
1 General Conservation Equations in STARS

A conservation equation is constructed for each componet of a set of identificable
chemical components that completely describe all the fluids of interes.

The semi-spatially discretized conservation equation of fluwing component i
is

V
∂

∂t

[
ϕf
(
ρwSwwi + ρoSoxi + ρgSgyi

)
+ ϕvAdi

]
(F5.1)

=

nf∑

k=1

[
Twρwwi∆Φw + Toρoxi∆Φo + Tgρgyi∆Φg

]
+ v

nr∑

k=1

(s′ki − ski) rk

+

nf∑

k=1

[
φDwiρw∆wi + φDoiρo∆xi + φDgiρg∆yi

]
+ δiw

nf∑

k=1

ρwqaqwk

+ρwqwkwi + ρoqokxi + ρgqgkyi [well layer k]

where nf is the number of neighboring regions or grid block faces.

The conservation equation of solid component i is

V
∂

∂t

[
ϕfci

]
= v

nr∑

k=1

(s′ki − ski) rk (F5.2)

The conservation equation of energy is

V
∂

∂t

[
ϕf
(
ρwSwUw + ρoSoUo + ρgSgUg

)
+ ρgcsUg + (1− ϕv)Ur

]
(F5.3)

=

nf∑

k=1

[
TwρwHw∆Φw + ToρoHo∆Φo + TgρgHg∆Φg

]
+

nf∑

k=1

K∆T

+ρwqwkHw + ρoqokHo + ρgqgkHg [well layer k]

+
nr∑

k=1

Hrkrk +HLo +HLv +HLc +

nf∑

k=1

(HACV +HACD)k

The phase transmissibilities Tj are

Tj = T

(
Kri

µjrj

)
j = w, o, g (F5.4)
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and for phase enthalpies

Uw = Hw −
pw
ρw

(D9.1)

Ho =
nc∑

i=1

xiHLi

Uo = Ho −
po
ρo

Hg =
nc∑

i=1

yiHgi

Ug = Hg −
pg
ρg

Us = Cps (T − Tr)

Ur = a (T − Tr) +
1

2
b
(
T 2 − T 2r

)

and for reactions

rk = rrk · exp (−Eak/RT )

nc∏

i=1

Cek
i (D13.3)

where

Ci = ϕfρjSjxji j = w, o, g For fluid componet (D13.4)

Ci = ϕvci For solid component

Ci = yipg For gas component

ci is the concentration of component i in void volume

s′ki is the product stoichiometic coefficient of component i in reaction k.

ski is the reactant stoichiometric coefficient of component i in reaction k.

Hrk is the enthalpy of reaction k.

Eak is the activation energy.

xji is the represents water, oil, or gas mole fractions.

rk is the volumetric rate of reaction k.

rrk is the constant part of rk.

nc is the number of components

and finaly for well equations

qjk = Ijk · (pwfk − pk) j = w, o, g (F2.16)

• The subscrip k refers to the fact that the region of interest contains layer
no. k of a well which may be completed also in other blocks or regions.
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• Ijk is the phase j index for the well layer k may contain the movilty factor(
krj/µj

)
, through which the well equations can be tightly coupled to the

resorvoir conditions.

• pk is the node pressure of the region of interest which contains well layer
k.

• pwfk is the flowing wellbore pressure in well layer k.

Constant presure
pwf = pspec (F4.1)

the subscript "spec" indicates a quantity specified by the user. Of the nlay
layers of a well, one is designated as the bottom-hole layer, its flowing wellbore
presure is pwf .

Constant Water Rate
Nlay∑

k=1

qwk = qsoec (F4.2)

Constant Oil Rate
Nlay∑

k=1

qok = qspec (F4.3)

Constant Gas Rate
Nlay∑

k=1

qgk = qspec (F4.4)

Constant Liquid Rate

Nlay∑

k=1

(qwk + qok) = qspec (F4.5)

Constant Steam Production Rate

1

ρSTw






Nlay∑

k=1

qgky1ρg





= qspec (F4.6)

where y1 and ρg are values from the grid block containing well layer k.
The wellbore presure pwfk at each layer is obtained by adding pwf (at k = 1)

the accumulated fluid head

pwf = pwf +

∫ hk

hj

γavgdh (F4.7)

where hk denotes the elevation of layer k, and γav denotes an average mass
density of the fluids in the wellbore.
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2 Conservation Equations STARS for the prob-

lem 7

The semi-spatially discretized conservation equation of fluwing component aqua
of Ec.(F5.1) is

V
∂

∂t

[
ϕf (ρwSww1)

]
=

nf∑

k=1

[Twρww1∆Φw] + V (s′11 − s11) r1 + ρwqwkw1(1)

[well layer k]

The semi-spatially discretized conservation equation of fluwing component oil
of Ec.(F5.1) is

V
∂

∂t

[
ϕf (ρoSox1)

]
=

nf∑

k=1

[Toρox1∆Φo] + V (s′12 − s12) r1 + ρoqokx1 (2)

[well layer k]

The semi-spatially discretized conservation equation of fluwing component inert
gas of Ec.(F5.1) is

V
∂

∂t

[
ϕf
(
ρgSgy1

)]
=

nf∑

k=1

[
Tgρgy1∆Φg

]
+ V (s′13 − s13) r1 + ρgqgky1 (3)

[well layer k]

The semi-spatially discretized conservation equation of fluwing component oxy-
gen of Ec.(F5.1) is

V
∂

∂t

[
ϕf
(
ρgSgy2

)]
=

nf∑

k=1

[
Tgρgy2∆Φg

]
+ V (s′14 − s14) r1 + ρgqgky2 (4)

[well layer k]

where nf is the number of neighboring regions or grid block faces.

The conservation equation of energy is

V
∂

∂t

[
ϕf
(
ρwSwUw + ρoSoUo + ρgSgUg

)
+ (1− ϕv)Ur

]
(5)

=

nf∑

k=1

[
TwρwHw∆Φw + ToρoHo∆Φo + TgρgHg∆Φg

]
+

nf∑

k=1

K∆T

+ρwqwkHw + ρoqokHo + ρgqgkHg [well layer k]

+V (Hr1r1)

and

r1 = rr1 · exp (−Ea1/RT )

nc∏

i=1

Cek
i (6)

Φj = pj − λjgh
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3 Conservation Equations RESSIM for the prob-

lem 7

The semi-spatially discretized conservation equation of fluwing component aqua
of RESSIM equation is

(φSwξwx3w)t +∇ ·
(
T
3w
· ∇Φw

)
=
(ge)3w
Ww

+
(gr)3w
Ww

(7)

The semi-spatially discretized conservation equation of fluwing component oil
of RESSIM equation is

(φSoξox1o)t +∇ ·
(
T
1o
· ∇Φo

)
=
(ge)1o
Wo

+
(gr)1o
Wo

(8)

The semi-spatially discretized conservation equation of fluwing component inert
gas of RESSIM equation is

(
φSgξgx7g

)
t
+∇ ·

(
T
7g
· ∇Φg

)
=
(ge)7g
Wg

+
(gr)7g
Wg

(9)

The semi-spatially discretized conservation equation of fluwing component oxy-
gen of RESSIM equation is

(
φSgξgx6g

)
t
+∇ ·

(
T
6g
· ∇Φg

)
=
(ge)6g
Wg

+
(gr)6g
Wg

(10)

The conservation equation of energy is

(
φ
(
Swρwcvw + Soρocvo + Sgρgcvg

)
T + (1− φ) ρrcvrT

)
t
− (11)

∇ ·

(
T
w
· ∇ΦwcPwT + T

o
· ∇ΦocPoT + T

g
· ∇ΦgcPgT

)

= QI +Qr +∇ · (κT∇T )

and

(gr)i =

Nr∑

k=1

(s′ki − ski) rk (12)

rk = Rr · exp (−Ek/RT )

NR,k∏

i=1

F
ei,k
i (13)

Φα = pα − ραgz (14)
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4 Interpretation of variables between STARS y

RESSIM

In this case for the Ec. (1) of STARS

V
∂

∂t

[
ϕf (ρwSww1)

]
=

nf∑

k=1

[Twρww1∆Φw] + V (s′11 − s11) r1 + ρwqwkw1 (15)

replacing

Tj = T

(
krj
µjrj

)
j = w, o, g (16)

then

V
∂

∂t

[
ϕf (ρwSww1)

]
=

nf∑

k=1

[
T

(
krw
µwrw

)
ρww1∆Φw

]
+V (s′11 − s11) r1+ρwqwkw1

(17)
where rj , j = w, o, g is the resistance factor are normally 1.0.

And in Ec. (7) of RESSIM

(φSwξwx3w)t +∇ ·
(
T
3w
· ∇Φw

)
=
(ge)3w
Ww

+
(gr)3w
Ww

(18)

now replacing the second tem T
iα
= xiαξαkrα

µα
and

(gr)3w
Ww

by (s′11 − s11) r1, then

∂

∂t
(φSwξwx3w) +∇ ·

(
x3wξwkrw

µw
k · ∇Φw

)
=
(ge)3w
Ww

+ (s′13 − s13) r1. (19)

6



Now comparing term by term for RESSIM Ec.(17) and STARS Ec.(19) for
the componet water

∂

∂t
(φSwξwx3w) +∇ ·

(
x3wξwkrw

µw
k · ∇Φw

)
=
(ge)3w
Ww

+ (s′13 − s13) r1 (20)

V
∂

∂t

[
ϕf (ρwSww1)

]
=

nf∑

k=1

[
T

(
krw
µwrw

)
ρww1∆Φw

]
+V (s′11 − s11) r1+ρwqwkw1

(21)
The first term φSwξwx3w and ϕf (ρwSww1) then

RESSIM STARS
(1− σ)φ ϕf

φ ϕv
Sw Sw
ξw ρw
x3w w1

(22)

and for the term ∇ ·

(
x3wξwkrw

µw
k · ∇Φw

)
and T

(
krw
µwrw

)
ρww1∆Φw then

RESSIM STARS
krw krw
µw µw
ξw ρw
k T

x3w w1
Φw Φw
− rw = 1.0

(23)

and for the term (s′13 − s13) r1 and (s′11 − s11) r1 then

RESSIM STARS
s′13 s′11
s13 s11
r1 r1

(24)

for the r1 then

RESSIM r1 = R1 · exp (−E1/RT )

NR,k∏

i=1

F
ei,k
i

STARS r1 = rr1 · exp (−Ea1/RT )

nc∏

i=1

Cek
i

(25)
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where
RESSIM STARS

r1 r1
R1 rr1
E1 Ea1

R R
T T
Fi Ci
ei,k ek

(26)

and for the last term
(ge)3w
Ww

and ρwqwkw1, first is necesary defined
(ge)3w
Ww

???,
and for the second term remplacing

qjk = Ijk · (pwfk − pk) j = w, o, g (27)

in ρwqwkw1 then
ρwIwk · (pwfk − pk)w1 (28)

where [see Ec.(F4.1) to Ec.(F4.7)]

Iwk = (krw/µw)

pwfk = pwf +
∫ hk
h1

γavgdh
(29)

By analogy, for the Ec.(8) and Ec.(2) for componet oil, then the first term
φSoξox1o and ϕf (ρoSox1) then

RESSIM STARS
(1− σ)φ ϕf

φ ϕv
So So
ξo ρo
x1o x1

(30)

and for the second term ∇ ·

(
x1oξokro

µo
k · ∇Φo

)
and T

(
kro
µoro

)
ρox1∆Φo then

RESSIM STARS
kro kro
µo µo
ξo ρo
k T

x1o x1
Φo Φo
− ro = 1.0

(31)
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and for the term (s′11 − s11) r1 and (s′12 − s12) r1 then

RESSIM STARS
s′11 s′12
s11 s12
r1 r1

(32)

and for the last term
(ge)1o
Wo

and ρoqokx1, first is necesary defined
(ge)1o
Wo

???, and
for the second term remplacing

qjk = Ijk · (pwfk − pk) j = w, o, g (33)

in ρoqokx1 then
ρoIok · (pwfk − pk)x1 (34)

where [see Ec.(F4.1) to Ec.(F4.7)]

Iok = (kro/µo)

pwfk = pwf +
∫ hk
h1 γavgdh

(35)

By analogy, for the Ec.(9) and Ec.(3) for componet gas inert, then the first
term φSgξgx7g and ϕf

(
ρgSgy1

)
then

RESSIM STARS
(1− σ)φ ϕf

φ ϕv
Sg Sg
ξg ρg
x7g y1

(36)

and for the second term ∇ ·

(
x7gξgkrg

µg
k · ∇Φg

)
and T

(
krg
µgrg

)
ρgy1∆Φg then

RESSIM STARS
krg krg
µg µg
ξg ρg
k T

x7g y1
Φg Φg
− rg = 1.0

(37)

and for the term (s′17 − s17) r1 and (s′13 − s13) r1 then

RESSIM STARS
s′17 s′13
s17 s13
r1 r1

(38)
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and for the last term
(ge)7g
Wg

and ρgqgky1, first is necesary defined
(ge)7g
Wg

???, and

for the second term remplacing

qjk = Ijk · (pwfk − pk) j = w, o, g (39)

in ρgqgky1 then
ρgIgk · (pwfk − pk) y1 (40)

where [see Ec.(F4.1) to Ec.(F4.7)]

Igk =
(
krg/µg

)

pwfk = pwf +
∫ hk
h1

γavgdh
(41)

By analogy, for the Ec.(10) and Ec.(4) then for componet oil, then the first
term φSgξgx6g and ϕf

(
ρgSgy2

)
then

RESSIM STARS
(1− σ)φ ϕf

φ ϕv
Sg Sg
ξg ρg
x6g y2

(42)

and for the second term ∇ ·

(
x6gξgkrg

µg
k · ∇Φg

)
and T

(
krg
µgrg

)
ρgy2∆Φg then

RESSIM STARS
krg krg
µg µg
ξg ρg
k T

x6g y2
Φg Φg
− rg = 1.0

(43)

and for the term (s′16 − s16) r1 and (s′14 − s14) r1 then

RESSIM STARS
s′16 s′14
s16 s14
r1 r1

(44)

and for the last term
(ge)6g
Wg

and ρgqgky2, first is necesary defined
(ge)6g
Wg

???, and

for the second term remplacing

qjk = Ijk · (pwfk − pk) j = w, o, g (45)
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in ρgqgky2 then
ρgIgk · (pwfk − pk) y2 (46)

where [see Ec.(F4.1) to Ec.(F4.7)]

Igk =
(
krg/µg

)

pwfk = pwf +
∫ hk
h1

γavgdh
(47)
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The conservation equation of energy is for STARS

V
∂

∂t

[
ϕf
(
ρwSwUw + ρoSoUo + ρgSgUg

)
+ (1− ϕv)Ur

]
(48)

=

nf∑

k=1

[
TwρwHw∆Φw + ToρoHo∆Φo + TgρgHg∆Φg

]
+

nf∑

k=1

K∆T

+ρwqwkHw + ρoqokHo + ρgqgkHg [well layer k]

+V (Hr1r1)

remplacing Uj , Hj , and Tj using

Uw = Hw −
pw
ρw

(49)

Ho =
nc∑

i=1

xiHLi

Uo = Ho −
po
ρo

Hg =
nc∑

i=1

yiHgi

Ug = Hg −
pg
ρg

Ur = a (T − Tr) +
1

2
b
(
T 2 − T 2r

)

Tj = T

(
krj
µjrj

)
j = w, o, g

then

V
∂

∂t

[
ϕf

(
ρwSw

(
Hw −

pw
ρw

)
+ ρoSo

(
x1HL1 −

po
ρo

)
+ (50)

ρgSg

(
y1Hg1 + y2Hg2 −

pg
ρg

))
+

(1− ϕv)

(
a (T − Tr) +

1

2
b
(
T 2 − T 2r

))]

=

nf∑

k=1

[
T

(
krw
µwrw

)
ρwHw∆Φw + T

(
kro
µoro

)
ρo (x1HL1)∆Φo

+T

(
krg
µgrg

)
ρg (y1Hg1 + y2Hg2)∆Φg

]

+

nf∑

k=1

K∆T + ρwqwkHw + ρoqok (x1HL1) +

ρgqgk (y1Hg1 + y2Hg2) [well layer k] + V (Hr1r1)
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And for RESSIM

(
φ
(
Swρwcvw + Soρocvo + Sgρgcvg

)
T + (1− φ) ρrcvrT

)
t
− (51)

∇ ·

(
T
w
· ∇ΦwcPwT + T

o
· ∇ΦocPoT + T

g
· ∇ΦgcPgT

)

= QI +Qr +∇ · (κT∇T )

remplacing T
α
= ραkrα

µα
k and Qr =

Nr∑

k

Hrkrk, then

(
φ
(
Swρwcvw + Soρocvo + Sgρgcvg

)
T + (1− φ) ρrcvrT

)
t
− (52)

∇ ·

(
ρwkrw
µw

k · ∇ΦwcPwT +
ρokro
µo

k · ∇ΦocPoT +
ρgkrg

µg
k · ∇ΦgcPgT

)

= QI +Hr1r1 +∇ · (κT∇T )

Now comparing term by term for RESSIM Ec.(50) and STARS Ec.(52) of
conservation equations of energy, then

(
φ
(
Swρwcvw + Soρocvo + Sgρgcvg

)
T + (1− φ) ρrcvrT

)
t
− (53)

∇ ·

(
ρwkrw
µw

k · ∇ΦwcPwT +
ρokro
µo

k · ∇ΦocPoT +
ρgkrg

µg
k · ∇ΦgcPgT

)

= QI +Hr1r1 +∇ · (κT∇T )

V
∂

∂t

[
ϕf

(
ρwSw

(
Hw −

pw
ρw

)
+ ρoSo

(
x1HL1 −

po
ρo

)
+ (54)

ρgSg

(
y1Hg1 + y2Hg2 −

pg
ρg

))
+

(1− ϕv)

(
a (T − Tr) +

1

2
b
(
T 2 − T 2r

))]

=

nf∑

k=1

[
T

(
krw
µwrw

)
ρwHw∆Φw + T

(
kro
µoro

)
ρo (x1HL1)∆Φo

+T

(
krg
µgrg

)
ρg (y1Hg1 + y2Hg2)∆Φg

]

+

nf∑

k=1

K∆T + ρwqwkHw + ρoqok (x1HL1) +

ρgqgk (y1Hg1 + y2Hg2) [well layer k] + V (Hr1r1)
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For the first term φSwρwcvwT and ϕfρwSw

(
Hw −

pw
ρw

)
then

RESSIM STARS
(1− σ)φ ϕf

φ ϕv
Sw Sw
ρw ρw

cvwT Uw = Hw −
pw
ρw

(55)

for the term φSoρocvoT and ϕfρoSo
(
x1HL1 −

po
ρo

)
then

RESSIM STARS
(1− σ)φ ϕf

So So
ρo ρo

cvoT Uo = x1HL1 −
po
ρo

(56)

for the term φSgρgcvgT and ϕfρgSg

(
y1Hg1 + y2Hg2 −

pg
ρg

)
then

RESSIM STARS
Sg Sg
ρg ρg

cvgT Ug = y1Hg1 + y2Hg2 −
pg
ρg

(57)

for the term (1− φ) ρrcvrT and (1− ϕv)
(
a (T − Tr) +

1
2b
(
T 2 − T 2r

))
then

RESSIM STARS
φ ϕv

ρrcvrT Ur = a (T − Tr) +
1
2b
(
T 2 − T 2r

) (58)

for the term ∇ ·

(
ρwkrw
µw

k · ∇ΦwCPwT
)
and T

(
krw
µwrw

)
ρwHw∆Φw then

RESSIM STARS
ρw ρw
krw krw
µw µw
k T

Φw Φw
CPwT Hw

− rw = 1.0

(59)
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for the term ∇ ·

(
ρokro
µo

k · ∇ΦocPoT
)
and T

(
kro
µoro

)
ρo (x1HL1)∆Φo then

RESSIM STARS
ρo ρo
kro kro
µo µo
k T

Φo Φo
cP0T Ho = x1HL1

− ro = 1.0

(60)

for the term∇·
(
ρgkrg

µg
k · ∇ΦgcPgT

)
and T

(
krg
µgrg

)
ρg (y1Hg1 + y2Hg2)∆Φg then

RESSIM STARS
ρg ρg
krg krg
µg µg
k T

Φg Φg
cPgT Hg = y1Hg1 + y2Hg2

− rg = 1.0

(61)

for the term ∇ · (κT∇T ) and K∆T then

RESSIM STARS
κT K
T T

(62)

where

RESSIM κT = (1− σ)φ (Swκw + Soκo + Sgκg) + (1− φ)κr
STARS κmix = ϕf (thconw · Sw + thcono · So + thcong · Sg)+

(1− ϕv) · thconr +
(
ϕv − ϕf

)
· thcons

(63)

for the term Hr1r1 and Hr1r1 then

RESSIM STARS
Hr1 Hr1

r1 r1

(64)

for the term QI and ρwqwkHw + ρoqok (x1HL1) + ρgqgk (y1Hg1 + y2Hg2) , first
is necesary defined QI???, and for the second term remplacing qjk where [see
Ec.(F4.1) to Ec.(F4.7)]

qjk = Ijk · (pwfk − pk) j = w, o, g (65)

pwf = pwf +

∫ hk

hj

γavgdh (66)
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then

ρwIwk · (pwfk − pk)Hw + ρoIok · (pwfk − pk) (x1HL1) + (67)

ρgIgk · (pwfk − pk) (y1Hg1 + y2Hg2)
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5 Data for the reduced problem 7

• Porosity *POR CON
ϕf = 0.25 (68)

• Permeability *PERMI CON

k = 6.908e− 1 µm2 (69)

• Thermal conductivity

κmix = ϕf (thconw · Sw + thcono · So + thcong · Sg) +

(1− ϕv) · thconr +
(
ϕv − ϕf

)
· thcons (70)

where use with *THCONR=4.4861e+5, *THCONW=4.4861e+5, *THCONO=4.4861e+5,
*THCONG=4.4861e+5.

• Molecular mass component *CMM

0.018, 0.5089, 0.038, 0.032

• Critical Pressure *PCRIT

pcj = 22110, 349.6, 5171.1, 5033.2 (71)

• Critical temperature *TCRIT

Tcj = 647.4, 887.8, 194.4, 154.4 (72)

• K Value Correlations *KV1=0, *KV4=0 (defaults values)

K = (kv1/p+ kv2 ∗ p+ kv3) ∗ exp (kv4/ (T − kv5)) (73)

by omision Kw is a table data.

• Reference pressure *PRSR
pr = 5620 (74)

• Reference temperature *TERM

Tr = 322.2 (75)

• Coefficent in liquid Heat Capacities*CPL1

CPL1 = 0, 1278.1, 30.27, 32.15

Liquid Heat Capacities
Condensable component:
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CPL(T ) = cpl1 + cpl2 ∗ T + cpl3 ∗ T 2 + cpl4 ∗ T 3.
HV AP (T ) = hvr ∗ (TCRIT − T )

ev
.

HG(T ) = HL(T ) +HVAP (T ).

Non-Condensable component:

CPG = cpl1 + cpl2 ∗ T + cpl3 ∗ T 2 + cpl4 ∗ T 3.

Vaporu Heat Capacities
Condensable component:

CPG(T ) = cpg1 + cpg2 ∗ T + cpg3 ∗ T 2 + cpg4 ∗ T 3.
HV AP (T ) = hvr ∗ (TCRIT − T )ev .
HL(T ) = HG(T )−HVAP (T ).

Non-Condensable component:

CPG = cpl1 + cpl2 ∗ T + cpl3 ∗ T 2 + cpl4 ∗ T 3.

Liquid and Vapour Heat Capacities
Condensable component:

CPG(T ) = cpg1 + cpg2 ∗ T + cpg3 ∗ T 2 + cpg4 ∗ T 3.
CPL(T ) = cpl1 + cpl2 ∗ T + cpl3 ∗ T 2 + cpl4 ∗ T 3.

where

CPG Heat capacity in a liquid phase

CPG Heat capacity in the gas phase

HVAP Enthalpy of vapourization

Non-Condensable component:

CPG(T ) = cpg1 + cpg2 ∗ T + cpg3 ∗ T 2 + cpg4 ∗ T 3.

• The density of component k in the solid phase at pressure p and temper-
ature T is given by

ρsk = ρko · exp

[
cp · (p− PRSR)− ct · (T − TEMR)+

cpt · (p− PRSR) · (T − TEMR)

]
(76)

where use *TEMR=322.2 and *PRSR=5620.

• Mass density at reference pressure *MOLDEN=55500 1924.8

• Liquid Compresibility at constant temperature *CP

CP = 1.45e− 6
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• Thermal expansion coefficient *CT1 CT1 = 06.8e− 4, then

ρwi = ρ0wi · exp

[
a (p− pr)− b (T − Tr)−

1

2
c
(
T 2 − T 2r

)]
(77)

ρoi = ρ0oi · exp

[
a (p− pr)− b (T − Tr)−

1

2
c
(
T 2 − T 2r

)]
(78)

where

a is the compressibility at constant temperature *CP

b+ cT is the termal expansion coefficient

ρ0wi is the density at reference conditions pr and Tr

ρ0oi is the density at reference conditions pr and Tr

• Liquid densities are obtained by ideal mixing of pure-component densities
whit pahse composition

1

ρw
=

nc∑

i=1

wi
ρwi

(D4.1)

1

ρo
=

nc∑

i=1

wi
ρoi

(D4.2)

ρg = 1− ρw + ρo (79)

• Stone’s Model II, liquid does not contains Swc (*NOSWC) pag. 368

kro = krocw

(
(krow/krocw + krw) ∗

(krog/krocw + krg)− krw − krg

)
(80)

krocw = krow (Sw = 0) = krog (Sg = 0) (81)

where Sw, krw and krow are datum of *SWT, and S1, krg and krog are datum of
*SLT *NOSWC. Then

Sw = Interpolation (82)

S1 = So. (83)

then
Sg = 1− Sw + So (84)

• The gas viscosity correlation is

µg = AVG(i) ∗ (T ∗ ∗BVG(i)) (85)

where *AVIG= 2.435e−16, 0, 3.719e−15, 3.883e−15 is the first coefficients
of the correlation for temperature dependence, *BVG= 1.075, 0, 0.702, 0.721
is the second coefficients of the correlation for temperature dependence.
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• The liquid viscosity correlation is

µf = AV ISC(i) ∗ exp(BV ISC(i)/T ) (86)

where *AVISC= 0, 1.157e − 3 is the first coefficients of the correlation
for temperature dependence of component viscosity, *BVISC= 0, 2726.7
is the second coefficients of the correlation for temperature dependence of
component viscosity.

• Crital chemical reaction data, ski =*STOREAC= 0, 1, 0, 45.2915, S′ki =*STOPROD=
29.71, 0, 37.46, 0, rk =*FREQFAC= 3.0837e+ 5 are stoichiometric coeffi-
cient of reacting component, produced component and reaction frequenci
factor, are use in the critical chemical reaction data to use in Ec.(F5.1 and
F5.2).

• Noncritical chemical reaction data, *RENTH= 5e+7, *RORDER= 0, 2, 0, 1

and *EACT= 50000 are Reaction enthalpy, Order of reaction whit respect
to echc reacting component and Activation energy respectively. The ex-
presion for the volumetric reaction rate is

rr = rrf ∗ exp (−eact/ (T ∗R)) ∗ c(1) ∗ ∗enrr(1) ∗ (87)

... ∗ c(nc) ∗ ∗enrr(nc) (88)

c(i) = ϕf ∗ den(iphas(i)) ∗ sat(iphas(i)) ∗ x(iphase(i), i)

ϕf = ϕv ∗
[
1−

∑
Csk/ρsk

]

where

rrf constant part of the expresion (rrk)

eact activation energe *EACT

T Temperature

R Universal gas constant

c(i) Concentration factor contributed by reactan component i

enrr Order of reaction with respect to component i *RORDER

Initial values

• Presure p = 5620 kPa

• Water saturation Sw = 0.3

• Temperature T = 322 K

• Gas mole fraction inert gas 0.71

• Gas mole fraction Oxygen 0.29

• Oil mole fraction 1.0
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