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CHAPTER 1V

CALCULATION PROCEDURES AND CALCULATION WORK

4.1 Determination of Kij

The Kij value in_equation 3.8 is determined by back calculation

using experimental pressure data of+various binary systems reported in the literature.
For convergence method , Fibonacci Optimization Technique is used.

4.2 Determination of Pcal

Pcal is determined by equation fugacity coefficients in the liquid

and vapor phases :

A v y 1
fi fi , 4.1)

¢iv(T,P,YI)yi

Qi'm,PLx,)x, @.2)
Newton - Raphson methods is used as the convergence method to obtain the

saturation pressure, Pcal

4.3 Fibonacci_Optimization Technique

The burpose of this| technique is to find the ‘minimum!/of a single variable f(x),
non linear function subject to constraints a<x<d.The upper and lower bounds, d
and a, are constants. In this work, Fibonacci optimization techmique is applied for
calculating the binary interaction parameters. The {(x)| is the objective~function. The -a
and d are initially guessed binary interaction parameters.

This procedure is an interval elimination search method . Thus, starting with
the original boundaries on the independent variable, the interval in which the
optimum value of the function occurs is reduced to a final value, the magnitude of

which depends on the desired accuraéy.-.Thé location of points for function



evaluations is based on the use of positive integers known as the Fibonacci numbers.
No derivatives are required. A specification of the desired accuracy will determine
the number of function evaluations. A unimodal function is assumed. Thus the use
of multiple starting points is recommended if a ;nultimodal function is suspected.
The algorithm proceeds are as follows:

a). Designate the original search interval as /L1 with boundaries al and

b1l
b). Predetermine the desired accuracy Ol and thus the number,N, of required

Fibonacci numbers (equals'number of required function evaluations)

o =1 4 4.3)
Fn

F, = F, = 1 4.4)

Fn =Fn-1 +Fn2 ,n=2 4.5)

where is Fn called a Fibonacci number.
c). Place the first two. points, X1 and X2 (X1< X2) within L1 at-a

distance 1, fromi. each-boundary;

1, =Fn-2 _L, (4.6)
Fn

X1 = al +1, 4.7)

X2 = bl -1, . (4.8)

d). Evaluate the objective function at X1 and X2'.-Designate the
function 'as F (X1) and F (X2). Narrow the search interval as| follows:

al < X* < X2 for F (X1) <F (X2) 4.9)

X1 < X* < p1 for F (X1) <F (X2) (4.10)

where X* is the location of the optimum. The new search interval is

given by



L, = Fn-1 .L1 = L1-1, 4.11)

Fn

with boundaries a2 and b2.

e). Place the third point in the new L2 subinterval , symmetric about

the remaining point,

L =Fn3 L, 4.12)
Fn-1
X3 = a2+l|, or b2-1, 4.13)

f). Evaluate the objective function F(X3), compare with the function
for the remaining in the interval and reduce the interval to

L, = Eda-2 L1 = L2-1, (4.14)

Fn
h). The process is continued per the preceeding rules for N
evaluations.

The general equations are

I, = Fraen « Li (4.15)
Fran
X = a +1 or b -l (symmetric about mid point)
L = Fiadye Ly =L L 4.16)
FN

After N-1 evaluations and discarding the appropriate interval at each step ,
the remaining point-will-be precisely.in. the center jof, the ,remaining jinterval:=Thus
point Nis also at the midpoint and is replaced by a point perturbed [some small
distance € to one side or the other of the midpoint. The objective function is
located is thus determined. A flow sheet illustrating the procedure is given in

Figure 4.1
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_ 4.4 The Newton-Raphson Method

When only roots are required, which is always the case with equations of state, the
Newton-Raphson method is convenient. Figure 4.2 depicts the graphical
Newton-Raphson method. If th> initial guess at root is Xi,a tangent can be extended
from the point
[Xi, f(Xi)]. The point where this tangent crosses.the X axis , Xi+1 usually
represents an improved estimate of the root. . The Newton-Raphson method can be
derived on the basis of this geometrical interpretation. As in Figure 4.2, the first
derivation atXi is equivalent to/the slope: |
Xi = fXi)-0 4.17)
Xi - Xi+1
which can be rearrangeed to yield
Xi+1 = Xi-f(Xi) (4.18)
f,(Xi)

which is called the Newton-Raphson formula.

It is applied te quartic equations. of state calculation in this work for 2 cases,
CaseI : Caiculate the roots of ‘quartic equation of state

Case Il : To obtain the Saturation pressure ,Pcal

Case I : Calculate the roots of quartic equation of state
From Eq 2.5, the equation of state is written as a quartic:

Vi4q,V'4q,Vitq,V+g, = 0 (4.19)

where (';(,,ql,qz,q3 are expressed in equation 2.6 - 2.9 respectively. We can | write  the
equaticn in form' of compressibility factor (Z) by the substitutions PV =ZRT or
V = ZRT/P,then we. obtain.

@ZRT)' + q,(ZRT)+ q,(ZRT) Hq,(ZRD+ q, = O (4.20)

4 3 2

P P P P
devided by (RT/P)' ,which give

'+ qZ + qZ +qZ + q = 0 @4.21)

(RT/P) (RT/P)° (RT/P) (RT/P)



let Q1 = g, (4.22)
(RT/ P)
Q2 = gq,
(RT/ PY’ ' (4.23)
Q1 = gq . 4.24)
(RT/P)’
Q = q (4.25)
(RT/P) '
So Eq4.21 becomes
Z4+Q1 Z'+ Q2 Z*+Q37+ 04" =0 (4.26)

And, Eqs (4.22)«(4.25) become  on rearrangement,

Q1 = P[2K,[B+e]-1
RT
Q2 = P Bk, -Bk -0+, P [k B=2Bkel + aP
RT iy ®TY
Q3 = 1 [PeiB+PPic-PBkal+ i [P ek, PePKk,]
(RT)’ @®T)
Q4 = -RekB’ |
e

for the purpose o use the Newton-Raphson formula to calculate the

roots of quartic-equation of state

f@Zi) = 2z'+Q1Z’+Q27Z'+Q3Z+ Q4 @.31)

f(zi) 0= 4Z°%3Q1Z'+2Q2Z+ Q3 (4.32)

zZ,, = Z.+ {(Zi) (4.33)
| £ (Zi)

while the quartic equation yields: four roots.,/one root is always negative and hence
physically meaningless , and three roots behave like three roots of a cubic equation.
For the case with vapour liquid equilibrium calculation in binary systems we define

Zv is the compressibility factor in vapour phase and Zl is the compressibility factor

in liquid phase. Where the value of Zv,Zl are nearly 1 and 0.1 consequently.
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(4.29)

(4.30)



Casell: To obtain the Saturation pressure ,Pcal

For the purpose to calculate the pressure of the system from Quartic EOS,
the initial pressure must be guessed at the first step of calculation .
This suitable method leads to find the answer fast apd correctly. So we obtain the
following expressions
P,, =P, - {(Zi (4.34)
fl(Zi)

for binary mixture

P, = (x,Psat+x,P sat)/2 (4.35)
Al AW
i(P) = x, Gy, 01 (4.36)
AL nY
«P) = x 00Ny, 0@1) 4.37)
or opP
AL AY

and absolute value of lxld)l - y.¢ll approaches 0.0001

4.5 Derivation of fugacity ecoefficient equation

4.5.1 General formula

General formula of partial molar properties requires differentiation with
respect to composition, and we assume the availability of corresponding-states

correlation for property M ,of the form

M = W(Tpr,Ppr, Tp)
when Tpr = T/Tpc (4.38)
Ppr...=.P/Ppc (4.39)
Tp = X XiTu (4:40)
where Tpr "= pseudo reduce temperature
Ppr =/pseudo reduce. pressure

and |l is the same function developed for the correlation of M for pur fluids.
By definition |
Mi  =[ @M Jrpnj @41
O ni

and thus



Mi =M+ n[ OM ] T,p;nj : (4.42)
Oni

" For practical calculation, the most important partial molar properties is Indi.

(4.44)

(4.45)

(4.46)

4'5‘2 ¢ i based n _ual “';—;-:-— .

i)
P = 3 ‘ u'-l (4.47)
V-xB) v bB) V(V+e)(V-

.o zﬂUﬂ’ijﬂEJYl‘mmﬂi

ammnim NN1INYINY

RT -P + kRT - aV+k (4.49)

\% \% vV-kB) v-xB) V(V+e) (V - k,B)
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v v

wI(E'P)dV =QI[E - RT + PkRT -  av+kPe 7dV(4.50)

% Vo (V-kB) (VoK B WVﬂNV-&Bﬂ

v

.,JBI v =RT InV N
- RT av =RT In w—"
V1) /
.,J BkRT av =
V-kBY
(V -k,
co.[ a dV =a co.[

{(V+e) (V - k,B)

Integrate by fraction y

Assume G=k°B ; constan -

|
A
/

1 = + B (4.56)

(V+e) (V-G) (V+& s (V-G)

sy ﬂ‘LlEl'IIVIEWI‘ﬁWEI’]ﬂ‘i

(A+B)V - AG + Be =

" Awwaﬂnimwﬁﬂmaa

= 1/(G+te) (4.61)
A = -1/(G+e) (4.62)



v v

o a AV = an] v+ aasl 1 av (4.63)
(V+e)(V - k,B) (V+e) (G+e) (V-G) (G+e)
a[-ln (V+e) + In (V-G)-I (4.64)
G+e)  (G+e) | |

]

= a . In(V-kB) (4.65)
k,B+e (V+e)

o) k, Be dv=k,Bc - 1 dv (4.66)
V(V+e) (V- k,B) V(vzEe) (V-5 )
o) K Pe dV=Ge o] 1 ay (4.67)
V(V+e) (V- Kk,B) V(V+e) (V - k)
1 = A+B I+ C (4.68)
V(V+e) (V- k,B) V. (V+e) (V-G)
A (V4+e)(V-G)+BV(V-G)+CV (V+e) = (4.69)
A(V'-GV+eV-Ge) + BV =BGV + CV' + CVe = (4.70)
(A+B+C)V’ =0 4.71)
(-AG +Ae-BG +Ce) V =0 (4.72)
-AGe =1 (4.73)
So  A=-1/Ge,.B<1]e(Ghe) O/ (G+Ge) @.74)
Then ) ) !
GC o] 1 dv = GC,,.,J_—I_ avi+o] 1 L dv
VEV+e) (V - kB GVe e( GHe) (V+e) (G’ + Ge)(V-G)
G -V + ln(V+e) +ln (V-G) (4.75)
[ Ge  e(G+te)  (G'+ Ge)]

=k°[3c|‘|n (V-kB) + In(V+e) - %q (4.76)
[P+ B (+KkPe) kPe



| k, Be dv =k, B[ (V-KB) + In(V+e) - WV (4.77)
Vv (V- kB) B+ tBe) (@ k,Be) k,Pe
We have
mJ(E-P)de =RT In V-REMn (V=i ) + Pk RT =+ a In (V-kf
v VikB) (kP rey|™ (Ve
+ k,Befiin (VK39 /# /In (v+e) - In¥  (4.78)
O, B (k,Be) @k, Be)  kPe .
In ¢ =z—1-|nz+_1_,,f(§I~P)dv (4.79)
so RT \%
) =Z -1 - InZJF 1ff VRS IBENE \ a In| (V-Kkf)
(V-kB) (vaigB) RT (kP +e) V+e)

+kBe [Im(V-KBY + la(V+e) =InV | (4.80)
RT | (,Br=GcBe) . (e'+ i Be) koBeJ

Since Mi =M+n(QE ) tem (4.81)
O ni

By M =i gives (4.82)

ln(tl;i = Q) =0 (0@ ), by -1 (4.83)

Oni
(O ien = 4OMmO), - OB, +(Om9),, 4(00);#(Fmd ). 4(Fa),
O i @p | om  0e  Omi | a om
+(0md ), s @e), (4.84)
(ae) O ni

s0 we require the value (aln¢ ) ,(aln(b ) I ,(aln¢ Yoo ,(alnd) Yacs
| @B @) (Oa) (De)
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(Omd), .. = 0 [2Z-1-WmZ+lmn V + Pk, + a in (V-kJ)
OB 0P [ (V-kB) (V-kB) RT(kB+e)  (V+e) }
+0 (k‘,Bcl'ln(V-koB) + In (V+e) -lnv'l) (4.85)

(Gl5) Rﬂ(ko B+ (Be)  (+ Kk,Be) k‘,BeJ

(Omd),,. -@n,,, (01),.. (WD & O (mviv-KB) ),..

Gl I 0P 0B (© B)
+a( Bkl/(V-koﬁ)).N+a l— a In (V-k‘,B) ]
@B OPl. RT(kBse) (V4o
+0 (Bkocl-ln(V-k,,B) + In(V+e) - lnvjl ) (4.86)
OB REL B+ B kBo), kBe

ﬁnd (al)a,e,c

op
Z=(RT + PBKRT -+ aVit dkobc) . ¥

(V-koB) (V-koPB)’ V(V.+e) (V-koB)  RT

Z= V + Pk - aV  + IkePc

(V-kB) (V-kaPB)®  (V+e) (V-kB)RT

Z= V 014+ Bl L -a - lkeBe )
V - ko B) (V-kop)  (V+e)RT (V+e)RT
@aee = & V. ((V-kB)ki + kokiB - kee )
P (V - ko B) (V - ko B)? V(V +&) RT
+ \Y% (1 + Bk - a - keBec )

(V- ko B)* (V-koP) (V+)RT  V(V+e)RT



(Daec = \% (K +  kkip - ko ¢

- 513— (V-koP) (V - koP) (V- ko B) V(V +¢) RT
+ ko : .
V - ko) ”
(az)a,e,c = \4 " . \ ] )
op (V- koP)
= \% . ( koc T+ (4.87)
(V-koB)RT V(V+e), r,
P = RT +
(V-koB)
find (al)a,e,c
op
ﬂ ﬁé“l""“a‘w %mw UN3
InZ = In (P V =InP + an ‘- u488)
and @Inz)pee = (aln Place + (0InV/RT),ec (4.89)
B B ap
(4.90)

(8ln V/RT )uee =0
I



.(a.ln Z)a.ec = 1.(0P)qec

ap P op

(0P),.ec = RTKky
B (V-koB)?

V? (V-kB)? (V+e)
-~ RTky + kRT

(V-koB)?> (V-koP)

- ko (aV +ko Bc)
V(V - ko B)*(V +¢)

_find

@OInz)yee = . (0P l-. e,

S Paﬁm

(4.91)

(4.92)

e e -
%ﬂﬂ’l@ﬂﬂ‘im Mﬂﬂ?ﬂﬂ’]ﬂ #

(V-koP)

(0(KiB/(V-KkoB) ))aec=  (V-kaB)ki - kiP (-ko)

ap (V-koB)?

T a2 O RS

(4.95)



=_a.(V+(V+e(-ke)  + _Iln(V-kP)(-aRTko)

RT (Ko B + €) (V-koB)(V +e)? (V+e)R*T * (ko B + ¢)”
= - a ko (1 + In(V-kB)/ (V+e) ) (4.96)
RT (koP +€) (V-koB) (Ko Bi+ e)

8 [ keBc. [In(V-koP) +# In(V+e) -l V
B | RT  |(koB)* +(koPe) e’ + ko Be ko Be

= Kge ( In(V-keB) 4+ /In(V+¢) - In V)
RT (ko) +(koPe) [ &+ kpe ko e

+ koc (((koB)*+koPe)(-ko) - In (V=Ko PB).(2ko B + koe))
RT (V-koP)
((oB)* ¥ koBe)

- keeln (V+e) + kye.lnV) ’ (497
(€' +koPe) () (Ko Bey

= koc (.In(V-koP) .. +t.In. (V.+e) -oIn V¥V )
RT (koB)’ + Uiope | (e*+ KoPe) ko Be
+ (ko’Bee ( IV - 1 - In(V +e) )

RT  (koBe)’®  (V-koB)(koB)’ + koPe) (e +koPe)



ko Be(In ( V- ko B) )(2ko’B + koe) ) (4.98)

RT ((koB)’> + koPe)’

(a In g)a.e,c = \4 ( kot ky T 7 ﬁko K )
B (V-koB) (V-koB) (V-'kqB)’
-V (koe + _ak + ko’Be. )

(V-kB)RT V(V+e) (Vte)V-kof) _ V(V+e)(V-koP)

-1 (RT (kot ki) + 2 PlokyRT = ko c - ko(aV¥ koPc))

P (V-koP) (V-KoB) V(V+e)(V-kaB)  V(V.+e)(V-koP)

+ ko + ( ki y Bkoki =)

(V- ko B) (V-koPB) (V- ko B) 2

+  (-ako) o 1 + In( (V- ko B)/(V + €))
RT (ko B +€) (V- ko ) (ko B + ¢)

+ ke ( In(V- ke B) + In(V+e) - InV )
RT  (koB)’ +1 koPe (e +koPe) ko Be

+ ko?pec | ( 'V 20 . 1 - (Vv +e)— )
RT (koBe)’>  (V-koB) ((koB)*+koBe) (€’ +koPe)’

- kePe . (In(V-koP)) . (2ko’B+ koe)
RT ((koPB)’ + ko Be)’




@I Doy = (ZLlaep - (0lnZL)yep 4.99)

dc oc oc

+ @ (koPBc ( In(V-ko - InV))aee (4.100)
dc RT  ((koB

and (0L )ge,p (4.101)
dc
(0InZ),e (4.102)
dc¢
(@ ( koPec .(In(V-kop
dc RT  ((koB)*+koBe)
ko B ( ln(V- kef) + In(V+ e) - lnV ) (4.103)

ﬂ‘wﬂ’ﬁ“’ﬂ HRSNHINT
“W?mﬂ%%&%%mmmaﬂ

+ ko ( In(V-KkoB) + In(V+e¢) - InV) (4.104)
RT ((koB)’+koBe) (e +koPe) ko Pe
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@O D)e,e.p = (OZ)c,e,p(OInZ)c, e, p+ (@.In(V- ko B) In(V + €))c e, p (4.105)

Oa Oa

We have (OZ)c ,e,p * (4.106)
Oa |
(OInZ),.,p = (JIinP (4.107)

o “kaB)]
0 n[(V-ko B)/(V+e)] (4.108)
on [ TR (ko pe)
and
@n Dye.c.p =
oa

+ In EV -k B)/(V+e)] (4.109)

UEMENIHYINS
= NAINIUAM TN

+ 0 a In [(V-kB)/(V+e)
Oe RT(kO B+e) a, B,




- -

+ 0 ko P I'ln(V-kOB) + In(V+e) - InV

e RT tko [3)2 + (ko Be) el + ko Be koBe 4, pe

@L)a.pc = -av |

de RT (V- ko)

Then
(0Z),, pc = aV

Oe RT (V -k
’ and'

(OnZ),, g = (OInP),, pe

Oe e )
=1 (-(aVv ko 5
P (V +e)

410

(4.110)

(4.111)

(4.112)

4.113)

ﬂuﬂﬁﬁﬂﬂmﬂ HINT o

ﬁndva.ueﬂw"wmnﬁfu U INeIaE

a In((V - ko B)/(V+e)) ]
a, B,

oe [RT(ko B+e)



= a (koB-V).(V+e) |+ In(V-koB). -aRT
RT(ko B+e)| (V - ko B)(V+e) (V+e) R 2T ? (ko B+e)’
L
- r(koB-V) - (Y- kg BY(V+e) ) | (4.115)
RT(ko B+e) | (V - ko B)(V+e) (ko Pe)
I ]
K qu, e [ Im(V-keB) + la(V+e) - InV b
de LRT (koB) + (ko ey e’ ky Be ko Be . Be
= keBe [ [- koP Inf(V -k B)Y |
RT L((MB)2+(MB6))2
1 - (2e+ ko B) In(V:te) + InV (4.116)
(V+e)(e” + ko Be) (e’ + ko Be)’ ko Be’
find
©Oln D), p,c = aV +Kkgfc - 1 (aV + kgPo)
de RT(V - ko B)(V+e)’ P | V(V-koB)(V+e)
+ a (ko -V) - In((V - ko BY(V+€))
RT(koB*e) [V ko B)(V+e) (ko B+e)
+ koBe r ko Beln (V- koP) 1 i+ 1
RT l ( (Ko B)* '+ (ko Pe) ¥ (V+e)(e*+ ko Pe)
- etkoP) ln(V‘+e) + InV (4.117)
(€ + ko Be)? ko Be? |

41



Begin with
B=yiBi + yiB; (4.118)

= m B + n; B

n; +n; n; + n;

(yi= m/n_ yj=nj/n, n = ni+n;)

(@B)n; = [(mi+my)- o (P A . B; (4.119)

on;

@B = (B yiff. o~ g \ . (4.120)

fore = yie; + yjej (4.121)

(ae)n,- =
om; Y]
. and ¢ = v+ 2y T @13y
1 | J(‘

ﬂ'ﬂﬁ%ﬁéﬁ’{lﬁmﬁﬂﬁq ny
AR aﬂmmumwma &

so (09 = 2cyiyj + 20-05 5y - yiyi) - 26y (a2s)

6ni N
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next

a = yi'a+ 2yyaa’ + y’a (4.126)

(Ga)n; = 2 ajyiy; + 2 a; (4.127)
ani

We have '

Ing, =Ind + (4.128)

'i (OInD)a g,

‘ oa

ﬂUEJ’J‘VIEWITWEJ’]ﬂ‘i

+ (OInD)ap,c - n (0e)nj

\ Qﬁ?ﬁﬁﬂimmﬂﬂﬂmﬁﬂ

In@=2Z-1-nZ + WV+ Bk + a . In (V-koB)

(V-koB) RT(et ko)  (V+te)




+ koPc In(V-keB) + In(V+e) - InV

L — (4.129)
RT |[(koB)* +(koBe) (¢’ +koPe) ko B
OInD)gee = V ko +k; + 2ko ki B _]
op (V-koB) | (V-koB) (V - ko B)* J
- \% ke 4+ akp + ko’ Be

(V-kB)RT | V(V+e) o (VHe)(V - ko B) V(Vte(V- ko B))

-1 RT (ko +ki)" +/ 2kokiBRT - ko ¢
P (V - ko B’ (Vi- ko B’ V(V+e)(V - ko B)
7
- ke@V+aBe)

V(V+e)(V - ko B)

+ (ke +ki) + Bkoky o ako I In ((V - ko B)/(V+e))

(V-koB)  (V-koPB)’ RT(e+koP) (V-koB) (e+ ko)
+ ke [ In(VEKB) | T+ 7 InV4e) 157 v
RT ‘L( ko B)*1+ (ko Be) (¢’ + ko Pe) ko Be

+ Ko Pce InV d 1 - In (V+e)
RT (koBe)*  (V-koB)(koB)* +(koPe)) (e* + ko Be)’




as

- koBe . (In(V-koB))(2ke*B+ko)? (4.130)

RT

n(@B) = Bi- By;

On;

(Omd ), p,
Oc

ufe

On,

(Omd), g,
da

nda
On,
(Omd), g,
e

((ko B)* +(ko Be))?

4.131)

&, [) [ Yih ] + k3 [lnw-k.,B) + In (V+e)

(V-k,B) (Ve) PV RT. RT L@,PBr+,Be (e+k,Be)

-In V]

k,Pe (4.132)
= 26y, 4 c O ¥y 2y (4.133-)

-V + 1 +ln{(V-ko|3):l. 1
RT(V+e) (V- B3 P(V+e) (V= Kk ) (v+e) | RT (k,B+e)

(4.134)

2 2
=2 A, Y.Y; +2 a; 3, (yj -y Yj) -Zai Y; (4.135)

aVeBke - 1f av+Bke 7+ —a
RT(V+e)' (V-k,[B) T)[V(We)’ (v- kOB] RT(k,B+e)

F(koB—V) - (v-KkB) | el 1 } + Bk,e
L(V+e)(V - kB ) (V+¢) (koBre) RT
T -k B (V-KP) + 1 - Qe+ B k,c) In (V+e) +

o G B2, Bo) o (VA (et k,Be) = (€ k,Be)’
(In V)/(koBeq A (4.136)
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n(Oe) = (ei -€j)yij . (4137y

anj

op ov' 0

Al

¢1 =exp|Eln¢l+n (In(P1) i .

f&?ll) (4.141)
ov r
a(ln¢;+na(ln¢l)) __ + O(n (md)l)/ﬁn) (4.142)
" ﬂ%ﬂlﬂﬂ Vel 4903,
ov 6 ov' ¢ o OV

quaT q_m&[(ln(
\ ov (k, By + (k,Be)

+ In (V+e) - In V] j| (4.143)
@ +kBe) KkPe




oz k3 kB[ 1 - 2V - a 1.

ov' vV-k B)’ | (V-k B)’ (V-k,,B)] RT lj(we)(V-k,,B)
vev+e-k By |- Bke[ -@v+e-k B (4.144) -

(V+'(V-k,B)' | RT [ (v+e) (V- B)’

O Z (4.145)

ov'

(4.146)
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omzZ = 1 -RT - 2BKRT + a(2V+e -koP)

vl P | (V-koB) (V- ko )’ (V+e): (V-ko B)°

+  koPe( 3V? + 2¢V - (4.147)
8 In(VI(V - ko B))
avlh
B(Bke/ (V- koB))
(4.150)

ARIANT ‘mJlJW]’J EJ']QEJ

aln@L— -kp + Pk
avt (V - ko B)? (V- ko B)’ (V - ko B)?
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a 1 - V(2V+e-kB)

RT ((V-koB)(V+e)  (V-koB)’(V+e)

- kope - [ (2VHekop) | -
L(V-koB)Z(V*Le)z SNV

- ko
V(V - ko B)

+ koPc
RT

@. E@)
o u§5ﬁ3ﬂ5W8:hi

[FALV;] d (In

&w%&@@ﬁuuwwqwﬂwaa

1
(4.152)
V kg Be

Let [FBLV,]




d ’_n(aanL)—‘..j = (Bi - Bj)y:i[FBLV,]

6VlL on;

+[2¢ yiyj +2¢-°5”°5 yi’ -¥i¥i) -2 ¢ y;[[FCLVy]

# ;) -2 ajyj ][FALV1]

(4.157)

FBLV, = V . [-(kg + 4ko ki) = ko K1) + 2kok ]

(V-koP)’ (V-koB)

- Vv - | ko
RT(V - ko B) VZ(V +e)

- ko’Bc (3V*H2eV -2 ¢

ViV - koﬁ)wﬁ

*ﬁ@%*‘i{ﬁmﬁwmm

1 |rlio) S & bbbl -k ) A

p (V ko B)* (V- ko B)* VAV - ko B)*(V +¢)’




.y

- ko | V(V-keB)Y’(V+e)a - [aV +koPe]
VAV - ko BY2(V + €)*

1

RT(ko+ ki) + 2kokiPRT - koc (V-koB) _ _ -ko(aV + koPe) | O(1/P)
(V-koB)’ (V-koB)' V(V-keB)(V+e) VIV -kB)(V+e) V"

(V-koB)’ (V-koP)® (V-koB)' RT (kop+e) L(v-kos)’w-koﬁ)(vw)

-k ki - 2kokiBTealky [ 1

+koc 1 + 1 S

RT | (V- koB)((ko B)*+kgBe) & [V + )" (e"+ka Be) Vk Pe

+ ko’ cPe 1+ 1 - 1
RT VikoeB)’  ((koB)+KoPe)V-koB)* (V +e) (e’+koPe)’
- kocp 2 Bko’ +koe 14.158)
((ko B)*+ko Be))*(V - ko B)

a(1/P) = -1 P L 159)

ovt P ovt

o°P = - RT - 2KBRT + a(2V +e -kopB)

vt (V-keB) 0 | ¥ : kaB)’ W #kaB)’ (Vi + ¢)’

+ koc(3V3+2eV - 2koBV - koPe) - | (4.166)

VAV - keB)’(V. + e)

FCLV; = ko |_1 - 1 0P |- koB(2V+e- ko).
(V - ko B)(V + ¢) Ev VP2 aVh | (V-koBY(V+e)
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PV RT
+ koPec | 1 + 1 - 1 _‘
_ (4.161)
RT | (V-koB)(koB)* +koBe)) (e* +koPe)(V+e) VkoPe ‘

FALV) = 1 |V@V+e-koP)-(V-koB)(V+e) |4 1
RT (V - ko B)'(V +¢)’ RE(MV=koB)(V +e)

- @V+e- ko PP (V -k B)(V/4- ) 0P

ayb (4.162)
P2 (V -k B)X(V # )
FELV, = a _ 4 (AV 4Ky B)BV2H 2e + e2-2 ko BV)
RT(V - ko B)(V +¢) RT(V - kg BV + ¢)*

-1 a

P | V(V5ikgB)Vite)

(aV + Ko Bc)(4V3 +4eV +2e*V -3kg PV? - 2kg Pe - ko Be?)

ViV - ko BYi(V +)°

+ 1 |>(aV+k0[3c) P + ali-l + (2V- koB+e)
P’ \j’w-koB)W+e)2 vt L(V-koﬁ)(Vﬂ“e)(V-koB)(V*‘e)z

-(V-ko)| +koPe -koB - 1
(V+e’| RT ((ko B)*+ko Pe))’(V - ko B) (e* + koBe) (V +e)’




(y-ko)ﬂ ko Be { - ko B 1

(V+e? | RT (ko B)*+ko Be))’(V - ko B) (e’ + koBe) (V +¢)?
(2e+Kkep) + 1 J (4.163)

€+ koPe)’ (V+e)  koPe’V
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