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Abstract

In designing and constructing heat exchangers with transverse finned tubes in cross-
flow, it is necessary to know correlations for calculating heat transfer and pressure
drop. In addition to the common use of the Reynolds and Nusselt groups of
dimensionless numbers, heat conduction in the fins also has to be accounted for in
calculating heat transfer. A reduction coefficient termed “fin efficiency” is therefore
introduced, by which the actual heat transfer coefficient is multiplied in order to get the
apparent heat transfer coefficient. “Fin efficiency” is computed according to the laws of
heat conduction under the assumption that the actual heat transfer coefficient is
uniformly distributed across the fin surface.

Introducing geometrical constants for the fins, that is fin height, fin pitch, and fin
thickness, into the equations for heat transfer and pressure drop makes these equations
more bulky than the one for bare tube heat exchangers. Moreover, there is no self-
evident characteristic dimension for a finned tube, as is the case

with tube diameter for bare tubes, therefore many different proposals for the
characteristic dimensions exist, which are in turn needed for setting the Reynolds and
Nusselt dimensionless number groups. Some authors even use different characteristic
dimensions for the Reynolds number and for the calculation of heat transfer and
pressure loss.

Due to the complex geometry of finned tube designs, equations for heat transfer and
pressure loss are derived mostly from experiments. When using for design purposes the
equations obtained, a thorough knowledge of the condition of the tested finned tubes is
necessary, i.e. of the materials and shape of fins, tubes and mode of attachment. For
steam boilers and high pressure heat exchangers in the process industry, spiral finned
tubes are commonly used today; here a ribbon of steel is wound spirally around a boiler
tube and welded to it. For these finned tubes, coefficients of heat transfer and pressure
loss are higher than for tubes with circumferential fins. Finned tubes are mostly
arranged in bundles, which may be arranged staggered or in line. The later coefficients
of heat transfer are in fact approximately only two thirds compared to staggered arrays.
Therefore, many more staggered finned tube bundles have been tested. The equations
for heat transfer in finned tube bundles give the results for a certain number of rows in
longitudinal direction. For a smaller number of rows in staggered bundles, heat transfer
is lower, while for in-line bundles it is higher.

With air coolers and heaters, tube bundles often have continuous fins, which may be
easier to manufacture as long as fin pitch and the tube diameter are small. The
equations for heat transfer and pressure loss are somewhat different for such tube
bundles with continuous fins as compared to serrated finned tubes. In order to achieve
a very small air-side pressure loss, extended tubes of various shapes may be used in the
place of circular tubes, when fluid pressure in the tubes permits non-circular tubes. In
some cases, corrugated or wavy fins are used, whereas corrugated fins increase heat
transfer and wavy fins have a better ratio of heat transfer to pressure loss.
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