A~ ey Ey e

66 - CHAPTER 4

‘o]

ey : — - e

0> PN EFFICIENCY
°
5

1.0 — - 2. D - -l.o - 40 50
Fig. 15 ... Efficiency of Annular Fins of Constant Thickness

Asummg that ﬂlé heat’ transfer coefficients for’ the ﬁ!ined

surface and prime gurface’ are equal, & .rwj'aae eﬁcwn.cy ¢,,
can be denved for use in Equatxnn -21.

‘ ¢-_'_1."7(1'¢) : ' (20)

q = &hAl —t) . . (21

where A is the total surface area, equal to the sum of the

finped and prime aress.

"The temperature distribution and fin cfficiencies for various

fin shapa have ‘been derived by Harper and Brown,™
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Fig. 17 ... Efficiency of Several.‘ Types of Straight Fin

can be obtained by, dividing the fin into circular sectors as
described by Carrier and Anderson.®

Various methods.are used to fabricate finned surface.In
some cases fins are extruded from the prime surface—{or
example, the short fins found on the tubes in flooded evapora-
tors or wnter—cooled condensers. In other.cases the fins are
fabricated i ofndl.ﬁ'erentmatenaland
boaded to the prime surfm Metall I bonds are
by furndce brazing, dip-brazing, or soldering. Mechanical
bonds are obtained by tension winding fins around tubes
(splml ﬁns) or expandmg the tubes into the fins (plate fin).
if roperly done, ' leaves - negligible

Schmidt,”™ Gardner,™: ‘and others. A survey of opti
dimensions is given by Jakob.* Figs.’15 to 18 present the
curves md equauons of Gardner for auniular fins, strmgh'. fins;
and spines.’ For’ constant f.hmkness square fing, it is’ ‘recom-
mefided that the' eﬂimency of a constant thickness- annular
fin of the same ares be used.’ More accurate: results, par-
ticiilafly in thé edse of rectangular fins of large aspect ratio;
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Frq lé....Efﬁaency of Amuiar Fins of Constam' Heo'
-Row Area -

'ormaynotbe

thermal resistance at t.he joint. It is not always economical,
however. The thermal resistance of & mechanical bond may

ligible depending upon the application, the
care taken in the manufactire and the materials and téin-
peratures “involved.® For plate fin coils having" expanded
{tubes; tests by Dart® showed that substantial losses in per-
formance can be obtained with fins having cracked collars.
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Fig. 18 ... Effiency of four Types of Spine”

Heat Transfer

On the other hand, negligible thermal- resistance was found

o LA &7

ue.nt.u with a'given air velocity and surface. The most common

in coils with continuous collars and properly ded tubes.
Finned-Tube Heat Transfer
The heat trapsfer eoeﬂiclenta for ﬁnned coils (ullow t.hg

ists of _vmhxrbulaneeeomcmset.hehmtunns{er
coefficiént; although this is‘usually aécompanied’ by’ higher
pressure’ drop Some of the conventional means of causing air
tu.rbu]r_noe are: (1) staggered tubes instead of in-line tubes

. for ‘multiple: row-coils, (2) “artificial .-additional tubes; or

tions of and
ﬂqmver, the particular amngement of the fins used appears
to affect to some extent the vnlua of constants and the ex-
ponential powers in the eq Itis Ity ,to
refer to test data for the exact coefficients.

For nstural convection finned coils (sometm mlled
gravity coils) approximate coefficients can be obtained by
considering the coil to be made up of tubular and vertical fin
surfaces at different temperatures, and then applying the
natural convection equations to each. This is made difficult
by the fact that the natural convection coefficient depends
upon the temperature difference, which varies at dxﬁ'erent
points of the fin. o

With natural convection, fins generally need a high fin
eﬁcxency (80 to 95 percent) for optimum heat transfer. A low

fh y reduces the near the tip. This not
on.ly reduces the At near the tip, but also cu'a down the
coefficient, A, which in natural pends on- Af.

collars or ﬁngem made.by suitably forming ‘the fin materials,
(3) corrugated fins mstmd of plnne ﬁns, ‘and (4) louvered or
interrupted-fins.” " .

Heat transfer data !or various types ol ﬁ.nned omls wlll be
found in' the following- referénpes:. London -and :Kays,®

" Shepherd*® for one-row plate fin coils; Ghai* for straight fins;

Kats" for.disk and spiral.fins; Jammon" for circular fins;
Gunter® for pressure drop with various types of surfu:e and
Boh.ug“ and ‘Clark™ for fins inside tubes:” - *

-Some of the data of Shepherd for one-row* cox]s is shown
in Fig. 19.- The thermal résistances plotted in Fig. 19 include
the temperature drop through the fins, and are based on
one square foot of total external surface area.

In the absence of ‘exact data; dimensionless heat transfer
and pressure dmp correlations given by Kern® for circular

,ﬁns, duu'ble pipe longitudinal finned-surface exchangers, and

| fing msuie t.ubes ol shell—e.nd tube excbx.ngers may

Likewise, the wcﬁaml of heat-transfer decreases a3 the
number of fins per | inch i due to the i d inter-
ference of from the adj t fins and
reduced - free-flow passage. Two to four fins per inch are
common. In general, high coefficients result from large tem-
perature differences and small flow restriction.

Very little published information is available for heat - - -

transfer mtu in natuml convection finned coils. Chaddock
and Edward: fhici for a number of circular
fin-on-tube arrangements. Using the fin spacing, 8, as the char-
acteristic length they were able to correlate their data in the -
form Ny. = f(Na.Np3/D,), where D, is the fin diameter.
Data for free convection and radiation from wire and tube
heat exch ia given in Reft 85, 86, and 87.. .

. Forced convection finned coils are used extenswely in a wide
vs.ne'.y of equipment. The fin efficiency for optimum perform-
ance is smaller than for gravn.y coils, smce the forced-con-
vection coefficient is almost i dent of the
difference between the surface and the ﬁuxd However,. very
low fin efficiéncies should be avoided, since the inefficient
surface gives high ratio of pressure drop to heat transfer.
An efficiency of 70 to 90 percent is often used.

Aathenumbexofﬁnspermchoﬂubelengthmmcrmsedm
obta.m a Iarge surface area. for heat transfer, the coefficient
This is due to larger air
velocity between the fins for the same face velocity, and also
due to reduced equivalent diameter. However, a point is
teached when the boundary layer formed: on-one fin surface
(Fig, 2) begins to interfere .with the boundary layer formed
on the acl]acent fin surface. The interference of boundary
layers results in a decrease of the- heat transfer coefficient
wlncb may offset the advnnua.ge gamed from larger surfm

'ﬂle selection of the number of fins per inch for forced eun—
vection finned coils usually depends upon economic and prac-
tical considerations, such as fouling, frost formation, econ-

-densate drainage, cost, weight, and volume. For conventional

coils, it is genemlly not desirable to exceed 13.to-14 fins. per
inch. Forced-air coils are.seldom designed with less than six
fins per inch, except in the case of units where other factom,

. such as frost, formation, necessitate fewer fins per inch.
oy Anumberofmea.nshavebeenused wnbmnhxghereoeﬁi-

:be used, . -
. Finned au'fwes for cundenm.ng or boﬂmg are umd in wafer-
;eoolegi shell-and-tube unite having circular fins outside the
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