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Abstract

During pipeline flow, the viscosity of foam fluid changes with operating conditions. Accurate analysis
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of its viscosity characteristics, flow laws and pressure drop features are of great significance for the
application of foam fluid in pipeline flow conditions. In this paper, air-water based CAB-35 foam fluid
is taken as the research object, and a combination of laboratory experiments and theoretical analysis
is used to systematically carry out the study on viscosity characteristics and horizontal pipeline flow
features of this foam fluid. The results show that the air-water based CAB-35 foam exhibits pseudo-
plastic fluid characteristics. The CAB-35 concentration and operating temperature have significant
effects on its viscosity, and an adapted rheological constitutive model is established by introducing a
dimensionless temperature correction coefficient. The horizontal pipeline flow experiments reveal
that three main flow patterns, namely foam wavy flow, homogeneous flow and slug flow, are observed
during its flow. Based on the constructed foam rheological constitutive model to carry out pressure
drop prediction, certain deviations exist in the predictions of the existing typical Lockhart-Martinelli
(L-M), homogeneous flow and drift flux pressure drop models. By considering gas flow rate correction
to optimize the homogeneous flow model with relatively small errors, the results show that the aver-
age prediction error of the optimized model is reduced to 9.07%. The comprehensive analysis indi-
cates that the pipeline pressure drop model optimized based on the foam fluid rheological constitu-
tive model meets the needs of engineering design, and can provide theoretical support for the relevant
pipeline transportation applications of such foam fluids.
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Figure 1. Schematic diagram of the pipe flow device
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Table 1. Determination of rheological parameters of air-water based CAB-35 foam fluid
1. mSIKE CAB-35 AR ERIR LS HIRE

2H 51 W E (Wt%) BECC) K (mPas") n (CEHN) R?
0.1wt% 30 1253.257 0.6540 0.994
0.3wt% 30 1325.867 0.6398 0.993
A 0.6wt% 30 1380.480 0.6296 0.993
1.0wt% 30 1272.214 0.6522 0.994
0.6wt% 30 1380.480 0.6296 0.993
B 0.6wt% 45 1073.767 0.6655 0.992
0.6wt% 60 958.186 0.6808 0.982
0.6wt% 75 764.892 0.6900 0.992

B IR AR EE B N, /KRR CAB-35 YRR FE SN 5 FRAIK, 7E 0.6 wt% 2k FIARIE K, 1t
B K K. K REIERARE ML OR R —, KK, RN R S, IR
FEL AR HEVROE BE RS, IR Z ISR ZEPH Jying, FRe MhBR I [13]. 7E 0.6 wt% KT, I 3 i
i, A 1051.38 mPas, K {HikF|Ek, iAF] 1380.480, FHIFEHIKIE T 43 S/Kk%E: CAB-35 WK KFEE
AP, BEARERPUE HER, HREGGER; FINEZIRE T, oGR8, n (EB%R 8,
FERERSRBI YN &M P A E MR, #— P ViR e .

XTI &, MR TAR AR e M B A R AR B I I B i, MR R A B R R JE 2
Jo, GRS IR AR SRR E M, AR IS BERRRE [ 14], NTRIE B RIBIREE, X CAB-35 il
FNEWGEAT 7RI IR, LIRSl 3. BEEWRBERIEM, Rk IERKETE, 75 0.7 wi%ik
&R EIRAR, RIPTEZIRE N REA B AR E . S a MRS EIRE, e a8 8t
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Figure 2. Effect of different concentrations on the viscosity of air-water-based CAB-35 foam
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Figure 3. Surface tension curve
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Figure 4. Influence of different temperatures on the apparent viscosity at 0.6 wt% CAB-35
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Table 2. Actual temperature 7' and its dimensionless temperature 7T,
F2 LRBEET RELENEET,
SRR T TENRET,
30°C 0
45°C 0.5
60°C 1
75°C 1.5
1500 0.70
K
1400 | o H0.69
1300 | o 4 0.68
1200} 4 0.67
£ 1100 | R H0.66 =
M
1000 |- H0.65
900 | q0.64
800 | 4 0.63
700 L L L L 0. 62
0.0 0.5 1. 1.5
TD
Figure 5. Influence of dimensionless temperature on foam rheological parameters (K and n)
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Table 3. Fitting parameters of Eq. (4)
F 3. AGHHBESH

(mlT[% +myTp+my —1)

,U:(llTD"'lz)?’ “)

T A P et A TR o Y R 28 R X e M AT S [ VA i s E 145 R

S WA R2
l ~392.469
0.949
I 1338.683
m, ~0.027
m, 0.079 0.985
m 0.630

FEXPZARTLATIOAE, 7F 0.6 wt%, FWIEREH T, R AR ET 20C. 30°C. 40°C. 50°C.
60°C. 70°CIRJE T W RHHATE &, BTYER N 1.3, RS S bME 5 TNE AT 6 b, 45 5%

% 4 FoR:

Table 4. Actual values, predicted values and errors

4. IMESTNERIRE

T, Sz 22 {E (mPas) ToINZE 5 {5 (mPas) R (%)
-0.333 1305.18 1323.22 1.38

0 1291.18 1214.84 591
0.333 1218.72 1102.96 9.50
0.667 1136.75 987.77 13.11
1.000 993.93 870.47 12.42
1.333 736.73 751.29 1.98

SRR, ZBOHE R BRI T IRZERUD, BEW R TREW K. JE SR RS IiR BN H
iy WM 0.6 wt%o, A% A TR UL AR 2 UKk CAB-35 HIRTLARE X -

3.2. BEKE CAB-35 A E RIS

R SRR B, 4 S UK TR CAB-35 R LR B R BEAT AT 5 BT FH IR B2 0.6 wt%,
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Figure 6. Different flow patterns of foam fluid
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Figure 7. Influence of various flow rates on pipeline pressure drop
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Figure 8. Experimental pressure drop and predicted pressure drop of various models
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Figure 9. Experimental pressure drop and predicted pressure drop of the improved model
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