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Abstract

This paper addresses the prediction of sand bed morphology in hydraulic fractures, a key and chal-
lenging issue in hydraulic fracturing. Existing proppant transport experimental data are mostly ob-
tained by varying a single parameter, which deviate from actual field operating conditions and thus
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cannot faithfully reflect the proppant transport and placement behavior under reservoir conditions.
The evolution of proppant placement morphology therefore requires further in-depth investigation.
To this end, an experimental model for proppant transport and placement in fractures is established
by combining visualized parallel-plate physical experiments with two-fluid numerical simulation.
Furthermore, a method for extracting morphological characteristic parameters of the sand bed is
proposed, which enables automated feature extraction and quantitative analysis at successive time
instants during proppant transport, allowing the morphological characteristics and evolution of the
proppant sand bed to be systematically explored. On this basis, the effects of individual injection pa-
rameters and their combined variations on sand bed placement morphology are systematically stud-
ied, and the differential mechanisms by which each parameter influences sand bed morphology are
revealed. The results provide new methods and a theoretical basis for predicting proppant sand bed
morphology in hydraulic fractures and optimizing fracturing treatment parameters, thereby pro-
moting the advancement of hydraulic fracturing technology.
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F igure 1. Schematic diagram of experimental design for proppant transport
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Figure 2. Schematic diagram of the proppant numerical model
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Figure 3. Experimental results and numerical sand bed morphologies at three time moments under the same

parameters
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Figure 4. Normalized comparison of sand bed morphological characteristics be-
tween experiments and numerical simulation
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Figure 5. Simplified schematic of sand bed placement morphology parameters
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Figure 6. Time-lapse comparison of sand bed height and area under different sand ratios
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Figure 7. Time-lapse comparison of sand bed height and area under different injection rates
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Figure 8. Time-lapse comparison of sand bed height and area under different proppant sizes

& 8. REISHEFIRE TR RS E S B R AL RIXT EEE

DOI: 10.12677/me.2026.146152 1537

Tl AR


https://doi.org/10.12677/me.2026.146152

412 A

4. ZEASHTUN EFIHERSHRMW
4.1. TEFRESHLA AN TERHER SR

9 XM T SCHEEE SR O AR RO RS IR AL IS . G52R8, 3 S0 b Rl A2 1k
ISP IRIOAH R o8 o LU B R B A R P 3 e MR R, L P R AR T IR P AIRRD LU &
(K5 1.5 £, [ AERE R AL R, AR ARLNEE 1 2.0 . fEIRBIR S ERASNT,
AEZHAE ISR 2B ENE L R e E M E IR NY R, HhmEEmtdan
A TR R LR LLA S0 1.9 £, s E AN T SRR RN, ASHE TRRER
FELINARE FEARIP L AL A ) 1.6 1% . XK, [FIIN S 5 L S50 LU RE b [FL SR AL D PR 1 3 Ry HEAR S i e, HL
X FRE TET AR (1 484 5 02 B S

200 60
(a) ()
1751
501
1501
40 1
1251
E —_
H g
%D 1001 § 301
E <
751
201
501
~—High Density + High Sand Ratio ———High Density + High Sand Ratio
254 == High Density + Low Sand Ratio 107 «=High Density + Low Sand Ratio
Low Density + High Sand Ratio Low Density + High Sand Ratio
~——Low Density + Low Sand Ratio Low Density + Low Sand Ratio
0
0 50 100 150 200 250 300 0 0 50 100 150 200 250 300
Time(s) Time(s)

Figure 9. Continuous time comparison of sand bed height and area under different combinations of density and sand ratio
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Figure 10. Continuous time comparisons of height and area for different particle size and flow velocity combinations
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