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M echanical Study of Standard Six Beat Front Crawl Swimming
by Using Swimming Human Simulation Model

Motomu NAKASHIMA *2

*2 Graduate School of Tokyo Institute of Technology, Department of Mechanical and Environmental Informatics,
2-12-1 Ookayama, Meguro-ku, Tokyo, 152-8552, Japan

There are many dynamical problemsin the front crawl swimming which have not been fully investigated
by analytical approach. Therefore, in this paper, standard six beat front crawl swimming is analyzed by the
swimming human simulation model SWUM, which has been developed by the authors. First, the outline of
the simulation model, the joint motion for one stroke cycle, and the specification of calculation are respec-
tively described. Next, contribution of each fluid force component and of each body part to the thrust, effect
of the flutter kick, estimation of the active drag, roll motion, and the propulsive efficiency are respectively
discussed. The following results were theoretically obtained: The thrust is produced at the upper limb by
the normal drag force component. The flutter kick plays a role in lifting the lower half of the body. The
active drag coefficient in the simulation becomes 0.082. The buoyancy determines the primal wave of the
roll motion fluctuation. The propulsive efficiency in the simulation becomes 0.2.
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Table1l Specification of calculation

1.96s
20-29 years
Japanese male

Stroke cycle

Body geometry

Number of truncated

L 21
elliptic cone
Number of division of each
truncated elliptic cone

- for longitudinal direction 10

- for circumferential direction 36
Time step 0.002
Initial velocity of whole body 0
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Fig.1 Simulation results of swimming motion
for half cycle from side view
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Fig. 2 Contribution of each fluid force to thrust
for onecycle

0.06

0.04F -
IL_O'OZ i Normal drag Added mass
g - Buoyancy i
e
—
-0.02f All Tangential drag
-0.04
0 Time, t* 1
(@ Trunk
0.06 =
B ' Normal drag
0.04 -
All
WLoo2t Added mass
g - Buoyancy i
=0 == ‘\V TN T O
B Tangential drag b
-0.02r -
-0.04
0 Time, t* 1
(b) Left upper limb
0.06
0.04F -
Loo2t Added mass i
W Normal drag
3 i Buoyancy . 7
IS
—
—0.02} All Tangential drag |
-0.04
0 Time, t* 1

(c) Leftlowerlimb

Fig. 3 Contribution of each fluid force to thrust
for one cycle
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Fig. 4 Effect of flutter kick
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Fig. 6 Body roll anglefor one cycle
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Fig. 7 Contribution of each fluid forceto roll mo-
ment for one cycle
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Fig. 8 Contribution of each fluid forceto roll mo-
ment for one cycle
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Table2 Calculated results of averaged power and
propulsive efficiency

Averaged power
x direction, tangential drag  0.0212 (1)

- trunk 0.0088 (1a)
- upper limb 0.0033 (1b)
- lower limb 0.0092 (1c)
z direction, normal drag 0.0327 (2)
- trunk 0.0018 (2a)
- upper limb 0.0276 (2b)
- lower limb 0.0034 (2c)
z direction, added mass -0.0044 (3)

y direction, tangential drag  0.0004 (4)

y direction, normal drag 0.0063 (5)
y direction, added mass 0.0005 (6)
z direction, tangential drag  0.0014 (7)
z direction, normal drag 0.0488 (8)
- trunk 0.0002 (8a)
- upper limb 0.0217 (8b)
- lower limb 0.0269 (8c)
z direction, added mass -0.0007 (9)
Total of (1) O (9) 0.1062 (10)
Power in gliding case 0.0226 (11)
Propulsive efficienc
(defFi)ned as (1)/(10)})l 0.200
Propulsive efficiency 0.212

(defined as (11)/(10))
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