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CONDUCTION - STEADY STATE ONE
DIMENSION

When the temperature of the body Is a function only of radial distance
and Is independent of axial distance the systems like cylinder, sphere, may be

treated as

In case of 2-D systems, the second space coordinate may be so small so

It may be neglected and the multi-dimensional heat flow systems may be

approximated into 1-D analysis and also the differential equations can be

simplified, as a result of this simplification easy solutions are available.



FOURIER LAW OF HEAT CONDUCTION

Fourier’s law states that the negative gradient of temperature and the
time rate of heat transfer Is proportional to the area at right angles of that
gradient through which the heat flows. Fourier’s law Is the other name of the
law of heat conduction.

Newton’s law of cooling and Ohm’s law are a discrete and electrical
analog of Fourier’s law.




GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

Consider an infinitesimal rectangular volume element (parallelepiped) of
sides dx, dy, dz parallel respectively to the three axes (X,Y,Z) in a medium In
which temperature Is varying with location & time.

Let ‘t” = Temperature assumed uniform over the entire surface ‘ABCD’

= Temperature changes and rate of change along x-direction
dx

M= Change of temperature through distance ‘dx’




GENERAL HEAT CONDUCTION
EQUATION TO CARTESIAN
COORDINATES

ot
t+

Ox dx Temperature on the right face EFGH (at a distance ‘dx’ from the left face

ABCD)

vi = thermal conductivities along X, Y, Z axes




GENERAL HEAT CONDUCTION
EQUATION TO CARTESIAN
COORDINATES

If the directional characteristics of a material are equal / same, it Is called
as Isotropic material and if kx  ky + kz Anisotropic material

Qg = heat generation / unit volume/ unit time

Inside the control volume there may be heat sources due to flow of
electric current in electric motors and generators, nuclear fission etc.

gg may be function of position or time or both

p = mass density of material
¢ = specific heat of the material



Net heat accumulated m heat generation energy stored

the element due to conduction + within the in the
of heat from all the directions element element

(A) ) (©)




GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

A = net heat accumulated the sum of

(Qx- Qxtdy), (Qy - Qytdy) and (Qz- Qz+dy)
B = Internal heat generated (i .e. )

C = Internal energy stored =
Where:

M = mass of the element,
Cp = specific heat,
AT = change In temperature



GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

Now

C=p. dy.dy.d:Cyd

0.CodT (dy.dy.d;)

QX = the rate of heat flow into the element 1n ‘x’ direction through the face
ABCD

QK: q}{-d}r.dz: 'k‘{eT d}v.dz

OX



GENERAL HEAT CONDUCTION EQUATION TO
CARTESIAN COORDINATES

Similarly 1n ‘y’ direction along face ABFE:

Q}’: q}'-d}i-dz: 'k}!.eT. d};.dz

oy

Stmilarly in ‘z’ direction along face DHEA.:

QE: qz.d};.d}r: 'kz.eT. d:{.d}r
S

Then the rate of heat flow in x direction through face ‘x + dx’, EFGH is

Qx+d}£: = k}iﬂ d}!dz +i (' k};e_T) d};.d}v.dz

OX OX OX



GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

Similarly 1n ‘y’ direction along face CDGH:

Q}'de}': - k}fi dx.d; +i (' k}re_T) d};.d}r.dz

Stmilarly in ‘z’ direction along face CGBF:

Qz+dE: - kze_T d:{.d}! +E (' kz'e_T) d};.d}!.dz

OZ OZ OZ




GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

Therefore the net flow of heat entering the element in x direction is the
difference between entering and leaving heat flow rates, which is given by

QK— Q‘.‘i+d‘.‘{: E (' k};ﬂ) d;{d}rdz

Similarly for:

Qy-Qy-ty= © (-ky.9T).dx.dy.d; (b)

QE— Qz+dz: E (' kzﬂ) dx.d}r.dz

07 OZ




GENERAL HEAT CONDUCTION EQUATION
TO CARTESIAN COORDINATES

The net heat conducted into the element Is:

B (kdD, B (k3D & (kdD],
x.Uy.Uz

OX OX Oy oy S Vi OZ

A=

C= p.CodT (dy.dy.dr)



GENERAL HEAT CONDUCTION EQUATION

TO CARTESIAN COORDINATES
SinceA+B=C

O ( keOT). N O ( ky.OT). O ( k.OT) ST

+ T | 4qe- PO—
OX OX Oy S) o7 OZ Ox

For most engineering problems

kx = ky=k;
The general 3D equation becomes:




GENERAL HEAT CONDUCTION EQUATION

TO CARTESIAN COORDINATES
Where

= Thermal Diffusivity

o (larger) = faster the heat diffuse through the material & its temperature
will change with time

o (larger) = for metals, solids, gases

o = important characteristics quantity for unsteady conduction situations

3D Heat conduction equation




GENERAL HEAT CONDUCTION
EQUATION TO CARTESIAN
COORDINATES

For 1D sy Y=z=0, orvice versa
The equation may be written as




Other simplified forms of heat conduction
equation in Cartesian coordinates

Other simplified forms of heat conduction equation in Cartesian coordinates :

vi- L T (Fourter's Equation)

a Ot




Other simplified forms of heat conduction
equation in Cartesian coordinates

(e
Vi

In the absence of heat generation

(Laplace's Equation)



Other simplified forms of heat conduction
equation in Cartesian coordinates




Other simplified forms of heat conduction
equation in Cartesian coordinates




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

Consider a small volume of sides
Assume the material to be isotropic.
The rate of heat flow into the element In r direction:

Q= - k. Bi rd®, dz

or
In (r + dr) direction




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

The net rate of heat entering the element in ‘r’-direction Is:




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

_' +.dD, dz (1)

Then for:




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

- 9 (-k Ot dr.dz)rde

Qo -Qo+do=
rod r 90




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

k ( Ot |4p dz rde

o0

'dr dz rd [




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

In z- direction

Qz — Qz+dz

Q.= -k 914 dz rdo
o7z




HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

K ( -92‘[) rdedr.dz | (5))

O’
The net heat conducted into the element rd,, dr. dz / unit time

2
A . (A)

SinceA+B=C

Net heat conducted + Internal heat generated =  change In internal
energy / unit time / unit time / unit time



HEAT CONDUCTION EQUATION IN
CYLINDRICAL COORDINATES

B=qs;=rdodr. dz

C=pGC E rde dr. dz

or
From A, B, C take out rd,, dr. dz and divide by K.

Then A+B = C becomes

1 ot
_I_

r Or



HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

Consider an infinitesimal spherical element of an isotropic material
having the coordinates (r, ®, ¥). The sides of the element are dr, rd ¥ & r sinW

do.

Energy balance equation (A+ B = C)
A=Qr—Qr+dr)+ Q¥ - Q¥ + d¥) + (Q® — Qd + dd
B = qg.dr.rd¥. rsin V. d®,

ot .
o= pC  drrd¥.rsin¥.dd




HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

Now, the rate of heat flow In y direction

Q= — ki rd¥.rsin?.dd

or

The rate of heat flow out of the element In r- directio




HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

) ot .
= — (-k——rd¥.rsin¥.d0).dr

or? or

ot}
(1 — ' rd¥.rsim?.dO .dr
or’




HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

Similarly in z- direction (¥ direction)

Qv=-k ot rd¥. rsin¥.d@

Rate of heat flow out of rd¥, the element In ¥ direction

_ 9Qy
Qv+ Qu+dy= rd?.

I'ely



HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

_ 9
= Q rd¥.

- ke—t dr rsin¥.do ) rd¥
1‘91['

. eT L
_ _( sin¥? 'dr.rd(D.rd‘P
. elyf



HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

Multiply & divide by sin ¥

k

Ny
(sm‘P _'drrd‘{'rsm‘Pd(D (2)
risin¥Y Oy Oy

In @ direction ( x- direction)




HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

Qo- Qo-d0= — Qe rsin?.d®

I‘SiIllF 8@

-9 -k ot dr.rd¥. | rsin'?.d®

1Siny Os ISiny Oo

O°T ,
dr.rd¥. rsin?.d® .....(3)

Add (1) +(2) + (3)



HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

4+ | drrd¥. rsin?.dO + —( sin? —— |drrd¥rsin?.d0 +

klezT 2 oT k O { oT }
orr r Or r’sin¥  Og Oy

1 9T .
drrd¥. rsim¥.do

rsinly oQ:

=) = Qg dr.rd¥.rsin¥.dd

C = Ie" ol dr.rd¥.rsin¥.dO
ot

The net heat conducted into the element dr.rd¥.rsin¥.d® / unit time 1s



HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

The net heat conducted into the element dr.rd¥.rsinW.d® / unit time IS

9T 20T 1 o [ oT
K| —+ —— + —(

O r Or rsinfy Oy

sm¥P — | +
Oy
2 o7
1 BT]JF:qg _ pCy—

r’siny OO’ ot

Written as:

_—t —— +

9T 2 o7 1 ( .
Orf r Or rsiny Oy




HEAT CONDUCTION EQUATION IN
SPHERICAL COORDINATES SYSTEM

For steady state 1 D heat conduction in radial direction without heat
generation.




HEAT CONDUCTION THROUGH PLANE
WALL

Case (1): Uniform Thermal Conductivity
Case (2): Variable Thermal Conductivity



Case (1): Uniform Thermal Conductivity

Uniform Thermal Conductivity:

Wall — plane wall
Material — homogenous
Heat flow — x- direction



Let:

L — Thickness of the plane wall.

A — cross section area of the wall.

K — thermal conductivity of the wall material

T1, T2 — Temperatures maintained at the faces 1 & 2.

General heat conduction equation in Cartesian Coordinates:







To find the solution for equation a, it requires two BC’s since it is a 2" order
DE’s.

BC'’s are
T=Ti1atx=0;
T=T2atx=L;

Integrating equation (A) twice




To find C; & C; from B(C's
K:U,T:T1; C =T

x=L,T=T5:

I,=CL+C

CiL+ T,

I,-Ti=CiL

1,-Ti1=C
L




Sllb C1 & Cg ]]] (B)

T=T,-T) [x+T;
L

Differentiate the above equation

dTTz-T1\|
L "




Thermal resistance of the wall =

(1)

Weight of the wall = p.A.L ...(2)
Sub the value of L in (2)

W = (p.K).AZR,,

The lightest insulation will be one which has small product of density (p) & (k)



Case (2): Variable Thermal Conductivity

1. Temperature variation in terms of surface temperature (t1, t2)
2. Temperature variation in terms of heat flux (q)

let the thermal conductivity vary with temperature according to the
relation.

K = ko (1 + Bt)
When the effect of thermal conductivity Is considered.




E dx = ;ku(i + [t) dt

A

[ dx=-k [ (1 + Bt)dt

S(L-0)=-ku[t+ﬁtﬂ]§j
A o

2



Kol (t2-11) + P (127 - tr7)]
2

Q= ko(ta-t1) [I+ P (t1 +1)]

Q= ko[1+ P tm]. A (t1-12)

kn= mean thermal conductivity of the wall material




HEAT CONDUCTION THROUGH A
COMPOSITE WALL

Heat conduction through a composite wall:

consider the transmission of heat through a composite wall consisting of
a number of slabs.




HEAT CONDUCTION THROUGH A
COMPOSITE WALL

Assuming that there is a perfect contact between the layers and no temperature
drop occurs the interface between the materials.

ky A ky A kA
Q= (h-t)=T5, (=t =5 (-1
Rewriting the above expression in terms of temperature dmp across each layer,

T e

klA ,tz"ts. sz ,'3"t‘l ksA
Summation gives the overall temperature difference across the wall

H-“.Q(£L+_L ﬁL]

A kA kA

(b= t) (h-4)
" 8/kA+8,/kA+8ykA " R, +R+R,




If the wall consists of both the electrical
analogy may be used.




OVERALL HEAT RESISTANCE

It IS the heat transmitted per unit area per unit time per degree
temperature difference between the bulk fluids on each sides of the metal.

Q=UA.AT (W/mXK)




HEAT TRANSFER THROUGH
COMPOSITE PIPES WITH INSIDE AND
OUTSIDE CONVECTION

Temperature of hot fluid Ta,
Heat transfer coefficient flowing through pipe ha,
Separated by two layers from atmosphere.

Thermal conductivity of 1%t layer — Ka,
Thermal conductivity of 2" layer — kz,

Outside surface heat Is being transferred to a cold
fluid at temperature Tb, heat transfer coefficient h




Heat transfer by convection at side ‘A’
Q - ha A [Ta - Tl]
Q= 2ITr;L ha[Ta- Ti]

Heat transfer by conduction at section '1'1s




Similarly at section ‘2’

Heat transfer by convection at side ‘B’ 1s

Q=hy. A |Ta-Tsl

Q= 21IrsL h[Ts - Ty







Add all above equations on both sides:







Calculate the rate of heat loss from a red brick wall of length 5m, height
4m, thickness 0.25m. The temperature of the inner surface i1s 110°C and that of
the outer surface is 40°C. The thermal conductivity of red brick, k= 0.70
W/mK. Calculate also the temperature at an interior point of the wall 20 cm

distance from the inner wall.




0.7x (5 x 4) x (110 - 40)
Q= 0.25

Q=3920W (or) 3.92kW

Atx=0.2




I =-56+110=54°C




A wall of furnace i1s made up of inside layer of silica brick 120 mm thick
covered with a layer of magnesite brick 240 mm thick. The temperature at the
Inside surface of silica brick wall and outside surface of magnesite brick wall
are 752°C and 110°C respectively. The contact thermal resistance between the
two walls at the interface i1s 0.0035/W per unit wall area. If thermal
conductivities of silica and magnesite bricks are 1.7 W/m°C and 5.8 W/m°C,

Calculate:
1. Rate of heat loss per unit area of walls

2. Temperature drop at the interface



Solution:

(1)

f1-14
Rth A +Rthﬂnnst+ RthE

725-110

La Ls
— +0.0035+ —




615

0.12- 0.24
— +0.0035+ —

1.7 5.8

q=5324.67W/m’




(2)

To find t,

-t
(= — — =5324.67TW/m? ;| t=349.14°C

La

Ka




To find t;.

b -t3=18.81°%C

ANsSwers:

(1)

q=5324.67W/m’
(2)

th -t =18.81°C



Two slabs each 120 mm thick, have thermal conductivities of 14.5
W/m°C and 210 W/mPC. These are placed in contact, but due to roughness, onl
30% of area Is In contact and the gap Iin the remaining area is 0.025 mm thick
and is filled with air. If the temperature of the hot surface is at 220°C and the
outside surface of other slab Is at 30°C, determine:

1. Heat flow through the composite system
2. Contact resistance and temperature drop In contact

Assume that the conductivity of air i1s 0.032 W/m°C and that half of the
contact (of the contact area) Is due to either metal.



Solution:

(Rin)total
220 - 30

(Rin )total

(R}ttt = Rina+-Ringq+ Rue |(D.BPg: 47)




R

=0.0082=8.2x 10"




0.000025

145X 0.15




1.11X10°x 1.11 X107x 7.93 X 10

1.1x793x10%x793x 1.1x109x 1.1x 1.1x 101




82X 10°+9.7X10°%+5.7X 10

(Rin)otal = 8.77X 1073



(Rin)total

190
— = 21kW
8.77X 10

(ii) Contact Resistance = 9.7 x 108 0C/ /<=

Temperature drop In contact = Q x Contact Resistance
=21000x 9.7 x 108
map =0.2x10° (or) 0.015°C



A cold storage rooms has walls made of 220 mm of brick on the outside,
90mm of plastic foam and finally of 16mm of wood on the inside. The outside
and inside temperature are 25 °C & -3 °C. If

. =30 W/m?2°C

Noyt = 11 WIm2°C

Kirick = 0.99 W/m 2 °C

Keoam = 0.022 W/m 2 °C

Kioog = 0-17 W/m 2 °C

Determine :

1. Rate of heat removal by refrigeration if the total wall area is 85 m?2
2. Temperature of the inside surface of the brick




Solution:

U=0.2207W/m*°C

Q=0.2207x 85 (25 - (-3))

Q=3525.26 W




— =0312] . U=32W/m?2°C




Q=3.2x85(25-1)

1.93=25-1
th=25-1.93




FINS

FINS:

Heat transfer by convection between a surface and the fluid surrounding
It can be increased by attaching to the surface thin strips of metal called fins.

-Ins Increases the effective area of the surface thereby increasing the
heat transfer by convection.




Common types of fin:

1. Infinitely long fin

2. Short fin (end insulated)

3. Short fin (end not insulated)
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ed ) External Longitudinal Fins, (b) Pin Fins or Sp :];?'{.
Longitudinal Fins, (d) Circular or Annular Fins, (¢) Plate Fins.




Temperature distribution and heat dissipation in fin:

A steady state conditions heat balance equation for the small element can
be given 22

Figure 3.6 Straight Fins Of Uniform Cross Section (a) Rectangular Fin (b) Pin Fin



Heat conducted heat conducted out . heatconvected to
into the element of the element the surrounding air




Qx+ax=h.A. (T-Tx) A=P.dx

=h.(P.dx). (T- T.) )

Sub (1), (2), (3) In (A)

| t} _ ‘k.A.Fftde ¢ h(P.dx). (T-Tx)

dx

k.A.Fit} & = h(P.dx). (T-Tx)
i+

cal T-T
[dezh(P)( - oo)






When0=T-T,_
Equation (B) becomes

(C)

Equation (C) shows that the temperature Is a function of x and m. since it is a
2"d order linear differential equation. The general solution for equation (C) is

B = Cl E—III}{ _I_ C';-_', EI]L"'{




The temperature distribution and heat dissipation depends upon the following
fin conditions:

Case (1): infinitely long fins

If a fin is infinitely long, the surrounding fluid temperature and the
temperature of the fin at its ends are equal.

(1.e.) at
Xx=0;T=T,

x=00; T=T o0



From equation (D)
H = Cl E—I.'I]Ji _I_ C;-_', EI]L‘"E

Therefore,



Substituting the values at x =o00; T=T _ In equation (4)

(Tm - Tm) = (Cie™*+ () e*

Sub C,=01neq (5)




Sub the values on equation (4)

Where; 4

r

I' = Intermediate temperature in ‘K’

', = base temperature in ‘K’

., = surrounding temperature in ‘K’
X = distance
m =



After knowing the temperature distribution, the heat flow through the fin Is
obtained by integrating the heat lost by convection over the entire fin surface.

Heat lost by convection

Qﬂnﬂf:h.ﬂ. (Th - Tn:)
- h-( Pdﬂ) : (Th - Tn:)







- \/m (Tb' Tw) (From D.B. Pg: 50)




Case (i1): Fin with Insulated End (Short Fins)

This fin has a finite length and the tip of fin is insulated.

at
X=0;T=T,
Xx=L,dT /dx=0

From equation (4)

I-Te =Ciem+C, emx



Differentiate the above equation




2"dboundary condition’s:

In (a)

0=Cre™ (-m)+ Cye™ (m)

-m. Cie™+m el

m. Ciel=m C, eml






Substitute the equation (c) in equation (b)




Sub the value of Iin C, equation (c):




Substitute the value of C; & C, ineq (4)

1 - Tn: =(C o™ 4+, o







In terms of hyperbolic function it can be written as

T-Tx coshm (L-x)

Th-Tax cosh mL




Temperature distribution of fin with insulated end

T-Tx coshm (L-x)

Th- T cosh mL

coshm (L-X)
coshmL

T-Te = To- Tw




We know that




At x =0;

| Qo= RPRA (T,-T.) Tanh mi.



Fin Efficiency

Fin Efficiency

The fin efficiency Is defined as the ratio of the energy transferred
through a real fin to that transferred through an ideal fin. An ideal fin is
thought to be one made of a perfect or infinite conductor material. A perfect
conductor has an infinite thermal conductivity so that the entire fin Is at the
base material temperature.

g P46, tanh(m- L)

h-(P-L)-6,




Fin Effectiveness

A fin can effectively enhance heat transfer which is characterized by the
fin effectiveness, €; ,which is as the ratio of fin heat transfer and the heat
transfer without the fin. For an adiabatic fin:




a) Temperature distribution:




a) Temperature distribution:

T-Tw  coshm (L-x)

Tv-Tx cosh mL

b)




Case (111):

The boundary conditions are:
. Atx=0,

0 =0
1. Heat cono the fin at x = | = heat convected from the end to
surroundings.



Where A (cross sectin of heat conduction) equals Ag, (surface area from
which the convection heat transfer takes place), at the tip of the fins

Acs = Agy



(A)




Differentiate equation (A) w.r.t.x.

Equating 1 & 3




Considering the equations 2 & 4 and solving

CE: 0o -cl






We know







Substitute the values of constant C, & C, in equation (4)




Take out m

pul-x) 4 gmlrx) + L [ gnd-® - em(Ler)]




Temperature distribution:

coshm (L-x) + L sinh m (L-x)




The rate of heat flow from the fin

coshm (L-x) + L sinh m (L-x)

km

coshmL + ﬂ_ sinh m (L )
km




Differentiating the expression ‘B’ we get

h

_m.sinh m (L-X) - ™ |— cosh m (L-x)
k.m

coshmL + _h,_ sinhm (L)
km




coshmL + L sinh mL
km




Sub6iIn5




| Q = /hPKA (T,-T.,)



A long rod 5 cm diameter Its base Is connected to a furnace wall at 150
°C, while the end Is projecting into the room at 20 °C. The temperature of the
rod at distance of 20 cm apart from its base is 60 °C. The conductivity of the
material 1s 200 W/mK. Determine convective heat transfer coefficient.

Furnace|cqoc 60°C 20°C

$——Mm— s ——¢

I EE——

20cm




Solution:
Condition: fin is a long fin
Refer HMT D.B. Pg: 50

333-293
— om(0.2)

423 - 293

In(0.307) =-mx0.2

s m=59



hx0.157

200x1.96x 107

(5.9)2x200x 1.96 x 107

< h=86.9W/mK



An aluminum alloy fin of 7mm thick and 50 mm long protrudes from a wall,
which i1s maintained at 120 °C. The ambient air temperature Is 22 °C. The heat

transfer coefficient and conductivity of the fin material are 140 W/m? K and
55 W/m?2 K respectively. Determine:

|.  Temperature at the end of the fin

I1. Temperature at the middle of the fin

[11. Total heat dissipated by the fin
(assume end is insulated)

Solution:

Since the length of the fin 1Is 50 mm, the given problem Is treated as short
fin problem. Assume the end as insulated.



From HMT D.B Pg: 49,.
Temperature distribution for short fin end insulated:

T-Tx coshm (L-x)

Tv- T cosh mL

(1) Temperature at the fin (i.e. x = L)

T-Tw  coshm (L-x)

Tp- T cosh mL




140x 0.1

55x3.5x10°




P=2xL
=2x0.050
P=0.1m

A=Lxt=0.050x0.007

CA=3.5% 10*m?



T-Tx coshm (L-x)

Tv-Tx cosh mL

T -295 1

393-295  cosh(26.9x 0.050)

T=342.8K
393-295  2.049 -




(2) Temperature at the middle of the fin:
(put x = L/2)

T-Ts =coshm (L - L/2)
Ty - Tos coshmL

T - 295 coshm (0.050-0.050/2)

303 - 205 cosh (26.9x 0.050)




(3) Total heat dissipated:
From HMT D.B. Pg: 50

=(140x0.1x55x3.5x 104)"?x (393 - 293) x tanh (26.9x 0.050)




A rectangular aluminum fins of 0.5 mm square and 12 mm long are attached
on a plane plate which is maintained at 80 °C. Surrounding air temperature Is
22 °C. Calculate the no of fins required to generate 35 x 10 -3 of heat. Take

k=165 W/mK
h=10W/m?K
Assume no heat loss from the tip of the fin.

Solution:
Since the problem is associated with short fin with end insulated.

Heat generated

No. of fins required =

Heat transfer/ fin



Heat generated =35x 10° W
Heat transfer/ fin = /hPkA (T,-T,) Tanh mL

P=2(b+1)
=2[05x10°+0.5x 10°]

P=2x10°m

A=bxt=05x10°x0.5x10°

A=25x10"m?




10x2x10°
165 2.5% 10




Heat transfer / fin:

=(10x2x10°x165x2.5x107)1"2x (353 -295)x tanh (22 x 12 x 10°?)

0.0135 W/ fin




Heat generated

No. of fins required =
Heat transfer/ fin




A circumferential rectangular fins of 140 mm wide and 5mm thick are fitted on
a 200 mm diameter tube. The fin base temperature is 170 °C and the ambient
temperature Is 25 °C. Estimate fin efficiency and heat loss per fin.

Take
k =200 W/mK
h =140 W/m 2K

Solution:
From HMT D.B. Pg: 51
Converted length =

L. : . L.=0.1425



=11+ L

=0.1+0.1425

A.]]]_: t (I'E{-. - 1‘1)

=0.005 (0.2425 - 0.100)
=0.005 (0.1425)
=7.125x 10 m?




As=2[] (r2c* - 11°)

=277(0.24252-0.12)
=0.3066m?

05
(0.1425)"~ |:__140———] s Xaxis= 1.60
4

220x 7.125x 10-



From D.B Pg: 51

Q=nAsh (Tp- Tw)
=0.3x0.3066x 140 (443 - 298)

= 1867 W




A stainless steel cylindrical rod fin of 1.2 cm diameter and 6 cm height
with thermal conductivity of 25 W/mK is exposed to surrounding with a
temperature of 60 °C, the heat transfer coefficient is 45 W/m 2K and the
temperature at the base of the fin i1s 100 °C. Determine.

1. Fin efficiency

2. Temperature at the edge of the rod
3. Heat dissipation

4. Fin effectiveness

1. Fin efficiency (for insulated ends)

1 tip = tanh mL

mL




1. Fin efficiency (for insulated ends)

tanh mL

mL

I]fip =

From HMT D.B Pg. 50




tanh (24.4x 6 x 10-)
(24.4% 6% 102)

Nt =0.61=61%



(2) Temperature at the edge of the rod:

Temperature distribution: (short fin and insulated)

T-To  coshm (L-x)

Tv- T cosh mL

T-333
373 - 333 cosh(24.4x6x 10-?)




(3) Heat dissipation for short fin end insulated:

= (45x0.0376 x 25 x 10%)12x (373 - 333) x tanh (24.4x 6 x 10°2)

233 W

(4) Fin effectiveness (for insulated tip)




tanh (24.4x 6 x 10?)

= G



TRANSPORT EQUATIONS FOR MOVING-—
BOUNDARY PROBLEMS

A, The Differential Equations

Consider two media separated at any time t by an interface S(t)
wnose position in space 1s an unknown function of time. The two media are

bounded in space by the two surfaces S._ and SII whose equations relative

I

to a conveniently chosen three dimensional coordinate system have the form

SI(E) = 0, SII(i) = 0, Medium I occupies the region bounded by the sur-

faces 5. and S(t), medium IT occupies the region bounded by S(t) and

S._ . The interfaces S_ and 9.
II L II

fixed interfaces. Tane interface S{t) whose

being fixed in space will be called the

time will be called the "moving iuterface.”
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Most physical problems involve some sort of special geometric feature.

Linear, cylindrical, and spherical goemetries are typical examples. In

these instances, the moving boundary is described goemetrically as a plane,
cylindrical, or spherical moving boundary and the problem may be described
by only two variables: +time and a single position variable. Under these

conditions, the transport equations 2.1 through 2.4 reduce to the following

0 n-1 _
_é_f' (1" Vr) =0 '5)
Ev_r*.vi& _vl’né_(rn“la_v?.)_l@.l’.
ot r or or ar p or .6)
op ap op

A A _ l=-n 9 n=-1 ""A
st " Ve = 8T 5 (0 T s T
BT, , BT, Am bl 3 ,
ot~ rar T 3T B (2.8)



where r 1is a general position variable and n takes on the velues 1,2,3
corresponding to linear, cylindrical, and spherical geometrics respectively.

The equations for the fixed interfaces SI , SII and the moving interface

S = S(t) take respectively the following simple forms

r=T ,T=T..,T-= S(t)

1

where T and r_. are known fixed values and S(t) i1s an unknown function

of time.
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B, The Initial Conditions

The initial temperature and concentration fields in each medium are
specified functions of position and can be generally expressed by the

following equations

The initial position of the moving interface; that is, S(0) is also

specified.
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Thank you
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