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Abstract

In this paper, numerical simulations of the fountain effect on the flow front of polymer dilute solu-
tions are carried out based on molecular dynamics principles and the FENE dumbbell model. The
Euler method is used to solve the constitutive equations of the mechanical model for the simple
shear flow field and the dislocation equations of the dumbbell molecules, and subsequently obtain
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the tracer flow lines and the dumbbell distribution of the flow front. The results are used to calcu-
late the stress field, analyze the rheological evolution law, study the effect of temperature and
shear rate and other parameters on the model and analyze the effectiveness of the FENE dumbbell
molecular model for the fountain effect. The study shows that due to the fountain effect, the dumb-
bell molecules stretch more with increasing shear rate, the polymer stress at the flow front will
show a complex change of stress overshoot and then stabilize, and the dumbbell molecules are
oriented along the fountain flow line.
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Figure 1. Schematic diagram of the dumbbell molecular model
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Figure 2. Schematic diagram of the frontier area
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Figure 3. Flow chart of simulation calculation
B 3. BT EREE

FEN BRI AL S RECRE AN 2 A o CoAE AT AR B8 0 T8 0., 22 )i 3 D R BRI A B 1 %
DT AT RGTY, HRAARIEEYINT) . FINGEEL AN LIS S 1 o AL AN 7 TS
XA RN 22 I A R B8 AT 2R 251 220 SR EBGAL 31 i 0 ) L A7 A2 o
4. HRETR

XS 7T T REHEAT I8 BR, AE A, 7 = 11500 T BEHLEEL 9 ANEES 7138 BRIk AT IE sh A f 4]
4 fizs, 5 E. Mitsoulis [2]4#38 FIWUR L 20 E—2, SRR AT a) i mUR SR 2 AR [, B WL
By T izsl, LW RDE AR ES HARAG AR R, 1R B, T TG i I NERS 2 5B B
PULTERT A BAR T A WR AN, I HIW B PR AN .

DOI: 10.12677/mo0s.2023.122100 1064 jé

m

S K


https://doi.org/10.12677/mos.2023.122100

YETRET %

0.08

0.06

—— num100
—— num1000
—— num1600
—— num4000
—— num5500

nume6000
—— num7000
—— num8000
—— num9000

0.04 1

0.02

0.00 T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Figure 4. Dumbbell molecular tracer streamlines
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Figure 5. Cross-sectional stress fluctuation with time
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