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Tom tét

Hé sé nén khi hay hé sé Iéch khi (hé s6 Z) la théng s6 quan trong dé xdc dinh tinh chdt nhiét ddng cua via khi, ty trong
khi, dé nhét khi, dé6 nén khi, mé phéng via khi, tinh todn cén bédng vt chét, du dodn PVT cho giéng ddu va khi... Dua
trén dir liéu tir biéu dé Standing-Katz, mét sé phuong phdp da du'oc phdt trién dé tinh hé sé Z [1 - 3]. Dua trén phuong
phdp ciia Mohammadreza Kamyab [4], nhém tdc gia dd tinh todn, xdc dinh hé s6 Z bdng mang neural nhén tao (ANN)
véi théng sé ddu vao gém dp sudt gia giam va nhiét dé gida giam cia 5.940 diém dir liéu thuc nghiém [5]. Két qua nghién
ctiu cho thdy mé hinh nay c6 thé du dodn chinh xdc hé sé Z hon so véi cdc phuong phdp khdc va cé kha ndng dp dung
trén pham vi nhiét d6 gid gidm 1,05<T_<3vadp sudt gid gidm 0,2 < P, <15

Tirkhoa: Hé s6 nén khi, hé s6 Z, MATLAB, mang neural nhdn tao.

1. Giéi thiéu

Khi thién nhién Ia mot hén hgp da thanh phan, trong
do6 chu yéu la methane (CH,), ngoai ra con cé ethane
(C,Hy), propane (C,H,), carbon dioxide (CO,), nitrogen (N,)
va thanh phan hydrocarbon ndng hon [6]. Du doan chinh
xac hé s6 Z giup giai quyét cac van dé vé ky thuat dau khi,
thiét k&, phan tich khai thac khi tu nhién va xt ly hé théng
[7]. Do d6, can phat trién phuang phap tin cdy d€ du doan
hé s6 Z tur cac thong s6 nhu nhiét d6, 4p suat ctia hon hop
khi thién nhién.

Trong phuong trinh khi thuc (khi thién nhién), hé s6 Z
6 thé nhan dugc béi cong thic sau [8]:

PV = ZnRT (1)
Vai:
P: Ap suat (psia);
V:Thé tich (ft3);
n: S6 lugng mol khi téng (mol);
R: Hang s6 khi = 10.732 psia-ft}/Ib-mole °R.

Ly thuyét vé trang thai tuong duong [9, 10] chi ra, hé
$8 Z c6 thé dugc dinh nghia nhu mot ham sé cla ap suéat
va nhiét do gid gidm. Ap suat va nhiét do giad gidam dugc
dinh nghia bé&i nhiing phuong trinh sau [8]:

T = (2)
pr
Tpc
-P 3)
pr P

Nhiét do gia t&i han (pseudo critical) T va ap suat gia
t6i han Ppc dugc tinh nhu sau:

Trong dé:

P_: Ap suat t6i han ctia thanh phan i (psia);
T_: Nhiét do t6i han cla thanh phanii (°R);
y;: Phan mol ctia thanh phani.

C6 thé st dung biéu do6 Standing va Katz hodc cac
phuang phap thuc nghiém dé xac dinh hé s6 Z néu biét
thanh phan cuta khi tu nhién, ap suat va nhiét dé cda khi.
Mot s6 nha nghién clu da tao ra phuong trinh toan hoc
dé tinh hé s6 Z phu hgp véi biéu dé Standing va Katz nhu:
Hall va Yarborough [8]; Dranchuk va Abou Kassem [1];
Dranchuk, Purvis va Robinson [2]; Brill va Beggs [3]. Tuy
nhién, nhiing phuong trinh d6 ¢6 nhimng han ché nhu:
chua dy doan chinh xac hé s6 Z so véi dit liéu thuc nghiém
hodc chi du doan trong mot pham vi nhat dinh.

Bai bao nay gidi thiéu phuong phap tinh hé s6 Z chinh
xac bang cach st dung mang neural nhan tao véi 5.940
diém dir liéu thuc nghiém st dung phan mém MATLAB.
Mang neural cé thé tinh chinh xac hé s6 Z tir nhiing théng
sO gia giam véi pham vi nhiét do gia giam (1,05 < T,<3)
va ap sudt gia giam (0,2 < Ppr < 15), nhu dugc chiing minh
trong nghién ctiu nay bdi so sanh két qua nhan dugc vai
nhiing phuong phap khac.

2. Mét sé phuong phap tinh truc tiép hé sé Z

C6 3 phuong phap an (implicit) phé bién nhat dé tinh
hé s6 Z nhu sau:
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- Phuong phap Hall va Yarborough [8];
- Phuong phap Dranchuk va Abou-Kassem [1];

- Phuong phap Dranchuk, Purvis va Robinson [2].
2.1. Phuong phdp Hall va Yarborough

Phuong phap nay la mét su bién déi cia phuong trinh
trang thai Carnahan-Starling, véi cac hé sé dugc phat trién
qua su héi quy va 1.500 diém dir liéu |8y ti biéu d6 hé s6 Z
ban dau cta Standing va Katz [8]:

7 - A
y
Vi y la nghiém cda phuong trinh sau:

(6)

2 3_ 4
A, I Ay Ayt 0 )

Véi:
A, = 0,06125te -
, =147t -9,76t" + 4,58t
A, = 90,7t - 242,28 + 42,4’
A, =218+ 2,82t
t=—
T,

Phuong trinh (7) la mét phuong trinh khéng tuyén
tinh va can s dung ky thuat lap Newton-Raphson hoac
phucng phép chia déi dé gidi. Hall va Yarborough chi ra
rang phuong phéap nay khéng nén ap dung néu nhiét do
gid giam < 1[8].

2.2. Phuong phdp Dranchuk va Abou-Kassem

Phuong phap nay la mét bién déi 11 hé sé clia phuong

trinh trang théi Benedict-Wedd-Rubin. Nhiing hé s6 dugc

tinh st dung mét phuang phap hoi quy véi 1.500 diém dir
liéu 8y tur biéu d6 cda Standing va Katz [11:

0,27P
Z-= or
YT,

(8)
Trong do:

P Ap suét gia giam (pseudo-reduced pressure);

T :Nhiét d6 gia gidam (pseudo-reduced temperature);
y la nghiém clia phuong trinh sau:

[Rey(1+4,,y 6]+ RIy-%+R3yZ-R4Y5+ =0 ©)

Véi:
R =A+ —AZ + —A33 + —A;‘ + —Ag
o Ty Ty T
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027P,
2 ’];r

R3 = Aé + ﬁ + A8

T 2

pr pr

)
T,
Trong d6 A, A, A, A, AL A, AL A A, A
hé s6 nhu trong Bang 1.

RS
A, lanhing

10"

Bding 1. Nhiing hé sd ctia phuong phdp Dranchuk va Abou-Kassem

A, A, A, A, Ag Aq
0,3265 -1,070 -0,5339 0,01569 -0,05165 0,5475
A, As A Ao Ay
0,7361 0,1844 0,1056 06134 0,7210

Phuong trinh (9) can ap dung phuong phap lap
Newton-Raphson hodc phuaong phap chia déi dé giai.
Phuong phap nay dugc bao cdo la du doan hé s Z tir biéu
dé Standing va Katz v6i mét sai s6 tuyét déi trung binh la
0,585% va c6 thé ap dung trén pham vi: 0,2 < P,<15val
<T,<3I[8]

2.3. Phuong phdp Dranchuk, Purvis va Robinson

Phuong phap nay la mét bién déi xa hon ctia phuong
phap Dranchuk va Abou-Kassem nhan dugc ban dau [2].
Phuang phap Dranchuk, Purvis va Robinson c6 8 hé sé va
can it khéi lugng tinh toan dé nhan dugc hé s6 Z.

0,27 P
7 =
T,
Trong do:

y la nghiém ctia phuong trinh sau:
[T4y2(1+A8y2]e('A&yz)] +1+Tyy+ T,y*+ T3y5—2=0 (1
Yy

Véi:

A, A
T, = A+—%+—%

pr pr
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Trong d6 A, A, A, A, A, A, A, A la nhiing hé s& nhu
trong Bang 2.

Bding 2. Nhiing hé sd ctia phuong phdp Dranchuk, Purvis va Robinson

A, A, A, A,
031506237  -1,04670990  -0,57832720  0,53530771
A, A A, A
-0,61232032  -0,10488813  0,68157001  0,68446549

Céch gidi phuong trinh (11) tuong tu véi phuong phap
Dranchuk va Abou-Kassem. Phuong phéap nay phu hgp trong
pham vi ap suat va nhiét d6 gia giam sau [8]:

1,05 < Tpr <3va02< Ppr <3
2.4. Cdc phuong phdp khdc

Ngoai 3 phuong phap an (implicit) da néu con c6 nhiing
phucng phép hién (explicit) d€ tinh hé s6 Z. Nhiing phuong
phap hién khéng can dung phép lap dé tinh hé s§ Z nén tranh
dugc van dé hoi tu so vai phuang phap an. Mot trong nhiing
phucng phap t6t nhat hién nay dé tinh hé s6 Z la phuong
phap Beggs va Brill [3]. Gan day nhiéu nha nghién ctu da tim
ra nhiing phuong phap mai dé tinh hé s6 Z nhu:

- Phuong phéap Heidaryan, Salarabadi, Moghadasi [7];
- Phuong phap Azizi, Behbahani va Isazadeh [11];
- Phuong phép Sanjari va Lay [12];
- Phuong phap Lateef A.Kareem [13].
++ Phuong phap Brill va Beggs [3]:
1-A

eB

Z=A+

+CP,) (12)
Vai:
a=139[r, -092)" - 0361, - 010
0,066 0,32pP*

B = [0,62—0,23Tr)P + ————-0037 P’ + -
p pr Tpr - 0,86 pr 10E

- _ F
C =0132 0,3210g(Tprj, D=10

E=9(T,. - 1), F =03106- 0,49T,, + 0,1824T,,

2.5. Han ché ctia cdc phuong phdp xdc dinh hé sé Z
2.5.1. Han ché cua phuong phdp hién

Phuong phap Beggs va Brill kha chinh xac trong mét pham
vi nao d¢, tuy nhién phuong phap nay khéong dugc dp dung khi

Tpr < 0,92.Véi mét vai gia tri cla Tpr va Ppr c6 thé tao ra gia tri am
cllahéso Z [14].

Phuong phép Heidaryan, Salarabadi, Moghadasi.
c6 hé s6 hoi quy 0,99963 nhung lai khong lién tuc tai
P,=3.Do do, phuong phap nay khéng dugc str dung
dé tinh hé s6 Z tai ap suat giad gidam P_ = 3. Phuong
phap Azizi, Behbahani, Isazadeh chi tinh hé s6 Z trong
pham vi cta nhiét d6 gid gidm 1,1 <T_ < 2 va dp sut
gid giam 0,2 < P, <11 Phuang phap Sanjari va Lay it
hiéu qua so véi cac phuong phap khac vi hé s6 hoi quy
10,8757 va ty lé sai s6 tai mot diém nao do c6 thé cao
t3i 90% [13].

2.5.2. Han ché ctia phuong phdp dn

Cac phuong phép an st dung phép lap dé giai va
doi héi mot gia st trudc khi xuat hién su hoi tu. Ngoai
ra, c6 mot vai trudng hop khi st dung nhiing gia tri
ban dau nao do6 cho hé sé Z sé tao ra gia tri am cla
hé s6 Z. Mac du c6 d6 chinh xac cao nhung nhing
phuong phép 4n nay c6 thé khéng dugc st dung vao
mot chuang trinh thiét ké vi né khong thé du doan
hodc xac dinh khi nhimng gia tri sai s6 dé c6 thé tao
thanh [14].

3. Mé hinh mang neural nhan tao si dung phan
mém MATLAB

3.1. Phdn mém MATLAB

Phan mém MATLAB dugc st dung trong tat ca
nhing linh vuc cta toan hoc Ung dung, trong gido
duc va nghién cdu tai cac truong dai hoc va trong
cédng nghiép. MATLAB (viét tat cia MATrix LABoratory)
dugc xay dung xung quanh nhiing vector va ma tran.
MATLAB la phan mém hiu ich cho dai sé tuyén tinh,
[a mét cong cu tuyét voi cho viéc gidi phuang trinh
dao ham, phuong trinh dai s6 va gidi tich s6. MATLAB
¢6 thé cung cap nhiing buc anh dep trong 2D va 3D
va la mot trong nhiing ngén ng( [ap trinh don gidn
nhat cho viéc viét nhitng chuong trinh toan hoc.
Ngoai ra, MATLAB ciling h(tu ich cho xU ly tin hiéu va
anh, truyén thoéng, thiét ké diéu khién tu déng, do
ludng kiém tra, phan tich mé hinh tai chinh, hay tinh
toan sinh hoc [15]. V&i hang triéu ki su va nha khoa
hoc lam viéc trong méi trudng han lam, MATLAB la
ngon ngi cua tinh toan khoa hoc.

3.2. Mang neural nhan tao

Mang neural nhan tao la mot hé théng xu ly
théng tin va thi bat chudce chiic nang va su phuc tap
clia hé théng neural sinh hoc [16]. Neural sinh hoc la
mot khéi co s& clia hé théng neural bao gém 3 phan
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Lép an
Lép dau vao
Pau vao x1
Paurayl
Pauvao x2 e OISUOrLEE N R "o enne B
Pauray2
Pauviox3  ~x A [ A/ Tt

Lien két " Lien két

Hinh 1. Cdu tric mang neural nhdn tao [23]

chinh: than neural (soma), sgi nhanh (dendrite) va sgi truc
(axon). Thong tin & dang tin hiéu dién dugc nhan béi cac
nhanh, dugc xU ly bgi than neural sau dé truyén qua soi
truc. Tuang tu, nhiing neural nhan tao la nhiing khoi co
sG cho mang neural nhén tao. Thong tin dén neural nhan
tao qua nhiing dau vao (input), méi dau vao dugc nhan
b&i mét ham trong s6 trudc khi di vao neural. Neural sau
dé téng hop tat ca di liéu dau vao da dugc gia trong, sai
s6 va xu ly tdng qua mot ham chuyén déi trude khi truyén
théng tin t&i nhiing dau ra [17]. Hinh 1 trinh bay cau trac
mang neural nhan tao.

Phuaong trinh sau mo ta hoat dong toan hoc xay ra
bén trong neural nhan tao:

Q)= F[ 3w, (k)x, (k) + (b)) (13)
Trong do6:

x (k) la gia tri dau vao, w,(k) la gid tri trong s6; trong
thaoi gian rai rac k (i bat dau ti 0 t6i m), F la ham chuyén
déi, b 1a sai s6 va y (k) la gia tri dau ra trong thoi gian roi
rac k [17].

S6 lugng nhiing Ung dung st dung ANN rat 16n do
ANN c6 kha nang dé xap xi moi ham s theo mét cach
6n dinh va hiéu qua. Trong nganh céng nghiép dau khi,
khéng c6 mét ham sé chinh xac hodc phu hgp dé lién két
nhing théng s6 dau vao t6i nhiing théng s6 dau ra, vi
vay ANN xuat hién nhu Ung vién phu hop dé nhan dugc
nhing méi lién hé ham s6 gitta nhiing théng sé d6 va két
qua mong mudn [18]. M6t s6 linh vuc clia cong nghiép
dau khi da st dung thanh cong ANN nhu: dia chat va dia
vat ly, danh gia thanh hé va cong nghé mé.

3.3. Phuong phdp thuc hién

3.3.1. Chudn bj dit lieu cho mang neural

Phai tap hop va chuan bi dit liéu trudc khi bat dau qua
trinh thiét ké mang. Nhiing dir liéu dau vao trong nghién
chunay la P vaT vaddliéu daurala hé s6 Z. Téng s6
5.940 diém dit liéu dugc chon tir sdch cong nghé mé khi
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Bding 3. Pham vi clia cdc théng s ddu vao va ra cia mang neural

Théng sé Gia tri nhé nhat Gia tri I6n nhat
Ppr 0,2 15
Tor 1,05 3
V4 0,2992 1,753
Hidden Layer 1 Hidden Layer 2 Output Layer

B (2B} (2ol (3ol 3

Hinh 2. Cdu tric mang tién tiép (feedforward) 2-6-5-1

thién nhién dugc xuat ban bai SPE [5]. 2/3 d liéu duoc
chon tir tap hop di liéu téng dé thanh 1ap tap dit liéu dao
tao (training). Mot nlfa nhing diém d liéu con lai dugc
chon d@é thiét 1ap tap dir liéu phé chuan (validation) va
phan con lai 1a ca tap dir liéu kiém tra (testing). Nhiing
diém dit liéu cho méi tap hop dugc chon tir tap hop téng
dugc phan bo sao cho van gilr dugc su déng nhat giong
Vi tap dit liéu téng [15].

3.3.2. Tao magng

Sau khi dir liéu dugc tap hgp, budc ti€p theo trong
dao tao mot mang la tao ra mot déi tuong mang. Trong
nghién ctu nay, nhom tac gia s&r dung mang tién tiép
(feedforward), mét s6 mang 1 16p an (hidden layer) dugc
kiém tra khéng dua ra ting x&t nhu mong dgi trong toan
b6 tap di liéu véi muic do sai s6 trén tap phé chudn va
kiém tra kha 16n. Qua qua trinh nghién cdtu va thit nghiém,
nhém tac gid da chon dugc mang 2 16p an cung cap két
qua chinh xac han nhiéu so véi mang 1 16p an. Ngoai ra,
nhiing mang vdi 3 hodc nhiéu I6p an hon sé chi tdng thoi
gian tinh todn ma khoéng cdi thién dé chinh xac. Nhém tac
gia st dung 6 neural cho I6p an d4u tién va 5 neural cho
I8p &n thu 2 (Hinh 2).

3.3.3. Dinh hinh mang

Tiép theo la chon s6 lugng neural trong méi I6p. S6
lugng neural nhé sé dao tao mang nhanh hon nhung
khong cho két qua chinh xac. Trong khi d6, tang sé lugng
neural c6 thé tang thai gian x ly. Nhém tac gia st dung
cdu tric mang vdi 6 neural trong 16p an thdt nhat va 5
neural trong I8p &n thid hai (mang 2-6-5-1). Hinh 2 biéu
dién cdu tric mang m6 phong. Nhiing ham hoat dong
cho nhing I6p &n 13 ham tag-sigmoid va log-sigmoid va
ham pure linear dugc stt dung cho I6p dau ra. Nhitng ham
d6 dugc biéu dién nhu sau:

2

-1
1+e—2x

tansig(x) =
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log sig(x) = Tio°

purelin (x) = x
3.3.4. Khai chay trong sé va sai s6

Trude khi dao tao mét mang tién tiép phai
khai dong (thd cong hodc tu dong) nhitng trong
s6 va nhiing sai s6.

3.3.5. Dao tao mang

Khi nhimng trong sé va sai s6 clia mang dugc
khai dong, mang da san sang cho dao tao. Qua
trinh dao tao mang bao gém viéc diéu chinh
nhiing gia tri trong s6 va sai s6 clia mang dé tdi
uu hiéu sudt mang. C6 2 cach dao tao mang:
phuong phap tang va phuong phéap theo dot.
Trong phuong phdp tang, gradient dugc tinh va
nhing trong s6 dugc cap nhat sau khi méi dau
vao dugc ap dung t&i mang. Trong phuong phap
theo dot, tat ca di liéu dau vao trong tap dao tao
dugc ap dung t6i mang trudce khi trong sé dugc
cap nhat [15].

M6t vai phuong phép dao tao lan truyén
nguoc da ton tai nhu thuat toan Levenberg-
Marquardt Algorithm (LMA), Scaled Conjugate
Gradient (SCG), Pola-Ribiere conjugate gradient
(PCG) va nhiing thuat toan khac. M6t s6 nghién
ctu chi ra rang LMA d0 manh va cung cap ANN
chinh xac [19, 20]. Trong qua trinh dao tao, trong
s6 dugc thay déi bai thuat toan cho tai khi téng
ctia nhiing sai s6 binh phuong da nho.

3.3.6. Phan tich hiéu sudt mang neural sau khi
dao tao

Sau khi mang dugc dao tao va dat t&i 1.000
phép 13p c6 thé thu dugc d6 thi biéu dién hiéu
suat clia qua trinh dao tao nhu Hinh 3.

Hinh 3 biéu dién t6ng sai s6 binh phuong cho
3 tap dir liéu vai sé lan 1ap cho mang ¢6 cau tridc
2-6-5-1 s dung thuat todn dao tao lan truyén
ngugc LMA (Levenberg-Marquardt Algorithm).
Ung x{ clia dudng cong thé hién qua trinh dao
tao thanh céng va 3 tap dir liéu dugc chon phu
hgp tir tap di liéu ban dau. Hiéu suat tot nhat la
MSE = 7.444 x 107 tai lan lap tha 999.

Hinh 4 trinh bay dir liéu dao tao, xac nhan,
kiém tra va dir liéu téng. Budng nét dut trong

Sai s6 binh phuong trung binh (MSE)

Két qua dugc dao tao

Két qua dugc dao tao

o
wm

1)
[

o

S

Hiéu suat tét nhat la 0,0000074 tai lan lap tha 999

Dao tao
Xac nhan

Kiém tra
Muc tiéu

1 L

-

(=]

-

1 L L 1 L 1
200 300 400 500 600 700 800 00 1000

1000 lan lap

Hinh 3. B4 thi biéu dién hiéu sudt cia mang neural nhdn tao 2-6-5-1

Dao tao: R =0,99997

Xac nhan: R =0,99997

o Diliéu
——Dudng khdp

=T

Y

Budng khép

O Diliéu
Y=T

Két qua dugc dao tao
o

-0,5
D liéu muc tiéu

Kiém tra: R = 0,99997

0 0,5 1 1 05 0 0,5 1
D liéu muc tiéu

Téng: R=0,99997

DU liéu muc tiéu

| © Ditliéu | O Diliéu
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5 V=T 1 £ 05 v=T |
«©
Lol
v
0 g' 0
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~©
=]
5 Z-05
xQ
X
-1 -1
- -0,5 0 0,5 1 -1 -0,5 0 05 1

DU liéu muc tiéu

Hinh 4. Dé thi hdi quy cda mang neural nhan tao

mdi d6 thi ciia Hinh 4 trinh bay két qua sau khi dao tao trung vai
di liéu muc tiéu. Budng nét lién trinh bay su héi quy tuyén tinh
t6t nhat gitra két qua dao tao va muc tiéu. Gia tri R biéu thi mét
m&i quan hé gitia két qua va muc tiéu. Néu R = 1 thi dé la mét
m&i quan hé tuyén tinh chinh xac gilta két qua dao tao va muc
tiéu [15].

K&t qua cutia dir liéu dugc dao tao bdi mé hinh mang neural

nhan tao trong nghién ctiu nay chira day Ia mét méi quan hé chinh
xac: két qua dao tao, két qua xac nhan, kiém tra va két qua téng
cdng déu c6 cing mot gia tri R = 0,99997.
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3.3.7.St'dung mang

Sau khi mang dugc dao tao véi hiéu suat mong muén cé thé sit dung mé
hinh d6 dé xac dinh hé s6 Z. M6 hinh du bao hé s6 Z c6 dang nhu sau:

;- [(4, + 316096829287339 ) + 1] x 1,4538
2

+0,2992 (14)

Véi:

(-0,58807461290394
-0,985567895097498
-0,184285983142621

1,67732474376959
-1,68657765389108
-4,52723604209889

-0,162590864228887
-3,58914907839306
0,750043752672046 | [P, ...,
-0,437482063248194 { }
0,509333187371346
-2,40353331303964 |

pr-conv

, _2x(Pp,—0,2)_1; ,

_2x(r,-105) ;
pr-conv — 14,8

pr-conv ~ 1[ 95

[ 0,75762447365063 ]
-6,62896287950176
1,82006252951295 | 2
0,937881909714968 | ™ 1+ exp(-2 % 4,)
-0,95290888785043

| -6,92056775590929

’

3,897465
3,931415

61,968783 -5519129 -10,500512 -10,460376 -4,506669

350,500652 -19,127087 70,103013 66,408963 -18291279

A,=| 0607552 -103,887722 6,452176 4356828 4,216874  7,756330 [A3]
5129133 -226,530302 -23,920222 9,423814  3,993938 13,144008
-20,412276 128,752019 -5208601 -74,161628 -62,072784 -270,518599

57,5700294875709
349,825769447068 1
A=A -101,442975357111 Ag=——m;
5= 7 ° 1+exp(-A;)
-199,331507457456
-128,320898888629

A, = [-4,48841980 -0,53755610 -2,88707125 -0,19033986 -0,21902471][,46]

Trong dé:
: Ap suat gia gidm chuyén d8i trong pham vi théng s6 dau vao;

pr-conv
T -cons NDiét d0 gi gidam chuyén déi trong pham vi thong s6 dau vao.
D6 thi hé s6 Z nhan dugc ti phuong trinh (14) dugc biéu dién nhu Hinh 5.
4. So sanh sai sé ciia cac phuong phap xac dinh hé sé Z

DPé danh gia su chinh xac cia mé hinh ANN so véi cac phuong phap thuc
nghiém trudc can st dung mot sé thong sé dé léch thong ké gém: ty 1€ sai
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s6 tuong déi trung binh (APRE -
Average percent relative error), sai
s6 binh phuong trung binh (MSE
- Mean squared error), can bac hai
cUa sai s6 binh phuong trung binh
(RMSE - Root mean squared error),
hé s6 xac dinh (R?- Coefficient of
determination).

» Phan tram sai s6 tuong doi
trung binh (APRE hodac ARE%) danh
gia do léch tuong d6i cta di liéu hé
s6 Z dugc du doan va dir liéu thuc
te[21]:

100 &\(z[ -z 57
0f =~ I I
ARE% =~ ;[—fop (15)
Trong do:

N: Téng s6 cac phan t (5.940
phan ta);

i: Chi s6 phan tir thua i;

ZPed: Hé s6 Z dugc du doan tur
cac cong thuc thuyc nghiém hodc
mang neural nhan tao;

Z2°: Hé 56 Z thuc nghiém dugc
SPE céng bo.

> Sai s6 binh phuang trung
binh (MSE) la mot céng thuc udc
Ilugng do gia tri binh phuong cla
sai $6. Gia tri MSE cang nhé thé hién
su du dodn cang chinh xac [22]:

MSE :ii(z rrei _z en)’ (16)
N A i i

» Can bac hai sai s binh
phuong trung binh (RMSE) do dtliéu
rgi rac xung quanh do léch 0 [21]:

1
N Pred ex) 2 2
Yzl —z e
RMSE =[2’_1( N J (17)

Hé sé xac dinh (R?) la théng s6
dé léch thong ké don gian trinh bay
su phtu hop véi d liéu [22]:

N Pred _ r7 ex 2
Y4 -2 _(18)

Zﬁ](ZiPred_If,Z:\;Ziexpj

R*=1-
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Ap suét gia giam, P
Hinh 5. D6 thi hé s6Z duoc tao ra bdi phuong trinh (14)
Bding 4. So sdnh nhiing sai s6' thdng ké giiia md hinh ANN va cdc phuong phdp khdc

T Phuong phap ARE% MSE RMSE R?
1 Hall va Yarborough -0,53099 0,014815 0,121717 0,784172
2 Dranchuk va Abou-Kassem 0,01431 0,000023  0,004794 0,999638
3 Dranchuk, Purvisva -0,87809  0,009029 | 0,095023 0,877296

Robinson
4 Brill va Beggs -1070,9057 4909,0871 70,0649 0,00094
5 ANN 0,0002053 0,0000036  0,0019  0,999944

So sanh chat lugng gilta cac phuong phéap dugc thé hién trong Bang
4 vGi 5.940 diém d(t liéu ctia SPE dugc st dung. K&t qua cho thay, phuong
phédp mang neural nhan tao c6 gia tri hé sé xac dinh (R?) cao nhat:
0,999944 va cac sai s6 théng ké ARE, MSE va RMSE nhoé nhét. Phuong
phap Dranchuk va Abou-Kassem cling du doan hé s6 Z khé chinh xac véi
R? = 0,9996. Phuong phap Brill va Beggs du bao kém chinh xac nhat va
khéng dang tin cay khi du doan trong pham vi réng I&n cla ap suat va
nhiét d6 gid gidm.

5. Két luan

Hé s6 Z l1a mot théng s6 rat quan trong dé xac dinh ty trong khi, dé
nhat khi, d6 nén khi, mé phéng via khi, tinh toan can bang vat chat va du
doan PVT cho giéng dau va khi. So sdanh phuong phap xac dinh hé s6 Z
theo mé hinh dua trén mang neural nhan tao va cac phuong phap thuc
nghiém khac cho thdy su vugt troéi cla phuong phap mai qua cac chi s6
nhu: hé sé xac dinh (R?), sai s6 binh phuong trung binh (MSE), can bac hai
sai s6 binh phuong trung binh (RMSE), ty 1é sai s6 tuong déi trung binh
(ARE) lan lugt 1a 0,999944, 0,0000036, 0,0019 va 0,0002053. K&t qua nay da
chiing minh mé hinh méi cé thé 1a cong cu du doan chinh xac hé s6 Z va
c6 khéd nang 4p dung trén pham vi nhiét dé va ap suat rong han so vai cac
phuaong phap khac.
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Applying artificial neural networks to predict Z-factor for natural
hydrocarbon gas

Summary

Tran Kha Tien, Hoang Thinh Nhan
Petrovietnam University
Email: tientkO1@pvu.edu.vn

The natural gas compressibility factor or Z-factor is an important parameter to determine thermodynamic prop-
erties of gas reservoir, gas density, gas viscosity, gas compression, gas reservoir simulation, calculate the material
balance equation, and estimate PVT for oil and gas wells. Based on the data from the Standing-Katz chart, several
methods have been developed to calculate the Z-factor [1 - 3]. Based on the method of Mohammadreza Kamyab [4],
the authors have calculated and determined the Z-factor using the artificial neural networks (ANN) with input pa-
rameters being the pseudo-reduced pressure and temperature of 5,940 experimental data points [5]. The results of
research show that this model is able to predict the Z-factor more accurately than other methods and can be applied
over the pseudo-reduced temperature range of 1.05 < T,<3 and the pseudo-reduced pressure of 0.2 < P,=15.

Key words: Natural gas compressibility factor, Z-factor, MATLAB, Artificial Neural Networks.
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