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Abstract: In order to study the non—isothermal flow characterization and influencing factors of heavy oil emulsions in po-
rous media, the porous media is simplified into a model of variable diameter capillary tube bundle, and then the non—iso-
thermal heat transfer process of the oil-in—water emulsion in the equilibrium state is converted into a steady heat transfer
process containing a negative internal heat source. At the same time, considering the variation of temperature along the way
and its effect on viscosity and interfacial tension of the dispersed phase, a calculation model for the non-isothermal flow of
oil-in—water emulsion in porous media is established. The calculation results of sensitivity—analysis of non—isothermal flow
of oil-in—water emulsion show that the inlet pressure increases with the decline of steam injection temperature , and the
transition position between the gentle pressure drop section and the fast—decline linear section moves to the injection point;
the larger the viscosity of the dispersed phase, the larger the pressure gradient required for the oil-in—water emulsion drop-
lets to pass through the pore throat, and the higher the injection end pressure. With the increase of the volume fraction of
the dispersed phase , the temperature drops faster along the way , and the pressure at the injection end gradually increases.
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Fig.1 Arrangement diagram of equal diameter
particles in porous media rock
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Fig.2 Experimental device for the in—situ emulsification
process of porous medium of heavy oil
thermochemical composite system
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Fig.4 Diagram of calculation of temperature distribution
during heat conduction in porous media

X T AN W 12 7% 38 B AR A i FLAR T
i (BUE I S AR A FUR IR 76 2 LA BFLBR o0
23 A AN IET Sa BT o AR FLAR I A7 78 X 3 A

P

a— 1 A0 3L A4 43 A

Gl LR W
oD

b0 I A 45 kT A AR IR
Bs5 ZANRIABEETHNENRESERRYHETE
Fig.5 Diagram of calculation of thermal conductivity
coefficient of saturated liquid in
pore unit of porous media



-84 Mmoo M 5 R I 2020411 H
HICH AR A 3 B R BT, 72 W32 DX 3k Py A T B R 58 1.3.1 #4mMmRENTHE

S YE SRS SR BRI . 15 M 1 5
3R O T 6144 2 S A A 4350 1
OB (P Sb) o AR 5 MR R IR 1157 )
L B

v, 1-v\"
/\:(/\+ )\1 ) (11)
&
hL,
k= v (12)
WC10) A ATk a7 A
e
k(T T,) (13)

2 FL A o 3% S AL B 5 ) B9 A I g 1 EE T 3 320
b RIS Bk

x=0T=T, (14)
dT

x=L,— =0 (15)
dx

A AT L B A Jor il 2 Sy 2R 1) e A il 2 R
FORUTRRIRLE , U (13) SR Hedi g «

4’0

= k0 (16)
dx?
6=T-T, (17)

B (13)—(17) X, a0 i sh 75 m R B A K
it oo AL AL A
T=T,+(T. -T,)x

exp[ k(L. - )]+ exp[ k(L. - x)]
exp(kL,) + exp(-kL,)

1.3 EEEBRBEASH

21t b FL AL AR A B, Z2 A0 TR R
Jiop At TROE o T I S VRO R LR VR ]
A AFAE | DR I 75 2 6T 328 52 R AH DX RN L R i A7 A X
9 3 43 A5 o3 i AT A o LB B TT N I Sk A
SRR T s E AWK 6 TR o

(18)

Elo FLIRETHNEZRBSIARRERIHEETE
Fig.6  Schematic diagram of continuous liquid and emulsion
droplet flow patterns in pore unit
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Fig.13  Calculation results of temperature and pressure

300

250

200

150

R (C)

100

50

2500

2000

1500

J& 77 (kPa)

1000

500

distributions along way for dispersion—

phases with different viscosities

S B A2 R 2y BN 10%
I3 B A2 R 2y 0h20%
I WO AR B4 0M30%
I3 HOH R B0y HN50%
G WO R B9 HURT0%

0.2 0.4 0.6 0.8
T R R B
a—UY AR B 23 AT

A3 WO AR 4 HUON10%
43 WO A B 43 HA20%
o3 BRI A 4 BN30%
o3 AR AR5 BUN50%
I WA R 4 HAT0%

0.2 0.4 0.6 0.8
TE Al Uk B
by i I 7y 3 A

B 14 ARESBEGRSBRGTIERE
BEMENSHIHEER

Fig.14  Calculation results of temperature and pressure
distributions along way for dispersion

phases with different volume contents

o

e 22 AL A T ] A R 728 758 T 20 A PRORE Y ) i
fili L, T AR R B R T S A AR AR 0 B A
IR B, RIS 2 A P 72 A X HEOAH 286 88 e At T ik
JIR R 18 i e E A O SO DX LR
BEHAFAE X Z AL FRALB PRI DL R g 2 £ i
T A L BE R T AR . SCRSIE N i A
TR B

B T AL R ARG 3 A S T T T G O,
Tt i 3 T W1 2 BB 5 DR T e e B ) B e O
o) A 5 4% 3115 70 BOR 36 2 A, LR e o £ L
Wt T 5 9 1 g 68 JRE A, I S s g B R 5 I 1K
FRRER 3 B 34 I , v R TR T B bR, A 3 s
FIBETT

SR

] 5 2 40, HAE 435024 0.23,0.19,0.11
A—— R TR, pm?;
AR FAAA BT AR, wm?;

D—— RIS BE , pum;;

D——F5 A1 kL EAE, s

e f— W, IR 2 B
h——22 5L 50 5 ) A Jo =2 ) 1) 2 T A5 R B, W/
(m*-K);

[—Z AN TREMERKIE, um;
L——Z AN Y JE A B m

L—% 8 A BUE B R, m.

EVEEY @
N—2FLA T BAE, TEHIK
N,——FLERITE, A

a,b,c

m,n



278 ol JH

IR 2 bt SEIRT ECEI RN & | 2 b ke E S NS RS ES -89+

P—%ém%j] ,Pa;

p—FLBREAITCA PR T, kPaj

pr— Ui 8l 7 ] b 7 SR 5 LRV 2 Ak R g
kPa;

Ps FLRW I R T, kPa;

pi——fLBERERITH M3 ), kPas

p——Z LA BTN i A 58 BEFL IR R TR vy (BP oc A0 ) T
71 ,kPa;

p——Z AL BN 2 S B S R FLBR ST P — R R
71 ,kPa;

p—— AL A H £ ] kPa;

Po——ZALA BT H %% T, kPa;

Ap—— LB TT W i 7] 25, MPa;

Ap — LR i 1 LB A R B AN N

q IR, W/m®;

Q——ELLWAHL I, m/s 5

r——Z LA LA um;

FR AN TR, m;
R——fLBREIC AR B AL AR, pum
Ry——FLI 55T P PR R R A K 25 o g e ey it 3 A2
ms

R——3 LRV /IS T T 79 T 258242, o
S——FLARVBR A7 A6 X 38 S ARV B A B AR AT A L pum?;
T—RoT IR B, °C;

T—— A O, °C;

T—45 i ML T NIRE, °C;

r

T,— R B, °C;
oI LERANAE B E IS T m/s ;

VAR B ARG

W——F4TT dae P X i A, W

oA AL m

xo——FLIBR B E— B 7 B AL P 5 AY B BT,

ooy TG RN B, LA R FL B BRI — 2 o 1A R

FIBE B 5 A A R B AR 2 H

55 EEALBR A ITHE A RIS m

B ASREE i+ L DNFLBR BT Z R — S EEA O
i B, m;

y—EM AN ALK m;

y—IEH RE

X

%

eI KIERE, pm;
O— 3 FEI A 0l B DAy e i AL, °C5

A——FLBRETT AR FIR A SR B, W (m - KD 5

N, N JHAR R SRR I SR L W/ (m KD 5
p—— SR ANERE  Pa-s;

w50 i LR BT PN FLOBR TR P AZ AR 0 B
mPa-s;

p—— B A kg/m;

0 LA BN AR £ 58 BE AL IR BT P9 3 2K S 5k
41, N/m;

[1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

o, —— KA K ST, N/m;

TR LR DX BE 1 EELL IO 19 5T V) 17, Pas
{1 2 X A S AR i ) 2 BT, N/m

S 3Lk

W B L BRIRSBT , 2 DU . A A ) —— R0 1 70 52 5 3R
(AT TE L) ] AR A2 4l - B AR BEF AR, 2005,29(1) 44~
50.
CHEN Minfeng, LANG Zhaoxin, JJANG Hangiao. Numerical sim-
ulation of thermal-surfactant combination flooding for heavy
crude reservoir[ J].Journal of the University of Petroleum, China:
Edition of Natural Science,2005,29(1) :44-50.
DU, SRS SO T, AF R A SRR LA R AR E
FLARHIR LI L) . A <0, 2019,26(4) £ 142-147.
WANG Guijiang, ZHANG Jie, YUAN Guangyu, et al. Emulsifying
performance of medium—high salinity polymer surfactant and dis-
placement mechanism of true emulsion[J].Special Oil & Gas Res-
ervoirs,2019,26(4) : 142-147.
W25 TR, B, 45 8 S K il i B w0 2L AL OB~
2 PEREVE A BB LT ] ROT A 57T %, 2019,9(1)
38-43.
PU Wanfen, MEI Zilai, YANG Yang, et al. Evaluation of OB-2
system for W/ O emulsifier and displacement experiments re-
search at high temperature reservoir in high water cut period [J].
Reservoir Evaluation and Development,2019,9(1) :38-43.
FAE INES ARG, A5 S B I LRI LR BE TR R
[J].#R I Z,2019,42(3) :94-96.
WANG Shaohua, SUN Yubao, ZOU Jian. Analysis on the factors
affecting apparent viscosity of heavy oil emulsion [J]. Drilling &
Production Technology,2019,42(3) :94-96.
8 QN T ooy < S IR i D0 i b 1 DY
FNFLAR RS E PSS () ] A Al T e 552 B 2441, 2016, 29
(6):32-38.
ZHAO Yi, HU Jinglei, LI Haocheng, et al. Effect of heavy oil con-
stituents on the oil-water interfacial properties and emulsion sta-
bility[ J ].Journal of Petrochemical Universities,2016,29(6) : 32—
38.
INGRYR A i oA S, A5 KR i R L ARV R LR BE Y
S A 2R B UM () ] A = 4l - £ i T, 2016, 32(5) -
987-996.
SUN Nana, JING Jiaqgiang, JIANG Huayi, et al.Influencing factors
and prediction model of apparent viscosity of heavy oil O/W emul-
sioin [J]. Acta Petrolei Sinica: Petroleum Processing Section,
2016,32(5) :987-996.
ALVARADO D A, MARSDEN S S.Flow of oil-in-water emul-
sions through tubes and porous media[ J].Society of Petroleum En-
gineers Journal, 1979,19(6) :369-377.
MCAULIFFE C D. Crude—oil-water emulsions to improve fluid
flow in an oil reservoir[ J ].Journal of Petroleum Technology, 1973,
25(6):721-726.
SO0 H,RADKE C J.A fitration model for the flow of dilute, stable
emulsion in porous media[J].Chemical Engineer Science, 1986,

41(2):263-281.



.90.

L.

5

XKoo %R 20204E 11 H

[10] YU Long, DING Boxin, DONG Mingzhe, et al. A new model of

[12

[

[16

[

emulsion flow in porous media for conformance control [J].Fuel,
2018,241:53-64.

EEes I AT/ N Tl e S e e i R Nla Rl e
RERE L FAELT ] ARRIh B0, 2018,25(1) : 146-149, 174

WU Chunxin, CUI Mingzhe, YANG Dongdong, et al. Quantitative
characterization of emulsion profile —control performance in off-
shore multi-layer production reservoir[J ].Special Oil & Gas Res-
ervoirs,2018,25(1) : 146-149,174.

NI X ER B 2 AF 5B BUROULAR 2 BRIl A LR
WB W [T ]. 1272741, 2009, 41(3) : 313-317.

LI Xiaobo, LIU Yuewu, SHENG Hongzhi, et al. A model for the
flow of emulsion in porous media with micro—heterogeneities [rl.
Chinese Journal of Theoretical and Applied Mechanics, 2009, 41
(3):313-317.

WANG Jing, LIU Huiqing, WANG Zenglin, et al. Experimental in-
vestigation on the filtering flow law of pre—gelled particle in po-
rous medial J ] .Transport in Porous Media,2012,94(1) : 69-86.
TR AGPE ML AEsT h E EEST Tl  kE , 2001.
ZHANG Ximin. Heat transfer [ M ]. Beijing: China Architecture &
Building Press,2001.

Py BB, FS . BRI C/C SR E MR AR RS [T ] R R
AR ,2008,27(2):1-4.

CHEN Jie, XIONG Xiang, XIAO Peng.Calculation of thermal con-
ductivity coefficient in unidirectional carbon /carbon composite
[J].Carbon Techniques,2008,27(2) : 1-4.

AESCR W, BEAE K . ZoFL AR A R0 S A 2R 210 2 6 A A A
7T [T]. i, 2016,42(5) : 124-130.

FU Wengiang, GAO Hui, XUE Zhengxin. Experimental measure-
ment and calculation of thermal conductivity of porous material
[J]. China Measurement & Testing Technology, 2016, 42 (5) :
124-130.

MARIA V Mironova, SERGEY O Ilyin. Effect of silica and clay
minerals on rheology of heavy crude oil emulsions[J].Fuel, 2018,
232:290-298.

RSN S S R A o SR Ry i S s G i b T TR O
SeFUIRMRGEPE R E M L], i F 4627, 2017, 34(4) : 626-630,
647.

HUA Zhao, ZHANG Jian, LI Hao, et al. Effect of active compo-
nents in Bohai heavy oil on water—oil interfacial properties and
emulsion stability []].0ilfield Chemistry,2017,34(4) : 626-630,
647.

[19]

[20

—

[21]

[22]

[23]

[24]

[25]

[26]

MALKIN A Y, PATLAZHAN S A.Wall slip for complex liquids
Phenomenon and its causes[J].Advances in Colloid and Interface
Science,2018,257:42-57.

R fORBE T I B Sl i BE T A AR EER (D).
Jeat: eI Tl k2%, 2011,

WANG Guobin. Numerical analysis of influence of boundary slip
on micro—scale gap flow [ D ].Beijing: Beijing University of Tech-
nology,2011.

CHOONGYEOP L, CHANG H C, CHANG ], et al.Structured sur-
faces for a giant liquid slip[ J ].Physics Review Letters, 2008, 101
(6):501-509.

FIRIE, F 108, BRIH , 55 . R PR AR 25 2598 MR AR S
HSZ N E L] i L7, 2018,35(2) : 308-312.

WANG Qingguo, WANG Tingting, CHEN Yang, et al. Effect of
static imbibition recovery and its influencing factors in Fuyu res-
ervoir of Daging Oilfield [J]. Oilfield Chemistry, 2018, 35(2) :
308-312.

MOSTAFA L., SHAHAB A.Evaluation of effect of temperature and
pressure on the dynamic interfacial tension of crude oil/aqueous
solutions containing chloride anion through experimental and mod-
elling approaches[ J ].The Canadian Journal of Chemical Engineer-
ing,2018,96(6):1 396-1 402.

X AR SR IR BT [M]L ARt il ol i AL
2013.

LIU Huiging. Thermal recovery principle and design|[ M |. Beijing:
Petroleum Industry Press,2013.

FRR LR XL, S T LA S R ORI S 5
AT ] AL TR, 2012,20(3) : 10-13.

WANG Xin,ZHAO Fajun, LIU Jiang, et al.The research of specif-
ic heat capacity, thermal conductivity and viscosity—temperature
physical property parameters changes for heavy oil [ J].Science &
Technology in Chemical Industry,2012,20(3):10-13.

LeWA  wTRE AR RS PERE TS AR M 2 LA P X
VA AR B e[ ]. T AR AW B 2241, 2000, 21(5) £ 590~
594.

JIANG Peixue, SI Guangshu, REN Zepei.Numerical investigation
on the effects of viscous dissipation and variable thermophysical
properties on forced convection heat transfer in porous media[J].

Journal of Engineering Thermophysics,2000,21(5) : 590-594.

“Rig

%) 6 3¢



