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CHAPTER 38

REFRIGERATION

Refrigeration Theory: Definifions and Basic CW:, Refrig

wts, Vapor Compression Refrigeration Cycles, Section

and Discharge Pressure Effect, Complex Refrigeration Cycles, Air Cyde, Steam Jet, Absarption
System; Basic Refrigeration Equipment: Compression Machines and Controls, Condensers,
Evaporators and Coolers; Refngeruflon Control, Plp"lg and
i and S

Accessories, E

ITH the increasing use of all-year comfort air-condi-
tioning installations, the importance of refrigeration

to the air-conditioning engineer has been greatly magnified.
The details of and de-
sign remain problems for the refngemuon epgineer,.but the

air-conditioning engineer does retain a responsibility to the :
. customer which requires on his part some knowledge of the

different refrigeration cycles and the relative merits of each.
In order to assist in meeting this need, the present chapter

has been divided into four parts, the first covering the funda- .

mental technical reiationships which govern the selection and
analyss of an operating cycle, the next two presenting brief
of basic refri and auxiliaries,
and the last, information on selection eriteria. .
REFRIGERATION THEORY
Definitions ond Basic Concepts- .

The ton of rc/ngerahon is & quantity unit which ongmabed

in the days when harvested ice was the principal source of

summer cooling. By defimition the fon is the coaling effect

realized when one ton of 32 F ice meits to water at 32.F. Since ..

the latent heat of fusion of ice is 144 Btu per pound, the ton
represents a unit cooling effect of 144 X 2,000 = 288,000 Btu.
In common practice the ton is usually consxdered a mte
(rather than quantity) unit, and is taken as 288,000 Btu per

day (24 hours}, or 12,000 Btu per hour, or 200 Btu per min- -

ute. Thus for sxr-eondmonmg ea.lcuhtmn.s, the size of the
d iz tons, can be ab—
tained by dividing the heat gain-of the structure, exp

. through the Condenser.

evapomoor is then raised in pressure (by a compressor, or by

the absorber-generator combination of the absorption sys-
tem} until its new boiling temperature exceeds the tempera-
ture of the available cooling medium. Under these conditions,

. hem_; transfer is established from the refrigerant vapor to the

cooling medium with resultant condensation of the refriger-
ant. When condensed, the high-pressure liquid refrigerant is
reduced in pressure and aga.m allowed to boil 1n the evapo-
rator.

In order to permit evaluation of the effectiveness with
which any given cycle operates, some term is desirable that
would be comparable to the term efficiency used for heat en-
gines. In, refrigeration the desired effect is heat extraction,
and the cost of achieving this extraction is the amount of
energy that must be supplied as shaft work. Thus the ratio
of refrigeraﬁng effect to the heat equivalent of the cormpres-
sor work is used as a measure of effectiveness, and is defined

: as the coefficient of perform&nce
. If the desired effect js the re;ectlon of heat. through the

condenser instead of heat extracti

* the refrigeration system is then termed a heaf, pump. . In this

case-the coefficient of performance is the ratio of the heat re-

_ jected from the condenser to the heat equivalent of the com-
_ pressor work. The coefficient of performance for the heat

pumplsgmter&hanthstforasys&emoperahnguam—
all ical shaft work re-
qmredto perat the pr is dissi d as useful heat

11 By

The Carnot cycle, a0 1desl, ther odyn

-in Btu per hour by 12,000. In equation form:

= (Btu per hour heat ga.m) + 12,000 [4)]
where .
H, = load in tons.

The working substance, or refnqenmt is the fluid which
carries heat through the refrigeration cycle from f.hg evapora~

cycle isting of an pansion and an isoth 1]

ion, follawed by an adiabati ion and &n iso-
thermal compression to form a closed cycle, may be shown to
be a of the ible. conversion of heat

energy into mechanical energy. In its reversed form it is a
measure of che maximum performance possible for any re-
fri i perating either as a refri jr or a8 a heat
pump. Although it cannot be applied in an actual machine
because of the impossibility of obtaining complete reversi- |
blhty, 1t is, never'.hel@, extremely valuable as a criterion of °

i The coefficient of performance (CP) of

tor, where heat enters the refr; , to the where
the beat is dxscharged to some coolmg medmm The great ma-
jority of modern re liquefiable vapor

astbeworlnngsubsmnce Bydhenngthepmumofthe'

refrigerant, its boiling lowing the
material to boil in the evapomtur at a temperature e puffi-
mendy lowér than tha.t of the conditioned space, to insure

of an effective heat fer rate from the space
(or in some cases from a secondary cooling fluid such as brine
or cold water) to the refrigerant. The vapor formed in the

- .a reversed Carnot cycle system operating as a refrigeration

. system is
T,
(CP)-T‘_T.. ®
_ where
T = + Fahrenheit absol
T. = cond Fahrenbeit, absol




