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On the Flat-plate-frictional-resistance-test in
the Circulating Tank

Hiroshi Nakavyama and Yoshikazu NARASAKO

Abstracts

The flat-plate-frictional-resistance-tests executed in the Circulating Tank of Kagoshima Uni-
versity enabled the authors to have some formulas concerning the influences coming upon the flat
plates from the wetted surface area, roughness of surface, and the fluctuations in water-tempera-
ture and the flowing velocity.

In the present test, two kinds of flat plate models made of the Formosan cypress timber were
used, which were of the same size as those used in Kyushu University, namely, the size of the one
plate was 1 meter in length and 24 centi-meters in breadth, that of another was 1 meter in length
and 9 centi-meters in breadth.

The present test was resulted in our derivating an approximate formula which was close to Mr.
K.E. Schoenherr’s and Mr. G. Hughes’s, hither to publicly acknowledged as the formulas having
proper values. The formula: begotten in the Circulating Tank seems to have been correcter than
the one obtained in the towing tank.

The quintessence of the testing results are as described below :—

The increasing contraction of the wetted surface area, the smoothing tendency of the surface
roughness, the rising degree of the water-temperature and the lessening of the velocity of flowing
water were ascertained to be matched by the decreasing fluid frictional resistance values.

Through these experiments-co-relating with Reynold’s number (R,), frictional resistance
co-efficient (C,) and frictional Resistance (R,)—such results as mentioned below were obtained
and assorted in the formulas.

In case of the circulating tank of our university

with a smooth flat plate C,=0.047/ (long,',—Z)"63
R,;=[0.047/(log;o R, —2)!- %] pl Lv*
with a rough flat plate C,=0.0077/(log, R, —2)"*
R,;=[0.0077/(log;o R, —2)"**] pl Lv*
In case of the towing tank of Kyushu university (opposite to above)
with a smooth flat plate C,=0.173/(log;,R, —2)*%
R,;=1[0.173/(log,s R, —2)**] pl Lv*

Notes. As the turbulence stimulation devices, piano wires of 1 mm in diameter were fitted
around the plate-surfaces at the stations of 100 mm abaft the leading edges of the flat
plates in Kyushu university.

* ¥R T3 PF7 % (Laboratory of Engineering of Fishing Vessel, Faculty of Fisheries, Kagoshima Univer-
sity)
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90 material: Formosan cypress
Fig. 1. Flat plates.
Table 1. Particulars of test plates.
Breadth or .
Length of Thickness of | Temperature
'Eg“ft plate in g{:{; ?rf plate in of water in ex]:::ﬁr?ef;t Test plate
m. m. mm.
1 1.00 0. 240 8 20.2 Jun. 18, 1966
2 1.00 0. 240 8 13.0 Feb. 9, 1967 Smooth
3 1.00 0. 030 8 19.4 Jun. 14, 1966 lat
4 1.00 0. 090 8 15.0 Feb. 9, 1967 plate
5 1.00 0. 240 8 16.0 Feb. 14, 1967 Rough flat
6 1.00 0. 090 8 16.0 Feb. 14,1967 plate
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Fig. 2. Method of Resistance test.
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Kagoshima University
IOOF no. Length Breadth Rough flat plate

1—— 1.00m. 024 m, 5.,6.
90 2— 100 o Smooth flat plate
3—— 100 009 1.2,3,4. :
8o 44— 100 003 abcd %Y
5—— 100 024
20 6—-— 1.00 009

Kyushu Universitz
60— Po- Length Breadth

a 100 m. 0.24m.
50 }— b—— 100 0.24
¢c-—-— 100 009
4o d—— 100 009 160t
Rt
(gr) 30
20
10

01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09
— 'V (m.sec)

Fig. 3. Frictional resistance curve.
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Table 2. Values of V and R, were given at the Experiments of Kagoshima University.

Length (m) 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
Breadth (m) 0. 240 0. 240 0.090 0. 090 0. 240 0. 090
Thickness - (mm) 8 8 8 8 8 8
Temperature(°C) 20. 2 13.0 19. 4 15.0 16.0 16.0
Test number 1 2 3 4 5 6

m/sec gr |m/sec gr |m/sec gr |m/sec gr |m/sec gr |m/sec gr

0.128 1.40;0.126 1.42|0.124 0.05/0.136 0.86|0.138 2.24/0.128 0.22
0.277 8.75(0.259 8.42(0.255 2.62(0.268 3.36(0.265 9.23/0.266 3.68
0.425 21.55|0.390 20.81(0.395 8.25|0.401 7.62|0.404 23.70|0.386 8.95
0.559 36.57(0.554 38.09|0.518 13.34|0.522 13.45|0.525 41.42|0.542 15.10
0.727 58.70/0.691 58.84|0.691 23.11{0.691 24.30|0.698 69.82|0.677 25.60
0.331 80.30{0.821 83.79(0.767 28.78|0.831 32.60|0.812 97.88|0.802 37.00

Uncorrected
test results

\V R,| Vv R |V R|V R|V R|V R

—fpiCiRESHEL V= VAP DOKE O TIE, FROILAESERE OBBKIIIEROEE
ICHANTES LS K&, ZIRELHOILBKIER Db RESMd—MRITETE, ZIKRLT
SEMDBEDIEL TREDHICHEEDRAHARBYITSh, ZOHiEOK E S ITI MG
BEREHE L THRSEOE (FZ0E) BFEETIENELSN, X StanToN ITXD
ERIICHHEDPHON T B, COBOEIRIEFICHEHIEONMOEEZHBKREHLD
SHE_OERNBEEICE T 3 EEARIIIEFICKRE L, 5> TEEQRITHERECE TG
THONABBIEIIBURKELEELISND, 8-> THR, iR 2 ERiEERITIZEM
L, HBOBELKELLBRTHS, FIROWE, HEIKEL>T, Z077 7iIcHNBR
RBITRB o TR EIICRASZY, ChiZTOBERFENLEE U THNS BRI B L
WHIETH->T, A—Vr—7 ANFICHT IEAFBBRLBZLOLIETIEGL, AL, &
A, EINEL, HEMNNIFhIEZTAKETREICIIE R EEFICENITS <,
EHBFICROTHRBDTH B,

C DI RFGEAEIC L CHABEBIERE, ThUMiL) bHMMTsHeanKkE{L3. X,
KEDEITE > THHEKIEHORBBZMEERTLITHS. Wb, KoY Ltic, Kk
OB KEL Y, FIROBEERKIIEI®KT 3.

(D] v—/ X ERAERIETRR

S AR EE B K BT O [ fE 13 W. FroUDE, F. GEBERS, G. KEMPF, K. E. SCHOENHERR, G. HUGHES
BTk > TAETIATRE O TR, BEHFRANKEDOER & M U THikBIZIET%
B(C,) Ev—7 I (R,) &EDOBFRD S HABEBIEIOAITETL - /..

s R,=VL/v
C,=R,/plLV?
V . Mxtifi# m/sec
L : EFHROEE m.
v o EBREPER S m%/sec (Fig. 4 B)
R, : itk OBRRIEI ke
o KOHHER kgesec?.m™ (Fig. 4 £R)
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Fig. 4. Value of density and kinematic viscosity of water.

I FHREO¥E 1/2 i~ 2 m.

EREXY R, C, OBREE %2 OFIROEWHE V 1T D0 TKRD, Zhkzk (Table 3 (a), (b))
KL, X, ThEmMBI 7 7iIcE b0, Fig.5 Ths, Fig.bo 1)~6) 075
75 ARERIC K B Friction line % Fig. 6 iT5[\>7-,

Z @ Friction line DX % C,=A/(logR,—2)" TEDLHIIWEEHRTIE 4=0.047, n=
1.68 2185, #t > TEXREFKITHRG 2BEFER TIZ C,=0.047/(log R, —2)1% L7153,

Table 3-(a). Values of R, and C, were given at the Experiments
of Kagoshima University.

Length (m) 1. 000 1. 000 1. 000
Breadth (m) 0.240 0. 240 0. 090
Thickness (mm) 8 8 8
Temperature (°C) 20. 2 13.0 19.4
Test number . 1 2 3
R, C, R, C, R, C,
1.987 4.295 1. 669 4. 700 1. 996 5.455
2.981 4. 864 2. 504 5.539 2.994 4. 606
Uncorrected test 3.974 4.910 3.339 5. 543 3.992 5. 044
results 4.968 4.794 4.174 5.231 4. 990 5. 367
5.962 4.624 5. 008 5. 052 5.988 5. 485
6. 955 4. 550 5.843 4.979 6. 986 5. 387
7.949 4.723 6. 664 5.077 7.984 5. 164

Note: values of R, are given in units of 105,
values of C, are given in units of 1073,
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Table 3-(b). Values of R, and C, were given at the Experiments
of Kagoshima University.

Length (m) 1. 0600 1. 000 1. 000
Breadth (m) 0.090 0. 240 0. 090
Thickness (mm) 8 8 8
Temperature (°C) 15.0 16.0 16.0
Test Number 4 5 6
R, C, R, C, R, C,
1. 754 5. 450 1. 802 5.314 1. 802 5. 450
2.631 4. 965 2,703 5. 995 2.703 5.388
Uncorrected test 3. 508 5.313 3.607 5.927 3.607 5.518
results 4, 385 5.448 4, 505 6. 082 4, 505 5. 581
5. 262 5.571 5. 405 5.950 5.405 5.843
6.139 5. 494 6. 306 5. 856 5. 306 6. 162
7.016 5. 246 7.207 6. 055 7.207 6. 302

Note: Values of R, are given in units of 10°.
Values of C, are given in units of 1073,
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Temperature 20.2°C
10° ] ] I T A I I .
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Fig. 5-(1).

Friction Line.
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2T T~ & MRS B AR IS E AR T2, Fig. 6 OFMKZED Friction line D,
C,=0.173/(log, R, —2)*% Tk 5.

FUMKEDEGIT R, 53 105~10" O TITbON T 345, BREKXFDOEBRIBTFIHOK
% X &, ARk OMkiED S BEDOH, R, % 105~10° fEEMNICRER I3 %2187, COM
<O R, & C, OBBESNT Uiz, X, UMKERAUKEICHRD 24850E R, & LTRAE
HRimiT, V) vy 774 PERICESSBER AR,0=0.001pxlV? % IMATAR D HHRD
JITHTSBEER R, £2£51E, HMRE V13, e ORMRE Vo KKkl o & gzhR

/
I EBER AV=1.1m(—§— ’ dVo, m=—f'4— (m: Blockage of model test) %% 7% D
Tho>T, £DOE¥ (Table 4) % Fig. 3HIGER LT, MPHKEERDOD O LHETH Uik,

Table 4. Values of R, and C, were given at the Experiments of Kyushu University.

Length (m) 1. 000 1. 000 1. 000 1. 000
Breadth (m) 0. 240 0. 240 0.030 0. 090
Thickness (mm) 8 8 8 8
Temperature (°C) 7.5 21.2 8.3 20.0
Test number a b c d

R, (op R, C, R, C, R, C,

3.65 6.389 3.83 5.908 3.57 6.361 5.11 4.446
4.17 6.196 4,45 7.124 4.30 6.111 5.87 5.692
4.91 5.560 5.40 5.480 5.03 5.889 3.73 7.566
5.52  5.639 5.94 5.127 5.54 5.885 4,26 7.088
Corrected test results 6.37 6.308 6.19 5.619 5.83 5.539 6.43 5.403
6.97 5.236 6.76 5.316 6.78 5.526 6.92 5.081
7.76  5.220 7.10 5.409 7.29 5.291 7.30 5.056
8.54 5.271 7.89 1.485 6.41 5.677 7.66 5.423
9.18 5.015 7.85 5.035 8.16 5.113 8.28 5.307
9.89 7.629 8.44 4.979 9.03 4.879 8.69 5.924

Note: Values of R, are given in units of 10°.
Values of C, are given in units of 1073

IER o i € Bl ARICHE D TIRBBIRDOBIERT > THWRLOT, MELERTOERE
KEERAKEOESMIBZ L VPP TESC &K, Fig.3 © 77 7Iick 5 LI&#ERITH
TIREGARE O E KO Eh L DEXNKE L, BERICRTRZOEND LI
27, EE LTREBEZOESHZOMIYLLBYIRELL DT, TORHREBLLAREEL
OF TR EIRKE OERIEDFHHHEEIE L> & I TH7 K.E. SCHOENHERR, G. HUGHES
S DEICIEL,

AR UCHTE RO R ESEIICRT 5 R, & C, LOBFRERD 255, BETFRO
BaXDd C, BMREL, A2, ¥E3P0ITEATSHLITHS.

C,=0.0077/(log1o R, —2)" 202
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WY T, R BIFHAEOEKF THRITICHTICEP N IOFIRIBRRZ W R 3 2872, HikE
BB ERT 5.

BHEFR TR
C,=0.047/(log, R, —2)1-
R,=[0.047/(logo R, —2)8]pl LV2
HEEHR TR
C,=0.0077/(logo R, —2)*2
R,=[0.0077/(logioR, —2)*® ol LV'?

FEBRTREBOKE S LEFHAEOREDRID S BE, R, 13 2~9IX10° BETH 325,
ZORITRL TR C, RAMKEOME, ML, AMKE, EHERREROBERERN

C,;=0.173/(logy R, —2)% 5%
DL H/MNX L, 2 UA K.E. SCHOENHERR, G. HUGHES D & fLITHTL>,
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