Fin Design

. Total heat loss: g=Mtanh(mL) for an
‘ R adiabatic fin, or g=Mtanh(mL ) if thereis
convective heat transfer at the tip

where m= :AF:, and M=,/hPkA .q, = hPKA (T, - T, )

Use the thermal resistance concept:

Qi =+ thAc tanh(mL)(Tb -1y )= (TbF\;[ T¥)

where R ; isthe thermal resistance of the fin.

For afin with an adiabatic tip, the fin resistance can be expressed as
R, = (T,-T,) _ 1
’ q; JhPKA _[tanh(mL)]




Fin Effectiveness

How effective afin can enhance heat transfer is characterized by the

fin effectiveness : Ratio of fin heat transfer and the heat transfer
without the fin. For an adiabatic fin:

o, = q; _ d; 1/thA tanh(mL) tanh (ML)
q hA(T,-T,) A hAt

If the fin islong enough, mL>2, tanh(mL) ® 1,

It can be considered an infinite fi )

e, ® kP k aeP O
VhA. | gAc o
In order to enhance heat transfer, e, > 1.

However, e, 3 2 will be considered justifiable
If e, <1 then we have an insulator instead of a heat fin



Fin Effectiveness (cont.)

kP  |kaeP O
e ® | = /—Q—+
hA- \héA g

» To increase &, the fin's material should have higher thermal
conductivity, K.

e |t seemsto be counterintuitive that the lower convection
coefficient, h, the higher e.. But it isnot because if hisvery high,
It IS not necessary to enhance heat transfer by adding heat fins.
Therefore, heat fins are more effective if hislow. Observation: If
fins are to be used on surfaces separating gas and liquid. Finsare
usually placed on the gas side. (Why?)

* P/A should be as high as possible. Use a square fin with a
dimension of W by W as an example: P=4W, A =W?, PIA=(4/W).
The smaller W, the higher the P/A, and the higher e
*Conclusion: It is preferred to use thin and closely spaced (to
Increase the total number) fins.



Fin Effectiveness (cont.)

The effectiveness of afin can aso be characterized as
oF oF _(Ty- TY)IR _ i

' g hA(,-T,) (T-T)/R, R,
It iIsaratio of the thermal resistance due to convection to
the thermal resistance of afin. In order to enhance heat transfer,

the fin's resistance should be lower than that of the resistance
due only to convection.
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Fin Efficiency

oF

COmax
where g, representsan idealized situation such that the fin is made up

of material with infinite thermal conductivity. Therefore, the fin should
be at the same temperature as the temperature of the base.
Orax = h'A‘f (Tb - T¥)

Define Fin efficiency: h, =

For infinite k
T(X)<Tb for heat transfer T(X):Tb the heat transfer

to take place is maximum

X

Total fin heat transfer g X Idedl heat transfer gy,

Real situation |deal situation



Fin Efficiency (cont.)

Use an adiabatic rectangular fin as an example:

h o = q; _ M tanhmL _ /hPKA (T, - Ty)tanhmL
" Opac DA(Ty - Ty) hPL(T, - Ty)
_ tanhmbL _ tanhmL (see TabTe3:5.for h, of common fins)
hP mL Figures 8-59, 8-60
KA,
The fin heat transfer: g, =h .q.,, =h hA (T, - T,)
q, = T - Ty —Tb_T¥,WhereRt,f: 1

~1/(h,hA,) R,

Thermal resistance for a single fin.

h hA,

As compared to convective heat transfer: R, = hi\
b

In order to have alower resistance as that isrequired to
enhance heat transfer: R,, > R,y or A, <h /A



Overall Fin Efficiency

Overall fin efficiency for an array of fins:

G Defineterms: A,: base area exposed to coolant
A;: surface areaof asingle fin

O ™ A, total areaincluding base area and total
finned surface, A=A +NA;

N: total number of fins

¢ =@+ Ng; =hA(T,- T,)+NhhA (T, - T,)

=hI(A- NA)+Nh, AT - T,)=hA - NA(L-h)I(T,- T,)
= hA[L- 2 (1 h)](T, - ) =hghA(T, - )

Define overdl fin efficiency: h, =1- %(1— h.)




Heat Transfer from aFin Array

T T \here R, = L

Ro hAh,

Compare to heat transfer without fins

0 = hAh(T,- Ty) =

1

q=hA(T,- T,) =h(A, + NAb,f)(Tb - Ty) :m

where A ; Isthe base area (unexposed) for the fin

To enhance heat transfer Ah, >> A =A+NA,;
That Is, to increase the effective areah A.



Thermal Resistance Concept

A=A,+NA,
R.=t/(k A)
A
R,=L./(k,A) R o =1/(hAh,)
T, T, q= Tlo' Ty _ T,- T

AR R+R+R,



