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On Reconsideration on Flat Plate Frictional Resistance

By Tokihiro KATSUI (Member), Yoji HIMENO (Member)
and
Yusuke TAHARA (Member)

This paper presents a new friction coefficient of flat plate in wide Raynols number range. The
main purpose of this study is to present a verification data for CFD calculation, which will be applied
to predict ship performance in full scale Reynols number. The friction coefficient is calculated by
solving a differential equation without approximation that is based on momentum equation and
Coles’ wall-wake law. The parameters used in Coles” wall-wake law for the assumption of the velocity
profile in turbulent boundary layer are determined based on reliable experimental data by Osaka et
al. The calculated results of flat plate frictional resistance, local frictional resistance and velocity
profile in turbulent boundary layer agree well with experimental ones.

However, few experimental data aviod to verify the results at high Reynols number, therfore the
research should be continued focusing on the behavior of wake function at high Reynols number.
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Fig.1 Time averaged structure of turbulent
boundary layer.
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Fig. 2 Dependency of initial value to the solu-
tion of differential equation.
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Fig. 3 Dependency of initial value to the calcu-
lated results of local friction coefficient.
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Fig.4 Comparison of velocity profile. (Exper-
imental data are obtained by Osaka et
al.3)y
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Fig. 5 Comparison of local friction coefficient. (Experimental data are obtained by Osaka et al.3))

_ 102 e
\ (a)
B Symbols: Kempf : balanceo, velocity profile A,
- \6 Moore and #arkmess : supersonic O,
\ A Winter and Gaudet as Fig. 6.

90 o % A 10.0 1 210 1 ]fo 1 4(I)(J 3 5010

Rn. nitlfons

i Grigson
- A
- --o‘-~——
L 00 o ° T o~
(b) Present method
103,
~ .
o o Grigson
| ] ! v
400 600 800 1000 1200 1400

Fig. 6 Comparison of local friction coefficient with Grigson’s results.



0.5 ——r T T —T 1.1
CH/Ce(Schoenherr)
\ — —Present metod 1.08
- — Grigson's formula
0.4 Grigson's form L 1.06
\\ l I~ bed - 177 1~
D \\ — w—
NN % RS 1.04
Ry N
0.3 [ — N - =ty 02 T
o h ‘“<§ BREN - V]
& | . T £
AN
X ~| R ] + -1 1 8
C)L e V] =T ‘*""\ 5
0.2}— Bl S 6 . i R =S 0.08 L
’ o ~ . | \:\Q 2 . @
//' Rl Q
T L
pZ N vy 0.96 O
CF ’/ h...,'-'"l‘
0.1 0.94
— Present method
---~Schoenherr's formula 0.92
-—-— Grigson's formula
0 13 5 3 | NS A B § X X s 3 0.9
10° 107 108 10° 10

Rn

Fig. 7 Comparison of friction coefficient of flat plate.
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Fig. 8 Comparison of friction coefficient of flat
plate at high Reynols number with ex-
perimental results.
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Fig. 9 Comparison of friction coefficient with Hughes and Wieghardt's fomula.
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