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do not‘open:until the piston has completed, part.of its stroke.” Hence, the
volumeé-of fresh.vapor introduced into.the ;compressor per .stroke is less
than the :volume.swept: by the piston. ‘The:ratio of actual volume of
fresh gas-to swept-voliime is, ‘by: définition, the. clearance -volumetric: effi=
giency, CVE. :-In equation form;.." - fve i o bers o v s S

ITARE ”::-‘ifi;"i i (CVE)= lm—Vc[?—'—l]‘ (8)
R flvan, o4 R

P e _w;E?l‘. gt tot i [

-+.GVE: = cleatancé volumetric efficiency:! :*" « ° o e viin

1+ - Vg = clearance; percent of volimie swépt by 'pisidh}awl}ich’is.contaihéd in'spaces
Y i:,at énd-of cylinder when piston is at-end .of stroke (clearance includes valve

i

“spaces; ‘etc.). i S TR N S S
i gy = specific-volume of gas 'at.compressor inlet.: NI
¢ 'y4 == Ispecific volume of ‘gasat ‘compressor discharge:: S L
Values of v, and vq can be obtained directly or by calculation from the
tables of properties of refrigerants. - ! .
In addition to clearance, there are several other factors which tend to
reduce the volumetric efficiency.... The suction gases from the evaporator
are heated and expanded upon contact with the hot cylinder walls during
the suction stroke. This results in a reduction of the actual charge drawn
into the cylinder. Wire-drawing through the suction and discharge valves
reduces the suction pressure in the cylinder below that in the evaporator,
and increases the discharge pressure above that in the coridenser. Leakage
of gases around the pistons also decreases’ the volumetric efficiency. The
total volumetric efficiency (TVE) includes all of these factors and is reliably
obtained only by laboratory measurements.: It.is too difficult to predict
the effects of these factors to any degree of accuracy comparable to actual

Complex Refrigeration Cycles : . O
. The, preceding.sections. have- dealt only. with. refrigeration systems .in
which there is,but one evaporator; compression, is; accomplished through
but:a single stage, and expansion proceeds through a single,expansion valve;
In large systems or in low temperature systems in which the compression

stio is highi, the compression process ¢ap be carried;out in stages, with the
refrigerant ‘passing ‘through several cylinders arranged for operation i
series. The thermodynamic advantage of such compound, compression
arises from the fact that intercoolers, can be, placed between the stages of

compression t6 extract heat from the vapor, and. thereby. cause the overal,

compression process to approach more closely the ideal condition of iso-
thermal compression. Essentially, such.intercoolers.serve the. same purs

pose as a cooling jacket, but with greater effectiveness k ecause of the more .

satisfactory heat transfer conditions. - At
T the simple satiration cycle the saturdted liguid éntering the expansion
valve ‘commences t6 vaporize as soon as’its pressiire‘starts‘to drop. - “The
vapor produced during the expansion process has 1o further use, 10 terms
of refrigerating effect, since it has already picked up’its latent heat 0
vaporization as a result of heat which it has extractéd from’the unvaporze
residue. ‘Thus the instant siich vapor forms, its usefulness is at an end, a0
to allow such material to undergo a further drop in.pressure is uneconomica-
With :compound compression, there is at-least one intermediate pressure

" System. is shown-
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;at. which flash vapor .can be extracted. ..In such ! ; i
; /8] an be ; . ;cases’ several-
Y‘alves can -Ee.ltxtlhzed with all of the refrigerant:from:the ‘condenseépggsmszg
hrough & first expansion valve to the higher suction: pressuré, ‘and.:
flash vapor then extracted and returned. to, thegcondenser?tﬁrougl; ?l?edhlﬂgl}t;
compression stage. . The remainjng. refrigerant ‘can,then pass.throiigh a
:gct(iﬁadi g.:vpanmon,val\ce wh_eé‘e‘the ,.Igljes:sure is dropped to -that‘clorr'esb'ondixig
) e low-pressure evaporator; . The number of expansion valves is limi
by the number of stages of compression.....;.. . expa.nmon valves s hmlted
Further cycle complications. may ise if. more.than,one evaporator is t
t le. compl ns. may- arise if. more.than.one evaporator is
El? operated with a single compressor;. and. particularly; if :the%i‘e’ssdi-es-ig
hese evaporators are to, :dlﬁ,er'., The. most-common solution, is. to opéfate
t! 3 compressor- at the suction-pressure.of the lowest pressure ‘évaporatbr
.and to equip all other evaporators with, bagk-press'_r;ure:;egulatihg valves or

throttling devices between the evaporator and {the compressor, suctio
The Air Cycle System =~ " R

Fundamentally, the air eycle! is essentially the same as the vaj
. A o . I R s i
Slfén;ggscse}cﬁll geagsc%rg%lils;led-b)} a Ilrec_1p_rci>.ca,lil;i_ng or; centrifugal ,cog);rgsccl)i,
) 8 ange of phase 'of the refrigerant upon i
Z?t }tlur c{lzoler replaces the condenser, and-a refng%rator, tger%e‘;efig?;:;%g’
A 0351“3 some_cqoh.ng would_:l_:esglt from the expansion of the gas througli
- or Hsll;y:e{cpagsnon valve, a much greater drop.in air temperature is
ae I(L'I}’IP ished if the expansion .is :controlled to approach the isentropic by
thp:“cmg the-valve with an ‘expansion. engine or turbine. Furthermore
e work recovered by such an expansion engine:can be utilized t6 supply
part ‘of the work of compression or-to- drive other devices. = . PPy

)
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The Steam Jet Systéin

The steam jet system, unde: bertain ciroums is dosiri ‘
. the m jet system, er certain circumstances, is desirable f
In air conditioning.? ‘Steam: supplies directlyAthe_-»p,ower used form(‘:olxlf:-3

_Pressing the refrigerant, this. eliminating thé losses connected with other

methods of supplying enefey. - As: the -cominressi oo e
; - ing energy. - As* the -compression: Tatié: bet
iec‘;fi‘%%ayor and Condensgr ‘mde{.no?fmal"QiICumstances-is large, {;hzv ;‘Zréh:‘?f
mecha Iﬁlericy of the equipment 1s somewhat lower than that of the positive
ol type sompresr, The_condensing vatr. qurements ar
be condans g:j gr e, 88 oth thé refngemnt and the l'mpél]jilg Stesm must
B The_stem"'. oo BT R ATI A G e R R T
: . Jet system functions on:the principle th S ig
v - sLer ctions. on :the principle that, water under hi
D?;:%?;:ngﬁmppme at low .temperatures.. Steam jet boosters. o?:.cox%:lf
will pro d?lcz fht.YPe\ commonly used in power plants for various processes,
e water, . !’Tv'llffﬁséarY;IQ.WVA ,‘z_afb§o_1,u.tej1l)rgssu.re to.;caus.eu_ev‘ap_g;;atioﬁ .of
A dlagrammatig réPRres%nta’tIlgﬂ of a typica.l=stea;m :e-j ect(orwatercoohng
- in. Yig, 6. The figures, corre d to; c
s e8, Spona to;an- average - -
c(,ﬁfig“;e system...The water, to.be cooled enters the evaporator,and. 1o
causy of 41 temperature corresponding. to, the vacuum maintained. .. Be.
; e.high vacuum, a small.amount.of.the water introduced in, the

€ : . ;
saborator is flashed. into, steam. - As.this .requires heat, .and the only

source -of : ' '
Watr;e i(s)f l}leat is the'rest, of .the.water in the evaporator tank, this other’
o7 18 almost mstantly cooled to.a . temperature correspohdj_ilgi.ﬁl)_;thé

DO H A
'10g point determined - by the. vacuum' maintained..: The; amount of

Wate, . . . :
« ur gf}llazﬁed Into steam is.a.small percentage:of the total water. circulated .
e evaporator, amounting to approximately 11 16 per (hr) (ton)




