HEAT-EXCHANGERS - USE of FINS

For a given LMTD the only way of increasing heat transfer rates
in a heat-exchanger is to increase the surface area.
One way of achieving this is through the use of extended or

finned surfaces.
With Liquid /Gas HX's very often the heat transfer coefficient on

the liquid side is much greater than that on the gas side. Fins
would then be used on the gas side so that the resistance to
heat transfer was approximately the same on both sides.

Fin Types

Fins come in many shapes and sizes.
They can be broadly classified into :-

* Fins of constant cross-section :
rectangular or pin (spike) fins
* Fins of varying cross-section.
tapered fins.
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Fin Performance

It is possible using methods we have already used to
analyse the heat transfer characteristics (convection/
conduction) of fins.

For long constant cross-section fins (where heat transfer
through the tip is ignored (insulated), and assuming a
constant heat transfer coefficient along its length, the
temperature difference between the fin and the fluid (q)
IS given by :-

g _ coshm(L -x)

d, cosh mL

where qo is the temperature difference at the root of the
fin (the wall end);

and m=0hp/lA

p = perimeter of the fin cross-section;

A = fin cross-sectional area;

L = fin length;
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The heat transfer rate from the fin may be obtained by
determining the conduction at the root.

@, = mlAq, tanh mL

For a comparatively short constant cross-section fin we
cannot ignore the heat transfer at its tip, and when this is
included we obtain:-

coshm(L - x)+—sinh m(L - x)

q _ Im
% cosh mL+Lsinh mL

Im

and
h

tanh mL + I—
éo =mlAqg, h m
1+ —tanhmL

Im

Note: if h/Im =1, Qo=h A qo
le the same as with no fin.

if h/Im < 1 a fin is worthwhile

if h/Im > 1 it would reduce heat transfer!
(ie act as small insulators)
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Fin Efficiency / Effectiveness

If the whole fin were at the wall (or root) temperature, the
increase in heat transfer rate would be in direct proportion
to the increase in surface area.

Owing to the temperature gradient along a fin this is not
acheivable.

We therefore define a fin efficiency as:-

Actual fin heat transfer rate

hfin -

Heat transfer rate if the whole fin were
at the root temperature

For long constant cross-section fins this is:

Ry = MIAqgtanhmL - _tanh mL
hpLadqo mL

For short constant cross-section fins this is;

Nin = tanh mL + h/Im
(1+ h/Im tanh mL)(h/Im + mL)
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Finned Surfaces

If A = total surface area (including fin area),
and Asin = fin surface area, let b = Afin /A

The total heat transfer from a finned surface is then given
by:- ~
(§ — [hfin Afin T (A‘ Afin )]hqo
— [hfinAfin + (A‘ Afin )]Ah%

A
=[h;,b+@-b)]Ahq,

=hthAq,

h'=1-b(1-hfn) Isthe area weighted fin efficiency

h' can be incorporated into the calculation for the overall
heat transfer coefficient (U) for heat exchangers.

1 _ 1 1
UA hhA hA

In this case the fins are on the 'h1' side.

U can be based on either A1 or A2 ,ie A=Ai10or A=A2
but it is normal to base it on the unfinned side's area.

Remember A1 is the total surface area
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Varying cross-section fins

eg Annular or tapered fins

Although analysis of these fins is more complex than for
constant cross-section fins, it can be done (!), and graphs
are available which give fin efficiency as a function of their
geometry and dimensions.

These can be used to estimate the heat transfer
enhancement achieved by using these types of fins.
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