RESULTS OF CALCULATIONS
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of this study.
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Table 4.2 Values of the Coefficients ai s
Determined by the Least-Squares |

i Compound a0 al b2 Ref
Vi s S s il e e D ——— s i o e o e i e
'Methane 1.04380 -0.75462 0418585 ). 06844 -0.01386  (27)-(29)
Ethane 1.09937  -0.80583 < 04168: -0.03572  (30)-(32)
Propane 1.17600 -0.92966 A ﬁff -0.04179 (34)-(37)
n-Butane 1.24711 -1.07634 0 iﬁfn‘ ).05610  -0.01871 (38)-(40)
XA,

i-Butane 1.19469 -0.94570 45,72~ 0; 0.02110 -0.04071 (41)-(43)

n-Pentane 1.30387 -1.18167 < © -0.04359 -0.02365 (44),(45)

"
1%

e .

i i

-0. 09369 0.00487 (46),(47)

A
g

i-Pentane 1.32030  -1.22137

in-Hexane 1.40620 -1.47839 D— 52176 O —-"“-‘—’E"'--‘ 9639 0.01466 (48),(49)

Ethylene 1.08226 -0. 78977 m %01065 -0.04755 (32),(51)

Propylene 1.23817 -1.11628 ; 32761 . -0.09868 0.00819 (32),(52),(53)

------- ﬂum-wﬁm WUGHT =g
ARIAN TN INYAE

- - - = . - -

09



6!

4.2 Salturated lLiquid and Saturat.ed Vapor Densities

The saturated liquid and vapor densities for ten pure component.
light. hydrocarbons as shown in Figure 4.3 to 4.12 were calculated by

the Soave-Redlich-Kwong (SRK), Peng-Robinson (PR), and this modified

hard - sphere equation (&«
saturated liquid and yapor it i¢ #& reported in Appendix B. These

values were calculatedeby™a program calted. " DENSITY " of Appendix A.
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Figure 4.4 Saturated Liquid and Vapor Densit,j

of n-Hexane.
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Figures 4.13 Lo 4.32 show percenl. deviations in saturated
liquid and vapor volume for ten pure component. light. hydrocarbons as a
function of reduced temperature, which were calculated by SRK, PR, ICL
hard-sphere equations and this work (Equation (3.51). The calculated

results obtained from the SRE, PR, and ICL hard sphere are included in

where V

cal
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ARIANTAUNIINGIAE



DEVIATION

”

16
O SRk
14 — + PR
12 4 ) ©  THIS WORK
+ 3* *'_
\0- * ++ “
-”
8 — ¥+
+
6 ’14
+
4 - £
+
2 +
0 4
o
<
T é o
—4 P
-6 -
-+
-8
—-10
-12 a
=i a]
-16 ;
0.6 1
Figure 4 §* Dsvieti 5 ated Liquid Volume
3 o
0 L
+  SRK
o PR
2 - ' tmswoaj
a

=3 T T T T T T

06 07 08 0%
REDUCED TEMPERATURE
Figure 4.14 % Deviation in Saturated Vapor Volume

for Methane

68



DEVIATIOM

OMN

% D

1
& (s] ICL o
8 — + SRk
o PR
- & THIS WORK
‘ =
2
0 e Lp A A A"
< 2 % ° a 2 A
dpd @ o
o 9
o (g
-6 — o
_s -
©
-10 -
-12 4
S g
16 -
-18 0
-20 Y Y
06 09 1
Figure DV 1At in : aturated Liquid Volume
3 [
o L
+  SRK
o PR
- 1y THIS WORK

0.6 07 0.8 0o ' 1
REDUCED TEMPERATURE
Figure 4.16 % Deviation in Saturated Vapor Volume

for n-Hexane

69



DEVIATION

Z

ZﬂA‘hON

= -

ICL
SRK
PR
THIS WORK

<
o
e+ 0

ICL

SRK

PR

THIS WORK

~ ® w O

- R - AT~ )

.ll
i
L

Rt @
AUFAINENINYINT

onotﬁ
o
¢

O = N W =0 O

< T T T i T e T T T
0.5 06 07 08 os 1

REDUCED TEMPERATURE
Figure 4.18 % Deviation in Saturated Vapor Volume
for Ethane

70



T OEVIATIOMN

Figure 4

1.6 -
14

1.2-1

1 -

0.8 "3

1

fug Ingmiyeans .

0. L
S L od wda ¢ +  SRK
oW Q PR
4 & THIS WORK
¢
6
L
3 5
o 8] =
<+
i
T
09

9 4

U |

[

T T 19T R
| .2 - 1 ] | j | ] |
—0.4 ¢ i 0 ) .
+
—0.6 - +
+
-0.8
+
-1 +
_‘2 — +
—1.4
=1.6 T T " T T T T T =
0.45 055 0.65 075 0.85
REDUCED TEMPERATURE

Figure 4.20 % Deviation in Saturated Vapor Volume

for Ethylene

11



OENVIATION

TMON

2O

-2 -

Anaensol

0 ICL
6 +  SRK
5 Q PR
& THIS WORK

oas 038

\ rated Liquid Volume

ﬁv‘rm

+
a
-4 +& 8 -
44 6Cl
e ¢t
e 3 TR F 0
+ SRK a
€7 ¢ R 0
'y THIS WORK
8
~7H
A
-8 T T T T T T T
0.55 0.65 0.75% 0.85 0.95
REDUCED TEMPERATURE

Figure 4.22 % Deviation in Saturated Vapor Volume
for Propane

12



00°°Q°°°°"° S

DEVIATION

B»!AHON
-
=3

>0
o

oflg

> ¢ +0

IcL a
SRk o0
PR

THIS WORK

,aﬂnimumwmaﬂ

3 T g g
-4 +
4 °
-5 T T T T T 1  § T 1 61 T
076 08 084 088 092 0.96 i
REDUCED TEMPERATURE

Figure 4.24 % Deviation in Saturated Vapor Volume

for Propylene

13



DEVIATION

b4

0 L 4

& + SRk

o o PR a
59 “ie Ty . & THIS WORK &

. w©
4 < 2 3
3 ° [
o o

2 - ps e

| / b, 47 *.\\1 ;\ -3 :
’ & ' \\\ 09 1
\\ rated Liquid Volume

Figure 4. 28
fo #

f’ d-l

L a&n"‘sib“ﬁ%'mm@ 1

-2 ey
+ + 4
+ ;
3 v X pre}
+
A *“? -
‘ £ g
Ry +
P
o
+ 8 o
-5 T 5 1 1 T 1 1 1 Ll I ! N T T T -~
0.64 0.68 0.72 0.76 08 0.84 0.88 092 096

REDUCED TEMPERATURE

Figure 4.26 % Deviation in Saturated vapor volume

for n-Butane



% DEVIATION

Wmnfﬁmmmﬁe

¢ o IcL
7 + SRk
6 Q PR
' :m°°°°°°oc . THIS WORK
5 %0900,

' X
ST
&
p

00 o "N».,
-2 *%4 ﬁ
* g 7 ﬁ
+ + )
<p+ ' 6'44’
-3 R 5 0 %
°++ + + a "+
0 A+
+0 +
e st
+
 ;
=5 T T T T T ﬁl £
0.6 0.7 08 09 1
REDUCED TEMPERATURE

Figure 4.28 % Deviation in Saturated Vapor Volume

for iso-Butane

75



DEVIATION

76

ICL

SRK

PR

THIS WORK

-8 —

-10 —

-12 -

=ta =

=16
0.6

ICL
SRK
PR

ATION

= D

-

0

THIS WORK

CETEETOR

UNT

B 2
- A e
7N aﬂnimw% NENAY *
-3 + a o
St : i
bl e
=6 T . T . : ' ¥
0.6 07 08 0.9 1
REDUCED TEMPERTURE

Figure 4.30 % Deviation in Saturated Vapor Volume

for n-Pentane



9 o -l

8 + SRK

N Q PR

& THIS WORK

6—4

DAL e e

4 % "Ap

3o (]

o o

~ 2
§ B 7
£ 10
£ o
S .
o -1 48 a0 Iy

Za
U

~
1

>
IS
>3
e,

a (a]
=4,
-5
L7 o 2
-7 4
+
,_6 -~
-9 —
-10 .y
0.65 0.95
igure 4. - "Dey 1 saturated Liquid Volume
3 —
D >0k
+  SRK
2 - o- PR
2 & THIS WORK

fAutingningns

mmﬂ‘:mwmmmaa

2

w
s
+
+ o
il 4 % L °
i
—4 + v °
g % .0
°
)
-5 T T T T T =y
0.65 0.75 0.85 .95
REDUCED TEMPERATURE

Figure 4.32 % Deviation in Saturated Vapor Volume

for iso-Pentane



18

4.3 Vapor Pressure

The vapor pressures for ten pure component. light hydrocarbons
were calculated by the SRK, PR, and Equation (2.5) as shown in Figure

4.33 to 4.42. Numerical values of the vapor pressures are listed in

/i o u‘\\“\\"(" M.ions in vapor pressure
NN

i a2 . 2%
S ]

Figures 4.
a function of reduced

\ \\\ ....___\.\
B v y, 1

PR ICL and Equation (3.5).

for ten pure c

temperature, whic
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4.4 Compressibility Faclor

Compressibility factors for a superheated vapor state for
ethane, ethylene, propane, and propylene as shown in Figures 4.53
to 4.56 were calculated by Equation (3.5). These figures show

PV/RT ) and reduced pressures

correlations of compressib

for reduced temperatures s élres 4.53, 4.54, 4.55 and
4.56 provide compar m— -s w experimental data and
calculated values 7 46/ Jok 10 \ 30.€C, 160 °c, for Ethylene at
15°c, 25°, 50°C, 150°C and for Propylene
at, 91.4°c, 100°c, werical values of  the
compressibility fac RK, PR, ICL, and Equation
(3.5) are listed in 5 were calculated by program

called " DENSITY " of

ﬂ'lJEJ’ZI‘VIEWIﬁWEJ’]ﬂ‘i
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Figure 4.54 Compressibility factor for Ethylene
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Figure 4.56 Compressibility factor for Propylene
Points=experimental data,—=calculated data
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4.5 Vapor-Liquid Equilibrium Calculations

Figures 4.57 to 4.60 show the comparison of predicted and
experimental phase equilibrium for Ethane-Propane, Ethane-n-Butane,

Ethane-iso-Butane, and Propylene-Propane binary systems. Figure 4.57

provides the comparison between the experimental data of Matschke (56)

>_Propane system at 310.94 ° K,

ve 4.88 pﬂhe comparison between the

™

experimental data of Mghta €% al.(57) and the calculated values for

the Ethane-n-Butane 3 / \\ and 394.27°K. Figure

4.59 provides the - Day X[ 'ment.al data of Bessefer
(58) and the caicu 2 alye t : :«\-: e-iso-Butane system at
311.27°K, 344.49°K, andl 317444° Figure ., ) provides the comparison
between the experimental data of Harmens et al.(59) and the calculated

values for the Propylene—Ph s system at 250°K, 270°K, and 300°K.
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Figure 4.57 Calculated and experimental .VLE values

33

for Ethane-Propane system (——, calculated).
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data of Mehra et al.(57)
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Figure 4.58 Calculated and experimental VLE values
,calculated).

for Ethane-n-Butane system (
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data of Besserer et al.(58)
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Figure 4.59 Calculated and experimental VLE values

for Ethane-iso-Butane system (——,calculated).
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data of Harmens et al.(59)
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Figure 4.60 cCalculated and experimental VLE values

for Propylene-Propane system (

»calculated).
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4.6 Another Modified Hard-Sphere Equation of State

4.6.1 The Temperature-Dependence Parameters

Based on the another modified hard sphere equation of state
in Figure 3.1 with the use of

% ure-dependent. parameters N _

Met.hane, Ethane, Propane,

(Equation (3.34)) and the pr
saturated liquid volume datz .
and N, are evalua

n-Butane, 1so-But,an .~. n-Hexane, Ethylene and

a, and b, were dete nified WSik hod of least-squares and are

) !
Figures 4. 61 t.o 4.65 show percent. viations in saturated

i s G 4] SR T oo =

funct.ion of %duced temperatug'e, which were calculated by the Equation

) 0 B ) R A 40 e o

11qu1d volume which generally agree very well with the experimental

data. But the Equation (3.34) gives a large deviations between the
calculated and the experimental values of saturated vapor volumes.
So that the Equation (3.34) is not suitable for thermodynamic
properties calculations in this investigated. Numerical values of the

saturated liquid and vapor volumes are reported in Appendix B.



Determined by

—--—_

. 5.-;“;g? (3.38) & (3.39)

iCompound a0 al - : b0 b2 Ref
éMethane 0.82791  0.35862 -0.20033  (27)-(29)
%Ethane 0.85044  0.37813 -0.22996  (30)-(32)
iPropane 0.87558  0.38262 -0.24575  (34)-(37)
in—Butane 1.01816  0.05804 8667  -0.20956  (38)-(40)
Ei-Butane 0.93588  0.27109 0.24030  -0.24391  (41)-(43)
En-Pentane 0.91396  0.35501  -O. 0.27910  -0.26228  (44),(45)
%i-Pentane 1.00877  0.13018 0.22693  -0.23424  (46),(47)
i n~Hexane 1.12353  -0.25654 045048 -0.19480  (48),(49)
EEthylene 0.74234  0.68254 qajs7ss -0.27017  (32),(51)
%Propylene 1.12787  -0.28830  -0.31157  0.13391  0.15914  -0.19024  (32),(52),(53)
.
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