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Abstract: In this paper, we study the propulsive behavior related to the flagellar motion of bacteria using a
spring model. A commercial program was used to conduct simulations, and we verified the numerical
technique by setting an additional rotating domain and conducting a parametric study. The numerical results
are in good agreement with slender-body theory, although overall, they are not in agreement with
resistive-force theory. We confirm the effect of the rotational velocity, pitch, helical radius, fluid viscosity,
and, in particular, the distance from the wall on the propulsion of the spring.
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Table 1 The geometric size of the spring model

L 200 mm
A 66 mm
R 12.7 mm

r 1 mm

Table 2 Dimensions of the prototype and model, the
latter being determined through similitude

prototype model
L 10 pm 200 mm
0.01 Pa-s 100 Pa-s

314 rad/s 1.57 rad/s

p | 1000 kg/m? 50 kg/m®

]
A
ropulsion
2r

Fig. 1 Numerical model of a spring mimicking a
flagellum

Fig. 2 Two kinds of spring models under study
with different number of turns, n: (a)
n=23, (b) n=2.5
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Table 3 The grid-sensitivity test for the spring model
of Table 1: Effect of the grid size, i.e., the
number of modes and elements used in the
simulation, on the propulsive force for three

cases
nodes elements F(N)
Case 1 | 449901 | 2075923 | 0.22042
Case 2 | 888458 | 3720234 | 0.21999
Case 3 | 1563092 | 7257469 | 0.21824
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Fig. 3 The concentric model: (a) front view, (b)
side view
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Fig. 4 The rectangular model: (a) front view, (b)
side view
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Fig. 6 Effect of the helical radius on the thrust
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Table 4 Spring's velocity components versus distance

from the wall

H U v w
(mm) | (mm/s) (mm/s) | (mm/s)
15 - 0.2823 - 2530 6.792
30 - 0.07489 - 2.657 6.478
50 - 0.02148 - 2773 6.387
70 - 0.00866 - 2.844 6.362
90 0.001088 - 2.891 6.358
110 0.003444 - 2915 6.347
210 0.009083 - 2964 6.343
310 0.009317 - 2974 6.344
410 0.006985 - 2976 6.345
510 0.004779 - 2978 6.351
610 0.00202 - 2975 6.343
710 0.0000 - 2978 6.351
810 - 0.00136 - 2976 6.341
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Fig. 9 Effect of the wall on the (a) thrust and (b)

Distance from wall (mm)
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Table 5 Dependence of the spring's instantaneous
velocity components on the distance from
the wall and spring's rotational phase

H U v w
(mm) phase (mm/s) | (mm/s) | (mm/s)
@ -5.88E-02 -2.0859 5.0848
@ -2.234 -1.77E-04 5.1191
. (©) -5.74E-02 2.0857 5.0787
2.2167 -3.22E-04 5.0380
-9.26E-04 -2.3357 49774
@) -2.337 -4.82E-04 4.9860
S10 ©) -1.35E-04 2.336 49780
2.3383 2.14E-04 49829
1
Rotation
4 2
3

Fig. 10 Four phases of the spring motion during
rotation. Each number represents the
instantaneous position of the spring end
located on the viewer side
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Fig. 11 Time sequence of four instantaneous configur-
ations of the spring referred to the time-averaged
shape(dashed circle) during one revolution of
the spring
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