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Experiment and theoretical analysis model on liquid
loading characteristics of horizontal pipes
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Abstract: In order to ensure high-yield of horizontal gas wells, it is significant to accurately predict
the emptying condition of the liquid loading, as well as the liquid covered range of the gas well
holes. A visualization experiment on the liquid loading characteristic in horizontal pipes was
performed using air and water as the gas and liquid phases to test a rectangular cross-section pipe,
respectively. From the experiment, the relationship between the gas flow parameters and the liquid
loading in horizontal pipes and the shear factor of the gas—liquid interface under the liquid loading
condition was obtained. The experimental results show that for a horizontal pipe the existence of

liquid loading corresponds to a wide range of the gas velocity in the pipe. Within the gas velocity
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range, the length of the liquid loading, or the liquid coverage area in the pipe, decreases with the

increase of the gas velocity. Under the liquid loading condition, the interfacial shear factor

increases with the increase of the gas phase Reynolds number, while the increase is not significant.

Meanwhile, the theoretical prediction model of the liquid loading characteristic in horizontal pipes

was also studied. Based on the mechanism analysis of forming an inclined liquid surface and the

force analysis of the gas and liquid flows, a basic equation was established to depict the liquid

loading characteristic of horizontal pipes. Then, the model was closed by the envelope principle.

Thus, combined with the experimental correlations of the interface shear factor and the wall shear

factor obtained from the experiment, a closed theoretical prediction model was proposed for

predicting the liquid loading characteristic of horizontal pipes in engineering applications.

Predicting results of the model show a good agreement with the experimental results. Therefore,

this model can be used to predict the emptying condition of the liquid loading in horizontal pipes,

as well as the liquid covered range of the horizontal gas well holes.
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Fig.1 Experimental system used for the liquid loading of horizontal pipes
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in horizontal pipes
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Fig.4 Schematic of the gas and liquid distribution in the
cross-section of horizontal pipes under liquid loading
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Tab.2 Uncertainties of the experiment result

s AHERE | %
Og/(m™*h )
UlJg) U(Ly) C)
185.46~349.07 1.77~2.88 0.2 0.2

2 ZWERKSH

21 EAHBRKIBEER

KA R BRI Ly 58 U Wallis %
TR E R NP 5. i S T, AP BRI
FEAEXT R T — R T I (0.33~0.55), S H
B AR R BRI B AN o X
X ERE J5>0.55 I BURBCHR I A BL, A
0.33~0.55 W BURAE K F- BURE HiF ¥, JG<0.33 1
SR {8 SR A B

B S AT, 7EJ; = 033~0.55 0, Ly b
TERIRE RN . (B Z IR ERME R, B
B IGIIHIR, Ly P00/ 52 B0 SRS 18 00 R
XTI, Ly BRI AT B AR B4 TR R /N B
PR, WOWEEIL S Ly 1056 R AR (D 7E 92 bR

IR T BN Ly ) B E 2 L i — 2
PUKFEBURALIE, TR SCHriRBEm 51 57
DI TSI aR, ARSGR I TP BB (-
Ly ) B BLE FAE A

0.6 -
0.5+
L 04

03

0.2 I I I I |
0 0.5 1.0 1.5 2.0 2.5

Ly/m

B5 RKFENFERKIBER
Fig.S Experimental results of the liquid length in horizontal
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