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., At the same air mass velocity, i

be obtained depending upon the turbulence of the air flow
into the coil, and upon the umformxty of distribution of
air over the coil face. The latter is very important m ob-
taining reliable test ratmgs, and in realising rated

performance ‘can:
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type, the overall heat-transfer coefficient for a given size and
design of coil can always be considered as a combined effect
of three individual heat-transfer coefficients, na.mely

tbe‘ The'film e&e!ﬁcxent of aam’ble heat transfer between air and

ance in actual i The air resi b h the
coils will assist in distributing the air pmperly, but where
the inlet duct connections are brought in at sharp anglu to
the coil face, the effect is frequently bad and there may even’
be reverse air currents through:a portion of the coils. ‘This
reduces the capacity, but can be uvmded by proper hyout
or by the use of vanes or baffles.

Generalized heat-transfer information on bare pipe coxlx has
been developed and verified through many tests. In the case
of ‘finned coils, the heat transfer from the cooling or heating
medium to the air'stream is dependent on 8o many factors
that reliable rating and performarice information for any
design of coil must be based upon actual tests of the specific
coil. Mathematical comparisons of different designs of coils
on a square foot of surface and face-area basis may be mis-
leading. The selection of finned coils should be made from
curves or tables of coil performance prepared from a series
of adequate and reliable tests. There are cases in which the
engineer must extend available data or design for a single
unique installation. For such purposes the followmg coil eale
cuhtwns will be useful.

PERFORMANCE OF DRY COOLING COILS

“The performance of dry cooling coils depends in general
upon: . o

1. The overall coefficient of sensible heat transfer from the
fluid within the coil to the air it cools. )

2. The wiean perad diffe e bet the fluid within
the coil and the air flowing over the coil

3. The physical dimensions of the coil.

Thus, for any one definite operating condition, the ooolmg
mpa.cxty of a ngen coil is expressed by the followmg hamc
formula:

GemUX (At XAXN ‘(1)
where
gi = total heat transfer of the coil, Btu per (hour). (sqlun
foot of coil face area).
U = overall coefficient of sensible hent. transfer, Bm per (hour)
. (square foot of external coil surface) (F: ‘ahresheit degree

difference b _the fuid thhm d:eeoil
and the air fowing over the eonl)
Af, = mean difference, Fah "degmu,be-

tween the fluid within.the coil and the air passing over
it. (This is commonly taken as the logarithmic mean
temperature difference.)
A, -nmalmﬂmmof&hzgvenwd.squau(eetper
. {(square foot of coil face area) (mw of coil dept-h)
-, N = number of r6wa of coil depth.

Overall Coefficient of Sensible Heat Transfer

While the overall coefficients of sensible heat transfer for
bare pipe coils have been defined by numerous tests within
close limits, the venﬁmhon ofa bare coil design by a series
of tests ia an 1t tico. The overall o~
efficients of sensible heat transfer for finned coilsshould atways
be obtained from tests. The data from aseries of tests may be
used for pirposes of interpolating and ‘extending coil ‘data
-beyond test range but such extmpohted data ahould laur be
-verified by test. . i

Considering any coil, whcthex of bam pipe or of ﬁnned

ace of the col ven in Btu per
(square foot external surfwe) (Fahmnfu degree mm(htb.eﬁ
perature difference).

2" The conductivity of the coil material—tul be wall, fins,
ribs, ete., ususlly given in Btu per (hour} (uqum foot-of sur-
face) (Fahrenhmt egree per inch).

3. The flm coefficient of heat transfer betw - the mta-ml

'suﬂneeofweeonandtheﬂmdﬂowmgwxlhmth

&xm in Btu per (hour) (square foot internal surface) (Fahren-
it degres mean temperature difference).

These three individual coefficients !wung in series result in
an overall coefficient of heat transfer in ‘accordance with the
basic laws given in Chapters 5 aad 10. For a bare-pspe coil, the
ovem.ll cpeﬁicxent of heat transfer for cooling (without de-

ti es.nbe press ’byammphﬁedbwcform\ﬂa.
as follows: .
- 1 .
tez,r o @
o kL
where

U = overall coefficient of sensible heat transfer, Btu per (hon:r)
(square foot exumnl surface) (Fahrenheit degree mean
b air and Auid within the

eoll)A .

fi = film coefficient of heat transfer between the internal
surface of the coil and the fluid flowing within the coil,
Btu per (hour) (square foot internal surince) (Fahren-
“ heit degree mean temperature difference between that
surface and the average fluid temperature).

% = film coefficient of sansible heat transfer between air and
the external eurface of the coil, Btu per (hour) (square
foot external surface) (Fahrenheit degree mean tem-
perature difference between the mass of air a.nd the

. external surface).’
- k = conductivity of material &om which tbe bare pipe is con-
structed, Btu per (hour) (square foot) (Fahrenheit dem'ee
- per inch thickness).
‘. L = thickness of tube wall inches.

R = ratio between external and internal sur!see of the bare
tube, usually varying from 1.03 to 1.15 for the tube
usad in typical heating or cooling coils. This ratio R is

. inserted in the formuia in order. to place internal fluid
* coefficient of heat transfer on the basia of external surface.

. quueudy, when pipe or tube walls are thin and of ma-
terisl having high conductlvtty {as is the case in construction
of typical heating and cooling.- coils) the term L/k in Equa-
tion 2 b ible and is ily ded. (The
effect of the term L/k in typical bare-pipe eoolmg coils seldom
‘exceeds 1 to 2 percent of the overall coefficient.) Thus, in n‘a

sunpl&t form, for-bare pipe:

. 1 .
u= E_1 . @
5l L.

For ﬁ.nned coils the equ.atxon for the overall coeﬂicnent of

‘heat transfer can be conveniently written:

: 1 . e
Ytwr. ®
fi o ofe

in whu:h the term n, called the fin effectiveness, is mtmduced .

1o allow for tha resistance to, heat flow encountered in the
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- The term R, in this case, is the ratio.of otal external:sur-
fm to internal surface. For typical-designs-of finned coils
o,)mmngotcoolmg this ratio varies from 10 to 30. Term B

is again introduced to place the internal surface coefficient of
heat transfer on a basis of external surface.

The performances of all dry cooling coils are influenced by
these same factors. But, when cooling coils operate wet or act
as dehumidifying coils, the performance cannot be predicted
on the basis of overall sensible heat coefficients since the effect
of air-side moisture transport (or latent heat remova.l) must
be mnluded (see Chapter 5). -

PE?FORMANCE OF DEHUMIDIFYING
coiLs

i WbenthadeWpumtofthemrleavmgacoohngeoxlxs
lower than the dew paint of the sir entering the coil, some

I has been “‘Aconlthatnor-
mally lishes (or is designed hy
removal in addition to sensible-heat cooling’is termed a-de-

bumidifying coil.
In most sir-conditioning processes, the air. may be con-
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Fig. 13 .... Psydlrometnc Performance of Coolmg
And Dehumidifying Coil -

For le, the following tabul the amouint
of uwxsture removal mvolved in'a reductxon of one degree
of dew point from 60-to 59 F with the remuval from 50 to
T 49F:

sidered as a mixture of water vapor and the dry o — — S —

Both dry components and the water vapor enter an’ Hir- Dew Point | W, X 10%b/{ib)] Dew Point | W, X 10? b/(Ib}

conditioning coil at the same dry-bulb temr ; both - S e

the dry components and the water .vapor lose sensible heat 60 11.080 50 7.658

during the contact with the first portion of the cooling ct;;l in 59 10.690 49 7.374
manne; il. As th ulb _— .

the same of ";;s in a d:y cooluig c:)he dew pzx:?:)f the Difference 0.3%0 Difference 0.284 -

xu Pp ¢ ]
“.R‘;"pm 1o pamm:;s:‘xrm 1 h & coohng 2oil i The sbove values are given in Table 3. Chapter 3

genenlly nsumed to follow a path similar to that shown in

Fig. 12. When the dry-bulb temperature of the air mixture'in

the coil falls below tbs znteru:g dew-pom'. temperature,
Thei

below the 3 d.ew—

‘When cooling coils act as dehuxmdxfy-n.ng coﬂs, the perform-
ance can be pred.xcled accurately only from tests at a suffi-
exent number of points to establish the definite performance

are that t.he lower
the leaving dry- bu!b P
point temperature, the less will be the difference between the
leaving dry-bulb u*_mpemture and the leaving dew-point’ tem-
perature.

The first portion’ of a cooling coil (in the direction of air
flow) niay function in the same manner as a dry cooling coil
Where the moisture removal starts, the cooling surfaces also

the of ibl heat thereby carrying the
losd due to both:'As ssturation is appmached in the cooling
coil, each degree of sensible cooling is approximately matched
by a corresponding degree of dew-point decrease. However,
while the sensible heat removal from the dry air remaing ap-
proximately constant per degree change, the amount of la-
tent heat removal per degree of dew- pomt. change varies con-
siderably because moisture content varies widely at different
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Fig. 12..., Performance of Dehumidifying Coil

of the coil under varying conditions of loading
and of entering air. Dehumidifying coils empluymg volatile
refri are Ily rated in conj with specxﬁc
refrigerant distributing and flow conitrol equipment. The¢om-
bination of the coil with ita mfngera.nt control equipment
(such as distributor and expansion valve, and capillary tube
or float valve) must be tested at -both the higher.and lower
capacities of its rated range. The lower capacities impose.a
test on the distributor to provide equal distribution and on
the control to modulate without hummq at the lower eapaci~
ties. The higher capacities result in a greater pressure drop
through the coil system and a tést of the maximum feeding
capacity of the flow control device at various head pressures,
Most coil manufacturers have their own methods of pro-
ducing performance rating tables from a suitable number of
coil-performance tests. A method of testing coils is given in
ASHRAE Standard 33-64, Method of Testing for Rating
Forced-Circulation Air-Cooling and Aér-Heating Coils. A basic
method of rating to provide a fundamental means for estab-
l.ishi.ng thermal performance of dehumidifying coils by exten-
sion of test data, asdetermined from laboratory tests on proto-
types, to other operating conditions, coil sizes, and row depf.hs
of & particular surface design and arrangement, is given in
Asr-Conditioning and Refrigeration Instituls Standard 410-64
Jor Forced-Circulation Air-Cooking and Air-Heating Coils.
DETERMINING REFRIGERATION LOAD

_The following determination of the refrigeration load shows
a division of the true sensible and latent heat loss of the air,

which is te within the L of the data. This
divi will not cor ’toloadm-u- ination obtained

from imate factors or
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