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An R-K-S Equation-Based Study on the Heat Transmission Features of Multi-
Component Thermal Fluid Injection through Concentric Dual-Tubing
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Abstract: A mathematic model for heat transfer in wellbores when injecting multi-component thermal
fluid through concentric dual-tubing was constructed with the goal of better understanding the heat trans-
mission characteristics of multi-component thermal fluid injection through concentric dual-tubing and deter-
mine the optimum bottom hole steam parameters. The study involved modeling wellbore behaviors in re-
sponse to the injection of superheated multi-component thermal fluid through concentric dual-tubing. To
establish the model, the actual gas based R-K-S equation of state,the mass,energy and momentum conser-
vation equation and the transient heat transfer model in classical stratum were used. After verification with
the model, the typical heat transfer features of the mixed steam/gases within the wellbore were analyzed.
and the analysis indicated that a small temperature difference between the integral joint tubing and the in-
ner tubing annulus near the wellhead may lead to dramatic changes in the fluid thermo-physical parame-
ters,but the temperature gradients converge quickly. The content of non-condensing gases and the steam
injection temperature were optimized with the model,and the results showed that the downhole superheat
degree decreased as the content of the non-condensing gases increased. However, the downhole superheat
degree increased as the steam injection temperature in the integral joint tubing increased. The results of the
study demonstrated that the steam injection parameters had a significant influence on the distribution of the
thermal parameters within the wellbore. The way steam was injected affected wellbore temperatures.
Therefore,it was suggested to optimize the steam injection parameters based on the actual boreholes used
during field operations.

Key words: concentric dual-tubing; superheated steam; multi-component thermal fluid; R-K-S equa-
tion; steam injection parameters; steam injection temperature; heavy oil reservoir
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Fig. 1 Schematic of a wellbore configuration for the
injection of superheated multi-component

thermal fluid through concentric dual-tubing
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Fig. 3 The effect of the non-condensing gas content on the distribution of the thermo-physical parameters in wellbore
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Fig. 4 Effect of the injection temperature in the integral joint tubing on the distribution of the

thermo-physical properties in wellbore

L 4 Ca) AT, B 5 3 AT T s G A il
A R B RGO, 3R TR O IR B A DA
/N S UG R R R R IR BRI K,

FH P 4 Ch) RN TG 2 4 e A8 3 I B P T A
WS R Bh FE L AN K,

A 4 Co) (B4 CdD AT 1) 2 T8 32 4 I 45 TR K
R FEAR T 590 K IF, L JG 42 4 1 45 1 VR B 550 K
R AE0~40 m H B To 4 4 il A5 v aok BB R T
15 LR T 422 4 T A T IR A DA PR T A B S R s A
FE 5 PR A PR 2 v gl TARE T R 5 2) X0 0 R A TR
T 610 K B, 7E 0~40 m FF B, #& i JC4% 5
TV 2 ] YA PR 25 T P A8 B0 25 I W W AR R

SRR P 3k A B A R i R 5 3) AE IR 2 40 m
Kb 28 S S L 04 i A T I B RE S T I L I T
i 100 4 5 P9I A PR A A Y R B AR BACREAR DN X AR
JESZMAR /N . 5 B Y, A2 09 B e i 20K
i J3E 1) R B3 1 45 & S B i O 6 B 3 % T VR
JE DL AT A i 1 R i R

3 45 i
1) M 4 R e W, 7 3T S 1AL L TG B 4 I

R PAL A B s ] 1l 2 AN L 5 00 A B
Z BRI Z0 A A L (FUR R B R PR T — B AR RESE R



% 45 5% 28

T RK-S 7 4249 F) o 4 12 % 70 27 kA A 2 BT 4 c 113 -

IO IR AL TR BRI 5 B TG 4 v A R VR
JEE T 50+ G 42 4 0 A R0 PN A A s E O SV Y
K

2) B 1N I R4 A S Bl 5 Al 4 R
VE FHARRAE XoF 33 44 2 75 R0l 38 25 /<% i Eb 490 30 A7 4R
e s 25 A 2R VR A R R RE L Ol R VIR L D
ARAFR T B R A

3) WEMN— LI 5B K A il
F 187 P RS B0 A R AR T 93 R B P ] 2 Ak
FHAET A S B3 A FEAE S5 1),

2 % X #

References

(1] A, 245, kb xhae, 4. 8 o Ok o 520 R & B3 26 R

(1], AR RS AR ,2016,44(6) . 84-87.
ZHOU Na, JIANG Dong,DU Weixuan,et al. Lifting technolo-
gy by swirl pumping vortex-reducing viscosity for heavy oil
production well[ ] ]. Petroleum Drilling Techniques. 2016, 44
(6):84-87.

(2] V& ZEAN ROV . BRIl K P R IR A s R D] A
AR A ,2015,43(6) : 76-80.

TAO Lei, LI Songyan, CHENG Shiqing. Foamed acid plug-re-
moval technique for horizontal wells in heavy oil reservoirs[J].
Petroleum Drilling Techniques,2015,43(6) :76-80.

(3] R, 2287 X BH L 45, T3 A i (6 R 58 Bl R 3 i e e e S
(1] A B R R . 2015,43(5) 106111,

SI Na, AN Lei, ZHAO Yang, et al. Advance and future devel-
opment of ISC for heavy oil and oil sahd development[]]. Pe-
troleum Drilling Techniques,2015,43(5):106-111.

[4] SUN Fengrui, YAO Yuedong.LI Xiangfang,et al. A numerical
approach for obtaining type curves of superheated multi-com-
ponent thermal fluid flow in concintric dual-tubing wells[]].
International Journal of Heat and Mass Transfer, 2017, 111
41-53.

[5] SUN Fengrui, YAO Yuedong, CHEN Mingqiang, et al. Per-
formance analysis of superheated steam injection for heavy oil
recovery and modeling of wellbore heat efficiency[ ] ]. Energy.,
2017,125:795-804.

[6] PS4 AR . i IR K IR P R s B L) .
RIS 2016, 23(3) 1 122-125.

SUN Fengrui, HUANG Shijun, ZOU Ming. Productivity fore-
cast model of horizontal well with superheated steam huff-puff
[17. Special Oil & Gas Reservoir,2016,23(3) :122-125.

(7] oS, Bk AR, ZA0 07, 56 BOR KT I 7 2 0 $4 d iA /K 1 Bt
% B ABEAL LT 1. Wil U H L 2017,24(2) : 259-263.

SUN Fengrui, YAO Yuedong, LI Xiangfang, et al. Mathemati-
cal 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.

(8] ETHZE, Ak BRARAS , 55, W [ 2 J0 FA It R v AV R A M 1T

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

MBI, PO R Al R R (A SRR 0D . 2015, 37 (1)
91-97.
HUANG Shijun, LI Qiu,CHENG Linsong,et al. An evaluation
model on a long-pipe thermal parameter of multi-component
heat fluid injected in offshore reservoirs[ J]. Journal of South-
west Petroleum University (Natural Science Edition), 2015, 37
(1):91-97.
XIEE R, A SRl JRU R 5 B [MOL B at ol ol S R
2013:148-150.
LIU Huiging. Principle and design of thermal oil recovery[ M].
Beijing: Petroleum Industry Press,2013:148-150.
CAETANO E F,BRILL J P. Upward vertical two-phase flow
through an annulus: part [ : modeling bubble, slug,and annu-
lar flow[ ]]. Journal of Energy Resources Technology, 1992,
114(1) :14-30.
HASAN A R,KABIR C S. Two-phase flow in vertical and in-
clined annuli[ ] ]. International Journal of Multiphase Flow,
1992,18(2):279-293.
ARE . g AR I R 2 OC B R I R AL 3R % 5 =0 3k B 5T
[DJ. dbxt: Ak AL s . 2014
DONG Xiaohu. The development mechanism and method
screening for offshere hesvy oil reservoirs with multi-thermal
fluid[D]. Beijing: China University of Petroleum ( Bingjing) ,
2014.
GU Hao,CHENG Linsong, HUANG Shijun, et al. Prediction
of thermophysical properties of saturated steam and wellbore
heat losses in concentric dual-tubing steam injection wells
[J7]. Energy,2014,75:419-429.
RSO, vk vk, BTS2 BR MRS T R W £ ST A R AR R 4%
AR, #7324, 2015, 36(11) : 1402-1410.
CHENG Wenlong, HAN Bingbing. Wellbore heat transfer
model based on real gas state equation[ ] ]. Acta Petrolei Sini-
ca,2015,36(11):1402-1410.
B TRUL AR 7 =M. b st b ok pid . 1982, 87—
163.
YUAN Enxi. Engineering fluid mechanics[ M. Beijing : Petro-
leum Industry Press,1982.:87-163.
CHENG Wenlong, HUANG Yonghua,LIU Na,et al. Estima-
tion of geological formation thermal conductivity by using sto-
chastic approximation method based on well-log temperature
data[J7. Energy,2012,38:21-30.
SR A o] A A 3% R B LML b at . R SE A AL
1995.:15-30.
GUO Runsheng, HE Fucheng. Fugacity and activity[ M ]. Bei-
jing: Higher Education Press,1995:15-30.
Vo o5 kb e, w5 RO S ML b 5. 3 e K5 R
#1.2003:160-168.
CHEN Hongfang,DU Jianhua. Advanced engineering thermo dy-
namics[ M ]. Beijing: Tsinghua University Press,2003:160-168.
PRINFR . S TR 2 LML b, 5 40F H A, 2008
153-180.
CHEN Zeshao. Advanced engineering thermo dynamics[ M.



c 114 - s e 22 7 # R 2017 %3 A
Beijing: Higher Education Press,2008:153-180. (1):83-86.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

SOAVE G. Equilibrium constants from a modified Redlich-
Kwong equation of state[ J]. Chemical Engineering Science,
1972,27(6):1197-1203.

R AR R R TR CMO. db T WA R R
#1,1996:209-238.

TONG Jingshan, LI Jing. Calculation of thermo physical prop-
erties of fluids[ M. Beijing: China Petrochemical Press,1996:
209-238.

. 3 E AR RACR B AR TR R 5 S BRI M. bt il Tl i
fig#t:,2012:123-150.

CHEN Ming. Exploration and practice of offshore heavy oil
thermal recovery technology[ M ]. Beijing: Petroleum Industry
Press,2012:123-150.

SUN Fengrui, LI Chunlan, CHENG Linsong,et al. Production
performance analysis of heavy oil recovery by cyclic superhea-
ted steam stimulation[ ] ]. Energy,2017,121:356-371.

SUN Fengrui, YAO Yuedong, LI Xiangfang, et al. The flow
and heat transfer characteristics of superheated steam in off-
shore wells and analysis of superheated steam performance
[J]. Computers & Chemical Engineering,2017,100:80-93.
IV B, B SRR KPR S HE W
FHIEZZRIWFE [T ] A0 e T B = 4H ., 2016, 24 (2)
17-20.

SUN Fengrui, HUANG Shijun, WANG Yan, et al. Multi-fac-

tor orthogonal test on injection parameters of horizontal wells
with superheated steam stimulation[ ] ]. Journal of Beijing In-
stitute of Petrochemical Technology,2016,24(2) :17-20.
NI T o AR 2R . RPN o AR PR T RE O A AL .
dest A T 24 B 241, 2016, 24 (1) : 12-16.

SUN Fengrui,ZOU Ming, LI Qian. Production capacity model
for cyclic superheated steam stimulation of extra-heavy oil
reservoir[ ] ]. Journal of Beijing Institute of Petrochemical
Technology,2016,24(1):12-16.

IV, WL AR 2R T L S R T Il 2 Y KO IR AR 7 Bl
AL, Wb <, 2017,24(1) :83-86.

SUN Fengrui, YAO Yuedong, LI Xiangfang, et al. Production
performance of cyclic steam stimulation horizontal well in

heavy oil reservoirs[J]. Fault-Block Oil & Gas Field,2017,24

[28]

[29]

[30]

[31]

[32]

[33]

S XU, P o L A B I AR T A Bl B i 2R
S8 S BB T ATl R T2, 2016.38(6) :852-858.
WU Zhengbin, LIU Huiqging, PANG Zhanxi, et al. Numerical
simulation and tests of gas-foam assisted steam-flooding for
heavy oil development[J]. Oil Drilling & Production Technol-
0gy»2016.38(6) :852-858.

KT B ST BRIE Y L AF. W LB I R R A R BIR 4 SR
WOREAR . LLigh i B HE E A A HI LT Ak T2,
2016,38(3):387-391.

ZHANG Ning, KAN Liang, ZHANG Runfang, et al. EOR
technology by heterogeneous on-line profile control and flood-
ing for offshore heavy oil field: take Well Group E of Bohai B
Oilfield as an example [J7]. Oil Drilling & Production Tech-
nology»2016,38(3) :387-391.

Y TR VA ) B 2 T I MR T SR R B R B 5T 5 R
(1. AR T.20,2015,37(2) : 114-116.

XU Jianjun. Research and application of improving multiple
thermal fluid recovery effect by profile control with foam[]].
Oil Drilling &. Production Technology,2015,37(2):114-116.
ZR A DR VG T8 AR 3 DX ol vl 8 B4 SR T S FRBIE SR (). W7 B
M, 2016,23(4) :505-508.

LI Yan. Boundary values of thermal recovery methods in
Daging western slope reservoirs[J]. Fault-Block Oil & Gas
Field,2016,23(4) :505-508.

LI AT R BR  AF. FE R HDCS A ik 5% i 1 &R
Iy Hr Bk T3 7 ik L) ] Wikl I, 2016, 23(1) :69-72.
ZHAO Shuxia, HE Yingfu, WANG Mingzhu, et al. Influence
factor and potential evaluation of HDCS huff and puff for su-
per-heavy oil[ ] 7. Fault-Block Oil & Gas Field,2016,23(1);
69-72.

INEE S, AR AR 2L AR WY, AR S A2 VA ik T e TN A5 Y
LI, A il Al T i 4 24 KL 2 4. 2016, 29 (4) : 2528,

SUN Fengrui, LI Chunlan, ZOU Ming, et al. Production cal-
culation model for superheated steam stimulation of vertical
well[ ] ]. Journal of Petrochemical Universities,2016,29(4)
25-28.

(%% MRAD ]



