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Fig. 1 Experimental setup
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Table 1 Rheological properties of fluids with different CMC concentrations

FolAA I oC et HEHE R R
K/Pa-s" n

0.75% CMC 24 0.232 67 0.637 4 0.998

1.00% CMC 24 1.241 33 0.460 7 0.992

1.25% CMC 24 2.247 27 0.453 6 0.995

1.50% CMC 24 3.328 94 04219 0.992

1.75% CMC 24 4.735 33 0.404 2 0.997

Hep: KB RRL, Pas's n MHMESERL
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Table 2 Experimental scenarios

Wk /(kg/m®) B4R /mm CMC e i /% LR YEFTE R (%
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0.75. 1.00, 1.25. 1.50, 1.75

0.00, 0.02, 0.04, 0.06. 0.08, 0.10
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Fig.2 The settle-capture photographs of sphere
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Table 3 Fitted power-law parameters and apparent viscosity of 0.75% CMC fluids with different fiber concentrations

—
it N - FMHIE ,/Pas SOARE A OE B A,
0.00% 0.232 67 0.637 4 0.024 2 —

0.02% 0.237 30 0.636 4 0.024 6 1.60%

0.04% 0.202 46 0.661 6 0.024 5 1.60%

0.06% 0.183 28 0.6720 0.0237 -2.07%

0.08% 0.414 91 0.558 4 0.026 4 9.09%

0.10% 0.523 77 0.5219 0.026 6 9.92%

4 FHENIRERHAE G

Fig. 4 The microscope image of fiber network structure.
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Fig. 5 Settling velocity vs. fiber concentration in test fluids.
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Fig.7 Ar number vs. Re, when particles reach settling velocity

Axp»on

0.02%%F 4
0.04%£F4E
0.06%%£F 4
0.08%%£F 4
0.10%£F4E

—— 0.02%%4F 4 2115 R?=0.99
— 0.04%#F 4 14 ER?=0.99
—— 0.06% £ 4 41l &R?=0.99
—— 0.08%£T 4t £ 1H#1E5R?=0.99

— 0.10% 474 %I ER?=0.99

10 100
Ar

(a)0.75%CMC

Ax pon

0.02%%£F 4
0.04%£F4E
0.06%2T 4
0.08%%F 4
0.10%£F 4

—— 0.02%£F 4 2 411 ER?=0.99
—— 0.04%£7 4 LS R=0.99
—— 0.06%4T 4 £l 5R?=0.99
—— 0.08%%£F 4 441l &R?=0.99

— 0.10%£F 4k 2 44l ER?=0.99

10 100
Ar

(c)1.25%CMC

303
s 0.02%%T4
100 L o 0.04%%F4
A 0.06%%4F4 74
* 0.08%£F4
10 L € 0.10%%F4
s 1
x
0.1
E —— 0.02%%F 4 11 & R?=0.99
— 0.04% 44 2141l 5R?=0.99
0.01 £ —— 0.06%4T4E £ HER?=0.99
—— 0.08%4F 4t £ MH#1E5R?=0.99
— 0.10%4F 4 2115 R?=0.99
0.001 .l M - -
1 10 100
Ar
(b)1.0%CMC
= 0.02%%F4
100 F ® 0.04%%F4E
E A 0.06%F4 7’
*  0.08%F4
10 E € 0.10%%4F4
o 1 F
x
01 F
—— 0.02%474 £ HER?=0.99
—— 0.04%£T 4t £ 14115 R?=0.99
0.01 F —— 0.06%4F 4t 41 #1 5 R?=0.99
— 0.08%%F 4 Ml 5 R?=0.99
— 0.10%£F 4 2 41l ER?=0.99
0.001 o e e

10 100
Ar

(d)1.5%CMC

—— 0.02%4£T4 £ MHHER?=0.99
—— 0.04% 414 LA R?=0.99
—— 0.06%4F 4 £ M4 R?=0.99
—— 0.08%4T 4k £ M1 5R?=0.99

— 0.10%£F 4 & 4HIER*=0.9

[ = 0.02%% 4
100 @ 0.04%%T4E
E A 0.06%4F4
[ * 0.08%% %
10 b€ 0.10%£ 4k
o 1 F
[\
0.1 F
0.01 ¥
0.001

10

100
Ar

(€)1.75%CMC
7 AEFEREN CMC iREZFGT TR EIEE Re, FEFTEKEE 4r T



304

FIMELEER 201746 H 2 &5 2 )

F4 TEMRRETSE 41 BUAER
Table 4 Fitting results of parameter 4 and B for different test fluids
(a) BH AUEGER

. CMCHE
CFYEURIE =
0.75% 1.0% 1.25% 1.5% 1.75%
0.02% -1.5200 -2.0218 -2.4306 —2.896 2 —3.3872
0.04% -1.5874 -2.099 1 -2.5339 —3.026 8 -3.4815
0.06% —1.648 8 —2.2248 —2.6372 -3.1192 -3.568 6
0.08% —-1.6800 -2.3261 —2.740 6 -3.2147 -3.6576
0.10% -1.783 0 —2.4112 —2.843 9 —3.334 4 —3.8477
(b) B B ISR
. CMCYRE
CFUEURIE =
0.75% 1.0% 1.25% 1.5% 1.75%
0.02% 1.2300 1.7119 2.004 6 22655 2.5550
0.04% 1.248 7 1.736 7 2.028 8 23161 2.5813
0.06% 1.2617 1.7810 2.0528 2.356 6 2.5932
0.08% 1.267 3 1.8190 2.1369 23911 2.6252
0.10% 1.298 8 1.8477 2.1650 24260 2.7180
(c) HHXHRZE
. CMC
YR =
0.75% 1.0% 1.25% 1.5% 1.75%
0.02% 10.4% 11.1% 10.3% 10.8% 10.2%
0.04% 11.2% 11.4% 10.6% 10.1% 10.4%
0.06% 10.7% 11.6% 11.2% 10.7% 10.0%
0.08% 9.6% 10.3% 10.1% 10.0% 10.6%
0.10% 10.8% 10.5% 10.7% 10.8% 10.7%
0.0 C
L ® 0.75% CMC —— 0.75% CMCZ 4l &R?*=0.97 33 L ® 0.75% CMC —— 0.75% CMC% 4 #1&R?=0.93
-05 | ® 1.00% CMC —— 1.00% CMC#:1 il &/R?=0.99 | e 1.00% CMC —— 1.00% CMC#:4 il &/R?=0.99
L A 1.25% CMC —— 1.25% CMC4 M4l &R?=0.95 30 L A 1.25% CMC —— 1.25% CMC4M4#l&R?=0.93
10 | * 1.50% CMC —— 1.50% CMC414#14R?=0.99 ’ * 1.50% CMC —— 1.50% CMC£:14#14R?=0.99
L < 1.75% CMC —— 1.75% CMC£14#1 4 R?=0.96 97 | 4 1.75% CMC —— 1.75% CMC% P4 #l 4 R?=0.91 |
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Fig. 8 Parameter A and B vs. fiber concentration
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Table 5 Fitting results of parameters 4, and A4,
CMC {;{QE n A, A, *ﬁﬁﬁ:ﬁ
0.75% 0.6374 —1.4582 —3.094 0 2.61%
1.00% 0.460 7 -1.9149 —5.028 3 3.98%
1.25% 0.453 6 -2.3272 —5.167 3 3.20%
1.50% 0.4219 —2.799 0 —5.3212 5.95%
1.75% 0.404 2 -3.2594 —5.4854 2.93%
®6 S B B, LEMAE
Table 6 Fitting results of parameters B, and B,
CMC i n B, B, ERORE =
0.75% 0.6374 1.214 4 0.781 0.30%
1.00% 0.460 7 1.773 0 1.869 5.94%
1.25% 0.453 6 1.948 0 2.144 3.02%
1.50% 04219 22320 1.980 0.18%
1.75% 0.404 2 2.5030 1.849 3.64%
0 -2.0
o ABUER Lo AZUES
- —— AdE i 2R?=0.96 -25 - —— A& Hh4:R?=0.99
| | A=-263891+88.6188n-77.66561" 30 | A=-97899+104522n
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Fig.9 Parameter 4, and A,vs. n
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Wil n A2 Ak S /NG it 2, A OCHER B R 7300
0.96 F10.99, 35|42 (19). (20),
A =-26.3891+88.6188n —77.6656n (19)

A, =-9.7898+10.4522n . (20)

10 fIt 78 S By B, Bifin 7% 1k B fe /N — R 40 &
Mgk, HHCHERBR 0¥ 093, 1334 (21).
(2), LA A4, A7), (18). (19). (20). (21). (22),
TR A
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Table 7 Fluid and sphere properties
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Prediction model for settling velocity of solid spheres in fiber containing
power-law fluids

LIU Qingling, TIAN Shouceng, LI Gensheng, SHEN Zhonghou, XU Zhengming, PANG Zhaoyu,
WANG youwen

State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum-Beijing, Beijing 102249, China

Abstract In petroleum industry, fiber containing fluids are widely used to improve solid transport capacity of drilling/fracturing
fluids. The settling velocity of particle in fiber containing fluids is studied to provide basis for the evaluation and optimization
of the fiber drilling/fracturing fluid performance. The purpose of current study is to develop the prediction model, suitable for
different particle Reynolds numbers and fiber concentrations, for settling velocity of solid spheres in fiber containing power-law
fluids. Settling tests were conducted in fiber containing power-law fluids, and 4 crucial factors were considered, involving fluid
rheology, sphere diameter, particle density and fiber concentration. Results show that adding a small amount of fiber makes a
minor increase in the apparent viscosity of the base fluids under the experimental condition, and sphere settling velocity drops
slowly with fiber concentration increasing. It indicates that an additional drag force, defined as fiber frag force, is applied to the
sphere by fiber network. Similar to the definition of the viscous drag coefficient, the fiber drag coefficient is defined to quantify
the fiber drag force. the dimensionless number known as Archimedes number is defined by combining total drag coefficient (sum
of the fiber drag coefficient and viscous drag coefficient) and Reynolds number. The Archimedes number and Reynolds number
follows linear relationship in the log-log plot. Finally, the prediction model for settling velocity of solid spheres is obtained by
the regression equation of the Archimedes number and particle Reynolds number. The model predicts settling velocity in good
agreement with measured settling velocity, with average relative difference of 12.39%. The model is valid for a range of particle
Reynolds number (0.002-324) and fiber concentration (0.02%-0.1%). This study is with the guiding significance for the better
application of fiber in petroleum engineering.
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