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SUNMMARY

The effects of pressure and temperature on the
isobaric hest capaciby, the constant velume heat capaeiby,
and the ratie of hent capacities of sthane are presented.
The ronge of conditions cevered are prezsures frem O te
104000 peia and temperatures from 150 te 1466@?. The eale
culation of these effects ig bazed on equations derived
frem the Benedici-~-VebbeRubln equabtisn of state, The dew
rived squetions express the deviatlens of the hent capaw
¢cities from ideal gasg behavier,

The results ghow that lgnering the effect of
pressure en the heat capacitles of sthane may lead te lapge
arrors in enginesring caleulatlionsa. Graphs and tables are
presented te permld an evaluation ef the heat capacities
over the vange inveatigated., Comparisens are made with
data of previous investliguters, snd relative accuracles are

dlacusged.



INTRODUCTION

Light hydrocarbong are conming inte increasing
commercoial use, especially in the petrochemical industyy.
For example, vraw materials are being obitained fer alcohsl
and polymer production frem the pyrelysis of petroleunm
gases to preduce light unsaturated bydrocarbens. Typieal
operating conditions in this precess include 1203$? and
50 psig in the furnaces and 15&6F and 350 psig at the come
presasyr discharge prier to ceeling and fractionating (1),
Thug 1t ean be seen that such precesses are sxtendirg the
ranges of btemperabures and pressures where ageurate thermo-
dynanmle preperties should be knewn. The purpese of this
paper ila te help I1ill ene of the gaps in the available
thermedynamic prepsrties by extending the heat capaocity
data on sthane inte the high tenpersture and pressure range.

Similar investigationa ef the effect of preassure
on the heat sapacity of light hydregarbens have besn wmade
in the past. Fer example, Sledjeskl (2) hos determined the
effect ef pressure on the isobarie heal capacity of methane
in the temperature range from T5°F te 1400%°F, Seifarth and
Jeffe (3) also reported en the isecbaric heat cnpaciby of
prepane sver a rangs of temperature of EOG“F teo laaﬁﬁF and
& pressure range of 100 te 10,000 pala. The present paper
helps complete such data on light hydrecarbens by sdding
ethane te the list of compounds investigated,
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Generally, previocus investigations inte the heat
sapacity of ethane have been limited teo the liguid and lew
temperature or low pressure gaseous range. ror example,
Deiley and Felsing (4) determined, by means of an adiabatic
flow calerimeber, the isobarie heat copaocilty of ethane from
75«330°C at low pressure. Lucken and Welgert (5) report
valusg of the iscbaric heat capacity ab one atmosphere fronm
70°F te 220°F. Wiebe, Hubbard, and Brevoert (6) determined
with a standard calerimeter the heat cepmoity of saturated
liquid ethane from the beliling peint te the critical temp~
erature (90°F). HNumerous studies have been made en the
ideal gas isebaric heat eapsclity by spectreseeplec and state
1stical metheds as part of the investigabtions sf molecular
structure and bond energles. Pitzer (7) has done werk in
this latter fleld,

The American Pebtreleum Institute’s Research Proe
ject 44 (8) invelved faking all the above data and similar
data from other sources and determining the moat sgcurate
values fer the thermedynamic prepsrtiea. Included among
the data reported, iz the ldeal pas sbtste isobarie heal
capacity from 0% te 2200°F. Theme values are under conw
shant revigien to obtaoin the highesd ssourasey possible.
Therefore, this present paper has included expressions ef
the deviations of heat gapacities from the 1ldeal gas stabe.
In the fubture, the heak capacity at actuanl conditions can be
found scecurabtsly by adding the deviations reported here to

the latest idesl gas values,.



The primayy source of experimental data that
glves the effect of pressure on the isobaric heal capseliy
of ethane in any part of the renge of btemperatures covered
in this werk has been reported by Bage, VWebster, and Lacey
{9)e 'these subhors veport the hest capacity from 50°F te
250°F and from 14.7 to 1500 psia in praphleal ferm, The
tabulated form was used to present the same daba in an arte
icle by Sage, Budenholmer, and Lacey (10). The isobaric
heat cepacity daka were based in part en measurements eof
the Joule-Thomaen ceefficlents at pressures from atmespherw
i¢ te 600 peunds per sgquare inch fer five temperatucres Dee
tween 70° and 220°F, The additional basis fer the Sage et.
al, data was grephioeal differentisbien of the lscbaric lines
on a temperature-~heat conbent curve., The data from the twe
sources, Jouls-Thomsen and graphlical, are compared and scem
te agree, abt least for the 600 psis isobar shosn., The
Joulg~Thomson lsobaric heat capselty was only slightly
lower than the graphical data at btemperatures from 175 Le
Qﬁeaﬁ indicating that possibly the graphieal values are
high. Xo daba was reporbed above 250%F,

Bémister has developed & generalized correls-
tion for obbaining thermedynamlos preperties of hydrocare
bong (11,12,13,14). The generalized method of determine
ing propepties was bused on a new correlatien of mvalls
able PVT data using a graphleal redused equatien of state.
Thia type of cerrelation ls valuable, especially when large



amounts of data are used in 1ts development., It is useful
for determining values of properties when no other data
are avallable, bubt must be used with caution and should be
checked when data do become avoilable, 'fhe properties
that may be debtermined by the Edmister generallized correw
lation include: the effect of nressure on the isobaric
heat capaeclty, e§~a?% {(11,12,13); the difference between
the sctual ilsobaric heat capaclity and the consbant volume
hent capacity, Cp~Cy (18); and the ratio of actual specie
fic heats, cp/av {12,14). From the above data plus values
of the ldeal gas 1lazobaric heat capacity from Reference B,
it is also possible to evaluate the asctunl consbtant volume

heat coapacity.

To extend the work of previous invesatipators, sevepral
methods were considered. The generalized correlation of
Tdmisber might be extrapolated, but without corrvoborating
data it was felt thalt this might give inaccurate resulis.
Direct extrapolation of experimental data is possible.
This was ruled out because of the extreme lack of data
and wide ronge of temperatures and pressures to be covered.
The other method, that of evaluation of thermodynamic

properties from an equation of state, was selected,

Several of the many equations of state were

considered., The Van der Yaals equation, while being one of
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the simplest and well known eguations, would nobt glve ace
curate eroush values. The Berthelet eguation, which is an
Improvement or the Van der 'aals, and has been usec Lo cope

rect atmospheric ¢, data to ldeal gng state (4), also would

P
not give the desired acouracy. The Deattle~Bridpeman equa-

tion nicht be acceurate snough for application In this work.
Howeveyr, the Deattle~Dridgeman equation was not developed
5o reproduce P-VeT datn of pases in the critieal re;ion,
Thus, the sguation selected for this work was the Lenedict-
T'gbbeRubin equation of state (15).

The Benedlet-isbb«Rubin equation was developed prim-
arily for hydrocarbons, In the same manner as the Van dJder
“aals equation, 1t assumes that one equation ean represent
boeth the liquid and gas phases. The cuthors have stsbed
that the equation can be regavded as a modifled form of
the Deattle~Bridgeman equation with more constants for
incrensed accuracy. It is applicable up to gas cdensities
equal to 1.8 times the critical density. The avera e
erroy in calculabed pressure up to this density iz only
0.34 pey cent. Heyond this ranne the eanlculated values
are high., Further irprovements in accuracy would have
required several nore parameters or congtants. It iz bew
lisved that the DBenedlet~ ebb«Rubin eguation is the most
aceurnte equation applicable to the calculation of heab
canacities available to dabe., The constants for use in
the equation were reported in Refevence 15. The Benedicte-

" ebb=-Rubin squation is readily applied since 1t wmay be



differentiasted and intesrated with respect $o denaity or
volume and bemperature,

Barkelew, Valentine, and Ilurd (16) in 1947 used the
Benediect«" ebb~Rubin equation bto consiruct o prezsurew
enthalpy curve in the range of 0 to 500°F and 10 to 1500
pgila. In doing this work, the authors determined a new
set of constants to represent more accurabtely the volue
metriec data by including data made available since the
original econstants were determined in 1940, The new cone
stants reproduce the dabta between 100°F and 460°F and up
to 1800 psia. As indicated later in this paper, these
new constants have been considered in the calculabion
of the heat capacities, Barkelew, Valentine, and Turd (16)
reported that a comparison of fthely tempersture-~enthalpy
curves with the graph of Sage, Vebster, Lacey (9) reveals
that the actual vapor enthalpy minus the enthalpy ab zero
pressure differed by as much a8 & Btu per pound at nigh
pressures. fage ot. al. values were on the low gside, Fde
mister (11) also noted that the Sage et. al. pressure
correction to the enthalpy wns lower than hls method would
predict at high pregsure. Barkelew et al, bellieved that
this discrepancy resulted from differences in volunetric
data used ag a basiz. The aubthors pointed out that enw
thalples baged on the saturated volumes would be questlione

able due to the difflcultles in obtaining sccurate data,.
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Phe method of application of the DBonedict« ebb«%Subin
equation of stabte to the Cetermination ¢f hent capacity on

abhane Follows.



DERIVATION OF EQUATIONS USED IN CALCULATIONS

The eguation of state vpreassnted by Benedict, Webb,

Rubin (15) is as follows:

-gd
A2 7 +(By BT-Ao-C, /f‘ja’ 24l 68T~ e oS » £ I pr 8T E)E s 2)

P
in terms of density, d, moles/unit volume,

Rewritten in terms volume, V, the equation l1s

: / - Ve Y, Vo~
P.%r +H(BoRT Ao Co o) Jfr? +(bET-a) fy3+acy)b myﬁ;ﬁfe (=)

The above equations are explicit in pressure; therefore,
to simplify subsequent salenlations, the derived equo-
tions will be explicit In pressure also.

For an ideal gas it has been established thatb

G- =R (3)
oy
Co = C + (4)

Subbracting (4) from both sides of Co=Cpo , the following
is obtained:

Co~Co= Cp -C) -2 for an actual gas. (5)
Adding and subtracting ny on the right-hand side of (5)

» »
C;C’”CP 26,0”(;/ -2+, -C,
or

Co~Cp = (6p-C)+(C,~CJ) -2 (6)

1s obtained,
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.*’
The terms (/ Cp“ny) and (Cy"cy) are now evalunbted fronm
therncdynanic relationships,.
The following relationships have been derived 1n btexts on

thermodynamics (17, p. 473 Equation 90):

ComCo=T AN (hp), = wf(aVaf/’?:(aZ/% (7)
Since by definitilon,

(&”73/9)7—:/63%1/2- s (7) above may (5’)
be writbten

()= Tk (3)

@f? =/ V);r
The expression @/9/3;; )‘/ is obbtained by differentl=

ating equation 2 with respect to temperature at constant

volumeg. The result isa
(L) =evsb.er 26,17 v b2~
v -
-2V T (rdy e (/0)

The expression @/%V)?' is obtained by differenti
abting egquation 2 with respect to volume at constant temp-
erature. The result is
(j__@_g_ \ e TY =20 B T A C T )-F VT2

oV /7

. EPIRERY J bl FVE
~BaotV 23T e —3a e

r2ek Ve Z

Equation 9 is now expressed by substituting from equa=

tions 10 and 1l. 7The resuliting expresaion after collecting
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terms 142
_ [BY R R g, T s or ]
CoC,= 2 VT k) v
—OTV 2 2V By BT Ao CoT -3 b T-2)
~Gaoy Tee ¥V R 3t/ tT 23O T2
FRe¥ TR E)

¢z

Thus the first term on the rightehand side of egquation 6
has bheen expressed in torne of T and V with the Denediche

Webb-Rubin constants and the Universal Gas Consbant,

The next term C;,vé;féa is evaluated in the sanme
terms. From Reference 1Y p., 473, Equation 94, the folw
lowing iz obtained:

o) =7 (0573, 3

or in snother form
V
= [ s, v 2
fo

The second derlvative of P with respect to T ab
coratant V is obbtained by differentiating equation 10,
with respect to T at constant V.
(‘7’ ’”\ G T T e T (5)
372/ or
Eguntion 15 substistuted into equation 14 and rearrangling

terms glves
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C,-C~ fg;rii({_y o= ¥V hxeVTe VI U)o ¢8)
[~

Sepayating eau&tism 16 into individual integrals glves
-6 = éf,r‘j(ws SV G T % VS
o
"6647'3 4 “7)

The series of integrals in equation 17 are evaluated and

the terms are collected to glve

"~ -2 .z —t
(‘,,,-(V”‘:é¢;7"3/r“’e"‘y v / *Coc™ 'V ] ¢8)
Substituting limita gives . »
- -y -
Co-Craber [ RS VMM:*% /
..-6 c k"'/r“.;? (//ﬁ)

Equablons 19 and 12 are gubstitubed into eguation 6 to

zive _ ) o ] I
[y 480V 22C T %Y 237 e D |
E's
Cp-Co =T, ~-eTY —-21/ 3(6’,6’7—%~a,7’)~3;/ tokr-a)-gast/”
M (ch/'*‘f LI eV T r R T

[657 (et iy +CaV)-6<8 7 -8 (z0)

Dividing out V and changing slgng in the first term and

r&arranging the seenwé term givesn o

o J’ TLRAG RS2V T o022 VT ()™ "J {

CpCp “/377(,21/_'({5’ ET-A-C 7 )3V {bT-a) 4 Gaxx /™ |
bV P 5 gz )

FCCT W HE Y eT (@ IV 2) 23TV EPTR (21

o)
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For ease of expression and caloulation the following equa=~

tions were nsed.

CoCl=r/ LT ¥ (=7
=

P BB, RV 2 VT I rb O F
Y A OPS e Pa (=3)

E =7z r (BT, ) w7V b7 )
Fean VT re I e sz (o)

ComC, = ?‘Z é] (z5)
Y2 el rl e 7 e Paser V7 (6)

oo ¢
__%/mc;,’"(y (27)

s



14

HMETHOD OF CALCULATION

Since both equations £ and 2lare explicit in pressure,
they were solved by assuming values for volume ab the vore
lous temporatures and calculating the pressure, then calcue
p-ep% correanonGing to the assumed
temperature and the calculated pressure. These calculabions

%
lating e,=c, , and ¢

A

were carried out as follows:
1) The values of volume varying from 1,35 ft%/#-mnle
to BO fts/#umale were ossumed and pressures were cale
culated by equation 2 using the Benedict ct. 2l., cone
atants shown In Table 2., The lower limits of volumes
were based on not exceeding 1/1.8x critical density).
The critical density used was 0,442#mole/CF. This
represents the author's recommended linit $o the
Benedict~VebbeRubin equation of state., In addition
the lower limits of volumes assumed for calculating
the isotherms were set by not obtaining pressures
mach above 10,000 psia or ﬁp~ﬂ?* values much greoter
than 0.24 Btu/#,°F. The upper limits of assumed val
ues for volume were set go thatb cpucp§'3a1uea of not
more than about 0.020 Btu/#,nF for the lower bemperne
tures or 0,010 for higher terperatures were obhtalned,
2) For the same values of pressurs and volume used in

% %
step 1) above the values of Cp=Cys Cy=Cy and Cp=Cy

were calounlated., Equations 22 through 27 were used
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for these calculations. Since the caleculations ine
volved o small difference between large numbers, all
gcalculations were made to six sipgnificant flgures.
Seveneplace logarithms were used in the calculations
(18)e The isotherms selected for calculation were
150%¢, 250°F, 400°F, s500°F, 600°F, 800°F, 1000°F and
1400°F, Sample calculations for the 500°F isotherm
are shown in Table 1, The ealculated daba are shown
in Table 3,

3} Since slbternate values of consbtants for use in the
Benedict«"ebbeRubin equabtion of state have been pre-
sented in the literature (16), it was necsasary to
repeat the calculations as indleated in 1) and 2)
above., Barkelew et, al., stated that the alternate
constants were caloulated to vreproduce P~VaT data
including those made avallable sinee the original cone
gtants were dntarminéd. These alternate constants are
applicable to ethane in the range of 100=460°F and up
to 1500 1lbs/sq.in.abs. only (see Table 2), Therelors
the following isotherms were galculated: 150°F, 250°K
300°F and 400°F, These caloulnted Gata are shown in
Table 4,

4} The values of cpu&p% were plotted versus pressure
with paramebers of btemperatures. An enlarged section
{(low pressure) wos nlobbed Lo increase accuracy.

These plots are shown on ligures 1 and 2, Both the



16

values resulting from the Benedioct ebt. al. constants
and the Barkelew et, al, constants were plotted for
comparison purposes. The curves through the Darkelew
data points were uged within thelr range of appliche
tion in subseguent cross plots.

5) A crossplot of Pigures 1 and 2 was made on Plgure

3e lere eymcp% ig plotted versus temperatures from
150 to 1400°F with parameters of pressure from 100 to

10,000 psia,
6) For purposseg of comparison, the generalized corre
lation of rdmlster was used to calculate cp~cg%° The

table in Reference 1l was used i’er%z&,. , where ko is
2

a constant spplieeble for ethane. The original value

suzgested for kg for ethane was 1.457 in Reference 11,

Iater Edmister suggesbed that ko should be 1,438 in
Reference 12, This labter value wns used in the pre-
gent caleculations. The resulbing cpnap% data were
plotted on Figure 4 with isobars from 5) above also
plotted for comparisons The calculated data from the
Edumister peneralized correlation are shown in Table 5.
The wvalues of eritical pressure and temperature used
were: 708,3 pals, 549.??03.

7) The values of cp~sP* obtained from experimental
data glven by Sage et, al. in Reference 9 and 10 were

plotted on Figure 5, Here agailn iasobars from Vigure 3
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are also plotied for compavison,

8) Using the values of cp% from Reference 8 and the
ealculated data from steps 1), 2), and 3) ¢p was obe
tained and plotted versus pressure with temperature
as parameters (See IMlpure 6). A crossplod was again
made to obbain op versus btemperature with parameters
of pressure; this plot iz shown on Figure 7. Values
of Cpy sinilarly obtained from aymsp% volues using the
Edmister generalized correlatlion were plotted on Flg-
ure 8, The Sage eb. al, experimental datn wag also
included on Figure 8 for comparison purposes.

9) The values of G?*ﬁqﬁ obtained in steps 2) and 3)
were plobtted as in atep 4). A crossplob was apain
made to obtaln & graph of avmmvﬁ versus temperature
wlth paremebers of pressure, These plots are shown
on Figures 9 end 10.

10) Using squation 3 and values of ep§ from Reference
8 values of av% were obtalned. ¥ith these values of
QV% and values of cvﬁcv* from sbeps 2) and 3), oy
data were obtained and plotted on Figure 11 to show
effect on total ¢y of the deviation from ldeal gas
state,

11) Prom the calculated ep daka from step 8) and the
caleulated ¢y data from step 10) values of cp/cy Were

determined, These are plotted on Figure 12. A cross
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plot was made to show op/c, versus temperature with
parameters of pressures az shown in Pigurs 13. The
values of cp/cy are shown in Tables 3 and 4.
12YEdmister has presented a8 generalized correlation
for determining op/cy (14). The values of opfe, for
ethane were debtermined from this correlation and were
plotted on Figure l4. Two lsobars from Flgure 13
were also plobted for comparison purposes. The cale

culated values of oy/0, are shown on Table 5.
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DISCUSSION OF RESULES

General

It should be noted before proceeding that any comparie
sons bo determine the mecuracy of the heat capacity data
presented heresin will be sharply limited by the lack of
avallable daba, Thus the comparisons wlll be confined to
the one set of avallable experimental dabs, bthat presented
by Sage et. al, (@ and 10), and the Edmlster generalized
correlation (11,12,13,14). The following discussion and
somparisons have been divided into four sections: disouse
glon of lsobariec heat capaciby; consbant volume heat cape-

aclty; ratio of heat capacliles; and genersl conclusions,

Igobaric Heat Capaeilty, gﬁ:g?% and ﬁﬁ

Ag Indlocated on Flgures 1, 2, and 8 the values of
6p~0p™ and e, oaloulated from the BenedictFWebb~Rubin
equation uging the original constents (15) agres very well
with those obiained from the use of the newer conatants of
Barkelew eb. al., (16), Values of ap”¢§% and oy wers cal-
culabed for the 150, 250, and 400°F isotherms using both

gets of conastanbs. From this agreement in values 1% was
concluded that accurate deberminatlons could be made using
the Barkelew et. al. constants within their range of appli-
cation (150 to 450°F and O to 1500 psia) and the original

Benedlot et. al, consbtantg in the remainder of the range
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investigated,

Figupes % and 7 indicate thak large errors may Le ene
countered in enginecering ¢aloulations if the devistion of
isobarie heat capacity from the ideal gas values were
neglected, The large Inereage Iin the deviation from idealw
ity at the lower bemperabures would be expected since both
q?-gﬁﬁ and e, become infinite at the critical point {(approx.
90°F and 709 psias.)}. The dashed lines on the higher prea-
gure lsobars on Figures § and 7 have been plotted to show
that at highey pressures (theorebtiecally, those above the
¢ritical pressure) the deviation from {dealiby is reduced
a8 pressures is inervessed within certaln tempsrature ranms.
For ethane, the 4000, 5000, 8000 and 10,000 psia isobars
show zuch & brend towawds ideamlity at temperatures below
700°F, This seme phenomenon mey be seen on the common
sompressiblility fastor veysus reduced prasiﬁmﬁ ploks. For
these latter plots it haz been explained that the phenome
enon vesulbs from the actual volume of the molecules bew
coming an inoressing fachkor while the forces of atbraction
between molecules become leas of a factor in determining

the devistion from ildeality,

On Pigure 4 it ¢an be seen that the valuss of ap~¢§§
debermined from the Edmlster gensralized corrslation agree
with those caloulated from the Benediet-Webb-Hubin eguatio,
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The dlfferences betwesn values does ggenm to incrense with
inersasing pressures, However, the 2500 psia isobar shown
is about the upper limlt of values that may be obtained
from the Edmister correlation in its pregsent form. It
gshould be pointed out thet Hdmister has himself Indicated
that the value of kg used in the ap-ap% caleulation is sub-
jeet to revision to increase the correlationta accuracye.
Figure 8 also shows agreement between ¢y values obtained
from the Edmister correlation and from the Benediect~Webbe

Rubin eguation.

A comparison of the Sage st. al, (9,10) data with those
of the present study ave shown on Figures 5 and 8, It was
felt that though isotherms in the range of 178 to 225°F
would show good agreement, thée true comparison would require
the wide range of temperatures shown. These figures indle
cated that below about 200°F this investigator's calculaved
values ave higher than the Sage et. al, values, whlle at
temperatures above 20097, they are lower. The slope of the
jeobara at 260°F indicate that the Sage et. al, would be
higher over a largs range of higher bemperaturs. The vale
uea of op, and hence apoc?%, for pressures 600 psia and be=
low were obtained from measurements of the Joule-Thomson
coefficlient of ethane., As indleated on Figures 6 and 8 the
values obtained by this investigator do not deviate widely
from the Sage eb. al, data ab 500 psle and below., Above
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600 paia Sage et. al, obtained thelr al)ﬂata by graphical
differentintion of the tempsrature~heat content plot which
in turn was bamed on saburated gas volume data. As indiose
ted in the introductlon to the present paper, Barkelew eb,al,
{16) have pointed oubt that values obtained from such voluw
metric dats are questionsble due to the difficulties in obe
taining accurabe saturated volumebric data, PBarkelew et. al,
indicated that the pressure correstion to the heat contend
they obtained were higher than those obtained by Bage ebt, al.
at temperatures above 2007, Edmister {11) noted the same
discrepancy bebween his dabs and the Sage eb. al, data. Since
these pressure correctlions to the heat content are subtracte
ed from the ideal gas heat content, a plot of heat sontent
vergus temperature wlith paramebers of pressure would reveal
that the Bage et. al. data have 2 higher alopé¢ (hence igo-
baric heat cepsclty) than either the Barkelew ebt. al. or
Edmister dabta would show, Thus the values of heat capasciby
of ethane by Sage eb. al. at pressures above 600 psla may

be on the high side.

On the basis of the comparisons made above, the fole
lowing recommendations are made:

1} Below 250°%F the Sege eb. al. daba for cpuayﬂ and oy

ghould be used, keeping in mind that the values at pres

sures above 600 psia mey very well be on the high side,

£) Avove 250°F the ap~n9% and o, of the present lnvest-
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igator should be usmed with some consideration being
given to the fact that the values mey be on the low side.

Constant Volume Heal Capacity ev~uv§ and oy

Filgure 9 indicabtes a seemingly wider disorepancy in the
caloulated values obbained from the original Benediel et al.
congbants and the Barkelew et. sl, conghkants, than with the
aguﬁyﬁ valuss. This is due in part to the fact that relse
tively smnller deviations are exhibited by the consbant vol
ume heat capacity than the 1sobarie heai capacity (0.0 to
0.04 vergus 0,0 to 0,30}, Pigure 11 indicates that the dlge
erepancy has s very small effect on the total heat capacity,
Gye Therefore, it was coneluded that the results obtailned
by the Barkelew et. al, constants ean be used within their
range of conditions and that the values from the Benedict

et. al. constants oan be used over the remeinder of themnge,

Flgures 10 and 11 indlcate that pressure has relatlve
ly less effect on the gonsbant volume heat capacity than on
the ifsobaric heat sapacity. For example, at temperabures
avove 400°F a meximum error of only 5% would result from

uaing the ideal gag value,

The phenomenon of a veturn to idealibty with increase
ing pressure wos exhiblted wlth the constant volume hest
capacity. Since this trend was described in the previous

section on isobaric heat copaecity, it will not be further
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dealt with here excent o note that the break in the isobars
towards ldeality ocours at higher Semperatures for the sane

pressures,

It should be noted that Hdmigter (12) has developed s
method for obtaining ey from his generalized correlation.
This involves obtaining from a graph the value of Op=Cy 88 &
funcilon of redused btemperature and pressure only. Thus it
would bs possible to compare 8y values from FEdmisber's data

with those caleulated herein,

It 13 resommendad that where o corrsction for theeffect
of pressure on the eonstant volume heat eapaciby of ethane ie
necessary in engineering ocsloeulations, the data on Figure 10

be used,

Ratic of Heat Capacities 0p/Gy

The values of op/0;caloulated from the Benediet et.al.
and the DBarkelew eb.,nl. sonatants sre practlieally equal as

shown on Flgure 128,

Figure 13 shows that large deviations of the op/op ratio
Prom 1deallty may be encountered and must be recognized in

engineering caleulafions,

It has been poinbed out by Eduister (14) that the use
of more accurate ayi@v robics greatly lmproves the accuracy

of the horsepowey obbtained from the equation for single
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stage adlabatic compression eoven though 1% was derived for

idesl gasesn,

A&:f ~/
MH P = /44 PV (?%afklf ) /)Aaqﬁgy, _,/iz
3F. 000 P/, -/ ]

The deviation from ideallty of the op/oy retio has a larger
effect on the answers obbtained from the equation than the
deviation of pressure, volume, and btemperature relabion-
ship from ideallty, Here again as the critical point ias
approached, the deviation from idealibty of the ratio of
np/a? appropsches infinity, On Plgures 12 and 13 the trend
towards ideality with increase in pressure is agalin ine
dicated,

The values of ﬁp/Gv obtained from the Edmister (12
and 14} generalized sorrelstion have besn plotted on
Figore 14, Two lsobars fyom the valuess caloulated fron
the Beredleb-%ebb«Rubin egquation aye alse shown for come
parison purposes. The dada from the twe sources are in
agreement at btemperabures above 250%, Below this tenme
erabure the Edmlater values are lower. In mking this
cowparison it should be remembered that the values of
6p/Cy Trom the generalized correlation are read from a
graph and some of the dlgorepancy mey very well result
from thla. Edmister compared valuss from his correlation
wicﬁ.aﬁ/ev values ab atmospheric pressures and found a de-

viation of only 4%.
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Based on the comparison on Figure 14 it iz recommended

that above 250°F and below 750 psia elther the Edmister or

the pregsent investigaton's agfav valusg can be used, Outbe

side this range of temperature and pressure the values obe
tained from the BenedicteliebbeRubin squation {(Flgure 13)

gshould he used,

Conaluslonsg

For valueg of isobarioc heat capscity, Cps and its de-
viation from ideality, agnegﬁ; the values of 3age st.al.
(9,10) are recommended for temperatures below 250°F, It
ghould be remembered, however, that the values sl pressures
above 600 psis mny be on the high side. At temperatures
above 250°F the values obbained by this investigator ave

recommended,

For values of consbani volume heat capavity, oy, and
its deviatlion from ideelity, av»gvﬁ; the data of this ine

vestigator are recommended,

For values of the ratio of heabt capacities, ap/é?, atb
tempergtures above 250°F and pressures below 750 pslas
slther the Edmisber genernlized correlation or this invest-
igatorts data may be used, Oubside this range of tempera-
ture and pressure, the values obtained by this investigator

ghould be used,
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8inee the sccuracy of any thermodynamie properties de-
rived from the Benedict«Vebb-Rubin equation ia direstly dee-
pendent on the sccuracy of the original consbante, more ace
curate sconsbants might require a revision of the values of
heat eapacibles presented in thig paper. Selleck, Opfell,
and Sage (18) by utiliszing computing machines snd stabistie
oal methods were able to debermine the most aceurate values
of congtants for the Benedict-Vebb-Rubin eguation for pro=-
pane. If such a sbudy were made for ethsne, the recalous
lation of the heak cepmeitbties wonld vield wore accurnte re-
sults than presented herein. Of course, comparison with
experimental data as 1% beecomes avallable will also ald in
determining and improving the hest capacity values of
ethane,
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IABLE 1
Sauple Calculstions
Pz HI/V £ (BoRT - &g -Co/T%) 1/V° # (xR-2)1/%° # A /v® 4
c(14 v & /Y%y

T = OF £ 459.63 ho= 15670.7
T = 500 £ 459.63 = 959,63 °R B,2® 1.00554
R = 10,7335 Co® 219427 x 107
V = cubic feet/#~-mole & = 20850.2
P = psia b= 2.85393
e = 2.71828 ¢ = 6.41314 x 107
1 Btu = 778,16 ft-# ¥ = 3.02790
¥olecular Welght = 30,047 X = 1,00044

v R2/V (BoRE-Ag-Co/T%) 1/V2 (bRT-2) 1/v2
1.35  7629.769 ~4222.890 3473.383
1,50  6866,792 ~3420, 541 2532.096
1.70 6058.935 ~2663.052 1739.432
2,00 5150.094 ~1924.055 1068, 228
2.50  4120,075 ~1231.395 54649330
3.00  3433.396 ~ 855.1355 31645121
4e50 288,931 ~ 380.,0602 93.7814
6,00  1716.698 - 213.7838 32.1332
2400 1144466 -~ 95,0150 11.7227
15,00  686.6792 - 3442054 2047446
25,00 412.0076 - 12,3140 04546933
50,00  206.,0038 - 3.07849 0.068367




43
TABLE 1 ontinued

Sample Calculations

¥ 2%y c(1/AV2) e~ mzl yir2 P
1.35  3445.868 1430.329 11756.46
1.50  1831.275 1260.155 9069.78
1.70 B64.1876 1018.050 7017.55
<00 325.9278 717+ 4450 5337.31
2¢50 85, 44004 407 . 5800 3948.63
3.00 28.61370 246.2251 3169.61
4450 2.5120393 75.64953 2080.81
6.00 044470887 32,1330 1575.06
9.00 0.0392506 9.546396 1070.76

15.00 0.0018313 2.01633%9 656,97
25,00 0.0000854 04445695 400.69
50,00 0,0000013 0.055715 203,05

From Equation

<
Cp=Cp = Zi‘:g* ,lip “ R vevsss in f*‘:“ﬁ/mz,maleﬁa
d = B £ BRIV # 2Co/VI? £ WBAVZ ~20(1 £ ) /¥°) 6T /V*

/u<p3

% = RT £ 2(BoRT-Ag-Co/TZ)/V # 3(bRT-a) /V° £ 68 /¥°

¢t X N2e(3 2 Tz - 2¥ 2vk) pyon?
p 2
Y . 6Co/TV £ 6c(aj /2 _1ye3 4 3ce” IV jy2p3

} R
P - Cy=Cy ~++e+ in #0t°/in%,smole, °R

yed 3 z o
%T - Cp-cv veeeedin i}‘*ft fin ,ﬁ*‘m(}le, R



TsBLE 1 (Continued)

by

Sample Calculations

v BoR/V xCo/VT 3 bR/VZ
1.35  7.994789 3.678535 16, 80805
1.50  7.195310 3.310682 13.61452
L.70 64348804 2.921190 10.59954
2000 5.396483 Ze483011 7.658167
€050 44317186 L.986409 44901227
3.00  3.597655 1.655341 34403630
4e50  2.398437 1.103561 L5122
6.00  1.798828 0.8276704 0.8509074
9.00  1.199219 0.5517803 0.3781810

15,00  0.719531 0.3310682 0.1361452
25.00 04431719 0.1986409 0.0490123
50,00 0.215859 0.0993205 0.01¢2537

v 21 £ ¥R YT fy2y3 g
1.35 4e024352 35.19052
1.50 34939502 30,91451
1.70 3.606984 26.99605
.00 24990507 2328065
2.50 2.123631 1981469
3.00 1539501 17.85063
4250 0.7094378 15.03873
6.00 0.4018200 15.76409
9.00 0.1790639 1e,68362

15.00 0.0643548 11.85589
25.00 0.0232225 11.38965
50.00 0.0058059 11,05513
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TABLE 1 (Continued) Sample Calcuiations
¥ EL_ 2(BRT b o=Co/T<) /Y 3(LET=a) /Y%
1.35  10300.19 ~11401.81 14067, 40
1.50  10300.19 -10261.62 113944k
170 10200.19 - 9054.375 4871.102

.00 10300.19 - 7696.219 6409371
2,50  10300.19 - 6156.975 4101.997
3,00 10300.19 - 5130.812 2848.609
450  10300.19 ~ 3420.542 1266.049
6.00  10300.19 - 2565.406 712.1521
9,00  10300.19 - 1710.271 316,5122

15.00  10300.19 - 1026,161 113.9444

25.00  10300.19 - 615.6975 41.01997

50.00 __10300,19 = 307, 84BT 10425500
v 6sd/Y® eV e (tarmit-arl A Rt e
1.35  27911.53 1767.509 4266463
1.50 16481.48 2752.030 30666. 51
1.70 8314.714 3336.535 22268.17
2,00 3911.134 3368.735 16293.21
2450 1281,601 27344642 12261445
3.00 515,046 2090.919 10623.95
4e50 67.82506 1008.026 9221.55
6.00 16.09520 575.88L7 9038.91
9.00 <o 11954 257.5213 9166.07

15.00 0.164814 92.83487 9480,97

25.00 0.012816 33. 42662 9758.95

50,00 0.000401 8354873 10010.95




TABRLE 1 (Continued)

46

Szmple Culcujations

v 6C,/T7V 6e(e”¥7V2~1)T3 3ee“¥7¥2/v3r3
1.35 1L.03561 ~11.64990 xo<68LTI
1.50 9.932045 ~10.63643 2.519150
1.70 8.763572 - 9.336604 20642200
2.00 74449035 - 7.634761 Ze553117
2.50 5.959228 ~ 5.521654 24145857
3.00 42966023 ~ 44108264 1727934
4e50 3.310682 - 1.997195 0.9258004
6.00 2.483011 - 1.160037 0.5559685
9400 1,655341 ~ B 527638 042569173

15.00 0.9932045 - 04192223 0.0954671
25.00 0.5959228 - 0:069500 0.0346654
50,00 022979614 = 0,017406 0.0087084




TaBLE 1 {Continued) Ssaple Ceiculations
. CpC p‘* ) cp-Cp cv»cv*

v g T = #£t7/10° ,#nole, °R Btu/#, OF Btu/#,°F
1.35 1.653890  27.85398 18.77437 0.115627 0.010186
L.50  1.814762  29.90642 20.98768 0.129258 0.011177
L.70  2.069167  31.40652 22.74219 0.140063 0.012740
2,00  2.367390  31.99540 23.62929 0.145527 0.014580
2,50  2.583430  30.72815 22.57808 0.139053 0.015911
3.00 2.585693  23,78223 2063442 0.127082 0.015925
4e50  2.239288  23.53545 15.04124 0.092635 0.013790
6.00 1.878943 «0.11318 11.25862 0.069339 0.011572
9.00  1.386621  16.84251 74495627 0.046164 0.008540

15.00  0.8964482 Lie2x720 44390148 0.027038 0.005521
25.00  0.5610880 12.75620 24583790 0.015913 0.003456
50,00  0.2892639 11.71536 1.271128 0.007829 0.001782

LY



TABLE 1 {Contigpued)

ept=Cy’ = 0.0661 ..... Btu/#,°R

cp @ 500°F = 0.6510

Cy = 0.6510 - 0.0661 = 0.5849

48

Sauple Caleculations

v Cy p e?/cg
1.35 0.5951 0.7666 1.2882
1.50 0.5961 Q0.7803 1.3090
1.70 045976 0.7911 1.3238
<+00 0.5995 0.7365 1.3286
~e 50 0.6008 0.7910 1.3166
3.00 0.6008 0.7781 1.2951
4o 50 0,5987 0.7436 1.4420
6.00 0.5965 0.7211 1.2089
9.00 0.5934 0.697« 1.1749

15.00 0.5904 0.6780 L1484
25.00 0.5884 0.6669 1.1334
50,00 0.5867 0,6588 1.1229




49

TaBLE 1 {Continued) 8 algulatio
‘2
v cQ~q;frcm T-éé );
1.35 0.171546
1.50 0.184186
1.70 0193425
<00 0.197052
2450 0.189247
3.00 0.177463
4e50 04144949
6.00 0.124684
9.0Q 0.103729
15.00 0.087627
25.00 0.078562
50,00 0.072152




TaBLE 2

50

Constants for Use in Benedict-Webb~Rubin Equation of Stste

Benecict et.al.

Barkelew et.al.

Units
#/8q, in.

Constents Reference
Ko 15,670.7
Bo 1.00554
B,R —
Co 2019427 x 107
a 20850, «
b 2,85393
bR —
¢ 6.413L4 x 107
o 100044
Y 3.02790
7 in °B OF £ 459.63
R 10,7335
¥olecular Welght 30.047

°r

Reference
14,646.3

10,5601
%o 46787 x 10°
18,532.1

27.3328
6.40322 x 107
1.07041
3.26000

°F £ 459.69

10.7315
30.068

absolute

cuabic feet/y-mole



TABLE 3 &
Using Benedict et.az.i. Constunts (15)
v P Sp~Cy cy-Cy" ep-vcp* ¢p cy cp/ ey
£t /g-mole  psia _ Btw/#,°F Btu/y,OF  Btu/,OF  Btu/#.OF  Btu/z,OF
T = 1509
6.00 Tihe042  0.302756 0.045135 0..81L780 0.7399 04371  1L.6927
3.00 556.522  0.188783 0.033309 0.155987 0.6141 04253 Ll.4439
15.00 373.954, 0.126192 0.021534 0.0816<1 0.5397 0.4135  1.3052
25.00 238.712  0.098139 0.013478 0.045512 0.5036 0.4055  1.2419
50.00 1244992  0.080791 0.006948 0.021639 04797 0.3989 1.2026
0 0.0661 0 0 0.4581 063920  1.1686
T = 2509F
500 1676.34 0.354380 0.,039381 0.327656 0.84<9 0.4886  1.7251
40 50 1232440 0.256171 0,034105 D.<24171 0.7394 04833  L1.5299
6,00 989.200 0.196430 0,028617 0.158942 0.6741 04778  1.4108
9.00 Tile322 Qelice34 G,021119 0,097248 0.6124 0.4703 1.3021
15.Q0 456,760  0,106623 0.013650 C.054171 0.5694 0.4623  1.2301
<5.00 285.754  0.088599 0.008525 0,031019 05462 Q4577 1.1934
50,00 147.498  0.076702 0.004405  0.015002  0.5302  0.4536  1.1689
0 Q. 0661 0 Q Q.5152 Q4492  1.1469

1¢



Caleulated Daty

3.00 1976.25 D.285241 0.032105 CeR51L241 0. 7946 0.5094 1.5599
0 0.0661 0 0 0.5434 04773 1.1385
T = 400°F
1.35 QL5449 0.188464 0.014170 0.136529 D.735L 0e5467 L3446
1.50 7016.41 0.207785 0.015548 0.157228 0.7558 045480 L3792
1.70 543686 04224103 0.017728 Q.L75727 Q7743 0.5502 1.4073
<+00 ALT8421 0.233388 0.020z83 0.187567 0.7861 0.55:8 1a4220
2«50 3137.04 04228233 0.022135 0.184262 047829 05546 1.4116
3.00 2573.89 0.213717 0.022154 0169766 0.7684 0.5547 1.3853
4e B0 1745.03 0.169677 Q.019024 0.122878 0.7215 Q.5515 L. 3083
6.00 1343462 0.141716 0.016098 0.091L709 0.6903 0.5486 Le2583
9.00 9494079 ©.113575 0.011880 0.059350 Q.6580 Q5444 1.2087
15.00 577615 0.092721 0.007681 0.034<97 0.6329 U«5402 1.1716
25.00 355,001 0.081337 0.004807 0.020039 0.6186 0.5373 1.1513
5000 180.905 0.073436 0.002478  0.009809 0.6084 0.5330 1.1372
a 0.0661 O O 0.5986 0.5345 1.1241
* #*
v P e ~Cy cy-Cy €,=Cy c, cy ﬁp/ ey
3, O o o e o
ft°/é-mole psiza Btu/#, Btu/#, F Btu/#'F Btu/f# F Btu/# B

29



TABLE 3 ( Conti gggd) Caloulated Data
v P cp-Cy Cy-Cy~ cp-cp ¢p cy cp/ ey

£t3/fmole  psia  Btu/;%F  Btw/#,°F  Btw/#,°F  Btu/y,°F Btu/g ,OF

I = 500%F

1.35 11756.5  0.171546  0.0L0186 0,115627 0.7666 0.5951  1.2882
1.50 9069.78 0.184186 0.011177 0.129258 Q. 7803 0.5961 1.3090
1.70 7017.55 0.193425  0.012740 0.140063  0.791l1 0.5976  1.3238
2,00 5337.31  0.197052  0.014580 0.145527 0.7965 0.5995  1.3286
2450 3928.63  0.189247  0.015911 0.139053 0.7910 0.6008  1.3166
3.00 3169.61  0.177263  0.015925 0.127082 0.7781 0.6008  1.2951
4e50 2080.81  0.144949  0.013790  0.092635  0.7436 0.5987  1.2420
6,00 1575.06 0.124684  0.011572 0.070150 0.7211 0.5965  1.2089
T.00 1070.76 0.103729 0.008540 0.046164 0.6972 0.5934 1.1749
15.00 656.966 0.087627  0.005521 0.027038  0.6780 0.5904  1.1484
25.00 400.686 0.078562  0.003456 0.015913  0.6669 0.5884  1.1334
50.00 203.049 0.072152  0.001782  0.007829  0.6588 0.5867  1.1299
0 0.0661 0 0 0.6510 0.5849  1,1130

£¢



TABLE 3 (Continued)

Calculated Data

I = 600%F
1.50 10447.2  0.163724  0.008302  0.110920 0.8109  0.6422 1.2627
1.70 8611.09 0.173982 0.009465 0.117343 0.8173  0.6434 1.2703
1.85 7395.43  0.174768 0.010224 0.118887 0.8189 0.6441 142714
2.00 6505.14  0.173920 0.010830 0.118918 0.8189  0.6447 1.2702
250 4721.97 0.165686 0.011818 0.111399 0.8114 0.6457 1.2566
3.00 3764.10  0.155275  0.011828 0.100998 0.8010  0.6457 142405
450 2413.81  0.129575  0.010244  0.073714 07737 046441 1.2012
3.00 1211.12  0.09717C  0.006343 0.037409 O0.7374 0.6402 1.1518
15.00 735.749 0.084114 0.004100 0.022110 0.7221  0.6380 1.1318
£5.00 id6.149 0.076620 0.002567 0.013082 0.7131 0.6365 1.1203
50.00 225.134 0.071241 0.001323 0.006460 0.7065 0.6352 l.1122
0 0.0661 Q 0 0.7000  0.6339 1.1043
* * c /e

v P ¢,=Cy ¢ ~c, 5%y s Cy p’ v

ft3/#-mole  psis  Btu/#,°F Btu/#,°F Btw/#,°F  Btu/#,°F Btu/#,°F

¥s



TABLE 3 (Continued} Galculated Duts |
T = 2009F

1.70 11,821.4  0.150598 0,005635 0.090128 0.8783 0.7277 1.2069
2.00 8,854.76  0.14737L  0.006447 0.087713 0.875%  0.7285 1.2023
3.00 4950.86  0.130156 0.007041 0.071092 0.8593  0.7291 1.1786
4e50 3,074.76  0.111612 0.006098  0.051605 0.8398 0.7282 1.1533
6.00 2,258.51  0.101041 0.005117 0.040054 0.8283 0.7272 11390
9.00 1,489.46  0.089248  0.003776 0.026714 0.8149  0.7459 1e1226
15.00 892.286 0.079645 0.002441 0.015981  0.8042  0.7245 1.1100
25.00 536,670 0.074104 0.001528  0.009527 0.7977 0.7236 1.1024
50.00 269.196 0.07G073 0.000788 0.004756 0.7930  0.7229 1.0970
0 0.,0661 0 ) 0.76882 0,742 1.0915
v P e =Cy ev-»cf e,=Cy * ey cy cp/ev

£t ff-mole psia Ba/#,°F  Btw/#,°F  Btu/#,°F  Btu/s,°F Bta/#,°F

141



TABLE 3 (Continued)
- Q

T _= 1000CF
2.00 11211.3  0.132305  0.004143  0.070344 0.9359  0.8036  1.1646
3.00 6135.93 0.116267  0.004525 0.054687  0.9203  0.3040  1.1447
4450 3731.86 0.101507 0.003919 0.039327 0.9049 0.8034 1.1264
6,00 2709.66 0.093120 0.003288  0.030304 0.8959 0.8028 1.1160
9.00 1765.98 0.084099  0.002427 0.020421 0.8860 0.8019  1.1049
12.00 1319.39 0.07968G 0.001908 0.015484 0.8811 0.8014 1.0995
15.00 1048.31 0.076935  0.001569 0.012399 0.8780 0.8011  1.0960
25.00 626,883 0.07L797 0.000982 0.006675 0.8723 0.8005 1.0897
g Q.0661 it} 9 0.3650 0.7995  1.0827
T = 1400°F
<00 142615  0.133982 0.002003 0.069880 1.0613 0.9273  1.1445
3.00 8503.99 0.101420 0.002188  0,037503 1.0289 0.9275  1.1093
4e50 5040.77 0.090571  0.001895 0.0:26361 1.0L78  0.9<72  1.0977
6.00 3607.97 0.084827 Q.0015390 0.020312 1.0117  0.9<69  1.0915%
9.60 2321.83 0.078821  0.001173 0.013389 1.0053 0.9465  1.0851
15.00 1358.73 0.07344% 0.000759  0.008096 0.9995 0.9261 1.0793
25,00 806,896 0.070755 J«000475  0.005125  0.9965  0.9258  1.0764
9 20661 Q 9 0.9914 Q9253 1,074 . ..
¥ P CymCy cvwcgﬁ cpucé* g Cy cp/cv
£t3/4-mole  psia  Btu/#,°F Btw/#,°F  Btu/#,°F  Btu/#,°F Btu/#,°F

Calculated Data

9¢



TABLE 4

Calculated Data srkelew et o Constan 6

v P cp-Cy Cy=Cy" i Cy cp/ ey
£t2 /y-mole psia  Btw/#,°F Btu/#,°F  Btw/#,%F  Btw/#,°F Btu/y,OF
T = 1509
6.00 7.9.287 0.307196 0.525546 0.293634 0.7517 O.4d45 1.6912
9.00 564779 0.191906 0.038239 0,164099 0.6222 064302 1.4462
15.00 374.655 0.128084 0.024488 0.086530 0.5446 0.4165 1.3078
50.00 125,042 0081240  0.007833  0.023027  0.4811 0.3998 1.2034
Tz D
6.00 997.632 0.196287 0.033316 0.163557 0.6788 0.4825 1.4070
9.00 716090 0.142713  0.024246 0.100912 0.6161 Q.4734 1.30L4
15.00 461.844 0.109966  0.015527 0.059446  0.5746 04647 1.2367
25,00 286,228 0.088900  0.009669  0.032523  0.5477  0.4589 1.1935
T = 30Q0F
6.00 1143.94 0.155798 0.027161 0.116913  0.60604 05045 143090
9.00 801.152 U.1R534% 04019767 0.079062 0.6225 0e4971 lex5:3
15.00 503.088 0.099022 0.012658 0.045634 0.5891 0.4900 1.2022
25.00 311.017 0.084811 0.007883 0.026648 0.5701 0.4852 1.1750
I = 400°F
6400 1353.58  0.140437 0.018743 0.093134 0.6917 0.5512 1.2549
15,00 579.412 0.092461  0.008735  0.035L49  0.6337 0.5412 1.1711
50.00 181.062 0.073343 0.002794 0.010090  0.6087 0.5353 1.1371

LS



cp=¢p , Btu/#,°F

Pressure Temperature, 9F

psia 145 <00 455 310 428 530 150 215
109 G.0Ll89 90.0126 0.0097 0.0074 0.0046 0.0030 0.0017 0.0011
200 0.0359 0.0265 0.0200 0.0151 0.0090 0.0060 0.0033 0.00<2
200 C.0593 0.0426 Q0316 0.0233 0.0136 0.0095 0.0054 0.0032
400 0.0880 0.00602 0Q.0444 0.0320 0.0183 0.0127 0.0072 0.0043
560 0.126 0.08l4 0.058z2 G.0415 0.0235 0.017L 0.0091 0.0054
750 0.316 0.148 0.0986  0.0668 0.0370 0.0261 0.0141 0Q.0081
1000 o 0.246 Oel144 0.0957 0.0515 0.0350 0.0188 0.0107
1500 ——— Qa472 04249 0.161 040830 0.0532 0.0279 0.0161
2000 —— — 0.306 0221 GQa115 0.0705 0.0359 0.0<11
2200 e e o 00232 Qo142  Q.0868 0,0427 0.0259
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cps Btufy,OF

T4ABLE 5 (Continued)

Pressure Temperature, OF
ksio 145 =00 ¥ 3R] PR, 2453 ) 315
0 04554 044865 0.5180 0.5490 0.6091 0.6657 0.7700 0.8338
100 044723  0.4991 0.5277 0.5564 0.6137 0.6687 0.7717 0.8349
2Q0 044913 0.5130 0.5380 0.5641 0.6181 0.6717 0.7733 0.8360
300 0.5147 045291 Q5496 0.5723 0.6227 0.6752 0.7754 0.8370
40 045434 05407 0.5624 0.5310 0.6274 C.6784 0.,7772 0.8381
500 0a58l4  0.5679 0.5762 0.5905 0.6326 0.6828 0.7791 0.8392
750 Q.7714 Ca6345 0.6160 0.6158 00,6461 0.6918 0.7841 0.8419
1000 — 0.7328 0.6620 0.6447 0.6606 0.7007 0.7838 0.8445
1500  —— 0.9585 0.,7670 0.7100 0.6921 0.7189 0.7979 0.8499
2000 — —— 0.8240 0.7?0@ 0.7241 0.7362 0.8059 0.8549
2300 e === = ' gl 028597
Sp/Cy __ (Values uﬁwmww
Pressure Temperature, Op
bsia 100 250 200 420 300 600
130 1.190 1.158 1.148 1.135 1125 1.105
<G0 l.215 1.170 1.160 1.140 1l.127 1.118
300 1.258  1.185 L. 175 1l.145 1.135 Ll.125
X0 1,308 1exQ4  1.1B2 1.163 Led4d  LoigG
500 1.377 1.240 1.200 1.175 1.152 1.138
750 1,070 1365 1.27Q0 1.< 5 1.i75 1.138
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1 Cn=Cn of Ethane from Experimental Dota (G

Sage, Webster, Lacey Ind. Eng. Chem. 29, No. 6,658 June 1937
(Graphiesal Data)

Cps Btuf#, F (Velues are approximste since read from graph)

Pressure, Temperature, °F

psla 20, 3 180 125 430 173 200 225 250
200 0460 0,465 04472 0481  0.492 0.505 G.515 0528  0u542
300 0.528  0.510 Q4503 0505 04515 04525  0.535 0.545 0.560
400 — 0572 04545 0.540  0.545 0.550  0.560 0.567 0.578
500 . 0.720  0.620 0,585 0.575 0.577 0.585 0.590 0.592
600 ——— — 0,795 Q.666 0,623 0.610 0,613 0.620 0.628
800 o — ——— —— 0.785 Q.715 0.685 0.682 0.685

1006
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TABLE 6 (Continued)

O

Pressure, Temperature, F

hek:p X3 29 (i L00 325 0 130 478 0200 225 250
200 0.056 0.047 0.041 0,036 0.034 0.033 0,028 0.027 0.027
300 o124 0.092 0.072 0.060 0.057 0.053 0.048 0,044 0.045
400 —— 0.154 0.114 0.085 0.087 0.078 0.073 0.066 0.063
500 -— 0302 0.189 0.140 0,117 0,105 0.098 0.089 0,077
600 04364 Ooxcl Q.65 0.138 0.126 0.119 0,113
700 e (.355 0239 0.186 0.161 0.149 0.145
800 e w——  0.32T Q.243 0.198 0.181 0.170
1000 — —— m———  Qu4ll 0Qe323 0,286 0.265

19
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TuBLE 6 Ewntggag’}

Sage, Pudenholzer, Lacey, Incu. Eng. Caoea. 31, 1288

(Tubulated Data)
cps  Btw/#,°F

(1939)

Temperature, °F
130 160 190 220

Pressure,
psia 70 100
0 0.417 0Q.433

250 D484 04489
300 0,765 0.620
750 ——s ————

1000

1250

£200

Ou445 0465 0.482  0.498
0.497 0.506 0.519 0.534
0.585 0.575 0.579 0.588
U869 0.706  0.671 0,663
- 8.933  0.8L7 0.79%
e 1.358 1.108 0.933
o l.178 1,118 1,070

Pressure,
pgia 19 190

Temperature, °F

130 460 130 £<0

250 0.067 0.056
500 0.348 0.187

750
1000
125G

1500 —

0.052 0.041 0.037 0.036
0.140  G.110  0.097 0,090

0.424  0.241  0.189 0.167
— Q.58 0.335 0,297
- 0.893 0.626 0.435

== Q0713 0,636 0.37¢
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IT4BLE 7

Values of Isoburic deut Canpacity of Eth.ne in tie
Idez]l Gasg Stute for Various Temperatures

Rogsini et.ul. "Selected Values of Paysical & Taermooynamic
Properties of dydrocarbons and Reluted Compounds®, (1953)
Carnegie Press (Continustion of work on Americen Petroleum
Institute Resezrcn Project 44 at Nationsl Buresu of
Standerds, kashington, D. C.)(8) .

#*

Temperature, °F ¢y
Btu/#, °F

459469 0.0000
0 Q.3769

32 0.3940
60 0. 4092
100 Q.4312
150 U.4581
200 0.4865
<50 ' De5182
300 05434
350 0.5712
400 0.5986
500 0.6510
600 0,7000
700 0.7457
800 0.7882
200 0.8:82
1000 0.8656
1100 0.9005
1<00 0.9329
130G 0.9632
1400 0.9914

1590 $2018




The symbols uped are;

v

w

Heat capacity %ﬁ constant pressure, molal
basis, Btu/#, °F

lleat capacity ab constant pressure in Btu/% °F
Heat capsclty at consbtant vressure of the nns
when exhiibiting ideal gaas begavigr, mmlala
vasls, Bbu/femole,®F or #,7t°/1n°, mole, R

Heat capacity abt constant pressure of the pgas
wiaen exhibiting ideal gas behavior, Htu/#,gF

Heat oapnelty abt constapt volume, wolel basis,
Btu/#=mole,®F or #, £t5/in?, mole, °R

Heat capaclty at constant volume, Btu/#,°F
Heat caopaclty at constant volume of the gas
when exhibiting ideal gas behavior, molal
basis, Btu/fwmole,®r

Heat cepacity at consbtant volume of the zag
wher exhibiting idesl gas behavior, Btu/#,°F

Absolute preasure, #/square ineh, psia
Universal Gas Consgbtant (See Table of Constants)

Absolute temperature, °R, (gee Tab&g of Conw
stanta for converaion from “F Lo “R)

Molal Volume, cuble feet/#~mole

Aos Bos Cos
G0, Ty Constants for Benedict~"ebb«Rubin equaw

ACp

tion of stete (See Table of Constante)

P
B Cp » Op (Used in calculations by
Eémister methods)



Reference Lo,

(1)

(2)

(3)

(4)

(8)

(6)

{7}

(8)

(9)

{(10)

(11)

{1z)
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