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1 Introduction

Derivation of the Wong-Sandler first and second differentials needed for thermopack implementation[5].
The appendix of the Wong-Sandler paper contain parameter definitions and first order differentials
with respect to mole numbers for the Peng-Robinson equation of state.

2 Infinite pressure limit of the equations of state

To determine the C parameter of equation A3 and A4, the pressure limit of the equation of state
must be found.

_ nRT A O
V=B (V-B(T)m) (V- B(T)my)

The residual Helmholtz function, F', becomes

F(T,V,n)=n [m (VVB> " Tjg)BRT In <¥_ng>] ' @)
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Table 1: Different equations of state

Year: Name: Functional form:

1873 Van der Waals p=4E£L_ 4

1949 Redlich Kwong P= &5 4T

1972 Soave Redlich Kwong P = £ — o

1976  Peng Robinson P= % - %

1980  Schmidt-Wensel p=8L_ . oln
1982  Patel Teja P = % — %

1987  Yu-Lu p=HL_ 2Tk

1987  Trebble-Bishnoi P e

Table 2: Equation of state parameters

Name: mi mo
Van der Waals: 0 0
Redlich Kwong: 0 -1
Soave Redlich Kwong: 0 -1
Peng Robinson: 142 -1-v/2
Schmidt-Wensel 7173“’“/% *1*31"*\/@
Patel Teja: —b— cwm —b—c—\/b2-2+-b%c-i-w
Yu-Lu —c— 3b+m —c—3b—m
—b(T) c+\/b(T 246b(T)c+c2+4d  —b(T)— \/b(T 246b(T)c+c2+4d

Trebble-Bishnoi

26(T) 26(T)

In order to find the pressure limit, we use that,
F(T, P,n) = F(T,V,n) - In(Z),

where Z = PV/(nRT). We then get,

F(T,Pn) =n [_ In (P(XRTB>) " (m —njjg)BRT In (5_2@)] '

From 1 we see

We therefore get

lim F(T, P,
gim F(T.Pn) = ppm o —

1 1—m1>
C = In .
(ml—mg) <1—m2

nA 1 B—-miB\ nAC
ma)  \B-msB) BRT’

where C is given as follows,
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Table 3: Equation of state C-parameter

EOS C

Van der Waals -1

Redlich Kwong -In 2

Soave Redlich Kwong -ln2

Peng Robinson % In (\@ — 1)
Otherwise Use Eq. 7

3 The Wong-Sandler mixing rule

The Wong-Sandler mixing rule give a relation between the B and A parameter of the equation of

state. In effect the B parameter become temperature dependent.

A= BDRT

Q is defined as follows,

Q= Zznmg (b - %)Zj ;
ij

where
a;(T) a;(T)

<b_i>ij_ <bi_ RT)J;@_ = ) (1= ki (T)),

and

. N + a;

"I RT T RTY

o airr | 2057 244
" TT RT ' RI?  RIT®

D is defined as,

(10)

(11)

(12)
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4 Partial differentials

4.1 Temperature differentials

Differentiating 9 with respect to T' gives:

Br(n— D) — BDr =Qr
(3

_ Qr+BDr

B
T n—D

Further differentiating 20 with respect to 1" gives:

Brr(n — D) —2BrDr — BDrr = Qrr
3

_ Qrr +2BrDr + BDrr

B
T n—D

Differentiating 11 with respect to T' gives:
Ar = BrDRT + BDrRT + BDR

Further differentiating 24 with respect to 1" gives:
Apr = BprDRT + 2By Dy RT + 2By DR + 2BD1rR + BDprRT

Differentiating 12, gives,

. ) 1 — ks . .
QT _ Zznzn] <(T7«7T + T‘LT) ( 1.7) _ ri + 7”] kz] T> ,

5 2 2 ’

riTT + T 1 -k

QTT = Zznzn] (( 1, 1T ]7§T) ( l]) - (Ti,T + Tj,T) kij,T

i

i+ Ty

—- 5 ¢ kij,TT)a

Differentiating 19, gives,

DyRT + DR = szn abT + A%’T,
(i
“n %7 4 %7 _ pR
Dr == RT
Differentiating 30 further gives,
a; T A](;]O T
DrpRT +2DpR = Zn ot o

v

a4, TT AcE:o,TT 2D R
doni—h— + —¢— —2Dr

RT

(32)
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4.2 Mole number differentials

Differentiating 9 with respect to n; gives:

Bi(n—D)+B(1—D;) =Q;
(3
_ Qi+ B(D;i—1)

B;
n—D

Further differentiating 34 with respect to n; gives:

Bij(n — D) + Bi(1 — Dj) + Bj(1 = D;) — BD;j = Qqj
(i

Qij + BZ(D] — 1) + BJ(Dz — 1) + BDU _ B

n—D Y

Differentiating 11 with respect to n; gives:

A; = RT (B;D + BD;)

Further differentiating 38 with respect to n; gives:

Differentiating 12, with respect to n; and thereafter n; gives,

Qi = Qan (b B %)ij ’
j

@ij :2(b_%>ij‘

Differentiating Equation 19 with respect to n; gives,

E

a; Aoo i
D;RT = — =,
b; C

Differentiating 43 further with respect to n; gives,
E

Aoo,ij
DijRT = —=*.

4.3 Cross differentials
Differentiating 34 with respect to T' gives:
Bir(n — D) — B;Dr + Br(1 — D;) — BDir = Qir
i}

Qir + B;Dr + Br(D; — 1) + BDi7 B
= Bir

n—D

Differentiating 38 with respect to T' gives:

Air = R(Bi7DT + B;DrT + B;D + BrD;,T + BD;7T + BD;)

(43)
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Differentiating 41, with respect to 1" gives,

rir +1iT) (1 — Kij ri + 1)
QiT ZQZTL] (( T J:g)( ]) o 5 J kij,T) ) (49)
J
(50)
Differentiating Equation 43 with respect to T gives,
air | Avr
Dy7rRT + D;R = — + ——. (51)
bi C
)
E
D agiT + AogiT _ DzR 52
iT = BT : (52)
5 The NRTL infinite free energy model
The NRTL model [2]:
AE %:nﬂ jidji
oo — il =—1. 53
RT Zn DTGk (53)
! k
where
9ij (T') = exp (—ay;7i5 (T)). (54)
Looking at the NRTL model it is very similar to the Huron-Vidal model (HV) [1],
GE %J”jbﬂjz’gji
== = i| =—— |- 55
RT Zn > nkbk ki (55)
! k

Comparing equation 55 and equation 53, the substitution b; g%v = %RTL can be made, that lets

us reuse the existing HV implementation. For the combination of NRTL for some binaries and
simple van der Waals mixing for other binaries, the following can be done,

gji = bj (56)

Bii = %C, (57)
\/bib;

Bji = —T,j\/@‘zﬂjj (1= ki), (58)

- 6jiR_Tﬂii' (59)

This follows from the relations for HV described in [4].
Alternatively the relations developed by [3], can be used.

5.1 Differentials

Follows the approach above, the differentials are already available from [4].
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