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Van der Waal’s Equation of State

Good only for moderate to low pressures

RT a nRT na .. .
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_ Van der Waals Lo:m/ == This heading is incorrect!
- b -

Sulbmton e Litew s-atm Liter=mole '” Shﬂﬂfd be'
Wpthane 1253 0 042TR ‘ 2
Iu:.an:- 5. 489 00, Oy 880 ]ltcr - atl“
Fropana & bk 0 (i3S 2
et 1207 01342 mole
r=Butane 14 .47 0178
lsopeniang 152.05 b.14Y7 2
r-Pentane 1901 0.1460 Approximations fora & b
- Hexare 2119 0173
reHeptane 21.51 0. 2n5%e -~ »2
Mitregen 1,50 0.07913 ad=23p l
Carbon deogide 1 5 0. 04267 f pe X
Hydropen s ullide 443 0 0287 »
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@ Other form of V.D.W Eq.:
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It isunreal value, generally 0.23<Z. <0.33
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Benedict-Webb-Rubin Equation
of State

Applicability:
«Above and below critical pressure
-Light hydrocarbons (generally natural gas)
+Single and 2-phase regions

p=RTp+(B,RT—-A,-C,/T?)
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B-W-R Constants

Benedict - Webb — Rubin Constants

Substane A, B, =1t a b ¢ x 1t o = 10! ¥ x 10¢
Maethane 6,995.25  OuGR2.4 275.7h3 2, %412 0.867,325 5100 $11.172 151.961
Ethane 15,6707 1.005,54 2094 27 20,850,272 1.6853.93 641314 1,000.44 1 P )]
Propane 5.5715.4 1.558.04 6,.2010.93 57.248.0 5.773.55 25.247.8 24977 56 524
Kabutane 34,587 .4 2.200,29 10,384.7 117 047 10.589.0 55.977.7 4. 414.96 672 447
n-Butane 38.029.6 1.992.11 12,1305 113,705 10.263.6 61,925.6 4.526.93 82 447
Bopentane 482536 256185 21,1367 220,502 17.144,1 116,025 6.987.77 1,188.07
n-Pentane 45,920 8 L510,% 25972 246,748 17.144,1 167, b 7.439.92 1.218.86
n-Hexang 5.443.4 2.048.35 40,5562 429 %40 28,003.2 296,077 11,5539 17115
n-Heplane b, 071 .6 1.187 82 57,9810 a2k, 1086 |97 484 417 16,9056 I.509.42
Nitrogen
Carbon dioxide
Hydropensulfide
Helum
Water
Ethylene 12,593.6 0,091,980 1,602.28 15,645 5 2.206,78 413380 731661 Pl
Propyene 23.0:9.1 1.357 43 5.365.97 46,758 .6 479997 20,0830 1.873.12 465 325

Units: p=psia, T=°R, molar density=Ibmol/ft?
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@ Viria Form:
5 _Pv —14 B(T) N C(T) N D(T) .
RT Vv Vv v
@ B(T): Frst approximation being non-ideal gas, second virial

coefficient (consideration of two molecules collision).

@ C(T), D), ....

@ B(T)for N,:
O.OSW ............................................ _E
B(T) O _______________________
3 i
M _0.001

Kmole
- 0.015

100 300 500 T (K)
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_Pv_, . BM,CcM,DM,

/, =—— =
RT Y, Vo Ve
RT RT RT RT
® v=—+B(T)—+C(T +D(T)——+...
P ( )Pv ( )Pv2 ( )Pv3
RT
a=-—-V
P
. . RT . @ RT RT u
Iim...a =lim(——-Vv)=lima B(T)—- C(T +...-
P® 0 (P ) 8()Pv ()F,V2 ¥

P lim,a=-B(T)® 0aT=Tg,,

@ limgg,a isdirectly related to B(T)  (observed experimentally).

. AZo . ®-106 1 . & RTO 1 ..
iMme—+- =limg——:=- =—IlimsV- —~.=- =—Ilima
P®Ogﬂpﬂrr Pe0&P- 0 RT Pe0§ P 5 RT PO
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V:E+B(T)E+ R +D(T R'I;
P Pv Pv

® (Z- = B(T)+C(T)%+ D(T)F+

/
(Z-1Dv
B(T)
%
P/
a If Z—ﬂ -1+ B() ®—_1i\/1+4B(T) RT
— — V_
RT Y 2P/
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@ We are looking for potential functions which calculate the forces
appeared in the equation of state in virial form.
ﬂ .
B(T) =- 2p No(ggee <12 v 2dr
e @

N ,=Awoogadro No. and E (r ) = Intermolecular Potentyial Function

@ Itisdesired to model E(r) toobtainB(T).

@ It is impossible to integrate the above equation to obtain B(T).
However, it is possible to approximate it by a power series.

B(T)=byB'(T")
2 )
bozgpNOSB,T -

o

B (T") isdetermined in terms of % and b,
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@ Lenard-Jones[6-12] Modedl for E(r)

E(r)_ 4e &s 8 as ol
RT RT &rg & oo

Energy of a state or level
(intermolecular potential on state)

> r (distance of collision)

s = Theradia position where E (r) takes zero value
e= A distance denoting the depth of the potential well

@ The maximum energy of attractionoccursat I = 2%5



