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perature difference between superheated vapor and air agd
the high heat transfer coefficient obtained with thé relatively
high vapor velocity. In this zone, the refrigerant vapor is
cooled to the condensing temperature. For efficient! heat
tansfer, counterflow between air and refrigerant is used;’
therefore, the desuperheating rone is preferably in the leaving
air © e 7

Condensing takes place in approximately 85 percent of the
condenser ares, at a substantiall t . The'
indicated drop in condensi p is due to'the frie-
tion loss through the cond, coil The rise of
the cooling air, on the basis of customary cfm per ton ratios:
is lsoughly 12 F deg. B

ubcooling i an air-cooled condenser is usually Limited
because of the emall difference bet air and
refrigerant in this sone. The heat quantity transferred in thé
subeooling zone is relatively small (about 5 percent of thi
total heat transfer). In many designs, subesoling in the con-
denser is held to 4 mini , and an integral subcooling coil
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In condénsing uhits equipped with belt-driven compressors,

the compressor motor drives both the compressor and tha: -

condenser fan. Therefore, the' power available to drive the
compressor i5 20 to 30 percent less than in water-cooled -
condensing units of equal horsepower which require no con-'
denser fan. In condensing units with hermetic or direct-driven
p the d fan is p ed by a_
. motor. Condenser coils for indoor air“cooled compressors are
usually sized to operate at ively hi

M

For this reason, rated capacities of factory assembled sir-

cooled condensing units are lower than thase of water-cooled
condensing units. . : - T

Chassi d air-cooled cond are seldom made for
indoor condensing units over 5 hp because their length and
height would exceed door opening dimensions. i

The faps in indoor condensing units are usually of the pro-
peﬂertypemdm&semb!edclosetothecdﬂ:Dﬁetocbehigh’
epeed of these fans (usually 1500 or 1750.pm) and their

isbeafedin&eni}éﬁmmegbeﬁﬁgﬁiew;deﬁsén
- TYees -
Air-cooled condensers may be classified as, (1) the chassis-
mounted ¢ondenser, which is always a componeént of a con-
densing unit, or (2) the remote cond -.80 i ] as=

p y to the coil, their relatively high noise level often
prevents the use of such air-cooled indgor condensing units in
many locations. . . e

Chassis-mounted (Outdoor Type) . R
Unlike the indgor condensigg unit, “the outdoor chassis-

sembly remote from the compressor. Both are further sul')-\
divided into indoor and outdoor units of either the forced-air
or gravity (free-convection) type. : o

Chassis-mounted {Indoor Type) )

These condensers are usually mounted on aveommbn»bm
with the compressor, motor, and receiver. The condenser fan
may-be.mounted on-.the shaft of the compressor.motor. For.
small compressors up to } -hp, freeconveetion cond

0 "does not occupy valuable building space.”
1ts dimensions are not limited by floor space or by door open-'
ing sire. At the sarge time, the condenser has the advantage of
ar abundant supply of clean, cool air.’ Outdoor compressor’
units include separate cotidenser fans ‘driven by their own
motors, so that all compressor motar power is utilized to pro-
duce refrigeration. Air is drawn through the condenser coil
and, in somie designs, dischargéd over the comip 1o pro-
vide supplemental cooling of the compressor motor. The entire

which require no fan are sometimes used. b et

Most chassis-mounted condenser coils are made_of steel
tubes and steel fins, with the fins copper-brazed to. the tubes.,
The use of all-copper ooils is now limited to specialiapplicas
tions because of their relatively" high .cost. -Steel fins are.
usually 0.012 to 0.015 in. thick, spaced 610 8 per inch. Fin
spacing closer than 10 per inch is seldom used in-indoor con-,
densers since they are often located where the finned surfaces
are subjected to dirt clogging. The entire condenser is painted
to provide protection from corrosion, and to improve appear-
ance.

Approximately 100 to 150 sq ft of coil sirfaés, and:500°t0
700 cfm of air, per compressor homepower are used. In most
designs, aif. is drawn through the condenser coil .snd, di

h d over the comp motor for, additional cogling.
The air velocity "through - the denser -depends onthe
relative positioning of the fan and coil. e :
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sembly is enclosed in.a casing which is removable for serv-
icing. Built-in, sutomatic head-pressure control is availabls’
for units installed in cold climates. o i
Remote-Air-Cooled Condensers

Remote air-cooled oondensers are now sucees fully used for,
refrigeration systems of all types, with capacities from one-,
half to 500 tons and larger. Remote air-cooled condensérs
are generally of the forced-air type (unit condenser). A gravity,
(free-convection) condenser is offered by one manufacturer.

Remote gravity condensera consist of s single row condensing coil
of large face area, usually mounted on,the roof at a 7 deg angle
with the horizontal. Singe air movement through the coil takes
place due to gravity or wind, the condenser ca ity is highly -
sensitive o wind velocity (Fig. 15). Selection of these condensers
is made on the basis of minimum wind velocity, or by correlating
wind velocity with simul -bulb i ies. These
mmended where: (1) ample roof or floor sur-
face is available for installation, (2) fan noise must be completely
avoided, and (3) power cost is relatively high 8o that the saving
in fan motor current becomes signi { .
d of copper tubes

Gravity d are | ly
with aluminum Ens spaced 4 peér inch. The face area, ona
rated temperature difference of 20 F deg between condensing
and air tem, ture, varies from 17 to 22 sq ft per air condition-
'ux%lon.wi single row coils. .- PR
orced-Air unit condensers consist of three main componenta:
(1) a finned condensing coil, (2) a direct-driven or belt-driven fan
with its motor, and (3) an aluminuin or steel casing. In smaller
condensers, the casing can be formed by extending the frame of
the coil. The fan is ususlly of the free delivery multiblade prgpd;
where

ler type: For indoor here d is req

Air may either be drawn through or blown through the coil
by the fan and motor. In the draw-through unit, the fan and
and motor are located on the air discharge side of the ¢oil
Oz 8 blow-through unit, the motor is located in the entering

Condensers .
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Fig 15: ... Effect of Wind Velocity on Heat Tromsfer in- - ‘air-cooled

an Air-Cooled Condenser

casing for protection from the weather.

i e o e Svallable ot o 1 iean, | _ presoor sy be used for & given refrigeration load and wil

where an ample supply of : !
Condm;nng coils for remote unit condensers are installed

are also available. Most cotls are of

type
ith parsllel circuits and horisontal inlet and outlet headers.
b0 o from ‘lnw 1 in. diameter, with fin spacing from
e condensing coil surface for 20 F deg tem
i Mngeml"“:i is f‘;ﬁn 170
g , while a coil designed for.30 eg pera-
wdxa’quwr:?m; 100 to*125 sq {t per ton.* These figures
vary widely, depending on the air q\xaml!.y'i air velocity, fin
T 1 il T cs.

Tube sizes r
6 to 13 per in.

‘ture différence between entering air and

spacing, and the coil heat-transfe

it condenser may have several 'te"eq‘x;—
T aglrco:it: tfx::“: with merzl comprfmor&sT 6 capacity
to

d: ¢ 4
and location of individual circuita

AR TEMPERATURE-O I

aif stream. In most designs, the motor is located inside the

p p;v’l:":g + . liquid and permits use of smaller pipe sizes.

a0 693

refrigerant flow and the difference in enthalpy of the entering -
. refrigerant vapor and the enthalpy of the leaving refrigerant

+ vz liquid, expressed in Btuh. . o
A unit condenser may slso be rated in terms of Net']

© Jrigeration Effect (NRE), which is the total heat rejection

.

1

- ~less the heat added to the refrigerant in u:e compressor by _uxe
- . - - ‘heat of compression. The Net Refrigeration Effectis s practical

of the capacity of a refri tion system of which

. si he c2 ; by ) A
e L
ir a liquid subeooling coil. The addition
R iquid subcooli il results in an increase in compressor-
- of a]hqmdsu .hngo?ﬂ S aely 0.5 peroeat. for each -

L Guhaooli ired o
degree of suboooling, ling coils are g sized
~give from 10 to’ 5degreesofmbooohngor5t_n7§pement
i i ity. Sinee subcooli the

in system cap . f
* | refrigeration effect ‘per pound of refrigerant, a smaller com-

rate at a higher Btu'per KW input. Subcoohngnlsopermxt.s

;’:ew liquid ‘lift in vertical ﬁseﬂ;mthbqt:ﬂashmg_ of the

The Total Heat Rejection of an air-cooled condenser is

" - proportional to the difference between entering dry—b;‘xg
1 'md A A 3.

instance, 8 condenser with a'30 F deg huipem'tum diﬁerex.me
will bavé 8 condensing temperature of 125 F, with an entering

e vertical serpentine 6 - dry-bulb temperature of 95 F, or 120 F with an entering dry-

bulb temperature of 90 F. The Gross Heat Rejection at 30 F
deg temp‘::hue difference is 50 percent greater f.han t.hc
same condenser selected for 20 F deg temperatute dﬁemee.
It is accepted practice to publish ratings in terms of Gro.sa
Heat Rejection. The ratings are based on te:dnpemmre d;f;
ference bet densi Smp and’ entering:
dry-bulb temp Mgst compres qugsmnhxd‘eToml»
Heat Rejection as.well as Net Refrigeration Eﬁ_’ect and KW
Input. This eliminates the need for converting Net Re-

“of compressors used. Each circuit bas its own inlet and

utlet  pigeration Effect to Gross Heat Rejection by applying f:.c-
tors based on suction and condensing temperature. . ‘:-.

in d; United vat’u, remote unit condensers are selected-for a

temperature difference of 20 to 25 F deg between air an

densing refrigerant. For instance, with air at 90 F entering the
i d umg‘eﬂmhue is 110 to 115 F.
.;qumser, ':he'(:lenp: condensing temperatur o 1

1 lesign, 8 - f
sh.:uld be maintained between the condensing refrigerant,

cett

gtandard method® of testing for rating remote a.u'-oooled

A" has been prepared by ASHRAE‘._Mnn.y‘man\_l-
facturers publish ratings in terms of Net ‘WW‘EﬁGﬁ
at 40 F evaporating. temperature snd 90 F air temperature
entering the condenser and 1120 F condensing temperature

d con-

leaving sir temperatuare, At 14,400 Btuh per evaporatar ton, 70to (30 F deg temperature diﬂe'rw?e), in onﬂu to l:?:w'iaht’. Gr?si:
100 efm of air per 1000 Btub of condenser heat rejection will be Heat Rejection from the p o emp
quired. Eree delivery propeller. fans req ol n&:ﬁ“&} made to correct such ratings for open versus hermetic com-
tor' horsepower per air-cond: r reepower. Cea d
"‘ e g:‘lfe‘:yozs el . M " Cond it blished in such terms as basic
oD 4 - i

For air

ing ean be converted to other than basic rating conditions

ic and db ional
considerations have led to use of remote condensers w;!m:h operate

at 30 ¥ deg and

by using the factors in Table 3. These factors can be applied

air an

temperature. Such condensers deliver 50 to 75 cfm of air per
1000 Btuh heat rejection and require from 0.1 to 0.2 kp per ton.
The elevated condensi duced by such

1 i is i d 717,

th sufficient precision for Refngeranta'lz, 22, 500, and 717,

:;xen used with belt-driven or direct-driven compressors, for
.~ Cond et
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] Toile  if published by the compress arer, and the gros
tnilial cost savings are made poseible by reduced size co: rs,  hest rejection effect of the air-cooled condens R
operating costs msy be greater, de, ing on the geographic In the of p p r e
location, -due to the grester power den of m compressor, ratings for h 1 P an app
Mw"y.f' ‘ at bead p .2 selection can be made by using basic fatings and the factors

API;UCAHON AND RATING OF REMO]:E in s

UNIT CONDENSERS

1t is current practice to rate remote unit condensers in
terms of Gross Heat Rejection (GHR), which is the total heat
Lin o heati densing, and sub

i . This is because the additionsal heat of the motor

in Table 311.“ T diipa ,mm#mﬁm

zone ;.. 14), where high temperature dnﬁ'eren are

avnilaglz.gThe regult is only & small pomb!eenor in'the ulti-

mate selection. . i;:~.‘t: S W ible by
More precise- -of unit- p 3

of the lotting Gross Heal Rejection of‘t‘hi;ieondenmr against

1

n 3 Subcoolr
refrigerant. This vatus i the product of the weight

denser Pen
ats of  Gross Heat Rejection of the comipressr’ a3 shown i Fig! 16,

e AT v e e e e < R

RV

e
oy et g s

e

ol

v
4

[y




