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Fig. 2 Profiles of pressure and temperature of SMTF in IJT and annuli with different injection parameters
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Fig. 3 Effect of seawater flow rates on profiles of thermophysical properties ((a) pressure; (b) temperature; (c) superheat degree)



384

FIMELEER 201749 H 2 &5 3 )

BN, (K PR ARSER R, K5 AR R
FEAVIE, 257 RRURSHA, XHFH R R Y
AR, LS SIHT I K DR 2 s T2
BRI EI T

23 ERE|SEXHEERM

TESEPR A= i R e, G PR 22 S R A
SES0E SR AN Z ALY 1:14.9 BT 4 7840k
beln R, RMOTR BB CR, WMhes
59 2 1) Al B 45 S N, F1CO, (1 i H 24y 4010968
i, fEHABTE RSB LR AT, SR
Ny CO, Flsd FAZE TR 0 B 5 M LR 3 Rl i -

660
— A% ZEMHH=4% 1%
640
— &R ZEMHR=20%: 5%
« 620
Iy
P8 600
Bl
s
#© 580 [
K
N
560 -
540 1 1 1 1 1
0 50 100 150 200 250 300
FHRIm
(a)
130
— A% Z8EH=4% 1%
110
X — &5 ZEAE=20% : 5%
1
® w0

|
fu 70
P
©

M 50
R
30
1 0 1 1 1 1 1
0 50 100 150 200 250 300
FHRIM
(c)

(1)4% . 1% F1 95%; (2)20%. 5% F1 75%; (3)40%.
10% F1 50% . MRHEUL L5500, HHEIE S5
BV FROT A, S5 4 iR, Il 4(a) FTEL 4(b) AT
A, (D) B AREELS S i A B 3G I, Joz A v A AN
IRIE 2 (] v R Z2 e AR ) TR X I, T
THAE I AR 22 ST AR AR ) PRI 2 (] B A TG RN
RIE 25 1] ol PR 22 ST PR A A v R0 2 3R 3
SEPR b, R Z eI R ) FEEE S R B Tk
M N B TAHE, AR TR, I HEERI
Lo A & R EOM AR AR 22 . LA™ 3 0 45 6 56 b
RS AR EELE SR HERE, X $hag R AR B2 S
e e T Ui . (2) MK Be ) e 3 22 e ik

610
600
590
X
X
Ju% 580
=
TH 570
\ﬁ\:\
B 560 | — s —oiki=a% : 1%
0 — &5 ZEAHE=20% : 5%
550 |
— &K ZEE=40%: 10%
540 1 1 1 1 1
0 50 100 150 200 250 300
FHRIm
(b)
95
85
X 75
1
=z
3
65
bal
o
£H 55
»H%
45 — AR ZEHE=4% 1%
o | ES TEAE=20% 5%
— &R ZEHE=40% : 10%
25 1 1 1 1 1
0 50 100 150 200 250 300
FRIm
(d)

B4 ERESSEXNFHESBSBRAGTRRKERWHM () TEBEHENBES; O) FEZENRE; (o) THEiH

ERNERE; () REZERTHRE)

Fig. 4 Effect of non-condensing gas content on profiles of thermophysical properties and wellbore heat loss rates ((a) temperature in

JT; (b) temperature in annuli; (c) superheat degree in IJT; (d)superheat degree in annuli)



L [0 XU T e R 22 ST AL AT o e PR (EAE L

385

P TR BEA BE R FAEERA FE (1 4(c) FIIET 4(d) ) LhHLZ
BEI 1 PN PR 22 0 BRI A 118 10 P8 B Ao B A
K, HIK G S PRIE 28 8] i #0822 e A AR 1) 5%
Man A, %o TG A2 4 il 7 e e AR 22 S0 BRIAE R ) S e
/I,

h T SRR A SO R, T
BT AR O ERS B TR FEHERESS S I
fAl IS EO A 1 sg ], e AR N, FTCO, T
BN R (DA%, 1%; (2)20%. 5%; (3)40%.

10%; FHREERMIE 5 Frzs. dilE 5 alH, (1) A
REEA T RN, Ui thad A Z o IR
PRB TR T3 B LU PRI 23 [ vt PR 22 e (A B 1
BEEERE R (2) ARBESE Tt o B I i R 200
PR TR S A AR o 18] S(o) TRLE Y, Bl
AR UE ROE In, JC S i A P 25 A
i PR Z2 U AR 2R R, R T AR R R
FAET, ARBEES TG HE R R T A
P PR I RE S DL, R AR BESS A R

4.6

4.5

4.4

4.3

HEE H1/MPa

4.2

0 50 100

150 200 250 300

FHRIM

(a)

4% : 1% (T HEHE)
— 20% : 5% (T = 5E)
— 40% : 10%(FC = 5E)

——— 4% 1%(E )
——= 20%: 5%} =)
——= 40%: 10%(3F2%)

660

650

640

630

620

HEREK

610

600

590 1 1 1 1 1
0 50 100 150 200 250 300

FHRIm
(b)
——= 4% %)
——— 20%:5%(F %)
——= 40%: 10%FR 5

4% : 1%(TLHE5E)
—— 20% : 5%(T )
— 40% : 10%(TC#5E)

125

115

105

0 50 100 150 200
FHR/Im
(c)
——= 4%:1%(FR%)
=== 20%:5%(F =)
=== 40%:10%(}F =)

4% : 1% (T HE5E)
— 20% : 5% (T = 5E)
— 40% : 10%( T #5E)

B 5 Z#EftnESHEEETASHERN, FRESRESENHATARDESHS BRI () AERNEHNSDH; (b)

HERBREST; (o) HFENIREST)

Fig. 5 Effect of non-condensing gas content on profiles of thermophysical properties with identical injection parameters ((a)

pressure profiles; (b) temperature profiles; (c) superheat degree profiles)



386

FIMELEER 201749 H 2 &5 3 )

HiE—E Y A I S() iTRAE i, BEEARBES S
B EOR N, I P A e PR A R R TR
W NI, @ 0iss &= Wi, KSRz,
XFEE I3 PR S AR BESS A% A BT, A B S
FREEL T, T AR RS S T RIS H Y
([

(D) FEFE> 25 R TR) L SO H- 5T R A A A i
AR L, 255 RER ANl P R, L 1 LI
RV TE i I Z TR AR AL R A O . M ]
A FR2E 53 75 AT B JC He i A8 ML 23 [ i R 22 5T
PORAR IR AR T3 7340 o B 1 i AN [R] 3
RS EOHRBEFIE 1 73 AT S22 T A T+

%75 ik

ERSEERME P IE P P IES RO R, ]
DAt Fad AT Z SRR SAGD JeAv ki #R A9 TR
SR

() WA E T KA SMRE R R i AARE, 1
JEERE 23 18] Fpid PO Z2 TR AR R IR RE R AR
i R Z e PR A BRI R I )= B, P A
EIEEEAS 7P/t AR )= =S W Y = (5 N e = |
ARSI, FEITH AL, FH6E P PO 2 oo i
£ 2B 2 A 3k BAV B 2 PR, L Y98 K O R Ak 5
BEORINS, 087 A ak B 22 ST PRI A 14 L A J3E i A
JERIE LT AL

Q) BEFEARBEAS TS =M, R Z TG IR Y
i BE ML RIS T e A0 S NG S B S R
SURPEFIRHIE, i PR BESS U LU #E 77
Pk

(1]

(4]

[5]

[10]

(1]

NS, EIEE, AR IR K RETP AR (], HFFPIAURE, 2016, 23(3): 122-125. [SUN F R, HUANG S J, ZOU
M. Productivity forecast model of horizontal well with superheated steam huff-puff[J]. Special Oil & Gas Reservoir, 2016, 23(3): 122—
125.]

INiES, WELIAS, 2R 77, A5 . BRIz VA AT A 2 B A8 40T (1], iUl E L 2017, 24(1): 83-86. [SUN F R, YAO Y
D, LI X D, et al. Production performance of cyclic steam stimulation horizontal well in heavy oil reservoirs[J]. Fault-Block Oil & Gas
Field, 2017, 24(1): 83—86.]

V&S, WRAIZR, A5, 45 . G MR VR KT I A 42 ™ RE TR A28 [7]. Ffiim <, 2017, 24(2): 120—-124. [SUN F R,
YAO Y D, LI X F, et al. Forecast model for heating radius and productivity of horizontal wells with overheated steam soaking[J]. Special
Oil & Gas Reservoir, 2017, 24(2): 120—124.]

&SR, WAZR, ZEM 07, & PORIKEHE 2 50 IR IR B A% T A& FABE R (1], B Beal U, 2017, 24(2): 259-263. [SUN F
R, YAO Y D, LI X F, et al. Mathematical modeling of the mass and heat transfer process for multi-component thermal fluid injection
wells[J]. Fault-Block Oil & Gas Field, 2017, 24(2): 259-263.]

SUN F R, YAO Y D, LI X F, et al. Type curve analysis of superheated steam flow in offshore horizontal wells [J]. International Journal
of Heat and Mass Transfer, 2017, 113, 850—860.

NGRS BRI 2T, 5 IR SRR T RS SRR (3], KPR LB 5 I &, http://kns.cnki.net/kems/detail/23.1286.
TE.20170822.1353.003.html. [SUN F R, YAO Y D, LI X F, et al. Flow characteristics of the parallel dualtubing for superheated
multi-component thermal fluid [J]. Petroleum Geology and Oilfield Development in Daqing, http://kns.cnki.net/kcms/ detail/23.1286.
TE.20170822.1353.003.html.]

IhESR, BHEZE, 1254 S RARIRE KRR S N # E SR EE [J]. Jbat Al e A g2, 2016, 24(2): 17-20.
[SUN F R, HUANG S J, WANGY, et al. Multi-factor orthogonal test on injection parameters of horizontal wells with superheated steam
stimulation[J]. Journal of Beijing Institute of Petrochemical Technology, 2016, 24(2): 17-20.]

MR, 2R 2E, AR, A5 SRR A B RE TIAR A (7], AL T A AR R, 2016, 29(4): 25-28. [SUNF R, LIC L
ZOU M, et al. Production calculation model for superheated steam stimulation of vertical well [J]. Journal of Petrochemical Universities,
2016, 29(4): 25-28.]

NS, AR, 2N Rp RIS ARV A P RE TSR (7). Jb UMk T2#Be2Ed, 2016, 24(1): 12—-16. [SUN F R, ZOU M, LI
Q. Production capacity model for cyclic superheated steam stimulation of extra-heavy oil reservoir[J]. Journal of Beijing Institute of
Petrochemical Technology, 2016, 24(1): 12—-16.]

SUN F R, LI C L, CHENG L S, et al. Production performance analysis of heavy oil recovery by cyclic superheated steam stimulation
[J]. Energy, 2017, 121: 356—371.

NS, BRZIZR, A5 . i b R IR R SRR T (0], AE A ToaBe 24, 2017, 25(2): 15-18, 24



L [0 XU T e R 22 ST AL AT o e PR (EAE L 387

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[SUN F R, YAO Y D, LI X F. An equivalent evaluation model for heat loss of superheated steam flow in offshore parallel dual-tubing
wells [J]. Journal of Beijing Institute of Petrochemical Technology, 2017, 25(2): 15-18, 24.]

SUN F R, YAO Y D, LI X F, et al. The flow and heat transfer characteristics of superheated steam in concentric dual-tubing wells [J].
International Journal of Heat and Mass Transfer, 2017, http://dx.doi.org/10.1016/j.ijheatmasstransfer.2017.08.062.

SUN F R, YAOY D, LI X F, et al. A numerical approach for obtaining type curves of superheated multi-component thermal fluid flow in
concentric dual-tubing wells [J]. International Journal of Heat and Mass Transfer, 2017, 111: 41-53.

NS, BRAVAR, ZEAR Dy, 55 T ARl DT 2 S0 R AT M ACT IR IRECR AN (7] easfrim A T2EBe#40, 2017, 25(1): 5-8.
[SUNF R, YAO Y D, LI X F, et al. Evaluation of heating effect on the horizontal well in 35—2 Bohai Oilfield with multiple thermal fluid
stimulation [J]. Journal of Beijing Institute of Petrochemical Technology, 2017, 25(1): 5-8.]

INES, W78, M7, 5. BT R-K—S T FEAYIR] OBV 1 2 U IR PR IERT I [J]. Aila R A, 2017, 45(2): 107-114.
[SUNF R, YAOY D, LI X F, et al. An R-K—S equation-based study on the heat transmission features of multi-component thermal fluid
injection through concentric dual-tubing [J]. Petroleum Drilling techniques, 2017, 45(2): 107—114.]

SUN F R, YAO Y D, LI X F, et al. The mass and heat transfer characteristics of superheated steam coupled with non-condensing gases in
perforated horizontal wellbores [J]. Journal of Petroleum Science and Engineering, 2017, 156, 460—467.

WILLHITE G P. Over-all heat transfer coefficients in steam and hot water injection wells[J]. Journal of Petroleum Technology, 1967,
19(5):607—-615.

PACHECO E F. Wellbore heat losses and pressure drop in steam injection[J]. Journal of Petroleum Technology, 1972, 24(2):139—144.
ALI F. A comprehensive wellbore stream/water flow model for steam injection and geothermal applications[J]. SPE Journal, 1981,
21(5):527-534.

DURRANT A J, THAMBYNAYAGAM R K M. Wellbore heat transmission and pressure drop for steam/water injection and geothermal
production: A simple solution technique[J]. SPE Reservoir Engineering, 1986, 1(2):148—162.

EJIOGU G C, FIORI M. High-pressure saturated-steam correlations[J]. Journal of Petroleum Technology, 1987, 39(12):1 585—1 590.
TORTIKE W S, ALI F. Saturated-steam-properties functional correlations for fully implicit thermal reservoir simulation [J]. SPE
Reservoir Engineering, November 1989: 471-474.

SAGAR R, DOTY D R, SCHMIDT Z. Predicting temperature profiles in a flowing well[J]. SPE Production Engineering, 1991,
6(4):441-448.

ALVES I N, ALHANATI F J S, SHOHAM O. A unified model for predicting flowing temperature distribution in wellbores and
pipelines[J]. SPE Production Engineering, 1992, 7(4):363—367.

HASAN A R, KABIR C S. Heat transfer during two-phase flow in wellbores; Part I-formation temperature[C]. Society of Petroleum
Engineers, 1991.

HASAN A R, KABIR C S. Aspects of wellbore heat transfer during two-phase flow (includes associated papers 30 226 and 30 970 )[J].
SPE Production & Facilities, 1994, 9(3):211-216.

HASAN A R. Void fraction in bubbly and slug flow in downward vertical and inclined systems[J]. SPE Production & Facilities, 1995,
10(3):172—176.

HASAN A R, KABIR C S. A simple model for annular two-phase flow in wellbores[J]. SPE Production & Operations, 2005, 22(2):168—
175.

HASAN AR, KABIR C S, WANG X. A robust steady-state model for flowing-fluid temperature in complex wells[J]. SPE Production &
Operations, 2009, 24(24):269-276.

HASAN A R, KABIR C S, SAYARPOUR M. A basic approach to wellbore two-phase flow modeling[C]. Society of Petroleum
Engineers, 2007.

HASAN A R, KABIR C S. Modeling two-phase fluid and heat flows in geothermal wells[J]. Journal of Petroleum Science & Engineer—
ing, 2010, 71(1):77—-86.

HASAN A R, KABIR C S, SAYARPOUR M. Simplified two-phase flow modeling in wellbores[J]. Journal of Petroleum Science &
Engineering, 2010, 72(1-2):42—49.

HASAN A R, KABIR C S. Wellbore heat-transfer modeling and applications [J]. Journal of Petroleum Science & Engineering, 2012, s
86-87(3):127—-136.

LIVESCU S, DURLOFSKY L J, AZIZ K, et al. A fully-coupled thermal multiphase wellbore flow model for use in reservoir simula—
tion[J]. Journal of Petroleum Science & Engineering, 2010, 71(3—4):138—146.

LIVESCU S, DURLOFSKY L J, AZIZ K, et al. Application of a new fully-coupled thermal multiphase wellbore flow model[J]. SPE
Symposium on Improved Oil Recovery, 2008.

BAHONAR M, AZAIEZ J, CHEN Z. A semi-unsteady state wellbore steam/water flow model for prediction of sandface condition in
steam injection wells[J]. Journal of Canadian Petroleum Technology, 2009, 49(9):13—21.



388

FIMELEER 201749 H 2 &5 3 )

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]
[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

BAHONAR M, AZAIEZ J, CHEN Z. Two issues in wellbore heat flow modelling along with the prediction of casing temperature in the
steam injection wells[J]. Journal of Canadian Petroleum Technology, 2011, 50(1):43—63.

CHENG W L, HUANG Y H, LU D T, et al. A novel analytical transient heat-conduction time function for heat transfer in steam injection
wells considering the wellbore heat capacity [J]. Energy, 2011, 36:4 080—4 088.

CHENG W L, HUANG Y H, LIU N, et al. Estimation of geological formation thermal conductivity by using stochastic approximation
method based on well-log temperature data [J]. Energy, 2012, 38:21-30.

CHENG W L, LITT, NIAN Y L, et al. Studies on geothermal power generation using abandoned oil wells [J]. Energy, 2013, 59:248—
254.

CHENG W L, NIAN Y L, LI T T, et al. A novel method for predicting spatial distribution of thermal properties and oil saturation of
steam injection well from temperature logs [J]. Energy, 2014, 66:898—906.

JEE . SAGD 28R — M2 S AL UL VA K i [D]. Jb 5T E K%, 2016. [GU H. Mass and heat transfer model and
application of wellbore/formation coupling during steam injection in SAGD Process [D]. Beijing: China University of Petroleum, 2016.]
FILHO E C. Upward vertical two-phase flow through an annulus[J]. Journal of Energy Resources Technology, 1986, 114:1(1):14-30.
LAGE A C V M, TIME R W. Mechanistic model for upward two-phase flow in annuli[J]. SPE Annual Technical Conference and
Exhibition, 2000, 1: 1-11.

LAGE A. An experimental and theoretical investigation of upward two-phase flow in annuli[J]. SPE Journal, 2000, 7(3):325-336.

YU T, ZHANG H Q, LI M, et al. A mechanistic model for gas/liquid flow in upward vertical annuli[J]. SPE Production & Operations,
2010, 25(3):285-295.

GU H, CHENG L S, HUANG S J, et al. Prediction of thermophysical properties of saturated steam and wellbore heat losses in concen—
tric dual-tubing steam injection wells[J]. Energy, 2014, 75:419-429.

ZHOU TY, CHENG L S, HE C B, et al. Calculation model of on-way parameters and heating radius in the superheated steam injection
wellbore[J]. Petroleum Exploration & Development, 2010, 37(1):83—88.

ZHU X A, MU L, FAN Z, et al. New findings on heatloss of superheated steam transmitted along the wellbore and heating enhancement
in heavy oil reservoirs[C]. International Petroleum Technology Conference, 2013.

GU H, CHENG L S, HUANG S J, et al. Thermophysical properties estimation and performance analysis of superheated-steam injection
in horizontal wells considering phase change[J]. Energy Conversion & Management, 2015, 99(12):119—-131.

FAN Z, HE C G, XU A Z. Calculation model for on-way parameters of horizontal wellbore in the superheated steam injection[J].
Petroleum Exploration & Development, 2016, 43(5):798—805.

SUN F R, YAO Y D, LI X F, et al. The flow and heat transfer characteristics of superheated steam in offshore wells and analysis of
superheated steam performance [J]. Computers & Chemical Engineering, 2017, 100: 80-93.

SUN F R, YAO Y D, CHEN M Q, et al. Performance analysis of superheated steam injection for heavy oil recovery and modeling of
wellbore heat efficiency [J]. Energy, 2017, 125: 795—804.

IR, BT, K, 45 2T R TR S S A RO (7. PRI . AAARIERR, 2012, 36(6): 79-83,
88. [LI Z M, ZHANG DY, YI H F, et al. Flow and heat transfer regulation of multi-thermal fluids injection in wellbore [J]. Journal of
China University of Petroleum, 2012, 36(6): 79—83, 88.]

RSO, #hvkvK . SE T 9 PR MRS D R 1 22 TO IR 8 AL VA (7). A il2=4i, 2015, 36(11): 1402-1 410. [CHENG W L,
HAN B B. Wellbore heat transfer model based on real gas state equation [J]. Acta Petrolei Sinica, 2015, 36(11): 1 402—1 410.]

DONG X, LIU H, ZHANG Z, et al. The flow and heat transfer characteristics of multi-thermal fluid in horizontal wellbore coupled with
flow in heavy oil reservoirs[J]. Journal of Petroleum Science & Engineering, 2014, 122:56—68.

ARIGEIR, XEIM, 55 5, 4% . ARBENT LS 28 RIR I K P I RIR Sh G AR AE 7], rh R 2224 (FAAREAR), 2016, 40(2):
105—114. [DONG X H, LIU H Q, HOU J R, et al. Transient fluid flow and heat transfer characteristics during co-injection of steam and
non-condensing gases in horizontal wells [J]. Journal of China University of Petroleum, 2016, 40(2): 105—-114.]

RIS L . VR L I I 2 o0 SRR AR T & ML K U0 i i 52 (D], Jb A EA RS, 2014, [DONG X H. The development
mechanism and method screening for offshore heavy oil reservoirs with multi-thermal fluid [D]. Beijing: China University of Petroleum,
2014.]

R TR 2E M), Jest: Am Tl i ikl , 1982: 87—163. [YUAN E X. Engineering fluid mechanics[M]. Beijing: Petroleum
Industry Press, 1982: 87—-163.]

SV A, (AR IR . 3 RS B (M. dE R B AR MR, 1965: 15-30. [GUO R S, HE F C. Fugacity and activity[M]. Beijing:
Higher Education Press, 1965: 15-30.]

MR 22 57, At fe . & 48 TR 22 M. U R W 48 K 2% i WAL, 2003: 160—168. [CHEN H F, DU J H. Advanced engineering
thermodynamics[M]. Beijing: Tsinghua University Press, 2003: 160—168.]

BRI . oA TR 122 M. dE At W 2530 Wik, 2008:153—180. [CHEN Z S. Advanced engineering thermodynamics[M].



L [0 XU T e R 22 ST AL AT o e PR (EAE L 389

Beijing: Higher Education Press, 2008:153—180.]

[63] SOAVE G. Equilibrium constants from a modified Redlich-Kwong equation of state[J]. Chemical Engineering Science, 1972,
27(6):1 1971 203.

[64]  Fpilr, 28 FARSIMERG TR M), dba: T EA R RRAL, 1996: 209-238. [TONG J S, LI J. The computational fluid thermal
properties[M]. Beijing: Sinopec Press, 1996: 209—238.]

[65]  HRIELT IR R AR SR A HIe FIAE S 52 [D]. At - #$ivT k2%, 2005. [HAN X H. Study of mixing rules for equation of
state and phase equilibrium of mixed refrigerant[D]. Hangzhou: Zhejiang University, 2005.]

[66]  XUZRI, Rl JF 531 M. U Al Tolk i it , 2013: 148—150. [LIU H Q. Principle and design of thermal oil recovery
[M]. Beijing: Petroleum Industry Press, 2013: 148—150.]

[67]  BOHE4L, 2Bk, BEARAY, 48, ZouHI IR AR R M IT MM BEAL (0], VO R AT R A ARBRE AR, 2015, 37(1): 91-97.
[HUANG S J, LI Q, CHENG L S, et al. An evaluation model on along-pipe thermal parameters of multi-component heat fluid injected in
offshore reservoirs[J]. Journal of Southwest Petroleum University (Natural Science Edition), 2015, 37(1): 91-97.]

[68]  FEHA. i LI PCR B AR R 5L M]. dE5T: Al Tl B gt , 2012: 123—150. [CHEN M. Technical exploration and practice of
offshore heavy oil thermal recovery[M]. Beijing: Petroleum Industry Press, 2012: 123—150.]

Numerical simulation of superheated multi-components thermal fluid
flow in offshore concentric dual-tubing wells

SUN Fengrui'?, YAO Yuedong'?, LI Xiangfang', LI Jun', LI He'!, SUN Zheng'

1 College of Petroleum Engineering, China University of Petroleum-Beijing, Beijing 102249, China
2 State Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Thermal transmission inside a concentric dual-tubing well (CDTW) with superheated multi-components thermal fluid
(SMTF) injection causes a rapid change of temperature and degree of superheating in each tube, which is different from saturated
steam injection in CDTW. With consideration of the heat transmission between the integral joint tubing (IJT) and the annulis, a
mathematical model is established based on mass, energy and momentum conservation equations. Type curves of superheated
multi-components thermal fluid flow in the IJT and annulis are obtained by using a finite difference method and an iteration
technique. Then, the predicted results from the model are compared with field data. The results show that the model is applicable
to predict thermophysical properties of SMTF in CDTW with different injection parameters. Besides, the model is useful to opti-
mize injection parameters during offshore steam-assisted gravity drainage (SAGD) and cyclic steam stimulation (CSS) processes.
A small temperature difference between the IJT and annulis will lead to a large amount of heat flow, which causes a rapid change
of temperature and degree of superheating in the CDTW. The flow of seawater has a significant influence on the wellbore heat
loss rate. Both the temperature and superheating degree decrease with an increasing content of non-condensing gas.

Keywords offshore heavy oil recovery; concentric dual-tubing well; superheated multi-components thermal fluid; thermophys-
ical properties distribution; turbulent flow of seawater
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