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condensing surfaces which offers additional resistance to"the
heat mmsfer Some allowance .should be made for this,
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Impunhes cmd Nmmdensable Gases

The vapor ing the cond often
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ﬂ!rﬂbthr T/ps, where T = liquid flow rate, poundspor(honr)(focl),
pounds ‘per cublc foot) and 5 = surface tension of liquid
relative to woter. thdu:olwtviodtyvfﬂindhmiﬂldngfurlN..
uncda‘chduxlﬁmghnohqlﬂwam

Fig. 14 ... Friction Factors for Gas Flow
. . ‘with Wetted: Wallss?. . 2

ide Pipes

i) whennooﬂaepamwrlsusedandwhent.bedm-
charge lines from the compressir to the condenser are short.
Expenmmt.s show that the presence of noncondensable gases
in the condenser adversely affects the heat transfer. The de-
crease in the heat transfer coefficient is reported by Chapman™
to be approximately linear with t.he welght fraction of t.he
noneondenssb!e gas present. Y

Pressure Drop T .
Foragenenl" of p dpwﬂ.h‘ phask
flow, refer to Gbxpter 6, Fluid Flow Pressure drop data for
two-phme flow- in ‘s horizontal tube with condensing. Re-
fngerant 22 we leported by A.lt.ma.n, Staub n.nd Noms."

EXTENDED SURFACE

Heat trmsler from a ptime surface can be mcmmd by
attaching fins or extended surfaces, which increase the area
available for heat transfer. In'génetral; the advantage of fins
is that they provide a more compact heat exchanger with
lower material costs for a given performance. In order to
achieve an optimum design, fing are generally provided on the
side of the heat exchanger ‘where the heat.transfer. eoeﬂicxents
are low (such as the air gide of an  nir-to-water - coil); Exnmples
of equipment employing extended surface are natural and
forced convection coils.and shell-and-tube evaporators and
condensers. Fins are also used inside tubes in condensers and
dry expansion evaporators. .

Fin Efficiency

Ashmtﬂownfmmthemotofnﬁnwn‘.sup, themlsn
perature drop due to the t.henna.l resxsf-anw of the fin material:
Th , the. ifference b the fin ‘and the
mrmundmg fluid varies, bemg greater.at the root than at the
tip, and causes a oormpondmg variation in the heat flux.’ For,
thmxemon,mcmmthelengthofsﬁnm\ﬂtmpmpor-
tionately less additional heat transfer. To. account for '.lus
efféct, & factor is introduced called the fin efficiency. The fin
efficiency is defined, by Equation 18 as the ratio of the ncnm.l
heat transferred from the fin to the heat which would be
transferred if the eptire fin were at its root or base tempera-
ture.
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where ¢ is the fin efficiency; ¢ is the temperature of the sur-
round.mg environment, and ¢, is the temperature at the fin
root. The fin eﬁclency will be low for.long fing, thin fing, or

fins of low thermal conductivity material, Furthermore, the
efficiency will decresse as the heat transfer coefficient in-
creases b of the i d heat flow through the fin.
For patural convection in air-cooled condensers and evapors-
tors, where A for the air side is low, fins can be made fairly
lirge and of low conductivity materials, such as steel, instead
of copper or aluminum. On the other hand, for eondensmg

and boiling; where large heat transfer coefficients are involved,

fing must be very short to achieve optimum usage of material.

“The heat.transfer-from a finned surface, such as a tube,
which includes both finned or secondary area, A, and un-
finned.or prime area, 4,, mgwenbyEq\mtwn 19, ;¢
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