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Abstract: The flowing state and pressure distribution near the wall of the wellbore plays an important role in the safety and integ-
rity assessment of gas wells. An indoor small-scale testing experiment is designed to study the flowing state in the column based on
the similarity principle. The geometrical similarity between the model and the prototype, and the Reynolds number self-similarity

are both realized by the size scale and velocity control. The comparative analysis in use of experimental and numerical methods is
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performed to study the near-wall-pressure in the bending area of the tube, and the feasibility of the experiment is verified by the

relative error analysis. The result shows that, the experiment satisfies the geometry similar conditions and self-similarity of Reyn-

olds number. The experimental results of the near-wall-pressure is smaller than the numerical simulation result when the kinematics

viscosity is taken as an invariable. The maximum experimental error is 4. 12% when the working pressure is less than 20 MPa and

the experimental error decreases with the increase of the working pressure. With the increase of the production pressure (p, =5 ~

20 MPa) and the tubing diameter (D=76.00 ~ 157.08 mm) , the near-wall-pressure and pressure-fall of the tubing also increase.

The pressure-distance rate of the inflow end in the bending segment increases with the increase of the deviation angle and tubing

diameter, while that of the outflow end is on the contrary. Conclusions can be drawn that the fluid in tubing experiment satisfying

the geometric similarity and Reynold self-similarity is an efficient way to investigate the near-wall-pressure.

Keywords : tubing; fluid experiment; near-wall-pressure; similarity theory; underground gas storage
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Table 1 Specifications comparison of test

tubing and actual tubing

gy BB/ mm JEUHD ( S2BRIAE ) HUAS/mm

TN AR EE HAR WiE AR B
1 2.695 3.175 0.24 PBB.9x6.45 76.00 88.90 6.45
2 3.556 4.516 0.48 P114.3%x7.37 99.56 114.3 7.37
3 4.334 5.774 0.72 ®139.7x9.17 121.36 139.7 9.17
4 5.610 7.530 0.96 @177.8x10.36 157.08 177.8 10.36
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Table 2 Physical and mechanical parameters

of natural gas
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m™)  (pPa-s) s71) K™) K™)

ke 0.548 16. 067 22.071 2.231 1.704
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Fig. 1 Diagram and picture of experimental apparatus unit structure
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Table 3 Well parameters of test well S-4
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Table 4 Test conditions

e U BRH BAHE BRI T FRE/  ERE A WAEN RMEREE/
s Km Tm B BB G BL(w - dt) E/MPa d/mm B/mm (%) cm))
Rl /mo Bme M (o) °) 1 20x10* 5 @114.3x7.37 99.56 9/30
ERER 20274 213.45 10,71 — — — 2 30x10* 10 @114.3x7.37 99.56 9/30
HARE3386.94 3398.29 11.35 2890.44 23.60 290.81 3 40x10* 15 ®114.3x7.37 99.56 9/30
A 4598.08 4607.00 8.920 — — — 4 50x10* 20  P114.3x7.37 99.56 9/30
Jfi%  204.21 4805.00 — — — — 5 40x10* 15 @88.9x6.45  76.00 9/30
S N N N N, 4
Iﬁ%#ﬁﬁ}fﬁjﬂZO MPa, &ELJ?@EB@T/R; 6 40x10 15 @D114.3x7.37 99.56 9/30
7 40x10* 15 @139.7x9.17 121.36 9/30
B4 B P88. 9 mmx6.45 mm P114.3 mm
FPRERLA 33 L ’ ’ N ’ 8  40x10* 15 @177.8x10.36 157. 08 9/30
x7.37 mm ®139. 7 mmx9. 17 mm Fl @177. 8 mmx
10. 36 mm, FES R 20x10" m® - d7 (X0 TR 25
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Table 5 Near-wall pressure of whipstocking segment
WA i A S
T fg :Eﬂ e 5 10 5l 5 10 il
o E%E/ VAR =Y
ﬁ MPa ( O) m Jj—:jJ/MPa E*% Hﬁ/ Jj—:jj/MPa E?Tf'r_ Hﬁ/ }j—ajj/MPa }?ﬁﬂﬁ/ }j—ij]/MPa H—"‘EHC/
- (MPa+ ————— (MPa+ ———— (MPa+ ———— (MPa-
Wril W2 o Wil Mgz -y Wris Mo o1y Wri7 M8 oy
1 5 23.6  99.56 21.03 21.15 0.12 21.04 20.90 -0.14 20.22 20.10 -0.12  20.24 20.33  0.09
2 10 23.6 99.56 23.87 24.05 0.18 23.86 23.68 -0.18  21.27 20.95 -0.32  20.85 21.06 0.21
3 15 23.6  99.56 26.03 26.38  0.35 26.02 25.65 -0.37 21.68 21.27 -0.41 21.11 21.36 0.25
4 20 23.6  99.56 28.57 29.08  0.51 28.55 28.08 -0.50 22.25 21.62 -0.63  21.46 21.84  0.38
5 15 23.6 76.00 27.85 28.20  0.35 27.85 27.45 -0.40 22.09 21.68 -0.41  21.55 21.75 0.20
6 15 23.6  99.56 26.03 26.38  0.35 26.02 25.65 -0.37 21.68 21.27 -0.41  21.11 21.33 0.22
7 15 23.6 121.36 25.62 25.95  0.33 25.60 25.23 -0.37  21.35 20.92 -0.43  20.77 21.00 0.23
8 15 23.6 157.08 24.81 25.01 0.20 24.73 24.42  -0.31  21.07 20.61 -0.46  20.42 20.67 0.25
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Fig.5 Near wall static pressure variation with pressure in tubing of whipstocking
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Fig.6 Pressure-distance rate variation with

pressure in tubing of whipstocking
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Fig.7 Near wall static pressure variation with inner diameter in tubing of whipstocking
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Table 6 Near-wall pressure comparison of test and numerical results

WA, AN 25 M SMUR T/ MPa . 25 A R/ MPa e/
VRZ/ 70
MPa mm EUERES iR SRS pCCERES %
5 99.56 21.03 21.89 4.11 21.15 22.02 4.12

10 99. 56 23.87 24.78 3.82 24.05 24.97 3.84
15 99.56 26.03 26.87 3.21 26.38 27.25 3.28
20 99.56 28.57 29.40 2.91 29.08 29.94 2.95
15 76. 00 27.85 28.80 3.42 28.20 29.18 3.48
15 99. 56 26.03 26.92 3.42 26.38 27.29 3.46
15 121.36 25.62 26.50 3.42 25.95 26. 84 3.44
15 157.08 24.81 25. 66 3.43 25.01 25.87 3.44
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Fig.9 Comparison of experimental results and field

measurements of near-wall pressure distributions
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