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.. Pressure-Enthalpy Diagram for Monochlorodifivoromethane (CHCIFs) kRefngerum 22)

Refrigefuﬁon

With the ideal Carnot cycle operating as a heat pump, the co-
efficient of performance is r

(CP) = 7T, : 3)

The Camnot cycle coefficient of periormance for both a re-

fngeraung machine and a heat pump increases as the spread

and the d temp de-

creases. Ingenera.l tbesamexstmefora.nactuxlsysfmn

operating as either a refrigerating machine or a heat pump.

- Refrigerants

A desirable refrigerant should possess d:e:mc.&l physical,
and thermodynamic propertxm that permit its efficient ap-
plication in refri . In addition, when the vol-
ume of the charge is lm'ge t.hem should be hme or no danger
to health or to praperty in case of its escape.

Thermodynamically, a material for use as a refrigerant
should have a large latent heat of vaponzauon since it 13 this
heat bject to minor var that
the working eﬂ'ectwen- of the mfngerant Further, since the
work required to compress a vapor increases rapxd.ly with the
pressure ratio, the thermodynamie characteristics of the fluid
should be such that the required low-to-high temperature
range can be achieved with only a moderate change in ratio.

© A further ideration, from the standpoint of practical

operating effectiveness, is that the suction pressure should
not be below atmospheric (to prevent leakage of air into the
refrigerant lines) nor should the condenser pressure be ex-
cessively high (to prevent need for extra-heavy eonstruo‘
tion). The specific vol specific enthal
also important because some materials would have such low
density, when in vapor form, that impractical compressor
displacements would be needed to handle the suction vapor.
Properties of refrigerants are usually given either in tabu-
lar or graphic form. In to the
plotting which is used almost exclumvely in steam- power
work, refrigeration problems are usually referred to a pres-
mre-enf.ha.lpy chart. The advantage of pressure-enthalpy
plotting in that linear distances on the.chart correspond to
energy gains or losses, and the two types of processes, con-
stant-pressure and constant-enthalpy, that occur most fre-

, the specific volume and the enthalpy of any subcooled refrig-
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four columns give values of enthalpy and entropy for gases:
with 25 deg and with 50 deg of superheat; note particulardy-
that the column heading 50 F superheat means, not that the
gas is at a temperature of SOF but that its tempemtum ex-
ceeds by 50 deg the ding to-
its actual pressure. Thus, CCLF, vapor at 38.0 psxg and 91 F
50 deg of h since its

mmwmpondmngZ'lmxsuF 3

The tabular arrangements of refrigerant properties are lit-
erally for saturated or superhaaaed materials only. In many
cases, however, the engineer must work with subcooled Jig—
uids. With an accuracy sufficient for all practical purposes,

erant can be taken as equal to the values read from the tables
for a saturated liquid at the same temperature. Thus, if
CCi,F, at 121psaand40Fxspamngthmughaplpe,ms
volume and enthalpy can be determined from Table 1 as
0.0116 cu ft per pound and 17.0 Btu per pound.

F dy it is y to-d ine the properties of a
wet vapor or of a mixture of liquid with some added vapor,
such as is found at the discharge from an expansion valve.
This can be done from the tables by noting that the specific
enthalpy of the mixture must be equal to that of the saturated
liquid, plus a fraction of the latent heat of vaporization equal
to the fraction of refrigerant that is present in vapor form.
-Censider, for example, CCLF, with a quality (the percent in
vapor form) of 30 percent; the enthalpy of this material
would be equal to

hw = hy + 030 (b, — hy) | “)

where

- hm = specific enthalpy of the mixture.
h; = specific enthalpy of the liquid.
h, = specific enthalpy of the ssturated vapor.

Values of A, and A, for use in Equation 4 can be obtained
directly or by calculation from the tables of properties of re-
frigerants.

" By a reversal of this same procedure the tabular data can
be used to determine the state of a mixture leaving an ex-
pansion valve Consider a valve to, which saturated liquid at

quently in refrigeration cycles, can both be d by
straight vertical ‘or horizental lines. Figs. 1 and 2 ‘present
pressure-enthalpy charts for.. dichlorodifluoromethane,
CCLF,, and monochlomdxﬂunmmethm CHCIF,, respec-
tively. Although tabular a; ts of refngera.nt proper-
ties require interpolation between values, they have the ad-
vantage of an accuracy greater than that obtainable from a
chart. Tables 1, 2, 3, and 4 give the thermodynamic proper-
ties of four of t.he more common refrigerants used in air-
conditioning instaliations: Refrigerant* 12, dichlorodiffuoro-
methane; Refrigerant 22, monochloromﬂuommethme
Refngemnc 11, trichloromonofluoromethane; and Refnger~
ant 113, tnchlorotnﬂuoroetha.ne The first two of these are

y used in r while the last
two are common!y used in centnfugal ' machines.

Referring to Table 1, the first column gives the range of
saturation temperatures likely to occur in practice. The sec-
ond column gives the saturation pressure expressed in pounds
per square inch absolute oorrespondmg to a given tempera-
ture, while the next six columns give the three fundamental
Epeclﬁc properties, volume, enthalpy, and eatropy, of the
saturated liquid and saturated vapor, respectively. The last

© ASRE designstions for these refrigerants.

P, is admitted, snd a of d hiquid
and’ vapor at pressure p‘ is discharged. The quality of the
material at dJschuge is then determined by making use of the
fact that the expansion process is completely irreversible, is
a throttling process, a.nd hence, occurs without change in

halpy. Thus, the ent yoft.he i , Ry , 18 equal to
the em.!mlpy of the d liquid at the state, hy,,
and can therefore be read from the table. Thus,
Bre = hu = Bus — (l,— z) (hee — hgd) 5)
or, z = (b~ Bya) + (hoa ~ bya) ®
where . -
A;, = enthalpy of d liquid at ent to exp
valve.
by = enth.l.lpy ol mlxtum
hu = h d vapor at discharg

hye = enthalpy o( liquid at discharge.
z = proportion of liquid in the mixture, decimal,
Vapor Compression Refrigeration Cycle

Simple Cycle. The refrigerant cycle is the seties of state
changes (which occur in the conditioning proceases) needed

i




