Heat transfer
fins

Q conv = hAs (Ts — Tw)

Introduction

There are two ways to increase the rate of heat transfer ¢

to increase the convection heat transfer coefficient (h)

» to increase the surface area As

* Increasing (h) may require the installation of a pump or fan,

* The alternative is to increase the surface area by attaching to the surface extended surfaces called

fins

» made of highly conductive materials such as aluminum

Heat conduction through

Gas flow

Liquid flow

Finned tube heat exchangers
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fins

Heat sinks

Pin fins

A splayed pin fin heat sink. i
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fins

Longitudinal fins
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Pins:
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Heat transfer Heat conduction through
fins

Radial fins:

Rectangular profile Triangular profile Hyperbolic profile
Fin Equation Fin
: dT
Q X — —-kA ¢ g
) dQ «
- Q X +dx Q +—_— dx —dx

dQ conv — hdAs (T -T, )

Energy Balance:

Qx =Qyodgx +dQcopy =Qx+
d(, 4T ) _hda,
d< |7 “dx )] k dx

99x 4x + hdA (T-Ty)
dx ’

d21‘+ 1 dA (dT | (1 hda,
2

dx A, dx I.dx; A k cl

o) =0

Equation
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Heat transfer

Heat conduction through
fins

Fins with uniform cross sectional area

d']2"+ 1 dA, a’T}_ 1 7hdd, (T-T.)=0
dx Ar"dx \ dx . A, k dx

dA
€= ()
dx
A. = Px a4, =i
dx
d*T | hP
- Fes . J=9
- fer -1
P=2w4 2t L -
Excess temperature 6 A=t A= xDFl4
(a) (b)
0(x)=T(x)-T,
29 Straight fins of uniform cross section
P -m?6=0 (a) Rectangular Fin (b) Pin fin
X
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Heat transfer Heat conduction through
fins
General solution and
Boundary Conditions
7 -m*0 =0 T, /i
m?* = i \ I;
A’A( O. \ X
8(x)=T(x)-T, ™\~ Specified '

The general solution is of the form

9(:\,) - Clem.r g Cze—mx

temperature

(a) Specified temperature
(b) Neghgible heat loss

(c) Convection

(d) Convection and radiation
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Heat transfer Heat conduction through

Infinitely Long Fin

fin tip
Case 1

Boundary condition at the fintip: 6(L)=T(L)-T, =0 as L —>=

The general solution is of the form

X)) =™ F g T

Possible when C; — 0

£

- hp
—T() =T+ (T, - T,)e "He

+

-

e(X) = Cze—lllx
Apply boundary condition at base and find T o
P |
) o KA |
T(x) =Ty +(Ty — Ty e : i
ol hT,
(Y
- dT (1) 8
Qlongfm =-kA, g|x=0: \thkA ¢ (Tp=Top) :\
5 e, = A,

(p=nrD.A_= xD¥4 for a cylindrical fin)

4

fins

Case 2

Insulated tip

General Sol: €(x) = C,e™ +C,e™™

BC1: 6(0)=T1,-T, =6, BC 2:

¢  cosh m(L —x)

0, cosh mL

dT de
(If =4 = _k“lc ? |.\'=0: _]‘—‘4c Z |x=0

q; = A/ PkA4 6, tanh mL

do

_|x=L: 0

dx
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fins

oo 3 Convection from tip

Fluid, 7.,
Geonv .
7, / q denotes
e m
Q=G> _M‘ﬂxr : :—> hAITL) -T_)
I
BCs dT
. O s g LS 7\ ol
T(0) = T, w dx
8(0)=Ty — Ty = 0y ho(L)=-k— | L
dx
e i "
C
i _cosh m(L —x)+ (h/mk)sinh m(L —x) ®
Oy cosh mL + (h /mk )sinh mL
0
0 L
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Heat transfer Heat conduction through
fins

Heat transfer from the fin surface:

: : dT de
Qf =Qyp = _kAc —d;|x=0: _kAcE‘:lx:O

sinh mL + (h /mk ) cosh mL
cosh mL + (h /mk )sinh mL

Qf = thACE)b

Another way of finding Q o 2

Qﬁn - J.Aﬁ.n h[T(x) - T, ]dA fin = IAﬁn ho(x)dA fin Qtnse=Qﬁn

Under steady conditions, heat transter
from the exposed surfaces of the

fin is equal to heat conduction

to the fin at the base.

Prescribed temperature

Case 4

This is a condition when the temperature at the tip is known
(for example, measured by a sensor)

)R ¢ el )

6 (6,/6,)sinh mx + sinh m(L - x)

o, sinh mL

cosh mL — (6, /6,)
sinh mL

q; =~hPk4 6,
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Heat transfer

Heat conduction through
fins

Temperature distribution and heat loss for fins of uniform cross section

Tip Condition Temperature Fin Heat
Case x=1I) Distribution 6/6, Transfer Rate ¢4
A E:I'l‘:’fi‘;‘?i"“ heot coshra(L — x) + (hirmk) sinh m(L — x) sinh mL + (Wmk) cosh raL
hU(i.) . _deIde;L cosh mL 4+ (h/mk) sinh mL coshmL + (h/mk) sinh mL
B Adigbatic cosh m(L — x}
— 1 M tanh ml
dE)Ide_,_ =0 cosh mL i
C Prescribed temperature:
B(LY =8, (f/6,) sinh pee + sinh m(L — x) (coshmL — 8,/0,)
sinh ml sinh mL
D Infinite fin (L — o):
eL)y=0 e M
o=T-T. m* = hPIA,
0,=60)=T,—-T. M=\hPEAS,
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Heat transfer Heat conduction through
fins

Corrected fin length

Ql'm _1
| Comection  Corrected fin length: L=L+=<
o’ &
! L 3 Multiplying the relation above by
| . e
(a) Actual fin with : the pet meter gIves
convection at the tip : » Acorrected — ‘Aﬁ.n (lateral) + “&tip
. €
Qﬁn l 4
I
| psulased Lc rectangularfin ™ L +
: o
1
L, -4 Lc.cylindricalfm =L+—

4

(b) Equivalent fin with insulated tip

Corrected fin length L_ is defined such that heat transfer from a fin of

length L_ with insulated tip is equal to heat transfer from the actual
fin of length L with convection at the fin tip.

~
Fin Efficiency >
Q fin Actual heat transfer rate from the fin C\\
Nm =~ = Ideal heat transfer rate from the fin // e S, ,\
O 1 max if the entire fin were at base v 0 ') .
temperature (a) ldeal e
In the limiting case of zero thermal resistance or "
infinite thermal conductivity (k —= ), the temperature '//’ ‘
of the fin will be uniform at the base value of T,
- "
- \\
- . B0 e ™
Qﬁn :nﬁnQﬁn.max :Uﬁzail"lﬁrx(fb_Tx) ,/// " M\h\l'\:_\h'
= 56°C
b) Actual
e Qm  NWPKA(T,-T,) 1 [k4, 1
longf éﬁ,, _ Wl 5 (T 1) L\ hp mL
. Q4 \hPKA (T, -T,)tanh mL  tanh mL
insulatedt ip — o - -
0 11 oo A T —1,) mL
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Heat transfer Heat conduction through
fins

Fin Effectiveness

Qno n
é Q Heat transfer rate from T t
Bt sn_ _ Jin — the fin of base area A,
) h4,(T, -T,) Heat transfer rate from A,
B the surface of area A,

. _Om _\WPRa 1,-T.) _ [FP "o
longfin . 3 4[, ( Tb _ Tm ) 7. 4( /

0

< nofin

1. k should be as high as possible, (copper, aluminum, iron). Aluminum is preferred: low cost and
weight, resistance to corrosion.

2. p/Ac should be as high as possible. (Thin plate fins and slender pin fins)

3. Most effective in applications where h is low. (Use of fins justified if when the medium is gas and

heat transfer is by natural convection).

Fin Effectiveness

0 Q Heat transfer rate from

By = — 0 Jin — the fin of base area A,
0 hA4,(T,-T,) Heat transfer rate from

nam the surface of area A,

4y = ] Does not affect the heat transfer at all.

g < ] Fin act as insulation (if low k material is used)

fin

€ i > | Enhancing heat transfer (use of fins justified if g5 >2)
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Heat transfer Heat conduction through
fins

Overall Fin Efficiency

When determining the rate of heat transfer

T from a finned surface, we must consider the
unfinned portion of the surface as well as the
fins. Therefore, the rate of heat transfer for a
-

surface containing n fins can be expressed as

Q total . fin = Qunﬁn + Q Jin

Ly =l (T~ T ) hd 5 (T ~T0)
H A e 1 _r
> /l = ]I(Aunﬁn+,7ﬁn"4ﬁn )(Tb _Toc»)

_\/ We can also define an overall
o effectiveness for a finned surface as the
2 B ratio of the total heat transfer from the

finned surface to the heat transfer from the

Aga=WXH same surface if there were no fins
Appfin =WXH=-3 x(txw) 3
A =2xLxw+txw(one fin) -
hnzlexw ‘g _ Qmml.ﬂn _ h(Azmﬁn +'7ﬁn‘4ﬁn )(‘Tb Toc)
fin.overall — e -
Q ]"4nafm (Tb —TCD)
total .nofin
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Heat transfer

Fin efficiency )y, . percent

Heat conduction through
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Heat transfer Heat conduction through

fins

Proper length of a fin

uau means “mn

AT = ln\&‘: AT=0

I
Low No : &
heat heat :
transfer | transfer |
|
|

Heat transfer Qm_ _\ m— I.)) tanhal _ ——
ratio O 1ong fin \V hpkA (T, — T.)
The variation of heat transfer from T
a fin relative to that from an T, - T(x)
infinitely long fin
alL & = tanh aL
Qlong fin _
0.1 0.100 T
0.2 0.197
0.5 0.462 a
1.0 0.762 High
1.5 0.905 heat
20 0.964 transfer
2.5 0.987 T, ‘ ‘
3.0 0.995 -

50 100 L JE

h, Ty

Ex1: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 D> = 6 cm and constant thickness t = 2 mm are
attached to the tube, as shown in Fig. 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. Determine the increase in
heat transfer from the tube per meter of its length as a result of adding
fins.

Ex2: An aluminum rod (k = 180 W/m - °C) 2 cm in diameter and 12
cm long protrudes from a wall that is maintained at 250°C. The rod
is exposed to an environment at 15°C. The convection heattransfer

coefficient is 12 W/m? - °C. Calculate the heat lost by the rod.

t=2mm
S=3mm
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Heat transfer Heat conduction through
fins

Ex3:

A straight rectangular fin (k=55 W/m.K) has a length of 3.5 cm, a width of 20 cm and a thickness of
1.4 mm. The fin is exposed to a convection environment at 20°C and 4 = 500 W/m> K.

[¢; = MtanhmL,, where M = ab,/thA,_. ,m’ thP/(kAt)anchisthecorrected length]

a) For a base temperature of 150°C, calculate the following:
i) The maximum possible heat loss
ii) The actual heat loss . |
iii) The fin efficiency J
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