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i ] ize, ete. Further,

is of probable power requirements, compressor size, € I

%1111: lggllfagit)r}))s used inpanalysis of a s_u:(i)lfe saturatlggdcir:flfi gf:;;li ;,Il‘xi ;czﬁ;s
. : omplex treatments required for compo r1gera
%‘foih:h?s%riec:s%gs a typical simple saturation problem will be worked in

detail.

7 V i i ting between
DA si turation cycle carries a 7 ton load when operaf
su«fi:ﬁ:’:glls tli'isAchsal;;ng%I;e)rse’;sure of 52.7 psia az)c% 1311 psia vintg gg:ggrggég?gégr%?h:;:ﬁ
i t. Determine: (a) the coolin each
o Jc;z’f asefxt:ih ir{;erf{z g(%;atxl‘le refrigerant circulating rate; (c) the h&})lrsepovqer (lie(})lllll(li‘gg ;
](Dg)utl;]he(zu;anti%y of heat to be dissipated f;om the co‘;ndenx;er ;0 gezv;t:rr;(;:sljr:g shrough
i i 1nute, if temperature rise of - 1
ser coo](‘ing v;?ti':ré :jl:;g ?l(lf)ntshgegolfe and stroke of a double acting cylinder ‘(r}egl:ec'tl(n§
tlﬁg 2%'&5%? the pistol,l rod) if speed of compressor is 500 revolutlor%s per minute; (g
i f performance. : ) .
coeéﬁ ?":I-l:n? }za) Saturated liquid CCLF; at 121 psia leaves the ?oxidgnsze; ggc]ia :Etgg
oxpn sion valve. The enthalpy of this material (from Table 1) xst R Do e
;1‘1)?1235;)11!11(1 this must also be its enthaltp%rza;, en_tral_)f: :gt%g?p?r?gc)sl'zzxsgr.so eaving
’ ia, its. .82,
ator as a saturated vapor a .7 psia,
gl{liegei:?.g?gr effect, must be 82.82 — 20.68 = 53.14 Btu per pound.
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(b) The refrigerant circulating rate is equal to the totz:’lol;eat to be picked up in
unit time, divided by the pick-up per pound of refrigerant or,
W, = (7 ton X 200) + 53.14 = 26.3 1b per minute.

i i i i f the refrigerant
uired is equal to the increase if energy of ot
pas(sci)nglt).(lalr};?xrgsﬁpttixv;e;oiggressor (expressed in Btu per minute) divided by the co

i i 1 hp,
version factor 42.42, which is the number of Btu per minute corresponding to 1 hp

7
(bp) = Wi (ha — hw) + 4242 @
where

hp = horsepower. o

i i i i ds per minute.
W, = refrigerant circulating rate in pound v
h; = enthi‘lapy of vapor at condition of discharge from compressor.
"hys = enthalpy of saturated vapor entering compressor.

W. is known from (b) and hw is the enthalpy of r%fng_ergélté 2as it enters the com
press!or in a saturated vapor state at 52.7 psia; t.%ms w = 82. ﬁ‘ © bo determined at
In order to determine hy, the state of the refrigerant must ;"s e bl 1
hy ot ressor discharge. At the known suction state the entropy from e e
o suraed vapor o 857 e 05 and, s the compresmion 2 srtmed
v v ? p A .
:gi?;p:ier;tt‘.r?gic;{:i};.ltltil‘lrlgxrg}rxz gable the entropy of vapor superheated 25 deg is
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0.17330, so the superheat, tsq, possessed
pressor can be obtained by interpolation ‘as;

e 016828 — 016608
. : 25 017330 — 0.16608
from which t4 = 7.6 deg. ’
As the saturation temperature at 121 psia is 94 F the actual temperature, 44, of the
vapor leaving the compressor is, ta = 94 + tw = 94 + 7.6 = 101.6 F. By the game
kind of interpolation the enthalpy of the discharged vapor can be determined from
the enthalpies given for vapor superheated 25 F and for saturated vapor,
(ha — 88.10) _ (0.16828 — 0.16608)
L (9216 — 88.10)  (0.17330 — 0.16608)
_ from which, hy = 89.34 Btu. per pound.
Then substituting in Equation 7,

(hp) = 26.3 (89.34 — 82.82) + 4242 = 4.03.

(d) The rate of heat loss from the condenser, Q.,
energies picked up by the refrigerant in the evapor:

must be equal to the sum of the
ator and the compressor,

. Q. = 53.14 + (89.34 — 82.82) = 53.14 4 6.52 — 59.66 Btu per pound or 26.3 X
59.66 = 1569 Btu per minute. This same figure can, of course, be determined more
-directly by subtraction of the enthalpy of liquid leaving the condenser from the

enthalpy of superheated vapor going into it, thus,
Q. = 26.3 (89.34 — 29.68) = 1569 Btu per minute.

- (¢) The cooling water rate (based on a gallon as 8.3¢4 Ib) is 1569 + (8 X 8.34) =
23.5 gpm. .

(f) The compressor size is fixed by the volume of gas which must be drawn into the
machine per unit time. Saturate vapor at 52.7 psia has a specific volume, from
Table 1, of 0.779 cu ft per pound, hence 26.3 X 0.779 = 20.49 c¢fm of gas must be
bandled. Assuming a volumetric efficiency of 90 percent, the compressor must then
displaée 20.49 + 0.9 = 22.8 ¢fm. The speed is given as 500 rpm and, as the unit is
known to be double-acting, the displacement is therefore (22.8 X 1728) + (2 X 500) =
39.4 cuin. If the unit were designed so that bore d and stroke were the same,

(xd®) +4 =394 d = 3.69 in.
(hva - hfc) + (hd - hvn)
(82.82 — 29.68) + (80.34 — 82.82) = 8.17

where hs. is the specific enthalpy of quuid at discharge from the condenser.

(9) (CP)

The coefficient of performance of Ezample 1 may be compared with that-
of an ideal system operating on the Carnot cycle between the same tempera-

ture limits. Then Ts = 501 F (which is 41 F + 460) and T. = 554 F
(which is 94 F + 460) and, : ‘

- 501

(OP) = e 501

9.6

The actual eycle is therefore 8,17 + 9.6 or 85 percent.as effective as a
arnot cycle between the same temperature limits,

Influence of Suction Pressure

_ Brief consideration of the analytical procedure used in discussion of the
simple saturation cycle will bring out the need for maintaining the suction
Pressure on any refrigeration system as high as the load will permit. As
the suction pressure increases, for fixed discharge pressure, the enthalpy

by the actual gas discharged from this com.




