air at T= 25 C, with a heat transfer
coefficient of 40 W/m? - "C. Determine the increase in heat transfer from
the tube per meter of its length as a result of adding fins.



