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THE THERIODYHAIC PROFTRTIVS OF AN RTHANE CHYS

Intreduction

This study of the thermsl properties of an ethane-crystsl oil
systen wes mede 88 & part of an extended resesrch plam being carried cut
by the Amsricen Petroleus Institute Beseorch Projeet Momber 37, These
studies ave being made at the Californis Institute of Technolozy in order
to gain an extensive kmowledge of the behavier of hydrocartons and their
mixberes Tis sconmlation of imovledre will be weed by petrolewn teche
mmé:iﬁg in the solvtion of thelr cowlicated flew and m&&w é;*?mmé ro-
servoir problems, The experimental work presented in this paper covers
the pressvre-volume~teupersiure relationships and the specifie haaﬁ‘at
constent volume moasurenents for & gerﬁéa 6f sthane~cryetsl oil gg@ggﬁg%‘
\ From thie work the entrony, heat content, internel enersy, 2nd fres ener -
ars calevlated for = mizture gcontzining 26.32 perceant by msse of sthene,
The pressure ranse is from 400 te %000 pownde per sguare inck sbsolube, ond

the tempersture range from YO°F. to 220°%F,
Haterisls

The oryetsl oil, a mater-white hishly refined oil consisting
mainly of naphthenic ringed hydrocarbons, wees obtzined from the Tmioe Uil
Cowpany, It had & specific gravity of 0.8863 st 100°7., & viscosity of

284 millipolces weasured at 100%F,, end an sverspse moleculsr weisht of
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327 as é:-’e;ta%nesi by the fressing soint loverine methad vsing zeverad
dfforent solvents (1), Therse were two different sancles of ethsus 11%@?;
for the ezperimental work., She ethone used in the specific hest measurew
ments wae crude ethane obizined from the Carbide and Carboen ﬁﬁa:ﬁiéa}.s Sorp.
and showed the following analyeis:

ethane 854
irpurities = 0

This ethane eould be used directly for speeific heat messurements since
mz ampunte of impurities do not measurshle affect them Howevery, @iiﬁéz
the pwsgmwaimm»tmemmv mpegurenents in order §£z zet @_%ﬁ’&’%ﬁ%@é
nroint »ai;rva to coineide with the dew point curve, o speelally desicned 4,
ethene purifying spparetis hed to be built, The method employed was to
igs;eﬁ‘émm the ethame in 2 zlase ring packed coluwnn one h&lf inch ;,::;1 '
ﬁim&w snd four feet lonz. Sultable mﬂmﬁ wag obbained by 2 rezener~
ative coollng eyele similar to the Linde eyele wsed in the sroduetion of
1iguid sirs  The middle freetion from the wéw}sa&% of the mimm wEy
condensed a’e lignid air tenperstors st a pressure less than 0.008 inches
of fmrm,. The ethene that wae vitimately obizined had a dsw point~ |

bubtle-pelnt difference of .1 pounds per sgvare inch af 885%F,
Apparatus

To ovtein the thermodynsmic vroperties, two different types of
measurenents were made. Ome type consisted of the pressure-volume-tem-
persture messurenents. These wers mode by J. £, Sherborne with the

Varizble Volwue apperatus (2). The other type consisted of measurements

wes an sdisbutic eslorimeter shown in Pisure 1 {3). It consiete of a

bombs in vhich the sarple 1= vlaced, which was pacbined from & golid
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bar of an alloy steel having s yield noint of over 1’3@.8’;{’ pounds per
squars inch. The w2lls were made as thin as nossible, 0,972 inches thick,
so that the totzl weisht apd, hence, the khsat capscity, of the beobh
would be smsll in eomperison with that of the sazmple. The thin =all mode
1t vossible to attain thermsl cquilibrive 2 1ittle ::zgi'a seickly. fthe
bondh wag ehromiua caa-tea} inside to preveat corresion by the hydrocsrbens
and chromiwm plated on the outside te cut Jown heat less frow 1t dwe te
redistion., Uithin the bomb wes & heatine coil, ¥, of 436 constantin
wire incssed in a stainless stesl tﬁ?}ﬁ, 0.020 inches in diemeter, sol~ :
dered mmwza the wall of the bomb, gi&é soldered throush the wall csf
the %@’ﬁ fs@s:éaufa#shér hollew steel tube ssmiaé &% the %t!fi in the honb |
ﬁﬁgﬁaﬁ@wﬁ as the wall f@r %ﬁ@ %ﬁ@m@agﬁ@ junction veed to messure the
ﬁ@@erﬁftma in the bomb, The maximwm workinz vressure of the bork wes
E%‘Bﬁ pounds per sgeare inch,

- The *&aﬁs’&; B {figvpre 2}, wos suspended in o ving, by by m@m of
£86 f{" smé 8 gauze wires, The ring in turn ses supporied upon trummions,
P and He @ﬁ%&én the Jscket; ¥, The a;r;aéa vetween the bomb end the Jacket
yos evocusted to & nresevre of shout ii}*g" . of mereury Ly an oil Aiffusion
"ﬁﬁ?&z} &:mm@é%& to #n oil cam fore~swmn, To nveld heat traznsfer from "ﬁm
bonk by radistion, the ga@kaﬁ wes ehrowivm j;;l%:ﬁa&m the inside snd @saé'
submerred iz an @ii %&té, ¥, vhose tenmersture wag a&atm&imﬁy meltre=
tainsd g;&,‘t};i:}%@.‘.i;}gﬁ?; of that of the boub, ;:aig eontrol was scconp=-
lished by the juss of & ghs%aal@ézric relay setusted by the 1iskit besm from
the =irrer of & bish gensitivity salvepomeler comseled in swié-ﬁ %3 ‘é;fg
thermocourle, one junetion of vhich wes on the immer surfoce of the boub,
T, ma»rt}gﬁ Jaclket ot colder than the Toamb, the 1ight would roizte
amsy Froa 'I;zs ;ff”ﬁét@aleaﬁsrie cell closine o pelsy vhich clesed the cirmﬁi
to i:.ézé heating eoile in the oil bath, In arder o :iasvre hoth thermel emé

?&?5@ sequilibrivm {the Biter beins the slover of atiaimment) within the

=3

bonb, 1% weshucillsted sbout the avie of the trunnions, To sceosplich



this movement without & stuffing Yoz throveh the vacvws Jooke. wally, an
iron ber vas fmm’gt@&m the shaft 1nside the Jucket, This Ler esrved %o
oseillste the bomb by fc»llcmri.ng the movement of the eleciromsemel, G,
cuteide the jacket., Tha Jeckst wee ploced in en =ir bath vhich wes Tept
ot the same temperature by a seveury themuostat. A differentisl theruow
eouple eivenit in vhich there wog a zalvanoms$er wag - ~laged tetwesn the |
gir bath and the oil bath to indicste the relative teuperature of the air
bath. It was founéd that when the spperstus wes in operation and the %ﬁ%%
wae 2t A %ﬁi%ﬁ&??tﬂre of 1&9“%&, itz tempersture would chanee lesz then
ﬁ,ﬁ‘%"? per r heove becemge of heat lezicage to and from the ket Esg z.:z;y
 The temperature of the system wes mezoured with the eid gfé*;
%h@f{;mé;@:;@l& zad & Bigh sensitivity sotontiometer e:&wnla of res i‘w fzg“ m

D.000% . ﬁ‘%e cold jvnetion of the thermeecounle wme pluced in & mewm“ '

;}r:g:r*teé ice bath, vt eriteted by means of & glass pro~
pellier plamﬁ in the beth snd rotated by 2 wotor. The amount of @l‘aeﬁ;ﬁﬁ
¢el enorey *zﬁée-ﬁ to the bowh woon hestine wor mesanred by wBENS. af mi&ax
gw%g&tisma%&r of ruch lower ﬁemitiﬁw. The current lvnpwl wss obis ,g,zw&
by messvring the slectronotive foree seross o shunt eround the hazt’ﬂ%’

fzgﬁii .ia*t}zﬁa%ma%; To fe.mm?e*’ms (‘iﬁ&ﬂ:’f& ;zz the recistance of the wmi;&w

ﬁrwit vhen the hesting vz haﬂmi mm cireeit was kepd elonsed «1? ‘E,ké

'%iﬁi@ me@;@t thet dirsctly commseted to the healing coils. mzzegz %hﬁiﬁﬁ%@,%
i;{:» ﬁﬂ@ goils were very short in lenzth, this fact 4id net introducs gza

fm:sra siskls error.
Experinentsl Hethod

The ezperimental method enployed in the @fesz._sure-waiaé:sgs«-%e;w

repsture work hss been described elessvh



ewmrﬁ ental work on the specific hests ot c:c\:ast =nt volvme the wf*@\éigi on
thernoeoople systen was calibvrated spaingt o sisondard thernomeler uizeed
in the oil bath. Since the o1l bath vee et the ssme temverntvre s the
%@mﬁ; the thermometer read the true ternerstuvre. The thernomater covld
avly be resd fo 0.0L%C., «nd this mmrwzg? iz not nsarly soed evmw'? ‘?f“éé:?
this ng. The temperature slso sould very sbout a 0.1°C. with the ﬁﬁ#‘
mz hester in the oil bath. An sversge velue was beken for each rasii ne,
-‘ﬂ!ﬁi t‘*:iw ﬁivi&eﬁ hg,v the potentionater s@ls reedine was nlotied o a»aim’z
gﬁ%ﬁﬁtimﬁsbﬁr scele reeding, Tven thoweh %mm were meny inscevr wies i
rmﬁmg%;he theramonstsr, neverthelerns, Aus ‘-'sg» the swerszing *;ﬁ?méss, @
very smooth and reproduciAle calivration curve was obtained. ’f}iﬁ@ ﬁzefﬁéti
af plotting nsde it noerible lo 'rﬁsﬁ the tenpersiurss very .&aﬁ%ﬂ%ﬁ@?x:\rg '
and §% i_és, thowehi ﬂmt they covld be read to within 0.002%F, %fe%mr, he=
eonae of heat 16ss snd nen=stizinment of equilibrium, the sctuel tm@eﬁn
sture of the bowb m‘ml“‘% enly be obisined to vithin .D1%F, The hest ean-
sttty af the borh =as deternined hy mmw B ane gifw hest mezevrement,
as ﬁaamﬁh@ﬁ below, when i emr;%v n@& Thydrozen o 3&1‘%&% f?ﬁ:ﬁ@f@zéﬁt trong~
mission ma»éhm. )

A specific best %et@mﬁ%%ﬁ&x wze begun by first evecuating is’im

berib m& afenrately weishine 14 to 5 o 1”%&:&; The bowb wee %ﬁ@-&ﬁﬂ k

sredn sfter the cryetsl o) bed besn sdded and the ale pumped ﬁf“s‘ i&.ﬁgr-
the ethene wos addod,the bowh wes weished onee wmore. TFrom this procedurs
the total weisht of the hydracarbons, the comnosition, sand the welsht of
the mﬁ*%a iteelf wez obizined, 7The berk war then rlaced in the Juchet
which wes clozed m% evaenated, Yhen the syrarstus hed come to equilib-
rivm, the initisl temperature weo tzden with the potentiometer. Tor s%?:k
temernture seversl readings wers slweys taken %o inswre thet the boub vas
at soullibrivm, The heatine period vae then begun end lasted for twenty

wimuges. The time being kept by 2 revolution counter comnected to an elect-

rie clock mechanisn, IDurine the hestine period snd the subsequent Tiltesn
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minute verisd of atteinier squilibrive, Wefors the tenper: ture rocdines were

made, the bomb wes spitated. This szitation of ths homd 414 not wevsurehly

sffech the temperatuore of 18 sg practicslly all the enerzy vaed

mastic elutch, henee, no corrsction hed to

ol

L the bazsriage and the s

Lozt

s mafs, Twrine the hesting seversl poodlinzs of the current and voltsas

r-‘l;‘

iappd »ere faken and vegorded. At the end of the twenty simute ceriod the
kesting wes stepped, end the syeten was allowed to cone to thewmal end

rhasze sypilibrivm for fifteen rinntes., Teumersburs recordings were mads

egeing, i the procsdure rvepested vniil 220°, wes attained., The t

atvre of the stapt was uswally srovnd 857, and sbout 1097, inte *x*z%'
ﬁ}m 5, The speplfic h&ats so obizined, after subircoting ¢ ;e s-mei e heat
of the bowk, were plotted, 20f o swosth curve drown Phroush thew. Flnes
%E%;w se epeeifie heots w:rmf? nesrly lunserly #ih teopersture, there wes
o it i b 48
ne epprecisble error Introduesd by teldne specific hosds as r;gaﬁi 50 Scar

v od R
instesd of sgual to the rigorous expression gy - A2 the teupersture

e ;‘ii Bath *&z@m e

af the heab was keot egwal to the te

no error introdveed by hest loss that wos possuyable, The nost importent
sowree of srror usually preseat was the non~sttainzent of cguilitriwe
The 1imitine factor of the securacy wes t&e-mm losses vhich wers Poe

dueed as far as possible, The tempersture factor wes good to about 1737,

girce it wog the Jifference in benverstures that wers uzed in the calevistion

of speelfic hests and wot the zeiunal temper fures which were sood o

: wolume ohbained ned en

0.01%7, The values of srecific heat o

ervor of o 1i%tle isss than 17.
Ezperimentzl Pesulls snd Jaleuvistiens

- » 2o ’ 3 s . PO s, x g P s pooes <2 « . St
The experizental veluse of the presasure~volumms-tenperaiure work

Figure 3, In the

for 42,01 mags percent of ethzns uiztuvrs sre

26.52 mass percent of ethane wizture there zre no sbnorumslities &J?"@I‘&%Ei'&,

and 48, therefore, not dhown.
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Por this commesition, the isotherme in ths mé ohage resion 4o not show
g0 prongunced & curvature near the bubble point as they do for the higher
mase nereents, This phenomenon mekes the gzetwrfﬁ%tima of the bubble
noint difficult. This ranid chenge in the curvature at 85y, may be ex=
nlained by the fzet thal erystzl oil is not s pure subestance bul & canp~
liented mixtore which is shove the cridicel ooints of some of the constit~
nants and that B5°F. ie nesr the critiesl terperzture of sthane itseelf.
Henpe, there is not = clear-eout bubble point. Ansther striking foature of
thie syém is the meximum bubble point pressure or minimom boiline voint
evhivited by it. In Pligure 4, Pubble vpoint cressures are vlotted wjaaagt
compesition, 4% 88°F. the bubble point gzré;s-mz’*e is gseen to he sbout 1000
pounds per sgusre inch a2t 60 mass percent, but at this temperature the :
vaper pressure of pure ethane is oply srowvnd 720 pounds per square inch.
The annesrencd of mezimwam snd =inisum %ﬁiég mixtures in hydrocorbons
mates the task of agﬁg}atmg mown dste for application #@ ‘?ﬁﬁi’ﬂimﬁﬂ '
g@ﬁ?ﬁém& @zmm bard, It ie an interesting foct that the ﬁ}*we in wslw

e with cazmwi%im is mmrly congtent slons an isedar since th@ systﬁa

at 1"’?_ is sbove the critical peint of one of the conwonents, This is

shown in Figure 5. In Figere 6. comvosition assinst nressure s plotted.
I‘t iz of interont to note that ihe ﬁwgaga in @eeiﬁe gmv};&;&s with -
tenperatore invert in the high vresvurs rezion., In this rag;i%m in mmrw
dietinetion to the nsual case, the speeific srsvities increase %iti in=
cresse in tempersture, as ie shown in Fizure 7, |

The ag;g:ser&mméi mrﬁi of the specific hests at constant vol-
vme congicted of mescursments for = zeries of mizturss renging from ;ﬁx&
erystel oil to 30 mass vercent ethane. Yalues at bisher percentages of
ethane wewld heve bsen ndvisable to obisin, but the bomb nsed could nod
rithatend the preszuree thet m}ﬁiz‘“% been encoumbersd. Txperimental

specific heots £t constant volume for47wuase nercent end 30 mass percent
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ethane are shown in Pleure B, I% 1o seon that =i sonme covmposition bew
twaen the fwo the speeifiec heols berin to decrezse with inecrasse in teww
zzeratm instead inebaad of increasing, This phencwencn is conmon in
pure compounds near the critical rsegg:i on, tut this example is the first one
to the suthor's movledee thet exbhibite it for a nizture, althoush it was
te be expscted, This foet of decressine specific heate with incrensing
fempersture will &a?s:e the tazsk of ecorreloting mmeh nore A1ffienlt. .

T get these experimentsl dsts on & corparsble basls se thet the
thermodynamie properties misht e more easily cszleulated, they had to be
redveced to the same specific Vﬁlﬁﬁ%@ {a %mf:&fie voluae of 0,038 eﬁiziéiifgat
per pound was chosen) and imtér@@l&*t&é to ma re@ﬁr@é o m;aivmz, o
do tsmﬂ the following a@n&tém was needs ’ |

: | ( ) ( T\or . {4}

,v (2_‘_/9_ ks ve | e A cobaras vt Eel
The |\37%/, tern vas obtsined hy tatine sloper of the isochores plotted
in Pigore 9. and plotiing then &%irsst i«mﬁ;ﬂmmm and tokine slopes agnin.
“he chenze of ggaaiﬂc heat wi %?s volune m«r abtained by é'ra“’%wallg inte~

grating the right hand member of the cbove equation with respect to volume,

The reevld of this procedurs is shown in Flgure 10, The inversion of the

specific hest change with temperature is clearly seen. As with all these
m%sf and with the tabulated dsta, the polnts were smoothed against the
 vapious gusntities such as pressure, tempersiure, and volume.
The chenge in entropy with pressure in the condensed rogion wae
obtained by the graphical fntezration of the aqmations
2s\) _ ,3_1)
ap) — T\aT/p
In the two phase rezion the tern )"') booomes very larse near the bubble
point, and the resul tiw interredion would be imaceurate. Fence, the
following equation is vaedsy
5%), - 3#)
Vly = 10T/v

Tide sroreasion sives the change of entrony »ith volugs end, therefore,
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“the sntrepy had te be vlotied azainst voinme aznd the values read off at
the volumes correevondine to the stendard ;Sregsszm*aa naed in the fsbulation,
( %7\;'),, w22 cbtained fron the slores of the isobars viotied in fsure 11,
This vrocedure geve the ev:luation of isothermsl entrony chenges buk nok
the chenpe with terperatures. To zet the chanss of entrovy with tesperature

the followins ezpression wes tniosrateds

The voluwme vsed for this integration was 0,008 cobic feet ver %ﬁm to
wiiich »ll the experimental spscific hests hed besn rednesd os ﬁe:ac::ri%;séﬁ;
shbove and which is in the two nhage region. In evslusting both the saig%egg
end hest content the value at 60°F. end 3000 pounds per sgusre inch were
arbitrarily taken a8 zoro,

~ In the condensed region the follovinz expressien for the ca}.-
evlstion of the hest content was used; |

( ) =V - T(g T)
ﬁg was aecomplished ty f}i@%t%nﬁ the second fterm noainet mﬂv}s@ﬂw :mm}
gzzﬁzegraﬁm gﬁ&a&h%ml}g. Howaver, this amfﬁiem conld not be wsed in the
two Thase region, end the %m,sm&i enerey wes evalumbed First in this Po=
gi@n‘ e exoression peed woay :
| ( —_ T(%{% v
The internal enersiss at the s%maﬁ&rﬁ pressures were obteined in & simi-
lap mmé}r to that used for the entropies. The hest contents are oblalnad
from the internsl emercies by the squstions :
h=E+PV
Also Vi:ﬁev internal emergies in the condensed region were @Eﬁ&éﬁ ned Trom the
sbove é-zg&éﬁiﬁm The ckanse in both the heat contents ond internsl energles
with teuperature wers obtained from
. (%-—-i \V - CV |

The free enerzy valves were caloulszted by the following expression:

-F=Ts~A
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A1l these ti*@m@%jrwic maparties sre tabulsated in Tadle 1.
Ta Figurs 12 1¢ shown 2 nlot of tesmersturs szoinst 2 Twnedtion of Bntrany.

Sueh & Truction had #0 b2 veed ianstesd of wtrany ibaell r~sz<:~w;w the

chenze in entrony #iih tempe cviture ot constant apogsure i3 nosrly the seoe
for sll nressures throurbout the ronse, z28d the isethermel chanre in en-

tropy is very smell, Thile mam@ that the temrersiure-entrony ;}1&& el d
have the limss congested in one lone norrow hand scroes the graph., TFig-
e 1%, in vhich the heal contents ore vlotted zealnet prossures, sfmwatz
interscting feet thet the heal countents chenre cuite feei with ? sure sl
the lowsr “Eeﬁf#}er&tﬁm&' At the hisber tewpersivres the chanse s ;ﬁ»&i‘: ‘near-
‘iy as wawt‘ and %;em diccontinuity =t the bubbtle voint is nat &0 wudden,
A% Bl rmz’ tenperetores shove the erifiesl ooint there wonid be no dis-
ﬁaﬁt%mﬁt@r énd the hest comtent wevld decresse sith incresse in pressure,
Tha slopee in the condenged r-sa;gz:iéz; %‘sare seen to be getiing smeller me %:i%?m
tenpersture ig incressed. The internsl snerey sgzinst pressure bhas the
sene charsoteristios az ‘c}é@ best content~pressure dizsrom. This is mm
g}z;mm far Plegure 14, %&, Srme onergios amwgz pregeure chow an 'in?ﬁ‘ag.,&‘%%‘
iﬂ@‘ Tret ‘izi. thet slemg the wbble point curve there is & s:ﬁm“m:x é“r@é
energy vhich occurs &% sbout V0P, At low pressures the graph, ?iwm
15, 1 é* whes thet the hegstive fres epereios will be nearly mﬁnﬁm

The isotherns for the higher teerstures clearly show that the wngteb
vhaes bag the grepter free ensysy, uwhich ig wheld theory weulid indieais,
f@? 1¥ the lines sre extranolsted servss Lhe brbble neint, they =11l 1ie

shove the line for the stekble phsse, This is shown in Tisure 15,
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STHROLS

- Specifie heat at constant volume

Internal encrsy, B, 7. . Per 1b.

- Free enerzy, B. T. U. per 1b,

oW 4&
L

=  Heat conteni, T. T. U. per 1b,

g
i

Haos, 1bs.
- ?ra&s‘ar&, 1by per sq. in,
Heat iﬁﬁﬁtg 3 Lo

= Eptrovy, B. T. U, ver 113. per *F,

soa o
i

- Temperature, = degree Renkine

%4
¥

-~ Specific volume, cu. 3. per lb,

&m&&éé@mﬁm

*ﬁzﬁﬁ wvork was émia:ﬁ out under the a:ﬂsgmas sad with the:

3 mgamrt of the mim %ﬁr&m Izzgtim‘ka, ﬁ&sew&e

: mtim mf this vaper, ,&ﬁ}mziaxiﬁa is aleo gggﬁmgm %o ’:* if, I,
for Bi S’g}&?ﬁ in ke ﬁ@%ﬁ%@ﬁm wor, and Ye, B, £, ¥ebeter for E’ﬁ.%%{iﬁ‘k

on the eslenlations and drawings,
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Table I
Physical and Thermodynamle Proverties of a Mixture
of 26.32 Mass Percent Ethane with Crystal 0il

Tomp.  Abs. v h 8 g -7
°¥. Pressure
~ Ib./Sq. In
70,0 Bubble . |
| Point  0.02260  -1.97  0.01582  -4.09 10.38
(5065 400  0.0586 12.67  0.04489 8.38 11.11
800 0.02426 -1.08 0.01759 - 10.36
600  0.02257  -1.72  0.01856  -4.28 .96
800  0,02251  -1.18  0.01499  .4.852 9.13
1000 0.02246  -0.64 ~ 0.01444  ~4.80 8.29
1250  0.02339  0.04  0.01877 - -5.14 7.26
1500  0.02283  0.73  0.01811  5.48 6.22
1750  0.02227 1.42  0.01247  -5.80 5.19
2000  0.02221 2,12 0.01184  -6.11 4.185
2250  ©0.02215  2.82  0.01123  .8,41  3.13
2800 ~ 0.02200 3.58  0.01084 8.7 2.1
2750  0.02208  4.24  0.01005  -5.99 1.08
000 0.02199 4.96  0.00847  7.26 0.06

100.0 Bubble | o A
- Poing  0.02303  13.72  0.04811  10.66 10.42

(716) 400  0.0852  35.24  0.08508  28.93 12.90
500 0.05689  20.30  0.07309  24.04 11.61

600 ©  0.08750  22.48  0.05972  18.29 10.97

800 0.02300  13.93  0.04288 10,52 10.08

1000 0.02203 14.43 0.04222 10.18 9.21

1250 0.02285  15.08  0.04147  9.77 8.15

1500 0.02277  15.71  0.04073 9.38 7.09

1760 0.02269 16.386 0.04002 9.01 6.04



Temp. Abs.
°F. Pressure
Ib./Sq. In.
2000
2280
2500
2750
3000
130.0 Bubdble
Point
(9a8) 400
500
800
800
1000
- 1250
1500
1750

2250

2500

2750

3000

180.0 Bubble
Point

(1310) 400
500

800

800

0.02263
0.02256
0.02250
0.022

0.02238

0.02347
0.102¢
0.0744
0.08585

- 0.03360

0.02848
0.02837
0.02328
0.0331¢
0.02810
0.02802

- 0.02294

0.02281

0.023%4
0.1167
0.0880
0.06858
0,04509

- 19~

17.02
17.69
18.36
19.08

1o.72

30.01
50.02
45.98
37.31
30.04
30.61
31.20
31.80
32.41
33.03
B3.66
34,30
34.94

46.78
68.63
65.54

59.%4

0.03923
0.03868
0.03798
0.03733

0.03659

0.06931
0.10963
0.10067
0.08330
0.06926
0.06839
0.06756
0.08675

0.08596

0.08520
0.06446
0.08374

0.06304

0.09488

0.14033
0.18304
0.11969

8.64
8.29
7.%4
7.61

7.28

25.72
43.14

39'W

25.70
25.20
24.7%
24.20
23.85
23.44
23.04
22.64

22.27

8.00
3.95
2.90
1.86

0.82

10.87

14.64
13.40
11.82
10.81
0.73
8.65
7.57
6.49
5.43
4.36
3.30
2.24

18.35
16.92

14.85



Temp.
oF .

Ib./Sq. In.

180.0
{1678)

Abs.
Pregsure

1006

2750
3000

Bubble

Point

600
800

1000

1250
1500
1750
2000
22850
2800

2780

0.03225
0.02487
0.02385
0.02374
0 02364

0.02354

L 0.02346

0.02337
0.08329

'Qwﬁ@é&g
 0.1283

0.0992

0,0790
008459
0.04748

.‘chgﬂ?é

0.02578
0.02436

0.02423

0.02411

0.02401
0.02391
0.02381

=-15-

53.29
47.71
47.17
47.71
48.26
48.83
49 41
50.00
50.60

8%.01
83.78
78.85
74,12

'EgaGO‘

85.20
64.14
54.81
65.12
85.64
86.18
66.74

0.10774
0.09654
0.09414
0.08322
0.09235
0.08151
0.09069
0.08990
0.08012

0.11961
Q~1ﬁ153
0.150%9
0.14058

0.13020

012256
0.11%07
0.11807

- 0.11712

0.11622
0.11538
0.114580

47 .32

41.95

40.55

40.01
39.50
59.02
38.55
38.10
37.68

56 .56

75.00
20,78
56.62
61.69

- BB.O4

86.24
55.80
55.07
54.53
54.01
BZ.Bl

13.48%
12.13
11.18
10.07
8.98
7.89
6.80
5.?3

4.64

13.81

21.29

- 18.87

17.22
15.60
14.44
13.24
12.11
11.00
9.88

8.77

7.67



Tenp.
oF.

220.0

{1920)

Abhs.
Presgsure
L‘bc/gq. In,

RBubble
Point

400
500
800
800
1000
1250
1500

0.02495
0.1080
0.0882
0.08226

. 0.04538

0.03626
0.02995

0.02646

C0.02489
0.02474 -
0.02480 -
| 0.02446

" 0.02434

-16-

1101.48
97.34
93.32
88.57

'35.}»_1
82.52
81.09

81.51

82.46
82.96

81.97

0.14355

——

0.18765
0.17780
0.16915
0.15963
0.15217

0.1431¢9
0.14212
0.14111
0.14015
0.13922

91.67
88.12
84.54

80.19

78.79
73.94
71.87
71.20

”?6.59

69.43

Note: TFumbers in parentheses are bubble point pressures.

Temp.
op

C%

oo

0.535

»Spaeifia,ﬁaa& 2t Constant Volunme

v = 0.035 cu. f£t. per 1b.

viaga

0.530

1300

0.525

160

0.520

26.08
23.53
21.87
19.94
18.33

17.03

16.28
15.10
13.96
12.82
11.89

1900

0.514

2209

0.509
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