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Currently there is a small narket in absorption

refrigeration equipnent which is doninated by Lithiun

Bronide-Water and Ílater-Ammonia systems. To overcome sone

of the problems asaociated this equipnent an organic fluid

cycle has been proposed.

A computer model for a single stage absorption cycle has been

written which provides for optional selection of internal heat

exchangers, a choice of working fluid pairs and the

eelection of systen operating parameters. Fluid properties

are calculated using the Peng-Robinson cubic equation of

state. Tables of pure and nixture fluid properties can be

generated as well as syetem analyses from both the First and

Second Laws of thernodynamicg

In the working range of the cycle fluid properties, other

than liquid entropy, eúere generally within 5 percent of
published data. The second law analysis revealed that
absorber nlxing and the distillation column availability
Iosses (irreversibilities) were large and unavoidabte.

Coefficient of Performance (COP) was used to assess systen

performance and 0.35 can be talcen as a typical COP value for
a cooling cycle under Adelaide conditions. t{hen conpared

with a comnercially available Lithiu¡n Bronide system the

organic cycle COP was l5 percent lower. In the heat punp

uode heating COP's of I.3 and above were predict,ed.

These results are conaidered encouraging enough to warrant
lnvesting the addltionar tine required to exhaustively
investigate the cycle and optinise its design.

VI
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INTRODUCTION
currently two types of equipment dominate the established
absorption refrigeratÍon technoloBy. For evaporator
åpplications below t1 deg C water ammonia systems åre rr5,e,d.

usurallyt for domestic systems, heat is rejected throlrgh eì

refrigerant to air heat e>rchanger. Forty yeàrg aqo in
Australia these systems were! common as holrsehold refrigerators
whereas nowadays their apFlication is largely confined to the:

Ieisure indr-rstry eg gas/electric powered carÀvan refrigerator-
where portability and flexibility of energy sr-rpply ig
i mportant. The Li thi r-rm Eromi de - hlater system i s utsed i n ai r
conditioning àPPlications where evaporator ternperatlrres are
usually Ín the range 3 deg c to B deg.c. However, here heat is
utsuralIy rejected via e water cooled cond*n==r and absortrer.
chilled water is produced in the evaporator to effect the air
condi ti oni ng f ltncti on and cool i ng water i s reqlri red to remove

the rejected heat. These requrirements generally confine the
use of lithium bromide - water eqr-ripment to larger commercial
systems. E>lamples include the use of exhaust and cooling u¿ater

heat from gas and diesel generating setg and the Llse of off
pealt or off season steam. A few solar powered systems haver

been installed (g).

t¡lhen assessi ng Èhe vi ahi I i ty of thi s eqr-ri pment conrpared wi ttr
mechanical våpour compression machines it is necessaFy to
ertrcoLrñt for all costs over a lif espan and not jurst costs based
on coef f icient of perf orrnance (COp).

For cooling the coefficient of perforrnance (coF) is defined aE

2



Useful cooling effect
coP

Heat i npurt

Howeverr å5 this report is concerned with {undamental technical
aspects of the cycle ECIP has been chosen aE the prime measure

for compåFison rather than rife cycle cost. A typical lithium

- bromide based air conditioning system trOp is (r.g (??) whilst
Iess than this can be enpected of an ammonia water system

operating with a low temperatLrre èvaporator eg -l(r deg C.

other factors which 6erve to limit the åpptication of this tyFe
of eqr-ripment are, in the case of lithium - bromide the
po=sibirity of solidi+ication and, for amrnonia - water,
to>:icity, flarnmability, corrosion and high manufactutring costs.

As early er L?49 (B) reEearchers wEr-€r investigating the
characteri sti cs of al ternati ve bi nary' mi r:turres i n ån ef f ort to
improve system performance bltt despite this the two

abovementioned systems remain dominant. Durring the late LgTt-t'=

Dr J' R. Roach of trre crremical Engineering Department of the
university of Adelaide (17, began elrperimenting with organic
based binary mi¡:turre systems because they of f ered low

toxicÍty, freedom from the crystalti=ation problems of lithilrm
bromide and the possibility of sub-=ero operation either for
low temperaturre ref rigeration oF for Llse in a heat-plrmp mode.

In addition they can Lrse the existing well established

materials and methods used for conventÍonal mechanical våpoLlr

compression systems.

EarIy elrperimentation demonstrated that these organic systems

could be used in an absorption cycle and this project was

for-rnded with a view to detailing cycle perforrnånce. The aims

of the project have been gror-rped lrndeir three broad headings

3
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Fl uri d property esti mati on

a) To represent in e compurter thermodynamic and other
rel evant properti es f or combi nati ons of organi c f I r_ri ds
considered as candidate worrring fIr-tids for the
absorption cycle.

b) To produrce enthalpy concentration diagrams for
these f Ir_rids.

Absorption system analysis

a) To create a complrter moder of the system with the:

ability to nominate a Fånge of operating parameters,
operating f Ir-rids, and combinations of i nternal heat
ex changers,

b) To provide å first law en.'rgy balances for the system
and to determine perf ormanc=! data surch as F.,h¡er irrpurt
and COP.

c ) To provi rJe second r aw anal yses wh i ch i I I urstrate the
energy ef f i c i ency of the var i olrs components.

Opti mlrm desi gn

To estab l i sh e system conf i glrrat i on and as=oc i atecj
mi >rture whi ch approaches opti murm perf orrnànce gi ven the
norrnal constrai nts app I yi ng to slrch eqr_ri pment .

Three methods were considered for the geneFation of fIr_rid
property data namery, tabres, ='pecific empirical equrations and
å general i =ed equati on approach. The peng-Rob i nson cr-rbi c

equtation of state h¡as finalty selected becaurse it offererj
acceptable accLlracy and manageable programming f or both pLrre

st-tbstance and mixturre properties. Most p..lre and mixtrrre

l.



Property values cÀlculated f or vapoLrr h,Err.e within E percent of
pt-tblished data but liquid property vallres, in particurar liqr_rid
entropy, sometimes e¡:hibíted errtlrs around lo percent. Eoth
enthalpy and entropy data were generated so that the
thermodynami c property of avai r abi r i ty (e>rergy) cor-rl d be

calcurlated for use in a ,second law analysis,.

The absorption refrigeration cycle computer model was developed
and the property data utirized was derived from the Feng-
Robinson equtation referred to above. Traditionally analysis o{
sutch systems has been conducted using the first law of
thermodynamics althor-rgh two ref erences h,ere f ound which used

the second law for e single set of operating conditions (rr17).
It wEs decided that a second law analysis shourld be a part of
the model in ån effort to establish which components or aspects
of the system w.,r.r the most wastefr-r1 of energy. This was

achieved and in addition to being able to select working
flt-tids, heat er:.hangers and system operating parameters, it is
possi bl e to cal cr-rl ate the avai r abi r í ty r osses through the
various cycle elements.

Er:perimental data from ån early model prototype test wås used
to check the program and, for r.ElrþJ of cooling, the computed

Power inpr-rt to the reboiler was ?.53kt¡l while the measlrred valne
was ?.41*tll. The reslrlting COF vallres of r_r. SB (predicted) and
r-).61 (measured) respectively w.,re considered an encourraging
resurl t.

Using equations developed by Teja
law concept of COF it is possible

(SE) and the first
the er:pressi on

and Roach

to derive
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D

coP COPç¡u¡¡or -

where D = Aveilabirity ross (or irreversibirity)
Qc = Absorptlon system inputt

To = Temperature of the environment

Tø = Temperaturre of the evaporator
using this equation it Ís possible to calculate the system coF

by subtracting the sum of the irreversibility components frorn
the Carnot CoF- The smaller the irreversiblity values are, t-he

closer the actual troF is to the carnot value. Taking this to
the limit, i+ D is zero, then the operating cop eqr_rals the
L-arnot trtrF. of coLrrse in practice there must always be sorne

avairability loss and therefore the cop can neveF eqnal the
carnot coP. By separating this availability loss into
avoidable and lrnavoidable components ån assessment of the
potential for COP Ímprovement is possible. For er:ample, the
availability loss t¡hich occLtFs in å heat e>rchanger dlre to the
temperatlrre difference between the streamg is, in theory at
Ieast, avoidable by virture of heat exchanger design whereas the
availability loss through mixing of streams is not.
For all the systems tested the sum of the distillation column

irreversibilities and the irreversibility of mir:ing in the
absorber wås always dominant, even thourgh adding internal heat
exchangers prodltced some reductions overall these two Iosses
remained dominant. An extengive investigation of the topology
of aIl possible systems including murtistage evaporator-
absorber combinations and mlrrtÍple colurmn combinations is
considered to be beyond the scope of this thesis.
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Aside from assessing the ímportance of systern variabres
heat er:changer approaches the computer model offers the
possibility of investigating the cycle perfoFmencË with
number of working flr-tid pairs. only two mi¡¡tures have
con--i dered here : -
Di chl orodi f I uroromethane (Rl?) -

Eoth cooling and heat p.-rmp systems have been considered
for the heating mode, if aIl the heat rejected from the
is r-rsed for heating the trop can be significantly greater
onc? (abor-tt 1.3).

Tnichlorotri f I uoroethane (R1 lS)

and ChlorodÍfluoromethane (R?A) -
Tri chl orof I lroromethane (Rl I ) .

Their performances h¡eF.r found to be significantly different.
This sLtggests that ån e>¡amination of other pairs co.rld lead to
system improvement. The R1?-Rl l3 combination consistently
produrced higher cop values for the såme ambient and evaporator
conditions becanse it has a higher Earnot cop capability.
Despite this higher value the Rl?-Rl18 system cooling coF was
still t=r\- lower than a commeFcially avaílable Iithir_rm
bromide-water air Êonditioning chiller for å typicat single
stage system.

slrch ås

a I arge

been

and,

system

than

It shor-rld be noted that the boiler heat inpr_rt varures lrsed

thror-rghourt this report are nett valures and do not incl..rde a

heating so.-lrce eff iciency (eg å gas r:ombr-rstion eff iciency).

It is not possible to optimize the overarl systern design based
on coF alone- whetrrer or not these absorption systems are
econornically viable can only be determined by an appraisal
which talres into account such f actors as f r-rel costs,

7



manltf àcturi ng ccts;ts and the COP vari ati on due to changi nq I r¡a6

requtirements. Ambient temperature changes significantly a{fect
the COP and therefore the importance of temperatlrre variations
--hourld not be ltnder-egtimated. For ân evaporator tem¡reratrrre

of åppro):imately 7 deq c the cop for cooling variecj from

åPPrc¡liimately (l.E for en air cooled condenser operating at a

condensing temperatutre of 48 deg E (ambient air temperature of
38 deg c) to above 0.6 for å system using condenser cooling
water at 3tt deg c. To make a meaningfr-rl assessment of the
situation it is proposed that furrther worlt inclurde driving the
modelling program by some optimization program which taltes
accolrnt of these seasonal variations åEi well es considering
economic- criteria.

Even though this work has not conclursively shown the viability
t:l- otherwise of the organic absorption systern it has

demonstrated å method of system anal ysi s and that prototype
modelling by .otol,a"t Ís f easible. Fr-rrther worlt is recommended

and it is sr-rggested that it be divided into f our broad areå=,: -

I ) Investigation of an extended range of binary mir:turres.

?) Simr-rlation of prototype perfoFmencE.

3) Investigation of alternative system configlrrations
inclr-rding mr-rltistage evaporator/absorber combinations and

multiple colurmns.

4) optími=ation of design by assessing costs and performance.

For the mi¡rtures tested the trop was lower than for e>listinç
Lithium Bromide water systems and therefore, on e troF only
basis it is considered urnlikely that these wourld be able to
captlrre the e>risting cooling marJ<et. Br_rt it is possible that e

marltet er: i sts, parti cr-rl arI y f or heati ng, f or systems whi ch cån

8



LtEEr low grade heat with refrigerant to air heat e>rchangers es

wel I as of f eri ng I ow tox Í ci ty, slrblGrFcl operati on and

construction from components already e¡rtensively used in
mechanical vapoLu- compression equipment.

I



CHAPTER, 1

Nomeuclature

A = Peng Robinsou congtant
a : Peng Robinso¡ constant
B : Peng Robinson constaut
b : Peng Robinson constant
c - constants
Cp = Isobaric speciñc heat
f : fugacity
H = euthalpy
h : enthalpy
D : Dümber of unknowtrE
P = presEür€
R = universal gas coustant
S : eDtropy
T - temperature
v : specific volume
x: coDcentratiou
I = compreasiblity

æ : Peng Robinson conetant
ó - Peng Robinson interactiou coefficient
ø : Acentric factor

Subscripts
c : critical
R = reduced
i : component
j : compouent

Superscriptg
o : ideal gas state

10



FLUID FROPERTIES

l. I Fropert Y cal clrl at i on methods

Three methods h,Err=' considered for the generation of the
f ol I owi ng plrre and mi ¡: tlrre propert i es:

Enthal py

Entropy

Densi ty

Fr_rgaci ty

Avai labi I ity (er:ergy)

Eompressibility

l"lethod l: purbl i shed data and tabl es

The use of interporation or trLrrve f itting on purbl ished
thermodynami c tabl es h,àE di smi ssed thror_rgh l ac* of
comprehensive data- For pLrre ref rigerants sofne 35 tables
were f ound (r) br-rt only 2 re+érences weFe f ound Í,,r non-
azeotropic binary mi¡ltures, one for refrigerants l.rElrr rE?a
(1rl) and the other for Ammonia E{ water (?). A search f or
equations used to generate data yielded a similar resrrlt. A

f ami 1y of equrati ons by' Downi ng ( r4) i nct uded p.-rre

refrigerants ll, l?, 13, 14, ?1, ??, ?8, 113, ll4, S{¡(¡r SC,?

and c'l1E br-rt no stri tab I e eqr-tat i ons well.e f ournd f or mi r: tlrres.

Method ?: Hybrid of published pLrre surbstance
Van Laar eqlrati ons f or mi xture vapoLrr_l i qr_ri d

data and the

equrilibriurm.

lt



This evolvecj f rom method I in that it was thor_rght that the
lack of mi>:ture data courd be oveFcorne by using somEr

general i zed approach. usi ng the purbt i shed pure srrbstance
data and the activity coefficient approach discussed by Nr_rrl
(2ó) vapour-I i quri d eqlti I i bri um cjata wÀEj f olrnd. Thi s method
was plrrsued (Appendi¡r B) and some enthalpy concentration
diagrams for Rr?-Rrr3 were produced ursing the Van Laar
eqrrations for liqr-rid phase activity coefficients and the
Peng-Robinson equration of state for the other thermodynamic
properties based on p-v-T data. This method was abandoned
because data was restricted to substances with detailed
thermodynarnic tables (properties at low pressu,.e= h¡erEr lrsed
in Van Laar equrations) and the prograrn reqlrired
inconveniently large input files.

Method 3¡ Generalized Equation of State

Ey r-rsi ng an equrati on of state f or at r properti es i ncr urdi ng

vapour-l i qui d equri i i uri,m a consi stent approach conl d be
obtai ned f or å l arge range of surbstances wi th mi ni mar i npr-rt

data. Reid et ar (gr ) craimed good actrLrråtry f rom the
Benedi ct-t¡Jebb-Rubi n equati on , however, i ts use was re jected
on the basis of lacl< of data for some refrigerants and its
trornple>:ity for prcrgràrnming. clrbic equrations of state w.ìre
considered next because it had been demonstrated by

Asselinealr et al (4) that the soave Redlich l,lwong (sRl,l)

equation gÀver acceptable engineering data for refrigerants.
This approach h,å=' reinforced in an articre (rr) on cutbic
eqltat i ons of state i n whi ch i t was concl r-rded that ', A

practical balance must be strucl; between åccuracy on the one
hand, and simpricity and generalizabirity on the other, The
ct-rbi c equrati ons, despi te thei r short comi ngs r meet thi s

12



regl-li refnent

It wås decided to try the new=F peng-Robinson equration (?B)

rather than the sRl: becaurse the authors claimed that ,, it
(the eqrration) perf orms as well as o,. better than the sRl,r

eqlration in arl cases tested and shows its greatest
advantages i n the predi cti on of l i qr-ri d phase densi ti es ,,.

At the ti me, lgBl r ñE pr-rbl i cati ons co.rl d be f onnd on FR

generated data f or organi c ref ri gerants thr-rs mal*i ng i t ån

opportnnity to test the Feng Robinson claim by checking FR

resltlts against the Asselinealrs sRl.: data. It is interesting
to note that other researchers had simirar ideas. Mesrrer-
Lesavre et al (34) pr-rbl i shed (bef ore thi s work wàs cornpl ete)
FR data and described the equations pFrf .,rmånce ås ,,f air,,.
AIso otakake et ar (?7, craim that of the sRþí, Redlich r.rwong

soave Flrl l er , Eeni di ct webb Rr-rbi n Ni shi r-rmi , The combi nati on
and the FR equrations "the FR is the most suitabre for
sltperheated vapoLr's as wel I as flressLrri zed r i qr_ri ds,,.

Concl lrsi on

o+ the f, methods the equration of state approach used the
I east and most general i npr-rt data r às wel r ås of f eri ng an
acceptable äcËLrrÀcy overall. Appendix F shor,¡s final tabres
of calculated pur'' substance data white appendir: E shows
cornpaFi sons wi th pr-rbr i shed var lres. The atrcLrracy i s
considered to be acceptabre and as good as that which
Assel irrearr et ar gained f rom the sRr.í equation. (see Appendi:r
D for å compaFison)

lt

l3



1.3 Plrre slrbstance:

Dichlorodif 1r-roromethane (Rl?) was used to pFove the pLrre

slrbstånce caI clrl at i ons.

The Feng Robinson eqlration of state is

D- RT a
u-ö(r u(u * r)) +ö u - ö(r) (1.1)

This basic equration (?B) expressed in terms of
compFessibilit_y factor is

2s - $ - Blz2+ (.4 - sB¡ -zllz - (AB - pz- Bs) = 0 ( 1. t)

where

( 1.3)

( 1.4)

( 1.5)

(1.ó)

(1.7'

B=

,=#
o(T) = a(T,la

o--r+æ(r -rÆ)'
ö(1) = ö(ul)

(1.8)

In equation 1.7 K is å constant for each snbstance and

mây be determi ned from

æ = 0.37464+ L,54?,2e" -O.üig,92u' (1.9)

where u, is the acentric factor.
This correlation, by peng g( Robinson, between K ansr

acentric factor was determined by establishing vapour-Iiqr_rid
equriIibriurm lrsing Ît = lu . rnitially e rÂnge of K h,ås

determi ned f or each surbstance by compari ng elrperi mental and

cal crrl ated satlrrated FFessLrFe val ues f or a gi ven

tt.



termperatLlre. F'eng E¿ Rob i nson then used equrat i on L .7 to
lineari=e the rerationship. This in turn estabrished rc.

Finally, to generari=e the application of the equtation, K

was correlated to the acentric factor which yielded eqlration
1.9

InitialIy eqnation l.g wae lrsed to generate saturated data,
however, it wås reåsoned that by nsing the peng -Robinson

"epproach and mi ni mi si ng the elrFoF between cal curl ated and

selected eliperimental data a value of K could be generated
for each substance rather than rely on thøacentric factor
correlation. (Note Mesl<el-Leasavre (?4) did this too) This
*BE done and eqltation 1.lr was discarded. Figurre r.l
i I I urstrateg how the predi cti on of satlrrated data i s af f ected
by K- convergence f or the ser.ection 'of K wås based on

pFesisLrFe by minimi=ing

SDl =
øled - puila¡z

n-l ( 1. lCr)

for a rånge of temperattl! esi between

or the freezing point and the lower
C. See Appendi¡l A for detail.

the higher of

of T critical
-4Cr deg tr

or z(r(:l deg

The a (Tc )

generated

1. 1 thus

and b (Tc ) val ues of equrati ons 1 , å and 1 .El ere
by sr-rbstitr-rting. critical conditions in equration

o(4) = o.457252B'g
P"

ü(4) = o.oTrtl:
Z" = 0.3074

15

(1.11)

( 1. r?)

( 1. l3)
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These critical constants may be checl::ed by equrating the
second derivative of eqlration l.? (corresponding to the
point of infle¡:tion at the critical condition) to =ero.
From equation 1.1 tl = I -gZ (1.14)

Sr-tbstitutting 7c = C).3C¡74 in equation 1.f4 yields

B = (r. ö778

Rearranqing 1.3

A= -Zt + r-B z' + z@Bt + 2Bl - B,+BS
-B

Substi tr-rti ng f or B and Zc yi el ds

fl = C¡.457351

It is worth noting that the set of constants given in the
original FR purblication of 7c = Cl.SClTr B = e.Cr77A and A

= Cr.437?4 did not satisfy the above eqr-rations and that
later publications (11) used the såme set as wes derived

here,

one of the featurres of cubic equations of state is their
f i xed cri ti cal condi ti on. Thi s PR Z val ure of Cr. 3C)74 gel dom

coincides wit,h the actual vallre (viz Rl? = Cr.?76) and

therefore must be in error. No attempt was made to
sltbstiturte the correct value because the small latent heat

vallre neeF the critical region made refrigeration system

operation in this ärea undesirable. rt wås; essentiar thourgh

that the algorithm operate np to and throurgh this critical
region' occasionally a "gLresË" generated in an iteration
was qlrite close to the critical point, well away from the
system operating condition. This gometimes led to
compurtati onal di f + i cr-rl ti es. l¡Jhen the curbi c yi et ded E roots
bt-tt onl y I was real , progFarn executi on termi nated. Thi s

17



failure to get both a liqurid end a våFoLrr root was overcome
by the definition of å "dead Eon=" around the critical
point. Inside this =onen which wÀs sFecified in terms of
Eel si ns degrees, the cri ti car properti es wElre ursed. The

I argest rone wi dth wÀs Cl.7 treI si us degrees.

Figr-rre 1.2 ilrlrstrates the nature of the eqlration. A wide
flat rone develops es the cubic approaches the point of
inflexion. The fotrowing points l.z. r to r.?.6 ocrtline the
basis lrsed f or the calculation of each property.

1,?. I Satr_rration PressuFe

For a given temperat're the saturation press.rre was

determined by the conv-'Fgence of the våpoLrr and riqr-rid
fr-rgacity vaLlres.

1.3. ? Cornpressi bl i t Y

T compressibility is evaluated directly
1 . 5 r-rsi ng the speci f i c vol ume val ne f rom the

Appendix A shows the derivation of

n{=z-t-In(z-B) - 2rnB

f,inowi ng P and

f rorn equati on

PR eqr-rati on.

1. ?.3 Fr-rgaci ty

Ey surbst i tut i ng

value of Z into

A
ln ( 1. 15)

known values

equation l. l5

andTandacalclrlated

f lrgacity cån be f ound.

ofP

the

18
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1.3.4 Enthalpy

Rei d et al (31) propos¡er å 3 stage cal curr ati on f or enthal py

Stage I

Evaluate enthalpy departure at

f rorn saturated I i qr-rÍ d to i deal

T. (eqLtation 1.16)oåE Llm

gas state.

E-Eo--Rr(z-r)+ Wn (
z +2.tt1B
z - o.tt{B

( 1. l6)

( 1. 17)

( l. 18)

)

(See appendi >l A f or aI t departurre deri vati ons)

Stage 3

rntegratet with respect to temperatLrrer, the Epecific heat

capacity expression for the ideal gås state. A cubic

specific heat capacity eqltation (eqlrn t.L7) was taken from

Reid (31) with constants from the same reference es welI as

some derived from data in ASHRAE (?).

c3 = c1 * c}T + c2Tz + clls

l:" c3 dr -- t+ . + . + *,,,1',,.,

Stage 3

At T = T=y=t"m evalurate the enthalpy departlrre from the

ideal gÀs state up to the system pressLrre. Graphicatty on

P - T diagram these 3 stages may be Fepresented thurs.

À

20
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V
P

1.2. g Entropy

As with enthalpy

as the datum weç¡

3
1

2

pFoceEis wi th saturated I i quri d

departure wår given by

s

T

à 3 stage

ursed. The

.9-So= nffi|-Rhz+*Rh v
w (1.19)

( l. ?Cr)

and by the specific heat equration integration for the ideal
gas state

lo,
cl flAS=

3
. "+ * c3r2 + crlnr]

T

t ¡tl

l. ?.6 Latent Heat

For a given temperatnre the ratent heat wa=, tar,;en å=, the
dif+eFence between the riquid and vapoLr- isothermal entharpy
departure from the ideal gås state to the pres=,LrF.r under
consi derati on as complrted lrsi ng the pR equrati on.

1.I Ei nary l"li >lturres

Like most clrbic eqlrations of state the FR equation copÉrs

A



with mi>rtlrres via mi>ling rurles and B coefficient which is
peculiar to à pair of substances. Mi>rture properties are
sensitive to the vallte of the coefficient and therefore cal.e
shourl d be taken i n i ts eval lrati on. Val utes f or the Feng-
Robi nson constants a (T) and b (T) h,e'e talren di rectl y f rom

the ori gi nat purbl i catí on (zB) . Appl yi ng these rlrl eg to a

b i nary rni x ture yi el ds

where

ø(Tln: (l - ó¡2) c(f)r o(Tlz

For the mi¡:tlrres listed below the
coefficient 6 was determined

between calcurlated and pubtished

a'¡t : xl a(Tl, * 2 x¡ x2 o(Tl¡2 + rl a(Tl,
ôni¡ = r¡ ô(T), + 12 b(Tl"

( 1.21)

( 1. ??)

( 1.23)

binary interaction

by mi'n i mi 
= 

i ng the error

data

Rl l

R12

R1?

R1?

No e>rperimental data colrld be found for ån Rlz Rllr mi¡:ture
and so the reglrlar solr-rtion data shown in Appendix B was

used- For all mixtures the saturation présslrre data
generated from a given temperature and liqurid concentration
was compared to purblished data using

rni x tlrre

R 1381 Rl5?a

R13

R153a

Rt3

R?3

SD3 El ('!l#trtô'r)'
("-l)

val lres wh i I st append i r: E shows aI I dat a.

reference

( lr-r)

(?4)

(?9)

(25)

( 16)

Table 1.1 shows the 6

22
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1B

lCt

??

t4

o. o14

c,. olå

o.o11

o.053

o. 013

o. Öê9

R1381

Rll

R12

RI?

R12

R1?

R15?a

Rt2

R15?a

Rl3

R2?

R113

6No
Pts

SD?Mi >:ture

Tabl e 1. I
(Note: SDI is based on saturation pressure)

For saturati on Frres'ure t comp,-.rssi bí I i ty, enthal py, entropy
and latent heat calcurlations the pure property eqlrations
were nsed burt with mi>lture values of z. In the case of the
specific heat capacity integration for enthalpy (and

entropy) a simple rnolar proportion of the pr_rre valnes wes

used
lî ¡î

tr,.rl"íl^., dt : 
"t lr,,rr"ir, dc + ,, l',,r{c;1" a,

The fr-rgaci ty coeff icient wa=; evalr-rated after configr_rring the
bi nary mi xturre vi r ;publ i shed eqr_rati on f or À

(1.?4)

Note: In equation L.?4 properties withourt a subscript are
mixturre properties calcurlated from the main FR eqr_ration br-rt

with the pure å and b constant vallres repraced with the
rnixturre values determined from the mixing rules (eqr-rations

1. ?1 and l. ??) .
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I. 4 Sr-rbcool ed I i qr-rid properties

For subcooled liquid conditions the pR eqr_ration sometimes
yields a meaninglegs negetive root instead of a valid tiqr_rid
vallte. To overcoÍle this discrepancy in the carclrlation atI
st-rbcool ed I i qr-ri d cal clrati ons h,ere treated e=, satlrrated
condition calculations at the temperaturre in question. The

eFroF i ntrodr-rced by thi s was consi dered i nsi gni f i cant. For
eliernple the e'.For in enthalpy between Rl? liquid at
saturation pre='sLrre and éo deg c and liqr-rid at the sðme

pressure and 4Cr 6.n C i s I esg than one percent.

1.5 Surperheated Vapolrrs

A vapolrr root was

slrperheated val ues

våpoLlr poi nts was

tables in Appendi>:

enthalpy revealed

For e'xample Durpont

and 30 degrees of
?24.6 I<J/kg.

found from the PR clrbic for

tested. No detai led checlt

conducted, however, al I pure

show these data and spot

a typical accLlracy of arournd

data gives ?51 J<J/Jtq f or Rl?

surperheat and the calcurlated

aIl

on strperheated

ref r i gerant

checks on

3 percent.

at 9=9 l':Fa

vaI ure was

2t,



CHAPTER, 2

Nomenclature

a = activity
B = availability
D = irreversibility
F=flow
f = fugacity
II = enthalpy
Q = energy
n = mols
s = entroPY

Subscript

A = absorber
B = bottom
C = condenser
D = distillate
E = evaporator
F = feed
G - generator (boiler)
i = component
i = internal
L = liquid
o = datum
p = pump

9 = ener[ry across boundary
R = reflux
V = vapour
y = relates to internal subsystem
z = relates to external system

Superscript
- - partial property

25



AvailabiIity, the Second Law and the Absorption cycl e.

l. I The second law and the closed systern

By using the approach to second law system analysis
developed by Teja and Roach (sE) it is possible to write ån

availability balance equation for an absorption cycle where

only heat and work cFosE the system boundary.

consider the absorption refrÍgeration cycle shown in
figure ?.1;

Heat i npr-rt to the boi l er (El6) Fowers the di sti I I ati on

col umn.

Heat ig rejected from the condenser (Gtc) to the
gurround i ngs.

- Af ter throttl i ng to å I ower pF.rss.-rre heat (G¡E ) i s

transferred.from the medíum being cooled to the
boiIing Iow temperatnre refrigerant,

Heat is rejected from the absorber (GlA) to condense

the two phase rnir:ture f ormed when the ref rigerant
vàFoLrF f rom the evaporator is mi>:ed with the bottom
produrct f rom the di sti I I ati on col umn.

- A work inpr-rt (t^Jp) is required to purmp the feed f low

i nto the col lrmn.

several internal heat exchangers rney be employed br-rt only
oner the preheater, is shown here. If a bolrndary is drawn

aroutnd this system the availability balance eqlration may be

written thus¡
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T. Qo"

I

\ I
t

1
T. TvaI \- -/

w

=D

l¡l = work supplied to the system

'q,('-f,)-* (=. Ð

= the Carnot worh equivalent across the
bor-rndary due to the transf er of @=- lrom ån

adjacent system at temperatnre T_ with
respect to datlrm To. If the boiler heat OC

is transferred at boiler temperature Tq and

the evaporator heat OE at TE then

('-ä) -ec(,-A)
= total system irreversibilities,

Note: If heat is transferred äcFos= the boundary at the
datutrn temperature there is no carnot wor[< Àssociated with
it' Assuming Glc and Gr¡ have been transf erred at ro, then

o"('-æ

¡e.(r -?)

D

o

I+ irreversibilities Àre considered a=, available wor[r which
has been degraded to thermar energy at ro withor-rt produrcing
utseful work then equation ?. I states that the total
avai I abl e work mi nlrs the lrsef ul worrt done mlrst equar the
total system irreversibility.

l.? The absorption r ystem ån d the Earnot cycle

It is possible to represent the ideal absorption cycle às a

)-c"(,-ä)

28



To

r
Carnot engine driving å Carnot heat pLrmp (Eê)

w

Q,

According to the second law the maximltm possible or-rtpr-rt

of the.carnot engine (l¡J) operating between TG and ro is
given by (36)

w = o"(r- þ)\ tc/ (?.?)

Si mi I ar I y the mi n i murm wor k requi red by the heat pLrmp to
raise Gl- from TE to TO is the carnot work

Qe

w o"(#-')

Defining coefficient of performantre as;

coP Dncrgy
Energy input

translerred Qø
Qc

Ts (Ta - Tol
Ta (To - Tal

(?.3)

(3.4)

sutbstituting equrations ?.? and z.s in the troF expression
yi eI ds

COP =
('- fÊ)
(ä-')

=

29
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Equation ?.5 represents the ma>rimum cEp possible from en

absorption system.

2,3 A relationship between Carnot and actural COF

Rewr i t i ng eqlrat i on ?. L

D

Dividing thror-rgh by Gt6 and Eubstituting from z-4 gíves

o'(' -æ) -e,,('-ä) -we

coP('-æ) -('-æ)-w

Wp

D
Qe

Therefore

Qc
+

æ
D

Qc
*(r- )COP

COP =

(

(?. ó)

Wp
+

Qe Qc Te (Tc - To
Tc (To - Te)

D

Ignoring the work term because it is typicalry a second

order effect

TB (Tc - Tol D
Tc (To - Tal - q"(h -')

Sr-rbsti tutti ng f rom eqltati on 3.8
D

copotnuor _ 
*
,n¡tE

coP

30
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This meåns that a system cop may be calculated two ways,

either by å first law energy balance approach oF by

subtracting the system irreversibitity from the Earnot cop.
The two results may be compared and by e>:amining the
individual irreversibÍlity terms in equration ?.7 it is
possible to establish which pFocesselsj cäLrses the largest
departlrre from the Earnot value.

7.4 System irreversibitities

For convenience system irreversibitities may divided into
two types., boundary and slrbsystem.

In ?. 1 the overall system wae def ined sr-rch that only thermal
energy and worlt crogsed the boundary, If losses associated
with the work transfer (the mechanical Fump) are ignored
then the availability losses associ"t=o with the bolrndary
will be carnot work rogt due to thermal energy passing
åcFoss the bcurndary from one temperature to another with nc:

useful work orrtput- (see equation ?.1) For this analysis it
has been asslrmed that arl boundary heat exchange takes prace
at constant temperatLrF.r. If this was not the càse ån

integration along the heat exchanger surface wourld be

nEcessàry.

Irreversi bi r i ti es occlrri ng i nternal l y rnay be deal t wi th by
defining internal slrbsystems. Many of these subsystems
involve streams as welr as heat trans{er. using the sem.r

representation as ?.1 and including streams yields the
equati on
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ãltZSlream¡

B¡

KEt

PEt

\
Ts QoY

D

Strcam2

B2

KE2

PD2

(=.Ð

w

-AA +ÐQz -w-A(KE+pEl(
where B is the stream availability function which may be

evaluated by selecting a daturm and apFlying the following
(35) equation

B (T, P,x:l (E - IIol -To (8 - so) * Ðn¡ (RTstnoil (?.9)

By replacing the activity term with a fugacity expression it
is possible to evallrate ?.9 with data from the Feng-Robinson

equation. The f ol lowÍng f ugacity term.s h,ere developed f or
the S possible binary mixture conditions.

Liquid phase only

Rc[",r" (Ð +,'tn(Ðl
Vapour phase only

Rnþ,,"W)*rstn(Ðl

Two phase

nTo a¡ln * qln Irz
,olzt

Appendin F ghows availabiIÍty values {or pLlre refrigerants.
Due to the absence of pr-rblished data no checking wås

possi bl e- At I that can be sai d i s that accLrracy i s

dependent on the data generated by the peng-Robinson

eqlrat i on . No dor.tbt the I i qr-ri d property val lres woul d

contribute the greatest error, Ín particlrlar liquid entropy.

(H) )(

n



process

It shor-rl d be noted that avai I abi I i ty changes across Ër gi ven

procesE; ål.Er dependent on the datum conditions. Eonsider
some arbitrary heat e>rchange procesg using a pllre slrbstance.

1 2

Bt-Bt
from equation ?.1

An irreversibility

hot stream (81-B?)

^B=

otrct-u-s; when the

is greater than

33

(år-2:Sr) -(ho-T"so)
(hz'T"Sù-(to-?îs,)
(ä¡-z\&)-(r,r-r"sr)

Br

B2

ABzro"rro

Here the datr-rm ho- To Sovalues cancer and AB depends only
on the enthelpy and entropy at the two conditions and the
datum temperatLrre. Therefore i+ the =;ame process is
considered (same h¡ rh¿ viz sårne temperatures and presslrres)

for two different availabirity datum temperatlrres (same

datum pressr-rre) AB wi I I have di f f erent val ures. Thi s

meånr that it is ntt possible to prodlrce a single general

table of availability valltes as it ig for say enthalpy;
there has to be a separate table for each ro varure.

An er:ample of a subsystem irreversibiríty is the loss in
availabitity through the streame entering and Ieaving a heat
e>:changer. The contra-flow heat e>:changer er:ampIe is
treated in rnåny textg (å)

B,

Er Bs

Bz

avai I abi I i ty I ost by the

the avai I abi I i ty gai ned



(84-83) by the cold stream. In terms of å temperaturre
profile for zero availability loss to octrLrr both profiles
woutld have to be coincident Íe matching profires with no

approach. rn =;LrrnmeFy at I the i nternal heat e>:changers have

the possibf ity of inclrrring irreversibitities.

Now epplying equation ?. B to f ind the individr-ral subsystern

i rreversi bi I i ti es:

EvaÞorator

consider that the superheating at the evaporator e>rit is
negligible and therefore the refrigerant
temperatlrre/pressure will be constant at saturation
conditions (TE). on this basis the Earnot term can be

wri tten

Qe I

Dpvtn = Qe - Fp(& - Bal

To

r, )

This represents tf-r= Earnot worl< required to lif t GIE f rom

Apptying eqlration ?.8 to the evaporetor in f igr-rre ?.1 we

T= to To

get

where DBvapí= the total evaporator irreversibility and for
cooling the temperature of the adjacent system T= ís TE

Eondenser

Assume slrbcoolíng and superheating to be zero and that the
f luid is at the daturm temperature.

Dcoxo = -(Fo+fn)(Bs -Bo))

where the snbsystem temperature ty adjacent to the bolrndary

l5 To

3t'.



Absorber

In the case of the absorber usually a two phase mi:¡turre

resutlts from the mixing of the bottoms and distillate
streams. The f eed .concentratíon is f ar f rom being e FLrrEr

substance and therefore a temperatlrre change can be e:.rpected

throurgh the heat exchanger. However, if the mixing and heat

er:change pl-ocesg¡ are combined it can be arguted that the heat

of mixing may be removed ar it forms with an isothermal
process resulting. Using this and applying eqr-tation ?. B

Dtas -(fpBs *fsB¡-Fr&zl

where the subsystem temperature T, adiacent to the boundary

Is ¡ o

Generator

Eoth the generator temperature and the temperature of the
e:rternal system supptying heat have been assumed to be the
EÀrne. This means that the generator carnot term in equation
?-1 gives the totar wor[< availabte to the fluid in the
system. In practice of coLrrse substantial irreversibilities
may occur during the heat exchange procErEjs Erg gas flame to
f Iuidt and theref oFe carel shor-rld be taken when comparing

this data with actual systems. For the generator and

column, from equatíon ?.8

Dcox -Qc - (fr8r * f¡86 - (fp * fn)80 - FB - 8g)(

where the e>:ternal ad jacent eystem temperatlrre T= i s Tç
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Pnmp

If some of the pr-rmp work which crossed the bourndary wås lost
in the ef f iciency of the pr-tmp there would be ån

irreversibility. For this analysis it will be assutmed that
aIl work crossing the boundary is imparted to the f lr-rid anrJ

therefore åpplying ?.8 gives

Wp = -AB = -Fr(Bz-As)

Di sti I I ate throttl i n ç¡

Doø = -Fo(Bo-Btl

Eottoms throttl ing

Daa -Fa(Brc - är)

Preheater

Dnn = -(FnBc * FeEe - FrBt- f.B8ro)

These system irreversibilities may be summed and used in
equation ?-7 to determine coP or, in eqlration 3. l, to compile
en avai I abi I i ty bal ance arolrnd the cycl e vi = ¡

D = or (t - +) - Fo(Bt- ae) -(ro + rn)(ac - ao)

-Qa(t - ä) - (rrar * r¡86 - (Fp * Fn)Bc - Fs- Bo)

-(PoBe*fa8r - Fr&zl

-Fo(Ba . Bt) -Fa(Brc - ar )

-(FrBc * Fa Bg - FtBt- faBro)
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Qe ( t -#) *F282 - F¡Bg - ee('- ä)

('-ä) *wp -e,,('-A)D Qe,

This checks with equation z.l Íe the availability changes

arolrnd the internal circuÍt sutm to tero

?.5 Avoidable and urnavoidable irreversibilities

For this system there ís no þråy of deriving work from the

mi>ring procerss and theref ore there wilI always be

unavoidable mi>ring irreversibilities.

The only way this loss can be minimised is to change the

stream compositions and not the actural mixing Froces=;. By

keep i ng the avai I ab'i I ty of the streams bei ng mi >r ed Às c I ose

as possíble the losses ere minimi=ed. In the case of mlxing

the distillate and bottom flows minimising of the mixing

Ioss is done by changing the stream avaitabilities with

internal heat er:changers. (see chapter 3) The collrmn and

its mixing may be assesed by taking an overall view. I+ the

minimlrm work of separation is taken as the Í.ncrease in

availability between the products (1?) and Èrr" feed then

Col lrmn I oss equri val ent Earnot i npr-rt
- minimum work of separation

An e::ample of a theoretically avoidable irreversibility

occLrrs in the contra flow heat exchanger. If there is no

approach and the temperature pFofiles of the two streams åre

coincident then the logs is zero.
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CHAPTEIù 3

Nomenclature

D: irreversibility
Q = heat
T = temperature

Subscript

E = evaporator
C = condenser
G = generator (boiler)
o = datum
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ABSORFTION SYSTEl'I

3. I Introdr-rction

chapter 3 deals with the application of the computer moder

to an ideal system, a practical system and a prototype
system with en emphasís Þn second Iaw anary=,'rs. The

sections in the chapter and their objectives are aE follows:

Second law and Earnot perforfnence

- To configure the second raw trop e>:pression (equation

?.7, for use with the absorption cycle.
The i deat System

- To model an ideal system, ie one in which all
avoidable.irreversibilites aFel removed so that the
CBP predi cted i s the max i mLrrn possi bl e.

- To investigate the effect of internal heat e>rchangers

ctn trOP for an ideal eystem via second law analyses.

To esserEi:; the effect of perforrnance variables such åE,

mi>tturre concentrations and operating temperatLrrEr on

COF for the ideal system.

Practical cycle

To model an air cooled system and show a typical
cooling COF ueing conditions encourntered in practice.

- Model a heat pump mode to predict Ër heating cop for a

practical air to air system.

- Model ån organic system using pr-rblished perf ormanc=

data for a commercially available Lithium Eromide

plant and compare COp values tor the two systems.
Prototype performance

- Model an er:isting prototype system and compare the
measured and predicted COF,s.
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For this analysis coefficient of performånce (cop) has been
selected as the measurre of performance. It is recognised
that i n the åtrFl í cati on of thi s equi pment rnåny other
factors, in addition to cBp, shourd be considered,
however, since thÍs worJ< is confined to the thermodynamics
of the internal system cop arone has been used.

3.2 Ideal cycle and second law analysis

By r-rsing a second law analysis (eqr-ration ?.7, it is possible
to assess the effect of the various irreversibilities on

coP. Further to thi s by di sti ngr-ti shi ng between avoi dabl e
and unavoidable irreversibirities it shor_rld be possible to
establish e maximum achievable cop, using the computer
model it is possible to el iminate sclrne avoidable
irreversibilites by

Selecting a zero approach

whi ch rneäns 're jecti ng aI I

transferring atl heat to
sLrppl yi ng the boi I er heat

heat exchangers

ambient conditions,

trn all

heat at

the

at

evaporator at T

TG.

and
E

Ignoring friction ag well as heat

for the system pipework.

System performånce may then be analysed

remaining irreversibilities in equation
r-rsing the cycle shown in f igure S.l and

listed above equratíon ?.7 yields

(D1 +D=+D3+D4 )

T
e

and "col d'r I osses

by substitr-rting the

2.7 . For e>lample

the conditions

I
E

coP Carnot trOP

t0

T
I

(3. 1)



BOILER

\I

COLU¡'IN

Feed flow

Di¡tlllate flow
EVAPORATOR

CONDENSER

Botton flow

BASIC CYCLE

FIGìURE 3. 1
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where the

Dl=

D?=

D3=

D4=

irreversibi I ities aF€r

col umn

absorber mi >l i ng

Throttling of bottom flow
Throttling of diEtitlate flow

The carnot coP expression derived in section z.z is

Carnot COP
T- (T

È.= ----- G
T)o

.aaaa¡ (3. ?)(To - Te) Ts

In equation 3.2 the the boirer temperature (T6) is dependent

on the ambient temperature (To) and so this relationship may

be plotted for a Ép.rcified evaporator temperature (TE).

In the system (figure 3.1) the distillation column prels,=;uFe is
determined by the condensing condition, which in turn, is
established by the heat rejection temp'eratnre. AsslrmÍng

heat is rejected to the environment and not to some other
system then the heat rejection temperature (To) determines
the generator presåure and therefore its temperature (TG).

This relationship between To and re is determined by both
mÍ>:ture properties and by the system operating parameters.
It shor-rld be noted that ån ideal cege will be considered and

therefore the condensing temperature (Tc) will be assumed to
be the ambient temperature (TÞ). Figure s.z shows Ta versus
To for s mi>:tures where the distillate and bottoms mass

concentrations åre cl.gg and c,.os respectively. Therefore
for å given ambient temperature the carnot trop can be

calculated for a range of r= vallres (figure s.s). This then
defines the maximltm thermodynamicalty possible cop.

It is interesting to note that even thor-rgh the ammonia-water

cycle (R717 R71B) carnot cop is much higher than the organic

lr2
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FARAMETERS FOR FIGURE 3.2

Di sti I I ate rnass concentrati on e.gg

Fottom mesg concentration O.05

Assurne col umn åt constant pressure
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PARAMETERS FOR FIEURE S.S

Data was derived from equation

Distillate måss concentration

Fottom mass concentration O.Os

TB = Saturation temPerature of

to saturation pressure

sì¡ 4

o.99

bottom composition corresponding

of distitlate at 30 deg C.
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cyclrs the

because of

equation 5

actual practical COp,s are of the BÀrne order O,
the large heat of míxing valne. In terms of
I thir meansl a large D? value.

To establish the importance of the variolrs irreversibilities
à cycle with À range of evaporator temperaturres wilt be

considered- This range was chosen =,o as to cover typical
comfort air conditioning operation for Adelaide (see section
3-3). Varions internal heat exchangers wirl be added later
in an effort to reduce irreversibirities but firstty
consíder the basic cycle.

S.?. I Basic Eycle

Equration 3.1 wå=' appried to the basíc cycre for å range of
evaporator temperatures (table s.l) so that the effects of
the variolts irreversibilities could be asgessed. For
e>rample in figurre s.4, which is a plot of the data in table
3.1, the distance bltween the carnot trop line and the case A

line ls ån indication of the effect o{ the corlrmn

irreversibilities. similarty the effect of the absorber
mi>ring losses is indicated by the distance between case A

and case B. only the two irreversibitities have been

considered here becauEe the effect of both the distillate
and bottom flow throttring proce=ses wes negriqible.

If all of the irreversibilitieE were urnavoidable then the
final plot (case B) wourd represent the ma>rimum coF

theoretically possible. For exampre the absorber mi>:ing
irreversibilities aF€! unavoidable because no useful work càn
be derived from the mixing process. However, this is not
the case for the colLrrnn.

1.7
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PARAHETERS FOR FIGURE 3.4 AND TABLE 3.I

Ambient air temperature (To) 30
Boi I er temperaturre (Tg ) 1O1 deg
Bottom rness concentration O.05
Di sti I I ate rnass concentrati on O
Rll E{ R3? mixture

deg C
c

99

Case A

Ease E

Eol umn

Column and absorber mixing

Irreversiblity terms included in equation S.l

Carnot

Case A

Case E

evåp temp
deg C

TABLE 3. 1¡ COP VALUES FRBl,l EQUATION S. t

1.73

c,.73

c,. tê

o

?. 11

0.90

Cr. 19

5

?.69

1. 14

o. ?6

10

3. ê5

1.4?

o.33

15

5.57

L.7?

Cr.43

?0

r-
Þ
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The cplumn requires a minimlrm ref lur: f low to operate and

irreversibilities associated with the prodr_rction of this
mi ni rnlrm f I ow ere unavoi dabl e. Irreversi bi t i ti es created by

the producti on of ref I ux f I ow i n elic=rs,E¡ of the mi ni murn are
theoreticalty avoidable in å column of infinite stages. The

computer model does not separate the two and therefore it is
not possible to quantify the avoidable value br_rt it is
possible to estimate it. Later, in section s.?.zr it is
shown that for a so deg c ambient a reduction in refrlrx
ratlo from around 1.lE to l.oo resulte Ín å cop increase of
aPProlr i matel y 7 percent. Eii nce the col umn i rreversi bi I i ti es
account for in e>lcess of S(r percent the avoidables are small
in cornFerison with the unavoidablee and therefore case B is
within Eay lc¡ percent of being the maximum attainable cop.

All the irreversibilities being discussed here are due to
the mir:ing of streams. This is illustrated Ín the column

analysis print ourt (Appendix H, fig Hl) which shows large
feed plate and strippÍng section losses. If the feed stream
availability courld be brought closer to the feed plate vallre
then at least the feed plate logses would be reduced!

To improve the ma>¡imurm possible cop a reduction in one or
more of the irreversibilities is necegsary. since the
col lrmn and mi >: i ng val ues together represent apFrolr i matel y go

percent of the total (fig s.ê) they invite close Ínspection.
unf orturnately, other than the redurction of the ref Ir_rx f low
to the mi ni murm i t i s not possi bl e to el i mi nate
irreversibilities. A change in the cycle is nec€ls=ery to
realize an improvenrent and two possibirities Bre;

reduction of feed-plate availability loss byincreasing the feed avaitabirity towards that
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PARAMETERS FOR FIGURE 3.å

Ambient (T-) Scì deg Co

Boiler temp (TG) 1O1.1 deg C

Bottom mesc¡ concn. Ct.Og

Di sti I I ate rnags concn . þ.99

Rtl and R?? mi>tture
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of the feed-plate tiquid

making use of the
stream instead of
the absorber.

availability in the bottoms
'l osi ng ' i t to the mi r: i ng pFocess i n

The cornmon practice of preheating the feed flow with the hot
bottoms stream achieves both of the above.

3.2.? trycle with preheater

Figure 3-7 shows typical data for this system at a E deg

evaporator temperatlrre (see appendix H, f igr-rre H2 f or
cornplete computer model print ourt) while table s.? is e

precis o# the data for the furrr range of evaporator
temperatureE.

For this preheater cycle data has been tabulated to
illustrate typical trends in perf ormarlce. For e>rample the
absorber ourtput reflecte the evaporator capacity and varies
little whilst the condenser kt.J follow the boiler input. The

evaporator temperalurre determines the low side presgure in
the system which, together with the ambient temperatLrre,
determines the liquid concentration Ieaving the absorber.
Therefore eB the evaporator temperatlrre drops the feed
concentration is reduced to achieve the required lower
evaporator temperature and, in order to maintain a constant
bottom concentration of Cr.OE, the feed/distillate ratio is
i ncreased.

Fi gr-tre S. B

as wel I as

final COP,

the coI urmn

component.

includes both

a plot of the

casc! D, is not

f irst law CtrP vallres f rom table S.?

second law data. Here again the
the ma>: i murm possi bl e val ue becalrse

contains an avoidabte reflu>l flowi rreversi bi I Í ty
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PARAMETERS FOR FIE 3.7 B AND TAELE 3.I

Ambient air temperature (To) 3Ö deg E

Boiler temperature (Tg) 101 deg C

Bottom mass concentration Ct.Cts

Distillate måss concentration A.99
R I 1 tr R2? mi >: tutre

SYSTEM DATA

fccd llos

Pnttrt^ltn cTcLt

B
I
5
6
B
6
o
4
E
-,
B

9.
11.
6.

1
n4
3
4
5
6
7
B
I
1ö

101. 1

30.0
30.0
30. o

5. C)

5.8
scr. O

79.9
66.4
68.3
68.3

É
n
3.

é5.
å3.
5C,.
9.

liquid
våEtoLrF

coLUxi
@

toILlS

coxDlIsSn

P¡tflll8n

Dl¡tlll¡to floY

t¡so8!tn

BVAPOn^î0n

CASE A

CASE B

CASE C

trASE D

Eol umn

Column and absorber mixing

Column, absorber mixing and precooler

Atl losses

Irreversi bi I i ty terms i ncl uded i n equtati on S' 1

@
Temp
Deg C

Avbty
kJ /ks

lottor flo¡

FIGURE 3.7
4C,. Cr
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TABLE 3.2: PREHEATER SYSTEH DATA

# Reflur¡ ratio = actual reflurx / mínÍmim

t FOD = feed flow rate / dístillate flow

ref 1 u¡l

rate

3.=7
1.q44
cr. ó85
o.685
Cr.595

o.â7t

3. å5
1. êO1
Cr.6l4
17.37ó
Õ.519

Q.6t7

2. è9
1.315
a. 

=47Ër.476
Ö.434

C¡.546

?. 114
l.¡J67
cr.474
(].57El
(¡.349

Ð.47

1. 73
0. B4S
cl. 39?
Ët. ?7A
().266

c,.394

Boi I er
t¡Jor ll i nput

Losses

Eol umn
I'li x i ng
Dist. er)tp
Bottom exp
Preheater

Usef urI
Evap worJr

Carnot
CASE A
CASE B
CASE C
CASE D

First law

coP

2. B?7

1. 84
(r. ó39

Ct. CrCrT

.]. C¡46

r1.315

' 3. ö71

1.7?4
Ct. 831
0.01?
o, cr?
cr. c,47

ö.493

3.46?

L.775
(-1, 991
O. C,4B
c¡. (r43
0. (:rE4

4.677

4. Cr?4

1.995
1.1??
O.1rl1
ct. QB
Ö.037

C'. BåB

4.7B8

4.453
l. ?48
0.17?'
4.I44
c,.(]3?

1. C,êå

l*J/s

0. crl l
14. BB
t4.7=

1C¡. OÐ
1c}. l3

1.lEl

L4
c¡. c!56
L.7 t

(:r. ôCrl

o. cr3g

L6.17
L:JJ.97

I C,. Cxl
1Ct. 1g

1. 14

14
o. o57
Ê.31

(t.437

Cr. 0ê6

18.2å
1El. 03

10. oo
to. ?2

l. 14

l3
o.057
3.17

ö.34å

(¡. I 07

?1. 1B
20.91

10.(]0
to. ?ó

l. t5

l?
0.0s8
4.4t

o.2ås

o. 173

25. 19
?4. g7

1Cr. CrC,

1Ct. 3

L. L7

lt
C¡. r-_159

6.3

o. 199

Plrmp ltt¡l

Boi I kW
Cond kW

Evap
Abs

KW

khl

Ref l ur¡r*
ratio

Pl ates
Di st I<a/s
Fop ra{iot

Feed conc

20151C,È,(:!
evÀp temp
deg C
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For all these tests å ref ru>: var¡¡e approlrimatery ?(r percent
greater than the minimum was rrsed to achieve manageable

compltting times and to avold the âcc*racy problems
åssociated with a Iarge number of plates (see chapter 4r.
In practice a reflux flow less than this wolrld be desirable
but since the effect of reflux can be estimated the value
used Íor calcurlation is not critical.

Other than thÍs reflux component all the other
irreversibilities ere considered unavoidable. In the cege
of the preheater even though å zero approach was used io,.
the controlling end ån Írreversibirity occurred because the
strearn temperature profiles did not match. The dif+ering
stream flow rates and specific heat capacities resulted in å

temperature difference at the other rna of the heat
exchanger. For e>:ample Èhe difference for the system shown

in f igure 3.7 ig l(rl.l - 66.4 = 34.7 degrees.

Eare should be taken when making compari=,on=, between the
first and second law cop's. Theoretically the first taw coF

value should equral the gecond law calculation with all the
i rreversi bi r i ti es taken i nto account. unf orturnatel y, dure to
inaccuracy in the avairabirity values (see chapterr), this
is not the case.

For example, in table s.z for a E deg c evaporator the first
and second law calculations yielded cop,s of o.47 and o.g49
respectivery and, ursing the first law value äs a basis, this
repreE'ents a -?37. variation. The second law value was

arrived at by subtracting all the individural components,
each with their obrn error, from the Earnot value of ?.1 and

the accumulation of the errors hag resulted in this

5ô.



variation- Eonseqr-rently in figure s.B the plot D and the
first law vallres do not coincide.

Despite these inaccnracies the improvement in cop of
preheater cycle ovErF the basic cycre is obviou=. For
e¡{amFle at e 5 deg c evaporator temperature the first

the

coP value changed from o.sz (table s.l) to o.47 (table
a 47'A increase.

By purrsr-ring the concept oÍ reducing
COP improvement may be had by making

of the high availability leaving the
lost during mixing in the absorber.
3.7 the distillate vapour leaves the
aval I abi I ty of Sl kJ /J<g and i s mi xed

bottom strearn havi ng an avai t abi I i ty
the heat of mixing ig rejected this
heat in the absorber.

law

s. ?)

mi>ling losses a further

as much LrsEì as possible

evaporator before it ís
For example in figr_rre

evaporator with en

t." the abEorber wi th å

of 2.3 kJ/kg. Since

availability is lost a:i

3.?.3 Cycle with preheater and precooler

Figure 3.9 illr-rstrates the cycle and shows data extracted
f rom the 5 deg c evaporator example in Appendi>r H (f igr-rre
Hs) whitst tabre g.s sLrmflìåriaes the resurts f or a range of
evaporator temperatt-rre='. This data may be compared with
table 3.? to assess the effect of the precooler. Firstry
comparing ca='e E onryrthe improvement in cop is o.og ie
a-474 to o-5,â4 however, when alr the irreversibilities arE)

consioered (in ca=i€r n) tne gain is of the order a.oz¡ f rom
0.349 to C|.4?S, e ZCIIZ increase. Ene reason f or the
redltction f rom Ct.Ctg to O.O7 ie the introdlrction of an

irreversiblity in the new precooler heat exchanger.
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PARAI"IETERS FOR FIGURE 3.9 AND TAELE 3.3

Ambient air temperature 30 deg C
Boiler temperature l(,l deg C
Eottom mass concentration Ct.C)s
Distillate mäss concentration O.gg
Ref 1 u>l nomi nal I y 2O7. above mi ni mi m
R 1 1g{RZ? mi x ture

(tl
co

EASE A

CASE B

CASE C

trASE D

Irreversibility terms included in equation S.1

Col umn

Col urnn and absorber mi x i ng

Column, absorber

Atl losses

mixing, precooler and preheater

Carnot

Cage A

Case E

Case C

Case D

lst law

evep temp
deg C o 5 10 15 ?C,

TABLE 3.5: COP VALUES FT]R A RANGE OF EVAP TEI{PERA TURES

1.73

c,. 84

(r.475,

0.396

o.344

Cr.44

?, 11

1. fJêS

o.564

ö.497

o.4?3

ö.515

2.69

1.315

4.64?

0.598

(r. SCIB

C,.5BB

3. å5

1.é

þ.7?3

o.687

{r.583

rl. ó53

EF'Èt. -tt

1.95

þ.79ê

o.79ê

0. ó59

Ët.697
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IV¡PORÂTOR

PSECOOLBn

SYSTEH DATA

COLUMN DATA

crr(o

Fccd ftor

lottor flor

Pn8f, 8llBn-PnrcooLrn ctcLS

FICURB 3.9

1

?
3
4
5
6
7
B
I
10

11
t2

@
101.

3C,.
1

o
o
o
o
B
ö
I

30.
3(r.

Ê
E

30,
Frct

66.4
ê9.3
ê8. S
30. o
t7.2

Temp
Deg C

5.8
?.9
ãE4¡J

é5. ê
êê.4
50. é
?.o
9.4

11,5
å.8

4(r. O
47.6
67.2

liquid
vaPouF

Avbty
kJ /kg

I
n
3
4
e.J

ó
7
B
I

lCr
11
t?

Pl ate
No.

30. L,

3U..7
3?. O

34. ê
39.7
48.5
58.3
ó5
ó8.3
74. I
85.6

101. 1

Temp
Deg C

-o. ooé
-o. olB
-o.02å
-0. o43
-o. o7B
-0.105
-o. 069
-Q.Cr27
-Ö.351
-c,. 175
-0.493
3. 137

Avbty trhange
kJ/= *

Condenser

Feedpl ate

Boi I er 19. SltN

Comment

* Negative indicates ån availability loss



An inspection of the collrmn data in figure r.g reveals that
the greatest avai l abi l i ty r osses occr-u- on the str i pp i ng

secti on pl ates. In f i gr-rre s. ? the boi l er pI ate shows a gai n

in availability br-rt in fact there is ån availability loss of
ct.534 ]t,J/s incurrred. This loss vallre is calcltlated by

snbtracting the nett increase of s.lF7 kJ/s for the plate
f rom the eqlrivalent Earnot work inplrt of 3.671 trJls.

The ne¡:t gection demonstrates

coltrmn heat exchanger on these

the effect

stri ppi ng

of an internal

section losses.

3. ?.4 Cycle with preheater, precooler and column heat
exchan E!!-.

For this system no attempt has been made to model a heat
exchanger on each individual plate but rather a whole
section approach has been talren with equal heat exchange per
plate. FigLrre 3.10 shows cop data extracted from the
computer model print out figurre H4 (appendi>: H) while tabte
3.4 shows coF data for a range of evaporator temperaturres.

The addition of the column heat exchanger produrces Àn

improvement in the cop which is greatest at the lower
evaporator temperatures. As T, drops the feed/distilrate
ratio increases and the Iarger bottom f low contribr-rtes rnore

heat to the colr-tmn. For example at a E deg E evaporator
temperature the improvement in COp over the
precooler/preheater system was o.o?g (o.slE to o.s44) burt at
a ?o deg c evaporator the increase was only o.QCrB (a.6g7 to
o.7c)5) .
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PARAI"IETERS FOR FIGURE 3. 10 AND TABLE 3.4

Ambient air temperaturre (To) 30
Eoi I er temperature (Tg ) 1C,1 deg
Bottom mass concentration 0.C)5
Distillate mass concentration O
Ref lutx nominally 2A7. above the
Rll &r R2? mi>lture

deg C
c

.99
rni ni mum

cl)

CASE A

CASE B

CASE C

Col umn

Column and absorber mixing

All losses

frreversibility terms included in equation 3.1

Carnot

CASE A

CASE B

CASE C

1st I aw

evep temp
deg C 0 5 10 15 20

TABLE 3.4: trOF VALUES FRBFI EOUATION 5.1

1.73 2. I I ?.69 3.65 Êt?

cr.99å t. t72 1.387 1. ó? 1. B8

o.58? O.645 0.689 0.7?t a.723

0.386 þ-44q 0.537 0.593 c).643

þ.494 Cr.544 0. 615 Cr. 669 0.705
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overal r the i mprovement comeB abolrt becaurse avai I ab i I i ty
from the bottom stream is being used to vapourize sorne of
the downward liquíd flow before lt gets to the generator_
Therefore the generator heat inpr-rt is reduced and a cop

improvement results.

It måy be arglted that LrsEr of the striFping section heat

exchanger is unnecessary since this bottom Ftream

availability cån be recovered in the preheater and retrrrned

to the column via the feed flow ånywåy- A compeFison of

f igr-rres 3.9 and 5. lc) reveals that the the availability of

the bottom flow leaving the preheater is the såmer (?.g

l:J/kg) for both configurrations- However, this is not the
cËìsie because the colurrnn heat e>:changer system shows a

surperior cCIF. This is becaurse the "rr"r labi I ity transf er via
the preheater and feed flow path incnrs greater

i rreversi bi t i ti es than the moFe di rect rourte vi a the col urmn

heat e>: changer .

This choice of path is fundamentar to optimum design. In

the case of the absorption cycle hrEl are seeÌ:ing to transfer
the t¡orl< potential , which is input as heat to the boiler, to
the evaporator via a path of least ross or degredation.
Indeed the transfer of worh inpr_rt to the point of
åpplication vÍa a path of minimum loss most often determines
the design of thermodynamic systems,

Despite the use of the gtripFing Eection heat exchanger en

irreversibility still remains in the preheater due to the
mismatch of temperatLrre profiles. Whilst it is not possible
to modify the rpErtrific heat Éepatrities of the streams it is
possible to change the flow rates by splitting the feed
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stFeem' By reducing the feed flow it is theoreticarly
possible to match the temperatlrre profires of the two
streams. The proportion of the feed flow diverted awey from
the preheater rnay be directed to a heat exchanger in the
rectification section of the colLunn.

3.?.5 Cycle with preheater/ precool er and both striFping and

rectification heat exchangers

Initially ? percent of the f eed f row was directed thror-rgh

the rectificatÍon heat exchanger (figure s.ll) and at a s
deg c evaporator temperature this resulted in a troF

improvernent ovErF the strippÍng heat exchanger system of
o-o7, ie from o.544 (table s.4) to 0.å16 (table g.g) ie a

l2Z increase.

This improvement in troF can be attribr_rted to reduced

irreversibilities in the column and in the preheater. Here
part of the totat refrlrx requirement is generated
(condensed) internally in the column by the cooler feed
stream. This incurs a penalty in column size. A

comFerison of plate numbers in figures s.l(l and s.l1 bears
this out¡ the dual heat exchanger column has ls prates while
the single only 12, en ar. increase in column size. The feed
and feed plate evailabilities el-E! stítl cloge, B.óB kJ/kg
and ?.Bl kJ/kg respectively, thus losses here are minimal.

By reducing the flow through the feed side of the preheater
the temperature prof ile of this stream can be bror_rght closer
to that of the bottom frow. In an effort to establish an

optirnr-rrn proportion f or the f eed split tests h¡ere condr_rcted

for rr2r4 and ê percent of the feed flow through the
rectification section heat exchanger and the results plotted
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crlC'

PARAMETERS FOR FIGURE 3.11 AND TAFLE 3 .È,

Ambient air temperature S(r dsg C
Eoiler ternperature l0l deg C
Bottom mass concentration 0.CrS
Di sti I I ate rness concentrati on (,. gg
? percent feed flow thrur rectification
Rl1 t¿ R?? rnixture

heat exchanger

CASE A

CASE B

Col umn

Column and absorber mixing

Irreversibility terms included in equation S.1

Carnot

CASE A

CASE B

1st law

1.73

1-O9B

ë.644

o.541

?.69

t.46A

ö.729

o.653o.616

0.7

1.299 t.ê87

(t.6q6

5.572.1r

o.73

s.65

evap temp
deg C to 15Cr 5 ?o

COP VALUES FROIÍ EAUATTABLE 3.5: ION s. I
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in f igr-rre 3. 1? indicate an optimum around one percent.

For mogt of the tests the heat exchanged in the
rectification section wasi epFroximately one tenth of that
transferred in the stripping section.

For the colLrrnnr elveln with heat exchangere litted, the f eed

pIate, boiler and bottom plate irreversibilities remained

dominant. At the feed plate the availability losg can be

attributed, in part, to the mixing of the colurmn and feed
flows which have difforont tempcratlrres and concentrations.
The remaining loss is due to the difference between the
availabitities of vapoLrr and liqr-rid in equilibrilrm. This is
the main l.eason for the large loss in the boiler too.

The total loss can be minimised by

- havi ng a mi r:ture where the equi I i bri urm avai r abi r i ty
vallres f or liqr-rid and vapour arE! closer t,ogether.
slrpport f or thiå äppeers towards the toF of the colLrmn.

condensing is taltÍng place at the datlrm temperature and

therefore the dif+erence in avairability between liquid
and vapoLrr is due only to the non-datum prelssure. (at

datum temperature and pressure Iiqr-rid and vapoLrr

availability are eqlral , see section Z.?, At the
condenser and on the top f ew plates, (see f igurre s.11)
availabitity losses are negligible in cornpårison with the
boi ler losses.

reducing the system flow rate. Mixing irreversibilities
Àre å fltnction of both s;pecific availability values of
the etreams and of the etream flow rates. This explains
why the lower fl,ows of a system with minimal reflu>r and

with a hiqh latent heat refrigerant are en advantage.
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TheEe low flows minÍmige the effect of the unavoidable

i rreversi bI i ti es.

Another important fact,or is the relationship, Íor a given

rnixture, between temperature and avai labi Iity. Consider

both the minimum worJt of separation and the Earnot input for

the system shown in figure S. ll . Theee two are related via

the characteristics of the flu¡id properties. Using data

f rom the collrmn analyeis of f igure H5 the f oltowing rnay be

cornpiled for the boiler.

0.0857 Jtgls O.?å55 kg/=
3?.9 kJ./kg 4. B ltJlkg

Cl. ?1 I (mass concn ) O. l(ró (mass concn )

Carnot input O. 1BO4 1*9./s
5. B kJ/k9
O. (¡3 (mass concn )

T
Carnot input e

Ê
I o

T6

= 3.477 kJ/s

Therefore availability entering the boiler is
3.477 + (Cr.2655 x 4.8) = 4.23 kJ.zke

and availability leaving is
(O. lBO4 >¡ 5.8) + (O.OBS7 x SZ.9) = S.87 kJ/kg

Total availabifity logs is

4.73 - 3.87 = O.BB kJ/kg

Hinimum worh of separation = the availability di+ference of

the streams entering and leaving = 3.87 (0.2å55 x 4-B) =

?.59 kJ/s

For these conditiong the theoreti cal mi ni murm work of

kJ./s but at the sarne time theseparation (12) is 2.59
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eqLtilibrium temperaturre of 1cr1.l deg E requrireìs, via the
carnot termr årl input of s.477 kJ/s. The difference is the
c¡.BB kJ/= availability Ioss. I+ the temperature required
had been 89 deg c for exåmFle then the carnot reqr-rirement

would have equalled the separation worJr required and the
loss would have been zeFo. E>¡amination of other pairs of
worlting fluids may reveal å combination with mol^er favourable
characteri sti cs.

As far as the usefulness of the rectification heat exchanger

is concerned it is suggeeted that the feed split option be

tried on a prototype to establieh if the magnitude of the
COP improvement justifies the additional comple>:ity in
control and rnanurfacture.

3.?. ê Variationg in ambient conditiond.

troP variations due to ambient temperature changes have been

considered on the ideal preheater/precooler/bottom system

only. Table 3.å and figr-tre s. ls show sB deg c results while
f igure 3. 14 cc¡rnFaFes the Earnot and f irst law cop,s f or
ambients of 30 deg tr (table s.4)and sB deg c (table s.å).

For example at a 5 deg c evaporator temperature the ambient
temperature increase frorn so deg c to sB deg c caused e

reduction in the Ffrst Law trop of o.13 which is significant
but small in cornpårison with the corresponding carnot cop

drop of Ct.49. Referring to equation S.l if the
irreversibitity term had decreased at the samE! rate ae; the
carnot coP then the first law values wourld have differed by

o.4q too. The fact that the firEt law cop variation h¡ås

smaller indicates that as the ambient temperature increases
the irreversibifity term in equation S.l
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PARMETERS FOR FIGURE 5.15 AND FIGURE 3.14 PLL'S TABLE 3.6

Ambient air temperature (To) Stl deg C

Boiler temperature (Tg) 112-4 deg C

Bottom mass concentration O-05 
,

Distillate mass concentration O.99
Reflux nominally 2o percent above minimum
Rll and R22 mixture

CASE A

CASE ts

CoIumn

Co1umn and absorber mixing

Irreversibility terms included in equation 5-I

Carnot

CASE A

CASE B

lst l.aw

evap temp
deg C o 5 IO 15 20

T a 58 dee C ambient

I - 3!=lÊ'

o -7'd

o -4-!2

Ll _ 375

I _d2Ê, I _?5 2.4LÈ 5-145

o-9L4 1-10:r 1-312

o-544 0.61 o-óå1

o -42-d Cl - 505 0.57:Ï



PnECOOLEn

SYSTEM DATA

:ß Feedplate

COLUI'IN DATA

N

fccd flor

lottor flor

P¡3Í!lltn-P¡tcooLta-!o110ll ¡¡ cYcLl

!olL88

@
coLlltl¡l

collDEt{ssn

rc

Dl¡tlll¡tc flos

Pn¡E¡^Îtn

]+

l!sonlSn

3VAPOnâ10n

I
?
3
4
Ê
È,

ê
7
B
I
1 o*

ll
L2
13

@

LL2.4
s7. B
38.1
38. O

5.O
5.8

SB' Ct

37. B
79.3
84. B
84. B
58. O

?L.4
89.3

Temp
Deg C

I 1.3
7.9
7.3

77.6
75, I
55.4
lo.7
11,3
11.r
11. O
4L.9
49.o
74.8
8.5

liquid
vapour

Avbty
kJ / |<g

1

?
3
4
5
6
7
B
I

I (:t

11
13

PI ate
No.

38. O

58. å
40. o
4?. B
49.O
ào. L
-rn -l

81. Ct

84. B
gt.q

1C)1. 1

7t2.4

Temp
Deg C

-Cr. CrOT

-Ö. o25
-(¡. O43
-Cr. OB3
-ö. t67
-Ö.2S4
-o.153
-C¡. 05ó
-c,. 161

o, ?3
Cr. l4?
3. 95

Avbty Change
kJ lE

Eondenser

Feedpl ate
3,7ólttd
3.76kbl
Boiler ?3.?kW

Comment

FIGURE 3.13



d

5

4

3

2

CP VS EVAPæATCR TEfER,ATI-RE AISIB{T VÁRHNN.¡

12

EVAPORT(R TBfRATtfiE Te ffi C

FIGURE 3. 14

È

ø
I4ø

3e D,æ C

3ø DtG C

CARNü37

--
-¿'?

-'?'?'¿"¿'--^¿
'-'--

F:IRST LAW

t6 n



D

COP = COPctnxor -

diminishes rnoFer rapidly than the carnot term. In terms of
figure 3.14 this rneàng that the digtance between the carnot
and first law plots is lesE for sB Deg c than it is for the
3o deg c ones. Therefore it is the relationship between the
irreversibilities and boirer input which is important. A

stltdy of the relationship between D and Glu f or various
mi>:tures and temperatlrre conditions could be used to
establ i sh desi rabl e characteri Eti cs f or these mi r:turres.

3.2.7 Variations in Reflux Ratio

Ref lux ratio r^,a5 varied {or the precooler/preheater/bottoms
cycle at both S(t 6sn C and SB deg C ambients for a E deg C

evaporator. Figure s. ré shows increasing cop with
diminishing reflux white figure s.lg showe data e>:tracted
from appendix Hr figure H7.

For a given set of conditÍons reducing the reflux ratio
reduces the availabitity loss in the collrmn whilst, apart,
frorn an insignificant change at the preheater, all the other
losses remain constant. obviously from the point of view of
ma>rimizing coP a low reflux ratio is desirable but since the
column sizelcost increases as reflux ratio decreases
economics wiII determine the optimum.

3.2. B Variation of bottom concentrati on

Ey increasing the ratio of feed flow to dietillate flow it
is possible to change the concent,ration of the bottom
product. This was done for the preheater./precooler/bottom
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heat exchanger cycle shown in figure

output is shown in Appendix H figure

3.17, a sample program

HB.

Since the computer model establishes the number of plates

required in the column for each evaporator condition it wàs

difficult to asseeE the effect of bottom concentration

without a change in the number of plates and a variation in

ref I ux

vaI ues

pl ates

ratio. In figure
of 5.3 and 5.S is
from 1? to 11-

5.18 the dislocation between FOD

caused by a change in the nurmber of

Ignoring the discontinuity for the moment and considering a

feed./distillate rånEel from 4.4 to 5 there is an increase in

bottom concentration from O.OS to O.clB together with a O.Cr3

COP increase. However, at the Ë¡åme time there wår a ref llrx

ratio reduction from L.?4 to 1.155 whith, according to

section 3.?.7r represents a COP increase of Ct.C)l

approximately. Consequently it is assumed that the effect

of bottom concentration on COP is negligible. Of greater

significance is the fact that a bottom concentration

increase from O.05 to O.13 decreased the boiler temperaturre

from lÖl deg C to B? deg C thus making the system morer

attractive for use with low grade heat.

3.3.? Variation of distíllate concentration

One of the effects of reducing the distillate concentration

is to prodlrce a temperature gradient across the evaporator

surf atre. l¡Jithin Feason thie is not considered detrirnental

to perforrnence, in f act Eonnon et al (10) consider this an

advantage for heating situations. For this worh a gradient

of 5 degrees, approximately half of that allowed by connon

et àl, has been selected as tolerable where typicat air
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temperatures

and 15 deg C

might be ?4 deg C approaching the evaporator

I eavi ng.

In terms of Â second law consideration a contra flow

refrigerant to air heat exchanger could benefit from the

closer matching of temperature gradients via a reduction in

availability loss. AIso the work required to raÍge the heat

from the evaporator condition to the reference condition

would be less because part of the surface is warmer. It h,es

thought that thís reduction in work as well as less effort

required for distillate and absorbant separation wourld

improve the COP.

At ambients of both SC¡ deg C and

in COP resulted from a reduction

f rom O.99 to 0, 95 (f i gutre 3. ?O) .

degaTpercentincrease

di sti I late concentration

SB

in

It is suggested that this approach is worth investigating on

å prototype. A distillate concentration of C¡.93 resulted in

a 5.9 degree evaporator gradient. (see figure 3.lg or, for a

complete output, appendix Hffigure HP)

3. ?. 1O Hi >¡ture vari ati ons

Even though ån extengive inveetigation of binary mixtu¡res

suitable for use in absorption refrigerators is beyond the

scope of this report it was decided to test an Rl? Rlls

mixture as well as Rll R22.

This was prompted by the fact that the former showed Earnot

COP values approximately lCt percent. higher than the Iatter.

The precooler./preheater./bottom heat exchanger combination

(figure 5.21) was tested and the results ere shown in table
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5.3

36. I
41.3
59. 4
2.4

I iquid
vaPour

Avbty
kJ lks

le Feedplate

COTUMN DAÎA

PRSCOOLSn

@

t
2
3
4
5
6

30. 0
35. t
43. I
53. I
60. 7
65.4

-0. 036
-0. 109
-0. t0l
-0. 062
-0. 150

0. l0?

Condenser

Feedplate
2 .zkff

COLUÍ[
@

¡oI18R

cot{lrEIsEn

Dl¡tlllrtc flos

PntgS^1BR

3+

l-(6

ttsotlSn

SYlPOnrl0n

Plate
No.

Tenp
Deg C

Avbty Change
kJ/s

Connent



.6

EFFET F DSTil¡TC CÛ{EITRATII}I OI qP

DXSII'LATE Cû\fÐ{ïRAïIil

.9

.s

ß

44

sÈ

4 s.Fî

3ø DEG C A}AIENT

\ \¡ \.
___s._ts

3A DEG C A¡GIENT

gì 9Q,

Fig 3.20

sr78 s



3.7 (tromplete print out Appendix Hr f igr-rre HlO).

First law COP valltes from tables S.4 and 3.7 plotted in

figure s.3? indicate that the R12 Rl13 coP values ål.Er higher
f or al I condi ti ons tested. Talti ng å s;p€rci f i c case at a E

deg C evaporator temperature and a SCr deg C ambient

temperature the R12 RllS Carnot COP was higher by C¡.113

(?.??7-2.114) but this dropped to O.AB7 (O.ES6-O.449) for

the final coP value. This full Earnot improvement of o.rls

was not carried thror-rgh to the final value because the Rl?

Rl13 system had higher column Ènd abeorber irreversibilities

than the R11 R2? combination. Nevertheless this O.C)87

represents a worthwhile improvement in the maximum

achievable troP. It should be noted that this Earnot cop

increase wet achieved at the expense o.f a boiler temperaturre

increase from 1(r1.1 deg C to 1(r5.g deg C.

Examination of a large number of mi>¡tures may reveal å

relationship between f lr-rid properties and coF and lead to en

even greater improvement in coP than the one shown here.

3.?. 11 Surmmary of the ideal cycle

For all of the system configuratione considered the column

and absorber mixing irrevergtbilities dominate and therefore
appear to offer the largest potential for cop improvement.

Howeverr å closer investigation reveals that these column

irreversibilities are Lrnavoidable and therefore, other than

wi th a structr-ral change, system i mprovement i s di +f i cr-rl t.
overall these ltnavoidable irreversibilities result in a

maximum attainable cop far below the carnet valuã. Thie is
illustrated in figure s.?s where, other than a minor

variation due to reflux in excess of the minimum, the plot
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PARAMEÎßRS FOR FIGURES 3.2I ÂND 3.22 PIUS TABIE 3.7

Aubient air tenperature 30 deg C
Boiler tenperature 105 deg C
Botton Dass co¡centration 0.05
Distillate raaa concentration 0.gg
Beflux ratio noninally 2Ol above the ¡¡ininur
n12 and RllS rixture

æÞ

CASE A

CASB E

CASE C

Colurn

Colunn and abgorber lixing
All losees

frreversibility terns i¡cluded in equation g.l

Carnot

CASE A

CASB B

câsE c

lst law

evap tenp
deg C 0 5 t0 15 20

TABIB 3.7: COP values for Rl2 & Rtl3

L.822

1.082

0. 653

0.45

0.536

2.227

1. 265

0. 713

0.536

0. 616

2.833

1.4t3

0.748

0. 602

0.672

3.845

l. 62

0.773

o.627

0.720

5. 867

1.95

0. 808

0.732

0.779
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33. 6
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-0. 006
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for each system repFes;ents the maximum troP theoreticatty
attainable f or Èr spercif ied set of parameters.

Primarily the unavoidable minimum reflux rosses are brourght

about by mixíng losses which depend on the colurnn flow rates
and the difference between liquid and vapor-rF availability
values. Therefore not only system configlrration but also

operating parameters have än effect on coP and two sr-rch

parameters are reflux ratio and distillate concentration.

The minimum reflux flow ig determined by fluid properties

and the feed condition but the excess flow above the minimum

is determined by al lowable column size. As the elicelss;

ref lux is redurced column si=e increases. The distillate
concentration Iimit is ursually determi.ned by the temperature
gradient in the evaporator, For an Rll R2? mixture a reflu>r

ratio of l.l5 gave 14 ideal plates whilst å distillate
concentration of o.93 resulted in a E degreel eveporator
gradient. l,lhilst cCIP gains from variations in distillate
concentration and ref llr>r f low are worthwhi le, say of the
order of 10 percent, they do not significantly reduce the
gap between the attainable trOF and the Carnot COF.

From the COP point of view increasing the bottom

concentration from o.05 to o.ts for the Rrl R?z system made

no measurable difference and therefore o.oE war adopted as

the standard test concentration. Bottorn concentrations
below C¡.05 were not investigated.

The heat rejection temperatuFer, o¡- in this case the ambient

temperature, has a significant effect on performance. For

example a change in ambient temperature from so deg c to f,B

87



@
@

TBGENT)

- 

-

FOR I' TGURB 3.23

Carnot

Basic cycle

Basi c+preheåter

Easi c+prehea! s¡+precool er

Basi c+preheaf s¡ +PreÉool er
+bottom col urrin

Basi s+preheaf s¡ +Precool er
+bottom colurnn+toP column

PARMEÎBRS FOR FIGURE 3.23

5O deg G ambient

1O1 deg C boiler

O.OS bottom concentration

O.99 distillate concentration

F1 1 /R??



4

OP VBS,S EVAPUIATæ 
'IÐfERAINE

l2

EVAPR{Tffi TBfERÄTIXE Te dee C

FIGURE 3.23

3

@(o È 2

ø I4ø

I

t6 æ



deg tr for en R1 I R2? system

5 deg C reduced the COF from

redr¡ct i on .

Having considered an ideal
establish both ambient and

practical cycle.

opportune to

conditions for À

et ån

o.54

evaporator

to Cr.43, a

temperaturre of

?O percent

The 1o percent cop improvement of Rl? Rrrs over Rlr R?z

sltggests that mi>rture properties are important and that mc:re!

combi nati ons shor_rl d be consi dered.

3.3 A practical cycle

cycle it

i nternal

lt now

system

using design data from the Ar-rstralian Institute of
Refrigeration Air-conditioning and Heating (AIRAH)

Adelaide the following design conditions have been

for

chosen

Summer

hJi nter

Indoor

outdoor design

or-ttdoor desi gn

desÍgn air dry

dry br-rlb temperaturre SB deg C

dry bulb temperature S.E deg C

bulb temperature ?4.0 deg C

3. S. I troot ing

Ten kilowatts has been arbitrarily gelected as the system
cooling cÀFacity br-rt the lE deg c air temperatlrre leaving
the cooling coil has been based on ArRAH data (l). Allowing
ån B degree approach between distillate into the evaporator
and air leaving (ss) regults in a dietillate evaporator
entry temperature of 7 deg c. often, for mechanical vapour
compression systems using the common refigerants,
ÀFproximately 4 degrees of superheat at the evaporator exit
is reqr-rired by the ref rigerant f row contror device.
However, for this absorption system a moFe sophisticated
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control system is expected and therefore only I degree of
sltperheat will be used. This allows ma>¡imum urse of the high
heat transfer coefficients experienced with boiling flutids.

TherefoFE!r by assumÍng a distÍtrate concentration of c,.gg
with I degree of superheat, a r degree gradient and a 7 deg
c entering temperature the vapour leaving the evaporator
wot-tld be at 9 deg c. This is considered workable for an air
temperature entering at ?4 deg c and leaving at rE deg c.
(Asslrming percent relative humidity requirements can be met

by coil selection).

Fressurre drop, and f or that matter operating temperatLrFEr, is
selected Iargely on an economic basis and therefore the
optimlrm for mechanical vepoLrF compression systems may not be

applicable to absorptfon systems. Becalrse of this instead
of selecting e pressure drop based on mechanicar compression
systems a range of values wae tested.

No facility has beån programmed to allow for condenser
prers=;ure drop. t¡rith regard to condensing temperatnre a 1c¡

degree approach between air entering and distillate leaving
was used. I'lechanical vðpol-rF compression systems may Lrse a
15 degree condenser approach but in this cå=,.,, based on

prototype perforrnance (see section s.4), it was limited to
lO degrees with one degree of slrbcooling.

In an effort to avoid cavitatÍon at the pump E degrees of
subcooling was allowed at the absorber olrt and, a=' e

starting pointr ðn initiat approach value of E degree=; wås

ltsed between air enterÍng and the f eed f low. Again this
selection was influrenced by prototype performance.

Similarly 5 degree approach€rg weFe allowed on all other heat
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exchangers. It should be noted that the column heat

exchangers ere EipErcif ied by setting values between the end

of the heat exchanger and the adjacent column plate and not
by an approach setting for each plate.

In the first instance all p¡.ess¡ure drops weFe set to zero
and figure s.?4 shows the result for an Rll R?? mixture with
preheater, precooler and striFping section heat exchangers.

Appendix Hr f igurre Hl l shows a complete compurter model print
ourt. I+ the 38 deg c troP value of 0.428 from table s.6 is
used for â compårison between the ideal and practical cycle
then there is a Scr percent drop to o.E for this practical
system.

To test the sensitÍvity of coP to e¡c¡me of the parameters

each was varied with the others constant and the resurlts eFEr

presented graphically in figure 3.25. All the temperatutre

variations have been protted such that the slopE! represents
the COP change per degree.

The variation in the evaporator approach plot is caused by a

change in the number of column plates from 14, for the o to
4 degrees :;pan, to 13 for the S to El degree section.

Ambient temperatLrre hJaB found to be the most important

variable (steepest slope) and the precooler approach the

leaEt. The variation in the evaporator plot makes it
di+ficult to ase¡ess Íts sloperr however, it cån be said to be

approaching that of the ambient. This suggests that
variables which change the pressurre ratio ol the system are
of equal importance. eg ambient oF evaporator approach,

Maintaining the condenser condition and redurcing the
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PARAMETERS FOR FIGURE 3.24

Anbient tenperature 38 deg C

Botton concentration 0.05
Distillate concentration 0. 99
RII and R22 rixture
Air entering evaporator 24 deg C

Air leaving evaporator 15 deg C

Bvaporator superheat I degree
Condenser subcooling I degree
Absorber eubcooling 5 degrees
teat excbanger approacbee

Evaporator I degrees
Condenser t0 degreee
Absorber 5 degrees
Preheater 5 degrees
Precooler 5 degrees
Stripping section 5 degees
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LEGEND FOR FIGURE 3.25

Approach evåporÀtor: Air off evaporator tc:
refrigerant in.

Each degree
For e>l amp I e
refri gerant

represents a deqree of appr-oaclr
at =elrc: degrees, air off arrd
ín are at ttre FAme temperatr-rr-e

Each çlE-rqrele represents ,R cleqreer of m¡rprr:aclr

Ambient temperatlrre variati c¡nl

Approactr absorber;
I eavi ng.

Ther I tl
ambi ent ,
cleg C.

Air on absorber to f eecl

degree valure represu-nts a f,B dec.1
theref ore 4 degree represelnts

cl
._\ ¡:l

NOTE:

Approach Frehe¡ater: Fe¡erl f Iow in to bottom
f I ou¡ ourt.

Each deçree represents å de¡qree of approach.

Approach Precool er: Li quri d i n to vàpot.rr ottt.

Each deqree represents å deqree of appr-oaclr.

The X a>l i s represents the chosen concli ti on= f or-
the practi caI cycl e vi = i

1ö deg
B deg
5 deg
5 deg
38 deq

approach on evaporator
approach on absorber
approach on aI I other heat exchangers
C evaporator
C ambient
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absorber temperatlrre

lesser rate than for

Pressure drops

f eed pi peworl<.

i mportant wi th

Using the Rl? RllS mixture on

of 0.327 which is a ? percent
of Rt I R?2.

resul ts i n an i ncrease i n COF burt at a

the overal I amb i ent redutct i on .

were tested on the evaporator, absorber and
Of these the evaporator was the most

a COP reduction of O.OOI for each I ltpa drop.

A variation of o.og in cop can be e>¡pected Fer o.r change in
the reflr-rx ratio (figr-rre s.a6). This is considered
significant and highlÍghts the importance of controrling
reflux fIow.

the practical cycle gåve a COp

improvement on the O.S value

use o{ the rectification heat exchangeF with the practicar
cycle increased the Rll RZA COp from O.S to Cr.S? and for the
Rl? Rl13 valure from O.SE7 to Ct.3å6, both increaseg are
considered signifiiant. on this basis testing of the
rectification heat exchanger is recommended.

In ='umrneFy the effect of preheater and precooler approaches
is small in compårison with temperature variations which
cåLr=e a change in the dÍfference between condensing and
evaporator conditions. For exampre, with Rrr R2? at å given
evaporator condition a cop change of approximately o.crls cen
be expected for each degree change in ambient. optimum
FressLrFe drops are best established .,n en economic basis and
the ='årne cån be sai d f or ref l ux rati o. t"ri >lture sel ecti on i s
important and use of the rectification heat e>rchanger is
retrommended.
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3.5.2 Heating

some of the practical cooling cycle perameters were varied
for the heating cycle. For the sake of uniformity the
evaporator capacity was maintained at lo l*bl with one degree

of superheating but the approach was reduced because one of
the problems encountered with air to air heat pumps is the
fouling of the outdoor heat exchanger with ice. selecting å

large heat transfer surface is therefore desfrable and so if
a 5 degree approach is allowed with an ambÍent of E.E deg .,
ån air leaving temperature of o.E deg c results if the
evaporator temperature is -4.S deg C.

S.5 deg C

> -4.5
dçg C

O.5 deg C

5 degree

and both

(trool ing COP

It is envisaged that the heat rejected from both the
condenser and the absorber witl be used for heating purposes

and so the air entering these heat exchangers will be at the
return air condition of 24 deg tr. If a l(r 6snr=" approach

is allowed with I degree of subcooling å condenser (and

absorber) temperature of ss deg c results. This allows for
an air leaving temperature of say S? deg C which is
considered adequate for a comfort heating situation.

In addition to aero preesure drops throughout a

approach was lrsed for the precooler, preheater,

column heat e>lchangers.

For these conditions a heating COF of l.S?
Ct.336) was obtained for Rll RZZ and l.39
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R113. t¡Jhether oF not these systems åre viable at these

coF's depends on economic considerations which shourld

inclutde snch factors Às fr-rel costs, manlrfactlrring costs,
boiler inpr-rt efficiency and the coF variation due to
changing load reqlrirements on the plant. It shor-rld be notecl

that for Adelaide e heating plant wonld spend a significant
proporti on of i ts ti me opeFati ng at I ess de,mandi ng

conditions than have been chosen here and therefore an

annural averege COP cor_rld well be higher than the ,spot,

val lres shown.

1.4 -Prototype si mr-rl ati on

In the late L77ct'= Dr J. R. Roach buritt and tested the f irst
prototype R1? Rl13 organic absorption cycle with å circr-rit-

ås shown on the work sheet in f iglrre 3.?7. currrently the
complrter model i s not desi gned to si mr-il ate thi s cycl e whi ch

inclurded a preabsorber heat exchanger, However, if the

mixing/preheater/preabsorber/absorber i s considered

colIectively then å" epproliimate simnlation is possible.

Data f or the program was set Lrp ås f ollows:

Fresslrre drop

- Evaporator oltt

In the absence

following wås å

Evaporator

Frecool er

Frecool er

Mixing

Mi >r i ng olrt

Absorber

to absorber olrt

of detai I abor-rt

sBurmed

to precool er

was 35 llFa total .

the components the

zeFo

6 kFa

10 kFa

zElro

1Õ lcFa

I kpa

åre gaurge )

to mi:l i ng

to absorber i n

(Note! preËslrres; on test sheet

99



1 r- ' - I i -

7.

3oG G

5?.1

Cz.t

21. a

3r.o
1 2.s 1 2.?

23. j

Olc=O1'tï

Eu/, ,

2'r.s

2q.'l

35.¿t

ts.1

ils.ç

X,¿ = o'oZ
= O'18

= ,'Sl f le6..'/r¿>t

= /.s3 0/r.

Er=O.$r3 Fo[.

2T. t

36.(

c.o-e = o éo(

22-s

RvN 25
R^-. - 6'6+)
R*r.¡. = o'50?

.8
irs

Ë

6s.3
nMJ

1,,s
,3

P

so.8

2.eol

,\
x lltr =

t.go

êoo

É r:'

!?,'Êt3g?Rß=Q

2oo

SORßER

f ,,,:.;>.¡¡.'..53i1

fo = 2.3is ßw

FIGURE 3.27

åÊrnJrL¡¡î |¡enlr ¡ 2l.tl



Slrbcool i ng and surperheati ng

Valures on trre actrtar cyclr,r were estimaterJ by

comparing the measurred temperatlrres with
saturration temperatLrF€!s corr.'=pondíng to the
rneasurred pressLtret.

Absorber S(¡l kpa at O,29 gives ?4.7 deg C

Sutbcool i ng = ?4.7-2?.4 aI I ow I degrees
Condenser 7?â kpa for Rl3 gives ??.S deg tr

St-tbcool i ng = 39 .7-?9.= aI I ow r_¡ degrees
Evaporator S5å llpa f or Rl? gives 3.8 deg C

Sltperheating = ?4.8 - 3.8 = Al de€(allow for a one degree gradient)
Approach val lres

Absorber 3?.8 - ?1.4 = l. l degree

Condenser 29.7 - ?1.4 = B.. degrees

Evaporator 33.S - î.8 = =cf.= degrees

Precooler Z=-t.7 - A4.B aIlow I degree

Freheater STu.Z Bg.4 allow I degree

CoIurmn, Bottom heat er:changer

Feed plate to heat enchanger olrt

assLrrnel 3 degrees

Bottom plate to heat er:changer in
asrLrme B degrees

Evaporator capacity = <?7.3 - 2S.S) ¡.: Cr.g4g = L.46â ktrJ

Given the above parameters the comptrter model h,as rLrn so

that the boiler temperatLrres coincided with the measlrred

value of 115-4 deg tr. For ease of compa'-ison the data below
have been tal':en fro¡n appendir: H, figurre H1?:
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Fower i npurt l*hl

Condensi ng pressure tlpa

Feed temperaturre derJ C

Eottom Heat Euchanger
I eavi ng col urmn deg C

Frecool er I i quti rJ out deg C

Eottom flow l<q/a

Feed flow J<g/=

Distillate flow t<g/=

coF

precli ctecJ

2.5?B

733

E?E
-J.J. .J

65. I

19.3

(1. C¡31?

c,. cr4 I 7

O. C,1 C)5

ö.377

encoLrragi ng checllE

becatrse of the

dismantled and à second,

beenprograrn ¡ has just

rneasurred

?.395

7"6

5ö. B

65.3

?3.7

o. ö3ó5

c¡.0367

o. (l1c¡?

ö. éCré

Even thor-rgh these reslrlts erel considered
with other tests have not been condutcted

di+ferent system conf i guations.

This first prototype has now been

with the =;arnEr configr-ration åE the
cornp I eted .

f,. 5 Compar i son wi th å Li th i r-rm Bromi delwater system.

Yazai':i Ar¡stral i a Fty Ltd rnarhet a range of absorption
chillerg inclurding å gag fired unit rnodel cHåc)c,, the typical
operating characteristics (37, of which are given in the
tabl e bel ow. The Rl? Rl lr system wa= model I ed lrsi ng al I the
Yazalri operati ng condi ti ons e>rcept f or the preheater and

absorber approaches. rt wås considered reasonabre to have
àn absorber approach of the EamE order ås the condenser and

evaporator and 50 the preheater approach h,as redlrced from
15. 1 rJegrees to E degrees. The ya=arri absorber approach was

redutced from $-â degrees to the prototype varure of î.ö
degrees.
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Cool i ng capac i ty trW
Chilled water in deg C
Chilled water out deg C
Evaporator temperaturre deg C
Eool i ng water deg tr
Eondenser approach rJegrees
Absorber approach degrees
Evaporator approach degrees
Precooler approach degrees
Freheater approach degrees
Alt column HX approach degrees
coF
Heat inpurt to generator ltW
Feed flow./distillate flow ratio
Di sti I I ate fl ow rate kg/s
Col urmn f eed f I ow r ate ltq / s
Heat rejected in condenser kN
Heat rejected in absorber khl
Pr-rmp poh¡er ]*W
Di st i I I ate rnaE;ei concentrat i on
Feed mass concentration
Eottom mass concentration
Feed temperature deg C
Eottom temperature deg C
Presslrre rati o
Hi ghsi de pressurre ltpa
Lowsi de pressurre llpa

B7
.9
.B
.J

.4

.(l
-l

.c)

.Cl

.(J

1

â
4

?e
?
¿:

?
?
E
J
Ê
ÈJ

Cr

6. B7
11.9
6.El
4.=

t9.3
?.4
6.6
?.3

15. I
5.ö
4.74=
9.3?

14.5

Yaz ak i

Ö, oÖ?9
0. r14?1
7 .43
B. 64
CI. C1

1.ö
c¡.58
r1.54

7Ð.6
87.Ët
Lt.7=
q.87
Ö. 84

R 1?-Fr I 13

6
I

1(t.
4.
o.
(l'

1Ct.
7.
r:) .
t1'
(J.
f}.

59.
I CrB.

Êt

77Ct.
?EE

6rs
7=7
4?
C¡49f,
7177
349
?98
crSB
99
263
rl5
I
Cr

L7
a
t_t

compared with the Lithiurm Eromide/water system the Rl? R1l3
vari ation i s:

COP !=ry. I ower

Distillate f low Lé,ï,Ct?. higher

Feed flow 4L77. higher
Two f actors contri burti ng to the slrperi or perf orrnåntre of
Li thi urm Eromi de aFe

The high ratent heat vallre of water. It is !6er-t/.

higher than Rl?. (See section I.?.8)
Reduced dif f ErFence between hiqh and low pressLrre

sides of the system.

For the Rl? Rl13 system coF to ri var the Li thi r-rm

Erorni delwater system lrnder these cond i t i ons a redurct i on i n

colurmn and/or absorber irreversibilities is necessary. A

preliminary investigation indÍcates that these redlrctions
måy be achieved with a multistage cycle, If the organic
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system is significantly cheaper to produce it may be

competitive from an economic point of view even with the
lower COP and/or a more complex cycle.

Space heating f or the Lithir-rm Eromide system is achieved not
by using the system as a flr-rid to ftuid heat pump br-rt by

boiling refrigerant out of eolution with the ges flame and

then condensing it in what hras previously the evàporator.
The condErnser and absorber are rendered inoperative and the
condensed refigerant is absorbed and circulated back to the
boiler. unlil<e the organic system this mode of operation
cannot produce a troP greater than onr and therefore n.,

attempt hag been made to compare heating cycle perfoFíìance.

l0/.



CHAPTER, 4

Nomenclature

arbrc = constants
f = fugacity
Q = pressure
R = residual
T = temPerature
N = ¡umber of distillate column plates

Z = compressibility
r = convergence criterion

Subscripts

iandj=component
k = iteration number
I = liquid
v = vapour
c = critical

16



COMF'IJTER ]IODEL

To analyse the absorption refrigeration cycle it wås decided

to write å VAX 11 Fortran computer rnodel u¡hich proviclecl the
f ol I owi ng:

- A compÀri son between cal curl ated and purbl i =hed f l uri d

properties for a Fange of worlling fluricls.

- Easy selection of working flurids.

Tableg of fIr-tirI properties for both pLrFe surbstances

crñd bi nary rni xtutreg.

- opt i onal Lrse o{ var i olrs i nternal treat ex changers i n
the refrigeration cycIe.

- Specification of refrigeration cycle oper,rting

vari abI es sutch aE evåporator temperatLrFEr-

- A system analysis showing f lurii properties at varic¡r-rs

poi nts i n the cycl e Às wel I as cycl e oper.eti ng

characteristics sr_rch as COp.

The program wÀs written in stages, f ir.stly the f Ir_rid

property cal curl ati on secti on , then the property checki rrq

section and finally the absorption cycle model hence

the ext-ensive Lrse of subroutines. These surbroutines

al I oured secti ons o{ the program to be rLÌn i ndependerrtl y cìñd

also simplified the location of eFrc¡rs. conseqrlently ther

mai n progråm contai ns onl y Àn i npr-tt f aci I i ty and EornÈr mi nor

calct.rle¡tiorrs followed by the aFpropriate sutrrourtine calls.

4. I Froçr am strurctLrre and anc i I I i ary prctcJr-ams

A single inpr-rt'fiLe contains variables for serlecting prrlgrern

options surch äs tables of f lr-rid properties and also fc¡r

spP(:ifying system model valutes sLrch as temperatures, and hea{:
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elitrhånqer options. As shown in the file strurcturre irr

Appendix c it i,: in this f ile that the two operating f 1r-rids

åre spetrif ied by ASHRAE nrrmber. Once the two f Ir_tids àr-E

speci4ied their properties äFe read from individlral data

f i I es. Theref orr., pri or to runni ng the-' system model

separate i nprlrt f i I es rnltst en i st f or each pLrrEt sr-rbstance and

a val ure f or the Feng-Robi nson equati on i nterracti on

coe{f icient mutgt have been entered into the f}rogråm.

The program may be imagined to have f, levels, ther first

being the main fJrogråm which readg and checJ': s inpurt data ancl

also calcurlates variolrs Peng-Robirrgon constants. Ne>lt ar-Ea

the system and property t.rbIe gurbrourtines anrJ, finalty, the

i ndi vi dual cal curl ati on subrourti nes. The system and property

table¡ subro¡-ttines contain the informatiorr requrir-ed for tl-le

writing of the outtpurt f iles slrch ås the system layouts showrr

i n Appendi x H and, i n the cåsE! of the mi r:tlrre properti es, å

pI of f i I e i s wri ttgn for the enthal py concentrati on di agrarns

as shown in appendix G.

In all there are three ancilliary prÞgräms which slrpport the

main progrårn blrt these are not essential f or its operation

vi r: å pl ott i rrg prograrn (32) , e batch pForJräm and an

i nteracti ve progrâm f or wri ti ng the mai n i npr-tt f i I e.

The plot procJrarn måy Lrse the f iIe generated by tlre nìcairi

progråm as an input to generate enthalpy concentration

diagram=. AII graphics åre prodlrced ursing er:ternal IGL

surhrr:urtines.

No l,: u'yboard i nplrt i s reqr-rí red durr i nç e¡r ecutt i on of the mai n

theref ore it cån be rLln in the batcl-¡ processirreprc¡grårn and'
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rnode. I n

J was done

f act

via

file

most of the system modeltinq lrsed in chapte*r

ån ovËrn i ght batch pFcrÇt-cìm wh i ch rnocJ i f i ed thc.

mai n i npr-rt after each rt-rn and then retutrned the proç¡rÄfiì

the nex t ex ecurt i on .to the qLrELre f or

For sinqle Fl-rns of the rnain progrårn an interactive Frogram

whi ch reads the currrent i npurt f i t e, prompts f or the chernges

requrire'd and the'n writeg a new version has been created.

Tlri r= avoi ds havi ng to merrnori se the i npurt f i I e strlrctlrre.

For portability the rnain prograrn was wl.itten to stanrl alone

and theref ore nLlmer-i cal method slrtrrolrti nes weFe i ncI utded.

Overall ttre proBrarn occupies 34(rl.: bytes and e¡leclrtion cln the

vAX tt/79t-t varies between 2 and 5 minlrtes of processing

time depending Þn the nltmber of heat er:changers in the

circurit.

4.? Nrrmeri caI I'lethods

EarIy in the devel.opment

necessary to write some

methods f or the sol urt i on

the Feng-Robi nson curbi c

methods considered were

regnl a fal si (or I inear

method <q,. Three were

cr-rb i c sol ut i on were

HaIf interval

Regrrla falsi

Newton

of the prograrn it warå f olrnd to t¡e

standard surbrolrtines for nLrrnerical

of equrat i ons and s,o the sol r-rti on of

was used as a test cåsc3. The

dí rect surbsti turti on , hal f i nterval ,

inverse interpolation) and Newton's

tri ed and typi cal resurl ts f or the

ICr iterations

I i terati ons

5 i terati ons

wås devel o¡:ed

?t-¡

6

3

From this a set of prioritiee for methods

r^¡hich rated Neu¡ton's metlrod f irst, br_rt of
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only àvaílabler for analytically differentiable furnctions,
fol I owed by regrrl a far si , har f i nterval and di rect
surbstitr-rtion. It transpirerj that Newton's method wåE

r:otrfined to the solt-ttion o'f tlre Feng-Rot¡inson cnbic ttecaLrç,e-,

i t ÞJås the onl y anal yti c f urncti on and eI sewhere, becalrsu. oç

=perad and reli.atrility, the regula f.clE-,i metlrod wa5, ursed. Irr

some cases two methods were combined. For example i.t iç
possible tr: otrtain the two gLresses reqnired to st.rrt the
regurl a f rrl si method by st-rpFt yi ng one gLre=ls and usi ng di rect
sr-rbst i tr-rt i on to f i nd the second.

A robutst sutbrclltti ne t¡as wri Èten f or t-he reç¡ul a f aL si method

by irtcorporatinq a simi1ar method calLerj falr=e positi9n and

by storing three successive values of thr- flrnction. FalEe
postion wàs inclnded becaurse the positive and negative
resirjual required by regula falsi for the f irst two guresses

colrlrJ not always be guaranteed. In the caEler of f .rlse
position both residuals cån have the serne sign burt dr_rrinç

computati on one of the gLresgËls rermai ns stati onary whi I e the
other is updated. For trure regula falsi (g) the two initial
gues;ses must have di+ferent signs and then both are r-rpdaterJ.

The equration ursed f or both methods is:-

ê _fyBr-f2Btr,ttet¡ (4. I )&z-Rt

R1 R1

R2 8n¿w

0
Sncw x2

X
0

1x

False position
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Three val lres

are required

fol I ows!

For the

gLlEl55e5,

XI equal

pairs of

si gns.

of r¡ and thei r correspondi ng resi du.rl val ures

by the surbrolrt i ne. The f I ow chart i s ås

THEN

ELSE

ne tul. n returrn

first call,, which involved the two initial
valures xl and x2 were made equal to guress one ancl

to qr-resç; two. Thi s procedurre wi I I rLrn f or i ni ti at

resirllrals with either the såme signs or. opposite

4. 5 Fl r-ri d propert i es

Feng-Robi nson eqr-tati on subrouti nes were wri tten to generate
ba=ic data sltch as pLlre anrJ rnixtlrre enthcelpy vallres and then
these i n tltrn are cal I ed by the sr-tbrourti ne= whi ch establ i sh

worl':ing f lr-tid conditions like våpoLrF-Iiqr_rid equrilibriurm.

new 3 = value f rorn eqn 4.
. , r-rsing old Z and S

I

new ? old 3

new I old 2new2=old3

I is unchanged

new S = value from equn 4.
using old I and s

I

Rl x RS must be ati ve

x RS negative

x RS positive
R2
OR
R1

F
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4.I. I Peng-F(obi nson eqlrati crn

A 'secti on i n the mai n prograrn cal cul ates al I con--tants f or
the Fenç-Robingon (chapt-er 1) eqr-ration nf state, inclr..rdinr¡
those sections of the enthalpy, entropy and avaitability
complttati on whi ch remai n constant throurç¡hourt. The=-e val ures

àre transmi tted vi a å cornmtrn bI octr.

The solurtion of the Feng-Robinson clrbic in Z (eqn 1.1)
involves three Íneåningfr_rl possibilities :-

våpoLu- only one real root

liqutid only one Feet1 root

Two phase three real
liqurid and

roots, the smalle=t for
the largest for vapolrr.

For å given temperature and pre=sLrre the nurmber of roots,

the firstand the stationary points åre determined

derivative of equation l.? to zero. The

equration is
oZ2+bZ*c = o

The nurmber of real

by setting

forrn of the

ther cJiscriminant of

roots can be obtained by evalurating

the quradratic formlrl.r

discriminont

111
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If the

þ

*Í

l.lnowi ng

si ngl e

val ues

method.

discriminant ís

zero=Srealroots

Eero = ? real and eqlral roots

rel.o=lrealroot

the stationary points and the number of solr-ttions e

half interval calculation using two limiting

is used to f ind a starting valure f or Newton's

The I i mi t i ng val lres åFEr ! -
One root

Li qui d

Vapolrr

root

root

onl y:

onl y:

zero and Z

Z and 1.1
c

tr

o Zç'
.ê

L
Two roots

Li quri d:

Vapour I

zero and the lower stationary point

Upper stationary point and 1.1

€
VL

For the solr-rtion of the cubic a Fesidual of less than
-l?

I >r 10 i s reqlri red. The program termi nates i f the number

of iterations exceeds 1O or i+ Newton's method yields a

guess olttsi de the starti ng I i mi ts. Beneral 1y thi s method

wås f ound rel i abl e al thor-rgh even wi th cal cul ati ons i n doubl e

preci gi on i t cÈrn f ai I neår the cri ti cal poi nt i + the val ue

of the slope approaches the åccuFecy limit of the machine.

However, this is not a problem because failurre always occLu-E

inside the'dead zÞnEì' (see chapter I, end of section 1.2).
112



This golr¡tion of the cubic is the most f requently r_rsed

section of the program and therefore a reduction in its
computation tíme could represent å significant reduction
overall. Furrther development of the progråm should include
ä compårison with ðn analytical method.

4.3, ? Pure Eìubstance Vapour-l i ou id e oLr ilibrium

For a given

pressLlre i s

absol trte
val ue

temperaturre and

establ ished by

= lpo,",, (r -

eubetance the

the converg€rncct

saturrati on

of

)

YES

YES

Fi g 4.2
113

lo
1z

l<5Pc

RETURN al I
propert Í es r

thermodynami c

NO

RETURN al t
properti es

thermodynami c

NO

new PFessiLtre
value from
regula faIEi

('-*)
checlr

l< 3Pr

Ercal cul ate f ft

second
pressLlre= F
gLresEi É

caI c
If

+

('-f),. EPt

checlt
lP¡o,,

al crrl ate f tr ft

aI pressurEl
quElss from

I aursi l-rs Cl epeyron
qlrat i on

n1



4, f,. f, I'li r:tlrre våpc:Lrr-I i quid equri I i brir_rm

cìiven two properties the vapour Iiqr-tid equti1ibrilrm data
f or ca rrìir:turre can be establ i=hed. several subroutines
have been wri tten whi ch estabt i sh mi xtlrr-e vapourr-l i qr_ri d

eqlri I i bri r-rm and f or these the i npr_tt vari abl e combi nati ons

åre: -

temperature and p¡-essLlre

pressLrre and liqr_rid mole concentration
temperature and liqr_rid rnole concentr.rtion
preEsLrFe and vapour mole concentration
temperaturre and väpoLlr mol e concer.rtrat i on

These suhrontines al I f oI low a simi l.rr pattern and are
basecj on - the eqrri I i br i nm requi rement that the f urgac i ty of
a component in the liqr-rid phase mlrst be eqnal to ttre
f rtgaci ty of that component i n the vapoLrr phase. Typi car I y

the convergencel cri teri on ursed i n these s¡urbrolrti nes i s based

on

I - Er L*rrþI¡.t I ¡,2
(4.?)

ie. whern the FLrrel Iiqurid and vefloLrr furgacities are equral

then the sLrm of the mole f ractiohs of ther components eqlrals
c:ne- onl y the f r ow rJi agram f or the temper.et-lrre/pressLrFe

srtbrolrtine is shown in figurre 4.3 becalrsr: the other
icmhinations follow a similar pattern. In this cÀse the
convergence cr-iterion for the liquticl rni¡ltlrre iç ba=ecJ on t¡cr
di f f l-årence between the gr-tessecJ and cal cul ated ¡noÌ e {r-acti ons

of the components. Equation 4.8 forms the trasis oÍ the
I i qui d mol e f racti on cal cltl ati on:
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rrgul¡ f¡l¡l

9-xc
lx I

Rrpret ¡t ¡bovr

u¡r Xc
Brcond gumr of X

I Xc

( lx t

c¡lcul¡trd llquld end
v¡pour fugecltY v¡lur
c¡lcul¡tr r liqufd
conc¡ntr¡tton Xc

u¡l ng on 4.2 ¡nd

nd y velurI
lon 4.

whlch ¡¡tlrfúrr
or

ftnd llquld fugeclty

Rrduco Xg
Y)t

Firrt gurrr of
PI

Y-xg
P

xg - ---------
(T2 - T)

Flrrt gurrr of X

¡¡tur-tion tonp3 TlrT?
for purt componcntt
¡t P ¡nd ¡¡tur¡tion
prcssur.¡ ?l rPZ {or
Fur€ componrnt¡ ¡t T.

v¡nc nd

nrw Xg

NEW X

NO Cal cul ates a I i qui d
mol fraction fron the
lnltial guessed value

RETURN ¡tl th¡rmodYnemic
ProÞertl e¡

Socond gumr bY
direct gubstitution

RETURN ell therrnodYnamic
proper t i es

Fig 4.3

YEB

YE8

YES

NO

]

NO
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(4.3)

g¡sçl::s¡ not shBwn in the f Iow chart, inclutde

that the temperatLtre spec i f i ecJ I i es between the

FLtre component satutration temperature f or that

Pl-esSLlre,

- that the temperatlrre does not e¡rceed the critical

temperaturre of- either of the cornponents.

- the nurmber of iterations does not exceed 3(,.

4.3.4 General mixture sutbrolttines

Tr'lo sr-rbrourtines have been written whi.ch generate mixtltret

properties for' åny st-ate given three variables. One

requri res i npurts of pFessLrre , concentrat i on and enthal py and

the other pressurê, concentration and availability. These

two gubroutines call various combinations of the mi>ttltre

snbrourtines mentioned in section 4.I.3 and also follow the

same flow pattern of an ínitial gLtess from the programr e

second gLtess f rom di rect surbsti turti on and aI I st-tbseqltent

predi cti ons f rom regltl a f aI si .

4.4 Flr-rid property tables

fSince the ref rigeration system model 's åctrLrrecy depended on

f I r-ri d property data the prodltct i on of f I uti d property data

t..rbles wä=i å secondary consideration to the checlling of

cal curl ated data agai nst pr-rbl i shed vaI ltes.

Iü-
u;

Iü-
Y¡

!¡
Jtl
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4.4.1 Fure property tables

saturated temperatlrre values are calclrlated at 1Ö degree

i nterval s between the nomi nated enthal py datr-rm and the
critical condition. Variables to specify àFe

- Surbstance: nominated by ref rigerant nlrmber eg Rl3

- Units : SI or Imperial

and the ourtpr-rt is in tabular form eE shown in appendir: F.

Options incllrde superheated våpoLrr data at l(:rr?Orlt-¡ and

4cl degrees of sr-tperheat f rom each of the saturrated val ures

and a cornpaFison between calcurLated and pr-rblished vallres
from the inpurt file (appendix E),

4.4.? 1'4i>:tnre properties ancj enthatpy concentration diagrams

Ealcltlation of mir:ture data is centred around the produrction

of enthalpy concentration díagrams. Àt the pressLlFe in
qlte=tion equi I ibrium data is calculated at 1r_l degree

intervals between the satr-rration temperatLrFes of the two

pLlre components, surperheated valureg aFE calculated arong

isotherms using the vàpour solr-rtion of the peng-Robinson

eqlration at t-tre temperature and pFeEELrre in question. No

st-rbcooled solurtÍons f or the Feng-Robinson equation are nEed.

All sutbcooled calculations åFe treated as satlrrated ones at
the temperaturre and concentration in qurestion br-rt at a

di f f erent pFeEsLlFe. It has been assurmed that I i qr-ri d

properties eFe independent of FressLrre becaurse the Feng-

Robinson equation fails at varying distanceg (depending on

temperatnre) ourt into the sr-rbcooled region. ie the effect of

smal I pressure changes on I i qr-ri cl enthal py i s i gnored.

Variables to specify:-

- Components : by refigerant nlrmber
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Fres=,urre : either by À pressLlre valure oF by the
saturration temperattrre f or the mr:st
volatile component in its pLlrlã state.

Concentration : Intervalg for
c,. o1

calcurlation, dowlr tcr

Nurmber of i sotherms : Nurnber of
and below
I i nes.

i sotherms above¡
the equtilibriurm

Ch-rtpurt is in tabltlar and

graphics of the enthalpy

appencJ i x 6.

graphi c f orrn al thor-rgh

concentration diagram

only the

ar-e shown i n

4.5 Absorption s stem

4.5. 1 OveralI sequtence

A sequtential modular approach (g) wag ursed to analyse the
absorption cycle and the seqLrence lrsed along with the
corresponding listing is shown in figures 4.4 and 4.8
respectively. Iterative procedlrres weFe necessary in the
evaporator and colr_rmn seqLlences åF shown,

Eonsider the evaporator. Here two f actors interacting rrìell:i E ct

Ioop necessary, The pressLlrer in this section of the syste.m

is determined by the saturation condition in the EvapoFator.
Guessing the evaporator ourtlet condition allow= the
evaporator inle't condition to be calclrlated via the
precooler energy balance, This inlet condition murgt then

ågree u¡ith the temperaturre calculated f rom air Ieaving the
evaporator minurg the evaporator approach valure.

The colnmn loop is necessa,-y becalrse at the outset the
prograrn has too rnåny constrair¡ts. rt was decided to adopt

the approach of spec i f yi ng too many var i ab I es anrj then

modif ying one to sr-rit Eo that prograrn woutld yield the
nearest- possible solr-rtion to the overall reqr-rirement. In
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S€quonco
Number

t

2

3

4

5

6

7

B

I
to

1l

t2

ts

t4

13

tó

t7

ts
l9

20

2t

22

25

24

25

26

Condi tl on

Cond¡n¡er out

Condenser ln

Precoolrr ¡iquld ln

Ev¡porrtor out

Prrcooler vepour in

Pr¡coolrr vepour out

l'llxlng ln

Pr¡coolrr liquld out

Di¡till¡te throttlr ln
Evaporator in

Check calculeted evlporator intet value with value
glven by T...- leeving mlnus evàporåtor epproech.

Ab¡orbrr out r lhi. glvr¡ fo¡d concentr¡tion
C¡lculrtr botton ronc.ntr¡tlon

Pump ln
Pußp out

F..d ¡pllt
Prehr¡t¡r fr¡d ln
Rectlfic¡tlon H¡¡t txch¡ng.r ln
Bollor out

Bottom h.¡t ¡xch¡ngcr ln
Bur¡¡ frrd plete tcmprreturr

Botton hc¡t cxch¡ngcr out

Bottom florr into prehoeter

Eottom flow out of prrhrttrr
Feod out of prrhretor

Fcod out of rectfftc¡tlon hr¡t oxch¡ng.r

NEI¡¡ APPROACH

NEt¡ FEED
PLATE

TEI.TPERATUREFeed Join
Fa¡d condltton

Colunn ¡ No h¡¡t ¡xch¡ng.rr
C¡¡cul¡t¡ condrn¡tr down

(on flr¡t run only ch.ck

trmprreturr rgtlnrt lg,
nrcorrery)

Eottom flow into throttlr

Botton flo¡¡ lnto mlxlng

ìllxlng out

Ab¡orb¡r in
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lleep i ng wi th th i s the bottom concentrat i on wÀs cal clrl aterj
via a specified feed flow/distitlate flow ratio and then
.egain from the reflur¡l flow via the collrmn analysis. The

reflutx flow wå5 modifierj utntil the two bot-tom concentration
vallres converged and general ly this moclif ied the original
vallre of the order of f ive percent. T'lre err:pIanatory notes
relate to the sequence nlrmbers in f igurre 4.5:

Requri red re+gi dlral i s ":. c¡. 1 degrees. The f i rst gLless

for the approach is à f i>recJ valute, the second is from
dire'ct sr-rbstitr-rtion and f inally regurla faI=i is r_rsecl,

Constant enthalpy asslrmecl across the pLtmp.

Ini ti aI f eed temperatLrre gLress Lrses a si mpl e I i rrear

i nterpol ati on between the saturati on ternperatlrrers of
the t¡¡o pLrre components and is based on the bottom,
feed and distillate mess concentrations. viz

feed concentration - bottom concentration

distillate concentration - bottom concentration
First time through the calculated feedplate temperaturre

is checked against the first gLrE=;S, If the dif.feFence
is lr' cl.5 degrees control is returrned to lg ancj the new

cal cul aterd val ure i s usecl. From then on onl y the f r_rl I

col utmn I oop càn modi f y the f eedpl ate temperaturre val nr¡.

Reflur:.r ratio is varied Eo that the bottom concentration
cal clrl ated f rom the col urmn coi nci des wi th the
concentrati on f rom 1J. by ri- O. (:)(:tCtE . F,l ate
temperatLrres determi ne col urmn heat- exchanger I ocati on

and heat transfer- Adding the heat exchanger modifies
the plate 'hemperatLrFes making a chec[r of nE]w plcrte

c:clndi t j. orrs nece=;sary.

1{¡

1f,

t9

?6

commentNo
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All input variables requrired for modelling are contained in e

single inpr-rt f ile (appendix C). Data requrired includes

- Substances

- Enthalpy temperature datlrm

- Avai I abi I i ty pressLrre daturm

- Availability temperature datum

- Cooling fluid temperatltre onto condenser

- Condenser subcooling

- Approachr distillate out to flr-rid temperatr-(re on

- Cooling fluid temperature onto absorber

- Absorber subcooling

- Approach: f eed olrt to cool i ng f I uri d temperature enteri ng

- Evaporator capacity

- FIr-rid temperature leaving evaporator

- Evaporator superheating of distillate

- Approach: Flr-rid temp leaving to diEtillate entering

- Di sti I I ate rnas;Ei .concentrati on

- Feed {Low/distillate flow ratio

- Rat i o of actual to mi ni murm ref l n>l f l ow

- Fressure drops (various)

- Precooler approachr Iiquid in to vepoLtr out

Preheater approach : {eed flow in to bottom flow out

- Eottom heat e>rchanger approach: HXr out to feed plate

Bottom heat exchanger approach: Bottom plate to HXr ourt

- Rectification HXr approach: HXr out to feed plate

- Rectification HXr approach: Top plate to HXr

- Percentage of feed flow through preheater
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Frogr.em control dat.r spErc i .f i es system conf i glrrat i orr try

-rI I ,¡wi ng i ndu-pendent sel ecti on of he¿rt exchangers *t

Freheater

F'recool er

EoI urmrr heat eil changer , str- i pp i nS sect i on

Column heat êxchanger, rectification section
and also olrtpurt by controlling the amournt of data in the
pr i nt ourt .

{t A f eed boost lreat exchanger wes programmed blrt not teste-"d.

Typi cal pri nt

4.5. ? Col nmn

or-rts åFe shown i n ApperrrJi x H.

calcurlations

Two methodg were tried for the solurtion of the collrmn, å

rigorous approach by Henly et al (l?)'and â compurter model

of the Fonchon savarit construrction- Henly's method rc,r

column analysis is based on equation par.titioning ancj

teari ng methods. 'Thi s method requi res an i ni ti aI gutess of

temperatnre and våpoLrF flow rate for each plate and then,
for surbseqlrent gLressels, Henley recommends direct
st-tbsti tr-rti on wi th dampi ng, Ni th regard to dampi ng R lt)
percent ma¡limLrfn våFi.rtion in temperaturre ancl flow þlas

sltgqersted' The method wåE easy to proqrärn burt it was too

sensitive to the Ínitial gLresses to be rel iabIe.

The i ¡ri ti aI çJLreEE f or the våpour f I ow rates cf,n each stage

hJag¡ set eqlral to the f low entering the condenser (rrs

sltgqe=ted in the te¡rt). Linear interpolation between

concjenser and boiler temperatLrFes wàs ursed f or the plate

temperature qLresses burt after unreliable performance these

were replaced with Fonchon Savarit vallres. Even then the
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rneth.'d otrtråsi onal I y f ai l ed. Dampi ng di d r¡c¡t glrar-antee

sLrtrcess and when regula f alsi was lrsed to predict surbsequen.L

pl ate tempe.atLrreE the method f ai r ed cornpl eter y,

Di+ficurlty

cri t-eri on.

temperaturre

and that the

al one, wou1 rJ

w¿ìs also experienced with thr_" ccrnvergence

Henley surggested that a criteriorr b"esed Grn

and vapoLrF f I ow wes Llnnecesscrri I t compl i cated

f ol I owi ng eliprelsEi on , based on temperaturre:

sutf f i ce.

f:E il 2

s 0.0lJv (4.4'

Indeed this wås found to be the cåse. The vaFcLrr flow
valt-tes did ccrnverqe mcrFe qr-rickly than the pIate termperatLrreg1

ancj , c¡ eqlra'l-ion 4.4 wås Lrsed. HoweveF,, it wås discovered
that- tlrisi limit of Cr-01N demanded å converqÊnce between

slthsequent temperatlrres calclrlated for each plate of less
than one degree. êssuming the nurmber of plates (N) is 1?

then the slrm of the sqLraFes of the temperature dif feFentres

betu¡een iterations lt and tr-r must be ..= Ö.13. I+ this
differ-ence is assumed equal for att plates then this
criterion reqlrires a difference in temperaturre between

slrccessi ve guresses of Cr. I degrees. Thi s rneðns that I oops

utsed to f ind f Ir-rid properties murst have a trc:nvergence

cri teri on I ess than tl. 1 otherwi se vÀri ati ons i n f I uri d

properties ccaLree nnstable oFeration. The overal I accLrräcy

of the progrårn does not warrant such a tolereañce oFr

'ternperaturre and so tt're cri teri on wag i ncreasecl to I . oN.

However., by rela>:ing the value to l.ON (a 1 degree

di+ference per plate) atIowed å converqence sitlratit:n where

valures were within a f raction of clne deç¡reer cln most pI.et-e=

,Irt -4f-']
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bt-rt ? or 3 degrees for another. It we=; not possible to

embarlt on ån detaÍled investigation of this method and so it

wâs reFlaced with the Ponchon Eìavarit method.

DespÍte the failure of thís method two benefits did resrrlt
from this work. one wes å chec]< on the ponchon savarit
colnmn calclrlations. Nhen plate temperatnres frorn

successful runs of Henley's method were checlted against

Ponchon Savarit values they h¡ere at most two degrees

different. Secondly it was found that by ursing Fonchon

savarit temperatures and enthalpies in an adapted version of

Henley's method plate flow rates cor-rld be easily calculated.

column temperatures and concentrations are determined

usi ng a --Ponchon Savari t constructi on procedure (f i gs 4.6
and 4-7r. rn the case of the collrmn ¡with heat e>rchange

the =;ame procedlrre is used e>lcept that the diffeFence
point c (and d) is progressively stepped down (d goes urp)

for each plate with a heat exchanger. Protection in the
procedure includes checks for

- Excessive number of plates (lOCr rnaximlrm)

Azeotrope

- Excessive heat exchange in the column

- Excessive number of iterations (most are set at 3C¡)

By knowing plate temperatures as well as liqr_rid and

vapouF concentrations it is possible to calculate plate

flow rateg. As mentioned Henley's rigorous method

required the adjuetment of two variables, temperaturre and

våpour f low rate. It was f ound that by r_rsing ponchon

Savarit temperatlrres and varying only våpour flow rate

aIl the f lowg cor-rld be determined, The ç;equence starts
with all the vepoLrF flows being set at the condenser flow
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vaI Lre, t-hen LrsËs

when the Iargest

cal curl ati ons f c¡r

di rect surbsti tr-rti r¡n ancJ f irral ly terminater=.,

slrcce=si ver vapot-rr f I owdi+feFenc€r

any plate is

between

less than crne percent.
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GENERAL CONCLUSIONS

This chapter is divided in the sarne L.Jay that the project aims

weFe grouped in the introductÍon; viz flutid property estimation,
absorption system analysis and optimisation of system design.

The requrirements of the aims for the first two headings h,ere

f t-tlf i l led br-rt the system optimization aspect was not pursured.

After a sr-rbstantial time investment in the areas of fIr-rid
properties and system analysis Ít wås reali=ed that the course

requirements cor-tld be fr-tlfilled on this basis and that ån

ef f ort of si mi I ar magni tude i n the opti mi zati on åFea courl d not
be jurstified. conseqrlently this work provides a basis for en

e>:hautsti ve i nvesti gati on of absorpti on ref ri gerati on cycl es and

their worlring f tuids by sLrpplying the method, in terms of the
second la¡¡ analysis, and the rneåns, by way of the compurter

model

Information contained in this chapter is e collection of
the concllrsions stated in various parts of this report.

5. I l"lir:turre properties

Both purer and mi¡:tutre f Ir_rid properties have been

predicted satisfactorily for å l.ånqe! of organic f Ir-rids.

From this worl* it cÀn be conclutded that

a) The Peng-Robinson equration of state (section l.?) can be

used to predict fluid properties with sr-rfficient accr-rracy

f or engineering calculations. Typical ty calcurlated valures

were withinjs percent of the pr-rblished data atthor-rgh

liquicl entropy values did show larger deviations.

Appendi>r E shows a compð¡.ison between Feng-Robinson ancj

published data while appendix D illr-rstrates that the Feng-
12s



Robinson equration perf orms as wel I as¡ and in Êiomer ceseg

better , than the wi del y ursed Soave-Red I i ch-l,lwong clrb i c

equrati on.

b) Property prediction cån be improved by fitting the

Peng-Robinson constant l( value to pr-rblished data f or

each substance rather than using the generalised Feng-

Robinson correlation based crn acentric factor.

c) For the mi¡:tlrres tested the ef f ect of the Feng-Robinson

binary interaction coefficient on propertieg was

si gni f i cant. Assurmi ng ãero f or tlri s congtant i s not

recommended as eFFors between calcutlated and pr_rblished

values of between ?Cr and {(r percent måy result. This

coefficient wes determined by sr-rbstituting pr-rbtished

vapourr-liquid eqlrilibrium data in the Peng-Robinson

equtation and then worlling "bÀckwards', through the

c.rl curl ati on. In the absence of purbl i shed data f or

mi>:tlrres the activity coefficient approach of Van Laar tran

be ursed to estimate våpoLrr-liqurid data. These values can

then be surbstitr-red in the Feng-Robinson eqr-ration to

establish the interaction coefficient. This was done for

the Rl? Rl13 mixture and the method is discussed in

appendi >: B.

5.3 Absorption refrigeration cycle analysis

A computter model has been wri tten whi ch erieclrtes surccessf url I y

for evaporator temperatLrres between (:t deg C and ?Cl deg C and

for ambient temperatLrres between ?5 deg C and SEl deq C. The

model has facilities to predict and check flrrid properties as

urell as model an organic absorption refrigeration cycIe.
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5.1.1 Compr-rter model options and performance

Inpr-rt variables allow selection of heat e>lchanger approachest

ambient temperatures, mixture concentrationsr eveporator

capaci ty and worlti ng f I r-ri ds as wel I as i ndi vi dural sel ecti on of

{ourr internal heat exchangers. Olttputt from the Frograrn

i ncI utdes f I uti d property tabl es and PFessLtFEl enthal py di agrams

as wel I ref rigeration cycle detai 1s. l"lodel I ing of the

refrigeration cycle has produced:

a) A simltlation of en Rl? Rl15 system prototype wtrich gives

comparable reslrl ts to E¡þtpeFi mental test data. For e>lampl e

the measurred and predicted COP valutes were O.6C¡ó and t-t.577

respecti vel y.

c) A Second Law of Thermodynamics analysis of the

system (chapter 3) which shows that

the colltmn and absorber mixing Processies are the

Ieast energy efficient.

en€rrgy utílization måy be improved by the use

of i nternal heat e>lchangers.

After fitting internal heat exchangers the column

irreversibilities mainly occLtr cln the feed plate and

in the boiler. For the boilÈr it is due to the

di++erence in availabilities of the vapor-tr and liqutid

streams in equi I ibrir-rm and in the case of the f eed

plate there is an added Ioss due to the introdutction

of another stream with å different availability-

OveralI the greater this vapoLlr Iiqutid differencet

and the higher the column flow ratesr the greater is

the irreversibility Ioss. For this reason external

ref I utx f I ow to the col urmn shourl d be mi n i mi sed to the
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elitÊnt jurstified by economicg of distillation colutmn

sire. These unavoidable irreversibilities due to

mi x i ng set the max i murm achi evabl e trOP at À val ute wel I

bel ow the Earnot val ure. These ach i evab I e COP ' s erer

closest to the Carnot values at the lower evaporator

temperatlrres: for example for an Rl1 R3? system with

aIl the internal heat exchangers, ideal conditiong

and å ö deg C evaporator the achievable COP is

åppro)rimately onc! third of the Carnot valute.

FIuid selection is important. Both the Carnot

COF and the irreversibilities depend on this.

The R12-R113 mixturre consistently producecl COP

valures 1O7. higher than those f or Rl1-R22,

mainly becalrse of its higher Carnot COF.

d) A First Law of Thermodynamics analysis shows that

The system COP is most sensitive to variables

which afiect the pressLrre ratio (surch ag

ambient temperature) and least sensitive to

preheater and precooler heat e>rchanger

approaches. For etþíampl e wi th an Rl 1 R?2 mi >rture

and a constant evaporator temperature of 5 deg C

a change of 0.(115 in COF can be expected for each

degree change in ambient.

As the column ref lur: f low redurces, the COP increases,

bt-rt with a correrponding increase in column size.

Reducing distillate concentration provides an

i ncrease i n CtrP whi I st i ntrodutcti ng a temperatutre

gradient across the evaporator. For Rll-R?3

redurcing the concentration f rom Ct.?9 to C).9.

introdutced a 6 degree gradient and a 77. COF increase.
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e)

f)

Increasing the bottorn troncelntration significantly

reduces the generator temperatlrre br-rt has little

effect on COF and pLrmp Fower. For Àn Rl? R113 system

of 1ütlhl capaci ty ån i ncrease i n bottom concentrati on

from O.f-t5 to O.l3 reduced the genel¡.ator temperatrrre

frorn lr-tl deg tr to B? deg tr with À corresponding pLrmp

pourer change f rom tt. lkW to Cr.l ltt¡J.

A comparison with å trommercialty available Ya=al:i

gås fired Lithium Bromide water system commonly

nsed for air conditioning revealed a L37. Iower COF

f or the R1?-R113 system. This cornpårÍson was made

at the Yazalli rating conditions for cooling which

inclutded heat rejection to cooling water at 39.1 deg C

and en evaporator temperature of 4.5 deg C.

Hodelling of a practical heating cycle revealed COP's

of the order of 1.3 for Rll R32 system operating wíth an

evaporat-or temperature of -4.5 deg C. This suggests that

f urther worlt ís worthwhile.

5. ?. ? Compr-rter model methods

With regard to complttational procedurres (section 4.?, Newton's

method has been used successfr-r1ty to solve for the peng-

Robinson equration clrbic roots. For non-differentiable

futnctions the regula farsi method has proved to be far more

robutst and f aster than both the direct surbstiturtion and the

half interval methods.

For the distillation column analysis (section 4.8.?) å

prograrnmed rePretentation of the Ponchion Savarit method hag

been lrsed in preference to the equation partitioning and

tearing variable method proposed by Henley et al (1g).
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HenI ey 's method f ai I ed of ten becautge

i ni t i al gLles;ses and aI so i t requi red

greater than that which bras possible

eqlrat i on.

too sensitive to
property åccLrrecy

Feng-Robi nson

i t uras

a flrrid

with the

E.'lecutti on f or one set of ref ri gerant cycl e condi ti ons requi red

2 to 5 minuttes of central processing unit time on the VAX

tL/78Ët complrter. These relatively long l-Lrn times are often

inconvenient when ursing the computer interactively and so the

i nput was conf i gured to enabl e mr-rl ti pI e runs i n the batch

processi ng rnode.

5. 3 Opt i murm system desi gn

An optimum design procedure has not been established becaurse to

effectively optimise absorption =y=tem design both cost and

performance rnlrst be considered, not jlrst COP as has been the

cese here. For eliarnple even thor-rgh the organic lrnit COP is

l=7. less than f or the Yazaki design it rney sti I I be cost

competi ti ve becaurse of I ower prodlrcti on costs. Al so, unI i ke

the Yaz aki uni ts, the organi c system i s capabl e of heat pLlrnp

ope¡rati on and theref ore has a wi der rnarJlet potenti al . It i s

consi dered that the organi c COP i s sr-rf f i ci entl y cl ose to the

already commercial Yaralli eqr-ripment to warrant fr-rrther

investiqation

5.4 Flrture worl<

Further worlt is

be divided into

recommended and it is suggested that it

f our broad åreas:-

I ) Investi gati on of a rånge of bi nary mi >lturres wi th å
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view to establishing relationships between f lr-rid

properties and COP. This should inclurde å comparison

with existing systems.

2) Simnlation of prototype perf or.måntre, trhecks shor-rld be

conducted against test meesit-rrements to establish if

trends predicted by the program occur in pratice.

3) Investigation of murltistage evaporator/absorber

combi nati ons i n con jlrnctí on wi th two or more separate

collrrnn sections is warranted. Thege systems of f er the

possibf ity of redurcing the column and ebsorber mi>ling

ir-reversibilities anrJ therefore rnay offer significant

i mprovernents.

4, Optimization of design by assessing both costs and

performance.
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APPENDI}( A
PENGi-TÌOB INSON EQTT.å.TION OF S1rA:EE

Nomenclature
A : Peng Robingon co¡stant

" - Peng Robinson constant
B - Peng Robinson constant
b : Peng Robinson constant
f = fucacity
P = preEsütê
R = universal gas constant
S - entropy
T - temperature
U : Helmholtz function
v = volume
2 : compressibility

Superscript
o = ideal gas state
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PENG ROBINSON EOUATION

A. 1 Opti mi zati on of K equrati on L.z

To optimize K a decision had to be made on the

comparison with exper'imental data with respect to I

a) Temperature range.

b) Eonvergence criterion for f and f .
vl

c) Deviation parameter.

d) Froperty to be uged a=; a basis for selection.

A, 1. I TemperatLlrels

For the absorbtion cycle under consideration temperatuFers

cen renge from subzgro in the evaporator to in excess of

1O0 deq C in the distillation column. As most thermo-

dynamic tables (3) use saturated liquid at -4O

deg C as the enthalpy and entropy datum condition this

was chosen as the lower limit. Also it wes below the

Iowest evaporator ternperature expected, From ambient

temperature considerations it was not Lrnreasonable to

expect 120-15t) deg C in the distillation column. Using

this data a range for the eelection of K was chosen

from the higher of -4O deg C and the freezing point to

the lower of ?OCt deg C and the criticat temperaturre, It

shot-rld be noted that property data computation is not
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retstrlcted to this rang€t.

4.1.? Eonvergence

A saturated liquid-vapour fugacity convergencc! criterion
of 5x1o-3 kPa was selected because further redurction
increased computing time with no change in the property
values generated.

4.1.3 Deviation

Fi gure Al i I 1r-rstrateg that , based on pre:¡s..rre, mi ni mums

occLrr for equation Al at cr.éssz and for eqr-ration A? at
c). ê381. This variation is typical f or trrese ref rigerants.

ælcd -SDI = (4. 1)n-l

sDz ("-l) (A.2)

Equation Al was selected ae the optimization criterion on

the basis that it was biased toward the higher working
end, and not the low useage endr of the temperature

range. At the low temperature even though the absolr-rte

ErrroFS are small the relative error ig large which

increases the importance of this section for equation A?.

For er:ample, compaFe the two pressLrre percentage

errol. cLrrves in figure A2. Equation A1 allowg the greater
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erroF at the lower end but maintaing better accuråcy for
Tr greater than epproximately A.7 . Appendix E? shows,

at l0 Fahrenheit degree intervals, both the values

cal curl ated f rom eqlrati on A. I and the publ i shed (S) Rl?

saturation pressure data.

A denominator of n-l was chosen {or equation Al

for the smaller sample sizes which occured when

temperatuFe rånge! h,åE¡ smal I .

to al low

the

A. 1.4 Property

Equation 4.5 is an indication of the relative deviation

between publiehed and calculated varuee (Average absolute
valure of relative percent deviation) making it ån ideal

basis for a direct compåFison between properties.

¡îl(tfi+*)t't
AAD = (A.3)

n

Figure AS ( (a)=Iiqr-rid (b)= vepour) shows Rl2 gaturated

propety AAD valutes for a range of K . Typically the

I argest errorB occurred i n the I i qui d properti es. t¡Ji th K

at C,.6352 the largest deviation of 6.1 h,Èrs for tiqr_rid

entropy. To improve åccLrFetry it was proposed that liquid
entropy be trsed for optimisation. However, to optimize

on a minirnum for this property cåusleB unacceptable

errors. Even at the graph lower limit of K = O.EB the
Errror in pressure is in exceee of the originar maximum of

6.1 and the liqr-rid entropy minimum has not yet been

reached. Also entropy (and enthalpy) accuFacy is

Url



t0

I

A¡U TASB KIfPA FN SINNATÐ RI2

PSG RC8II.6CN KrPPA VA¡T

r¡û t8tß |(IPPA tn SAnRAIÐ Rtz

6

4

E

3

2

ø

66ô{.æs8 .6

A3(a)

dt

ô8

t0

I

6

â 4

2

0

.66.6¿.$ .6 6{

PÛG RÍEI}€N IqPPA VTIIE

Fig A3
A3(b)

-'.7

PRESSI-RE

LIC'.¡ID CO}PR€SSIE':IIJITY

LTCT-ED ENIROñ
llrLfID ENtt{A¡-.ry

-\

F¡RESSI-RE

VAPO|Jì CO}PRESSIEIIUTTY

VAPCr'f{ ENTFæry

VAPC1JR ENTÞ{ALry

142



influenced by two featltres:- Iiqr-rid compressiblity and

specific Heat capacity data. Since liqurid compressibrity
is determined by the fundamental åccurecy of the pR

equation any change in Iiquid entropy woutld have to
come! from the Specific Heat capacity equation constants.

It was not possible to embarJr on en investigation into

the äccuråcy of this data and so the constants were used

as purb I i shed . (.51 )

since entharpy is the basis for the first law anarysis of

systems it was given a higher priority than entropy.

Liqurid and våpour enthalpy minima occured either gide of

the pressLrre minimlrm making FFETEEiLTFe ån acceptable

cornprimise. trn this basie pFessurGr was retained aE the
lL sel ect i on property.

Table A.2 is a reslrme of ,the sDl and AAD vallres. A {urll

data set are given in appendix E.
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4.2 Departure fi¡nction and fugacity derivation

Rcid et al (1977) exprersel ¡ll the departure fir¡ctionr in term¡ of the Helnholtz euerry (U).

E - E" = (U -U"l+r (S - S") + nTV - rl

h|:ff*," v
F +(z-tl-lnZ

¡ubstituti¡g equation l.l i¡to equation Al

u -uo: - I:("- +)* - nrt"h

s-s: - -o(a:-u"l'

U-UO:I:&-

(A4)

(A5)

(A6)

(47)
rud

írve8

: _ [' nr ô(r) _ ø(r)
J- v, -v b(îl -(ô(r))2 +zb(rlv +Yz

:Rrt"&.ffi,"fffifi| -Rrtn

¡ubstitutiug in equation A6

using

a(r) NT
v(v + ô(r)) + t(rxy - r(1)) v

v
ø

üll

(Note; The integral of the ¡econd tern ra¡ taùen from Hodgeman) (20)

S -.9o =

substituti¡g in equation AG

a

,"'ffi-nhz++nnfi

v - o.ttt bv +II-Il.=RTln
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+nî t"T. - ÊT tn v - o.ltr ö(1)
v + 2.ltt

z +2.ttt B
- o.tlt B

+È.1(Z - tl

thereforc

Substituti¡g in equation Â7

n-Eo=Rr(z-l)+W"

n{-n

A= /-r-ln(Z -B)- ñB
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APPENDIX B
¿E G¡ L' L .â.TI

TTS I NGI

SOLT'T TON :FITTOFI,Y Câ.T.CTIT-.A.T ION
TITT \'â.N T.A^(ì.F¿ EQI'^â'T I OÀIS

Nomenclature

A : Van La¿r constant
B = Vau Laar coustant
f : fugacity
h -- enthalpy
P : pressune
R : univensal gas coneta¡t
S: entrcpy
T: temperature
v : yolume
Z - compresaibitity

F : free eDergT

? : acitivity coefficient
? : fugacity coeficent
6 : solubility coefficient

- - partial molar

1tr7.



Rlt RIlS ENTHALPY CONCENTRATION DIAGRAM t heorv and

calculationg using

Van Laar eqr-rations

the FR equation.

liqutd sctivlty coefficients from

and s;ome thermodynamic properties

P¡¡. = P¡v

Tv = T¡v

PaL = ttw

the

from

B. I Vapour Li qui d equi I i b¡.i r_rm

Nttll (26) states that three conditions åre reqnired for
vepoLrr liqurid equilibrium.

(8. 1)

(8.2)

(8.3)

I+ ttt=t4*Af¡ (8.4)

whereAp¡ is the partial molar free energy of mi>:ing
p?, is the pure substance free energy for that

state at standard conditions,

standard conditions for atl eubsequent calculations arG!

system pressure and thá temperaturre under consideration.
Usins Ar¡¡ = RTln(1;4) (B.E)

Nr-rI l shows that
1¡LriL lp?v-p?t\
1*r* = czP 

\-U-7 
(E' 6)

where

!¡
Td = 

- 
(8.7'" ,ilf
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NuIl's equation for fugacity of a component in a mixture
is

t
(8. B)

The af fect of the mi>iture is nelated throurgh

concentration and the furgacity at the reference state.
Nr-rll evaluates the chemicar potential dif ference term

lrsing a 3 step path between liqr-rid and vapoLrr based on

dp¡ = -c¡dT + u¡dp ( B. e)

Step t¡ Increase prErBuFEl from p to p on en
psat

i ncompressi bI e I i qr-ri d at constant temperature.

Step ?: Change of state at constant temperature and

Pressure.

Step 3: Eompression of vaFouF at constant temperatlrre.

summing these steps and surbstituting in equation Bó gives

f;= ffrprrl# I, (u, - ,Í)rol

It: "l¡cP¡¡at
ã = 1ilFcrp

RT
!-atterp )l

(B.1Ct)

E. 1. I Activity Coefficients

Fl. 1. I Vapolrr

Nr-rll surggests that assurming an ideal gas phase f or a

mi>rturre is of ten en acceptable assumption. To test this

the PR eqlration with a mixturre interaction coefficient of
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C,.O was lts;ed to generate fr_rgacity vallres f or the
components in both thê pr-rre state and in the mixture. rt
was con='idered that if the variation in the evaruation of
equation Blo attributable to the vapolrr activity coefficients
less that 17- then the coefficient courd be considered to
be unity. Table El shows that with the exception of the
two lower mor f ractions of Rrz (cr.4 

"r-ro 
cr.E) which had

temperatLrres crose to the criticar point of Rr2 (11? deg
c) r all variations h¡eFe ress than rz. Based .,n this, and
the fect that for the diagram at 4zs.s kpa all Rrz vapour
actÍvity coefficientE were between r.o and l.ol, Nurr .s

assumption wa:i tronsidered acceptable.

t. ö17

1. Crl1l. o12

1. O0Bl.Öf-rB

1. CtOgI . CrC¡s

1. O(,2

1. CrOó

1. OO31. OO3

I . {rfJO71. OC,OB

1.O

rl.4

c¡.5

rl. ê

þ.7

c¡. B

(].9

1.0

Mol
fracti on
of Rlz

1t111c,09C)BCt7Ct6(rTemp
deg C

5Cr

Table El Typical activity coefficients for Rl? vapour in
and Rf 2 Rl ts mixture at lOC,g kpa.

hrå5

1s0



B. l. 1.2 Li quid

Null =xpres=''rs reservations about the ability of en

equation of state and its mixing rures to accutrately
predict liquid molar volumeg. He suggests that some of
the t'empirical oFr at best semitheoretical approaches '
available might be adeqr-tate. o+ the methods discussed by

him it wag decided that the two congtant binary equations
of Van Laar were a good comprimise between atrcurecy and

complexity. Edmíster (lS) gives the Van Laar

equations in the form

lnT¡ --
A

l#+,J'
(8. 11)

(8.14)

(8.13)

(8.14)

Bln12 - z

where

and

6-

n= #(ôr -6¡)'

"=#(ô,-6r)'

n ene?gn changc ìom oolu¡atd líquid Ao ìdræ,l ga.
mola¡ uolumc

(8. l5)

Note that this evalutation of the solr-rbility coefficient 6

âssLrrnes a constant temperatLrre. Edmister discusses this
and cc¡nc I lrdes " A constant val ue of the sol urb i I i ty
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coef+icient 6 at all temperatr-rres is satisfactory and

murch simpler". In this case! the ref erencel state, ideal
gesr was aEsumed to be vapolrr at Eero pressLrre and the
temperature under consideration. Reference state
enthalpy was tal<en at the lowest pre=¡sLrrÊ! shown (for the
requi red temperatlrre) i n publ i shed data. For e>lampl e

Dlrpont Rl? ( 14) shows data down to ?óS pa. By

calcurating the morar volumeg for A and B from the data,
finding the solubirity coefficient ae¡ above and knowing

Xl and X? the liquid activity coefficients were

evaluated. Figr-tre El shows that as the temperature

approaches the critical value for RIZ (ll2 deg C) the
activity coefficient increases rapidly.

8.1.? Evaluation o{ equation EIO

Usi ng pr-rbl i shed data and cal cul ati ng acti vi ty

coefficients ås above all of equation ElO may be

evaluated except the expression

,".l (8.1ó)
J

This m åÊ grations

P."t 
)*l

erp ìr ri (++,
I tP¡¡¡t

EF Jo
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And e>rpressi ng the f ugaci ty coef f i ci ent of å pLrrEr

substance as

n.=+=*r[# ,r]RTTlo' 'i -

Eqlration 816 becomes

4iPoat lugaeíly eoal, al eatu¡alíon pr:etoule (8.17)0:r tugacíly cæl I al oyúem ptetture

These futgacities were obtained from the FR

equration. Table B2 showg E¡ome typícal vallres.

TABLE B?; Furgacity coefficients for pure vepour

In =iumrneFy e combination of pure pr-rblished data, the Van

Laar equations and the PR equation was used to evaluate

eqnation BIC¡.

l-r.5?ó

C¡.64

o. 673

o.7t 1B

o .7367

ç).7ã76

a.77âþ

o.96115

o.9501

o.9379

þ.q?46

C).9þ97

Cr.8959

Cr.El752

o.8497 0. BlBT

4.79?8

o.76ã

o.738

ö.7CJB,é.

0.67?A

o.64?6

c,. 862t

Ö. B7S2

o. BBS2

C'.8923

0.90c,?

c).90Bct

50

óf-l

70

BO

9Ct

10c,

110

3?3.1ê

335. t6

343.16

353. 16

363. t6

37S.16

383. t6

system satdsystem satd

Temperature

C l-:

R113RI?
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8.1.3 Total system FFersure calculation

Rewriting equation E.1O using equation B.L7 gives
t:1¡zP¡ootï;oac

U¡= tv Pq

A mass balance for a binery system yields

l=th*.th

burt P=P(yr+u¡)

Surbstituting for Yl and Y?,

tl,ltcPrral?JtolE'-
1v Pn

,zlzt PtoalÎtool
+ ,p (8.18)

TV PN

Hnowing P and assuming veFour activity coefficients to

be 1.O the system equilihrium may be found by

New x

ncl
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8.f.4 Sample calculation for Rl? Rl 13 mixture
6

P = l.öCrg x

T = Srf deg

Eval r-rat i ng

lO Pa (Satn presøure of RIA at 4? deg e)

the terme in equation AlCt

Substítuting in BlCr for Rtz

'lzU=t l.æ91 0.9922 0.9635'lv

Assr-rming vepouF activity coef f icient to be one then

V=,'lL f.t559

Try Xl o.B

Using the Van Laar equatione

ôr = 11939

ô2 = 14130

A = (r.l7B4

E = O.Z2F

?¿ = l.0l

c

t.a427

o. 1C,9

1. é1?

þ.9???

1.20?1

Cr,9ó35

Pa¡ll - etp viL(P - P¡,a¡t)
RT

Part2 P
P¡oat

parls - Qóoo3

QT

R113R12

1s6



Y u,B 1.C,1 1.1559

c,.9s3

Check system pressure using equation BIB

â
P = Cr.B 1.Ol 1.72 x lrl¡ Cr.9635 Cr.99?2 +

1.O
5

(r. 2 1. l3B l. I x lCr L.6tZ l.O4Zz

I.C¡
6

F = 0.984

Residual =

x lCr Pa

-?.47.

Usi ng

resul t
XT

a second guGlEE and a graphical approach the final

= O. 83 and Yl ().97 with a residual of -o.SZ.

8.2 Sr-rbcooled líquid mi>lture enthalFies

An ldeal tiquid mixture wås essumed, the effecte of
pressure h,erE! ignored and mixture enthalpies were taken

as molar proportions of the pure saturated valureg for
that temperaturel.

h=tth¡,at1.t2h2rn2

8.3 Superheated vepour enthal pi es

rnstead of asslrming ân ideal mixture for the våpour phase

it was decided to try a 4 part FFotress¡ which inclurded

enthalpy departure values from the FR eqr_rationE. The

procEls;e; parts h,ere:

u¡å5
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Part I : Eval uate I atent heat of rni x tlrre
temperatltre based on molar proportions

heats.

at datum

of the pltre I atent

Fart?: Calcurlate enthalpy departure at datlrm temperature,

from pressurel corresponding to reference condition to

zero pFErgEiLlrc!.

FartS: At tero pFesisure integrate the spErcif ic heat

cåpacity function from T to T.
datum

Part4: CaIculate enthalpy departurer et T from Eero

pree¡EiurEì to system pressurGt.

Table BS showg siome typical values f or putre Rl?

Tabl e 83 Enthal py crl cul at I on dttr

8.4 Enthalpy concentration diagram

Note that the rapid change in the near critical activity

coefficients for Rl? produce a steep slope in the boiling

point equilibrir-rm Iine in Figure Ê3.

ø.9

ø.t
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?94.3
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2ø6.3
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24ê.6
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47,4

é4.?

84.3

g.?a

ø.?B

ø.?a

t6?.6

t6?.6

lé9.6

srtd

s./hcet

s/hc¡t

42

7ø

tøø

Pencen t
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This method of prodncing enthalpy concentration data wa5,

abandoned becaurse it relied too much on pr-tblished

thermodynamic data and wat di+ficult to program.
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APPENDIX C

C OMPLITE T¿ MOD E I- I NPTIT E'I I-T S

162



C.1 Main inpurt file

one inpurt file was used for both prograrn control and for the
ref ri gerati on system model i npr-rt data. The f oI I owi ng f i I e
strlrctlrre Iayout irlustrates that the variables ME to JC

incllrsive relate to Frogram options and their associated
data while variables RN(1) to TD(14) detail data for working
f I r-ri ds and the ref ri gerati on system model .
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O Intac¡ctlv¡ rodc
2 Betoh nod¡

trrtrtltrltttltrtltrrtrrrrtrttttttttrttt ttrtat ttttrtttratrttrrtr
O Supccrrc¡ ¡l I pcogren conncnts to ¡cceen othec then eccoc

¡c¡¡¡gc¡
I During cun glvcr lndio¡t,ton of pcogcess

ttrtrttrrllrrlltrrltlllttlttrrltttttttrrrrrrttrtrrrtlrtrtttttrrr
T¡blr of pucc pcopecticr. O No t¡ble

I S¡tun¡ted velucr only
2 S¡tuc¡ted ¡nd superheet

coip.F. wlth publl¡h¡d d¡t¡ raSSuFC
I I propertier
ll+ 1¡¡.t"el of Cp detr
ptinize keppe on liquld z v¡luc
ptinlze kappa on pcer¡ucG

ost
I lnp:rlel

rtrltrttlttllrlt tttttltttt¡rtlI ittrrttfttttrttrÍttttttttrtt*tI
lllxturr drÈ¡ O No t¡blr

I crlcul¡t: foc ¡ixtuce date given
2 corpecr wlth detr fnon nlxtuec pcopcrty filc

Corpece rlngle c¡la with 1 Prc¡¡ure (pñK)
2 l{¡¡¡ ooncrntc¡tton ( X}lK)
3 llol concentc¡tlon ( XtlllK)

Trnpreetucr ln tlca C fon rlnglc o¡lc
Pce¡¡uce in Pr fon rlnglr c¡lc
l1r¡¡ oonc of oonponrnt I foc ¡lnglc c¡lc
l'lo I conc of oonponrnt i t oF ¡i ng I e c¡ I c

rt tr lr rtrrtttrtrtrrttrtttrrrt ttt +r r rt tt tt r+it r trtt t ttt ttt r t i r
Enth¡lpy concrnt,e¡ùlon diegcam O No ctiegran

l Equilbei.un only
2 Conpl ete diagcern

Plot, ftle¡ O Teblc only
t T¡ble plus plot file

tenpecrtuec ln deg C. S¡turrtion ternpenatuce for nost
vol¡ti le conponenÈ
Pce¡¡urc ln P¡. Dl¡gr¡r pcG¡aucc
NOTEIOI Ttl¡ ¡nd PñI thr onr not uscd ¡nust be ncaative

TltI (dog c) hrrt dleg pccssucc i¡ satn pc€rsuce
coccÊ¡pondfng to TllI foc conponent I

Pnl (Pr)lr pr..turr of dlegcen
ñol¡c inoncn¡nù (¡inltun O.Ot )
How nrny drgnttr ol l¡oth¡nn ¡bov. rnd b¡low r¡tuc¡tlon

1p
2t
3¡
4o
5o

coñtf ENTVAR¡ ABLE



NG

ñ61

TEIlPÌt6
PRESSn6
coNfii6

ttttrttrltr
ñL

ttttttllllt
JJ

JL

JC

tlttltllttl}tìl}rtttÍtrtltttt}rtttttlltt}tlltlttltttltttrtlllt}t
Puro d¡t¡ dct¡tt O No drt.

2 O¡t¡ foe ploè of fugecity vr pces3ure
3 O¡tr for Prng-Roblnton cubic ploÈ

Input lor Prng-FobIn¡on oublc plof
I U¡r crfnlgrrrnt I
2 U¡r crfstgrrent 2
3 Usa ¡ixfuc¡

Trnporetuet for Pcng-Robtnron cublo plot
Pcr¡¡ucr for Ptng-Robin¡on cubto BloÈ
!lr¡¡ ooncrntc¡tlõn foc Prng-Robtn¡on cubic plot

llrtlttrtttlllttrt}ttIttlrttIIrtItttIIt}}I}}rltttfrfrtlrltrllllt
Rclcigcrrtion tylten crloul¡tlon

O No ryrt:r c¡lculrÈlon
I Systen celo

f r t r I t ì I t i t I l I t t I I t t !.! tl!!l!!!!!l t t I I r t t r t t t t t r I r i r r I l ì l I t I t t I t I
Srtur¡tion Pres¡uce c¡lcul¡tion nethod

O Pcng Robin¡on equetlon
i DuPont equrtlon
2 Cl¡u¡tut ClePrYcon rquetlon

Pcr¡¡ucc c¡lcul¡ùion ¡t cnthrlpy detun
O Slnple nol¡e peopoetion ¡t d¡tun tcnpecrtuce
1 Dor¡ rquilibniun c¡lo ¡t d¡tu¡ tenprcet'uce

Prng Robtnron Kappe v¡lur o¡la nrthod
O St¡nd¡cd K o¡lc b¡¡cd llnglr K lor whole pcogc¡m
I U¡c¡ oublo tn TR for K v¡lur¡

tttrrllrlrrtltttttttlltllllrllllttt¡ttlttlltl'ltltltl lt'l tllt+'

RefrlgerrnÈ nunb¡c
Rclcigrrent nunbcr

Ocdtn doc¡ not nrttrc. PFogF¡i will puÈ ¡no¡t volatile
' ln porlt[on I

Refcigerant¡ ¡vrilrblc rnc
Rlt, Ri2, Rt3 r R1381 r R22 r R23 r Rt t g r RPFRC T R71 E' R1524
R500

Tanpcrrture d¡lu¡ foc enth¡lPy rnd Gntcopy deg C

Trnprceturc d¡tun foc ¡v¡llrblllty dl9 C

Pcr¡¡uer d¡tun foc ¡v¡ll¡btllty Pr
ttttl}¡ttlltlllrrtttlltttttttrtttltlttttlttttt+ttttttlttlltttrtr
Fluid èrrprceturl cntrcing rvlPoF¡toc dcg G

Fluùd trrperetuee te¡vlng.YrpoF¡toc dca C

Di¡ttlrrti ¡uÞcrhret eÈ rvtpocetoc out cclclu¡ degceer
Eveposrtor cePeoltY kll
Ftuid tcrprcetucl onto rb¡ocbrc drg C

Fced ¡uboootlng ¡t rb¡oebrr out Cclolu¡ degcees
Ftuid trrperrÈurc onto cond¡n¡.c drg C

Dl¡ttll¡tc ¡ubcooltng et oveponetoc out Celcius degeees
ll¡¡¡ con'crntrrtion of di¡tl I I ¡tr
t1¡¡¡ r¡tio of fced to dl¡èill¡tr flow
Tclpreetucr rltec fc:d boo¡ù hc¡t:r
Fced boo¡t. hcrtcc ¡olcat.lon

RN(1)
RN(2)

TD
BT
BP

IONE
TOFFE
SUPHE
EVAPCAP
TONA
SUBCA
TONC
SUBCC
DC0NCITASS
FOD
TFEED
TTTFEEO

IlPREHEAT Pc

PHPROP
r.180THX

}lPRECOOL

No
Yc¡

lec he¡ù exchengec
No
Y¡¡

ITRECTHX Rcctlf lc¡tlon hcet cxchengrr
No
Yc¡

trr hr¡È exchengcr
No
Yr¡

Pcoportion of feed flow through pceheetec ie O to 1.0

RR
},IP CONT ROL

Botton¡ he¡È exch¡ngcc
ONo
1 Yr¡

R¡flux n¡ùio (R¡tio of ¡otu¡l crflux llow to nininun flow)
PclnÈ out control

I Eyrter leYout onlY
2 Eyrtrn Plur oolunn ¡nllYrlr
3 8y¡t¡r þlul oolunn ¡nalyrtr plu¡ S€oond L¡w enalysir

o
I

Pcccoo
o
1

o
t

rh:¡
o
7
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rtIrtIIt

7
TTITTTII

I
2
3
4
5
6
7
6
I
0

P0(1)
2
3
4
5
ó
7
6
9

A

rtttt rrt

10
11
72
13
74
t5
t6
t7
l8
19
20
27
22
23
24

1)
2
3
{
5
6
7
6
I
10
77
72
t3
14

TD(

ttrttttl

tlttltlllttttlttlttrtlrtt+tttrtltrtltltlttttttttlttrrrttrtrlrlrtt
Rrlclgrrrtlon ryrtrn rpproeoh v¡lu¡¡
Evep out to I tuld on .v.p
Condrn¡rr ouù to lluld onto tb¡ocb.c
Ab¡ocbcc out to f lutd onÈo ¡b¡orb¡c
Pcrooolrc liquid in to prroooltc vrpouc out
Prcho¡tcr fcrd ln to pcrhcetec bottorn¡ out (nixtuce end)
Prrhr¡trc fred out to pc:hertec botton¡ in (colunn end)
Rcctltlrc HX out to lced pletr
SLcrpprng HX out to teeO -þtrte
Rectitier HX in to pletc tenpecetuce
Stcipping HX in to plete tcnpre¡tuce

IttttllrttllltttllllltrllttrtrttllltttrtÌIrlrlrrrrrrrrrtr+rrrtrrtt
Relclgrcetion ryrtrr pcr¡¡uc! dcopr
Ab¡ocbcc out to punp ln
Punp out to fted rpllt
Fccd spllt to frrd PH ln
Fecd rplit to Racùillo¡Èlon HX in
Rcctlflcrtion HX ln to ouÈ
Recttlic¡tion HX ouÈ to fecd Joln
Fecd feed PH ln to out
Feed PH out to fe:d Join
Fecd Joln to oolumn ln
Eotton¡ out fo botton HX in
Botton HX in to out
Botto¡ HI out to pcrhert¡e in
Botton fccd pcchc¡t ouÈ to cxpenrlon ln
Condecn¡rc out to pcecoo¡F liquid in
Pcecoolcc llqutd ln to out
Pcrcoolac liqutd out ùo rxprnrlon tn
Eveporrtoc ln to ouÈ ¡

Evrpocetoc out to prrcooltc vrpguc in
Pcecoolcr vtpoun ln to out
Pcrcoolcc v¡pour out to nlx tn
ñlx out to ¡b¡orbrr ln
Ab¡orbcr ln to out
Eotton fcrd pe:hc.t ln to out
Condrn¡ec in Èo ouÈ

fltttlrtrtrrrrrrrrrrlrtÌtlllllÍ**tlttlttrlttrittttrtrttrrrrrit rr.
Refnlgccetlon ryrtrr trnpcretucG ch¡ngeg
Abaocbec out to punp ln
Purp out to fccd spllè
Feed rplit to f¡:d HX ln
Fced rpltù to Rectlflo¡tton HX tn
Rectific¡Èion HI out to frrd nix
Fecd Pll out to frrd ¡tx
Feed boo¡È HX to colunn in
BotÈon¡ out to botton HX tn
BoÈton HI out to ferd PH in
Fccd PH out to bottor .xp ln
Condensec out to pcccoolrn liquid fn
Pcccoolcc llquid out to dl¡tIll¡te expension
Evrpocetoc out to PG vepouc In
Pcecoolec v¡pouc out to nlxlng ln

rtrltltlttttttlltrttltllttìItlttlIIlf rliltllrlrrrrrtrrrrrrrrrrrrt

NOTE¡ Thc lollowlng ¡bbccvl¡tlon¡ h¡vr br:n u¡rd

H¡rt exch¡nger to HI
Prcooolcc to PC
Prshe¡ten to PH
Pong-Robln¡on to PR
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C. ? Flrre sr-rbstance i n utt fí1e

C.1. I Fi le strlrctlrre and lrnits

In addi ti on to tabr_rl ati ng the val lres of
the putre surbstance data derivation this
Iayor-rt of the progrärn data f iIes,

e

These constants at-Er f or a cubic equration

Feng-Rob i nson constant f( as a f urnct i on

constants lrsed f or all
section shows the

which fits the

of temperatLrre.

1 9r appendi x A

I section 1,?

Chap. I equ t.t7
lt

Cl apeyron
constants

Cl ausi r-rs
eqnat i on

trhap.

Dhap.

name

f ormlrl a

Cri ti cal pressure

Critical temp

Mol eclrl ar Wt

Fr K constant

Dead z one

Specific heat
cåpacity const.

egLtn

Deg

? I ines

4 I ines

(See

( See

( See

4 lines

7 lines

n lines

Cl ausi r-rs
const.

Ë4

E3

c?

c1

Pa

Deg l{

Pc

Tc

l"lW

ll

Note I below)

Note ? below)

note J below)

AR

ER

commentUni tsSymboII tem

166



This f eaturre, which was sLrggested by Dr J. R. Roach, wåE

programmed ãs an alternative to the single K vàlLle

approach discurssed in chapter 1. It was hoped that fitting

rc as a f urnction of temperaturre wourld improve the Feng-

Robinson eqnation'E åtrcLrrecy. Time did not permit the

calculation of these constants.

Note ?:

These constants aFe for the Durpont vepoLtr prclssLtre

equtation. I+ these constants weFe available thís

equtation was; utsed to check the purblished dat.r.

Note 3:

Each of the next n lines contains purblished saturation

vaI ues of temperatLrre, pF€lEsLrFe, I i qr-ri.d densi ty, I i qr-ri d

enthal py, I atent heat , våpoLrF enthal py, 1 i quri d entropy,

våpoLtr entropy, L i qlri d compressi bl i ty and våFoLrF

compressi bI i ty. These val ues åppear as the pr-rbI i shed

valures of the respective properties shown in Appendix E.

AII Eompressiblity values shown were calctrlated from the

pt-tbI i shed tabl es.

C.3. ? Fi le content

The ASHRAE refrigerant number shown

is not part of the data file it has

conven i ence.

in the fol lowing table

jurst been i ncl r-rded f or
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o
j
1
o
o
o
o

R12
, 

O I CHLORODIFLUOROIIETHANE'
'ccL2F2',
4,tt55E+0ó
385.16
t.20.?
o.6352
0.6
7 .547
o.o42s7
-0.3603E-O4

.1 037E-O7
. 361 95982
. 0581 307E+03

39.88381 727
-3.43åê3223E+O3
-12.47752228
4.73(l4+244E-03
o.0
0.0

Rl1
, T R I CHLOROFLUOROI,IETHANE'
, CCLSF'
4 . 4091 ?9E+06
47 t .16
137.38
0.6ê5q
o.7
q.789
3.8?3E-02
-3.383E--05
?.903E-09

.51930112

.35459E+03

4?.1 4702865
-4344 .343807
-1 2 .845?ó753
o . o040083725
o. 031 3605356
8å? .07
459 ,67

43q.7

q

1

o
o
0
o

168

, B ROHOTR I FLUO RONETHAl'IE'
, CBRFs'
3.?64487 E+O6
340.1å
I 48.93
o.63t9
o.4
5 .227 41862
o.0å851 1 ô8
-3 .557E-O5
7.144025?28-7Íl
9.32427949
?28.499?88
o
o
o
o
o.o
o.0
0.0
o,o
o.o
0.0
o.0

, }IATE R'
'H20',
22048000. o
647 .3
{ 8. 015
o.8508
O.?
7 .7fll
4.595E-04
2.521E-06
-8.59E-1 0
10.461
2020. o97
o
o
o
o
o
o
0
o
o
0
0

R718R1381

, CHLOROOI FLUOROHETHANE'
, CHCLF2'
4.9773128E+O6
369 .1 6
86.69
.7020
.7
.0351 67
.1 28E-02
.2E-05
3.739705E-08
.5å7å32
, 060095E+O3

2?.35754453
-38 . 451 931 52E+02
-7.861 03122
2 .1 90939E-Os
4 .457 46403E-01
å .8å1 E+O2
459.6?

o
0
6
2

:
I
I
o
0
0
o

, TRIFLUOROHETHANE
, CHF3'
4 .83601 3E+O6
298.77
70. oo
0.7922
o.4
5 .339{72
o. 02002?
1.8E-05
-2 ,443?22E-08
9.62552
881 .31 I 7
o
o
o
o
328. ?O853
-7952.7å913
-144.57423
a .2421t 502
-2.t280665E-O4
9 .434955E-08
45?.69

R23R22



R13
, CHLOROTR IFLUOROHETHANE'
, CCLF3'

3.8ô7983E+06
301.99
1o4.47

o.6321
0.4

-4.662728E+O1
o.54353
-1.å2E-03
I .6836E-06
I .35722
8.3659361 E+02

o
o
o
o

25.?67975
-2.70953822E+03
-7.172343?l
2.5{5154E-03
2.80301 0?1 E-01
5. l6E+O2

459 .67

R113
, T R I CHLOROT RI FLUOROETHAI{E'
' ccL'¡F-ccLFt'
5.4397858É+06
497 .27
I 87 .3?
0 .75 1 q00
o.ó
't .4401711
f .1 6299ôE-O1
- I .'¡43E-.04
4 .14'r77St E-08

.48006088

.4356?224E+03

33. 0655
-4.330?8E+O3
-? .263s
2. 053?E-O3
0.0
o.o

9
{
0
o
o
0

(59.å

169

'73.8t CCL?F? 26.2t CH3CHF2',
'R12 & RtszA',
44?57ÍJ7.9
378 . åå
99.31
o.6987
o.6
33 . +å221 t
-0. 1 8?1 43
o .000å52294
-6.66E-07
I .435097
1058,3573
o
o
o
o
I 7 . 780?35
-3422.69717
-3. ó3691
o.oo0502722tr7
a,462?407
695 .57
459 .67

* No number

R500

, DIFLUOROETHANE'
, CHSCHF2'

4.4?537050E+O6
386.66
ó6. 05
0.7åoð
o.5
-6.3768245OE+01

å. ó7859200E-O1
-2.1 1 450000E-o3
2. +OO00000E-o6
g. ó031 I
I .1 4085525E+O3

o
o
o
o
o.o
o.0
o.0
0.0
o.o
o.o
o.o

, TETRACHLOROETHYLENE'
'c2cL4'
4.7640E+06
ê20.0
1 ó5 .93
o . 7511
o.8000
lo.9g
o.05397
-5 .478E-05
2.002E-08
I .8098831
1972.83397
o
o
o
o
0.0
o.o
0.0
o.o
o.o
o.o
o.0

R152a*



.A'PPENDIXD

COMPAFÈISON WTTII S IMII..å.FT, D.â'T.â'
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soAvE -tÈIE D r- rcrr-rl,woNcl ( S FtK ) tetrAT r o\T

I

I

!

I

I

i
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Eompari son with Asselineau et al (4)

Asselineau used ZL points to check the SRI{

saturation data with published data. Five
checked in each of the intervale

0.6 {- Tr { O.z

O.7 (= Tr { O.B

Cr.B {= Tr { C,.g

and three in each of the ranges

C,.9 {= Tr { rl.95

O.95 {= Tr (= I

The deviation parameter ueed wås

equati on

poi nts wGIFG)

U(++oe¡'SD? = ("-l)

Table Dl shows the sD? varues carcurated here and those
for Asselineau,= r"anod three.

o. cr 126

Cr. OOê9

(r. OOTS

o. oloS

O. CIOTB

o. r..,?,24

43

2A

t3

25

46

2ê

o.9?

o. ?95

o. g?3

Cr.993

o.992.

a. ?62

o.495

o.605

o.777

o. ås2

ç).47?

(:¡. ócrs

(t.oo77

c'. C'066

o.002

cr. ocr37

o. o4(t

o.0141

It
L2

13

22

113

15?a

AsseI i neau

SRK

SDz

No,

trtsupperI ower

PR

SD2

Reft

No

Tr

This work

Table Dl¡ Saturation presEure data

171



i

I

I

I

I

I

Even though the distribution.of pointe ie not the EemE!

for each care, with the exception of RlS, the range
congidered hras approximately equar to or rarger than that
of Agsenleeu- other than for Rlts the pR equation varues
showed the leseer deviation from the pr-rbrished data.
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APPENDIX E

rîl("5p)t'oo

CA.I.CTJT..A'TED \¡ET¿STIS Pt'E¡ T- I SITEI!'

T¿E E-F¿ I GIE TI.A-NT TD .A'T.A'

abr i dqed

compl ete

abr i dged

lt

¡l

lt

ll

lr

I

ll

compl ete

Rl l

R1?

R13

R1381

R33

R113

R15?a

R71B

R5C¡0

PerchI oroethyl ene

Rl3Bl - R15?a

RT 1 R??

R1? Rl5?a

R13 - RIS

R12 - R?3

R13 - Rl13

E. I

f:N

E.3

8..4

8.5

E.å

8.7

E.B

E.9

E. lCt

E. 1r

E. 13

E. 13

E.14

E. 15

E.1ó

DataFluidTable

EquatLons (for deflnitions see Appendtx A)

AAD =

SDt =

n

n-l

(calcd - wbldl?
n-l

SDz =

FILt
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PRESSURE COI'PAR¡SON
IrIrl{+I }}ttlI+t+i I

r¿L f-

ÌABLE El

TEIIP
DEG F

PRESSURE PSIA
CALCD PUBLD

ABS
ERROR

PERCENT
ERROß

N TR PR

-40.00
-30.00
-20.00
-10.00

0.00
10.00
20.00
30.00
{0.00
50.00
60.00
70.00
80.00
90.00

1 00. o0
tlo.00
I 20 .00
I 30. 00
t 40.00
I 50. OO

1 60.00
I 70.00
I 80.00
r 90.00
200.00
210.00
?20.00
¿30. 00
¿40 .00
¡50.00
¿60.00
¿70. 00
¿80 .00
¡90.00
500 .00
lr 0. 00
320.00
530. 00
3+0 .00
150 .00
560.00
370.00
380.00

0.752E+0O
0. 1 05E+01
0.1 t3E+01
0. i 92E+01
0.255E+01
0. 334E+01
0 . 431 E+Ot
0. 5508+01
0. è?åE+01
0. 868E+01
0 .1 07E+02
0. t 32E+02
o. 1 å0E+02
0.1 93E+02
o.2328+02
o.276E+O2
0.3268+02
o. 382E+02
o. +178+02
0.51 9E+02
0.599E+02
0. 689E+02
0.798E+02
0. 898E+02
o . 1 02E+03
0.t15E+03
0.1 30E+03
0. I 46E+03
0.1 å3E103
0. 1 82E+03
0.202E+03
0.2248+03
0.248E+03
0. 273E+03
0.301 E+03
o. 350E+03
0.3å2E+03
0. 395E+03
0.451E+03
0. 4ó9E+03
0.510E+03
0.553E+03
0.599E+03

0.743E+00
0. I 04E+01
0 . 1 {3E+O1
0. 1 t2E+01
0 . 2s 6E+01
0.33óE+01
o. å36E+01
0.556E+01
0.702E+O1
0.878E+01
0. I 09E+02
o. I 33E+02
o.7b2E+O2
o. t 96E+02
0.2358+02
o.27?E+O2
o.3298+02
0.387E+02
o. 451 E+02
o.5248+02
0.605E+02
0. 694E+02
o.79+E+82
0.904E+02
0 . 1 03E+03
o. I t 6E+O3
0 . 1 30E+03
o. t 46E+03
0 . 1 63E+03
0.1 82E+03
0.202E+03
D.2248+03
0.248E+03
0. 273E+03
0.300E+03
0. 329E+03
0.3åtE+03
0. 3?4E+03
0. {30E+03
0.468E+03
0.5098+03
o. 552E+03
0.598E+03

0.91 5E-02
0. ô35E-O2
o.304E-02

-o.2098-02
-0.1 I 2E-01
-0.228E-01
-o. å77E-O1
-0.5å3E-O1
-o.783E-O1
-0. 1 06E+00
-o .1 36E+OO
-0.1 71 E+00
-0.209E+00
-0.251 E+OO
-o.29{E+oO
-0.338E+00
-O.38r'E+OO
-o.427Ê,+OO
-o.468E+0O
-o.505E+00
-o. s34E+00
-0. 556E+00'-0.568E+OO
-0.567E+00
-o.552E+00
-o. 5 1 8E+00
-0.477E+00
-o.415E+00
-0.329E+00
-0. 231 E+00
-o.1 04E+00

0. 228E-01
0.1 81 E+00
0. 335 E+00
0.500E+00
0. 665E+00
0.83 I E+00
0.95 I E+00
O.1 05E+01
0. 1 I 0E+01
0.109E+Ot
o. 980E+00
o.725E+OO

t.23
o. 61
o.27

-0. 11
-0. 4å'
-0.6Ë
-1 .10
-1 .01
-1 .1r
-t.20
-7.25
-l ,28
-1.2?
-7.29
-1.2s
-t.21
-1.1å
-t.10
-1 .0t
-0.9ó
-o.88
-0.80
-o,71
-0. 63
-0.54
-0. 45
-0.37
-0.28
-0.20
-0. 13
-0. o9
0.01
0.07
0. 12
0.t7
0. ?0
0.23
o.24
o.24
o,24
0.21
0. l8
0.12

0. ç?+9
o.5067
0.51 8{
0. s302
0 .5 420
0.5538
0.5ô5ó
o.s77 (
o.5 092
0.601 0
0.6128
o,624b
0. ô364
0. ó481
0.6599
o,6777
o. ô835
0.6953
o.7077
o.7t 89
0 .7307
9,7425
0.7543
o .7 667
o.7779
o,78?6
0.801 {
0.81 32
0.s250
0. 8368
0.8486
0. 8604
b. azez
0. 8840
0.8958
0.9076
0.91 93
0.931 1

o.942c'
g.?s47
0.9ó65
0.9783
0.990t

o.o012
0. oot 6
0. 0022
0.0030
o.0040
0.0052
o. 0067
o. 0086
o.0109
0. 01 36
0. ol å8
0.0206
o. o251
o. 0302
o. 0362
o.0431
o.050?
o.0598
o. oå98
o. o81 I
o.0937
o.7077
o.1 233
o. 1 405
o.159{
0.1803
0.2030
o.227?
o.2s19
0.2843
0.3161
0.3504
o.3875
o,427 4
0.4702
o.516t
0.5ós3
o .6t79
0.67+0
0. 7338
o.7?71
0.8650
o.9369

1
z
3
4
5
6
7
I
9

t0
11
l2
13
74
15
t6
t7
t8
19
20
2t
22
23
24
25
26
27
2S
29
30
31
32
.ts
.'.r
s5
3ó
37
38
39
40
41
42
{3

IAD=
ìDt =
i02=

0. 61 90972
0.51 t:2å7
7.7368235E-03

17/,



{tttttÌtrr¡rrrr
VAPOUR ENTFIALPY

r¿ l- f-

TABLE El CONT¡NUED

TElIP
DE6 F

BTU/LB
CALCD PUELD

ABS
ERROR

PERCENT
ERROR

N TR PR

-å0. o0
-30. o0
-20. oo
-10.00

0.00
10.00
20.00
30. o0
40.00

, . s0.00
60.00
70.00
80.00
90.00

1 00. o0
1i o. 00
1 20. 00
t 30.00
1 40.00
I 50. OO

1 60.00
I 70.00
t 80. oo
I 90. 00
200.00
2t 0. 00
?20.00
230. O0
240.00
250. O0
260.00
270.00
280 .00
290. 00
300.00
31 0. 00
320.00
330. 00
3+0.00
350.00
360.00
370.00
380.00

o.8598+02
o. 87t E+02
0.883E+02
0.896E+02
0.908E+02
0. 921 E+0?
0.934E+02
o. 946E+02
0.959E+02
0. ?7t E+02
0.9848+0?
0.996E+02
0.1 01 E+03
0. I 02E+03
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0.565E+02
0.548E+02
0 . 5 30E+02
0.511E+02
0. {90E+02
0. 4ó7E+0?
o. {+3E+02
0.4t5E+02
0.38-rE40?
0.350E¡03
0.31 0E+02
9.262Ê.+02
0 .201 E+02
0.10åE+0?

o.7?9E+O2
o,7tgE+o?
0.709E+O2
o.698E+O2
o.688E+02
o.6778+02
o. åå5E+02
o. ó54E+Oz
o.6128+02
o.6298+02
0 .61 6E+O2
0. 603E+02
0.589E+02
0.575E+O2
o.559E+02
0. 543E+02
0.526E+0?
0.508E+02
0.484E+02
0. +67E+O2
o. ç+48+02
o. 41 8E+03
0.390E+O?
0.358E+O?
0.3?1E+0?
0.276E+02
o.21 8E+02
0. I 2?E+0?

-o.725E+00
-o.52ôE+00
-o.3398+00
-o.1 65E+00
-0.500E-o?
'o.t39E+00
0.2å7E+0O
o. 378E+00
o. {70E+00
0.542E+O0
o.5?4E+00
o. 625E+OO
o.634E+00
o. ó1 9E+00
o.583E+OO
o.523E+00
o. 441 E+00
o.336E+OO
o. ?07E+00
0.558E-01

-o.1 1 8E+OO
-o. 31 5E+OO
-O.537E+00
-o.783E+00
-o . t 068+01
-o. I 37E+01
-o. I 70E+01
-0. t 86E+O I

-o.27
-0.75
-r .38
-?, t?
-3.30
-4.95
-7.82

-ts,77

0. å05{
0.ó198
o.63+2
0.6486
0.6ó31
o. b77s
0.ó919
0.70ô3
0.7208
o.7352
0.7496
0.7ó{0
o.7784
o.7?2i
0.8073
o.8217
0.8361
o. 8506
0.8650
0. 8794
0.893S
0.9083
o.9227
0.9371
0.9515
0. 9ó60
o.9804
0.9?48

o.0r59
0.0205
o.0259
0.03?5
o. o+03
o.0494
o.0601
0.0725
o. o8å7
o. I 029
o. 1?13
o.7427
o.1å55
0.1916
o.220å
0.25?e
O.288rr
0.3276
0.3705
o .417s
0.4687
o.5244
0.58t'9
0. é503
0.7210
o.797?
o.879?
0. 9673

58

0
0
0
0
0
0
I
1
7

t
0
0
0
0
0

-0.9t
-0.73
-0. +8
-o,24
-0.01

7
2
3
4
5
6
7
I
I

10
11
72
13
l4
15
16
l7
18
19
20
2.1
22
)2

z2
2.5
27
28

2t
40

.73

.8ó

.9ó

.04

.08

.08

.04

.96

.8+

.ó6

.42

.t2

AD=
01=
lì1=

1.75e?13
0.7337487
3 .57êå5 1 2E -0?
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It ltttrltl lr tlt ttr lrI tt tÌ
LIOUID ENTROPY COTPARISON TABLE E2 CONTINUED

40. o0
30. oo
20. o0
10. oo
o.00

10. 00
20.00
30. oo
40.00
50.00
60.00
70.00
80. o0
90.00
0o.00
10. oo
20.00
30. o0
{o.00
50. 00
60. oo
70.00
s0.00
90.00
0o.00
10. o0
:20.00
'30. oo

0.000E+00
0.510E-02
0.101E-01
o. I sl E-01
o. ?00E-01
o .2498 -Ot
0 .297E-01
0.345E-01
0.393E-01
0. 4ç0E-01
0. +87E-01
0.53{E-01
0 .5 80E-01
o.627E-Ot
o. 67 4E-01
0.720E-01
0 .7ô78-01
0. 81 sE-01
0.862E-01
0.91 0E-01
0.9ó0E-01
0. ! 01 E+00
0. 1 06E.00
0. 1 1 2E+00
0 .1 1 7E+00
0. I 23E+00
0 . 1 30E+00
0. I 40E+00

0. o00E+o0
0.49åE-02
0 .983E-02
0.1 4óE-01
o. r93E-Ot
0.239E-01
0. ?s5E-01
0.330E-01
0.375E-01
0.41 8E-01
0. t62E-01
0.505E-01
o . 5 47E-O1
0.590E-01
0.63?E-Ol
0. 675E-01
o .71 7E-01
0 . 75 9E-01
0.802E-01
0.845E-01
0.889E-01
0 . 934E-0 I
0.980E-0 I
0. l03E+00
0 . I 08E+00
o .'1 I 3E+00
0.1198+00
0. t ?78+00

o. o00E+00
0.1 40E-03
0.30åE-03
0.491 E-03
o .71 3E-03
0.955E-03
o.lztE-o?
0.rs1E-02
0 .1 82E-O2
o.2t6E-O2
o.2s2E-O?
o,zioE-oz
o .3?9E-02
o.3728-02
o. 41 +E-0?
0.459E-02
o.505E-02
0. s52E-02
o . 601 E-O?
0.651E-02
o.70?E-o2
0.755E-02
0 . s09E-02
o. 8ó7E-02
o.929E-02
o. t 00E-01
0. r09E-01
0. l33E-01

0.605+
0. 61 98
o.6342
o.6486
o. ó631
o.6775
0. 691 9
0.7063
0.7208
o.7352
o.7 +96
o.764fJ
o.77 84
o.7929
0.8073
0.8217
0.8361
0. 8506
0.8650
0. 8794
0. s938
0.90s3
o.9227
o,9377
o . 9515
0.96å0
o. ?80{
0.9948

0 .015 9
0.0205
o.0259
o.0325
O.0tr03
0.04?4
0 .0å0 I
o. 0725
0.0867
0.1029
o.7273
o.t42t
0.1ó5s
0.191ó
0.2206
0.2s29
0.2884
o,327 6
0.3705
0.41 75
0.4687
o,5?44
0. sg+9
0. 6503
0 .7:10
o,7972
o.8792
0.9å73

0.00
2.82
3.11
3.36
3.6?
3.99
4.25
4.57
4.97
5.15
5.ô5
5.74
ó.02
6.30
ó. s5
ó. 81
7.05
7.?8
7.4?
7.71
7 .89
8.08
8. ?5
8.43
8. å1
8.86
9.1r
9. 65

I
?
3
4
5
ó
7
I
I

!0
11
72
13
Itt
15
l6
77
18
19
20
?t
z¿
¿:t
24
25

27
28

26

'AD= å .110lrt 7
,01= 5 .8ó68796E-03
D?o å. å3653å1 E-02
rltt+I ttrtti rt{ tt I r I tI.tlr {
VAPOUR ENÍROPY COIIPARISON
r rt ltttrtr r rtI ttlttttrtlt

rAsLE E2 CONTI NUE D

TEÈIP
DEC F

BTU/LB F
CALCD PUBLD

ABS
ERROR

PERCENT
ERROR

N TR PR

'40.00
'30. o0
-20. o0
'10. 00

0.00
10.00, zo.oo
30. o0
40.00
50. 00

r ó0.00
70. o0
80.00
90. 00
,00.00
,10.00
, ?0.00
i 30.00
+0.00
50.00
,60.00
,70 . 00
80.00

,90 . 00
t00 .00
t10 . 00
r20.00
!30.00

rAD=
iD1=
ìD2=

0.172E+00
0. t 7t E+00
0.171E+OO
0. 1 70E+00
0. 1 70E+00
0. I 69E+00
0.1 69E+00
0.1 ó9E+00
0. t 69E+00
0. 1 69E+00
0. I ó9E+00
0.1 68E+00
0.1 68E+00
0. 1 688+00
0.1 688+00
0.1 68E+00
0. 1 68E+00
0. t ó8E+00
0.1 68E+00
0. 1 68E+00
0.1 67E+OO
0. t 67E+00
0.1 66E+00
o. I ósEioo
0.1 64E+00
0. I 63E+00
0.1 60E+00
0 . I 55E+00

0 . 1 7tE+oo
o. I 72E+00
0.1 71 E+OO
0 . 1 70E+00
o.1 ó9E+00
0.1 68E+00
0.1 67E+00
o.1 6ôE+00
o.1 å6E+OO
o. 1 ó5E+OO
0. t ó5E+00
o. t 64E+00
o. t å48+00
o.1 ó4E+00
0.1 63E+00
0.1 ô3E+00
0.1 62E+00
0.1 62E+00
o.1 ô2E+00
0. I 6t E+00
0.161E+00
o. t óoE+00
0.1 ó0E+00
0. î 58E+00
0. 1 57E+00
0r155E+00
0.1 s1 E+00
0. 1 45E+00

-0. tôtE-o2
-0.965E-03
-o.356E-03
0.231 E-03
0 .801 E-03
0. 1 35E-02
0.1 87E-02
0.238E-O2
o.285E-Oz
o.330E-O2
o.37{E-O2
0. 41 5E-Oz
0.454E-02
0.491 E-02
0.52åE-Oz
0.557E-02
0.5898-02
0.61 6E-02
o. å41 E-0?
0. 666E-O?
0. ô888-0?
0.709E-02
o ,6778-02
0.750E-02
o.7728-O?
0. 800E-02
0.843E-02
0. eó1 E-0?

-0.93
-0.5ó
-0.21
o. 14
o.+7
0. 80
7.12
1.43
1.72
2. OO
2.27
2.53
2.77
3.00
3.22
3.4?
3. ó2
3. 80
3.97
4.71
4.29
4 ,44
4.24
4,75
4.93
5.18
5 .5ó
6.62

0.6054
0. 61 98
0.63{?
0.648á
0. ôó31
o.6775
0.6919
0.70ó3
0.7208
0.7352
0.7{9ô
0. 76{0
o.77 g4
o,7?2?
0.8073
0. 821 7
0. 83åt
0. 8506
0.8650
o.8794
0.8938
0. 9083
o.i227
o,9371
0.95t5
0. 9660
0.980{
b. çe+s

0 .01 59
0.0205
0.0259
0.0325
0.0{03
0.0494
o.0601
o.o72s
0.08å7
o.702cl
0 . 1213
o.7427
0.1 ó5s
0.1916
o.2206
o.2s29
0.2884
0. 3276
0 .3705
o,4775
0.4é87
o. s244
o.58{9
0. ó503
o.7?70
o.7972
0 .879?
o.9673

1
a

c
4
5
6
7
I
I

10
t7
12
13
74
t5
76
77
1S
79
20
27
22
23
24îc
2h
.,.,

28

2.932905
5 . {896330E-03
3. +83350?E-02
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LIOUID COIIPRESSIB¡LITY TABLE f/ courrnueo

TEI'IP
DEG F

L

CALCD PUBLO
ABS

ERROR
PERCENT

ERROR
N TR PR

40. o0
30.00
20. o0
t0.00
0.00

r0.00
20.00
30.00
40.00
s0. o0
60.00
70.00
80.00
90.00
00. o0
10. o0
?0. oo
30.00
40. o0

0.2s3E-02
0.321 E-02
0. 402E-02
0. {98E-02
0.å1tE-02
o.7 ++E-O?
0. 897E-0?
0. 1 07E-01
0.1 28E-01
0.t51E-01
0 . 1 78E-01
0.208E-01
0.2{?E-01
0.280E-01
0.324E-01
0.373E-01
0.4?9E-01
0.4e?E-0t
0.5å3E-01
0.645E-01
0.738E-01
0. 84óE-01
0.9??E;01
0. 1 t 29.00
0.1 30E+00
0. 1 5 4E+00
Ð.1 85E¡00
0.:40E+00

0.2å4E-02
0.336E-02
0. +2?E-O2
0.524E-02
0.645E-O2
0.785E-0?
0.9ç8E-O2
o.1 t 4E-01
o. 1 35E-01
0. I 59E-Ot
0.1 878-Ot
0.21 8E-0t
0.253E-01
0. 2?3E-01
0.337E-O{
o.386E-01
0.441E-01
0.503E-01
0.572E-01
o. 649E-01
0.735E-01
0. 833E-01
0.9t4E-01
0. I 07E+00
0. I 22E+00
0. 1 ¿'1E+00
o. t ó5E+00
o.:0gE+00

-0.106E-03
-0. 1 49E-03
-o. r 99E-O3
-o.258E-03
-0.336E-03
-0 . 41 3E-03
-o.50ðE-o3
-0. 6r 5E-03
-0.720E-O3
-0.833E-O3
-0.951E-O3
-0. 1 06E-02
-0.1 1 6E-02
-o.t24E-O2
-0.129E-O2
-0. t 30E-02
-0. 12{E-02
-0.1 1 0E-O2
-0 .81 sE-O3
-0.36óE-O3
0.324E-03
o. r 34E-O?
0. ?828-02
o.494E-O2
0.811E-02
0. t 28E-01
0.204E-01
0.338E-01

-4. OO

-+ ,44
-+.72
-4.92
-5.21

-5 .3ó
-s.42
-5 .33
-s,22
-5.08
-4,96
-4.57
-4.23
-3.83
-3.38
-2. 8t
-2. t8
-1.t3
-o. 56

o. +4
| .67
2.99
4 .6t
6. å3
9.72

t?.36
76,42

0.605{
0. 61 98
0.63{2
0. 6486
0. å631
o.6775
0.6919
0.7063
0.7208
o.7352
o.7+i6
o.7 640
o.7784
o.7s2i
0.8073
0. 8?1 7
o.83ó1
0. 8506
0.8650
o,8794
0.8938
o. 9083
o.9227
0.9571
o.?515
0. 9óå0
.0.980t
o. 9ç48

0.0r59
0. 0205
0.0259
0.0325
0.0å03
0.0¡'94
0.0å01
o.0725
0.0867
0. I 029
0 .1213
o.1427
0.1ô55
0. t 916
o. ?20å
0.2529
0.2884
o. 327á
0.3705
0.4175
0. 4687
0.5:44
0.5849
0. 6503
0.721 0
o.7972
0.8792
o ,9 673

-3.26

1
2
3
4
5
6
7
I
9

10
11
72
13
t4
15
i6
l7
t8
t9
20
2t
2Z
23
¿+
25
26
?7
?8

o0
o0
00
00
00
00
00
00
00

50.
åo.
70.
80.
90.
00.
10.
?n
30.

AD= 4 .892€-0å
0l= 8.2559334E-03
D2= 5.9710ç8!E-02
IT TTTTI{TTTTTITTTIIII+
/APOUR COIIPRESSIBILITY
l*lttrlttttt+ttI*rtt{t

TABLE E 2 CoNTTNUED

rEHP
)E6 F

z
CALCD PUBLD

A8S
ERROR

PERCENT
ERROR

N TR PR

i0.00
t0.00
¡0.00
t0.00
0.00

10. 00
¿0 .00
,0.00
io.00
t0.00
50. o0
70.00
t0.00
t0.00
10.00
lo.o0
¿o.00
30. o0
f0 .00
;0.00

0.976E+00
0. 971 E+00
0.9ó58+00
0. 95 8E+00
0 .9508+00
0.942E+00
0.933E+00
0. 923E+00
0.91 2E+00
0.900E+00
0.887E+00
0.873E+00
0.858E+00
0. 841 E+00
0.824E+00
0. 805E+00
0.785E+00
0.764E+00
0.741E+00
0.71 6E+00
0. ô89E+00
0. 6608+00
0. ó29E+00
0.595E+00
0.5 5 6E+00
0.512E+00
0.459E+00
0.3798+00

0.968E+00
0.962E+00
o.95óE+00
0.948E+00
o.9åtE+00
0.932E+00
0.922E+00
0.91 2E+00
o .9o1 E+00
o. t89E+00
o. g77E+00
o.863E+00
0.849E+00
0.834E+00
0 .81 7E+00
0.800E+00
0.781E+00
0.76t E+00
0.740E+00
0.71 7E+00
o. å9?E+00
0.665E+00
0. å35E+00
0. ó02E+00
0.56{E+00
0.519E+00
0.-4å2E+00
0.372E+00

0.739E-02
0.81 óE-02
0.885E-02
0.945E-02
0.996E-O2
0.1 04E-O1
0.1 06E-01
0. I 07E-01
o.107E-O1
0. I 04E-0t
o.999E-O2
0.938E-02
0.859E-02
o.7 678-02
0.647E-02
0.5 1 3E-02
0.3å8E-02
0. 21 7E-Oz
0.389E-03

-0. t 30E-02
-0. ?98E-02
-0.459E-02
-0.593E-02
-0. ó96E-02
-0.722E-02
-0. å558-02
-0.3{0E-02
0.7å0E-02

0.7ó
0.85
0.93
t .00
1 .0å
!,tl
t.ts
1.t8
I .18
l.t7
t.t4
I .09
1.01
0. ?1
0.79
o,64
0. 47
0.28
0.05

-0. 18
-0. {3
-0. ó9
-0.93
-1.1å
-l ,28
-1,26
-o.7 4
2,04

o. 605 {
0. 61 98
0.6362
0. ô486
0. ôó31
o,6775
o.6?1 9
0. 70ó3
o.7208
9.7352
o.7 496
o.7 640
o.77 84
o.7?29
0.8073
0. 8?t 7
0.8361
0. 8506
0.8650
o.8794
0.8938
0. 9083
o,9?27
0. 937 I
0 . 9515
0. 9660
0.9804
o.9948

0 .0r 59
0.0205
0.0259
0. 032s
0.0403
o.0494
0.0ó01
0.0725
o. 0867
o.to2?
o.1273
o.t12t
0.16s5
0. 191 6
o.?246
o.2529
o.288+
0.327å
0 .3705
0. 41 75
0.4687
o.5244
0. s8+9
0. å503
0 . 7210
o,7972
0.8792
0.9673

t.,
s
4
5
h
7
I
?

lo
11
72
13
74
15
76
l7
18
19
20
2l
ta
23
24
2S
26
zt
28

50. o0
20.00
90.00
70.00
10.00
10.00
?0.00
t0.00

lD-
)1=

0 .91 0å935
7.77467018-fJ3
1.0100145E-02
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PRESSURE COIf PARI SON
r r rr t{*tltI r+tttllr

TABLE E3 t¿ l- 3

ABS PERCENT N TR PR

ERROR EßROR
TEÌIP PRESSURE PSIA
DE6 F CALCD PUBLD

-40. oo
-30.00
-20.00
-10.00

o. o0
t 0.00
20 .00
30. o0
40.00
50. 00
è0.00
70.00
80.00

0 .871 E+0e
0.f05E+03
0 . I 2åE+03
0. I 50E+03
0 .1 7åE+03
0.207E+03
0.2r'0E+03
0.278E+03
0 .320E+03
0. 366E+03
0 . 41 8E+03
g. 474f+03
o . 5 3êE+03

0.87ôE+02
0. t 06E+03
o.126E+03
o. 1 50E+03
o.1 77E+03
o.207E+03
0 .240E+03
g.27gf+03
o.320E+03
0.36åE+03
0 . 41 7E+03
0.473E+03
o.536E+03

-0.2?1 E+OO
-0.36ôE+00
_o . 41 OE+OO
-o.4ó0E+00
-0.37+E+00
-0.201 E+00
o.l72E-Ot
0.250E+0O
g.47gf+OO
o,5g6E+00
0. å84E+OO
0.588E+00
o.23{E+00

-o.33
-0.35
-o.32
-0.31
-0. ?1
-0.10
0.0 ¡
0.09
0.r5
0.1ó
0.16
o.t2
0.04

o.7721
0.7905
0.8089
0. 8273
0. 8457
0. 8641
0.8825
0.9009
o. 91 93

" 0.9376
0.95åO
o.97 44
0.9928

0.15s3
o. 1 876
o.2246
o.2667
0.31 t5
0.3ó83
o. {285
o. 4958
0.5705
o. ó533
o.7 445
0. 846?
o.9519

7
a
3
4
5
6
7
I
?

10
11
l2
13

AAD=
SD1 =
SD2=

0. 1 81 3645
0.43å0734
2.2fJ722758-03

TABLE E3 CONTINUED

-;;;;-----;;;-;;-';;;;;---------;;------;ññ;----ï---------;---
DE6 F CALCO PUELD ERROR ERROR

-40.00 0.890E+02 0.8{1E+02 o. tgoE+Ol 5.s3 ' 1 0 '77?l
-30;OO 0.8ó8E+02 O.g24e+O2 O.a3gE+Ol 5'31 2 0'7?05
-2O.OO 0.845E+02 O.8O7E+02 O.379E+O1 {.69 3 o ' 8089

-1O.OO O.82OE+02 O.78eE+O? O-irOÈ*Or {.oo 4 p'92]l
o.oo 0.794E+02 O.77OE+02 O.238E+O! 3.09 5 o '8457

to.oo o.76sE+O? O.7498+O2 0.158E+Ot 2.ll ó 0 '8641
2O.OO 0.734E+O? O.7?7:E+O? O.Àiãe*oo o.9o 7 0'8825
30.OO O.7OOE+02 O.7O3E+02 -0.342E+OO -0.49 I 0'9009
4O.OO 0.6ó2E+02 0.6778+02 -O.149E+OI '2.2O 9 0'9193
so.oo o.62oE+õã õ.ÀrzÈ*oà -o.273E+01 -4.2t 10 o'e37b
60.OO Or57OE+O? 0.ô11E+02 -O.4O8E+Ot -ó.67 1l o'9560
70.OO 0.509E+02 0.565E+02 -O.552E+Ol '-i.78 72 o',9744
80.oo o.ttzlE+oz o.+88E+O? -0.674E+01 -13.79 13 0'9928

LIOUID DENSITY COIIPARISON
ttt *tttt t t ltr t lltlttltÍtt

AAD. 4.85209ó
S01 = 3.85S?å5
SD2= 6.2464975E-O2

,, tltrtttrltttlrrrrttttr' LATENT I{EAT COIIPARISON
ttrrtlttrÕtrrrttrrtt+l

PR

o. I 553
o.187ó
O.22trb
o.2667
o .31 45
o.3683
0. 1285
o.4958
o.570s
0.6533
0 .7445
o. 8449
O.95rr9

TABLE E3 CONTINUED

TENP
DE6 F

LH IN BTU/LB
CALCD PUBLO

ABS
ERROR

PERCENT
ERROR

N TR PR

-40.00
-30.00
-20.00
-10.00

0 .00
10.00
20.00
30.00
40.00
50.00
é0.00
70. 00
80.00

AADo
SDI -
SD2=

0.545E+02
0. 528E+02
0.510E+02
0.4908+02
0. 469E+02
0. 445E+02
0.41 8E+02
0.389E+02
0.355E+02
0. 31 óE+0?
0.2ó8E+02
0. 2078+02
0.1108+02

3.722781
7.293864

6.6852726E-O2

0.540E+02
o.s24E+O2
0.507E+02
0. {868+02
0. {66E+O2
0.445E+02
0. +?1 E+0?
0.395E+02
0.365E+02
0.330E+02
o,2878+02
o.2328+02
0.136E+02

0. å39E+Oo
0. 380E+00
0.321E+O0
o.39t E+00
0.227E+00
0.928E-02

-0.253E+OO
-0.591E+00
-o.950E+00
-0. t 40E+01
-0. t 87E+01
-0. 25 1 E+01
-0.253E+01

0.81
0.73
0.63
0. s0
0. ô?
0.02'

-0.60
-1.50
-2,61
-4,21
-å.51

-1 0. Eå
-78.62

I
2
3
4
5
b
7
E
?

10
1.1

t2
13

o.77?7
0.7905
0. å089
0. s273
0.8457
0. 8641
0.8825
o. 9009
o. ?1 93
0. ?376
0. ?5å0
o,97 44
0.9928

o.1553
0. 1 876
o.224b
o.2667
0.3r 45
0.3ó83
0.6289
0.4958
0.5705
0. ô533
o .7 415
0. 8449
0. ?5t9
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ÍABLE E4

ASS
ERßOR

PERCENT
ERROR

N TR PR
TEÌ{P
DE6 

.F PRE9SURE PSIA
CALCD PUBLD

40.00
30.00
20.00
10.00
0.00

10.00
20.00
30.00'io.oo
50.00
ó0.00
70.00
80.00
90. 00
00.00
10.00
20.00
30.00
¿'0. O0
50. o0

rA D=
iD1=
i D2=

0 .31 9E+02
0.395E+02
0. t85E+02
0.589E+02
0 .71 0E+02
0. t{8E+0?
0.1 00E+03
6. 1 1 tl+03
o. 1 38E+03
0. t 61 E+03
0 .1 86E+03
0.2t 4E+03
0.244E+03
0.278E+03
0.31 åE+03
0. 35 ôE+03
0 .401 E+03
0. t50E+03
0.502E+03
0.5ô0E+03

o .31 9E+02
0.39óE+02
o.48åE+02
0.591 E+02
0 .71 2E+02
o. E50E+0?
0.101E+03
o. t i 9E+o3
0.1 39E+O3
o. I 61 E+03
o. I 86E+03
0.21 4E+03
0.2{4E+O3
o.278E+03
0 .31 5E+03
0.356E+03
o.4o0E+o3
0.449E+03
o.502E+O3
0.559E+03

-o.591 E-02
-0.5418-O1
-0.9s8E-01
-0. t59E+00
-0.209E+00
-0.24ôE+00
-0.3?7E+00
-0. 330E+OO
_0.289E+00
-0. 234E+OO
-o.1 90E+00
-0. 755E-01
-0.46sE-02

0.21 5E+00
0.383E+00
g.595E+00
o.5978+00
0. 682E+00
o.592E+00
0. 473E+00

-o.02
-0. 14
-0.20
-o.27
-0.39
-o.27'
-0.32
-o.28
-o.21
-o.15
-0. r0
-0.04

0.00
0.08
0.12
o. 14
0.15
o. 15
0. 12
0.08

0.685å
0. 701 I
0.7181
o,7344
0.7508
o ,7 677
o.783r?
0.7998
o. 8t åt
0.8324
0.8488
0.8651
0.881+
0.8978
0 .91 {t
0.9304
o;9168
0.9631
o.cì7?4
o. ?958

0.055i
0.0687
0.0843
0. 1 025
0. I 254
0. I 474
o.t7 47
0.2057
0. ?ro5
o.27i6
o.3231
0.3715
o.4250
0. 4840
o.5 488
o. ó1 98
o .697 1
0.7819
o.8737
0.9733

1
z
3
4
5
6
7
I
I

t0
tl
.l ',
13
74
15
t6
l7
18
t?
20

0.1575302
0.354062ó
1 .87630e4E-03

IrrtrIlItIttt¡ ttltttltrlt
LIQUID DENSITY COI'IPAR¡SON
rtrtrlttllt¡trrtltlllrttt

TABLE E4 CONT¡NUED

DENS IN L8/FT3
CALCD PUBLD

ABS
ERROR

PERCE}¡T
ERROR

lt TR PRTEI.IP
OE6 F

'40.00
'30.00
,?0.00
10. 00
0.00

10. 00
20.00
30.00
40.00
50.00
å0.00
70.00
80.00
90.00

Ì 00 .00
10. 00

,20.00
30.00
.40.00
,50. 00

0.127E+03
0.125E+03
0. t23E+03
0. I 21 E+03
0 .1 1 9E+03
0.1 1 óE+03
0.1 1 4E+03
0.111E+03
o.1 08E+03
0.t05E+03
0 .1 02E+03
0.990E+02
O.95r'E+02
0.91 5E+0?
0.873E+02
0. 826E+02
o.7738+02
o.7728+02
0.635E+02
0. 5 1 ?E+02

. 1 1 9E+03

. t 1 EE+O3

. 1 t 6E+03
1 4E+03
12E+03
t I E+03
09E+O3
07E+03
05E+03
g2E+03

.1 00E+03

.978E+02

. ?52E+02
,?2+E+02
.89tE+02
. 861 E+02
.82?E+O?
.776E+O2

0.71 åE+02
g.5g7E+02

o.7508+O1
0.721 E+01
o. å88E+01
0.649E+Ol
0. åo5E+01
o.55óE+01
o. 501 E+01
0.439E+01
0 .373E+01
9.291f,+O1
o.21 3E+O1
0. t 21 E+01
o.202E+00

-0.905E+OO
-o.21 I E+01
-9. 3449+01
-0. +89E+01
-0. 6{sE+01
_9. gegf+01
-0. 88óE+01

â.2i
6 .13
5 .93
5.óg
5 .38
5.03
t. ô1
4.ll
3.5ó
2.CE
2. t3
7,24
0.21

-0.9E
-2.3ó
-4.00
-5 .95
-s. 30

-t 1 .25
-t+,59

0.ô85{
0. 701 I
0.7181
o.7344
0.7508
o,7671
o.7ô3+
0.79?8
0.8161
0.8324
0.8r'88
0. 865 I
0.881 +
0.8?78
0. 91+ l
0. ?304
0.9468
0. 9631
o.979+
0.9958

o.055{
0.0ó87
o. oå45
o. 1 025
O . 123¡'
o .147 4
o.t7 +7
o.2057
o.2{05
o.27?6
o.323 I
0.3715
o. 1250
0. i840
o.5 4S8
o. ô198
o.697+
0. 781 9
o.4737
0.9733

.1

.1

.1

.7

.1

.1

.t

0
o
0
0
o
0
0
0
0
0
0
0
0
0
o
0
0
o

I
2
3
4
5
6
7
I
I

10
11
72
13
l+
15
16
t7
18
19
20

\A D=
ìD1=

5 .030906
s . +49e1!,

å.200s71 +E-Oz
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TABLE E5

TEIIP
OEG F

FRESSURE PSIA
CALCO PUBLD

ABS
ERROR

PERCENT
ERROR

N TR PR

-40.00
-30.00
-20.00
-10.00

0.00
10. 00
20.00
30.00
{0.00
s0.00
60.00
70.00
80.00
90.00

1 00 .00
110.00
1 20.00
I 30. 00
1 40.00
I 50. 00
1 60.00
t 70.00
1 80.00
1 90.00
200.00

0.154E+02 0
O,797E+O2 0
0.2s0E+02 0
o,3t?E+o2 0
o.387E+O2 0
o.474E+O2 0
o.5778+0? 0
0.695E+02 0
0.8308+02 0
0.?85E+02 0
0.116E+03 0
0.136E+03 0
0.158E+03 0
0.183E+03 O
0.211E+03 0
0.241E+03 0
0.275E+03 0
0.312E+03 0
0.353E+03 0
0.398E+03 0
0.4+78+03 0
0.500E+03 0
0.558E+03 O
0. ó20E+03 0
0.ó88E+03 0

o. 300871 i
1 . ?5 4800

3.73479418-03

. 1 5 zE+O?

.1968+02

. ?+8E+O2

. 31 2E+0?

.387E+02
,475E+O?
.s778+O?
.696E+02
. å32E+02
.9878+O2
. t 1 6E+03
.1 36E+03
.1 58E+03
.1 83E+03
.21 1 E+03
.241 E+03
.275 E+03
. 31 2E+03
.352E+03
.3?6E+03
.4+5E+03
. rr?7E+03
.555E+03
.61 8E+03
. å86E+03

o. I 35E+OO
0.1 2ôE+00
0 .1 07E+00
0.773E-01
0 .35 5 E-01

-0.151E-01
-o.747E-01
-0.1 37E+00
-0 .1 98E+00
-0.250E+00
-0.282E+00
-0.28óE+00
-o.259E+00
-0.1 65E+00
-0.1 60E-01

0.204E+OO
0.505E+00
0.877E+00
0.1 348+01
0.1 83E+01
0.232E+01
o.27 4E+Ol
0. ?94E+0 I
o. ?68E+01
0.1 578+01

0.89
o,6+
0. {3
0. 25
0. 09

-0. 03
-0.13
-0.20
-o.2+
-0.25
-o.2+
-0.21
-0.1ó
-0. o?
-0.01
0.08
0.18
0.28
0.38
o.46
o.s2
0.55
o. s3
0.43
0.33

0.ó31ó
o,6466
0.661 7
o.67 67
o.691 I
0.7069
o.727?
o.7369
0.7520
o.7670
o.7827
o.7977
o.8t?2
o.8272
0.8423
0. 8573
o.8724
o.887 4
0.90?5
0.91 75
0.93?6
o.?47 6
o.96?7
o.i777
0. ?928

o.021 3
o.0273
0.0346
0.0i33
0.0536
0.0ó57
o.0799
o.o?62
o.1150
0. I 3ó4
o.1 ó07
0. 1 882
o.2790
0.2534
o.2917
o.3342
0.3811
o.4327
0. 4s9+
0.55 t 3
0.6190
0.6?2ó
o.7726
0.859?
0.9529

I
2
3
I
5
6
7
I
I

10
It
l2
13
74
15
t6
77
18
!9
20
?7,,
?3
za
)<

AA0=
50't =
S D2=

t rr It¡ItrItttIlttt I rt t tI t
LIOUIO DENSIlY COI'PAR¡SON
tttltttttt{1lttlrltttrrrrÐ

ÌABLE E5 CONTI NUE O

TEIIP
DEG F

DENS IN LB/FT3
CALCD PUBLD

A8S
ERROR

PERCENT
ERROR

¡t TR PR

-40.00
-30.00
-20.00
-10.00

0.00
10.00
20.00
30.00
40.00
50.00
å0.00
70.00
80.00
90.00

I 00.00
t10. 00
r20.00
r 30. 00
i 40. 00
50.00
ó0.00
70.00
80.00

0.899E+02
0.888E+02
0.878E+02
0. 8ó78+02
0.855E+02
0. 843E+02
0.830E+02
0 . 81 7E+02
0.803E+02
0.788E+02
o.773E+O?
0. 757E+02
0.740E+02
o.722Ê+02
0.703E+02
0. 6g3E+02
0. åé2E+02
0. 6398+02
0. å I {E+02
0 . 5 86E+02
0.55êE+02
o,s22E+O2
0.483E+02
0. 43óE+02
0.369E+02

o.880E+02
0.870E+02
0.860E+02
o. 849E+02
o.838E+02
o.E27E+O2
o. tl 6E+02
o.804E+02
o.793E+02
o.7ð0E+02
0.768E+O2
o.755E+02
o.747E+O2
o,7?78+0?
0 .7128+02
o.6978+02
0.681 E+02
o. ó63E+02
o.64çE+02
0. 624E+02
0.601 E+02
0.57óE+02
0.5+5E+02
0.5078+02
0. {4åE+02

0.1 87E+01
0. I 85E+01
0.181E+01
0.1 75E+01
o. 1 å6E+01
0. 1 558+01
o. 1 41 E+01
0. I 258+01
o.1 05E+01
0. 8l 6E+00
0.5slE+00
0.250E+00

-o.898E-01
-0. {71 E+00
-0.895E+00
-0 . t 378+01
-o.189E+01
-0.24óE+01
-0.3o9E+01
-0.378E+01
-0. {53E+01
-0.534E+01
-0. å20E+01
-0. 708E+01
-0 . 76óE+0 I

2.t2
2.13
2.tl
2.06
1 .99
1 .88
t .73
1 .55
1,32
t .05
o.72
0. 33

-0.12
-0. 65
-1.26
-1 .96
-2.77
-3.71
-4.79
-å.05
-7.53
'?,27

-l I .37
-73.i7
-17. l9

0. 63r ó
o.6+66
0.6ó t 7
o,67 67
0. å91 I
o. 7068
o.7?19
0.7369
0.7520
o.7 670
o. 7821
o,7?77
o.87?2
o.8272
0.8423
0.8573
o.8724
0. 887¿'
0.9025
0. 91 75
0.9326
0,9+7b
o.9b27
o,9777
0. 9?28

o.0213
o.0273
o.0346
0.0433
o. os3å
0.0657
o.0799
o.09ó2
o .1150
0. I 364
0.1ó07
0. 1 882
o.2790
0.2534
o.2i77
0. 3342
o .581 r
0.43?7
0.489{
0.55 t 3
0.ó190
o ,692b
o.772b
0.8592
0.95:9

r90
loo

.00

I
z
3
4
5
6
7
I
I

t0
7l
72
13
74
15
76
l7
18
19
20
¿¡
z1
¿g
2¿r

25

3.?8477+
3.270707

6.O67832?E-O2'
183

'AD=iDl =
i D2=

00
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TABLE E5 C0NTTNUEo

TElIP
DEG F

BTU/LB F
CALCD PUBLD

ABS
ERROR

PERCENT
ERROR

N TR PR

-40.00
-30.00
-20.00
-1 0. 00

0.00
t 0.00
20.00
30.00
40.00
s0.00
ó0.00
70. 00
80.00
90.00

i 00.00
110.00
1 20.00
r 30.00
1 40.00
I 50. 00
1 60. 00
I 70. 00
t 80.00
1 90.00
?00.00

AAD=
SDl=
SD2o

0.000E+00
0.637E-02
o.727Ê.-O7
0. t 89E-01
0.251E-01
0.31 3E-01
0.374E-01
0. 435E-01
0. 49SE-01
0 . s5 6E-0t
0.61 7E-Ol
o.6778-Ot
0.738E-01
0.800E-01
0. s62E-01
0. 924E-0r
0.9888-01
0. I 05E+00
0. I I 2E+00
0. 1 I 9E+00
o. 1 26E+00
o. 1 348+00
0. t 428+00
0. 1 52E+00
0. 1 64E+00

8.41276ô
8.9903465E-03
9.041 3079E-02

0. o00E+00
0. 598E-02
0.119E-01
0. I 78E-01
0.236E-01
0.293E-01
0.350E-01
0.407E-01
0.463E-01
o.5t9E-01
0.57sE-01
0. 630E-01
0 .685E-01
0.739E-01
0.7948-01
0.849E-01
0.90{E-01
0. ?ó0E-01
0.1 028+00
0. I o7E+00
o. 1 1 3E+OO
0.1 20E+00
o . 1 26E+0O
0.1 34E+00
0. I 45E+00

o. oo0E+oo
0.38eE-03
0.781 E-03
0. 1 1 6E-02
o. t54E-02
o.t94E-O2
0.235E-02
o.2778-02
o.3228-O2
o. 370E-02
o.42tE-O2
o.4788-02
0.538E-O2
0.603E-02
o.67 4E-O2
o.7s2E-O2
o.837E-02
o. 931 E-02
o.1 038-01
o.r15E-01
o.t27E-O7
o. 1 41 E-01
o. 1 57E-01
0.175E-01
0. I 9sE-01

0. o0
6 .50
6,57
6.51
6.53
6.62
6.70
6.80
6.95
7.13
7.34
7.59
7.86
8.16
8. {9
8. 66
9.26
9.70

10.t5
70.66
ll.2t
77.7?
12,41
13. o4
13,+9

0. ó31 ó
o.6466
o.6617
o.67 67
o. 691 I
0.7068
o.7zlq
0.73ó9
0.7520
o.7 670
o.7821
o.7977
o.872?
o,8272
0.8423
0.8573
o.872+
0.8874
o.9025
o.9775
0.932å
o.9476
o.9627
o,9777
0. ?928

o.021 3
0. 0273
o .0516
o . oi33
0.053å
0 . oó57
o.0799
0. 0962
0 .11s0
0.1364
0.1ô07
o. 1 882
o .21 90
o.2534
o.2977
o.3342
o.3811
o,4327
o. 489r
0.5sr3
0.6190
o. 6926
o.7726
0. 8592
o. ?529

1

¿
.'
I
5
ô
7
I
I

10
7l
t2
13
74
15
t6
t7
18
7q
20
27
22
23
24
25

ttr{t{ltrlrl+tIt+r+r+{t+{r
VAPOUR ENTROPY COIIPARISON TABLE E5 CONT¡NUED

TEÌIP
DE6 F

BTU/LB F
CALCD PUELD

ABS
ERROR

PER CENT
ERROR

N TR PR

.40.00

.30.00
'?0.00
.10 . 00

0 .00
10. 00
20.00
30.00
{0.00
50.00
60.00
70.00
80.00
90.00

i oo .00
10.00
20.00
30.00
40.00
s0.00
ó0.00
70.00
80.00
90.00
i00.00

0.239E+OO
o. ?36E+OO
0.233E+00
0.231 E+00
0.228E+00
o,2268+00
0.224E+00
o.222E+OO
0 .2?0E+00
0.21 8E+00
o.21 åE+00
0 .21 5 E+00
0 .21 3E+00
0.21 I E+00
0.210E+00
0.208E+00
0.206E+00
0.204E+00
o.20?E+00
0.200E+00
0 .1 98E+00
0.195E+00
0 .1 91 E+00
o. I 86E+00
0.1 78E+OO

-o.51 rE-03
0.235E-03
o.973E-03
0. I 70E-02
o.2428-fl2
o.3728-O2
0.381 E-02
o.4478-O2
0.513E-02
0. s7óE-02
0.63åE-O2
0.693E-02
o.7498-fJ2
o. 801 E-02
o.850E-02
0.896E-O2
o.939E-02
0.978E-02
o.101E-Ol
o. I 0sE-01
0. 1 088-01
0.110E-01
0.113E-01
o.tt7E-ol
o . 1 24E-Or

o.631 6
o.6466
0. 6å1 7
o. b7 67
0.6918
0.70óg
o.72t9
o.7369
o,7s2ÍJ
o.7670
o.78?l
o.7977
o.8122
o.e272
0.8f23
0, 8573
o.8721
0. 8874
o.9025
0. 91 75
0.932ô
o.?476
o.96?7
o.9777
o.9928

o. o21 3
o.0273
O.03¿'6
0.0433
0.0536
o.0657
0.0799
0.0962
o.1 150
0. I 3ô4
o.1607
0. t 882
0.2190
0.2534
o.2917
o,3342
o.381 1

o.4327
o.489+
o.55r 3
0. å190
o.6926
o.7726
0.8592
o.9529

0 .238E+OO
0. 23óE+00
0.234E+00
0.232E+00
0.231 E+00
0. 229E+00
0.228E+O0
0.22óE+00
0.225E+00
0.224E+00
0.2238+O0
0.22f E+Oo
0.220E+00
0.21 9E+00
0.21 8E+00
0.21 7E+OO
0.21 6E+O0
0. 21 4E+00
0.21 2E+00
0.21 1 E+00
0.209E+OO
0.206E+00
0.203E+00
0. 1 98E+00
0 . 1 90E+00

3.37146í
7.i7732738-O3
4.0038630E-02

-0.2 r
.10
.42
,74
.0å
.38
.70
.02
.33
.64
.i4
,23
.s2
,7?
.o6
.3t
.56
.79
.01
.23

I
z
3
4
5
ó
7
I
9

10
11
t2
13
l4
t5
t6
t7
18
19
20
t.l
22
ìz
24
23

.44

0
0
0
1

1

I
2
2
2
2
3
3
3
+
4
4
4
5
5
5
5
5
6
6

rAD=
iD1=
i02=

18t'¡

.66

.91
,25
.99
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PRESSURE COIIPARISON
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TABLE E6

PR

50. 00

-{0. o0
-30.00
-20 .00
-10.00

0.00
i0.00
20.00
30.00
40.00

AAD:
SDl =
SD2=

ó0.00
70.00
80 .00
90. o0

1 00 .00
110.00
120. O0
I 30. OO
1 40.00
I 50. OO
1 é0 .00
I 70. O0
1 80 .00
t 90. o0
?00.00
210.00
220 . OO
230. OO
?40. oo
2s0. 00
260.00
270.00
280. O0
290. O0
300. oo
310.00
320 . OO
330.00
3t0.00
3s0. o0
3å0. OO

370.00
380 . O0
390.00
400.00
410.00

0.231 E+00
0.3348+00
0. +74E+00
0.661 E+00
0.906E+00
0. t 22E+01
0 .1 63E+01
0.21 {E+01
o.2778+Ol
0.355E+01
0.451E+01
o. 566E+01
g.7g3f+01
0. 866E+01
o. 1 06E+02
o. I 288+02
0.154E+02
0. t 84E+02
0 .21 9E+02
0 . 25 8E+02
0.3028+02
0.352E+02
o. {o8E+02
o.4778+02
0.541E+02
0. 61 9E+02
0.7058+02
0.799E+02
0.903E+02
0. I 02E+03
0.1 1 4E+03

.0.t28E+03
0.1 4?E+03
0. 1 5 8E+03
0.1 75E+03
0. t 94E+03
0.21 tE+03
0.23óE+03
0.259E+03
0.2838+03
0 .31 0E+03
0.338E+03
0.368E+03
0 . 400E +03
0.43SE+03
0. 471 E+03

0.206E+O0
0.299E+00
0.429E+00
0.605E+00
0.838E+00
0. t I 4E+01
9.1 gf,f+Ol
0.203E+01
0.265E+01
9.343f+01
0. 1ì37E+01
0.552E+01
0. ô90E+ot
0.855E+01
0.105E+02
0.1 ?8E+02
0.154E+02
o. t 85E+02
0.21 9E+02
0.259E+02
0.30{E+02
0.355E+02
0 . {1 2E+02
o.4768+02
o.547E+02
g. 625f+02
0 .71 1 E+02
0. g1 3E+02
9.9199+02
0. I 0?E+03
0. I 1 4E+05
0'.127E+03
o. 1 42E+03
0.158E+03
0. t 7åE+03
0. t 93E+03
0. ? I tE+03
0.235E+03
0.258E+03
o.2g3E+03
o.3t0E+03
0.3388+03
0 .368E+03
0. l00E+03
0.434E+03
o. 471 E+03

o.2s0E-01
0.350E-01
0.4å9E-01
0.55óE-01
0.6788-01
0. 81 1 E-01
0.9{0E-01
0. 1 07E+00
o.1 1 8E+00
o. t 28E+00
o .1 33E+00
0 . I 34E+00
0.129E+00
0. I 1 7E+80
0.1018+O0
0. 6308-01
o.239E-01

-o.2758-Ot
-0.71 1 E-01
-0. 1 55E+00
-0.225E+00
_0.307E+OO
_0.373E+00
-0. 465E+00
-o.523E+00
_0.596E+00
-0.5808+00
-o. t 32E+01
-0. 1 1 3E+01
-0.91 8E-01

0.56ôE+00
0.328E+00
0.2578+00
0.41 6E+00

-0.1 31E+00
0.905E+00
o.371E+OO
0.339E+00
o.879E+00
0. 681 E-01
0.2?7E-01
0. 81 9E-01
0 . I ?9E+00
0.348E+00
0.228E+00
0 . 2ô1 E+OO

t2.14
lt.70
10. 4å
?.7?
I .09
7.10'
ó. r3
s.27
t.43
3,72
3. 05
2.42
t .88
7,37
o,97
0. {9
o.1ô

-o. 15
-o.32
-o.60
-o.7 4
-o.86
-0.91
-0.98
-0.96
-o. 95
-0.82
-1 .63
-t.24
-0.09
0.50
o.26
o.18
o.26

-0.07
o,17
o.17
o. 14
o.3å
o.o2
0. o1
0.02
0.0{
0.09
0.05

o. {785
0. 489?
0.501 3
o.5127
0. s241
0.5355
0.5469
0.5583
0.5å97
0.5811
0.5925
0.6039
0. 61 53
o.6267
0.6381
0. 6495
0. óå09
o.6723
0.6837
0.6951
0.7065
o.7179
o.7293
o.7 407
o.7521
0. 7ó35
o .77 49
0.7863
o.7977
0. 8091
0.8205
0. 831 9
O.8r'33
'0. SS¿tZ
0.8661
o.877 6
0.8890
0.900{
o.9t 18
0.923?
0.934å
0. 94óO
0.9574
0.9ó8S
0.9s02
0. 991 6

o. ooo5
0.0007
0.0009
0.001 3
o .001 I
0.002s
o.0033
o.0043
0.0056
0 . oo71
o.0090
0.0113
0.01 61
o .01 74
0.0212
0.0257
o.0309
o. 0369
o.0438
o. 0517
o.0606
0.070ó
0 . 0819
0.0945
0.1085
0.1241
0 .1413
o. 1 602
o.1811
0. 203?
0 .2288
0.2559
o.2853
0.3t72
o.3517
o. 3889
o. +290
o.4722
o.51 84
0.5680
o.å210
o,6777
0.7381
0. 8025
0 . 8710
0.943S

1
a
3
4
5
6
7
6
9

10
tt
72
13
t1
15
16
t7
18
19
20
27
22
23
24
25
26
27
2A
?9
30
31
32
33
34
35
3ô
37
38
39
40
4t
42
43
44
45
460.06

2,20651?
o.4079235
4.0156055E-0?

18s
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PRESSURE COTPAR¡SON
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t¿I52a.

TABLE E7

TE¡TP
DE6 F

P RESSURE
CAL CD

P9¡A
PUBLD

ABS
ERßOR

PERCENT
ERROR

N TR PR

-t0.00
-30. oo
-20. o0
-10.00

o. o0
10. o0
20.00
30.00
40.00
50. o0
60.00
70. o0
80:00
90. 00

1 00. o0
t 10. o0
1 20 .00
1 30. OO
I 40.00
150.00
1 60.00
1 70. 00
1 80.00
t 90. 00
200.00
31 0. 00

o.708E+01
0. 932E+01
o. 1 21 E+O2
0. 1 55E+O2
o.1 9éE+O?
o.246É+02
0.304E+02
0.374E+02
0.45 4E+02
o. 5 47E+02
o. ó55E+02
o.778E+O2
o.977E+Oz
o. 1 07E+03
0.125E+03
0. i 45E+03
0.1 67E+03
o. I 92E+03
0.21 9E+03
0.249E+03
0.28?E+03
o.3t 8E+03
0.358E+03
o. 401 E+03
o.447E+03
o.4e8Et03

0.744E+01
0.967E+01
o.l2+E+O2
0. 1 5 8E+02
9.1 96f,+02
o.2478+O2
o.304E+02
o,3728+02
0 . 45 2E+02
o,544E+O2
0. å5oE+02
9,772E+O2
0.91 t E+02
o . 1 07E+03
0 . t 258+03
0. t 45E+03
0.1 67E+03
9. 1 92f+03
o.21 9E+03
0.24?E+03
0.282E+03
0.31 ?E+03
0.358E+03
0.402E+03
0.448E+03
0.499E+03

-o.362E+00
-0.347E+00
_o. 3t 5E+oo
-0.263E+00
_9.1 9tf+00
_o. i 04E+00
-o.t26E-O2

O. t 1 3E+00
g.2ggf+00
0. 348E+00
o.456E+00
0.5{7E+00

-4.8å
-3.59.
-2.5+
-t.67
-o.i7
-o,42
0.00
o.30
0.51
0. 64
0.70'o.71
o.67
0.60
0.51
0. 40
o.29
o.77
o.0å

-0.04
-0. 13
-0. 19
-0.2{
-o.26
-0.25
-0.20

0. ó030
o,6t7 1
0. ó3t 7
o.6461
0.6å05
O.67tS
0.6892
0.7036
0.7180
0.7323
o.7 467
o. 761 1

o.7754
0.7E98
0.8042
o. 81 85
0.8329
o.9473
0.861 6
0. 87ó0
0.890{
0.9047
0.9191
0.9335'
0.9+78
o,96?2

o. 01 09
0.0143
0 . 0186
0.0?38
0 .030 1

0. 0377
o. of67
0.0573
0.0696
0. 0840
0.1004
0. t 193
o. 1 407
o,1649
o.1927
0.22?6
0.256s
o.2s42
0 .3360
0 .3820
0. 1325
0.4879
0.5{84
o .6t 1+
0.6862
0.7640

0.6
o.ó
o.å
0.5

1 3E+00
45E+00
38E+00
85E+00

o.483E+00
0. 333E+00
0. 1 36E+00

-0. 968E-01
-0.355E+00
-0.61 óE+00
_0.854E+00
_0. I 03E+01
-0.1 I 0E+01
-0. 1 01 E+01

1
¿

3
4
5
b
7
I
?

10
11
72
13
7+
15
16
77
18
19
20
2t
22
23
¿,
¿2
26

AA0= 0. 8051 299
SDl = 0.5522523
SD?= 1.{1811998-0?

I.tTTTTIT¡TTTITTTTTITTTT.r¡
LTQU¡D DENSITY COTPAR¡SON
lIltIIItttr+rltrtltttttrr

TABLE E7 CONTI NUE D

TEIIP
DE6 F

DENS IN LB/FT3
CALCD PUBLD

ABS
ERROR

PERCENT
ERROR

N TR Pß

-40 . o0
-30. oo
-20 . oo
-t 0. 00

o.oo
t 0.00
?0.00
30.00
40. o0
50. o0
60. o0
70. 00
80. o0
90. o0

1 00.00
110. 00
1 20 .00
I 30. 00
1 +0.00
1 50.00
1 60.00
I 70. OO
I 80.00
I 90. 00
200.00
21 0. 00

AAD-
SDt.
SD2=

0. å{9E+0?
0. ó43E+02
0.636E+O?
0.629E+02
o.6?2q-+02
0. ô1 5E+02
0.607E+0?
0.600E+02
0.592E+O?
o.584E+02
0.57óE+02
0.5ô7E+02
o.559E+02
0.550E+02
0.540E+02
0.530E+02
0.520E+0?
0.509E+02
0. {98E+02
0. 486E+02
0. {73E+02
o. +59E+02
o,+44E+O2
o, +27E+O2
0.407E+02
0.384E+02

-0. t1 åE+o1
-0.4088+01
-0.40?E+o1
-0.397E+01
-0.393E+01
-0.391 E+01
-0.3898+O1
-0.389E+01
-0.390E+01
-0.392E+01
-0.3968+01
-0. {01 E+ot
-0.408E+01
-0. 41 6E+01
-0. 42óE+01
-0. 4378+01
-o . {5 0E+01
-0.4ó5E+01
-0. {81E+01
-0.499E+01
-0.519E+01
-0.540E+01
-0.563E+01
-0. 58óE+01
-0.609E+01
-0. ó29E+0r

-å. {0
-ó.35
-ó.33
-6.3?
-ó.33
-ó.3ó
-ó. +t
-6. 48
-ó.58
-6.77
-6.87:T.oz
-7.30
-7.56
-7.88
-s,ztr
-8.65
-9. 13
-9. åó

-f 0. ?8
-10.98
-t7.77
-12.6i
-73,71
-11.?s
-tó.3ó

0.6030
o.6t7 +
o.631 7
o. ó4ó1
0. å605
o .67 +9
0. ó892
0.7036
0 .71 80
o.7323
o.7 +67
0.7ó11
o.7751
0.7898
o. a0{2
0. 81 85
0.8339
0. 8473
0.8ó1 å
o. 8760
0.8904
o. 9047
0.9191
0. 9335
0.9{78
o.9622

o . 0109
0.0143
o. o1 å6
o. 0238
0.0301
0. 0377
0 .04å7
0.0573
0.0é96
0.08f'O
0.1004
0. 1 193
0. 1 +07
0. I 6{?
o .1 9?1
0. ??26
0.2s65
0.2943
0.3360
0. 38?0
0. +325
o. 4879
0.5 48{
0. 61 li
0. ó8ó2
0. 7ó40

o.608E+02
o. ó02E+o2
'0.59óE+02
o.589E+02
o .583E+02
o.576E+0?
o.568E+02
o.561 E+02
O. S53E+02
o.545E+02
o. s36E+02
o.s27E+Oz
0.51 8E+02
o. 508E+02
o.498E+02
o.4g7E+O2
0.475E+02
0. 4ó3E+02
0.450E+02
0.43óE+02
0. +21 E+02
0. 405E+02
0.387E+O?
0.3ó8E+02
0.34åE+02
o.3228.tO2

8.745S39
4. ô8ô991

9.39737t1 E-0?

I
?
3
4
5
6
7
I
I

10
t1
t2
13
74
15
76
t7
t8
t?
?0
11
))
23
21
?c,

?6

186
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PRESSURE COIIPAR¡SON
rrtrllttlrtt¡1ttrtti

tl7l_€t

råaLE E I

TEI.IP
DE6 F

PRESSURE PS¡A
CALCD PUBLD

A8S
ERROR

PE ßCENT
ERßOR

ll TR PR

0. oo
10.00
20. o0
30. 00
40.00
50. o0
å0. oo
70. o0
80.00
?0. o0

1 00.00
110. 00
120. OO
t 30. oo
1 40.00
1 50. OO
I óO. 00
I 70.00
1 S0. OO
1 90. O0
300. oo
11 0.00
?20. oo
230. CO
2r0.00
?50. 00
260. O0
370. OO
280. OO
290. O0
300. oG
31 0. î0
320. C0
330. A0
340.00
350. O0
360. O0
370. OO

AA D=
SDl =
s0?=

O.571 E+O3
o. 1 1 6E.0ç
o. ?25E+O+
o. 41 ?E+04
o.725E+O4
o. t 2?E+05
o.1 99E+05
o.31 {E+05
0.479E+O5
0. 71 3E+05
o . 1 o3E+Oé
o. 1 478+06
o.20{E+06
o.278E+0ó
o.373E+06
0. ¿'?1E+06
o. 63îE+06
0. 81 9E+06
o.1 04E+07
o. I 30E+07
o.1 ô1 E+O7
O. 1 97E+07
o.239E+07
o. ?88=+O7
o.345E+07
o. 4098t07
0. 483Ë+07
0.5é,sE+07
o. å58E+07
o. 76?E+07
o.879E+07
0. 1 01 E4e8
o. I 1 SE+08
0. 1 31 E+Oa
o. 1 48E+08
o. I 67E+04
o. 1 88E+08
0. 21 I E+88

0.61 1E+03
0.1 ?3E+04
0. ?3+E+0å
0.425E+04
o.738E+04
0.1?3E+O5
0. 1 99E+05
0. 3t 2E+05
0. 47{E+05
0.701 E+05
0. 1 01 E+06
0. t 43E+06
0.1 99E+O6
0.270E+0ô
0.361 E+O6
0. {7êE+06
0. ó1 8E+Oå
0. 792E+06
0.1 00E+07
0. t?5E+07
o. 1 55E+07
0. t 91 E+07
o. ?32E+07
0. ?80E+07
0.334E+07
0.397E+07
o.4ê9E+O7
0.550E+07
0 . ê41 E+07
tJ .7 44E+O7
0.85ðE+07
0.989E+07
0. 1 1 3E+08
0. l28E+08
0. t4éE+08
0. t 65E+08
0 . 1 87E+08
0.21 0E+08

0.9?óE+0?
0. t 21 E+83
o.136E+03
0. I I óE+03
o.300E+02
0. 1 6óE+03
o.536E+03
0.1 I 6E+04
0.2tlE+0å
0.350E+04
9.5{!f+O{
0.7988+04
0.113E+05
0.156E+05
o.207E+05
0. ?69E+05
o.34iE+05
o.4?9E+05
o.529E+05
0. 640E+0s
0.762E+05
o. 899E+05
o.1 05E+0å
0. 1 20E+06
o . 1 37e+0å
0.154E+06
o.l7¡E+0ð
o. 1 88E¡06
0. ?0+E+0å
o. î1 ?E+86
0. ?2ôE+06
0.23?E+06
o.2?3e+06
0. 1 97E+06
0. 1 39E+0å
0.31 ?E+85

-6 .61
-5. 1i
-õ.9ó
-2. 8ó
-r.a+
-0. 9{
-0. 15

o.4220
a .437 I
o,452i
0.4ó83
o. ç938
0.4992
0 . 5147
0. 5 301
0.545å
0.5ó10
0.5765
0. s 919
o.6fJ74
0.6228
o. ó383
0. ó537
o.66i2
0. ó846
0.7001
o.7755
0. 731 0
o.7 464
o.7 679
9.7773
0.7928
0. s08?
0.9237
0. 8391
0.85{6
p. 8700
o. å8s5
0.9009
0.91ói
0.931 I
0.9173
o.9 627
o.q782
0. 993ó

0.0000
0. 000 r
0. 0001
0. 0002
0. oo03
0.0006
0.000?
0.001r'
0.00?2
0. 0032
0.0047
0.0067
o. oo93
o. 01 26
0 .01 69
0.0223
0. o2ço
0. 037 1

o.0470
0.058s
o.o7??
0. o8?r'
0.1086
0.1308
0. 1 564
0.1857
o. 21 g9
0.25ó4
o .298å
0.3ç5A
0.3çô3
0.45éî
0.5:t7
0.5931
o .67 t7
0.757ç
0 . 85:,':
u. ? tf i

-o.404E+02
-0.631 E+0?

.3ó

.40

. '?i¡

.4?

.+0

.36

.??
¡ il
.1t
.03
.93
.80
.b7
.53
.38
¡ A3
.0?
.80
.59
.79
.74
.15

I

å
4
5
6
7
a
I

10
11
t2
13
74
15
76
l7
18
l9
20
¿L

22
?3
¿,
?-)
26

?s
1C'

30
3t

33
3¿r

35
3å
37
38

.s3

.1{

.65

.08

.44

.73

.95

.13

.27

0
t
7
.,

2
.,
.,
a.

3
g

3
3
3
s
3
3
3
I
2

¿
¿
I
2
¿
a
.,

t
I
I
0
0

?.5å4E3:
ltt74t.?

?.90c:::0E-!3
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TABLE E 9PRESSURE COI,IPARISON

l+rtl+rrl++r+rrlllt

TEIIP
DE6 F

PRESSURE PSIA
CALCO PUBLD

ABS
ERROR

PER CENT
ERROR

N TR PR

-40. oo
-30. oo
-?0. oo
-10.00

0.oo
t0.o0
?o.oo
30. oo
40. oo
50.00
60. oo
70.00
80. o0
90. oo

1 00 .00
110.00
1 20. OO
1 30. OO
1 40. OO
1 50. OO
1 60. OO
1 70. OO

1 80. 00
1 90. 00
200. oo
21 0. 00
2?0. oo

o . 1 07E+02
o. 1 38E+02
o . 1 7åE+O2
o,22tE+O2
o.275E+02
o.339E+02
o.41 4E+02
0.500E+02
0.6008+02
o.7l1E+O2
0.845E+02
0.992E+02
o .1 I 6E+03
o. 1 34E+03
o. t55E+03
o. I 788+03
o.203E+03
0.231 E+03
o.26?E+03
o.29óE+03
o .333E+03
o. 373E+03
o . 41 7E+03
0. 464E+03
0.51 5E+03
0. s71 Et03
o. ó30E+03

o.1 09E+02
o,74tE+O2
0.1 7gE+O?
o.2258+02
0. ?80E+o2
0.344E+02
O. {'20E+02
0.507E+02
o.6o8E+02
o.7238+02
0.853E+02
0.1 00E+03
0.117E+03
o. 1 35E+03
0. t 568+03
o. 1 79E+03
0.204E+03
0.232E+03
0.2å?E+03
0.29óE+03
0.33?E+03
0. 372E+03
O. 4t 5E+03
0. 46f E+03
0.511E+03
tt . 5 678+03
o.630E+03

-o.2{?E+OO
-o.289E+00
-o.334E+OO
-o. 395E+00
-o. +49E+00
-o . 521 E+00
-o.59?E+o0
-o. óóéE+oo
-o.7338+00
-o. 8t 2E+00
_0.875E+0O
_o.927E+00
-o.960E+O0
-0. t 00E+01
-o.902E+00
-0 . 81 3E+00
-o. ó79E+00
-0.438E+00
-o.1?5E+00

0.231 E+00
0.806E+OO
0. | 38E+0t
o . 21 5E+01
0.31 I E+01
0.426E+01
0.342E+01
o.71 0E+00

-?.21
-2.O5.
-1.s7
-1,7s
-1.å0
-1 .51
-1 .40
-1.31
-1.21
-1.72
-1 .03
-0. 93
-0.82
-o.74
-o.58
-o. 45
-0.33
-0. 19
-0.05
o. o8
o.2+
0.37
0.52
o.67
0. 83
0. ó0
0. 11

0. ó1 58
0. 6304
o. at5 I
o. 6598
o .67 +4
0.6891
0.7038
o. 71 85
0.7331
o.7478
0.7625
o,7777
o.7918
0.8065
o.82t2
o. 835 I
0.8s05
0.8ó52
0.8798
0.8945
0.9092
0.9239
0.9385
0.9532
o.9679
o.98?5
0.9972

0 .01 67
0.0215
0.O27¿'
0.0345
0. o+29
0.0528
0.0645
o,0779
o.0935
0.1113
0 .131ó
0. 1 545
o.1 to3
o .2092
0 .241 5
o."773
0.31 é?
0. 360å
0.4086
o.1612
o.s186
0.5812
o .6492
0.7230
0.8029
0. 8891
0.98?1

I
a
3
4
5
6
7
I
I

10
11
t2
13
t4
15
t6
77
18
t9
20
al
.))
t?
24
1C

26
a',

AAD=
SDI =
s0?=

0. 91 06809
1.4ó5343

7.72t78?3E-O2

LIOUID DENSITY COÍIPARISON TABLE E9 CONTTNUEo

TEIIP
DE6 F

DENS IN LBIFT3
CALCD PUBLD

ABS
ERROR

PERCENT
EßROR

N TR PR

-40. oo
-30. o0
-20. oo
-1 0. oo

0. oo
10. 00
20. oo
30. o0
40.00
50. o0
60. o0
70. o0
80.00
90. 00

1 00. 00
1r 0. 00
1 20. O0
I 30. O0
1 40. O0
1 50. O0
1 60. O0
I 70. OO
1 80. OO
1 90. O0
200.00
21 0. 00
220.00

o.904E+02
o. 894E+02
o . 88 tE+02
o. 874E+02
0.8ô3E+02
0. 85?E+02
o.8408+02
0.828E+02
o. 81 5E+02
0.802E+0?
o.78gE+02
0. 773E+02
0.758E+02
o. 742E+02
o.725E+02
o. 707E+02
o. ó888+02
o. ó68E+02
0.6{6E+02
o.623E+02
o.598E+02
o. 57OE+02
o.540E+O?
0. 50óE+02
0. {ó5E+02
0. 41 sEto?
0.33åE+02

o.863E+02
0. 833E+02
0.824E+O?
o. 8l 4E+02
0.8058+02
o.7?5E+O2
o.784E+0?
o.77 4E+O2
o.763E+02
0.7s3E+02
0.7{tE+02
o.730E+O2
0 . 71 8E+02
0.70óE+02
0.693E+02
0. ô79E+02
0.66óE+02
o.ó518+02
0.63SE+02
o. ó1 gE+02
o. óooE+o?
o . s goE+02
0.558E+02
0.533E+02
0.502E+02
0. 4ó0E+02
0.38+E+02

o. 609E+Ol
0. 606E+01
o. ô01 E+ot
o.5?3E+0t
0 . 5 838+Ol
o. 571 E+01
o.5568+01
0. s37E+01
0 . 51 7E+Ot
o. 4?3E+O1
0. 465E+01
0. 435E+01
0 . å01 E+01
0.3ó4E+01
o.322E+01
o. 2768+01
0.225E+01
o. I 70E+01
0.111E+01
0. 454E+00

-0.252E+00
-0. I 0l E+ol
-o.1 82E+O1
-0.270E+01
-0 .3ó2E+01
-0. 451E+01
-o .47 bE +O7

7.23
7,27
7.29
7,28
7.25
7.1?
7.O9
6.?4
6.77
ô.55
6.27
s.97
5 .59
5.15
4. ó5
{. 05
3.39
2.61
t.7+
o.73

-o.42
-7.74
-4.25
-5. Oô
-7.27
-9. 80

-72.39

o.ô158
0. 630í
0.645 I
0.6598
o ,67 4+
o. é89 I
0.7038
0.7185
0.7331
o.7475
o.7 ë?s
o,7777
0 .791 I
0. 8065
o.8272
0. 8358
0.8505
0.8ó52
0.8798
o. 8945
0.9092
0.9?39
o.9385
0.9532
0.9ó79
0. 98?5
o. ji72

0.01 ó7
u. u¿ ¡ I
0. o27i
0.03+s
0.0429
0.0528
0.0ó45
0. 0779
o.0935
0.1113
0. 131ó
0. 1 545
0.1 803
0. 209?
0.241 5
o,27i3
0.3169
0.3ó0ó
0. 408å
0. 461 2
0.518å
0. 5 812
o. å492
0. 7230
0. 8029
0. s891
0.9s21

1

2
3(
5
ô
7
I
?

10
17.
t2
13
74
15
t6
77
18
1?
20
2t
22
23
2+
23
?6
27

5 .589523
4 .330ó30

6.31 39342E-02
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SDl s
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LIOU¡D ENTHALPY
IT+I Ti}TT T TTIIT

TABLE E9 CONTI NUE D

TEIIP
DE6 F

H IN BTU/LB
CALCD PUBLD

AB9
ERROR

PERCENT
ERROR

N TR PR

-+o. oo
-30. oo
-20. o0
-10.00

o. oo
10. 00
20. oo
30.00
40. oo
50. 00
å0. oo
70. o0
80. oo
90. oo

1 00. o0
1f 0. o0
t 20. oo
1 30. 00
1¿'0.00
150.O0
1 60.00
1 70. O0
1 80. OO
190.00
200. o0
2t 0. oo
220. OO

o. oooE+oo
0 . 2s 9E+Ol
0.520E+Ol
0. 784E+01
0.10sE+02
0. 1 32E+02
0.199E+02
o. I 87E+02
0.21 5E+02
o.243E+O2
o.2728+02
0.301E+02
o.331 E+02
O,3628+O2
0 .393E+O2
o,4268+02
o. {59E+02
0. 493E+02
0.528E+02
0.565E+02
0.603E+O?
o.6448+02
0.687E+02
0. 7338+02
0.785E+02
o.g47ElO2
o.937E+02

o. oooE+oo
o. 238E+Ot
o. 4798+01
o.722Ê.+07
o.971E+0t
o.l22E+O?
o. t 48E+O2
D.77 4E+D2
o.200E+02
o.228E+O2
o.255E+02
0.283E+02
o .31 1 E+O2
0.340E+02
o.370E+O2
0.400E+02
o. {31 E+02
0.4ó3E+02
0.496E+Oz
0. s30E+02
o.565E+02
0. 602E+02
o . 641 E+02
0. 6g3E+O2
o,7?98+0?
0.7ó88+02
0.86oE+O?

0 . oooE+00
o.21 ¡ E+00
0.+1tE+00
0.61 5E+00
o . 785 E+00
0.95{E+00
0.112E+01
0. I 26E+01
g .1 41 f+01
0 . 1 55E+01
0.171E+01
0.1 858+01
0 .201 E+01
0.21 9E+01
o.?378+Ol
0.255E+01
0.276E+01
0.298E+01
o.32?E+01
0. 349E+01
o.380E+01
0.41 4E+01
0 . 45 4E+Ot
0.503E+01
o .5 66E+01
0.793E+0t
o.7ó7E+01

.00

.85

.5?

.52

.09

.80

.55

.26

.04

.82

.72

.+7

.44

.40

.38

.+l
6.tS
å.50
6.59
å.73
6. 88
7.08
7.36
7.77

10. 33
q.e2

0.61 58
o. ó304
o. ô{51
0.6599
o.67 +4
0. 6891
0.7038
0.71 85
0.7331
o.7478
o.7b?s
o.7771
0.791 I'0.8065
o.821?
0.8358
0.850s
0.8ô52
0.8798
o. 8945
0.9092
o.?23q
0.9385
0. e532
o.9679
o. 9825
o.997?

o. 01 å7
0.o2ts
o.o27 +
o. 0345
o. o+?9
0.0528
o.0645
0.077ç
0.0935
0.1113
0. 1316
0.1s45
o.1 803
o.2092
o.2+1 5
o.2773
0.31ó9
0. 3ó0ó
o.4086
0. 461 ?
o .51 8ó
0 . 5812
0. ó{92
0. 7230
0. 8029
0.8891
0.9821

o
I
I
I
I
7
7
7
7
6
6
ó
6
6
b
6
6

55

1
a
3
4
5
6
7
s
j

10
tl
t2
13
t4
15
1ó
t7
18
t?
20
2t,)
?3

1C

?6
a',

24

AA D=
SD1=
SD2.

7.055314
3.43b757

7.39442418-02
{T TT TITI¡TTìTT T

VAPOUR ENTI{ALPY
*+ t+lltrtrlt+r¡

TABLE E9 CONTINUED

TEIIP
DEG F

STU /LB
CALCD PUBLD

ABS
ERROR

PERCENT
ERROR

N TR PR

40
50
60
70
80
90

-40
-30
-?o
-10

0
t0
20
30

.oo

.oo

.o0

.00

.00

.00

.o0

o0

.03

.24

.+5

.65

.85

.01

.18

.3{

.+1

.62

.76

.87

.97

.0ó

20
4.21
+.25
4.29
+.29
4.2â
4.21
1.1+
4,O?
3.83
3.83
{. s0

t
2
I
I
5
ó
7
I
I

10
tt
t2
13
t+
15
t6
l7
1B
19
20
2l
22
23
24
2S
26
27

120.O0
1 30. O0
1 40.00
1 50. 00
1 ê0.00
I 70. 00
1 80.00
1 90. 00
?00. oo
2t 0.00
2?0.00

AAD=
SD1 '
SD?-

0.895E+0?
0.9t 0E+02
o.9?5E+O?
0.940E+02
0.95 +E+02
0. 96?E+02
0.983E+O?
0.996E+02
0. 1 01 E+03
0.1 02E+03
0.1 03E+03
0. 1 05E+03
0.1 06E+03
0. I o7E+03
0.108E+03
0. I 09E+03
0.1 1 0E+03
0. 1 t 0E+03
0.111E+03
0. 1 I 2E+03
0 .1 1 2E+03
0.1 t 2E+03
0.112E+03
0.t1tE+03
0.1 t 0E+03
0.1 08Et03
0.1 038+03

o.877E+02
0. 890E+02
0.903E+02
o. 91 6E+02
o.9288+02
0.9¡'OE+02
o .95?E+02
0.964E+02
o.975E+02
0.986E+0?
0. ?97E+0?
0.101E+03
o. 1 02E+03
o. 1 03E+03
o.1 04E+03
0. I o4E+03
0.105E+03
o. 1 0óE+03
0 . 1 07E+03
0. r 07E+03
0. 1 07E+03
o. I o8E+03
0.1 07E+03
0. 1 07E+03
0 . 1 0åE+03
0.1 O4E+03
o.987E+02

0. I 78E+01
o. 1 99E+01
o.??28+Ot
o.243E+01
0.2é4E+01
0.293E+01
0.303E+01
0. 3?2E+Ot
o.340E+01
o.357E+O1
0.37{E+01
0.390E+01
g.4gf¡f,+o1
o.4t 7E+01
0. +29E+01
0. (398+01
0. +46E+01
0.453E+01
o. +57E+01
0 . 45 9E+01
0.457E+01
0.453E+01
0.4+5E+01
0.431 E+01
0.408E+01
0. 400E+01
0. t4¿'E+01

0.6158
0. 6304
o. 6+5 1

0.6598
o .67 +4
0. 6891
0.7038
0.71 8S
0.733r
0.7478
9.7 625
o.7771
0.791 I
o. s065
0.821 2
0. s358
0.8505
0.8652
0.8798
0. 8945
0.9092
0. 923?
0.9385
o.?532
o,967?
0. 9825
o.??7?

0.01 É7
0. 021 5
o.o?7r
0.03t'5
0.0429
0.05?8
o. o645
o.0779
0. 0935
0.1113
0. 131å
0. 1 545
o.1 803
o.20i2
o.2415
o.?773
0.3169
o. 3ó06
o. 4086
o .1612
0 . 518å
0.5813
o.64?2
0. È38
0.8039
0.8891
0.9ê21

.00

o0

.t+

2
2
o
2
2
3
3
3
3
3
3
3
3
4
+
4

100 .
rt0.

00
o0
o0
o0
oo
o0

3 .657 464
3 . 8S21 89

3.7C217758-02 189



rrrr+t+l+tlltrl+tr{l
PRESSURE CO¡.IPAR¡ SON
l *t rr rtttlllrt* tI+ t

PE T¿C IILOT¿OE TIIYLE NE

rAeLE E1O

-;;;;------;il;;;--;;;------l;;-------;;ffiil-----ï------ rß pR

DEG F CALCD PUBLD ERROR ERROR

-40.00
-30. o0
-20. o0
-1 0. 00

0.00
10. 00
20. o0
30. 00
40.00
50. oo
60. o0
70. o0
80.00
90. o0

100.00
110. 00
120. OO
I 30. O0
1 40.00
t50.00
1ó0.00
I 70. 00
180.O0
I 90. 00
200. oo
?1 0. 00
220.00
230. O0
240. OO

35 0. O0
260.00
?70. oo
280.00
290, O0
300. oo
31 0. 00
32
33
3å
35

0.229E+02
0 . 5 98E+02
0. I 3+E+03
0.28t E+03
o. E52E+03
0 . I 03E+0{
0.1 838+04
0. 31 0E+04
0.507E+04
0. 80t E+04
0 . 1 23E+0S
0. I E2E+05
0.26+E+05
0. 375E+05
0.919E+05
0.706E+05
0.9f4E+05
o.7248+06
9.161f+06
0.205E+06
0.259E+0é
0.323E+06
0.398E+0ó
0. 466E+06
0. s89E+Oå
0.707Et0ó
0.842E+06
0.99óE+06
0.1 t7E+07
0. t37E+07
0.1 58E+07
0. I 83E+07
0 . 21 0E+07
0. 240E+07
0.2738+07
0. 31 0E+07
0.390E+07
0. 394E+07
0. 4i2E+07
0. 493E+07

o.21 1 E+O2
o. s 43E+02
o. I 27E+03
o.27 4E+O3
0.550E+03
o. 1 04E+04
0.1 87E+0t
0. 321 E+04
0.527E+O+
0. 836E+0rt
o . 1 28E+05
o.t91E+05
o.2778+09
o. 393E+05
o . 5 44E+05
0.740E+05
0.987E+O5
o. 1 30E+06
0.1 68E+06
o. 2t 4E+06
0.269E+0å
0.335E+06
o . 41 2E+0å
0.503E+06
o. åo7E+oô
0.726E+06
0.8å2E+06
0. 1 0?E+07
0¡119E+07
o. 1 38E+07
0.159E+07
0. 1 83E+07
0. ?09E+07
0. ?37E+O7
0.26eE+07
0.302E+07
o.3388+07
0.377E+07
0 . {1 9E+07
o. 464E+07

o. i 70E+01
0.553E+01
0 . 75 åE+01
0.740E+01
0. ¡84E+0t

-0. 1 20E+02
-0. {59E+02
-0. I 0óE+03
_o.203E+03
-0.352E+03
-o .5 å7E+03
-0.868E+03
_o.t27E+O4
-o.1 80E+04
-O ,2,t8E+O{
-0.33?E+04
-0. t35E+04
-0.5s8E+04
-0 .701 E+04
-0.865E+04
_6 . 1 95f+OS
-0 . 1 24E+05
-0.1 {4E+05
-0. I 64E+05
_o .1 81 E+05
-0 . I 95E+05
-0 .202E+05
-Ð.200E+05
-0 . 1 a4E+05
-0.151E+05
-0 .931 E+O{
-0.5258+03

0. 1 21 E+05
0.293E+05
0 .523E+05
0. 821 E+05
0. t 208+0ó
0. I 6EE+06
0.226E+06
0.394E+06

8. 05
10. f ?.

5 .96
2.70
o.33

-1.15
-2.45
-3. 30
-õ.8ó
-+.21
-4. +2
-4.54
-4.60
-4.59
-4.55
-4.4?
-4 .41
-q.31
-4.1?
-4.O4
-3.88
-3.70
-3.49
-3.25
-2.99
-2.68
-?.35
-1.97
-1 .55
-1 .09
-o. s8
-o.03
0.58
1.24
I .95
?.72
3 .55
+.44
5.+0
6.33

o.37ót
o,3922
o.4083
o,+245
o.440å
o.4s67
0.4728
0.4s90
o.so51
9,5212
0.5374
0.5535
o.5å96
0. ss57
0. 601 9
0. 61 80
0. ó341
0.6503
0.66å+
0. 6s25
0. ô986
0.71 {8
0.7309
tr.7 470
0.7632
o.7793
0. 795 +
0.8rf5
o.8?77
p. 8438
0.6519
0. 876 I
0.8923
o. 9083
0.92{5
0.9406
0.9567
0. 9728
0.98ç0
1 .0051

0.0000
0.0000
0.0000
0.000 t
0.0001
o. 000?
0.0004
0.0007
0.001 t
0. 001 7
0.002å
0.0038
o. oo56
0.0079
o.ot09
0.01 48
0. 0l9s
0.0260
0.0337
0.0431
0.0943
0.0677
0.083å
0.1021
0.123å
0. 1 na+
o. t7 67
0.2090
0.2{55
0.3a66
lJ. eriè
Ll . 5áìu
o. +{1 0
0.5042
0.5731
0.6505
o.734b
0. 82ó5
o. î268
1 .0352

0. o0
0. 00
0. 00
0. o0

I
a
3
+
5
6
7
s
I

10
11
72
13
7.t
t5
l6
77
18
l9
20
27,)
¿s
¿,
22
26
27
28
2i
30
3t
za
.'5
34
35
36
37
38
3?
40

AA D=
SD!-
SD2=

3.5035?0
70,'S6.25

4 . 093t 337E-02
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TETIP I

DE6C¡

B R O IIOT R I FLUO RO}IETHANE

PRESSURE (PA) I LrQ IIASS CoNC

PUBICALCIPUBICALCIPUB

F¿l-3Bl-

E11

AND DIFLUOROETHANE

lLIQlloLcoNclvAP}lAsscoNclvAPllolcoNcl
I CALC I PUB I CALC I PUB I CALC

rl

9.21?7
0.4985
0.7483
o.3277
0.3956
0. s03r
0.6370
o.7?74
0.9343
o.9774
1.0000
o.2475
0.4959
o.7465 -

1 .0000
0.2440
o.4i32
o.7448
1.0000

0.6296
0.7593
0.8570
0.6E17
o.7162
9.7612
0 . 8119
o.E792
0.95{1
0.9E33
1.0000
0.50t1
0.6E11
o.622?
1.0000
o.47E7
o.61E5
o.7920
1.0000

0.6321
o.7625
0.8s9E
0.6845
o.77?2
o.7641
0.E151
0. E817
0.9552
0.9837
1.0000
o.1?77
9.6771
0.6210
1.0000
o.4721
0 .61 35
0.7896
1.0000

(o

-1 7.80
-1 7. 80
-17.80
-1 7.80
-1 7.60
-1 7.80
-17.80
-t7.EO
-1 7. E0
-17.70
-t 7 .60
25.00
25 .00
25.O0
25.00
s4.40
54 .40
54.40
54.40

O .3931 ge+06
0.39543E+06
0.45125E+06
o.32ó55E+0ô
0.3ó172E+0å
O. a941 g!+0ó
9.127748+06
0.4ó032E+0ó
0.4girr3E+06
o. {6?89E+06
0.490558+06
0. I 03498+07
0.13O70E+07
o.1 5055E+07
o .1 61 74E+07
0.20091E+07
0.250ó1E+07
o.287778+07
0 .30923E+07

0.30871E+0ó
o.36924E+06
0 .4t3t7E+0ó
0.33?56E+06
o.3ót 45E+06
0.3?045E+06
O.42gg7E+0ó
0. {535{E+0ó
o. t7655E+0ó
o.46706E+06
0. (920{E+06
o. 1 0381 E+07
0.12968E+07
0.1 4843E+07
0 .1 ô1 92E+07
0.200?9E+07
o.2{850E+07
0.28490E+07
0.30969E+O7



TEIIP I

DESCI

PRESSURE (PA)

PUB I CALC

rÈ f- f- E¿Z 2

E12

CHLO ROD¡FLUORO}IETHANE AT{D TRICHLOROFLUOROIIETHANE

I LrQ irASS CoNC I LIQ lloL CoNC r vAP IrASS CoNC l P llOL CoNC I

IPUBICALCIPUEICALCIPUB!CALCIPUBICALC

25.00
25.OO
25.00
25. O0
25.00
25.00
25.00
50.00
50.00
s0.00
50.00
50. o0
s0.o0
50.00
75.00
75.00
75.00
75 .00
75.00
8?.00
95.00

I 00.00

0.31000E+06
0.40000E+06
O .51 000E+0ó
0.66000E+0ó
0.78000E+06
o.900008+0ó
o.92000E+o6
0.57000E+0ó
0.74000E+06
0.9óo00E+0ó
0.12000E+07
0. t ô3008+07
0 .168008+07
0. 1 71 00E+07
0.960008+06
0.12300E+07
0.15900E+07
0. I 98008+07
0.23700E+07
0 .1 2500E+07
0.17700E+07
0.30500E+07

0.1568
o.zs?o
0.3E8{
o.5126
o.6.112
0.8505
0. E70{
0.15óE
0.2590
0.38tó
o.5426
o.6?42
o. 1505
0. E70l
o.156t
0 -2590
o.3884
o.s426
o.6942
0. 1 568
0.2590
o.5426

0.6786
0.7831
0 .8521
0 .901 0
o.935s
o.?672
0.9713
0. ó073
tr.7254
0. 8085
o.6698
o.91 45
o.9s62
o.9677
0.53s3
o.6626
o.7s72
0. E303
0 .88s5
0.4958
0.6080
o.7775

0.6847
0.78ô9
0.6543
0.90f E
0.9356
0.9óó?
0.9710
0. ót 30
o.7294
0. El 08
0.8706
0.91 46
0.9560
0.9ó14
0.s409
0. óóó3
0.7594
o.8372
o.E85ó
o.5004
o .6114
o.7787

0.29925E+06
o.40975E+0ô
0.53396E+06
0.6ó{8óE+0ó
0 .78392E+O6
o. 90E21 E+0ó
0.924858+0ó
0.5559ðE+06
0.74634E+06
o.?67?6E+O6
0.120t9E+07
0. I 436óE+O7
o.1ó80{E+O7
o.17734E+O7
o.946688+06
o.724448+07
0.1óoolE+07
o.200328+07
o.239748+07

.o.723648+07
0.17799E+07
o.30756E+07

(o
1\'



rÈ].2

E13

DI CHLOROD I FLUORO}IETHANE AND DIFLUOROETHANE

TEIIP I

DE6CI

PRESSURE (PA)

PU8 I CALC

1.0000
0.9499
0.899E

ILIQ}lAsscoNclLIQllolcoNclvAPtlAsscoNcl vAP rol coNc I

IPUElcALclPUBIcALcIPuBlcALclPUBlcALc

(.o(,

0
0
0
0
o
0
0
o
0
o
0
0
0
0
o
0
o
0

o0
oo
oo
oo
oo
oo
00
oo
00
oo
o0
oo
00
oo
o0
oo
00
oo

.3gg6gf+06

.33ô05E+0ó

.35004E+06

. 3591 6g+06

.361978+06

.3ó280E+0ó

.36342E+06 I

.3634?E+Oó f

.36342E+06 I

.363t?E+0ó I

.36328E+06 I

.362878+06 I

.35E32E+0ô I

.350258+06 I

.33881E+06 |

.32336E+0ô I

.306818+Oô I

.28682E+O6 I

0.30925E+06
0.33208E+06
0.34608E+Oô
0.35445E+0ó
0.35906E+Oô
0.3605?E+06
0.361t6E+0å
0.361688+0ó
0 .36177E+O6
0.35163E+0ó
0.3ó193E+O6
0.361 95E+0ô
0 .35912E+0É
0.352E5E+0ó
0.34290E+06
0.32689E+Oó
o .31 354E+06
o.2?282e+O6

0.E49? I

0.8018 I

0.7717 I

0.7t96 I
0.7395 I

o.73{E I
0.7302 I
0.7200 I

0.ó984 I

0.5972 I

o.5001 I

0.397{ I

0.2912 I

o.1997 I

0.09?3 I

1.0000
o,?221
o.8632
o.E2li
0.78{9
o.7670
o.7+1i
0.7{1 0
0.73å7
0.733ó
0.7253
o.7078
0.6{55
0.5ó85
0.ô916
0.3E?{
o.2912
o.t67t

1.0000
o.?tEz
o. Es71
0. E090
0.7705
o.7317
a.7342
o.7276
o.7246
o.72!7
0.7154
o.7fJ22
o.64+0
0. sE6s
o.s237
o.1122
0.3511
o.2722

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



TENP I

DEGCI

PRESSURE (PA)

PUB I CALC

I LrQ ñASS CONC I LtQ ltOL CONC l P rASS CONC ! VAP 1l0L CoNC I

IPUBICALCIPUBICALCIPUBICALCIPUBICALC

-1 I .10
-1 8.10
-18.10
-1E.10
-18.10
-1E.10
-18.10
-t 8.10
-18.10
-1 E. O0

0.21 450E+06
o.272LOE+O6
0.35670E+06
0.4491 0E+0ó
0.56120E+06
o.67470E+O6
0.795908+06
0. ?7230E+0ó
o.11 052E+O7
0. t207EE+07

g.?7244e+O6
0.26850E+0ó
0 .35988E+06
o.457578+06
0 .57001 E+06
0. ó81 36E+06
0 .79626E+06
0.978E7E+0ó
0.11089E+07
o.120868+07

o.2301
0.3985
0 .5653
o.6862
0.7793
0.8401
0.8877
0.9460
o.979{
r .0000

o.2+47
o.1178
0.5861
0. ó?{5
0.7759
0. g33f
0.8789
0.9375
0 .97{1
f . 0000

0 .0360
0. 0791
o.1535
o.2392
0 .3{ó1
o.4602
0.58t1
o.7gt7
o .91 23
f . 0000

CHLO R O D I FL UO R OIIETHAI{E AND DICHLOROD¡FLUORO}IETHANE E15 F¿ l- 2

I LrQ IIASS CoNC I LIQ tloL CONC l P ñASS Cot{C l.P llol CoNC I

E¿2 i

(o¡. TEIIP I

0E6Ct

PRESSURE (PA)

PUB I CALC IPUBICALCIPUBICALCIPUBICALCIPUBICALC

-{o.80
-4fJ.76
-{o . to
-4fJ.94
-40.89
-40.99
-41 .3t
-11.1t
-41.+7
-47.3?
-{1.39
-40. 93
-40.73
-40.63
-40 .54
-40.54
-39 . t4
-38.93
-3E .33
-37 .74
-35 .87
-34.26

o.101 33E+06
0. I 0t 33E+0ó
0 .1 01 33E+06
0.10133E+06
0.101 33E+06
0.10133E+O6
0.10133E+0ó
0.101 338+0ó
o.10133E+06
0, 1 01 33E+06
0.101 33E+06
0.101 33E+06
0.10133E+Oå
0. I 01 33E+0ó
0.10133E+06
0. I 01 338+06
0 .1 01 33E+06
o. t 01 33E+0ó
0.10133E+06
0. 1 0f 33E+0ó
g .1 91 33e+06
0. I 0t 33E+Oó

0.102048+06
o .1 0254E+0ó
0 .1 0264E+06
o.7o237E+O6
0 .1 0286E+06
o.702648+06
0.t0160E+06
o.701248+06
o .1 01 00E+06
0.100718+0ó
0.99917E+05
0. I 01 04E+0ó
0 .1 0025E+06
0.1 0004E+0ó
0 .99294E+05
0.989EoE+05
0.99774E+05
o. I 0092E+06
0.101ó1E+06
o. 1 0294E+06

' 0.10330E+06
o. f 0354E+06

1.0000
0.98ó0
0.9710
0.94E0
0.9310
0.91 00
0. E500
0.7810
o.7220
0.6750
0. ó120
0.55ó0
0.4840
0. 46f 0
0 .4250
0. 41 60
0.35E0
0. 301 0
0.2690
0. 21 60
0 . 1610
0.10ó0



PRESSURE (Pâ)

PUB I CALC

F¿r- Z r¿l_f_3

E16

DI CHLORODIFLUOROìIETHANE AND TRICHLOROTRIFLUOROETHANE

I LrQ ÌIASS CONC

I PUB I CALC

lLIQlloLcoNclvAPllAsscoNclvAP}rolcoNcl
I PUB I CALC I PUB I CâLC I PUB I CALC

.1576

o
0
0
0
0
0
0
0
o
0
0
0
0
0

80.o0
90.o0

I 00. o0
20.o0
30.oo
40.00
50. o0
60.o0
70. o0
EO.OO
90. o0

(o
(tl

TEIIP I

DECCI

50.00
óo.00
70.00

0.100908+07
o.1 0090E+o7
0.100908+07
0.1 0o90E+07
0.1o09oE+07
0.1 0090E+07
0.42330E+O6
0.423308+0ó
0. {233OE+O6
0. {2330E+06
0. {2330E+06
!.42330E+0ô
o.42330E+06
0.42330E+Oó

0.10261E+07
0.10535E+O7
o.1o633E+07
o.to4?28+O7
o.10010E+07
0.9005t8+0ó
o. t+0{58+06
0. ôå{E2E+06
0.ô73158+06
0.{ó7ó78+0ó
0.45845E+O6
o.44E?0E+06
0.41830E+O6
0. 40ó1 6E+Oó

ll
I 0.8300 I

r 0.ó500 I

I 0.5000 I

| 0.3750 I
I 0.2650 I

I 0.1600 I

I O.73s0 I
I 0.5450 I

I 0.3950 I
I 0.2600 I
I O.1950 I

I 0,1300 I

I 0.0680 I
r 0.0240 I

0.9700
0.9200
0. E600
0.7800
o. ó800
0.5ó00
o.9670
0.9300
o.9700
0.7600
o.6800
0. s700
o.3800
0. I 700

.9ó40

.91 80

. E61E

.7867

.6871

.5306

.9642

.9270

. E751

.6012

.792fl

.5732

.3777



APPENDIX F
PIIIi¿T SI'BS,I¡ANCE PIìIOPEIi¿T.Y Tl|E¡I.ES

R11

Rl2

R13

Rt 3Êt

R22

Rl l3

Rl 52a

R7t8

R50 g

Perch I oroe thyl ene

Table

F.1

Eã¡ .è

F.3

F.4

F.5

F.6

F.7

F.8

F,9

F.IB

Fluid

Nomenclature

B = Availability
D = Density
FC = Fugacity coefficient
H = Enthalpy
P = Pressute
PR = Reduced pressure
S = Entropy
T = Temperature
TR = Reduced temperature
V = Specific volune
Z = Conpressibility

(F) = tiquid
(G) = VaPour
(FG) = Latent value

Note: Availability datun ís 24 deg C and 101.325 KPa.

196



SATURATED PROPERTIES OF TRICHLOROFLUORO'IETHANE REFRIGERANT 7I (CCL3F

D(F)
KG/ñ3

t7?o.t
1701 ,2
1681.3
166f].6

1636 .6
7615.8
ts?l.7
15ó6. 3
1539. {

1511.1
1{81.0
!44i.7
1 tl5 .1
137E.E

13{0.0
1299.2
7253.1
1204.O
1150.2

I 0?0.7
1023.8

ci46.7
854.3
737.1

716.+
700.0
682.?
66?.5
647.2

616.2
585 .7

v(6)
lr3/K6

2.7732
f .5804
0 .9669
o.6t7s

0 .409{
o.2801
o .1 975
o.7127
o.1053

o.0792
0.0606
o.0{70
o.0369
o.0293

o.0235
0.0f 89
o.01 53
o.0725
0 .0102

o.00E3
0 .00ó7
0.0054
o. o0{3
o.0032

o.0031
o.0030
o . 0029
o.oo27
o . oo2å

0.0025
o .0023

H(F)
KJ/K6

120.70
730.74
1+1.10
151 .64
r63.05

250. ó0
294 .55

H (FG)
KJ /KG

I 88 .88
165.93
1 82 .84
179.58
176.13

172.14
1ó8.50
764.25
159 . ô5
754.66

t1?.20
743.22
136. å0
72?.?3
120.95

24.O3
16 .65

H (6)
KJ /K6

79i.71
204.clo
210 .13
275.3?

220.65
2?5.92
231.76
236.36
24t.Sl

246.5E
?st.3+
256.3i
26r.09
2â5.60

269.97
273.i6
277.74
287.O7
283.99

281.89
280.?2
279.80
?76.46
276.81

274.64
277.20

s (F)
KJ/KG.K

o .0000
o.0353
o .06?5
0.1028

0 .1 352
0.1ó6ð
0 .1 978
o.2287
o.2s79

o.2872
0 .31 61
o.3446
o .3728
0.4007

0.4286
0.45ó3
o.4841
o.st27
0 .540+

0.5ó93
0 .5992
0. ó306
0.6647
0.7050

o.7387
o.7 471

s (6)
KJlK6. K

0.8267
0.8235
0.8215
o.8205
o.8203

0.6208
0.821E
o.8232
o.62{8
o.8266

o.828+
0.8301
o.8316
o.E327
0.8332

0.8329
0 .831 4
0.8280
0 . E216
0.8087

ÏABLE F1

DEG K

233 .2
213.?
253 .2
263.2

273.2
283.2
?93 .2
3f¡3.2
313.2

323.2
333.2 -

343.2
353.2
363.2

273.2
383.2
393 .2
+o3.2
473.2

423.2
433 .2
443.2
+53.2,
463.2

46?.?
170.'2

T
OEG C

)

T
T ?

PA0E6 C

-(0.0
-30.0
-20.0
-10 .0

o.0
10.0
20.0
30.0

50.0
60.0
70.0
EO.0
90.0

100.0
110. O

120.0
130 .0
I {O.O

150.0
160.0
170.0
180.0
190.0

191.0
7?2.O
193 .0
194.0
19S.0

1?6 .0
197.0

5165.8
9267.7

15730.4
25Sl3.t

0.00
7.7?

t5.ó8
23.67

;37.77
39,98
48.E2
5ó.7E
65.38

74.13
63.05
?2.74

101 .43
110. ?5

-40.0
-30.0
-20.0
-10 .0

60.0
70.o
E0.0
90.0

100.0
t 10.0
120.0
130.0
140 .0

f 50.0
160 .O
77fJ.O
180.0
1?O.0

7i9.77
717,1O
19{.45
791.71

0.8565
o.6459
0 .8376
o .831 3

39762.8
5?827.?
87255.8

t?3777.9
171313.8

237?37.9
307881.2
+07512.O
51 5329 .5
65195E.3

E14142.0
7001735.6
7226779.O
1{831 98 . 1
17774fJ4.3

7tt27t1.S
249?b6â.8
2q20977.5
3(01546.8
3?3E531 .8

3995503 .0
{053082.8
41112E0.0
4170103.5
4229551 .0

42E9630.0
43s0330. o

0.8066
0. E043
o .801 ó
0.7965
0.79ç8

0
10
20
30
{0

0
0
0
0
0

40.0
50.0

J(o\¡

174.¿3
187.36
200.?4
276.76
234.69

111 .51
100. s7

67,57
7t.72
{8.03

286.34
287.i2
288.44
287.29
2E?.72

236.91
239.24
2+7.72
244.36
2tr7.3O

0.7097
o.7747
0.7199
o.7?56
0.7318

464.2
165.?
+66.2
467.2
668.2

1?1.0
t?2.o
193 .0
794.O
r95.0

4(.98
41.óE
38.08
34.06
29.57

0.7900
0 .7825

0
0

96
97

7
I



sATURATEo pRopERTtEs oF cclsF f] coxrrxueo

z (F, z (6) FC (F)

(o
C¡'

T
DE6 C

-(0.o
-30.0
-20.0
-10. 0

0.0

10.0
20.0
30.0
{0.0
50. o

60.0
70.0
80.0
90. o

100.o

110, o
120.0
130.0
140. O

f50.0

1ó0.0
f 70.0
160. O

190. O

191.O

792.O
193.O
794.O
195.O
t9ó.o

TR

o.+i49
0.5r ót
0.5373
0.5585
0.5798

0.6010
o.6222
0. ó43{
0. ó647
0. ó85t

0.7071
o.7283
0.749å
0.7708
o.7920

0.6f32
0.a345
0.6557
o.8769
0.69Ef

.940ó

.9å19

.9E30
o.9891

o. 9E73
o.9E94
0. 99f 5
o.9936
0. ?958

P

PA

518s . I
?267,7

15730.4
25573.7
39762.8

s9827.i
87255 .8

723777.9
171313.8
237?37.?

3078S1 .2
407572.O
515329.5
ó51 95E.3
a74712.O

too473s.6
7226779.O
f4831 ?E. I
7777401.3
2772714.5

249?666.4
2?20?77.5
340154ó.8
3?38531 .8
3995503.0

4053082,6
411 1 280. O

4170703.5
122955t.O
4289ó30. O

PR

o .001 2
o. 002f
0.0036
o. oo5E
0 .0090

o.01 36
0.0198
o.o2E7
0 . 0389
o.os26

0.0698
o. o9t I
0 .11ó9
o.7479
0 .1 84ó

o.2271'
9.2782
0.33ó4
0.4031
o.47?2

o.5653
o.6625
o.7775
0,8933
0.90ó2

o.?792
o.9324
0.9458
0 .9593
o.?729

0.0002
0.0004
0.000å
0. 00f 0
0.0015

o.oo22
o.0031
0.0043
0.0059
0.0078

0.0103
0.0f 33
o.0170
o.o27s
0.02ó9

0,0334
0.0{11
0.0s0s
0. 061 I
0.075ó

0.0929
0.1 150
0.1 452
o.7?20
0.1965

0.20s7
0 .21 3å
o.2?25
0.2328
o.2451

0.9970
o.9?s2
0.9926
0.98?1
o.9845

o.?787
o.971+
o.9626
o.9520
o.?3i7

0.925{
0.90?0
0.890{
0. s695
0.8(61

o.8201
o.7913
0.75?3
o.723t
o.6812

0. ó397
0.5666
0 .527E
o.4484
o.438{

o.4?78
o.1162
o. 4035
0.3892
0.3720

0.9973
0;9955
o.9928
o.98e3
0.9848

o.9791
g.?722
0.9639
0.9srl
o.942?

0.9302
0.91 60
0.9005
o.8E36
0.8å55

o.846?
0.8258
0. Eo+4
0.7823
o.7593

0.7358
o.7717
0. é873
o.6625
0 .6600

0. ó575
0 .6550
o.6s25
0.6500
o ,6475

FC (G)

o.9970
o,??s2
o.9127
0.98?2
0.9868

o.s7?7
o.9727
0.9ó3E
o.95{1
o.?428

0.9301
0.9fó0
0.9005
0. EE36
0.865r

0.84ôf
0.825E
0.804{
o.7822
0. 7593

0 .735E
o.7717
0.6873
9.6625
0 .6600

0. ó575
0 . ós50
o.6525
0.6s00
0.6475

B (F)
KJ/K6

0.11E+02
0.80E+0t
0.59E+01
o.39E+0f
o .23E+01

o.1 f E+01
o .26E+00

-0.298+00
-0.54E+00
-o.49E+00

-0.158+00
0.47E+00
0 .1 4E+01
0.2óE+01
0 . 41 E+01

0.598+01
0 .80E+01
0.1 0E+02
0 .1 3E+02
0. 1 óE+02

0.20E+02
o.24E+O2
o.29E+02
0. 36E+02
0 .37E+02

0.38E+02
0 .39E+02
0.39E+02
o . ç1 E+02
o.428+02

B (6)
KJ /K6

-0. {+E+02
-o.368+02
-0.288+02
-o.27e+o?
-0. 1 4E+O2

-0.81 E+01
-0 .22E+0 I
9.33¡+0f
0.858+O1
0.1 5E+02

0 .1 6E+02
o.2zE+o2
0.278+02
9.319+02
0.3{E+02

0.38E+02
0. {18+O2
9.44E+O2
0.47E+02
0.50E+02

0.52E+02
0.53E+02
0 .5 (E+02
0.538+02
0.53E+02

0.53E+02
0.52E+02
o.5?E+o2
0 .5 I E+02
0.51 E+02

T
DEG C

-40 .0
-30.0
-20 .0
-10. o

o.0

10.0
20 .0
30.0
40.0
50.0

ô0.0
70.0
80.0
90r 0

100.o

120.
130.
140 .
750.

1f o. 0
0
0
0
0

o
o
0
0

9193 160 .0
770.O
180.0
190. 0
191.0

7?2.O
193 .0
794.O
195.0
7?6.O

197.O O.9979 4350330.0 0.986ó 0 .2ó1 0 0 .3478 0 .6 4S0 0.6450 0.43E+02 0.49E+0i 197 .0
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SATD COND
(oEG C)

(KPA )
(TR)

( -40.o)( 5.18ó)( 0.{949'
( -30.0)( ?.26E'( o.5161t

( -20.o)( 15.730'( 0.5373)

( -f0.0)
r ( 25.513)
E ( o.ss8s)

( 0.0)( 39.7ó3)( 0.579t)

( 10.ot( 5?.826)( 0.å010,

( 20.0)( E7.2S6t( o.6222'

( 30.o)
( 723.778'
( o.6+36'

( 40.o)
( 777.3f4)( 0.é647)

( 50.o)
< 231.938)( o.å8s9)

B (6'
KJlKG

FC (6)

2.830 204.98 0.EE12
-t6.161( O.9973

!.616 2tO.2S 0.8ó99
-37.52fJ? 0.9957

1.00ó 275.55 O.Aó09
-29.5562 0.993{

o.642 220.E9 0.E5t0
-22.1777 0.9902

o.425 226.24 0.E{69
-15.3037 0.98ó1

. 0.297 237.5E 0.9152
-4.46çz 0.9809

0.205 236.9O 0.E{2Q
-2.522fJ 0.9715

0 718 212.7? 0.t414
2.8f¡?5 0.9668

0.109 247.(3 0.S{09
8.28lJ2 0.9577

0.082 252.60 0.64t0
13.3991 0.9473

DEGREES OF SUPEßHEAT
20K

v(5) H(6) 5(6)
ñ3/K6 KJ/K6 KJ/KG.K

B (5)
KJlK6

FC (6)

2.?48 21O.32 0.9052
-+7.i12,0 0.9976

7.772 275.67 0.8132
-3?.036E 0.9961

t.045 22t.OS 0.EE37
--30.8217 0.9940

0.óóó 226.16 0.E763
-23,2053 0.9911

0.440 237,8E 0.E70ó
-1ó.10{E o.9873

0.301 237.31 0.Eó65
-?.+s17 0.9825

o.2t2 242.77 0.8636
-3.1967 0.9766

0.153 248.06 0.8ó18
2.70s5 0.9694

233.17 0.8ó09
2763 0.9610

0.065 258.6ê 0.8ó08
13.602ó o.9sr3

B (G)
KJ/K6

FC (6)

3.065 215.74 0.9265
-1?.1573 0.997E

1.778 221.16 0.9159
-60.3017 0.99ót

t.083 226.67 0.9059
-31.848E O.9945

0.690 232.70 0.8?7?
-2t.ooô0 'o.9?18

0.45ó 237.59 0.E91E
-1ó.6892 0.988+

o.372 243.0? O.897?
-9.6315 0.9839

o.2!? 248.58 0.8840
-3.3773 0.978{

r58 254.O3 0.E818
2.7787 0.9718

259.44 0.8805
4951 0.9640

0.oEE 264.78 0. EE01
13.9817 0.9549

E (6)
KJ/KG

FC (6)

3.7E2 ?21.22 0.?572
-'lJ.7219 0.9980

f.643 226.7t 0.93E1
-+1.3285 0.99ó8

1.722 232.24 0.?275
-32.6492 0.9950

0.714 237.80 0.?797
-2{.5905 0.9925

o,472 243.37 0.cl72s
-77.0671 0.9893

o.322 248.94 0.9075
-10.0113 0.9852

o,226 254.50 0.9038
-3.3662 0.9801

0.1ó3 2ó0.03 0.9013
2.9140 0.9739

0.120 265.32 0.E99E
I .8ô89 0 .9óó7

o.o9r 270.95 0.8990
1 4.5293 0 .9582

v(6)
N3lKG

10K
H(5)
KJ/K6

s (6)
KJ/KG. K

v (6)
ñ3/KG

30K
l{(G) -

KJ/KG
s (6)

KJ/KG.I(
v (G)
t{3/KG

40K
H(6)
KJ/KG

s (6)
KJ/KG.K

0

0. 113
E.

o,777
8.



T
0E6 C

-{o.o
-30. o
-20.0
-fo.0

o.0
10.0
20.o
30.0
(o .0

s0.0
60.0
70. o
EO.0
90.0

100.0
110. O

111 .0

T
DEG C

-40 .0
-30.0
-20 .0
-10.0

0.o

10.0
20.o
30. 0
40.o
s0.0

60 .0
70.0
80.o
90. 0

100 .0

1r0.0
111.0

P

655ó2.6
1 0t 843.4
752257.6
220772.2

309250.8
423126.9
566877.7
744073.E
959{59.0

7218071.5
752+937.6
f 865397. 3
2305077.8
278?927.O

33{ó270,5
39ô0889.0
404891 E .3

D (F'
KG/ñ3

1613.2
tsBz.?
1 550. ô
15t ó.0

1 679 .0
7439.2
73?6.2
734?.6
729t.E

7243.O
1181 .2
7177.7
1032.1

93E. I
819.3
62?.8
595.{

v (6,
ñ3/K6

0.236ô
0.15Eó
o.1090
o.o772

o.0559
0.041 (
0.0311
0.023E
o.0183

o.ot42
0.0111
o.0067
0.00ôE
0.00s2

0.0039
0. 0025
0.0023

H (F)
KJ /KG

0.00
t. 43

17.06
25. t9

H (F6)
KJ/l(6

1ó7.?1
761.16
1 60. 7ó
756.7 6

152.40
147.63
1 42.35
136.49
72i.92

722.49
11r .00
to4.t4
92.+O
77.8?

58. 48
24.13
16.85

H(6)
KJ /K6

167.9t
172.?O
177.82
182.65

187.35
19f . E8
796.20
200.2s'203.?E

2fJ7.31
?to.ll
212,24
273.+1
213.26

5 (F)
KJ/K6.K

0.0000
0.0382
0.o75ô
o.7723

0.1 484
o.7E4l
o.27?+
o.2546
o.2s97

0.3250
o.3ó07
0.3973
0 . {353
o.475?

o.5215
o.584{
0.59(E

s (6)
KJ /K6 .l(

o.7?o2
o.7746
0 .71 06
0.70E0

DE6 K
T

OEG C

T

PA

0.7040
0.7029
0.7008
0.6970
0.6?03

o.6782
o.647 4
o. ó386

0.36E+02
0 .3åE+02
0.35E+02
0 .35E+02
0.35E+02

0 .3óE+02
o.378+92
0.398+02
o.4tE+o2
0.44E+02

o.4?E+02
0 .50E+02

273.2
283.2
293.2
303.2
313 .2

323.2
333.2
343.2
353.2
365.2

373.2
363.2
3g+.2

0.77E+00
0.74E+0t
0 .1 {E+02
0. I ?E+02
0 .24E+02

0.29E+02
0.3(E+02
0. 368+02
0 .41 E+02
0.45E+02

o. {8E+02
0.51E+02
0.53E+.02
o.55e+o2
0 .56E+02

0.558+02
g.g{f+02

-40. o
-30.0
-20.0
-10. o

100.0
r 10.0
r11.0'

DEG C

-40.0
-30. o
-20.0

60.
70.
80.
90.

100.

233.2
243.2
253.2
263.2

3å.94
14,25
53.85
63.77
7+.06

0 .7064
0.70s4
0 .7050
0.7048
0.70{6

0
10
20
30
40

50
ó0
70
80
90

0
0
0
0
0

0
0
0
0
0

E4.81
96.11

106. 1f
727.O1
135.37

752.73
776.72
180.16

60
25
99

27fJ.
200,
196 .

1..,oo SATURATED PROPERÎIES OF CCLzF2 CONTINUED

PRz(F)z(6)Fc(F)Fc(G)B(F)8(6) KJ/KG KJ/KG
T

TR

0.605{
o. ó31 3
o .6s73
0. ó832
o.7lJ9?

o.7352
o .761 1

o.7877
o .8131
0.8390

0 . E650
0 .89f 0
0 .9169
o.i12?
0 .9688

0.9948
0.9974

P
PA

65562. E
1 01 843.4
752257.6
22fJ772.2
309250.8

423126.9
566t77.7
741fJ13.8
959{S9 .0

7218fJ77.5

7524937.6
1 865397. 3
2305077 .8
?78?927.O
3346?70.5

39808S9. 0
404891 I .3

0.0159
o.0217
0 .0370
0.0535
0.0751

o.to??
o.7377
0.1 608
0.2331
o.2?60

0 .370s
0.4581
0 . s601
o.677?
0.81 31

o,9673
0.9836

0 .0025
0. o03E
0.005ó
0.0080
0.011r

0.01 sf
0.0201
o.0264
0.0343
o.0447

0.9763
0.9ó69
0.9555
o.941?
9.9262

o.7925
o.7652
0.73ó9
0.7080
0 .678{

0. ó485
0 .6455

o.9762
0.9óó9
o .9555
0.941 9
o.9262

0.9084
o.88E6
0.86ó9
0.8435
0. 61 67

o.7925
o.7652
0.7369
0.7080
0. ô744

0. ó485
0.6455

0 .975 7
0.9658
o.9536
0.9386
0.9208

0. {7E+02
o.448+02
0 . ç1 E+02
0.398+02
0.38E+02

-7 0.0
0.0

0.8?99
o .8757
0. 8481
0 .81 66
o.780s

0.9084
0.88t6
0.8ó69
0.8(3ó
0.8167

f0
20
30
40
50

o
o
0
0
0

0
0
0
o
0

0 .0s63
o.077?
0 .0919
o.77?7
0.1 591

o.23??
o.2s71

o .7405
o.69-47
0.é419
0.579?
0 .5025

0.3793
o.3s38

110 .0
111 .0



SATD COND
(DEG C)

(KPA )
(TR)

v (6)
ñ3/K6

10K
H (6)
KJ/K6

s (5)
KJ/KG. K

v (G)
113/KG

30K
H (6)
KJ/K6

s (6)
KJ/KG. K

v (6)
n3/K6

40K
H (6)
KJ/KG

s (6)
KJ/KG. K

DEGREES OF SUPERHEAT
20K

v(6) H(6) 5(6)
}t3lK6 KJ/KG KJlK6.K

B (6'
ItJ tKG

FC(G) B (6)
KJlKG

FC (6)

a.27t 161 ,71 0.7?61
-5.Oq22 0.9t26

o.tEo 1?0.07 0.76cì2
2.4292 0.9756

o.72+ 195.36 0.7E3E
9.3100 0.9ó68

o.087 200.5ð O.77??'l.5.6771 0.95ót

B(6)
KJ/KG

FC (6)

o.282 190.s2 0.8205
-ô.4303 0.?8{2

o 187 19s.9ô 0.E126
t.29t7 0.9778

0.729 2fJ7.36 0.8070
a.+729 0.9698

0.091 20,6.70 0.8027
15.0120 0.9602

o. 06ó 271.91 0.7?97
27.157i o.9469

0.o49 277.O7 0.7?77
2ó.8E2{ o.93ó1

0.037 222.05 0.7?64
32.2421 0.9277

0.028 2?6.t6 0.7?s7
37.261E o.9058

o.o2? 237.46 0.7?51
17.C621 0.e88ó

0.018 235.83 0.7953
4ó.3597 0.4703

8(6' FC(G)
KJ/K6

N)o

( -40.o)( ó5.5ó3)( 0.605t)

( -30.o)( 101,843)( 0.6313)

( -20.0)
< 132.258'( 0.6573)

( -10.o)( 220.172t( 0.6132)

( 0.o,( 309.251'( 0.7092)

( 10.0)
( 423.427'
( o.7352)

( 20.o)( 5óó.E76)( o.76tl)
( 30.0,( 744.014)( o.7871)

( 40.o)
( 959.459)( 0.8131)

( 50.o)
(1218 .O72t( 0.8390)

0.250 773.13 0.7462
-r.1s73 0.9787

0 766 77E.34 0.7+o7
s.1774 0.97fJ2

0.114 183.59 0.7356
t1.E{50 0.9s97

o.oEl 16E.55 0.7326
!7.779+ o.9473

o.osE l?3.40 0.730ó
23.1585 0.q329

.0.043 198.09 0.72?1
28.2067 0.9165

o.033 202.60 O.72Eç
32.8971 0.8983

206.87 0.7285
2537 0.8783

0.01? 21o.85 0.7283
11.2897 0.8567

o. of 5 2t4 .SO O.72El
45.0047 0.8337

0.260 17?.91 0.7716
-3.3893 0.9808

0 . 173 764 .26 0 .7 649
3 .8201 -0 .9730

0 .tt? 7E?.44 0.7ó00
10.t500 0.9å35

0.0E4 7?4.53 0.7565
1å.57ó0 0.9521

o.oó1 l9?.51 0.7542
22.2577 0.9349

0.0t5 204.36 0.7527
27.S1tE 0.9238

0.034 209.04 0.7s7?
32.4636 0.9070

o.026 273.5O 0.7515
37.0486 0.8885

.020 277.77 0.7513
{1.3139 0.8å85

o.01ó 227.63 0.7512
15.2685 O.8472

0.047 zto.6E O.7735
27.703i 0.9303

o. 03ó 273.52 0.7741
32 .2+86 0.91{7

o.o27 220,16 0.7739
37.0547 0.8976

0.021 224.58 O.7737
41.5416 0.8791

o . 01 7 226,71 0.7736
45.7279 0.4s93

0.063 20s.6?
27.5926 0

o.7772
.9+12

0.02s
37.

0



9ñ l9ßñ I gv f llvr

T P D(F) v(6) H(F) H(F6', H(6)

-:::-:-----------il------------I:1Ï ------i:'-f---------Iilf------:i1f------:i1I:-----
-{0.o600798.2142s.7l¡.c'2670.00126.66126.66
-3O.O S3E4?5.7 1361.1 o.ol91 lo't9 779'17 7?9'66
-2O.O 1139t27.3 128S.6 o.o13t 2l 'tl ltt '07 132'1t
-10.0 rsiiiãe.ã tzos.c 0.0101 32.e7 10f.10 134.0f

0.ooo0
0.045{
0.09r7
0.1393

s (F,
KJ /K6. K

o .1 691
o.?+2?
o.305+
o.3727
o.3203

o.32E2
o.33ó7
o.3458
0.3559
o.3674

0.3816
0.3833
0.3851
0.38ó?

s (6)
KJ/K6.K

0.5{33
0.53ó7
o .530r
0.5235

OE6 K

233.2
213.2
253.2
263.2

273.2
263.2
2?3.2
2?4.2
zcls.2

296.2
297.2
298.2
2?1.2
300.2

301.2
301 .3
501.+
301 .5

B(G)
KJ/K6

g .5tf+02
o.s7E+o2
0.61 E+02
0. 65E+02
0.68E+02

o.778+02
0 .758+02
9.7\Q+OZ
0.7(E+02
o.74E+O2

0 .74E+02
o.748+02
0.7çE+02
0.75E+02
9.759+02

o.758+02
0 .75E+02
o.75E+O2

DEG C

TT

o
10
20

22

23
2+
25
26
27

o
10
20
27
22

23
24
23
26
27

2A
28
2A
2E

0
0
0
0
0

0
0
0
0
o

0
0
o
0

o
o
o
0
o

o
0
o
0
o

o
t
2
3

1973200.3
2526E16.3
31 67444 .8
325?690.5
33335{6.O

340E42E. E
3484554.3
35ó1 ?33. 3
3å40586. t
37?.0532.3

3801 752.3
3S0??46.3
3E1 El 49 .5
3E2ó3ó0.5

1109.4
??2.1
837.5
876.2
7?7.7

775.7
752.O
726.O
696.7
662.1

619.0
ó13. E

60t.3
602.6

.o07(

.0053

.0036

.0035

.0033

,oo32
.o030
.002E
.0027
.oo2s

.oo22

.oo22

.oo22

.oo2!

45 .8ó
ó0.55
78.52
80.66
12.90

85.27
-87.80
90. 54
93.57
17.06

10r .39
101 .91
7fJ2.44
103.01

47.96
38.26
34.12
29.3b
23.67

75.72
74,67
13.50
72.16

I 3r.81
733.?7
1 29 .85
72C.O?
728.22

727.22
1 26 .05
t?4.66
722.93
120.66

717.71
776.57
11S .95
175.76

CONTINUED

o.469?
0.465{
0.4ó03
0.45(0
0.44ó0

-40 .0
-30.0
-20.0
-10. 0

28 .0
28.7
28:Z
28.3

88.95
73.4í ,

51.33
48.4+
ç5.33

0.sl{8
o.5g2t
0.4E05
o.1774
o.473E

0
0
0
0
0

0
0
0
0
0

0.4338
0.4320
0.4299
o.4273

h\)o
¡V SATURATED PßOPERTTES OF CCLF3

z (F, z(6)T
DEG C

-40

0

10.0
20.0
2t.o
22.O
23.0

2+.O
25.O
26. O

27.O
2r.0

TR

o.7721
o. E052
o.8383
o.8771
o.904s

o.9376
o.9708
o.?741
9.i774
o.9807

o.9840
o.9873
o.9906
0.993t
o.9973

o.9?7ó
o.9979
o.9982

?
PA

600798.2
E3E495.7

7739827.3
1 51 45Eó.9
1973200.3

2526976.3
3187{48.8
3259890.5
33335+ô .0
340E42E.8

348455{.3
3561 933.3
3640586 .8
37?0532.3
3801 752 .3

3809?4ó.3
381 81 49 .5
382ó360.5

FC (F)

0.179t
0. s505
0.81 91
0.785ó
0.7503

o.7137
o.6762
o.6724
0.668å
0. óó48

0.6610
o,6s7t
0.6533
o.61?5
0.6{57

0.ó453
0 .64t9
0. ó445

FC (6'

0.8794
o.8505
o.8191
0. 785ó
0.7503

o.7737
o.67 62
o.6724
o.6ó86
o.6648

0. ó453
0.6449
o.6445

B(F)
KJ/K6

0 .86E+02
0. 83E+02
0.80E+02
0. 78E+02
o.76E+O2

o.758+02
0.748+02
o.74E+O2
0.748+02
o.748+02

0.74E+02
o.74E+O2
0.748+02
o.748+02
0.7tE+02

o.7 4E+O2
0 .74E+02
o.748+02

PR
T

0E6 C
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.o

.o

.o

-2fJ
o

30

I

0 .1 553
o.2768
o.2947
0,391 ó
0.5101

0. ó533
0.8241
o.8126
0 .861 I
o.8872

0.9009
o.9209
o.9172
o.?67?
0 .9829

0.9850
0 .9E71
o.9892

o.fJ227
0.031E
0.0439
o. 0ó00
0.08r8

0. 1130
0 .1 ó31
o.77fJ2
o.7779
0.1 Eó4

0 .1?5?
o.2064
0 .2195
0.2351
o.2s62

o.2s8?
o.2677
o.2647

0.86ç2 . -
o.8262
o .761 6
o.72?4
o.6677

0.5931
0. {956
0.4835
0. {707
o.4571

o.412+
o.4?62
0. {o7E
0.38ó0
0.3557

0.3514
0.3465
0.340ó

-{0.0
-30.0
-20.0
-10.0

0.0

10
zo
2t
22
23

0
0
0
0
0

o.6ó10
o.6577
0.6s33
o. ó495
o.6457

24.0
25.O
26.O
27.O
28.0

28.7
?4.2
26.3

28.7
28.2
28.3



SUPERHEATED PROPERTIES OF CHLOROTR¡FLUORO}tETHANE REFRIGERAÍ'IT ßI3 (CCLF3 
' F3

SATD COND
(DEG C)

(KPA )
(TR)

( -{0.0)( óo0.798'( o.7727'

( -30.0)( E3E.4?6'( o.8052)

( -20.0)
ç73?.827'( 0.8383)

( -10.0)
<7514.587'
( 0.8714)

( 0.0)
ç?73.200'( o.?o45)

( 10.0)
Q526.8r6)( o.9376)

( 20.o)
(31E7.44?'
( o.9708)

( 30.0)
(3?64.322'
( 1.0039)

( 40.0)
(4855.447'
( 1.0370)

v (6,
ñ3/KG

10K
H(G)
KJlKG

s(6)
KJ/K6. K

v (6)
113/KG

40K
H (6)
KJ/KG

s (6)
KJ/KG.K

DE6REES OF SUPERHEAT
20K

v(6) H(5' 5(6)
I.I3lK6 KJ/K6 KJ/KG. K

v(G)
ìr3/K6

s (6)
KJ /K6. K

30K
H (6)
KJ/KG

B (6)
KJlK6

FC (5'

o.ozÛ 732.6E O.577?
{9.1300 0.8925

0.020 13ó.10 0.5659
5{.3205 0.6664

0.0r5 73?.74 0.só05
s8.96E1 0.8390

0.01t 747.61 0.5549
ó3.1182 0.8077

0.00a 743.43 0.5{Eó
ó6.7905 0.775i

.0.00ó 744.27 0.5407
69.9809 0.7ç33

0.005 r43.93 0.5305
72.6641 0.710{

0.003 142.45 0.s183
74.8053 0.6787

0.003 147.18 0.5084
76.4967 0.6507

0.030 138.63 0.5e9E
46.9628 0.903E

o.o22 742.62 0.5943
s2.1778 0.8802

.0fó t4ó.0E 0.5893
57.331+ O.854+

o.ot2 749.70 0.5E4ó
61.7575 0.826E

0.009 151.55 0.57?6
ô5.7136 0.7980

0.007 153.34 0.5738
69.2149 0.76e5

. 005 154 . 39 0.3,677
72.264i 0.73e6

0.004 l9tt .EZ 0.5597
74.8693 0.7103

0. 003 f 55 .23 0. s53ó
77 .0975 0.68t'7

8(6)
KJlKG

FC (5'

o.932 145.17 0.6273
45.O9ó5 0.9137

0.023 t1?.23 0.6218
50.921+ O.A?22

o,o77 153.04 0.6772
5ô.006{ o.8ó87

0.013 756.46 0.672?
ó0.7052 0.8436

0.010 f5t.ô3 0.6087
6+.1452 0.8174

0. 007 I ó1 . 88 0. ó04i
êa.7459 0.790{

0.00ó 763.77 0.5?91
72.t3A3 0.7636

0.005 765.23 0.s939
75.t29S 0.737+

0.004 766.65 0.569ô
77.7723 0.7138

B (6)
KJ/KG

FC (6)

0.033 151.5f 0.654f
43t327E 0.92?3

o.o24 155.90 0.6487
{9,51ç5 0.9028

0.018 760.o2 0.6442
5+.?6t5 0.881+

.013 163.7? 0.6402
59.9355 0.8585

0.010 767.17 0.6364
64.4528 0.83(4

0.008 770.72 0.6325
ó8 .5 +95 0 . 8098

0.00ó 772.64 0.ó285
72.2533 0.7851

0.005 774.87 0.6246
7s.9e90 0.7611

0.004 776.95 0.6217
78. S998 0.7394

B(6)
KJ/KG

FC (6)

0

0

¡\to(¡,

0



DEG C

-40.0
-30.0
-20 .0
-f0. o

0.0
10.0
20. o
30. o
40.0

50.0
60.0
61 .0

ó3.0

64.0
ó5.0
6å.0
óô. f
66.2

P

PA

27?762.3
327724.3
45ç58+.3
62605+.?

t4r800. o
f10643ó. ó
7132?37.5
7822662.C
228541 8. O

2EzctSOE.E
3463855.3
3532675.3
36023Eó.6
3ó73f 78. E

37+{999.8
36f 7E5?. 5
38?1765 .8
389?207.8
390ó6ó9.0

39f 4t 31 .3
3921600.8
3?2?035.0

D(F'
KG/13

2fJ32.O
7?75.1
t?13.?
fE45. ó

7771.3
1óE?.0
159ó.t
71?1..ì
1369.5

v (6,
ñ3lKG

0.0s55
0.03E7
o.fJ277
o.0202

0 .01 50
0. 0113
0.0085
o.00ó4
o.0048

0. o03ó
o.0025
o.oo21
o.o023
o.oo22

0.0020
0.001 I
0.o017
0. 00r 7
0.o017

0.00f 7
0.001ó
0.00f 6

H(F)
KJlÍ6

0.00
ó. E5

13.95
21.33

29.Or
37. 15
15.71
s4.?6
ó5.0ó

76.54
90.t7
?2.63
9t.51
96.53

9E.76
701.2?
1 0( .37
701.72
1 05 .09

los.17
105 .87
f oó.30

H(F6)
KJ/KG

111 .8+
708.26
1 04 .29
99. E3

9+.78
69.00
62.30
71.38
6+.73

31.
2E.
25.

22.57
t 6.37
12.87
72.77
11 . +1

9. ó4
a.4s

H (6)
KJ/K6

111.t{
t 15 .1t
778.2+
727.76

723.82
726.75
128.04
72?.34
729.79

728.E7
725.O7
721.31
123.50
722.5O

721.27
tti.66
717.2+
116. E9
11ó .50

I 1ó.0ó
115.51
714.75

s (F)
KJlKG.K

0.0000
0.0309
0 .061 5
0. 091 I
9.1223
0. I 529
0.1 E39
o.2759
0.2194

0.2859
0.3295
o.3348
o.3{0t
0.34ó3

0.3529
0.3ó03
o.3693
0.3703
0.371 {

o.3725
0 .3737
o.3749

)

s (6)
KJ/K6.K

o.17?7
o.4761
o. {73t
o;4772

o. {693
o.1672
0. +6t7
o.4672
o.4561

o.417?
9.4;J22
o.42?7
o.+26?
o.4236

0. +196
o.4746
o.4072
o.4062
0.4050

o.4037
o.4021
0.3998

TABLE F4

OE6 K

233.2
213.2
253.2
263.2

?73.2
283.2
?93.2
303.2
313.2

323.2
333,2
334.2
335.2
336.2

337.2
33E.2
339.2
33?.3
339.4

339.5
339 .6
339. 7

T
DE6 C

SATURATED PROPERTIES OF EROñOTRIFLUOROIIETHANE REFRI6ERANT f38I (CBRF3

TT

No¡\

-40. o
-30.0
-20.0
-10. 0

0.0
10.0
20.0
30.0
40.0

ó6.0
ó5.0
ó6.0
66.7
66.2

50
60
6t
62
ô3

g3
20
7t
99
?7

32
3{.

62.O

66
ô6
66

7229.2
1017.4
9?7.7
962,7
931.ó

0
0
o
0
o

to.583
4
5

66
66
66

89ô.9
856. ô
80ó.7
800. E
794.8

7EE.+
781 .8
774.7

3
1
5



SATURATEO PßOPERT¡ES OF C9RF3 F4 CONTTNUED

z (F) z (6) FC (F)

-40. o
-30. o
-20. o
-10. o

o.o

f 0.0
20. o
30.o
40.o
50. o

T
DE6 C

TR

o. ó85+
o.7f4E
9.7112
o.7736
o.8030

o.8326
o.8616
o.E?72
o.9206
o.9500

o.9?4f
o.9971
o.9?7+
o.9976
o.?97?

o.9982
o. 9985

?
PA

27i762.3
327724.3
45{58{.3
626fJ54.?
861800.0

1708+36.6
1 {32937 . S
7822662.?
22ES416.O
282?SOE.E

3463855 .3
3532ó15.3
3602386. t
3673!78.¿
37({999. E

381 7E59.5
3891 765 . E
38??2fJ7.¿
3906ó69.0
391{131.3

3921600.E
3929035 .0

PR

0 .055 {
0.06f 0
0 .11{7
o.7s73t
o.2123

o.27?6
0 .361 r
0. {597
0. s7ó5
o.7737

o.8737
0.8911
0.90E7
o.?265
0.9ttó

0. ?ó30
0 .9s1 7
0. ?835
0.985t
0.9873

0 .9892
Oi9?11

FC (G)

0 .940ç
o.9222
o.901 {
0.8780
o.6525

o.821E
0.7955
o.7617
o.7327
o.699E

o.6662
o.662E
o. ós95
0.65ó1
o.6s27

o. ó493
0.6{59
o.6436
0.6{52
0.6449

o.6{45
o.6442

B (F)
KJlKG

0 .91 E+02
0.49E+02
0. {7E+02
0. 45E+02
o. +4E+02

0. {3E+o2
o.42E+02
o.42E+92
o.42E+02
o.428+02

o. +48+02
o.44E+O2
o. +4E+02
o. t4E+02
0.65E+02

o.4sg+o2
o.458+02
o.46E+92
0. {6E+02
0. 46E+02

0.46E+02
o.468+02

B(6)
KJ/KG

0.208+02
o.21E+O2
0.28E+02
o.328+02
0.35E+02

0.368+02
0.+1E+02
0.438+02
0. +5E+02
o.17e+o2

0. {7E+02
O,478+02
0. r?E+02
o.478+O2
0. {7E+02

o.47e+o2
0. {78+02
o.478+92
0. {7E+02
o.47E+92

0.47E+02
o.478+02

DEG C

-(0 .0
-30.0
-20 .0
-f0.0

0.o

20.o
30. 0
lo.o
50.0

ô5. O

6ó. O

66.7
66.2
óó.3

66.4
66.5

0.0083
0.0f 20
o.01óE
0.023f
0.0312

0.0415
0.05{E
n.0722
0.095t
0.1285

0.1s30
0.1?1f
0.2000
o.2701
o.2216

o.2361
0.25{8
o.2s70
0.2s94
o.267?

0.26{ô
o.2674

o.9369
o.?762
0 .891 5
0.8ó25
O. E2Eð

o.7900
0,7453
0. ó93E
0.633r
0.5ó03

o.4625
0.449E
0. {3å2
0. 42f 3
0. ç0ç5

.3846

.3579

.354{

.3505

0.3{06
0.3337

0.9(06
o.9222
0.901 {
0.878f
0.8525

o.824?
0.7955
o.7647
o.7327
0.6??E

0.66ó2
o.662?
0. ó595
0. ó5óf
0. ó527

0. ó493
0.6+59
0. 665ó
0. å{52
o.644q

o.6415
o.6442

f 0.0

t\)
c)(tl óo.o

ó1.O
62.O
ó3. O

år.0

o.
o.
o.
o.
o.

979+
?E21
9653
?EEz
9972

60
ó1
62
ó3
6+

o
0
o
o
0

65. O

66.O
66.7
66.2
ó6.3

66. r
6ó.5

0
0
0
0
0 34ó1



sA10 coND
(DEC C)
(KPA)

(TR)

( -{0.0)( 27ct.762'( 0.6t5{)
( -30.0)( 321.124'( o.71{8)

( -20.0)
< 151.566)( 0.7+42'
( -10.o)

( ó26.O55)
( 0.7736)

( 0.o)
( 84f.800)
( 0.8030)

( f o.0)
(f108.137'
( 0.632t)
( 20.0)

<7432.938)( 0.861t)
( 30.0)

c7822.6ô3)
( 0.891_2)

( 40.o)
(2285. 4f E )( o.920å)

( 50.0)
<282?. 5 09 )( 0.9s00)

( 60.0)
(34ó3.855 )

I n oTear

v (6)
r.r3lKG

10K
H (6)
KJ/KG

s (6)
KJ/K6.K

v(6)
ñ3/K6

30K
H (G)
KJ/KG

s (6t
KJ/KG.K

v (6)
Ir3/K6

r0K
H (6)
KJ/KG

s (6)
KJ/KG.K

B(6)
KJlK6

FC (6'

0.05a 776.73 0.5000
18.3139 0.9{66

0.0{t 77?.ss 0.4?ó3
22.922+ O.9301

o.o2? 122.84 0.493{
27.fJ577 0.9712

o.o27 t2s.9s 0.1?72
30.8331 0.8E99

0.01ó 12E.83 0,{Ets
3ô.2E00 0.E6ô5

o.o72 f31.4{ 0.4875
37.4190 0.8+12

0.009 133.70 0.4855
40.2593 0.81+4

0.007 t35.51 0.4831
12.799i O.78ó3

0.005 736.7A O.1798
45.lJ268 0.7572

0 .004 737.33 0.4754
46.9725 0.7277

.003 737,O4 0.4ó93
LA L)nn n_49ß¡

DEGREES OF SUPERHEAT
20K

v(6) H(6) 5(6)
}t3lKG KJ/KG KJ/K6. K

I (6)
KJ/K6

FG (6)

0.0ó1 72fJ.1? O.5tt9
16.8530 0.9521

0,0{3 724.O5 0.5f59
21.5996 0.9371

0.03f 727.4? 0.512E
25.?354 0.9198

o.o22 730.77 0.5105
2i.9067 0.9003

0.017 133.E5 0.50E6
33.5169 0.E7E9

0,013 13ó.70 0,5070
36.8795 0.8557

0.0f0 739.2s 0.5054
39.9185 0.8310

0.008 741.46 0.5035
42.6697 0.8053

0.006 743.25 0.5013
{5.1312 0.7787

0.005 144.56 0.4984
47.2959 0.7s16

0.004 745.37 0.494?
¿9-lç97 0-72SO

B(6)
KJlK6

0.0ó4 721.?3 0.53?2
15.5395 0.9566

0.045 728.62 0.5350
20.(863 0.9431

o.o32 732.20 0.531E
2s.01ó9 0.9273

o.o21 f35.ó{ 0.5293
29.77E5 0.9095

0.01a 136.90 0.s271
33.0070 0.889E

0.013 74!.?5 0.525?
36.5282 0.86E5

0. 010 741 .7 6 0.5244
39.7ó00 0.8458

0.006 147.27 0.5230
42.77?9 0.8227

0.006 749.46 0.5213
45.3926 0.7?77

0.005 7s7.28 0.5193
(7 .8023 0.77',29

0.004 752.71 0.51 70
19.9199 0.7483

FC (6) 8(6)
KJ/K6

FC(6)

0.0ó7 72?.44 0.5581
1{.{32+ 0.9610

No
çn

0.0{7 133.25 0.5537
ti.s72E 0.9ç85

0.033 736.c17. O.5503
21.2i18 0.9340

0.025 f40.55 8.5477
28.6382 0.9177

0.018 143.9E 0.5{57
32.61i3 0.8996

0.0f4 747.22 0.5442
3ó.35(0 0.8800

0.0f f Íso,24 0.s42?
39.7722 0.8s91

0.009 153.02 0.54f6
42.9166 0.8372

0.007 tss,s2 0.5403
45 .8036 0 .81 {6

.005 157.73 0.538?
rô.(367 0.7917

0.004 r59. ó5 0.5373
50.8311 0.7690

0

0



T
DE6 C

-40 .0
-30. 0
-20.0
-f0.0

20.o
30. o
{o.o

?s.7
95.2

?
PA

105862.9
761249.?
2457?4.5
35402?.5

196519.7
678972.7
9fJ7921.8

7790425.ð
153391 6 .5

t?46243.7
2+35736;8
3fJ71242.O
3682226.4
+45E,872.O

+s42765.O
4627836.5
{714100.O
46015ó1.0
{890231.0

4E99f ó0.5
490E110.O

0 (F,
K6/ll3

1 (39.6
710E.1
1377.0
13r2.0

1 30+.1
7263.O
7278.7
11óE. E
111t.1

losz.7
982.8
901 .0
E00.6
66!.1

612.7
622.3
599.5
573.7
540. t
536.6
532.ô

v (6,
i3 /K6

0.205{
0. I 3ó{
0.093å
0.0ó61

H(F)
KJ/K6

0.00
f0.ó5
27.20
32.28

43.73
55.62
68.01
E1 .00
91.71

109.33
125.15
712.66
162.91
789.72

1i2.1?
f 9ô.13
200.1ó
204.77
210.39

277.O4
277.72

H(FG)
KJlKG

232.54
226.i7
229.96
211.47

2fJ7.22
t??.26
1 90 .36
I EO.3r
76E.i2

755.77
1+0 . 1l
727.79

9ó .75
6fJ.?s

55.06
4?.32
+2.71
34.87
24.41

23.O7
21.62

H(6)
KJ/KG

232.31
237.43
212.16
216.6E

250.95
2S1.Ag
258.37
267.33
263.62

263.O4
263.zct
2ó3. E5
259.66
249.37

247.57
245.45
2+2.90
239.64
23r.60

234.17
233.3{

s (F)
KJ/K6.K

0.0000
0.0{7E
o .0947
0.f410

.2326

.2783

.3243

.3710

.4ó6+

.3272

.579?

.6527

0.6619
0. ó718
o.6827
0. ó95f
o.7702

o.7120
0 .71 38

s (6,
KJ/K6.K

o.9973
0.9Ef 2
o.9ô75
0. ?556

0.9(5ó
0.93ó3
o.i277
o.9792
0.910{

0.900ó
0.E891
o.8744
0.8s3e
0. El E6

o.813r
0.80ó8
0.799+
0.7901
o.7765

o.7746
o.7725

TASLE F5
T

DEG K

233.2
243.2
253.2
263.2

273.2
283.2
293.2
303.2
313.2

323.2
333.2
343.2
353.2
363.2

36+.2
365.2
366.2
367.2
368.2

368.

DEG C

SATURATED PROPERTIES OF CHLORODIFLUOROIIETHANE REFRIGERANT 22 (CHCLF2 )

T

0
0
0
0
0

0{78 .1E70

.4787

0
0
0
o
0

o
0
0
0
0

-40.0
-30.0
-20.0
-f o.0

o.0
10. o
20.0
30.0
+o.0

50.0
60.0
70.0
80.0
90.0

95 .1
95.2

o.0
10. o .0352

.0263

.0199

.0152
N
3 so.o

60. o
70. o
80.0
90, o

91.O
?2.O
93,0g{.0
95 .0

o.o7t7
0.0089
0.00ót
0.0050
0.0035

0.0033
0.0032
0.0030
0.002t
0.0026

o.0026
o.0025

91
?2
93
?4
95

0
0
0
0
0

36E 3
I



sATuRATED PRoPERTIEs oF cHcLF2 F5 conr¡r'rueo

T
OEG C

-(0.0
-30.0
-20.0
-10. 0

o.o

20.0
30.o
+0.0
50.0

1R

0.6316
0. ó567
0.685E
o.7729
0.7400

o.767fJ
o.79íL
o.E2t2
o .84E3
0. E75{

o.9025
o,9?i6
o .9567
0. 9E37
o .9865

0.9892
0 .9919
o,9946
o .9973
0.9?76

1 05882 .9
7612+?.?
2157i+.5
35402t.5
196519.7

67Ei72.7
9lJ7921.4

7t?O125.8
153391 4 .5
1946243.1

2+:35736.4
3017242.O
3682226.E
+45E872.O
1512765.O

4627836.5
471(100.o
4E01561 .0
+890231.O
{6991 ô0 .5

0 .021 3
0.0330
o.0493
0.07f t
o. o998

0. f 36{
0.1E2{
o.23?2
0.30E2
0.391 0

o.489{
0. ó050
0.739t
0. E95E
o.9727

o.92qE
0.9471
o.9647
0.9825
0.9E43

0.0033
0. 0050
0 .0073
0. 01 04
0.01 4s

o.o7?7
0.o26t
0.034?
0 . o457
0. 0595

0.o774
0. r 013
0.135t
0. f ?3f
o.2019

o.2t7B
0 .2233
0. 2373
0 .255å
o.2s79

o.9700
0.9579
o.91??
o.?217
o.9030

0.9708
0.9595
0.9458
o.9296
0.91 10

0. E900
o,8669
o. t¿r a
0 .81 +9
o.78ó5

0.75ó7
o.72S3l
0.6943
o.6627
0.658E

0.6555
0.6523
0.6490
0. á45t
0. ó454

o. ó451

FC(6)

0.970E
0.95?5
o.9{5E
o.92?6
0.9110

0.4900
0.E6å9
0. E{lt
0. â1{9
0.7t65

o.7s6l
o.725?
0.69t3
0.6620
o. óstE

0.6555
0.6523
0. ó{90
0. ó{56
0. ô45{

0. ó{51

B (F)
KJ/KG

9.77t+OZ
o.73E+02
o .70E+02
9.57t+O2
0 .65E+02

9.53t+02
0 .62E+02
o.6tE+92
0. ó1E+02
o.628+02

0.63E+02
o. ó58+02
0 . ó7E+02
o.728+02
0.738+02

9.739+02
0.74E+02
o.758+02
0 .76E+02
o.768+02

8(6)
KJ/K6

0.13E+02
o.23E+O2
0.328+02
0.408+02
0. {78+02

0.53E+02
9.6!f+02
9.55!+02
0.70E+02
0.748+02

0.78E+02
0.EfE+O2
0.E3E+02
0. E3E+02
o. E3E+O2

.E2E+02

.E2E+O2

.618+02

.ElE+02

T
DEG C

-40.0
-30.0
-20.0
-10. 0

0.0

10.0
20.0
30.0.
40.0
50.0

?2.O
93.0
94.0
95.0
95.7

95.2

P PR z(F) z (6, FC(F'
PA

10.0 0.8776
0 .8411
0.81{f
o.7753
0.730E

o . ó795
0.6195
o .5465
o.4467
0.433t

No
@

60
70
EO
?0
91

0
0
0
0
o

60.0
70.o
t0.0
90.0
91.O

0
0
0
0
0

+02E3E
92.O
93.0
94.0
95 .0
95.7

0. 41 EE
o.4024
o.382?
o.35ó6
0.3531

4908110.O 0.9Eó1 0.2602 0.3{92 9.75f+02 0.ElE+02
95.2 o .9978



SATD COND
(DEG C)

(KPA)
(TR )

( -60.0)( fo5.E83)( 0.6316)

( -30.o)( 1ó{.250)( o.ó5E7)

( -20.0)
a 215.f95)( o.6t5t)
( -f0.0)( 354.030)( 0.7129)

( 0.0)( 49ó.550)
( 0.7400)

( 10.0)( 678.?72)( o.7ó70)

( 20.0)( 907.922'( o.79(1)

( 30.0)
(1190.426'
( o.62r2)

( 40.0)
(r533.915)
( 0.8483)

( 50.0)
(7946.243'
( o.875t)

B (6)
KJlKG

FC(6'

o.275 238.3E 7.O25?
10.3787 0.9738

o.743 243.44 1.0093
20.3708 0.963å

0.098 248.36 0.9?53
2?.tt679 0.951I

0.oó9 2s3.to o.9833
37.7s89 0.93ót

0.0s0 2s7.60 0.?72?
45.3461 0.9193

- 0.037 267.8O 0.?637
s2.286+ 0.9001

0.02E 265.62 0.9552
s8.6253 0.8789

o.ozt ?68.99 O.9471
64.3921 0.8558

0.016 277.76 0. ?3?0
á9 .6000 0 .831 1

0.013 273.89 0.9305
7 1 .2+49 0.8051

DEGREES OF SUPERHEAT
20K

v(5) H(6' 5(6)
tt3/KG KJ/KG KJ/KG. K

B (G)
KJ/KG

FC (6)

o.224 241,33 1.053E
r.0512 0.9765

0 .149 24? .56 7.0367
18.33E9 0.9672

.to2 2s1.67 1.0221
. 27.77++ 0.9556

o.o72 259.60 f .0f 01
36.2872 0.9{23

0.052 264.32 0.99?6
44.1t+0 0.9267

0.039 268.77 0.9903
51 .3509 0.9091

0.02t 272.89 0.9E19
97.9570 0.689ó

o.o22 276.60 0.?747
63.9965 0.868{

0.017 27?.83 0.96ó5
69.489t 0.ê{56

0.013 28?.4? 0.9588
71.4423 0.821ó

E (G)
KJlK6

FC (6)

o.234 250.40 1.08f 0
6.0273 0.9788

.155 255.7? 1.0636
16.5i?2 0.9704

.10ó 267.O7 1.046?
26.2193 0.9600

0.075 266.20 i.0364
35.0S92 0.9476

0.055 277.73 7.0256
{3.20E0 0.9333

0.040 27s.E7 1.0fó3
50.6746 0.9171

0.030 280.20 1.0079
s7.s1t2 0.8992

0.0?3 284.23 1.0003
63.84ó0 0.E796

0.018 287.84 0.9930
69 . ó1 45 0.6586

0.0t4 290,96 0.9859
74.8610 0.83ó4

B (6)
KJlK6

FC(6'

o.213 256.58 7.7076
1.2928 0.9809

0 .1ót 262.73 1.08?E
15.13E5 0.9731

0.111 267 .58 7 .0718
25.05+1 0.9636

.078 272.Eq 7.0620
3+.1528 0.9523

0.057 278.O2 1.0511
42.526+ O.?392

.o42 282.?3 7.94t7
50 .24s7 f¡ .92{3

0.032 287 .57 1 . 0333
s7.3660 0.9977

o.o24 291.ði 1.0258
ó3.9268 0.889ó

v (6)
¡r3/K6

r0K
H (6)
KJlKG

s (6)
KJ /K6. K

v (6)
n3/K6

{0K
H (6)
KJ/K6

s (6,
KJ/KG. K

v(6)
ñ3/KG

30K
H(5)'
KJ/KG

s (6)
KJlKG. K

0

00

0

t\,o(o

0

0.019 2?5.
ó9 .963E

83 7,0187
o .8702

0.015 299.35 1.0120
75.4915 0.8497



SATURATEO PROPERT¡ES OF TR¡CHLOROTRIFLUOS OETHANE REFRI6ERANT 113 (CCL2F-CCLF2) F6 reeue

T
OEG C

-40.o
-30. o
-20 .0
-10. o

100.0
110.0
120 .0
r30.o
140.0

150.0
1óO.O
f 70.0
180.O
r?o.o

200.0
270.O
211 .0
272.O
213.0

P

PA

75i2.7
3050. ?
5515.O
?47fJ.1

75543.2
24SOE.O
3729?.5
55001 . ó
7885ó.å

I 1 0250 .5
150711.3
20tgcl6.2
265586.6
313687.2

438188.3
sst223.o
ô85006 .8
ð41 8ó5 . E

7fJ2+237.O

7234667.7
l17s82i.c'
f750532. E

2fJ61728.4
247254fJ.3

zsí¿ztt.o
3246474.8
3293191.5
33404f 4 .0
33881 43 .3

7796.9
177?.3
1 760.8
7747.4

D (F'
K6/lr3

1727.7
t6??.7
1677.3
I 653. ó
1629.7

160.2.4
157(.S
1545. I
1513.8
I {E0.5

7+4+.9
7406.?
1 36ó .1
t32?.Í)
7271.2

1222.O
116{.5
1100.5
1fl27.7
?42.8

v (6)
ñ3/K6

6. {873
3.5284
2.fJ293
7.2258

0.7730
0.50ó2
0.3(26
o.23E7
0.1707

o.7248
0 .0930
0.0705
0.0543
o.fJ121

0.033(
9.9266
o .021 +
g.ot72
o .01 40

H (F)
KJ/K6

0.00
7.57

15.17
22.9?

73.25
82.22
?7.37

100 .71
770.26

12fJ.92
f30.01
140.25
tso.77
161 . ó1

772.E2
1 84.4ó
1 9ó. ó5
209.54
223.45

H (FG)
KJlKG

764.45
762.30
160.13
757.?2

155 .6ó
1 53. 3{
1 s0 .9t
148.44
1 45 .82

1 43. 0ó
140.71
137.O1
1 33 .71
130.14

126.29
722.79
1 17 .53
772.5t
106.97

1 00. 78
93.80
ES.E2
76.48
65.77

H (6)
KJ/K6

16{.65
1ô9.81
1 75 .30
1 ô0. 91

1 86 .63
t?2.41
I 98 .32
204.26
210.2S

276.32
222.36
228.47
234.43
24fJ.10

216.30
252.71
257.76
263.29
268.58

273.60
278.2t
262.47
286. 02
288.62

289.56
286.28
285.27
?83.87
281 .60

s (F)
KJ/K6.K

0.0000
0.033{
o.0661
o. 0?E0

o.129+
0.1ó02
0.1905
o.?293
o.2+?7

o.2787
0.3073
o. 335ó
o.3636
o.3913

0. +1Et
o.4162
0.1735
0.5008
0.5281

s(6)
KJlK6.K

o.7274
o.7279
o.734?
o.7122
o.7 1?7

0 .7573
o.764?
o.7721
o.77?6
0.7870

o.7937
0.7998
0.8052
o.8094
0. 8119

0.8113
0.8024
0. s001
o.7977
0 .7923

T
DE6 K

233.2
243.2
253.2
263.2

273.2
?s3.2
?i3.2
303.2
313.2

323.2
333.2
343.2
3s3.2
3ó3.2

373.2
383.2
393.2
403.2
413.?

423.2
433.2
443.2
(53.2
463.2

T
OEG C

s0.0
ó0.o
70. o
80.0
?0.0

100.0
110. O

120.0
130.0
140 .0

0.70s3
0.7009
0 .6986
o,6?82

-40.0
-50. o
-20.0
-10.0

0.
10.0.0

10. o
20.0
30.o
+o.0

50. o
60.0

u 7o.o
o t0.O

?0.o

30.96
39.09
{7.39
55.8{
6+.46

0 .6993
0. 701 I
0.7054
0.7f 00
o.7154

zfl.
30.
+0.

0
0
0
0
o

0. 0114
0.0093
0. 0075
0 .00ó1
0.0048

0.5555
0.5833
o. ó1 15
o.6407
o.6712

f50.0
160 .0
77fJ.O
180.O
f ?0.0

t37.9
685.7
663.5
ó38. t
6fJ7.?

0 .0038
o.oo27
0.0026
0.0024
0.0022

239.04
258.77
267.'¿8
264.15
267 .50

50 .52
27.57
23 .98
79.72
ïr.ro

0 .7045
0.7453
o.7506
0.7565
o.7ó33

473.?
483.2
481.2
485.2
486.2

200.0
?to,o
211 .0
212.O
?13 .0



SATURATED PROPERTIES OF CCL2F-CCLF? CONT¡NUED F6

z (F) z (6) FC(F) FC(6) T
DEGT

DEG C

-40.0
-30.0
-20.0
-10.0

0.0

f 0.0
20,0
30.0
40.0
50.0

60.0
70.0

!t 80.or go.0
100 .0

110.0
120.0
130.0
140.O
150.0

160.O
170.0
180.0
190. 0
200 .0

270.O
211 .0
272.O
213 .0

TR

0. +7E5
o.47?O
0 . s195
0.5101
0.560ó

0.5811
0.601ô
o.6222
o.6127
0. óó32

0.6837
0.7063
o.72+8
0.7453
0.7ó58

0.76ó3
0.8069
o.8271
0.8479
0.8óE4

0. 1890
0.9095
0 .9300
0.9505
o .97rf¡

P

PA

7s92.7
3050.9
551 5 .0
i47fJ.4

1 s5{3.2

24SOE.O
37299.5
55001 . ó
788s6.6

71fJ250.s

150711.3
2078?6.2
2ós58ó.8
343681.2
4381 88 .3

s51223.O
685006.8
84f 865 .6

7024237.9
7234667.1

t+7s829.9
7750532.8
2fJ61728.4
2412540.3
2806277.O

3246474.8
3293191.5
334041 4 .0
33881 43.3

PR

0 .0005
0. 0009
0 .001å
0. 0028
o . o0(5

0.0071
0.0108
o. 0l ó0
o.022?
0. 0321

0 .0438
0. 05E7
9.fJ772
o.0999
9.7271

o.1602
0 .1991
o.2447
o.2974
0.3589

0.4290
0.5089
0 .5994
0.701 4
o.8158

0.9{38
0.9574
o,.9717
0.98S0

o.0001
0.0002
0.0003
o.0005
0.0007

0.0011
0.0017
o. 0025
0.0035
0.004E

o.00ó5
0. 0086
0,0112
0.0144
0.0183

0.0230
0.0287
0.035ó
0.0438
0.0538

0.0659
0.0609
0. o99E
o.7245
0.1595

o.2208
0.231 0
o.2432
o .2s87

o.9482
o.9353
0.9206
0.9035
o.88ç3

o.8627
o.8345
0. 811ó
0 .781 I
o.74E6

0.9877
0.982t
0.976E
0.9ó9{
0.9607

0.9506
0.9390
o.9259
0.9f 14
o.8955

.8597

.8400

.8193

.7976

0.99E7
o.9?77
o.9963
o.9942
0.9913

0.9E7ó
o.9827
o.?767
0.969{
o.9607

o.9s05
0. ?389
o.9259
0. 91 13
0. E95ô

o.E7E2
o.8597
0.8400
0.8193
o.7cl7s

n.7719
0. 751 6
o.7276
0. 7031
o.6782

o.6527
0 . ó504
o.6479
0.6453

B (F'
KJ/KG

o.9tE+01
0.708+01
g.4tf+01
g.3ff+01
g .1 ff+0i

0.87E+00
o.1 6E+00

-0.248+00
-o.35E+00
-0.1 óE+00

o.30E+00
9.119+01
0.218+0t
o.34E+01
O.508+01

g.6gt+01
o.89E+01
0.1 1E+02
0 .1 4E+02
0. I 7E+02

9.21t+02
O.248+OZ
O.z?E+oz
o. 33E+02
o .39E+02

o.47E+O2
0.488+02
9.49f+02
0 . s0E+02

B(G)
KJ/K6

-0.3óE+02
-o.298+02
-o.238+02
-0 . 1 7E+02
-0.128+02

-0. ó7E+01
-0.19E+01

0. ?78+01
0.71E+01
0.11 E+02

g.1gf+02
0.1 9E+02
g.2ff+OZ
o.278+02
o.31E+02

0.34E+02
g.3gf+O2
0. {18+02
0.4{E+02
o.178+02

g.g!!+O2
0.53E+02
g.5gf+02
o.578+07
0.588+02

0.57E+02
g.5ff+02
0.5ôE+02
0.56E+02

60.0
70.o
80.0
90.0

100.0

o .9987
o.??77
o.9963
o.i?42
0.9913

0.9980
o.9?77
0.9963
0. ?943
0. ?91 4

o.q674
0.982t
o.?762
0.9ó85
o.9s?2

-{o.
-30.
-?fJ.
-10.

0.

c

0
0
0
0
0

r 0.0
20.0
30.0
å0.0
50.0

o.7r16
0. 6701
0 .6231
0.5ós5
o .501 8

0.7750
o.7576
o.7277
0. 7031
o.6782

110. O

120.0
130. O

140.0
150.0

160.0
170.O
160 .0
190.0
200 .0

270.O
27t.o
272.O
213.0

0
0
0
0
0

8287

0.9?16
0.9936
0.9?5-7
0 .9977

0.4059
0.391 6
o.3747
0.3s18

0. ó530
0 .650{
o.6479
0. ó{53



SUPERHEATEO PROPERTIES OF TRICHLOROTRIFLUOROETHAI{E REFRIGERANT RffS (CCLZF-CCLFZ) I'b

h\,
¡\)

sATo coirD
(DEG C)
(KPA'

( TR)

( -40.o)( 1.593)
( o.(7s5)

( -30.0)( 3.O51)( 0.+990)

( -20.0)( 5.515 )( 0.5195)

( -10.o)( ?.17fJ'( 0.5401)

v (6)
lt3/KG

r0K
H(6)
KJ/K6

s (6)
KJlKG. K

v(6)
It3/K6

30K
H (6)
KJ/K6'

s (6)
KJ/KG.T

v (6)
Ìr3 /KG

40K
H (6)
KJ/K6

s (6,
KJ/K6.K

I (6)
KJlK6

FC (6)

6.766 76?.E4 0.7298
-37.623t 0.9988

3.674 175.35 0.725fJ
-30.ó8s8 0.9979

2.71O'f60.9EO.7223
-24.?62¿ O.99ó6

1.273 7E6.73 9.7215
-18.2776 0.9c1+7

\

0.802 792.5? O.7223
-72.6616 0.9921

a.5?s 198.53 0.7245
-7.3586 0.988ó

0.355 204 .56 0.7278
-2.3188 0.9842

o.247 270.64 0.7327
2.4957 0.9786

o.777 216.78 O.7372
7.115t 0.9718

o.729 22?.94 0.7429
71.56i2 0.9638

DEGREES OF SUPERHEAT
20K

v(6) H(6) 5(6)
H3/K6 KJ/K6 l(J/K6.1(

8(6)
KJlK6

FC (6)

7 .0+6 .175 .3E 0.753?
-39.2{E9 0.9989

3.820 ít1.03 0.7487
-32.0519 0.9981

2.19t f 8ó.80 0.7157
-25.3842 0.99ô9

1.320 7?2.6? 0.7145
-1?.15eE g.9iS2

0.831 19E.óE 0.7450
-13.309t 0.992t

0.5f'3 2O4.75 O.746E
-7.7602 0.9896

B (6)
KJlKG

FC(6)

7 .325 f 81 . 0ó o.777 6
-{0.61?9 0.9990

3.?ó6 l8ó.85 9,7720
-33.1761 0.9983

2.272 7?2.76 0.76E7
-26.2652 0.9?72

1.3óE 7?8.77 0.7672
-r9.8067 0.995ó

B (6)
KJ/KG

FC (6)

7.604 fEó.E7 0.E00?
-61.7389 0.9991

4.772 lclz.Eo 0.7950
-3{.O5ó9 0.9?85

2.353 li$.EI 0.??f 3
-26.9130 0.997(

7,475 ?O4.88 0.78?5
-2fJ.2284 0.99ó0

o.E8? 271.22 0.78?3
-13.9335 0.?939

0.580 277 .SS .0. 7905
-7.9706 0.9912

o.391 223.95 0.7930
-2.288? 0 .9877

o,272 230.47 0,7164
3.r501 0.9833

236.?7 0.9007
3807 0.9779

o.74? 243,44 0.8057
13.4296 0.97t4

( 0.o)( f5.543)( 0.sóo6)

( l0.o)( 21.506)( o.58tl)
( 20.0)( 37.300'( o.601å)

( 30. 0,( 55.002)
( 0.6222>

( 40. o,( 7ô.857)( o.6{27)
( 50.0 )( 1f 0.257t( 0.6å32)

0.E60 294.8?
-13 .7315

o.7673
0.993{

0 .3ó7 270.97
-2.5203

o.7198
0.9s55 '

0.255 277,12 0.7536
2.5080 0.9E03

223.38 0.758ó
3377 0.9710

0.f33 22?.67 0,7642
77.9952 0.9é66

o.s62 217.O? O.76E?
-7.9827 0.?905

0.379 217.37 0.7776
-2.5082 0.9867

o.264 223.71 0.7753
2.7283 0.9819

0 188 230,O9 0.77?S
7.7673 0.97ó1

.138 236.5t 0.7851
12.6773 0.96?1

o.182
7.

o.7s4
8.

0



T
OEG C

-40.0
-30. 0
-20. o
-10. o

0.o
t0.o
20 .0
30. o
40.0

50. 0
ó0. o
70. o
80.0
90. o

100.0
110. O

111.O
712.O
113. O

P

PA

48791.7
7?2?3.7

123372.1
184847.7

267976.2
377443.O
sts3?s.2
6960ó8.1
?t 6{78 .0

77E5777.O
1510320.6
7E?7221.5
2353793.t
2887970.5

3508027.5
4223284.O
4300419.5
{37Eó15.5
1+57739.5

D(F)
KG/n3

973.7
956.2
937.6
?17.6

89ó.0
872.¿
g+7.7
820.3
790.{

757.1
72fJ.7
679.1
632.1
s76.2

506.3
401.?
386.0
367.O
361.9

v(6,
ñ3/KG

o.5910
o.37ól
0.2490
9.7701

0.119?
0.08ó4
0.063ó
o.0475
0.0360

o.o27s
0.0211
0.0163
0.0r25
0.00?5

It (F )
KJ/K6

ll(Ftr)
KJlK6

341.9t
334.7f
327.03
3f 8. El

250.71
233.32
213.87
I 90 .8r
!62.56

lf(t¡,
KJ/K6

3ç1 .9+
34ó. t 3
350. (å
354.83

359 .1 {
363.2?
367.17
370.70
373.73

376.74
377.73
379.23
377.21
373. EE

366.42
347,53
313.58
33E.24
327.21

CONTINUED

OE6 K DEG C

-40.0
-30.0
-20.0
-r 0.0

50.0
60.0
70.0
80.0
?0.0

100.0
f 10.0
111.0
7t2.O-
113.0

T
DEG C

-40.0
-30.0
-20.0
-10. 0

o.0

-\r,
KJ/KG.K KJlKG.K

0.00
71.12
23. {3
36.O2

0.0000
0.053t
o.1 06{
o. I 598

o.2133
o.267t
o.3212
0.3758
o. {313

o. {8El
0 .546ô
o.6fJ77
o.6725
o.7132

o.82{{
o. ?33ó
0 .9493
o.9676
o.9913

1 .466ô
7.12?6
1 .3982
7.3773

7.262n
7.?16i
7.230?
7.2129
1.1?08

233.2
243.2
253.2
263.?

T
DE6 C

-{o. o
-30. o
-20.o
-10. o

o.o

f 0.0
20.o
30. o
r0.o
50. o

ff0.o
111.O
172.O
113.O

TR

o. óo30
o.6289
o.6567
0. ó80ó
o.7065

o.7323
o.75A2
o.7EóO
0 . E099
o. E356

o. E616
0.6t75
0 .9134
o.?3i2
o .9651

0.9909
o.9935
0.99ó1
o.9987

P

PA

1A791.7
792?3.1

723372.4
764847.7
26797 6.2

377443.O
518325.2
ó960ó8.1
91 6478 . O

7185717.O

1 510320 . ó
7EC722t.S
2353793. t
2687979.5
3508027 .5

4223254.O
430041 9 . S
4378675.5
4457739.5

PR

0.0109
0.01 76
o.o27+
0. 041 1

0.0596

o.0017
o.oo27
0 .00{1
0.00ó1
0.0087

o.ot27
o.016ó
o.0222
0.029r
0.03E5

0 .0500
0.064ó
0 .083t
0. 1 09ô
o .1 475

o.9825
o.9743
0.963â
o.9507
0.93(6

0.9154
o.8?27
0. E663
o.635C
0.800?

0.7610
0.715{
o.ó62ó
0.6005
o.5235

0.41 01
o.3925
0.370ó
o.3310

FC (F)

o.962E
0.9750
0.9651
o.?s29
0.9384

0.921 5
0.902+
0.8E10
0.8577
o.6324

0.8056
o,7772
o.7476
o.7777
o.6857

0.6538
0.650ó
o.6473
0.6441

.9827

.9å50

.9383

o.ctzts
o.9023
0. E6! 0
0. ôs77
o.8324

0.8055
o.7772
o.7 47 6
o.7777
o.6857

o.6558
0.650ó
o.6473
0.6441

B (F)
KJ/KG

o.80E+02
o,7 6E+O2
o.72Ê+02
o.6?E+02
0 . å6E+02

0. ó4E+02
o.63E+02
o,62E+O2
o.61E+02
o . ó1 E+02

o. ó2E+02
0. ó48+02
0. ó7E+02
o.77E+O2
O.77E+Oz

0. 86E+02
0 .87E+02
0.89E+02
o . 91 E+02

273.2
283.2
293.2
303.2
313.2

323.2
333.2
313.2
353.2
363.2

373.2
383.2
381.2
385 .2
3Eá.2

B (6)
KJ/K6

-0.13E+02
0.1 6E+01
0 .1 5E+02
0.28E+02
0.39€+02

o.498+02
0.59E+02
o.678+02
0.75E+02
o,828+02

0.8EE+02
0.93E+02
0.97E+02
0. I 0E+03
0 .10E+03

0 . I 0E+03
0 .1 0E+03
0.998+02
0.968+02

19.27
ó3.02
77.51
?2.76

10r.8E

t26.O3
1 ++. {1
16{.3ó
I 86.38
217.32

309.93
300.27
289.66
277.?3
2ó6.85

1.3479
1.3275
1 .3092
1.2926
7.2777

0
0
0
0
0

0.
10.
?o.
30.
40.

0.0070 247.77 125.31
0.0047 282.77 6+.76
0.004{ 288.8{ 51.71
o.004f 29s.ct6 42.26
0.0036 305.21 22.Ot

SATURATED PROPERTIES OF CHsCHF2

Z (F¡ z (6)

1 .1602
7.7027
r .0918
1.0773
1 .0{83

N
(^,

FC(6)

o
0
0
0
0

974?

9528

0.0660
0.1153
0. l54E
0.2039
0.263E

10.0
20.0
30.
40.

60
7Í)
EO
90
oo7

o
o
o
o
o

0.3360
o.422fJ
0.s23å
o.6421
o .780+

50.

60
70
80
?0
00I

0
o
0

0
0
0
0
f¡

0.93?5
0.9566
o.?740
0 .991 ó

o.2778
0 .230{
o.2467
o.2682

110.0
111 .0
77?.O
113.0
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s (6,
KJ/K6. K

FC (6'

lltr nÄgE nñ¡! I ^a¿¿ñ

o.ô70 35E.14 1.s170
-21.oi73 0.?875

o.126 363.57 1.51lE
-5.1?ó9 0.9E17

o.2st 3ó9.09 7.1E77
9.24A5 0.?7+2

0.192 374.63 1.Ô5ó0
22.1321 0.tó{9

0.13ó 380.13 7.+339
34.5057 0.e538

o.ot8 3õ5.5{ 1.4748
45.5937 0.9{08

o.o72 390.41 f.3?E2
5s.7950 0.9260

0.05{ 395.90 f.3837
65.1t9ó 0.9093

0.041 400.7ó t.3710
73.8418 0.8911

0.032 405.37 1.3597
81.803å 0.6713

{0K
v(6) H(5) S(5)
It3/K6 KJIK6 KJ/KG.K

0.6?7 361,25 7.5745
-23:1525 O.9887

0.142 370.04 1.5395
-6.9835 0.983t

o.2?2 375.90 t.sfJ?l
7.7376 0.97óó

0.200 387.7? 1.{EÔ3
21.2013 0.9ótt

o.141 387 ,67 7.1,624
33.561+ o.9579

o.702 3?3.49 7.1437
14.?432 0.9(59

lI

SATO COND
(DEG C)
(KPA)

(TR)

( -+0.0)
( 48.795)
( 0.6030)

( -30.0)
c 7?.2?3'
( 0.6289)

( -20.o)( 123.372'( o.65{7)

}| ( -to.o)
¿\ ( 184.84E)

( 0.å806)

( 0.o)
( 267.976'
( 0.7065)

( 10.0)
( 377.143'
( 0.7323)

( 20.0)( 51E.325)( 0.7582)

( 30.0 )( 6tó.0óEt( 0.7E{O)

( 40.0)
( ?16.470'( 0.6099)

( 50.0)
(t185.777'
( 0.8358)

B (6)
KJ/KG

o.ó1t 34ó.95
-16.1993 0

v (6)
ñ3/KG

10K
H(6)
KJlK6

DEGREES OF SUPERHEAT
2OK 30K

v(6) H(6) 5(6) V(6) H(6) 5(6)
}t3lK6 KJ/K6 KJ/K6.K ]t3lK6 KJIKC KJ/K6.K

8(6)Fc(6)8(6lFc(6)8(G)Fc(6)rilr:---- --Ii1I:-- ----Ï1f

o.393 351.5t 7.1567
-o.E0E0 0.9775

o.260 35ó.35 7.125?
13.105t 0.96E5

o.17E 3ô1.14 1.3995
25.71tE 0.957{

o.611 352.36 1.5f ?7
-78.7719 0.9861

0.409 357.12 7.1E17
-3.1370 0.77i7

o.27t 362.57 f .4538
. 11.0389 0.9715

0.165 367.71 1.1277
23.9157 0.961{

0.130 372.E6 f.{053
35.73ó{ 0.9{93

0.094 377.¿6 1.3E5E
+å.s333 0.9351

0.0ó? 3E2.66 1.3óE7
s6.4312 0.9190

0.052 387.25 1.3535
ô5.5132 0.9009

0.040 3?7 .52 f .33?9
73.8276 0.8811

0.o31 395.4f 7.3274
81.4194 0.8597

7.1?2?
.9E{6

0.725 365.t7
37.2532 0

1.3766
.9+{1

- o.o9o 370.45 !,3567
+7.7636 0.cr2s7

o.067 374.¿7 1.3391
s?.3ô69 0.9111

0.050 37E.6ô 7.3232
66.135{ 0.8915

0.03E 362.53 1.3067
71.1187 0.8700

o.oz9 3s5.70 t.??so
E1.3487 0.8468

0.07s 33ìi.23
55.4501 0

1.4277
.9323

0.057 404.Et 1.413?
65.1678 0.9169

0.043 41o.32 7.402fJ
74.1663 0.9000

0.033 415.65 I.397?
82.509t o.t8t7



D(F)
KG/Ì13

220.9413
172.27fJs

6fJ.212E
33.90{?

H(F)
KJ /KG

o.o0
46.44
t0.70

134.94

17i.20
223.57

"67.8i31 2.3?
3s7.03

407.86
(46.90
1?2.21
537.E2
s83.77

ô30.12
676.92
7?1.22
772,O?
620.59

Eó9.81
919.E3
?7lJ.75

7022.67
7fJ75.73

1 130.07
f1E5.Só
7243.32
7302.66
136+.26

1814.35
tefó.50
2039 .32
2273.22
2238 .1 I
2266.66
2300 .79

H(F6)
KJ/K6

2559.0?
2531.22
2505. s5
2+7?.90

2454.22
2126.16
2+O2.57
2376.46
2350.07

2323.32
2296.71
2268.35
223?.?3
2270.73

2180. å+
2t+?.57
2177.27
2083.57
20(6.43

2077.61
1972.90
7?32.O?
1 688 .93
1E43.13

1 794.38
7742.37
1ó86.49
76?6.40
1561 .40

t4?o.70
1413.28
1377.79
7?32.35
7724.27

?55.99
182.?6

H(6)
KJ /K6

2559.09
2577.66
2596.25
2674.85

2633.43
2657.?7
2670. (ó
268A.85
27lJ7.1O

2725.77
27+3.O1
2760.56
2777.75
27?4.5O

287lJ.76
2826.43
?t11.+2
2ASS.66
2869.O2

28E1.42
2812.73
2?O2.84
2977.60
2918.86

2924.45
29?8.78
29?9. El
292S.Og
2925.66

2873.32
2765.27
26eS.5S
2570.88
2549.{0

2S??.66
!4s3.06

s (F)
KJlKG.K

0 .0000
0. 1 838
o.353{
0.51 73

s(G)
KJlKG. K

9 .3686
cì.723f]
8.9001
8.6977

t.5129
8¿3444
8.1 904
E.04?4
7.9207

7.go7t
7.6916
7.5?04
7. (968
7.40?E

7.32AE
7.2537
7.7821
7.7757
7.0517

6.??74
ó.9335
6.577E
6.823E
6.7770

5.5848
5.s2?3

273.2
283.2
2i3.2
303.2

086 l(

363.2
373.2
383.2
393.2
103.2

+7;5.2
123.2
{33.2
143.2
+53.2

463.2
+73.2
4E3.2
493.2
so3.2

513.2
5?3.2
533.2
s43.2
553.2

645.2
616.2

DE6 C

90.0
100.0
110.0
120.0
130.0

140 .0
f 50.0
160.O
170. 0
180 .0

190 .0
200.0
2to.o
22fJ.O
230.0

290.0
300 .0
310. 0
320 .0
330. 0

372.

TT
P v (6)

r3/K6DEG C PA
T

o.0
to.o
20. o
30. o

90. o
100.0
110. O

120.0
f30.o

140.O
150. O
160.0
170. O

lJ 160.0(tr
t90.o
200.o
2ro.o
22fJ.O
230. O

23fJ.
2óO.
27fJ.
280.

29fJ.
300.
310 .
320.
330.

340.O
350.0
360.0
370. O

371.O

372.O
373 .0

7247.9
72233.O
1 991 0.0
31355.9
+792E.5

7!2?7.1
1 034s9.2
146771.2
2039+?.2
278078.7

37261+.3
4?1374.1
ó38539.3
878628.3

103å503.ó

72cì7348.?
1ó0é662, I
t?70217.1
239{178.0
2E84859.0

3448960.0
4093420.8
{825493.S
s6s2703.o
6s s2902.0

7624?48.O
878526[.O

70074747.O
11502014.0
73076727.O

1 +809037.0
1670e607.o
18789686.0
27067 1 54 .0
21299302.0

2753C526.O
277 A7 70ó .0

t37.6
E31.E
825.5
El9.f
812.3

E05.4
798.1
790.6
782.7
774.6

766.1
757.2
7+7.9
73E.2
728.7

777.1
70ó.3
6?4.6
682.3
6ó?.3

449.8
474.8
371.6
309.8
300 .8

290.5
?78.3

79.9233
72.7747
7.7059.
5.0346
3.3Es0

2.3357
1 . ós01
1.1?O?
0.87ó3
o.b562

0.4993
0.3854
0.3015
o.2386
0.1 909

o.ts42
9.7?s7
0. f 033
0.085(
o.0777

0. 0595
0.0500
o.o+22
0.0358
0.0304

0.0112
0.0093
0.0074
0. 005 ó
0.00s3

0. 005 I
0.0047

f .403ó
1.5384
r . ó703
1 .7995
7.??63

2.0509
2.7731
2.2i+3
2.1735
2.5371

2.6487
2.7639
2.87?O
2.9935
3. foTE

570. ó
7763.?
2246.1
4724.6

860.7
854.5
8{9.1
E43. ó

0
0
o
o

0

0
10
20
30

ro60
50
óo
70
80

o
0
o
o
o

o.6759
0.829ó
0.9790
7.7242
1.2656

313 .2
323.2
333.2
343.2
353.2

60 .0
70.0
s0 .0

50. o

210 0
o
o
o
o

o
0
o
0
o

655 .6
641,7
625.7
ó09. 3
591 .8

6.7189
6.6673
6. ó15ç
ó.5ó30
ó.5093

2+O.O
250.O
260.O
270.9
280 .0

573.0
ssz.7
530.7
s06 .7
4E0.0

0.02sE
0.02e0
0. 0f 87
0.01 58
0.01 34

7428.4tt
1 4?5 .73
7566.77
764?.52
7724.32

2?7?.14
2909 .0r
?894.57
287 4.87
2848.53

3.8066
3 .9295
4.0563
{ .1 88?
4.3?74

6.4537
ó .3953
6.3332
6.2659
6.1913

583.
593.
ó03.

z )2.r)
3. 3369
3.+522
3.5686
3 .686ô

5.r880
5 .2rr03

5ó3
s73.

2
?
2
2
2

99E.97
848.7 6
656.22
357,66
3rr.22

4.4769
1,6425
4 .83ó9
5.t061
5.1444

6.1 061
6.0045
I . t733
5.6622
5 . ó275

613 .2
6?3.2
á33 .2
643.2
6tt4.Z

340 .0
350.0
3å0.0
370.0
371 .0

373.
0
0
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z <F, z (6) FC(F)T
0E6 C

0.o
10. o
20.o
30.0
{0. o

50.0
60.0
70.0
EO. O
?0.0

100. o
110. o
120. O

130. O

1{0. o

200.o
270.O
220.0
230.0
240.O

250.0
260.0
27fJ.O
280.0
29fJ.O

300.0
3r o.0
320.0
330. O

340.0

350.0
360.0
370. 0
371.0
372.O

1R

o.+22fl
o.437{
o.4529
0.4ó63
o.4838

o.4992
o.51 (7
o.5301
o.5{56
o.5ó10

o.5765
o.5 919
o.6074
o.622E
o.ó383

Í1.6537
o.6ó92
o. ó84ó
o.7001
o.77SS

PR

.0000

.0001

.0001

.0002

.0003

0.0000
0.0000
0.0000
0.0000
o.0001

0.0001
0.0002
0.0002
o.000ç
0.0005

0.0008
0.0010
0. oor å
0.001 I
0.002ó

. o033

.00{3

. o054

.0068

. o085

0.010{
o.ot27
o. 015r'
0. 01 Eó
9.fJ222

o.0264
0.0313
0.0370
0.0{36
o.0572

0.0601
0. 0705
0.0829
0. 0979
0. 1163

0 .9999
0. ?99E
0 .99?ó
0.9994
0 .9990

I .0003
I .0000
0.9998
0. 9?99
0.9992

0.9e8ó
0.9978
0.9?óE
0.995t
0. ??36

0.9913
0.9E85
0.9851
0. 9810
9.i762

0.970ó
0.96{1
0.956E
0.9487
0.93?ó

o.i297
0.91 88
0.9071
0.8945
0.881 1

0. 8óó9
0 .8s20
0. 63ó3
0.8199
0.8029

FC(6)

o.9999
0.999E
0 .999ô
0.9994
o.9990

o.9985
o.i977
o.9?67
0.9953
0.9935

0 .991 3
0. ?885
0 .9850
0.9EO9
o.97ó1

0.929å
o. 91 8E
o.9071
o. E9{5
o .8811

0 .785t
o.7673
0 .7{EE
o.7296
0.710s

0. ó909
0.6710
0. ó509
0.64E9
0. ó4ó8

B(F)
KJlK6

o.1 óE+02
0. 80E+01
O . 1 9E+01

-0.2óE+01
-O .55E+01

-o. ô9E+01
-0 .68E+01
-0.558+01
-0.298+0t

0. 948+00

0 .598+01
9.728+02
o.1 9E+02
o.?8E+O2
o.37E+02

o.47e+o2
0.59E+02
o.77E+O2
0.85E+02
0. 99E+02

o.1 1 E+03
0. t 3E+03
o .1 5E+03
0.1 7E+03
o.19E+03

9.21 g+OJ
o.23E+03
0.2óE+03
0 .28E+03
o.3f E+03

0.34E+03
o. 38E+03
0 . 41 E+03
o. 45E+03
0.50E+03

o.55E+03
0.62E+03
0.71 E+03
O.73E+03
0.74E+03

B (6)
KJ/K6

-0.21 E+03
-0.12E+03
-0.32E+02
o,468+02
0.12E+03

0. 1 9E+03
0.25E+03
0. 31 E+03
0.37E+03
0.42E+03

0.478+03
0.528+03
0.57E+03
0. ó1E+03
0.65E+03

0. ó9E+03
0.72E+03
0.76E+03
o.79E+03
0. E2E+03

0.85E+03
0. EEE+03
o.90E+03
0.92E+03
0.94E+03

0 .1 0E+0ç
0. f 0E+04
0.108+04
0. I 0E+04
0 . I 0E+0(

0. f 0E+04
0.97E+03
0. 908+03
0. E9E+03
0.8ôE+03

T
DEG C

0.0
10. o
20.0
30.0
40.0

50.0
60.0
70.0
80.0
90.0

100. o
110. 0
r20. o
130. 0
140 .0

150¡0
1ó0.0
770.O
180 .0
190. 0

200 .0
zto.o
220 .0
230.0
240.0

250.0
2ó0 .0
270.O
280 .0
290.O

300 .0
310.0
320 .0
330.0
3rr0 .0

350.0
360.0
370.0
371.0
372.O

P

PA

570 .6
f f ó3.9
2?+6.1
4724.6
72+7.9

72233.O
19910 .0
31355 , t
4792A.5
772?7.4

7034s9.2
746777.2
2fl3949.2
278078.7
37?61+.3

497371.1
638539 .3
878628.3

1 03ó503 .6
t2?734E.?

1606662.1
t?70241.4
239+t7A.O
2884859.0
3448960. O

4093420.8
4825493.5
s6s27g3.O
6582902.0
7624248.O

878524( .0
1oo74747.O
11s0201T.0
73076721.O
1 4809037 .0

76709607.O
1 8789ó86 .0
27067f54.0
21 299302 .0
2153ç52¿.0

0. 9985
o.9977
o.?i67
0 .9953
0.9935

0
o
0
0
o

0
0
0
0
0

.000ó

.0009

.001 4

.oo22

.0032

l\)
o,

50
ê0
70
80
90

7

7
I
7
7

0
0
0
o
0

0
0
o
0
o

o.8t55
o. 9009
o.91 ór
o. e31 I
o.9T73

o.9627
o .9782
o. 9936
o .9951
o.i967

0.0047
0.00ó7
0.0093
9.fJ726
o .01 ó9

o.fJ223
0 .0290
o. 0371
0.0(70
0.0588

o.o7zi
0. 0894
0.1086
o.130E
o.1sé6

0. f 657
o.2789
o.2s61
0 *298ó
0. 3458

0.3995
o.4s69
o.5277
0. 593f
o .6717

o.7s79
0.8s22
0.9552
0.9éó0
o .97 69

0.9912
0.9683
o.98+E
o.9E06
0.9756

o.96?7
0 .9ó28
0.9550
0.94ô1
0.93ó0

0.92(8
o.9122
0 .8984
0.8s31
0.866t

0. E4E0
o. E281
0.8064
0 .7E'¡7
o.7s70

0.7290
0. ó984
0 .6648
o .627 6
0 . s858

0.5376
0 .47S9
0. 3944
0 .381 7

0 .3ó65

0.7a54
o.7673
0.7{êE
o.7298
0.7105

o.9705
0 .96{1
0.95óE
0.9tEó
0.939ó

o.7310
o.7464
o.7ó19
o.7773
o.79?8

o.80E2
o. E237
o. 8391
o.8546
0.8700

0.8óó9
0.8519
0.83ó3
0.8199
o.802?

0.9óE+03
0.9EE+03
0. 108+04
0.10E+0{
0.108+04

0. 1 400
0.1729
o.?290
0.238!
0.2490

0. ó909
0. ó71 0
0. ó509
0 .6489
0.ó4óE



SUPERHEATEO PROPERTIES OF I{ATER REFRIGERAI.¡T R718 (HzO F8

SATD COND
(DEG C)

(KPA)
(TR'

v(5)
1r3/K6

10K
H (6)
KJlK6

s(6)
KJ/K6.K

v(G)
Ìr3/KG

30K
H (6)
KJ/K6

s (6)
KJ/K6.K

v(6)
It3/KG

40K
H (6)
KJ /K6

B (6)
KJlK6

FC (6)

229.O32 2577.70 ?.4521
-271.9257 0.9999

716.237 2596.37 ?.2g3E
-722.5705 o.999E

62.269 2674.94 E.97E3
-36.8809 0.9997

35.025 2ó33.5t 8.7731
+2.6359 0.9995

20.s67 2652.27 8.5865
176.8277 0.9991

'72.553 2670.80 E.4759
1S6.1071 0.99t6

7.93? 268?.31 E.2ó00
?50.9892 0.9979

5.183 2707.79 E.7777
311.S857 0.9969

3.482 2726.72 7.96ó0
369.1585 0.9957

2.407 ?744.27 7.8ó55
423.7227 0.99{0

DEGREES OF SUPERHEAT
20K

v(6) H(6' 5(6'
II3/KG KJ/KG KJIKG.K

B (6'
KJ/K6

FC (G)

237.722 2596.34 9.5329
-229.2701 0.9?9i

120.20+ 2ó15.00 ?.287c1
-127.0199 0.999E

64.321 2633.67 ?.054f
.-{0.ó651 0.9997

3ó. f t5 2652.35 8.8470
39.5625 0.9995

27.7?? 2677.O3 E.657?
11{.41E3 0,9992

12.937 268?.68 8.4854
1r{.3382 0.99S7

E,777 2708.27 ¿.3276
249.82fJ9 0.9981

5.330 2726.79 E.1830
311.2694 9.9972

3.579 2745.76 E.0504
369.1076 0.?960

2.166 2763.40 7.?283
423.5930 0.994t

B (6)
KJ/KG

FC (6)

2 2675.O3 9.ô110
4.8098 0.9999

724.177 2633.72 9.3577
-130.E3ç3 0.999E

óó.3E0 2652.44 ?.7276
-{3.73E7 0.9997

37.265 267!.77 E.9lE4
37.1547 0.9995

21.83ó 2688.8? 8.7274
772.6167 0.99?2

13.309 27AE.S? E.5530
183.16E1 0.998E

E.404 2727.2s 8.3935
24?.2278 0.99E2

s.479 2745.82 8.2473
311.2339 0.997{

3.676 2764.?8 8.1131
3ó9 .5705 0.9962

2,532 2782.58 7.9896
424 .5536 0 .9948

B (6)
KJlKG

253.303 -2633.75
-2?8.3i4ll

s(6)
KJ/K6. K

FC(6)

9. ó8óE
0 .9999

(

(
(

0.0)
o.571 )

o.422f]'
.21215

N
\t

( 10.0)( !.764'( 0.4374)

( 20.o)( 2.246'( o.4529)

( 30.o)
< 1.725'( o.6683)

( 40.o)( 7.248'( 0.{838)
( 50.0)( 72.233'( o.+992)

( 60. 0,
c 7?.?10)( o.s147)

( 70.o)
( 31.356)
( o.5301)

( ao. o)
< 47.928'
( o.5456)

( 90. o)
< 71.297'( o.5610)

728.137 2652.48 ?.4312
-133.9079 0,9999

6E.435 2671.25 9.f990' -1à.1428 0.9997

38.3E5 26911.O3 E.987E
3s.3E80 0.9996

22.171 2708.80 8.7?4i
171.1768 0.9993

73.687 ',2727.s5 8.ó1E8
182.5669 0.9989

E.ó36 2746.26 6.457ó
2(i.L626 0.9983

s.626 2764.8? E.309?
311.691{ 0.9975

3.773 2783.42 8.7743
370.5239 0.99ó5

2.597 2801.79 8.0495
425 .9829 0 .9951



DE6 C

-+o. o
-30.0
-20.o
-10. o

o.0
ro.o
20.0
30. o
40 .0

-(0.o
-30. o
-20.0
-f0.0

0.0

10.0
20.0
30.0
t0.o
50. o

60.o
70.o
80.o
90. o

100 .0

101 .0
102.0
r 03.0
104 .0

7+17.6
741?.4
13r9.3
1 356. I
1322.O
1281.1
7213.5
719?.O
1150.0

I 095.8
1 035 .1

965.?
EE{.9
7r5. {

o.2s78
0.1ó9E
0.115E
0 .081 4

0.058ó
0.043f
0.0322
o.o24+
0.0197

o.ot14
o.o111
0,00Eó
0.0066
0.0049

0.o0
f0.86
27.93
33.f9

208.23
203. ó5
198.73
1?3.41

187.61
t87.22
174.16
766.26
1 57 .38

747.25
135.5ó
727.76
10t.96

83.24

50 .38
45. ó3
{0 .28
34. 04
26.29

KJ /KG

208.23
274.53
220.66
226.60

255.1?
258.3E
260.23
260.58
25E.4ê

250.70
24?.77
247.32
24S.OO
241 .80

0.0000
0. 0491
0.0968
0. I 435

0.1892
o.2314
o.27i7
o,3237
0.3ó83

0.41 34
0. {593
0. s0ó7
o.5566
0.6f 19

0.8931
0.666ó
o.8618
o.87E4

0.87ó0
o.67ó{
o.8732
o.8727
0.870E

. Eó?O

.E662

.8ófó

.85{0

.84f1

.814E

. E103

.8049

.79E1

.7895

0 .61 E+02
0.57E+02
0.5{E+02
o.s2E+o2
0.508+02

0.46E+02
0.478+02
0.4óE+02
0.46E+02
o.47e+o2

o.47E+02
0.498+02
0.51E+02
0.558+02
0.59E+02

0.608+02
0.61E+02
o.62Êi02
0.63E+02

DEG K

233.2
243.2
253.2
263.2

273.2
2ø3.2
293.2
303.2
313.2

323.2
333.2
343.2
353.2
363.2

373.2
371.2
375.2
376.2
377.2

g.4ef+Ol
o.728+02
0.20E+02
g,2lf+o2
0.33E+02

0.39E+O2
g.4gf+O2
g.5gf+02
0.548+02
0. 58E+02

0. ó28+02
9.691+02
0.68E+02
o.708+02
0.70E+o2

o.708+02
0.69E+02
0.69E+02
0. ó8E+O2

OEG C

-40
-30
-20
-10

100.0
10f .0
102.0
103. O

104.0

PA

73827.?
175612.3
l7 4718.3
253433.2

357979.2
492677.1
ó62(86.O
873062.2

1130115.0

743?726.O
1808314.ó
224266ê.3
2749995.4
3337956.6

K6ln3 It3/K6 KJ/KG KJ /K6 KJ/K6.K KJ/K6.K

.0

.0

.0

.0

50
60
70
80
90

o
o
o
o
o

++.71
5ó.53
68 .71
Et .33
9+.17

708.21
722.82
138.46
155.62
775.22

232.37
237.75
242.87
247.5?
251 .84

o
10
20
30
{0

50
60
70
80
90

0
0
0
0
0

0
0
0
0
0

0
0
0
o
o

o
0
0
o
o

100.0 4014831.t å45.9 0.003t 20fJ-32
101.0 4087745.8 626.? 0.0033 20,3.s4
102.0 4161649.5 605.9 0-0031 207.05
103. O 423651b.5 582.7 0.0029 27fJ.?s
10{.0 {312453.5 s53.7 0.0027 215.51

I\'J SATURATED PROPERTIES OF

T TR P PR Z(F' Z(G'
DEG C PA

o.ó79t
0. ó6E3
o.697ê
o.7rn9
0.7198

R12 û Rl524 CONTINUED

FC(F) FC(6) 8(F) 8(6)
KJ/KG KJ/KG

o.ó158
o.6422
o.6686
o. ó950
o.7214

73t27.9
775642.3
1 741 46 .3
253433.2
357?79.2

4?2677.?
ó62{E6.0
E73062.2

1130115.0
143?726.O

I 80t31 (.6
2242666.3
2749985 . E
333795ó. E

401 {831 .8

4087745.8
1767649.5
4?3ó546. 5
4312453. s

0.01 67
o.0?67
0.0393
0.0573
0.0809

0.4086
0. s067
o.621+
o.7s42
o.9072

o.0026
0.0040
0 .0059
0.00E5
0.011E

o.0762
0 .021 7
o,o2E7
0 . 0375
0. 0486

o.9751
0.?647 - -
0.9518
0.9359
o .91 69

0.9757
0.9ó5?
0 .953t
0. ?395
o.922i

0.9040
0 .8E29
0. E5?9
0.8350
0.8086

0.7808
o.7s77
0 .721 E

0. ó?1 t
0. ó598

o.6s67
0 . ó535
0. ó504
o.6172

0.9756
0.9ó5E
0 .9536
0.9395
o.922E

-;-
086 C

-40 .0
-30.0
-20 .0
-f0.0

0.0

10.0
20.0
30.0
,r0 .0
50.0

60 .0
70.0
80 .0
90.0

100 .0

101.0
102.0
f 03.0
104 .0

o.747E
o.7742
o.8006
0 . E270
o.6534

0.a798
o.9062
o.9327
o.959r
o .9855

o.9861
o.9908
0.9934
0 .9960

0.1113
9.7497
0.1 973
0.2554
0.3253

0. 894ó
o .868å
0.83EE
0.804ó
o.7 657

0 .7213
0. ó703
0 . ó107
0,53E1
o.4378

o.9039
0.8629
0.6599
0.8350
0.808ó

o.0626
0. 0808
o.1051
0.1 398
0 .1 969

0 .7807
o.7s77
o.7276
0. ô91 I
o.659t

o.6567
0.6535
0. ó504
o.6+72

0.923ó
0.9403
0.9573
0.974 ç

0.20E1
o.2787
o.2371
o.2466

9.4247
0.4090
0. 391 5
0 .3698



SUPERHEATED PROPERT¡ES OF 73.8f CCL?F? 2ó.2¡ CH3CHF2 REFRIGERAI.Ir Rsoo (Rl2 & RlszA) F9

SATD CONO
(DEG C)

(TPA)
(TR)

( -40.0)( 73.82E)( 0.615E)

( -30.0).( ffs.612'( 0.ó422)

( -20.0)
c 774.148)( 0.ó6E6)

( -f0.0)( 253.433)( o.6950)

( o.0)( 357.?7?'( o.7274>

( 10.0)
c 1?2.672'
( 0.747S)

( 20.0 )( 662.48ó)( 0.77r2)

( 30.o)( 873.062)
( 0.800ó)

( 40.0)
(1130.f15)
( 0.8270 )

( 50.0)
(1439.7?6'
( 0.853{)

B (6)
KJ/K6

FC (6)

o.270 213.22 0.926fJ
7.2966 0.9782

o.77E 227.60 0.9185
9.E110 0.9693

o.72! 227.81 o.cltvl
17.7713 0.95E3

0.065 233.90 0.90tt
24.?927 0.9452

o.oóf 239.77 0.9059
37.7236 0.9300

' 0.045 245.47 0.9039
37.9558 o.9t27

0.034 2SO.7S 0.902{
43.7297 0.E933

o.026 255.77 0.9013
49.lJ662 0.8721

0.020 260.37 0.9003
53.9818 0.8492

o. ot5 264.49 0.6990
5E.4859 0.8219

DEGREES OF SUPERHEAT
20r

v(6) H(G) 5(6'
ñ3/TG KJ/K6 KJ/KG.K

8(6)
KJ/K6

FC(6)

o.2Et 222.26 0.?577
-1.185t 0.980(

0.1E5 228.72 0.9493
7.7708 0.9723

0.126 235.06 0.942?
. 16.0009 0.9623

0.0E9 211.26 0.93E3
23.5?+7 0.9s03

0.0ô4 247.2? 0.9349
30.62+E 0.93óç

0.047 253,77 0.?325
37.14óg 0.920t

o.o35 2SE.6E 0.9s0?
{3.2029 0.9026

o.o27 263.?5 0,?2?7
+8.8236 0.8831

0.021 26è.E7 0.92E7
54.028t 0.8619

0.0tó 273,37 0.9277
58. E267 0.839{

B(6'
KJ/K6

FC (6)

o.2?3 22?.31 0.9EE{
-3.2196 0.9823

o.l?3 235.?o o.97?2
6.06ó0 0.9719

0.13f 212.36 0.?722
14.6077 0.9ô5E

o.o?2 248.69 0.9ó69
22.4i8E O.9548

0.067 254.88 0.9ó3f
29.ElS1 0.9420

0.049 260.88 0.9604
3ó.6160 0-9273

0.037 266.65 0.9586
+2.9165 0.9109

o.o28 272.77 0.9573
48.t409 0.8929

o.o?2 277.37 0.95ó4
54 .32'25 0.8733

.ot7 2g?.?7 0.9555
59 .4053 0 .8525

B (6)
KJ /K6

FC (6)

0.305 236.46 1.01El
-{.'9206 0.98(0

0¡200 243.11 1.0082
ô.67ó0 0.9773

0.13ó 24?.72 1.000ó
13.5137 0.96E9

0.096 256.1? 0.9949
21.6892 0.958E

o.oô? 262.53 0.9907
29.2E08 0.?+70

0.051 268.71 o,?87?
3ó.350{ 0'9335

o.osE 274.69 0.985ó
12.9165 0.918ç

o.ozi 280.42 0,9842
{9.1056 0.9017

o.023 285. E8 0.9032
54.8544 0.8å3ô

0.018 29t.ol 0.9E25
60.2103 0.8ó(3

v (6)
t13/K6

10K
H (6)
KJ/KG

s (6)
KJ/T6.K

v (6)
n3/K6

40K
H (6'
KJ/KG

s (6)
r(J /K6 . K

v (6,
ñ3/K6

30K
H (G)
KJ/K6

s (G)
KJ /KG. K

N
(o

0



T

OEG C

-40.o
-30. o
-20.o
-10. o

o.o
10. o
20. o
30. o
40.o

60. o
70. o
E0.o
90. o

100.o
f10.o
120.O
130. O
16f¡. O

f50.o
160. O

170. o
180.O
t90.o

200. o
210. O

220. O
230. O
240. O

250. O
260. O

270.O
280 .0
290. O

300.o
3t0.o
320.O
330. O

340. O

P

22.9
59. E

13+. {
zEl .o

552.1
702?.9
7825.1
3f 00.7
5070.1

8008. I
72258.2
76238.4
26413.9
3745t.6

51939. ô
70ó30.3
9(355.9

124lJ7c1.4
tó0599.1

20s744.'
259773.1
322672.6
39808E.0
4863?5.9

58E753.3
706783.?
841898.å
915626.7

I I 69556 .3

13ó5334.9
1584665 .0
782931i.8
2707132.O
240?07+.O

27339S9.5
3099044.5
34994{t .5
3937433.3
4175427.O

1465574.5
Âçr An60 - o

D(F)
KG/ñ3

1 7ó0.3
t74E.O
1735. +
7722.3
1708.ó'

76?4.5
7679.9
1664.6
164E.E
!632.1

1ó15.3
7597.5
1578.9
7SS?.6
1 539. {

757E.2
7+96.1
7473.O
7118.7
7+23.2

1 39ó .3
1 3ó8. 0
1 338.1
73fJ6.4
7272.7

t?36,E
1198.(
7737.7
7772.1
1 0ó3. ó

1009. E
949.5
880.2
756.8
684 .5

669.9
654.2

v (6)
ñ3/K6

511.å2ó1
203.8285

9+.1237
4ó.9550

21.7974
13.7762
8.0450
+.8937
3.0888

2.0f 55
1.3552
0.9362
o.6627
o.17?S

0.3s39
o.265?
0.2030
0.1573
0.1235

0.0?81
0.0788
0.063?
0.0s23
0.043r

0.0357
0.0298
0.0250
0.021 1

0.0178

0.0028
0 .00?7

H (F)
KJ /K6

H(F6'
KJ/KG

252.O1
249.52
217.O5
214.44

2+2.O4
23?.64
237.21
234.82
232.3i

22?.313
227.+3
224.90
222.31
27?.b6

276.93
214.72
271.21
208. 1 E
2fJs.o2

782.2t
777.6+
172.6?

. 767.36
161.ó3

755.42
1{8.ó7
741.28
133 . 13
724.O5

H (6)
l(J/K6

2S2.Ot
257.31
262.64
266.!2

273.6+
27?.22
281.87
2?O.57
296.33

3fJ2.7+
307.99
31 3.67
31 9 .7E
325.7!

331.å5
337.5E
343.51
34?.12
355.29

36r.t3
366.?1
372.62
37E.2+
383.78

3S9.20
394.(?
399.63
404.60
409.3ô

4?6.29
4i5 .1 4

s(F)
KJlKG.K

o.0000
o.0349
o.0ó85
o.to77

0.1 331
0. I 63ó
0.1933
o.2222
o.250+

o.2760
0.3049
0.3313
0.3s71
o.3824

o.4073
0. {3f8
0.4558
o.47?4
o.so27

o.5257
0.5r8{
0.5709
0 .5930
0. ór 50

0.6368
0. ós8l
0.6799
o.7074
o.7228

0.96ó5
0.9707

s (6)
KJ /KG. K

T
DEG K

233.2
243.2
253.2
263.2

273.2
283.2
293.2
303.2
313.2

323.2
333.2
343.2
353.2
3ó3.2

373.2
383.2
393.2
qo3,?
413.?

423.2
433.2
443.2
+s3.2
463.2

+73.2
483.2
¿'93.2
sos.2
513.2

s23.2
533 .2
543.2
553 .2
563.2

T
0E6 C

PA

I 808.2
1796.cl
178S.{
7772.1

0.00
7.7i

15 .63
23.68

1.0E54
1.0ó14
1.04{5
I .0306

-40. o
-30.0
-20.0
-10. o

31.59
39.56
47.ó3
55.75
63.95

7.fJ112
I .00?E
1 .0025
o.9i67
0 .9925

0.o
10. o
20.0
30.0
40.0

50. o 72.27
80.55
E8.97
97.17

10ó.05

774.71
!23.47
132.31
741.24
1 50.2E

206.92
276,E5
226.i1
237.23
217.73

258.48
?65.49
280.82
2i2.51
304.7t

.9EE7

.9?0ó

.9930

.995E

7.OO24
1 .0061
1 .009?
1.0139
1.0f80

.9895

.967ó

.98óó

.98óó

1 .0220
1 .0?ô1
1 .0301
I .0340
I .0377

50.0
ó0.0
70.0
80. o
90. o

100. o
110.0
120.O -

f30.o
140.0

150. O

160.0
170. O

180. o
190. 0

200.0
ztg.o
220.o
230. 0
260.0

250. 0
260. O

27fJ.O
280. O

2?O.O

300.0
310. o
320.0
330. 0
3rt0.0

o
0
0
o
0

0
0
o
0
o

739E

.9990¡\)rv
Q

759.42
768.67
1 7E. 03
787.52
197.75

201.71
7?8.24
194.58
t?9.72
18ó.-63

0.0151
0 .01 29
0.01 09
0.0093
0.0079

41 3.90
418.1ó
422.71
425.67
428.7 6

.7447

.7ó56

.7672

.8091

.6313

7.0472
1.0rç5
1 .0473
1 .0697
7.0576

0
0
0
0
0

0
0
o
0
0

0.00ó7
0.005ó
0.00{7
0.0038
o. oo29

377.16
330.98
345.58
3ót .93
361 .98

113 .80
101 .9?

E7 .99
70.4?
45 .29

431.26
432.?7
433 .56
432.35
127.27

.85(0

.8776

.9026

.929?

.962ó

1.0526
I .0525
1 .0s09
1.0466
1.0365

s73.2
583.2
593. ¿

ó03.2
613.2

341 .0
za? -o

384.42
3S7 .01

47.87
3E.13

7.0347
1.0327

674.2
6ts .2

341 .0
312.0



10.0

T

DEG C

-(0. o
-30.o
-20.0
-f 0.0

o.0

20.0
30.0
40.0
s0.0

1ó0. o
170. O

180.0
190.0
200.0

2fo.o
220.0
230.O
240.0
250.0

TR

0.376t
o.3e22
0. +083
o.4215
o.4{0ô

0. 45ó7
o.17?E
0. {890
o. s051
o.s2l2

0.5374
0.5535
0.5696
0.5s57
0.6019

0. ó1E0
0.6341
o. ó503
0.6å64
0. ó825

o.6986
o.7749
o.7309
o.7470
o.7632

o,77cì3
o.7ef1
0. Elr5
o.a?77
0.8438

0.8s99
0. 87ó1
o.a9??
0. 90E3
0.92(5

0.940ó
0.9s67
o.9728
0.9890
0. 9906

P

Pâ

?2.9
5?.8

13{.t
2E7.O
552.7

toz?.9
1 825 .1
3100.7
5070.1
800E.1

7225t.2
7823E.4
26413.9
3745E.6
51939. +

70ó30.3
94355 . ?

124079.4
I 60599 .1
20s741.?

259773.1
322672.6
396088.O
186325.9
58E753 .3

706763.9
t41 898 . ó
?95626.7

1169556.3
f3ó533{.9

1584ó65 . O

7829319.E
27lJ1732.O
2102011.o
2733i99.5

3099044 .5
3499441.5
3?37433. 3
4\75+27.o
4465514.5

PR

.0000

. o000

.0000

.000f

.0001

o.002ó
0. 0036
0 .005ó
0.0079
0.010?

o.0148
o . o19E
0.02ó0
0 .0337
0.0431

o .05(3
o.0677
0 .0836
o.tozt
o .123ô

o.1484
o.t767
0.2090
o.2+55
o.2866

o .3326
0.3840
0.4410
o,so42
0 . s739

z (F,

0.0000
0.0001
0. o00f
0.0002
0.0003

oo23
0030
0039
0050

0.0080
0.0099
0.0121
o.o747
o.0178

0.021 3
0.02s4
0.0302
0.0357
o.olzt

0.0495
0.0580
0 .0681
0.0800
0.0942

z (6)

1 .0000
o.999?
0 .9999
0.9998
0.9?96

o.?775
0.9719
o.?6s2
o.957ó
0.94EE

0 .9390
o.?27c1
0.915ó
o.9019
0 .8868

0.8703
0.85?3
0.8326
0 .8112
0.7880

o.7627
o.7352
0.70s3
o,67?6
0 . ó36(

FC(F)

1.0939
1 .0086
r.002t
I .0005
0.9999

0.9?75
0 .9983
0.9981
o.i971
o.??62

0.9946
0.992s
0.9899
O.9Eóó
0.9827

o.?781
9.972ë
0.9ó63
0.9592
o.9s72

0.9423
o.?324
o.9277
0.91 01
0.8?7ó

0.8843
0.8702
0. E553
0.8397
0.8235

0.80ó6
o.7892
0.771 3
o.7529
o.73+2

0.71 51
0 .6957
o.67 60
0.6s62
o,6542

FC(6)

1 .0000
o.99??
o.9999
0.9?98
o .999ó

0.9?93
0 .9989
o.9982
0 .9973
o.??67

0 .9945
o.?cl2+
0 .98?8
0.966ó
o.9827

0.97E0
o.972b
0. 9663
0 .9592
0.9511

o.9+22
o.9324
0.9216
0.9100
0. s975

9.8842
o .8701
0. Es53
o.8397
0.8235

o.8066
o.7892
o.7713
o.7s2?
o.7312

o.7757
0 .6956
o.6769
0 .6562
o.6s12

E(l-)
KJ /K6

0 . t 0E+02
0.74E+01
0 .52E+01
0.34E+01
0 .20E+01

o.94E+00
0 .1 7E+00

_0.31 E+00
_0.50E+00
-o.428+00

-0 .83E-01
o.50E+00
0 . 1 3E+01
o.248+Ot
0.36E+01

0 . 51 E+01
0.68E+01
0.87E+01
0.11E+02
0.1 3E+02

0.16E+02
o.1 EE+02
o .21E+02
o.248+02
0 .28E+02

0 . 31 E+02
0.358+02
0.39E+02
0.43E+02
O,478+Oz

0 .52E+02
o.578+0?
0.62E+0?
0.688+02
0 . 7 {E+02

0.808+02
0 .87E+02
0.9óE+02
0 .1 I E+03
0. 1 I E+03

Þ(t¡'
KJ /KG

-0 .61 E+02
-0. 488+02
-0.38E+02
-o.288+02
-0.198+02

-0. I 1 E+02
-9.31 g+01

0. 438+0t
0.11E+02
o. 1 8E+02

0.248+02
0.31 E+02
g.3ff+02
o.42E+92
g.4gf+02

0.53E+02
0.56E+02
0. ó3E+02
0.688+02
0.738+02

o.7EE+02
9.6!f+02
0.87E+02
0.918+02
0.95E+02

0. I 0E+03
g . 1¡lf +03
0. 1 I E+03
0.11E+03
0.11E+03

0.12E+03
0. 1 2E+03
0 .1 2E+03
0. 1 3E+03
0.1 3E+03

0. f 3E+03
0 . 1 3E+03
0. 1 3E+03
0.1 3E+03
0. I 3E+03

OEG C

-40.0
-30. o
-20.0
-10. 0

o.o

10.0
20.0
30.0
40.0
50.0

110.0
120.o
130. g
140 .0
150.0

1óO. O

170.0
180.0
190 .0
200.0

270.O
22fJ.o
230.O
2fr0 .0
2s0.0

2ó0.0
270.O
280 .0
290. O

300.0

310.0
320.0
330.0
3t0.0
341 .0

o.0000
0.0000
0.0000
0.0000
0.0000

.0002

.000{

.0007

.001 1

.0017

0.9993
0 .9989
o.?182
0 .9973
o.9?67

0
o
0
0
0

0
0
0
0
0

60.o
70.0
80.0
90. o

100.0

1t o.0
120. O

f 30.0
ñ, 140.0!i rso.o

0.0004
0.000ó
0.0009
0.0013
0.0017

0 .99(5
o.9i21
0 .9897
0.9Eó4
o .982t

0
0
0
0
0

á0
70
80
?0
001

6100

0.
0.
0.
o.
0.

?60.0
270.O
280.0
290.O
300. o

310.o
320.0
330.0
3¡'0.0
341.O

0.6505
0 .7346
0 .82ó5
0 .9268
0. e373

0. 11t 6
0 .1 337
0. t ó34
0.2098
o.2t6s

0 .59ó1
0 . s500
0.4951
o.4217
o.4727

3{2.0 0.9922 6s1ó040.0 0.9480 0.2238 o.{017 0 . 65:2 o. ó522 0.11E+09 0.138+03 342 .0



8(6) FC(6'
KJ/KG

SATD COND
(DE6 C)

(KPA)
(TR)

( -{0.o)( o.023,
( 0.3761)

( -30.0,( 0.0óo,( 0.3922)

( -20.0,( 0.134)( 0.+083)

( -f0.0)c o.28 ,( o.+2+5)

( 0.0)( o.552t( o.+40ét

( 10.0)
( 1.030)( 0.{567)

( 20.o)( t.E25'
( 9.172E'

( 30.o)
( 3.101,
( 0.{890)

( 40.0 )
( 5.070)( 0.s051 )

( 50.o,( E.008,( 0.s212'

('60.0)
< 72.25S)

DEGREES OF SUPERHEAT
20K

v(6) H(6) S(5)
It3/K6 KJ/K6 KJ/KG.I(

B(6)
KJ/K6

FC (6)

555.515 262.6E 1.133{
-61.1175 1.0000

220.5?6 268.73 1.f 082
-51.210ó 1.0000

101.EEs 273.65 1.0900
--{0.2997 0.9999

50.s25 27?.24 1.0750
-30.23+3 0.999E

26.615 284.90 1.0625
-20.t651 0.t997

14.757 2?O.62 1.9527.
-12.0606 0.999¿'

E.595 296.40 1.0(38
-3.8196 0.9990

B (6)
KJ/KG

s77.45? 2ô8.13
-65.5{t3

B (6)
KJ/K6

FC(6)

'Gr?.4g,4 
273.65 l.l7E9

-66.?017 1 .0000

297.363 27?.21 1.7525
-53.2823 1.0000

1o9.347 251.?0 1.f333
-)1.9723 0.99?9

54.09ó 2?O.63 1.7173
-31.{09å o.99?E

2E.492 29-6.43 1.103E
-21.622? 0.?997

ts.72S 302.28 7.0926
-12.4791 0.9995

9.716 30E.1? 1.0834
-3.7955 0.9992

s.s42 314.15 '1.07ó0
4.375{ o.99E7

533.571 257.31 f.1097
-62.4855 t.0000

272.272 262.68 1.0E51
-{9.EO9t o'9999

9E . 1 55 268 .12 7 .067 6
-3?.7+62 0.9999

48.740 273.61 1.0530
-29.3761 o.9996

25.7g,6 279.23 7.0177
-2fJ.7707 0.999ô

'74.263 284.88 7 .9372
-17.5797 0.9994

.920 290. ó0 7 .0231
-3.542s 0.9990

5.056 296.37 7.0172
,'.0663 0.9984

3.184 30.2.20 7.0725
11.2943 0.9975

2.O79 30E.07 1.0091
1 8.1 849 0.99ó4

7.;g96 313.96 I .00ó6

v(6,
r3/rG

10K
H(6)
KJ/K6

s (6)
KJlK6. K

v (6)
ñ3/KG

30K
H(6)
KJ/K6

s (6)
KJ/K6. K

v (6,
í3/KG

40K
H (6)
KJ/K6

s (6,
KJ/KG. K

1 .0701
99E0

FC (6)

7.1s61
1.0000

228.?7? 273.65 1.130ó
-s2.36(0 1.0000

705.616 279.24 !.77!q
-41.2179 0.9999

s2.377 284.90
-30.92E7 0

f .096{
.999E

ÎV
1\,t\, 27.523 2?O.63 1.0E34

-21.3460 0.9997

15.238 2i6.42
-72.3375 0

7.0725
.9995

I

5.21O 302.24
3.984E 0

8.870 302.26 f.0ô3E
-3.9010 0.9991

o 308.1ó 1.05ô8
r' .090{ 0 .996ó

3.387 314.72 1.0513
11.6851 0.9979

?.204 320.71 7 .0477
1 I .9283 0.9969

1.479 326.75 f.04å1
25.8597 0.9956

7.0372
.9995

5.3E

3.287 308.13 f .fJ321
1 r .4000 0.9977

2 .t4t 314.06 1.0283
1E.4703 0.9967

1 .438 320.O4 7 .0256
)q -2393 0.9953

3.48ó 320.1ô
72.1+29 0.

2.267 926.?2 7.0655
7i.ss22 0.9971

1 .520 33?.31 t .0622
26.6ç36 0 .9959

ttÀ6 â C'Cl¿o



APPENDIX G

ENTIIâ'I-PYcoNcENTF¿.â'TIoNf'I.A'GFTI\MS

NOTE! AII lsotherm temperatLtres are deg C'
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APPENDIX H

C OMP LT:T T tù ÀdO D IE I. S .â.MP I. E O TI:r P TI:r S

3.?. I
3.2. ?
3. ?.3
3. ?.4
3. ?.3
s.2. ê
3.?.7
3.2. B
3. ?.9
3. ?. lCt
3.3. I
3.4

HT
HI
H3
H4
H5
H6
H7
HB
H9
Hlc,
Hll
H1?

Referenced from
secti on

Fi gurre

22s



trllrrrrltlll+l+tltlrrtrtrtllÍtltlllrtttltlrtlrrltlrÜIr
R 11 -R 22 ABSORPTTON REFRIGERATIO¡{ SYSTEI'I I
R 11 CHLOROOIFLUOROIIETHANE ( CHCLF2 ) T

R 22 TRTCHLOROFLUOROIIETHANE ( CCLSF ) T

CONCENTRAT¡ON 0F DISTILLATE- 0.990 r
RATI,O OF FEED TO DTSTILLATE. +.41 T

PROPORTIOI OF FEEO FLOI{ THROUGH FEED PREHEATER' 1.00r

I DATA AND UNIÍS I
lT-TEIIPERATURE DEG C I
I P.PRESSURE KPA I
IH.ENTHALPY KJIKG I

I B.AVAILABILITY KJltl6 I

IEIPANSION INI
I T¡ 30.0 I

I P. 11833ó6.01
I H- 60.71 I

I 8. ó5.5ó I

ISfAfE-SATDL I

I FEED I

lT= 29 .9 I

lP- 11E33óó.01
I H= 6:.05 |

/\ I B= 9.47 |

fr 5.0 <<<

I EVAP ll{
11. 5.O
I P. 576E76.1
I H. 80.71
I 8. ó3.81
ISTATE¡Z PHA

t
t
I
I
t
t
I

EVAPORATOR
TSAT. 5.t

(<< fr 21 .O

DISÍTLLATE SUPERHEAT AT EVAPORATOR OUT.
FEED SUBCOOLING AT ABSORBER OUT-
DTSTI,LLATE SUBCOOLING AI CONDENSER OUT-

o.0
0.0
o.o

OEG
0E6
0E6

I
t
I
t
I
I

rrtrltt+rlotttt
/\ \/
/\ \//\ \/

I €VAP OUT I

11. 5.6 I

I P. 576E76. + I

lH- 252.?6 I

18- 50.ó2 t

ISTATE'SATDV I

APPROACH FLUID OFF EVAP TO EVAP IN . O.O DE6
TAPPROACH CONDENSER AND ABSORBER= 0.0 0'0 DEG

r ALL CONCEI{TRATIOI{S ARE IIASS CONCS OF R 1T
TENTROPY ANO ENTHALPY OAÍU]I TEIIPERATURE - .4O.ODE6 CT

TAVBTY DATUñS: TEI{P. 3O.OOEG C :PRESSURE- 101.3 KPAI
tttllltlrrrtrlt*ttttattrtlrtltlrlrttllrllrlltrrttllrlll

f= 30.0 ))>

I
TTTTTT
rc0NDr
TIT+TT

COLUIIN FEED I lllltlllltll
r FEED If = 29.9

P= 11833óó.0
rrlr+t
TFEEDT<<<r r<((<<((<<<<<{(<(

I C0N0 ouT I

I T¡ 30.0 |

I P= 11E33óó.01
I H' E0.71 |

I B= ó5.Só I

ISTATE.SATDL I

>>)>>>>>>>>>>>>>>>)>>>)>>)>>>>>)>>>)>>>>>)>)>>))>>)>>)>))>>>>)>>>>)>>>>>>))
TSAT- 30.0

t*r
rEÕ
trt
/\/\/\
/\/\
/\
/\/\
/\
/\

\/
\/\/\/\/\/
\/

\/\/
\/\/
\/
\/\/\/
\/
\/
\/
\/
\/
\/

)í

Ntt
ct t

t
I
T
t
t
I
t
I
l
I
I
I
T

t
t
t
t
I
t
t
T
I
+
I

t
t
I
t
I
t
t
t
t
I
a
t
I
t
I
I
t
I
a
I
I
t
f
T

I

BOOS T
HEATE RI H= ó2.05 III+*i t t



It
t{
lf
at
It
to
tt
ll
tl
TI
It
It
II
TI
ll
tt
ll
T+
It

rt I
It
t¡
It
tl
ll
ll
tt
It
tt
tl
rf tttl
r80ILr
Ittltl

)>)))>

/\/\
/\
/\/\
/\
¿/\/\/\
/\/\
/\
/\/\

/\/\/\
/\
/\
/\

/\
/\/\
/\/\/\
/\
/\/\/\
/\/\
/\
/\/\
/\
/\/\
/\
/\
/\/\
/\/\/\
/\

/\

IFEEO OUf P/H¡
I T' 29.1 I

I P. 11633ó6.01
lH. ô2.05 I

lB. 9.11 |

ISÍATE=SUBCL I

l T. ¿9.1 I

I P. I 1 833óó.0 I

lH- å2.05 ¡

I 8- 9.47 |

I STATE'SUBCL ]

rttlll
r(((((((((((((((

FEEO T
PRE I

I 8OT IN EXP I

lÏr 101.1 I

I P. 11633óå.01
lH- t24.11 I

¡ 8. S.t2 I

/\l SÍATE.SATDLI/\ ------------
/\ lrl

/\/\/\/\/\/\/\ .
<<<f

t
I

\/\/\/\/\/\/\/
tltlrlttl
lt

I HrXtil I

IT. 5.E ¡

lP. S76s7E.1l
¡H. 252.9E I

18. 50.62 I
ISTATE.SATDV I

>>>>)>>>>>>>>>>>>>))>)>>>>))>>THEAT r
/\ r I
/\ lrrltll
/\
/\ I BOT IN P/H ¡

/\ lT' 101.1 I

/\ I P= 11833óó.01
/\ lH- t21.41 I

/\ I 8. 5.82 I

/\ ISIATE'SAÍDL I

)>)))>>>>>>>>> /\>>>>>> rEr>>>)>>)>>>>r
llr I

lltl I
t

rrltrlltl

I SOf ouf P/Hl
lT. 101.1 I

I P- 11833óô.0 I

lH. 124.4! 1

I B. 5.82 ¡

ISTATE-SATDL I

IBOT OUT EXP I

I T. 71.O I

I P= 57887S. { I

lH- 724.11 I

I B- 6.S9 I

I STATE=2 PHA I

I rtr ouT I

I T. 52.2 I

I P. 578678.4 I

lH- 153.55 |

lB= 9.67 ¡

I STATE-2 PHA I

\/
\/
\/\/
\/\/\/\/
\/\/
\/\/\/
\/
\l\/\/

N(,

I ABSOREER ¡TI
11- 52.2 I
I P. 578EZE.tl
lH- 153.55 I

!88.?.Ë1.t.
ISTAÍE=2 PHA I

I 80TT0ñ ouT I

I 1= 101.1 |
lP= 11833ó6.01
lH= 124.{1 I

lB= 5.¿? I

ISTATE=SATDL I

t
t

Jr 30.0

ttrttrrlllrlt
tf

ITSAT' 30.0r

Illltlllt}ttl**rtlr'ltttl'l+ttlttlllllt'llltltl}t+tIrt+tlll+tttllll

IAESORBER OUlI
I T- 30.0 ¡

lPn 57E878.{ I

lX- ó2.05 I

18. 8.9E I

ISTATE=SATDL I

I PUMP I,N I
lT- 30.0 |

lP. 578E78.{¡
I H= 62.05 |

I Bo 8.9E I

ISTATE=SATDL I

I PU¡lP OUf I

lT- 29.9 I

lP= 11833óô.01
lH= 62.05 |

Igo 9.al I

ISTATE=SUBCL I

\/
\/\/\/
\/\/
\/\/
\/\/\/\/\/\/\/

a It tl lltt
r PUñP T
Itlrrlrrl

}COLUTIN PLATE NUI'IBERS: TOTAL-13: RE

TRECTIFYTNG HX TOTAL= 0.00OKìl¡ STRI'
TFEEDPLAÌE: TEIIP- 5ó.30 DEG C: LIQU¡D
TABSOLUTE REFLUX FLOI¿ TO DISTTLLATE F

TACTUAL REFLUX FLO¡I TO ¡IINITIUII REFLUT

CTIFYI!r|G. 7: STRIPPING= 3 r
PPING HI ÎoTAL= 0.000Kt'l t

CONC' 0.322: VAP CONC= 0.739r
L0!¡ nAT t0' 1 .70 t

FL01{ RATIO= l.l7 r

IEvAPoRAToRIcoNDENsER!ABSoRBERIB0ILERIPUI'PtE00sT|
t---------- ------------l
rKl.|110.00o1t7.872.23.434131.30ó10.1071o.000r
trllt'rIttr'ttltr}rrttlllrtlt.lltt'tlItlll.*ttllttt'tlltlrrlrll}l.ll
rlllFEEDt
rlll
rtD¡STILLATEIBoTTo}lslP/HEATlcoLUllN/HIIToTALI
l---------- ----------- I

TFLoHsKG/s10.o58o10.19s110.000010.00001o.25ó1*
TCoNCENTRATION I 0.990 I 0.050 I 0'163 I
t---------- ------------*

+ lt[l¡IüUÎl REFLUX FLOII (KG/S)' 0.03{9 }
tllrtrrtltlttlartrltll+trtltrl*tllllllttltlrltttltllìtlrtll{ttttttl
TCARNOI CoP= 2.114 SASEO ON 5.0, 30'0 & 101'l DEG C r
rC0P= 0.31S COPHEAT= f .315 PUIIP Xt'l AS T= 0'3 |
lllllllllrJlr}'r(}rlr}rttllltllttllr}tltlrltllrrlltltlltllrtrlf}llll

((<<<(<<<<<<<<<<<<<(<<((<
FIËURE HI
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tDE6C tYtt

t 30. o

10

?

I

59 .1

s2.3

56.3

1t 66.7 2.85

I HEAÎ TF I FEEO FLO¡I I A/BY CH I PHASE I

I Kra r K6lS I KJIS I I

}IASS IENIHALPYIENTROPYIAVAIL/TYIFU6 COEFIFU6 COEFI FLOII
cor{c I KJIK6 lKJtKí Kt KJTKG tcoipT t tcoñpÎ 2 I KGls

006-01 .0t

. 013

01

. 01{1.13

17.8721
I
I

0 .000 r

I

I
0.000 r

I
I

0.000 r

0.000 I
I

0.0000

0.0000

0. 0000

o.0000

0.0000

0.0000

0.0000

0 .0000

0.2561

0.0000

0.0000

0.0000

0.0000

I 0. 990
| 0.997
I

I 0 .9ô2
I 0.990
I
la.it7
| 0.976
I
ro.E4ó
I 0. 960
I
to.7 40
r 0 ,931
I
I 0.604
r o.88E
I
r 0.470
I O.833
I
¡ 0.375
to.779
I
1o.322
I 0.739
I
r 0.291
I 0. 711
I
10.221
I 0.629
I
I 0.125
to.447
I
r 0.050
t 0 .211
I

o.327
0.000

.33+

.922

.312

.925

0.352
o.?29

0.363
0.934

0.373
0.940

0.36t
0.94á

0.368
0. r50

0.39á
0.953

ó5.5ó
0.o0

o.E47
0.000

0.Es9
o.841

0. E61
0 .645

0
0

o.994
0. E52

1.123
o.E56

1 .315
0. E6ó

1.519
0. 873

7.671
0.87E

t .761
0.8E2

2.095
0.E91

0. ool
0.000

0.1E7
o.720

0. 1E5
0.731

0. i,63
o.733

0.183
0.738

0.188
o.745

o.203
0.753

o.225
o.760

o.244
0.7ó6

0.259
o.769

0.306
0.778

o.426
o.793

o.0990
0.0000

0.0410
0.0?90

0.040s
o.0990

0.0{06
0.098t

0.0398
0.0?83

0.0397
0.097t

0.0399
o.0977

0.33ó7
0.0980

0.3391
0.1386

o.3473
0.1 {10

0.3698
o.1695

0.1 981
o.t777

LIQ
VAP

80
267

80
26t

7t
2a

732

3

30.7 t

37,7 t.

33.5

36.4 1.?ó 0

+o. t

16.7 t

03

07

-0

-0

-0

-0

-0

-0.01{l
I
I

-o.734 t

.31

9E
50

37
01

60
261

81
2é2

LTQ
VAP

LIQ
VAP

LIQ
VAP

0
0

0
0

61.E5
65.62

5ó. ó9
ê1 .27

{9.5{
62.21

4

60. E2
267.19

a2.+2
262.79

81. b1
2ô+.06

87.52
265.t6

91.67
266.41

108.87
270.06

724.47
273.25

921
E{6

j

024

024

01

-0

o00

000

000

00Il

0

0

0

0

0

000

000

77

0t

30

45

L¡
vâ

LTQ
vâP

LIQ
VAP

4fJ.14
s9.42

tt .63
4ó.02

2?.13
55.79

1+.46
48.2A

o
P

0
0

o402
0966t

1.47ó

7 20.20
51 .7å

t\)(,
N

3?2
952

2

2

2

LIQ
vâP

LTQ
VAP

L¡Q
VAP

4

I Lre
VAP

VAP

0.406
0 .9s2

10.09
14.52

7.16
+0.74

+.a7
34.i7

c câ

32. E9

89.89
265.8S

.97
70

96
726

L¡Q
VAP

64

0
0

-0

-0

LTQ

10å

99E

000

068

82.3 3. SE 0

13 101 .1 4.22 -31 .30ó

t{o A/BY CH i¡ los strearr only.

0.428
0.939

o.4s7
0.900

2.771
o.?71

3. ó30
0.939

o.6t7
0.El1

fE
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SECOI.ID LA}I AI{ALYSIS

P I PEWORK
CONDENSER OUT TO PRECOOLER ¡I{
PRECOOLER L¡Q OUT TO EXPANSIOI{ ¡'I{
EVAPORATOR OUT TO PRECOOLER TN

PRECOOLER VAP oUT T0 ¡tlxlllc tl{
]IIXING OUl TO AESORBER I1{
ABSORSER OUT 10 PU]IP IN
PUñP OUT TO FEED SPLIT
FEED SPLTT TO PREHEATER TT{

PREHEATER OUT TO FEED JOII{
FEEO SPLTT TO RECTTFIER HI IN
RECTIFIER HX OUT TO FEED JOIN
BOTTO¡I OUT OF COLU¡1N TO HI TN

EOTTOII HX OUT TO PREHEATER ¡I¡
PREHEATER OUT TO EXPANSIOÎI IN

-----J-----
EXPANSION t

DISTILLATE EXPANSTON
80TT0l1s ExPA|¡S l0N

PUIIP

INTERNAL HEAT EXCHANGERS
PRECOOLER
P REHEATE R

PERCENI OF AVAILAB¡LITY LOSStlJts

0.000
0.000
o.000
o.000
0.000
0.000
0.000
0.000
0.000
0.000
o.000
o.000
0.000
0.000

0.000
0.000
o. o00
0.000
0.000
0 .000
0. o00
0.000
0.000
0.000
0. o00
0.000
0.000
0.000

-0.101
0.!12

1.674
-3.499

0.000
0.000

-1.689

14.328

56.02E

0.000
0.097

N(¡)(,

0.109

0.000
o.oo0

o.702

3.94?

-3.3?4

0.000
-0 .00ó

EXTERNAL HEAT EXCHANGERS
EVAPORATOR

EVAP REFRTGERANT STREAÌIS ONLY
EVAP CARNOT -0.8ó8

COLUTIN
CâRNOÎ ONLY
(STREAÌ1S ONLY = 2.555 )
COLUIIN ONLY= CARNOT-5TREA]IS
(nlNll'lult SEPERATI0N s¡0Rl('

CONDENSER
COND CARNOT
CONDENSER STREAÎIS ONLY

-0.76ó

ASSORBER
ABSORBER ANO IIIX¡I{6 REFR¡GERANT STREAIIS ONLY -2.003 33.060
CARNOT FROM AVERAGE TE¡ÍP O.OOO

2.5+9'

0.000
FTGURE HI CONTD



rf trtrrr+trr++f ttrf rrrlr;lttlr r+rrt+rl+tlllllltltllttrl
R 1r -R 22 ABSORPTION REFRIGERATIoN SYSTEn I
R 11 CHLORODIFLUOROI.TETHANE ( CHCLF2 ) T
R 22 TRICHLOROFLUOROFETHANE ( CCL3F ) T
COHCEI{TRATION OF DISI¡LLATE. 0.990 T

RAT!0 0F FEE0 T0 OISTILLATE- 4.47 r
PROPORTION OF FEED FLO}, THROUGH FEED PREHEATER! T.OOT

trall+ttttrttlr

I
t
I
t
T
I

t
T

I
T
I
+
t
{
I
T

I OATA AND UNITS I
IT.TEitPERATURE 0EG C I

I P.PRESSURE KPA I
I H.ENTHALPY KJ/KG I

I 6¡AVAILABILITY KJlKG I

I EXPA|T¡SI0t{ I}t
I T¡ 30.0
lP. 11633ó6.0
I H= 60.71
I B= ó5.5ó
I STATE=SAT0L

, 
--;;;;-;;---,

lT. 5.0 I
I P. 57867Ë. { I

lH. 60.71 I
lB. ó3.6r I

ISTATE-2 PHA I

t
I
I
t
t
t
I

EVAPORAlOR
TSAT' 5.E

0tSTILLAÍE SUPERHEAT AT EVAPORAT0R OUT=
FEED SUSCOOLIN6 AT ABSORBER OUT-
DTSTILLATE SUBCOOLIN6 AT CONDENSER OUT=
APPROACH FLUID OFF EVAP IO EVAF II{. -

O.O DEG
0.0 DE6
0.0 DE6

0.o DE6

Irltattlattlt lI
/\ \/
/\ \//\ \/

trr \/\/

\/
\/

\/\/
\/

\/
\/
\/
\/\/
\/
\/
\/

\/

l EVAP oul I

lT. 5.6 I

I P= 57E87ê. { I

lH- 252.?8 'I
I B. 50.62 I

I STATE=SâT0V I
ÍAPPROACH CONDENSER ANO ABSORBER= O.O O.O DE6
r ALL CONCENIRATIONS ARE 

'.IASS 
CONCS OF R 11

+ENTROPY AND ENTHALPY DATUII TE]IPERATURE = -4O.ODEG CT
IAVBTY OATUÍíS: TEIIP- 30.ODEG C :PRESSURE= 101.3 KPA+
tttllrrr lr+rlr+r*tlttat+rt+tIIt*t+lltrttt{ltlltltrllltlt

rEr
att
/\/\/\
/\/\
/\
/\/\
/\/\

I Co¡rD ouT r

I T= 30.0 I

I P. 1 I 833åá.0 I

I H= E0.71 |

I B= ó5.5ó I

ISTATE=SATDL I

T= 30.0 )> >

TTITÌI
rcoNDr
r{rttt
Ðt
+l
TT
II
TT
tt
It
It
It
fT
tt
{Tì'
l+
*t
TI
ll
t+
t+
tt
rt
IT
1t
T{
lt
tr*trr

t\,(¡)
¡.

I COLUIlII FEED I

I T= 66.4 I

lP= tlS33óó.01
lH= 113.4ð I

liì= tt.{ô I

ISTATE=-- FrlA I

r FEED r
.FEËor{{<r 8005T r{<<<<<<<<<<<<<((
{r*r}r * HEATER r
r I atlatll¡ltata
T}

I FEEO I

I T= óó.4 I

lP= 11833óó.01
lH¡ 113.18 I

/\ ¡8= 11.4ó I

/ \ I STATE=.' PHA I
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t
t
t
I
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FEED OUf PIHI I\
fr ó6.{ I /\
P. 1163366.01 /\

I BOf IN P/H I

lT= 101.1 |

I P. 11833óó.0 I

lH= 724.47 I

I B= 5.82 |

I STATE=SATDL I

tttttrrlt
IPRE . /\ rtr , t
IHEAT r>>>>>>>>>>>>>>
rrl\l+ttt
atrlttr /\ ttlllrttl

lH: ó2.0S
I B. ?.41
I STATE.SUSCL

I BOf ¡N EXP I

l1¡ 29.i I

I P' 11833óó.01
lH. 57.91 I

18¡ 2.6E I

I BOT OUI P/HI
lTo 2?.9 I

I P= 116336ó.01
lH= 57.91 |

I B: 2.88 I

ISTATE=SUBCL I

IBOT OUT ETP I \/
11' 30.1 I \/
I P. 5761178. å I \/
lH- 37.91 I \/
tB3 2.+E I \/
I STATE=SUBCL I \/

I IIII ¡N I

lT- 5.å I

I Po 578876.41
lH- 252.96 I

18= 50.62 |
ISTATE'SA10v I

I illf ouf r

lT= 3S.t I
I P= 5768711. t I

lH= t0?.t? I
lg. 8.25 I

ISTAÍE=2 PHA I

ABSOREER ¡I{ I

f= 39.1
Pa 578474.4

lH= 102.12
I B- 8.25
I STATE.2 PHA

tAESoRBER oufl
I T= 30.0 ¡

I P= 878678.41
I H= ó2.05 I

I B= 8.98 I

I STATE=SATOL I

I PUirP lñ I
I T= 30.0 I

I P= 578875.ål
I H= ó2.05 I
I 8= 8.98 l
I STATE=SATOL I

I PU|IP OUT I

I T= 29.9 I

I F= I lë¡33åå.01
I H= ó?.05 I

18. 9.{r I

I STAIE=SUBCL I

\/
\/
\/
\/\/

H. 113.t8 I /\ rrrrrrt
I B= 77.46 I <(<{ r<<<<(<<<(((((<</\ I STATE.SUBCL I

I STATE=2 PHA I ¡FEEO r
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/\
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lH= 12t.41 I
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ISlATE=SATDL I
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{coLUñN PLATE NUñ8ERS: TOTAL=I2: RECTIFYTNG- 7: STRIPPIN6= 2 |
lnECTf.FYti{6 HI TOÍAL' 0.000KtJ: SÍRLPPt,tl6 HI ToTAL' O'000K!l I
TFEEDpLATE: TEHp= é8.30 DEG C: LIOUIO CONC= 0.209i VAP CoNC= 0.ó11r
TABSOLUTE REFLUT FLOII TO DISTILLATE FLO¡J RATIO. 1.99 }
+ACTUAL REFLUX FLOI{ TO IIINIIIU}I REFLUX FLOII RATIO- 1.15 T

|,---------- -----------t
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r---------- -----------¡
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rcoilcEilTRAf¡,Oll I 0.990 I 0.050 I 0.263 {

-----------l

r ilLfllluil REFLuI FLOII (l(G/S) = 0.050t )

tltrlt+l}*r:1t+t'lll+t}ttlttlrl+lItt+Il+tIllIItltIrllt+tl.II+t}+ill{Ilr
ICAR¡|CT COP= 2.tt4 BASEO ON 5.0, 30'0 '! 101't DÉG C '
rCoP= 0.47n CoPHEAT= 1 . a55 PUIIP lit'l AS '?'= 0 ' 5 t
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/\ Itlllttltlllt
/\ll
/\ f: 30.0 > >>

/\ ITSAT' 30.0r
/\ lltttlltlrtlt
/\ \/
/\ \/
/\ '\/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ \/
/\ lltllrllr
/\ r PUrP r
/\ tltttttta
/\ \/
/\ \/
/\ \/

( ( ¿. { ({<(< (.: ({{ ({ <((<<<< < <

FIE¡URE H?



ilo I TEtlP
IDE6C

IK
I Y/X

¡HEAT TFIFEED FLO¡alA/8Y CHIPHASEI i'tASS IENÌHALPYIEl{TR0PYIAvAIL/TYIFUG COEFIFUG C0EFI FL0r.,¡

I KrJ I K6lS tKJIS I tCot{CtKJ/K6 lKJtKg Kt KJIKG lconPTllcollPT2lK6/s

7 30. o I .01 20.973t
I
I

o.000 I

I 0.990 I

t0.997 I

tl
t0.9ó2 I

I 0.990 r

tl
t0.906 r

t0.976 I

tl
I 0.80ó I

t0.t49 r

ll
t0.636 I

t0.a99 I

tl
r0.{37 I

r 0.81ó I

¡1
I 0.298 I

r 0.718 r

tt
t0.23{ I

to.647 I
lt
I 0.209 I

I 0.611 I

ll
r0.169 I

r0.544 I

ll
r 0.109 I

I 0.{06 I

tt
r0.050 r

r0.21t r

ll

80.77
?61 .26

80.75
261 ,3t

60.84
261.43

81 .10
26t.61

E2.10
262.70

65.+8
264.59

9t.20
266.32

95.76
267.55

j9.71
267 .8ê

102.a7
268.90

111 .55
270. S3

72ç.+2
273.24

o.327
0.000

0.33{
o.922

0.344
0.926

0.357
o.931

0.371
0 .939

0.383
0.946

0.395
0.953

0. {03
o.952

0.408
0 .951

65.36
0. o0

0. 6{7
0.000

0.859
o. E{t

O. EEó
0.8{6

0.9{6
0. E4?

1 .086
0. E57

1.377
O. EóE

7.752
0.8E1

2.O24
0.86?

2.761
0.693

2.+to
0.900

2.921
0.916

3.630
0.939

0. 001
0.oo0

0.187
o.72fJ

0.185
0.731

0.183
0.735

0.1E6
o.7a3

0.209
o.7s5

0.255
o.7ó8

0.295
o.776

0.316
o.779

0.359
0. 765

o.457
0.796

o.115E
o. 0000

0.0s77
o.1158

o.o57 6
0.1157

0 . 0570
0. 115ó

0.05ó1
0.r150

0.0561
o.7142

0.0571
0.1141

0.0584
0.ff5t
o.2976
0.11ó4

0.2982
o.0955

0.31 33
0 .1 001

0 .1 9Et
0.1152

0. 0000
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3

4
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I .08
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0

5 39. 6
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1 58.3 2.41 0
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o. ooo r 0.0000 -0
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000
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{-

2.76
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(^,
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0.0000
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I
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-0.076 r
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o.2561 -0

0.0000 -0. s39 r

0.0000 3

LIQ
VAP

LIO
VAP

LIQ
VAP

0.{tå
0. 948

31 .83
56.67

18.12
so.62

70.46
{+.90

7.66
41 .52

6.7 4
40.03

5 .61
37.63

4.80
34.14

L¡O
VAP

LIQ
VAP

0 .000 r

I

I

0.000 I

I

I

-21.178t
I

¡

-o.1920.0000

77 85. ó 3.71 LTO
VAP

LTQ
VAP

0.453

0.457
0. 900

0.617
0.El1

0.933

12 101.1 4.22

NOTE¡ A/BY CH is for strearns onlY.
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SECOND LAII AI'¡ALYSIS

P¡ PEI¿ORK

E X PANS TOil
DISTILL

_-_-::11::
PUi'IP

ÍNTERIIAL HEAÍ ETCHANGERS
PRECOOLER
P REHE.qTER

EXTERNAL HEAT ETCHANGERS

EVAPORATOR
EVAP REFRIGERANT STREAIIS ONLY

EVAP CARNOT -O.EóE

KJIS PERCE]'IT OF AVAILABILITY LOSS

CONOEI{SER OUT 10 PREC OOLER IN
PRECOOLER LTO OUT TO EX PâNSlON I,N

EVAPORATOR OUT TO PRECOOLER I1{

PRECOOLER VAP OUT TO NIITNG IN
IIIXIN6 OUT TO ABSORBER IN
ABSORBER OUT TO PUIIP IN
PUIIP OUT IO FEED SPLT T

FEED SPLIÍ TO PREHEATER IN
PREHEATER OUT TO FEED JOIN
FEED SPL¡T TO RECTIFIER H x IN
RECTIFIER HX OUT TO FEEO JOIN
BOTTON OUT OF COLUITN TO HX IN
EOÍTCII HX OUT TO PREHEATER IN
PREHEATER OUTi TO EXPA NS ION IN

0.000
o.000
o.000
o .000
0. 000
0.000
0.000
o.o00
0.000
0.000
0.000
0.000
0.000
0.000

0.000
-0 .057

0. 000
0 .000
0.000
0 .000
0.000
0 .000
0. o00
o.000
0.000
o.000
0.000
0 .000
0. o00
0.000

ATE EXPANSION -O'TO1

EXPANSION -0'060

0.109

2.434
t .96t

o.000
7.379

0.000
0.rô7

N(¡)
{

ABSO RgE R"---nãõoneEn 
AND lllxtNG REFRTSERANT srREalls oNLY

cÀn¡¡or FRoti AVERAGE TEIIP o'ooo

-0.7óó

2.O24>

0.102 -2.475

20.199

-7'.12? 27.305

4.o24

-1.9i3 48.224

COLUIIN
cARtloT 0l'lLY
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SECOND LAI{ ANALYSIS

P ¡ PETIORK
COI'¡DEI.¡SER OUT TO PRECOOLER IN
PRECOOLER L¡Q OUT TO EXPANSI'ON TN

EVAPORAÍOR OUT TO PRECOOLER IN
PRECOOLER VAP OUT TO NIXING TN

lrlxrt¡6 0uT 10 A8S0R8ER tß¡
ABSORBER OUT TO PUNP TN

PUIIP OUT TO FEED SPL¡T
FEED SPLIT fO PREHEATER IN
PREHEATER OUT TO FEED JOIN
FEEO SPLIr rg RECTIFTER Hr lN
RECTIFIER HX'OUÎ IO FEED JOIN
BOTTOI1 OUT OFr COLUÌIN T0 HX lN
gOTTOlf HX OUT TO PREHEATER II'I
PREHEAfER OUT TO ETPANSION I'N

EX PAilS lOì¡
DIST¡LLATE EXPANSIOI{
s0f Toirs ExPAI¡S ¡,0N

PU¡f F

INÍER}IAL HEAf EXCI'IANGERS
PRECOOLER
PREHEATER

EXTER¡IAL ¡IE.CT EXCHANGERS
EVAPO RATO R

EVAP REFRIGERANT STREANS ONLY
EVAP CARNOT -O.867

-0.836

ABSO RBE P

AESOPE.ER ANO IlIXIN6 REFRI6ERANT STREAIIS ONLY

CARTIOT FRO;I AVERAGE ÍETP O.OOO

c0LUrt't
CARNOT 0],¡LY
(STREAnS O¡|LY = 1.852 )
COLUllf,l ONLY= CARN0T-STREAtlS
(Ì1Ifliì1Ull SEPERATI0N t¡0RK= t .86ó )

c0N0Er,rsE R

COND CARI.IOT
COI¡DEiISER 3TREAIIS O}¡LY

KJlS PERCEI.IT OF AVATLABILITY LOSS

0.000
o.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .00t
0.000
0 .000
o. o00
0 .000

0.000
0.000
0.000
0. o00
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
r.000
0.000
0. û00

N
â.

-0.042
-0.073

0.o99

-0.078
-0.05:

0.000
-0.0ûó

7.t14
1.9t 1,

0.033 -0.8s3

23.000

-o.867 22.jia

3. ó71

-1 .81 I 48.232

1.380

0.00c
0.1é7

0.00û
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SECOND LA]J ANALYSIS

PI PEIJORK
CONDENSER OUT TO PRECOOLER IN
PRECOOLER LTO OUT TO EXPANSION IN
EVAPORATOR OUT TO PRECOOLER IN
PRECOOLER VAP OUT TO ]I[IING TN
IIIXING OUT TO AESORBER TN
ABSORBER OUT TO PUITP T}I
PUI,IP OUT TO FEED SPLIT
FEED SPL¡T TO PREHEATER I}I
PREHEATER OUT TO FEED JOIN
FEED SPLII TO RECTTFIER HX IN
RECTIFIER HT OUT TO FEED JOIN
80TT0r ouf oF.CoLUËN 10 HX IN
B0TT01,i HX oUT JO PREHEATER IN
PREHEATER OUl TO ETPANSION IN

EX PANS ION
DISTILLATE EXPANSIOl{
g0TT0ñs ExPARSI0t{

PUITP

IIITERNAL HEAT EICHANGERS
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CONDENSER
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CONDENSER STREA}IS ONLY

PERCENT OF AVAILABTLITY LOSSKJ /S
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o.000
0. o00
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0.000
0.000
0.000
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0.000

0.000
o.000
0. oo0
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o.000
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0.099

-0.078
-o.0Eó

1,329
2.316

2.156
2.770

0.033 -1 .0s4

27.436

-0.8ó7 27.425

3. 061

-1.776 37 .217

0. 000
-0.005

0.000
0. 165

0. o00
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SECOND LAI¡ ANALYSIS

PI PEIJORK
CONOENSER OUT TO PRECOOLER IN
PRECOOLER LIQ OUT TO ETPANSION IN
EVAPORATOR OUl TO PRECOOLER IN
PRECOOLER VAP OUT TO I.IIXIN6 IÑ
ñ¡XIN6 OUT TO ABSORBER IN
ASSORSER OUf TO PUHP ¡N
PUI1P OUl TO F.EED SPLIT
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sEcoxo LAg âIALYStS

PIPE¡JORK
COXDEI{SER OUT TO PNECOOLER ¡X
PRECOOLEN L¡E OUl TO EIPAI{SIOX II{
EVAPORAIOR OUf TO PRECOOLER ¡X
PNECOOLEN VAP OUT TO IIIIII{6 II{
ñIIIIIS OUT TO A8SONBER IlI
AESOß8ER OUT TO PUIIP ¡¡{
PUIIP OUT TO FEED SPLIT
FEED SPLIÎ TO PREHEATEN Iil
PNEHEATER. OUT TO FEED JO¡I{
FEED SPLIT TO RECTIFTEN HX II{
REcrtFrER'Hr our ro FEED Jofi{
BOTTOII OUT OF COLUIII{ TO HI I¡I
BOTTOII HT OUT TO PREHEATEN IT
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t---------- -----------t
rFLol,ls KG/s lo.O7o8 10.2190 10.2858 I 0.0000 10.28S8r
+CONCENTRAÍION I 0.990 I 0.050 I 0.283 I
a---------- -----------l
{ l'llNllful.t REFLUX FLol¿ (K6/S) = 0.03t3 t
t+rtr{ttr}+ttI+trat*++It}trlr{a++lrr+rIl+tItl+¡tttlr+lll+l+Ittlt+lt
+CARNOT COP= 2.227 BASED 0N 5.O, 30.0 & 105.9 oEG C r
rCoP= 0.61ó CoPHEAf= 1.609 PUnP fH AS t= 0.4 t

/\ tlltrtrtrrrrt
/\ t I
/\ T. 30.0 >>>
/\ TTSAT. 30.0r
/\ rttrrrrrrtttt ------------

I.ASSORSER OUT ¡

lT. 30.0
I P. 360458.5
lHr 57.51
I B- 2.36

':11ï::11::_

I PUIIP I¡{
lT- 30.0
t P. 3ê0{58.5
lH= 37 .51
l83 2.3è
I STAfE=SAf0L

/\

/\ rl**+rr+r I PUNP oUT I

/\ \/ I T- 29.9 I

/\ \/ I P- 739267 .7 I

/\ \/ lH! S7.Sl I

<<(<<<<(<<((<<(<(<<<<<<<< lB= 2.67 I

ISTATE=SUBCL I
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l o. ôt1
r 0.937
I
I O.179
1 0.878
I

r 0.3å7
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I
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I
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¡ 0.4s0
¡

10.050
I 0.237
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SECOND LA¡I ANALYSIS

PI PE}'O RK
CONOENSER OUT TO PRECOOLER ¡N
PRECOOLER LIO OUT TO EXPANSION TN

EVAPORATOR OUT TO PRECOOLER IN
PRECOOLER VAP OUT TO }IIXIN6 IN
Ì'l¡XIN6 OUT TO ABSORBER ¡N
ABSORBER OUT TO PU¡IP lN
PU]IP OUT TO FEEO SPLIT
FEED SPLIÍ TO PREHEATER IN
PREHEAÍER OUT.TO FEED JOIN
FEED SPLIT TO RECTIFIER HX IN
RECTIF¡ER HX OÙT TO FEED JOIN
EorToll ouf oF coLutlN T0 HX lN
BOTTOII HX OUT TO PREHEATER IN
PREHEATER OUT TO EXPANSION T}I

EX PA¡¡SION
DISTILLATE EXPANSION
BOTTOITS EIPANSION

PUIIP

INTERNAL HEAT EXCI{ANGERS
PRECOOLER
PREHEATER

EXTERNAL HEAT EXCHANGERS
EVAPORATOR

EVAP REFRIEERANT SIREA}IS ONLY

EVAP CARN0Î -0.843
-o.t42

AgSORBER
ABSORBER AND I'IIXIN6 REFRIGERANT STREA'IS ONLY

CARNOÍ FROIT AVERAGE TEIIP O.OOO

COLUIf N

CARNOT ONLY
(STREAI'IS oNLY ' 1.838 )
COLUI.IN ONLY=CARNOT-STREA]IS
(llINlllul'l SEPERATI0N t'l0RK= 2.832'

cor'tDEt{sER
CONO CARNOT
CONDENSER STREAIIS ONLY

PERCENT OF AVATLAEILITY LOSSKJ IS

0. 000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0. 000
0.000
0.000
0.000
0. 000
0.o00

-0.035
-o.052

0.o71

-0.0ó0
-0 . 110

0. 000
-0.00ó

0.000
0. o00
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

I .0ó1
t.ss7

0.001 -0.03t

25.487

-0.803 24.2b7

3.237

-1 .400 +2.376

t.a2+
3.336

0. 000
0 .185

0.000
FI6URE HlÖ



latrtralrrttttrt+tttrÕtrrltrtrttrrltrtrìrrrrltrralrrttr
N 11 -R 22 AESONPTIOI{ REFRIGERATION SYSTEII T

R 11 CHLOROOIFLUOROIIETHAI{E ( CHCLF2 ) T
N 22 TRTCHLOROFLUOROITETHANE ( CCL3F ) T
CONCENIRAÍION OF DISIILLATE. 0.990 I
RATIO OF FESO TO DISTILLATE. IO.ó9 I
PROPONTION OF FEED FLOS IHROUGH FEED PREHEATER. I.OOT

trtrrtettttltrr
T
T
I
I
I
t
tt

I
I
I
I
I

o
t
t
t
I
T
I
Õ
T
t

I DATA AND UI{¡ÍS I
lT-TEiPERATURE DEG C I

I P.PRESSURE KPA I
lX'ENTHALPY KJIKG !

IB.AVAILABILITY KJlKGI

I EXPANSION II{ I

lT¡ 31.3 I

1P.1889815.01
lH. 82.75 |

lB' 73.72 I

ISTATErSUBCL I

¡ FEED I

I T- 96.7 I

lP= 1889815.01
lH= 124.46 I

lr 15.0 <<(

I EVAP It{ I

llr 7.O I
lPr 61192i.61
lH- 82.15 I
lB. 70.94 |

ISTATE-2 PHâ I

tPlcooL L oufl
lT' 31.3 I

lPr t88961S.01
lH. 82.75 I
18. 73.72 I

ISTATE¡SUBCL I

IPICOOL L I¡{ 1

ll. 4t.0 I
lPr 1889815.01
lll. 105.85 I
I B. 72.26 I

ISTATE=SUBCL I

EVAPORATOR
TSATr 7.7

/\ \/
/\ \//\ \/

ilr \/rEr \/rrr\/
/\ \/
/\ \//\ \/

tltttlttttarrtr
II
tl
r PNECOOLEß 'll
IT

/\ \/
\/\/
\/\/
\/\/
\/\/
\/
\/
\/
\/
\/\/\/\/
\/\/
\/\/
\/\/\/\/
\/\/
\/
\/\/
\/
\/
\/\/

(<< fr 21.O

t
t
t
I
I
T
IDISTILLATE SUPERHEAT AT EVAPORATOF OUf.

FEED SUBC0OLII{G Af ABSORBER OUTr
DTSÍILLATE SUBCOOLI,NG AT COI{DENSER OUT.
APPROACH FLUID OFF EVAP T0 EVAP IN -

t.O DEG

5. O DEG
1.0 DEG

8.0 DE6

I EVAP OUT I

lT. t.7 I
I P. 67+i29.61
|H.254.{0 I
18. 5å.5å I

I STATETSUPHV I

tPlcooL v fN I
lT¡ 8.7 I
I P. 6l+929.êl
lH¡ 254.4O I
I B. S4.Só I

I STATE-SUPHV I

tPlcooL v our1
llr 43.O I
I P. ó1+929. é I
lHr 27t.10 |
I B. 50.16 I

ISTâTE.SUPHV I

TAPPROACH CONDENSER AND ASSORBER- 10.0 9.0 DEG
r ALL CONCENTRATIONS ARE IIâSS COXCS OF R tt
ÐEIITROPY AND ENÍI{ALPY DATUII TEIIPERATURE . .4O.OOE6 CT
TAV8TY DATUIIS¡ TEllP. 38.0086 C ¡PRESSURE. 101.3 KPAI
ItrttttttttttrttlaltrttÐlrtrrlrtltrlllìttÐtlrtìttltrrrt

l coilD ouT r

I T. {8.0 I
lP.1689E15.01
I ll- 105.85 I

18.72.2ê |

ISTâTE.SUBCL I

>>>))>>>)>>>>>>>))>>>>>>>>>>>>>>))>>)>)>>)>>)>>>>>>>))>>)>>>)>>>>>>>>>>>)>>
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rr+rrr r FEED I
TFEEDT<(<r B00ST r((((((((((<<<<<(

fr 3t.0 >>>

I COLUñN FEEDI
I T= 96.7 I

lP= 1889815.01
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\/\/

IFEED IN P/H
lT. 42.1
I P. 1669t15.0
lH. 71.31
I B. 9.50
I STATE¡SUBCL

I gOT IN EIP I
lT¡ 17.7 i
lPr !989E15.01
lH. 73.?S I

/\ IttIItI 18. 7.66 I
<<<r r((((((((((<<<<</\l STATE-SUSCLl

IFEED r
oPRE I

/\ trttrrttt
/\ IIT t t

>>>>>>)>))>>>>>>)))))>))>)>>)>)>>>>THEAT r >))>>>>>>>)> /\>>>>))rEr))>>>>>)>)>r ñIr r

IFEED OUT P/I{
I T. 9b.7
I P- 168981S.0
lH- 124.46
18. lt.2O

I STATE-SUBCL

tl
trtrrtttt

\/
\/\/
\/\/
\/\/
\/
\/\/\/
\/\/
\/\/\/\/

I HrXIl{ I
I T- {3.0 I
I P. 611929.61
lH¡ 278.10 I
I B. S0.16 I

I STATE¡SUPHV I

t,l¡ x ouT ¡53.3 r

614929.6t
92.86
8.26

1 ASSORBER TilI
lT. 53.3 I
I P- 674929.61
lH- 92.86 I

18. 8.26 I

I STATE=2 PHA I

I BOT I{X OUT ¡

lT- 109.0 I
lP- 18119815.01
lll= 132.35 I
lB- 10.98 I

ISTATE-SUBCL I

lEotHxrN I

11= 127.9 I
lP- 1889815.01
lH= 153.11 I

lB- 74.37 I
ISTATE=SATDL I

I BOTTOII OUT I

lT- 727.9 I

lP- 1869819.01
lH= 153.11 I

lB= 14.31 I
I STåTE=SATDL I

tt
IIIITIT
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tr]l

I gOT I¡I P/H I
lT= 109.0 I
I P¡ I 88981 5.0 I
lH' 132.35 I

I B. 10.98 I
ISTATE.SUBCL l.

I BOT OUT P/H!
lT. +7.7 I
I Pr 1889815.01
lH- 73.75 I

I B. 7.66 |
ISTATE-SUBCL I

IBOT OUT ETP I

lT. 48.1 I

I P. ê1,4929.61
lH- 73.75 I

lB. 6.81 I

!STATE.SUBCL I

I
lT.
lPo
lH-
18.
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fr 38.0
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>)> TABSoRBER r )))
TTSAT. {6.0r

Il'l' tttl't t t I tlllt ttr tt ttt rt t ttrttrr ttt t I tt t I lllrrt I rtI lrt lrt rr rIIIrt
TCOLUIIN PLATE NUI'|8ERS¡ T0TAL=13: RECTIFYII{6= 7: STRIPPING. 3 r
TRECTIFYING HI TOTAL= 0.000K11: STRIPPING HI T0TAL' lt.678Kll Ð

TFEEDPLATE: TEI!P=1O3.95 DEG C: LIOUID CoNC¡ 0.150: VAP CoNC.0.428r
TASSOLUTE REFLUX FLO¡I T0 DISTILLATE FLOT RATIO- 3.19 t
IACTUâL REFLUX FLOI{ TO IIINIIIUII REFLUX FLOIJ RATIO¡ 7.48 T
t--------t- -----------t
r I EVAPORATOR I CONOENSER IABSORBER I SOILER I PUITP 1 BOOSTT
t---------- -----------t
r Kt{ I 10.000 l29.4gl 113.3ó0 132.801 I 0.541 I 0.000r
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TCONCENTRATIoN I 0.990 I 0.050 I 0.136 |
t__________ -----------+
l tllNlltl,J¡l REFLUX FLo¡l (KGIS) - 0.0859 l
llltttttrta+tttttrrtrt+Itrtr rrlrtttrrrrlttllrtrtrltrtrllllllt+t+ttt
TCARNOT COP= 2.807 BASED 0N 15.0. 38.0 & 727.9 DEG C t
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I T. 43.0 I
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I ll- 71.34 I

18. 8.é3 |
I STATE=SUBCL I

! PUI{P IN I
I T. 43.0 I
I P' 614929.êl
lll= 7t ,34 I
I B- 8.ó3 I
I STATE=SUBCL I

I PUr.rP ouf l
lT= 42.7 I
I P= 1889615.01
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I STATE=SUBCL I
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119.3 3. tå

3.26

N0TE: A/8Y CH i¡ lor ¡tr¡¡r¡ onlv.

NO I TEIIP I K IHEAT TFIFEED FLO¡JtDE6C tYtx I K¡t I K6lS
IAl8Y CHIPHASEI ITASSIKJIS I tcoNc

IENTHALPYIEI{TROPYIAVAIL/TYIFUG COEFIFUG COEFI FLO¡It KJ/K6 ,KJ|KG Kt KJIK6 tCOttpT I tcoHpT Z I X:sté
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| -0.277t LIe
I IVAPtr
| -0.453t LIeI IVAP
tt

r 07.53
2b6.41

111 . 36
269,45

720.38
272.7?

126.êS
274.89
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0.86S
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trÌ+ttI*ìt+lttt{trtttttllltlttttr}rrtrrlttltrtrrraatatrr
A 72 .R 113 AESONPTION REFRIGERATION SYSÍEII T
R T2 DICHLORODIFLUOROIIETHANE ( CCL2F2 

' 
I

R 113 fRICHLOROTRIFLUOROETHANE ( CCL2F-CCLF2) I
CONCENTRATION 0F DISTILLATE. 0.990 o
RATIO 0F FEED T0 DISTILLATE- 3.9å r
PROPORTION 0F FEED FLOI¿ THROUGH FEED PREHEATER- 1.00r
DISTILLATE SUPERI{EAT AT EVAPORATOR 0UT. 21.o DEG r
FEED SUBCOOLING âT ABSORBER OUT- 2.0 DE6 r
DISTILLATE SUBCO0LING AT CONDENSER 0UT' 0.0 DEG r
APPROACH FLUID OFF EVAP TO EVAP lN ' 2O.5 DEG t

TAPPROACH COI{DENSER AND ABSORBER- 6.3 1.1 DEG t
r ALL CONCENÍRATIONS ARE IIASS CONCS OF A 72 I
TEilTROPY AND ENTHALPY DATUII TEIIPERATURE - ..O.ODE€ CT
TAVBTY DATUIIS¡ TEllPr 21.4DEG C :PRESSURE' f01.3 KPAI

I COND OUT I

I T. 29.7 I
I P¡ 733459.61
lH¡ ó3.36 I
18- il2.70 I
ISTATE.SAT0L I

tttttt
fr 27.4 >)> rCoNDr )>>

rrtttl

Illrtttrrltrttr
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