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Abstract: The reserves of heavy oil far exceed those of conventional oil, but heavy oil is difficult to exploit due to its high viscosity
and density. Thus, the efficient and economical development of heavy oil has become a research focus in the petroleum field. Hy-
brid thermal recovery are critical for efficiently developing heavy oil reservoirs, and phase behavior of multi-component thermal flu-
ids are the key to designing and evaluating the development processes of heavy oil reservoirs. Therefore, this paper systematically
reviewed the current experimental and theoretical research on phase behavior in multi-component thermal fluids of mixed gas sys-
tems and heavy oil-gas systems in hybrid thermal recovery. For phase behavior of mixed gas systems, static methods were em-

ployed for experimental tests, and state equations and mixing rules were for theoretical prediction. Meanwhile, the phase test of the
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binary system composed of common gas molecules such as CO,, N,, H,0, and CH, tends to be mature, while there is a lack of test

data and prediction models related to multivariate systems. For heavy oil-gas systems, general experimental processes and recent ex-

perimental results were summarized to propose a new experimental device concept for accelerating oil-gas phase equilibrium. Addi-

tionally, the disadvantages of current theoretical prediction in gas types, gas injection rates, gas diffusion models, and binary inter-

action coefficients were pointed out. Furthermore, a prospect was presented for studying the phase behavior of multi-component

thermal fluids to promote further mechanism research and parameter optimization of hybrid thermal recovery.

Key words: hybrid thermal recovery ; mixed fluid ; heavy oil production; phase behavior;thermodynamic properties
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Fig.1 Meaning of phase behavior research in
hybrid thermal recovery
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Fig.2 Generation principle of multi-component thermal fluids
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Table4 Theoretical state equation calculation of mixed gas system in hybrid thermal recovery

1E# TR RE TR TR R TR ) i)
DUAN 4581 CO,-N LB RS T R Bethelot-Lorentz 0~1727°C 1.5%
7 10 ~ 2 000 MPa
- 1000 ~ 1 400 °C
4¢2(82] _ SR RS TR _ 89
DUAN % CO,-H,0  ZZHEHARE I Bethelot-Lorentz 1 450 - 1950 MPa 0.8%
AEEP AR A CO,N, PR vdw -50 ~ 20 °C 3%
; 0~157°C
££2[84] _ % ~ 1.7Y%
ABUDOUR % N,-H,0 PR vdW 0207 MPa 0.3% ~ 1.7%
. 0~350°C
££2[85] B 0,
ZHAO % CO,-H,0 PRSV WS 0.1 ~ 200 MPa 7.5%
N 0~300 °C
I 42 [86] _ 0
TR A CO,-H,0 PRSV MHV]1 0 150 MPa 4.02%
87 ~ 423 °C .
[87) _ s
F i CO,-H,0 PR vdW 0~ 40 MPa (EE-SUN
\ 5~300°C
7 A (88 _ - K
/NG A CO,-H,0 SRK-CPA HV 0.1 - 140 MPa 4.15%
207 ~387°C
£i£5[89] _ ~ o
MANGOLD 4§ N,-H,0 RKS Bethelot-Lorentz 115 - 270.5 MPa 0.6%
30 ~250 °C
e i 24100 - - 257
jesng CO,-H,0 SRK-CPA HV 0.1~ 130 MPa 3.25%

PR A . @R B R R, T
AT Tl P AR 231 AL O, B R AR
F10 % Bl o R - MR AR ) R T R
T AR A /)N, % R ) A A 2 Xt 28 T AR
B OFEE SRS e i RAE . HA
T2 2 L R AR i UL BE T T PR AR, R il i
PRSI RS Raw 5L
AT, 0 AR AR T I HE IR R AR AR
LRI

MRS R, HINE FIRSE RZ S FH XA
(7 3t DA , XF AN [R1 20 23 B AR - R R R TT T AR A
MLSeEe . PVT IR 2R B3l - AR R AR 1
BI7 B AR PVT AT . PVT I
WHCEA AR PVT 6 % 3 R
ARG THER B R AR
TR — R A - QOO ] 3t DX ) B e I E A T
It 7 Ak L TS AU M SR A 1 R 3l R T PV fT A
TEA KR MR <. @A CO,, N, FlZE
AR, ST IR 2 ik 2P . XS
PVT fa EA T G5 Bt I, 0 ARl - UM R AR AR 5 T )
(A8 Ak IR T 45 Ak 6T 7 1 7 D Sy o 000 5 Y
TRAE ] . @53 BEER43 PVT i NI , I 4 53 125 31l
FERY TR AR e M PR, BIAT 2 2109 i Ul
FEFIMAR R 2R Bt . ORI AR AR, DA Kt )22
TGS T T A A T 2 A i S B =

)% B o @K 7 Ff Jo (R T RE T V% BR % B T T v i
Frva R S5, w3 foft P Ot AR ASCHHEA T IR O A8 1 52
56 BT 00 5 TR

M S HTLLE i, B ATHE - R ARSI R
i R I Y L B SR )T, 430 2R 20 ~ 200 °C
F10 ~ 30 MPa; - A& FR ARSI R 2 2
S BB 5 CO, N, e KRS S SARTE I
TOURER R IR A S AR T I ST A T R
B, A 5D 19 JE I -CO,-N, | JE 3 -CO,-H,0 55
TN £ N O A (1M 7R3 B U ol R 7 N
A CO, FIN, S A i 5 28R R A2, 2
TG SR -ZR IR B SR R LR 2 on AR B,
AR FIH -8 7R -CO,-N, 1Y 52 = 1R Z i/ D AR I (A 25
iR

XTI - SR ARG, - 2 S 5 vh A AR
BB 4, JCHORAEARIR A 2544 T . BN LUO 451
SR BRI -P R R AE S T P T[] 2 R
1N Gn A B S A Fsf [ 52 1) S 96 %003, anfaf Jin
TR B R A S B0 BT R ) E L ) , BROAR
TSR B SRR 38 S AN W R B PVT A i A
TH1-N,-CO, 14 F -, {2 (i H R Ty e 5 sk IR BERI
e R 22 U S A S, B R AR -CO,-H,O 1A &R LA
ISP s W S AL A R FH S 0 = A Y OE A& B
AT A A =M 3 3o 0 P 2 7R - A 42 G
A, DT S sk 0 g - FE e - 20 Bt AR R R R T Al AR



-94- moR M w5 R k& 20244F1 A
%5 m:ﬂi 1%%*5&.\9‘%
Table5 Phase test of heavy oil-gas system
. ; RS ARl wE .
fek AR e RAED o S EE(mPars)  RUERNC
MPa (m*+m?) (kg+m™)
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AT LR
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Fig.4 Experimental system of heavy oil-gas phase
equilibrium
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Table6 Theoretical research results of phase behavior of heavy-oil gas system
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