2 CHAPTER 1

nated by suhacripta 1 and 2, respestively, md the several

mnnsforthcenergyfermemenummwd B

=40 - AdW + G 4 AR L 4w+ APwdim

- (—— + Ami Y ¥ APwd ©)

. Aafeadyﬂmuystemlsdeﬁnedasasysmmmwhmhthamas‘
flows into and out of the system are equal and st

rate, and the:properties of ‘the system st
eonsmnt,mthnspectwnme An applica
general equation to the steady flow system (dE

Qs — AW = 3(14. + -— + AZ: + APm)

(w2 vant s AP.f.)}m_,.m
" where
' Q=mh:ofhuunnafer Bmperhoux
AW' = power (work nw), Btu per bour,
w = average velocity shmmﬂow, fect per second.
Z = height of stream above a given datum, feet. -
m’ = rate of stream flow, pounds per hour. -
g« = acceleration of gravity at sea level. .
g= aecdmnnnofmvxtynthagbtdmmm.
It should be noted that, mEquauonsﬁnn 7,u + APo = b,
ar enthalpy. R
The energy transfer or heat added to the system by con-
duction, radiation or convection may also be expressed in
ferms of the properties of the system:
dQ = Cdt = meds ®)
: 38

where
C- ‘me=heat capaci
c=- upecxﬁchentmpz:xtyofmesyshem

_** Inapplications to atr d P , the specific
heat capacity may be garded as a function of
only, or as & constant. Empmml equations mlaung ‘the spe-
cific heat ity as'a function of t ailabl

in the lxterature.“ Where extremes_ in pressure ‘are en-
d, it miay be y to id tbeeﬂ'ectofpxes—
sure on the specific heat capacity. However, thernial dats on
specific heat capacity of high pmm is smree, a.nd P-o-T -
data:which may be used to cal the'p
are rarely of sufficient accuracy to permxt such mlculatlons.
In many cases, sufficient accuracy may be obtained by em-
ploying a.lternam forms ‘of & calculation, in whmb va.!um of
enthalpy and entropy may be used in the appropriate
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“The mequa.lxty exmts for any but revemble cycles Fora

reversible cycle:
f ( TQ) -0

and it follows, fora mvemble proe&, tha

AC

is independent of the’ pat.h traversed fro )
final state, so long as it is reversible. A pmpert enb'opy S

lst.hnsdeﬁnedas
1), s

From the &bove ineéquality it also follows tlmt, o
versible adizbatic process, (S — Si) > 0.Ifan mgme receives
heat at temp T, the. D of the reservoir
lsQl/Tu,and,xftheengmegwuupheatto'hereeexverua
lower temperature T, then the entropy increase of these aur-
mundmgx is mcreased by an nmount QJ T;

The net Py of the is: -

88uiak — ASiaree > 0 h .
and the net energy, made. unavailable for L;lo
the.irreversibilities, is the above quant.lty muluplmd by the:
temperature T of the receiver, or: . .

. Qu = Ty(ASuiax — Asm) N . 1';
Thl.s conecpt is xmportant in the analyms of irres
process, as indi ted in Part II,. Rnf- ion Cy
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EQUATIONS OF STATE

-An equahon of state of s pure subst.a.nce isa mthemhca.l
relation between the pressure, specific volume, and the tem-

slups for heat transfer.

SECOND I.AW OF THERMODYNAMICS

i~The ‘second law of thermod) i mn‘ toth'e
eﬁ'ectthnt,lfanengme usl

, when the system is in ﬂmrmodynamlc ethbrxum
- '. C P57 =0 o

Experunental evidence indicates the above relah.on to be
v&hd for a.ny pure subst&moe At present, it is not poble

p such an tion of state from me-
cbmm:s Asa result, empmml equations with vs.rymg amounts
of th i sxgmﬁmnee have been proposed.

energy from a source at a-given temperature .7\ and dxs—
énergy to a receiver at a lower temp

The van der Waals equation is an equation of st.ate hnvmg

chiarging Ty,
there is & limit to the amount of work that can be obfmned
from-the conversion of heat into work, and this limit depends
solelyonthehempemhmoftheaourcemdthemver The
stat ¢ may be’ ‘,."hmdude ofmoxet.hmx
oné sotiree or sink, :
, A number of crollaries foliow from this statement: u

'lN e can be cﬂiuhanmmm‘bl

ating %?t:gxthmmm:u’;m “.?h B oeiineoper-

e efficien ~reversib
betvm these tm:ypemhne! is the' mmgges (cyuls) opemhns

theoreti 1 significancé. It qua.hmtlvely pmd.lm (.he
havior ofasubsfance but with hmlted mumcy -

(P+ —)(v -3) =T

The virial equahon, a power seriés type

terms of ‘the density and temperature eoe!ﬁaents, may be
used as an equation of state.

Pu-A+ + - 4o -~(;o_)

‘cdun:r

érori dueto

‘Anxdealgnsmthen\:leﬁnedas

- sence of experimental data is-the t of cor

Thefmodyhdamics:and- Refrigeration Cycles

.. An'advantage of this form is that statistical mechanics may
bemdumyms-ofpmd.\cnngtnesewnum umuu::ﬂi—

. “Th icists have tly d on the
gg& T or dmt.nbuhcn ‘function to detenpme the: virial
coefficients.® In! g I values of the

second and-third( rgoefficients'are shll preferred. For the more
dense fluid, gnanxhxgheroxderwmsmnmrywbmhm
neither be satisfactorily predicted from theory nor be deter-
mined from expenmenml measurements. In general, a trun-
cated virial expansion of three terms is valid for densities less
Mone—ba]fo(thevahmatchemhml point. For higher

‘dgnghea,addl‘oqaltermsmybeusedwhmhmbedmp-

mined empirically; as a result,. the theoretical implications
may be of h:tle walue, exnept for predicting trends
The van der. Waals’ equation, exprmed in vxrml form, be-

Jcomes -

(RTb - a) b’ e

z'+ ool an

3

ters to scale the surface of one fluid to the dimensions of

another. Modifications of this principle, 2s suggested by
Kamerlmgh Onnes, have been successfully used to improve '.he
atlowp

In practice, the conoept.s provide useful &ppmnmauons
and numerous mod.lﬁmhuns have been repomad in the litera~
ture. More for predicting property values
which reeognue the smu!snty of fluids is and their Po-T
properties are contained in” the literature on generalized
equations of state. These equations ordinarily allow for the
adjustment of the P-s-7 surface by the introduction of parar-
eters. An exsmple of this type of generalized equation, given
by Hirschfelder et al, allows for departures from the principle
of corresponding states by using two additional correlating
parameters,

PART ll: COMPRESSION
REFRIGERATION CYCLES
fri) jon cycle is one which continually transfers

. The Benm&Bndgemm equnt.wn is an empmca] q

‘of state that gives excellent results for densities up to ap-

proximately jone-half ‘of the critical densxty Expmd in
modified vim.l form it becomes: . :

BT -9
ot

(+B)——+

a

'.44-‘A.§l — afv)
B = B.,(1 - b/v)
e = c/vT?

A, g, B,, b, and c are constants.. - ;- i

The“Goefficients 'A, B, and -C are unique for each sub-
stance.¢

With the use of high speed computérs, equst.lons of state
that are far more complex have been. used with success-in
predicting P-o-T values, even to high densities. The Bénedict-
Webb-R.ubm ‘equation of mmu and the Ma.rhn Hou equa”

tign™ have had.considersble uss, rally are

densities less ‘than the eritical value Strobndge“"

sug-
gested & modlﬁed Bened.\ct—WebbRubm relat!ou that gives

therma.l energy from a regxon of low temperature toa mgmn of
higher temperature. The region of higher temperature is usu-
ally the ambient atmosphere or a space occupied by eco-
nomically available water. The two most common methods
used to accomplish thxs transfer of thermal eaergy are the

vapor cyele, d in- this see:
tion, and the absorption refri jon eyele, di d.in
Part IIL. i

By means of Second-Law analyses, the fol.lowmg will be
demonstrated in this section: (1) for a given refrigeration
load, the reversed Carnot cycle, havmg heat transfers through
neghgxble temperature chﬂerenea, is an ideal standard, and it
is the criterion for minimum leqmrements of work input to a
compression refrigeration’ cycle, (2) departures from this
ideal standard, such as fluid friction-of heat transfer through
a finite tempembnm d!.ﬂemnoe, will degrade available-energy
and will cause an increase in entropy of the universe, (3) such
departures require that the work input to the refrigeration
cyclebegmferthantheldmlmmmum It will be shown
ﬂmt tlus increased work mput. i3 equal to the product. of tha

of the" here and the i
entropy of the umvexse T.AS‘.-", which'is also equal to t.he
sum of the that are degraded by: (1) irre-

vemblhtles that are produced by the refrigerant in its cyelical
and (2) heat transfers through finite temperature

emperature; as”the pressure app d
becomes'independent of the sub ofthegns,mdtheﬁrst
vmaleoeﬂicxent.dm&;uatmn 10lsafu.nc ion'of wmpem-
Lutht-A
‘P00 !

P
Liinit T T -‘R = 1545 foot pound.s per (mol)

P—0 (Rankine degree) (13)
Théﬁnalequatlonmnlédbewnttenn s

z- B_T -1+24 8 St 4
The ratio Z is the wmprzsnbduy ]ador -
A useful tool for predicting properties of a fluid i in the ab-

differences.

THE IDEAL BASIC VAPOR COMPRESSION
REFRIGERATION CYCLE

The di for this refri eycle is shown
in Fig. landtbep—hand T-§ diagrams are presented in Figs.
2 and 3. At point 1, the refngenmt. leaves the evaporator as a
low p low p dry, d vapor and
enters the compressor, where it is compressed reversibly and
isentropically. At. point 2, it lwves the compressor as a high
d vapor and enters the
wnde.nser “where it is desuperhcaced and condensed reversibly
at constant pressure. At point 3, it leaves the coudenser asa
high pi d liquid and
enters the expansmn valve, where it is expanded irreversibly
and ad]abatwally at constant enthalpy. At point 4, it leaves

states which relate the pmpertlas of similar sub.s’r.ancm by
suitable reducing factors, that is, the P--T surface uf similar
fluids in a given regmnmmmedmbeofmmdm-s}mpe
According o van der. Waals’ principle of ¢or ding states,

the jon: valve as a low pressure, low wmpemmre, low
quality VAPOT | and entexs the evaporator, where it is evnpo-
rated p to the dry, satt

state at point 1. Heat transfer to the evaporator and from the
both- occur with neglible- temperature difference

the eritical point may be used to define the xeducmgpa.mme-'

between the fluid: emitting the .heéat- snd the fluid which
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