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pressure. This occurs because the liquid line is not a line of equal pressure
but of saturation pressures. The error in work per pound of refrigerant
figured from total heats, which should be added to the indicated figures is
roughly the specific volume of the liquid at the lower pressure and tem-
perature multiplied by the pressure difference in appropriate units. This
efror may become of some importance in calculations involving carbon
dioxide or in problems involving the liquid of any of the refrigerants, as in
figuring expansion valve orifices. ‘

Theoretical Work per Pound

The temperature-entropy and pressure-volume diagrams are based on
one pound of the refrigerant. Likewise, the theoretical work and the
refrigerating effects are conveniently based on a pound of refrigerant. The
compression work per pound may be found by several methods.

The temperature-entropy method starts with state point @. Since the
quality of @ is known, the heat content of the vapor H, is known, and also
the entropy S.. Since point b lies near thesaturation curveitis customary
to assume S, = Sp and with T given, Hy can be determined. If W =
work in foot-pounds per pound of refrigerant, then

W = (Hp — Ha) X 778 0)]

The pressure-volume method starts with state point a, whose pressure
and specific volume are known. The work of compression is the adiabatic
work of compression from P; to Ps, plus the work of expelling the vapor
at constant pressure Py minus the external work of evaporation of the

vapor to volume V; at pressure P.
W =—"" X PV (&";1;1 @)
- n b 1 th P, 1

It is frequently helpful to think of the compression of the vapor in
terms of head. The head may be likened to a vertical columa of vapor in
which is located the vapor to be compressed. The compression occurs
when the vapor is moved down from a level corresponding to P, to a new

.level corresponding to Ps, in equilibrium with the surrounding vapor. If
this process is carried on isentropically, the result will be the same as
indicated previously. Then if k is the head in feet, :

We=nh : 3)

This relationship may easily be seen from the fact that a'small difference
of head dk divided by the specific volume of the vapor V is equal to the
increment of pressure difference dP. :

Head is very useful in considering the performance of centrifugal com-
pressors, which merely substitute a centrifugal for the gravity head. It
is also useful in considering problems of fluid flow. In these problems,
the head per degree can be obtained either by direct calculation or
approximately by dividing the total head by the temperature difference

© Ty—T:. -The velocity head loss can then be calculated in degrees, using
the customary formula V?=2gh. : S
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CHAPTER 24. COOLING AND DEHUMIDIFICATION METHODS

Refrigerating Effect per Pound

The refrigerating effect per pound is compute ' ‘
1 d

regall;dless of the type of refngeration systerr‘l). Thg }s,ofﬁgi(fr? I?sei:::ﬁth(t)gci
on the t(gx:perature-entrgpy diagram of Fig. 2. Assuming that the va
leaving the evaporator is saturated, the refrigerating effect in Btvapor
pound is obtained by subtracting from the heat content of the or at
temperature T, the heat content of the liquid at T, or if th o s
sub-cooled, the liquid temperature. v it the liquid is

Thus, the refrigerating effect in Btu per pound is equal to
Ha'T‘Hc-_‘Ha_He (4)

If the vapor entering the compre i
vapo SSor ¢
a ?;th;rectxon 1fn the heat of the 5apor islsnsl:g:r::ggfgigéli’upersaturated,
e unit of refrigeration is the fon, based ' io
of one ton of ice in 24 hr. Thus one tonor;thzeo:)atstnlf heat o ausion
12,000 Btu per hour. per minute =

Coefficient of Performance

The coefficient of performance i i :
: i of a refriger: i i
the refrigerating effect to the work of comgre:s?(?: iyst‘ifm e yaa ot
the relrger. , , both expressed in the
The ideal or Carnot coefficien
A t of performance depends ‘tem-
peratures T and T in much the same way as thepideal :gi?:rile;};; t:;n ;

steam engine depends upon it 3 .
relationship. pon its workxpg temperature, with an inverse

Ideal C.of P. = -1t _
eal C.of P. = o %)
Evidently the smaller the com ion r :

v ress i
rec'lll‘xﬁred to‘pro-duce a given refriggratiligneéig’ge’ the less power will be
always less than the eat due tofchemanee of actual refrigerants s

endency of most i
Iilépgr}:g? eghe% 1(:ompress»ed, and due to the heat of the%?qurififrvlvgheiﬁxnrtnsu’;g
. e cycle efficiency is the theoretical C. of P. divided by

the ideal for the same tem
k peratures. T i
as the compression temperatures Chang}: cycle efficiency usuallY'changes

Practical Cycle

Fig. 3 illustrates the pressure-vol; :
g:eelsnsl(s)rfor an actual cyci)e. Thés?iiuix:g?raﬁg at:én g:;:éu:;gﬁtrtc})l%y o
soing toriﬁ:‘;mg vapor superheated and upon sub-cooling of the hfqolﬁlé
B s o the ¢ :aporator. .The theoretical cycle is a,biccie:0,. However
2as vapor du thg porrfg)x'.%sxon actually follows line ab; due to superheatin ‘
o pesull of | e }’nsda cient work of compression. The theoretical work o%
Compression is a, & cda,. Addgd to this is the area babigihibs on the tem-
P rere-er ropy diagram which represents the inefficient work of com
Pression & ts}slux:ung1 no compressor heat losses). The sum of these areas.
the ratio of tl?et?rfaaticz?rcl;coli $§r§°g;ptf:s:gtp:{ poul?d o relrigerant, and
all efficiency. It should be noted that area l;;b:gl(;: isr i%;e:iilztseéh:sog:;
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