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A Study of Water Resistance in children

Taiichi TOGASHI, Yoshio MUKAI*, Takeo NOMURA

The purpose of this study was to investigate the relationship between drag force and physical

characteristics and swimming performance in children and to clarify the difference of hydrodynamic

characteristics with comparison of adults. 12 boys and 12 girls who were beginner swimmer were

measured for body size and drag force before and after 10 times of swimming lessons.

Swimming performances were improved but no significant differences of D1.0 (estimated drag
force at 1.0m/sec) were observed. However, the mean drag force reduction was-0.1 kg (-4%) . D1.0
were from 2.662+0.352kg at the beginning lesson and 2.562+0.352kg after lessons.

High correlations were obtained between drag force and body weight (r=0.633, p<.005), body
surface area (r=0.632), body height (r=0.593) and greatest cross-section (r=0.591).
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Table 1 Physical characteristics of present subjects
SUBJECT AGE SEX HT WT BSA SSA
yr cm kg m o
O.H 8 FEMALE 120.6  24.2  0.906 547
K.F 8 FEMALE 134.7 29.6 1.070 616
S.A 8 FEMALE 125.7  26.8 0.975 546
IS 9 FEMALE 118.6 22.8 0.873 549
TK 9 FEMALE 143.1 34.2 1.188 623
K.A 10 FEMALE 142.7 40.0 1.267 667
1K 10 FEMALE 139.0 34.2 1.163 665
O.N 10 FEMALE 141.4  29.0 1.098 664
Y.Y 10 FEMALE 131.3  25.1 0.979 576
K.M 11 FEMALE 145.0 33.4 1.188 690
N.Y 11  FEMALE 146.3 38.6 1.271 779
UR 12 FEMALE 146.1 31.8 1.170 654
R.S 8 MALE 124.0 25.8 0.950 610
AT 9 MALE 123.5 26.3 0.955 560
S.N 10 MALE 136.6 31.1 1.103 623
SK 10 MALE 132.4  29.0 1.047 586
KK 10 MALE 138.6 36.6 1.195 605
Y.M 10 MALE 134.9 27.2 1.033 622
YK 10 MALE 137.0 30.8 1.101 600
KM 10 MALE 124.2  23.4 0.913 545
ILH 11 MALE 139.5 33.4 1.155 774
G.H 11 MALE 148.3 36.8 1.258 672
G.R 11 MALE 152.5 39.8 1.327 647
H.T 12 MALE 153.7 43.4 1.385 827
N 12 12 12 12 12
MEAN 9.7 FEMALE 136.21 30.81 1.096 631.3
S.D. 1.1 9.59 5.67 0.137 74.7
N 12 12 12 12 12
MEAN 10.2 MALE 137.10 31.97 1.118 639.3
S.D. 1.0 10.43 6.15 0.151 83.5
N 24 FEMALE 24 24 24 24
MEAN 9.9 AND 136.65 31.39 1.107 635.3
S.D. 1.2 MALE 9.98 5.75 0.141 75.4
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Fig. 1 Schematic view of present experiment
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During passive drag
measurement in swim flume.

Picture 1

Measurements of

Picture 2

greatest cross-section(GC).
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Table 2 Drag forces between pre and post lessons
SUBJECT SEX DRAG FORCE (kg)
SPEED PRE. POST
m/sec 0.50 0.60 0.75 1.00 1.20 0.50 0.60 0.7 1.00 1.20
O0.H FEMALE 0.43 0.65 0.90 2.38 2.95 0.48 0.69 0.98 2.21 3.20
K.F FEMALE 0.60 0.75 1.43 2.59 4.08 0.57 0.90 1.25 2.65 3.81
S.A FEMALE 0.65 0.89 1.31 2.50 3.85 0.41 0.62 1.00 1.99 3.52
1S FEMALE 0.55 0.72 1.21 2.60 3.49 0.53 0.88 1.40 2.46 3.38
TK FEMALE 0.77 1.18 1.70 3.65 4.55 0.77 0.90 1.73 2.99 4.55
K.A FEMALE 0.58 1.20 1.71 2.69 4.25 0.70 0.85 1.36 2.41 4.03
LK FEMALE 0.53 0.91 1.45 2.62 3.23 0.57 0.80 1.06 2.18 3.15
O.N FEMALE 0.53 0.85 1.45 2.24 3.36 0.87 1.19 1.70 3.01 3.99
YY FEMALE 0.57 0.81 1.25 2.30 3.34 0.54 0.69 1.08 2.16 3.29
K.M FEMALE 0.60 0.86 1.40 2.35 3.27 0.53 0.91 1.39 2.08 3.90
NY FEMALE 0.90 1.18 1.50 2.58 3.61 0.91 1.19 1.70 2.98 4.50
UR FEMALE 0.66 0.84 1.30 2.21 3.49 0.47 0.80 1.30 2.21 3.25
R.S MALE 0.56 0.80 1.48 3.12 3.85 0.56 0.78 ‘ 1.30 2.77 3.74
AT MALE 0.73 1.21 1.46 2.54 3.80 ©0.50 0.83 1.21 2.18 3.03
S.N MALE 0.60 0.83 1.22 2.30 3.75 0.60 0.88 1.58 2.39 3.51
SK MALE 0.93 1.20 '1.71 2.97 3.78 0.76 1.08 1.51 3.07 4.32
KK MALE 0.65 1.17 1.80 2.82 4.19 0.57 0.82 1.64 2.90 4.71
Y.M MALE 0.62 0.86 1.60 2.64 3.34 0.55 0.80 1.29 2.37 3.91
YK MALE 0.60 1.11 1.50 2.99 3.84 0.60 0.79 1.45 2.67 3.61
K.M MALE 0.56 0.71 1.10 2.33 3.74 0.55 0.70 . 1.07 2.19 3.36
ILH MALE 0.65 1.30 1.87 2.73 4.07 0.71 1.14 1.69 2.47 3.52
G.H MALE 0.80 1.04 1.52 3.03 4.12 0.91 1.23 1.90 2.79 3.83
G.R MALE 0.90 1.15 1.75 3.24 4.18 0.82 1.11 1.32 2.57 3.88 -
HT MALE 1.31 ‘1.60 2.22 3.45 4.87 1.19 1.80 2.03 3.11 4.55
N 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
MEAN 0.68 0.99 1.49 2.70 3.79 0.65 0.93 1.41 2.53 3.77
S.D. 0.19 0.23 0.28 0.39 0.45 0.18 0.25 0.29 0.35 0.48
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Table 3 Regression equations between drag force and
water velocity during pre and post lesson
PRE POST
Correlation Correlation
SUBJECT D10 POWER coefficient D10 POWER coefficient
O.H 2,044 2.296 0.990 2.103 2.204 0.996
K.F 2.643 2.248 0.996 2.559 2.162 0.997
S.A 2.535 2.034 0.998 2.113 2.415 0.998
LS 2.397 2.216 0.996 2.42? 2.087 0.997
TK 3.298 2.079 0.996 3.035 2.108 0.994
K.A 2.917 2.094 0.985 2.559 2.013 0.993
LK 2.448 2.062 0.992 2.126 1.963 0.995
O.N 2.351 2.049 0.996 2.920 1.761 0.999
Y.Y 2.290 2.027 1.000 2.145 2.112 0.996
KM 2.343 1.942 (.999 2.437 2.109 0.990
N.Y 2.593 1.578 0.995 3.060 1.822 0.997
UR 2.319 1.902 0.997 2.257 2.149 0.997
R.S 2.778 2.317 0.995 2.569 2.250 0.998
AT 2.639 1.779 0.991 2.154 2.015 0.997
S.N 2.397 2.073 0.997 2.488 1.994 0.996
S.K o 2.842 1.648 0.998 2.960 2.006 0.997
KK 2.961 2.020 0.992 3.016 2.422 0.998
YM 2.518 1.985 0.993 2.488 2.213 0.999
YK 2.806 2.076 0.992 2.551 2.132 0.997
KM 2.335 2.216 0.994 2.172 2.116 0.995
LH 2.937 1.926 0.981 2.591 1.744 0.994
GH 2.881 1.934 0.996 2.861 1.628 0.998
G.R 3.059 1.826 0.997 2.600 1.753 0.987
H.t 3.545 1.503 0.997 3.306 1.420 0.986
MEAN 2.662 1.993 0.994 2.562 2.025 0.995
S.D. 0.352 0.211 0.004 0.352 0.238 0.003
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D =1.348+0.039 x WEIGHT (r =0. 633)

D =0.815+1.579 x BSA (r =0. 632)
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Fig. 2 Comparison of regression equations between drag force(D1.0) and weight,
Body surface area (BSA), height and Greatest Cross-section (GC).
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