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One Dimensional Transient Conduction Heat Transfer
Theory of Fins
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Heat Transfer from Extended Surfaces

Extended surface: solid that experiences energy transfer by
conduction within its boundaries, aswell as energy transfer by
convectionand/or radiation between its boundaries and the
surround-
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ings.
strut is usedto provide mechanical supportto two walls at
different T'. A temperature gradient in the x-direction sustains
heat transfer by conduction intemally, at the sametime there is
energy transfer by convection from the surface.
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m Kkof the fin material has a strong effect on the temperature
distribution along the fin and therefore influences the degree
to which the heat transfer rate is enhanced.

= ldeally, the fin material should have a large kto minimize
temperature variations from its baseto its tip.

w In the limit of infinite thermal conductivity, the entire fin
would be at the temperature of the base surface, thereby
providina the maximum possible heat transfer enhancement.

m | he ammrangement for cooling engine heads on motorcycles and
lawn-mowers

m For cooling electric power transformers

= | he tubes with attached fins used to promote heat exchange
between air and the working fluid of an air conditioner

s

Transformer
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P=2w+ 2t

A(‘ =wt

m T0)=Tp
m Acisconstant, dAs/dx =0
m As= Px where x is measuredfrom base, P is fin perimeter
® dAs/dx= P
T hP
a2 KA.

(T—~T3 =10
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Excesstemperature, 6

O(x) = T(x) — Two

db/dx= dT/dx
gj_g— m¥B= 0

where m? = —’-‘fA
The above equation is a linear, homogeneous, second-order ’
differential equation with constant coefficients. The general
solution is of theform:

O(x) = Cie™+ Ce™™

It is necessaryto specify appropriate BCsfor C; and C-.
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One such condition may be specified in terms of the temperature
at the baseofthe fin (x = 0):

9(0): Tb—Too:@

The secondcondition, specified at the fin tip (x = L), may
correspondto any one of the four different physical conditions:

A. hatthefin tip

B. Adiabatic condition at the fin tip

C. Prescribed temperature maintained at the fin tip
D. Infinite fin (very long fin)
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A. Infinite fin (verylong fin): ASL — oo, O — 0
B. Adiabatic condition at the fin tip

b =0
dx:x=L B
C. hatthe fin tip
drT db
hAJT(L)— Tw] = —KAc —, - == hO(L)=-k -, -
dx'x=L dx'x=l

D. Prescribed temperature maintained at the fin tip: (L) = 6L
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Temperature distribution & heat lossfor fins of uniform cross-section

Tip Cond. atx = L = qr
Infinite fin O(L) =0 & M
Adiabatic L. =0 costiml=D] | Mtanh mL
Convection | hOL= —kj—i-szc cosiimlle=l | Mtanh mL
4 v Ac
m= kAL M = hPKkASG; L=FE* p
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w The temperature of the fin will be T;at the fin baseand
gradually decrease towards the fin tip.

m Convection from the fin surfacecausesthe temperature at any
cross-sectionto drop somewhat from the midsection toward the
outer surfaces.

m However,the cross-sectional area of the fins is usually very
small, and thus the temperature at any cross-section can be
consideredto be uniform.

m Also, the fin tip can be assumed for convenience and simplicity
to be adiabatic by using the corrected length for the fin instead
of the actuallength.

In the limiting case of zero themal resistance or infinite k, the
temperature of fin will be uniform at the value of Tj. The heat
transfer from the fin will be maximum in this case(k — o0):

dfin,max = hAfin(Tb — T)
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In reality, however, the temperature of the fin will drop along the
fin and thus the heat transfer from the fin will be less because of

the decreasing [T (x) — T« ] toward the fin tip.

To account for the effect of this decrease in temperature on heat
transfer, we define fin efficiency as:

— _4fin__ Actual heat transfer rate from the fin
If in = ~ Tdearheattransfer rate from the fin

fin,max if the entire fin were at base temperature
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We can also define an overall effectiveness for a finned surface as
the ratio of the total g from the finned surface to the gfrom the
samesurfaceif there were nofins:
dfin
Efin,overall =
Anofin

_ h(Aunfin + r]fmAfm) (Tb = Too)
hAnoﬁn(Tb T T°°)

Anofin is the areaof the surface when there are no fins
Afin is the total surface area of all the fins on the surface
Aunfin s the areaof the unfinned portion of the surface.

Efin,overall dependson number of fins per unit length aswell as
¢fin Of individual fins.

Efin,overall 1S @better measureof the performance than &, of
individual fins.
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