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@ To give an idea about increasing the rate of heat transfer by
extending the heat transfer surfaces (i.e., fins).

@ To derive the equation for steady state heat conduction
through simple extended surface geometries

@ To estimate the performance parameters of fins.
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@ To understand the need and usage of fins.

@ To calculate the heat transfer augmentation by simple fins.
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Overall Heat Transfer Coefficient (U)

Q="2T = uAaT = LMAT = LaAT
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Overall Heat Transfer Coefficient (contd..)

Q X @ Q
ST L= R = 1o e s
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Adding the numerator and denominator separately, we get
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From the relation Q@ = U1 A1 AT, we get
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Overall Heat Transfer Coefficient (contd..)

For highly conducting and / or thin-walled tubes, we can neglect
the conductive resistance part, and hence:

R
UiAL  hAL | A
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Q e hA( 7—s it Too)

The rate of convective heat transfer from a surface at Ts can be
increased by two methods:

@ increasing the convective heat transfer coefficient, h

@ increasing the surface area, A
Increasing the convective heat transfer coefficient may not be
practical and/or adequate. An increase in surface area by attaching
extended surfaces called fins to the surface is more convenient.

S577

Bare surface Finned surface

Dr. M. Subramanian Conduction



g e

iiiii BRBREREEE
LHIIIIIII#I

S577




S577




Examples of Extended Surfaces (Fins):
@ Thin rods on condenser in back of refrigerator
@ Honeycomb surface of a car radiator

o Corrugated surface of a motorcycle engine
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Finned surfaces are commonly used in practice to enhance heat
transfer. In the analysis of fins, we consider steady operation with
no heat generation in the fin. We also assume that the convection
heat transfer coefficient, h to be constant and uniform over the
entire surface of the fin.

Straight fin of uniform Straight fin of nonuniform
cross section cross section

o v
Annular fin Pin fin ssn

Dr. M. Subramanian Conduction

\
v



One Dimensional Fin Equation

L——y
T WT -1T.)
T
A
TO e Gz Qe+Az
//’ Az P
e

Heat in at x by conduction = Heat out by conduction at (x + Ax)
+ Heat out by convection
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One Dimensional Fin Equation (contd..)

i.e.,
Net heat in by conduction = Heat out by convection
el
(Aq)x — (AqQ)|x+ax = hPAX(T — Tx) (1)
Dividing throughout by Ax, and, from the definition of derivative,
(for Ax — 0)

((Aq)|x+ax — (Ag)]x) d(Aq)

Ax dx
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One Dimensional Fin Equation (contd..)

dT
From Fourier's law of conduction, g = —kd—. Therefore,
Ix

- d(Aq) LR

dx Ehie
Using this in Eqn.(1), we get
d2
Ak—— = hP(T — T,
dX2 ( )
jse Y
grEt ThiR:
Tl s
dx? Ak( )il
or,
d?0 5
S22
e .
where
el N2
i i and 0=(T—-Ts) SSN
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One Dimensional Fin Equation (contd..)

General Solution of ODE

d?6

dx?
The above equation is a linear homogeneous, second-order ordinary
differential equation. The solution of which is given by

—m?6=0

0= Cie ™ + Ge™
Or,
0 = C{ cosh mx + C} sinh mx
Or,
0 = C{ cosh m(L — x) + CJ sinh m(L — x)
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Fin - Boundary Conditions
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IR @i o e (1)

For a sufficiently long fin, it is reasonable to assume that the
temperature of the fin tip approaches T..
Boundary Conditions (BC):

BC-1 NN T ) =
BC-2 0=0 QNP E e
Application of BC-2 to Eqn.(1) gives
0= CrEem Ty vy
=0+ GG
— C2 =0
And, from BC-1 to Eqn.(1) we get
0o = Cle_om —— e =0 Ssn
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Long Fin (contd..)

Hence, ;
0= 10 i A L
bo
i.e.,
A s R
P R R
Heat flow through the fin (Q) is given by
L
Q —/ hP0dx
x=0
i do
= —Ak —
Q dx x=0
From any of the above two equations, we get @ = Akmf,.
i..e,
Q = 0oV PhKA S5
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Fin Efficiency

(a) Ideal (b) Actual
) o
Tfm,s 80°C Tﬁn,s 80°C
Te T,
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Fin Efficiency (contd..)

Temperature of a fin gradually drops along the length. In the
limiting case of zero thermal resistance (k — o), the temperature
of the fin will be uniform at the base value of T,. The heat
transfer from the fin will be maximized in this case:

inn,max = hAfin(To 1 Too)
Fin efficiency (7o) can be defined as:

Qsin £ actual heat transfer rate from the fin

fin — = = 3
i g ideal heat transfer rate from the fin

(if the entire fin were at base temperature)

Fin efficiency decreases with increasing fin length because of
decrease in fin temperature with length.
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Fin Efficiency (contd..)

For the long-fin

QeSS i PhicA TSI PR AL 121 - AR T
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Fin Effectiveness

an fin Qﬁ“
To TO
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Fin Effectiveness (contd..)

The performance of fins is judged on the basis of the enhancement
in heat transfer relative to the no-fin case, and expressed in terms
of the fin effectiveness:

Qfin _ heat transfer rate with fin
Qno fin  heat transfer rate without fin

Efir=
< 1 fin act as insulation
€in =< =1 fin does not affect heat transfer

> 1 fin enhances heat transfer

et but S L
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Fin Effectiveness (contd..)

For the long-fin

Q¥in P T =ity o GRAT: = KR

ow i 2 % izl 0
TIa FAT ) hA hA
and,
e b i
Tlfin A
Effectiveness of fin must be greater than 2; otherwise don't use the
fin.
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Fins - Requirements

@ Fins are generally used where convective heat transfer
coefficient (h) values are relatively low. i.e., when air or gas is
the medium and heat transfer is by natural convection.

o Fin material should be of highly conductive materials.
o Lateral surface area of the fin should be as high as possible.

o The efficiency of most fins used in practice is above 90%.
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Solved Problems

Example 1: Effect of Diameter and Thermal Conductivity on Heat

Transfer through Fin
A long, circular aluminium rod attached at one end to the heated
wall and transfers heat through convection to a cold fluid.

(a) If the diameter of the rod is triples, by how much would the
rate of heat removal change?

(b) If a copper rod of the same diameter is used in place of
aluminium, by how much would the rate of heat removal
change?
aluminum: k = 240 W/(m.K); copper: k = 400 W/(m.K)
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Solved Problems (contd..)

Solution:
For long-fin,
For cyldrical fin,
P=xD and A:%D2 — PA:%D3

Therefore,

Q x V kD3
(a) Do/D;1 = 3. Therefore,

@ _ 03 _ (‘72)3—@—5.2
@1 \/Ef

Dy
i.e., there is a 520% increase in heat transfer.
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Solved Problems (contd..)

(b) ka/ki = 400/240 = 1.667. Therefore,

& = Q =11.667 = 1.29
Q1 k1

i.e., there is a 29% increase in heat transfer.
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Fin with Negligible Heat Transfer at the Tip

8 = G cosh m(L — x) + G sinh m(L — x) (1)

The heat transfer area at the fin tip is generally small compared
with the lateral area of the fin for heat transfer. For such
situations, the heat loss from the fin tip is negligible compared
with that from lateral surfaces, and the boundary condition at the
tip characterizing this situation is taken as dfl/dx = 0 at x = L.
Boundary Conditions (BC):

0=0o=(To—Too) at x=0
dosi

a = AN =il
Differentiating Eqn.(1),
L i Cy sinh m(L — x) — mC, cosh m(L — x)
i = —mCisinnm X mCp cosh m X ssn
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Fin with Negligible Heat Transfer at the Tip (contd..)

Using B.C 2 on the above,
0 = —mG; sin hm0 — mC, cosh m0
00— G (-sinh0=0 and cosh0=1)
— C2 =0
Therefore, Eqn.(1) becomes,
6 = Cy cosh m(L — x)

From B.C 1, at x =0, 6 = 6,. Using this in above equation,

0
0, = Cy cosh mL —= L= 2
cosh mL

Hence, we get

6  coshm(L — x)

gk cosh mL Ssn?

[e]
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Fin with Negligible Heat Transfer at the Tip (contd..)

Taking derivative of the temperature distribution equation, and at
x =0 we get

iﬁ
dx

inhm(L -0
= —m o—sm il ) = —fomtanh mL
(0 cosh mL

Heat transfer through the fin is given by

Q=-— kAZ—Q = kAB,mtanh mL = 0,v PhkAtanh mL
X |x=0
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Fin with Specified Temperature at the Ends

g'= Clan " HUBR@ e (1)

ifetsatsd=I0NM=ED S and B tE e AT =N/
B.C.:

0 =20, at x =0
0=10, A —t /5

Using B.C 1 in Eqn.(1), we get
0o =C + G = CG=0,—C (2)
And, using B.C 2 in Eqn.(1), we get

B= Cleme + C2€mL (
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Fin with Specified Temperature at the Ends (contd..)

Using Eqn.(2) in Eqn.(3), we get

9L = (90 = Cz)eimL = CgemL
= eoe—mL -F Cze_mL Lid C2emL
i eoeme e C2(emL i1 eme)

0, — eoe—mL

s (4)

Using Eqn.(4) in Eqn.(2), we get
0, — Goe*mL
o emL _ g—mL

eo(emL - eme) 1L 9L i Hoeme
emL T e—mL

HoemL — QL

G = nl e (5§Si1

Ei=—105




Fin with Specified Temperature at the Ends (contd..)

Substituting for C; and G in Eqn.(1), we get

e Hoe’”L = HL HEs HL — Qoe*mL P

emL s e—mL emL i} e—mL

eoemLefmx | Hoemeemx 4 eLemx iy 91_6me

emL ks e—mL

90 (em(fo) b efm(fo)) et eL(emx = efmx)
& emL _ og—mL

We know,

mx —mx

—e "
= sinh mx

2
Using this in above, we get

ol 6o sinh m(L — x) + 6 sinh mx

sinh mL ssn




Fin with Specified Temperature at the Ends (contd..)

Rate of heat transfer through the fin at x = 0 is given by

Qo = —kAﬁ =SLEEA —mbo cosh m(L.—X)-i-mGLcosh mx
dx [x—o sinh mL i
3 kAonCOSh r-nL —61/6,
sinh mL

1 ———coshmL — 0, /6,
o Dabiflich sinh mL

Dr. M. Subramanian Conduction



Solved Problem

Example 1: Fin with Adiabatic Tip

An aluminum pot is used to boil water as shown below. The
handle of the pot is 20 cm long, 3 cm wide, and 0.5 cm thick. The
pot is exposed to room air at 25°C, and the convection coefficient
is 5 W/m2.°C. Can you touch the handle when the water is
boiling? What would be the temperature near the end of the
handle? (k for aluminum is 237 W/m.°C)

100 °C
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Solved Problems (contd..)

Solution

We can model the pot handle as an extended surface. Assume that
there is no heat transfer at the free end of the handle. For this

case,
T—Ts  coshm(L— x)

To— Too cosh mL
where
[P
VKA

Here, h =5 W/m2.°C, P = 2(W + B) = 2(0.03 + 0.005) = 0.07
m, k =237 W/m.°C, A= WB = 0.03 x 0.005 = 0.00015 m?, and

L=02m.
0 07 x b LS
m= \/ ~ \/ 237 x 0.00015 =3.138 i
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Solved Problems (contd..)

Hence,

T—Tw  coshm(L— x)

To—To  coshml
T —25  cosh(3.138 x (0.2 - 0.2))
100 —25  cosh(3.138 x 0.2)

—  T(x=02)=87.3C

Since T near the end is 87.3°C, it is not safe to touch the end.
If a stainless steel handle is used instead, what will happen? For
stainless steel, the thermal conductivity k =15 W/m.°C (Ans:
37.3°C; safer than the previous case)
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