The Society of Naval Architects of Japan

35
(FBfi594€5 A BREMRFLEZTHESTSWTER
R I X 2B IMOBSE e
FR B K W EA W B ¥ M
TE fF ¥ B K™ A E B o m™
% K

Resistance Increase due to Surface Roughness (2nd Report)
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Summary

In the previous paper, the hydrodynamical characteristics of sand roughened surface and
painted one were discussed and it was found that the differences of characteristics between
two types of roughness were remarkable.

Trying to explain these differences, the simple wavy roughened surfaces are investigated
experimentally in this report.

The main conclusions obtained are as follows ;

(a) 1In the fully developed state, the resistance curves of wavy roughened surfaces are
nearly parallel to that of smooth one (Fig.2; W-1,2,4,5,6,7), and these features are the
same as painted surfaces.

(b) However, the wavy roughness having steeper slope than about 1/10 shows the sand
roughness characteristics (Fig.2; W-3) and the slope seems to be a critical value (Fig.2;
Ww-2,3).

(c¢) In the fully developed region, the roughness functions of wavy roughened surfaces
take constant values (Fig.5, Fig.6), whose magnitudes are nearly in propotion to the
roughness heights (Fig.7). :

(d) The empirical equations of roughness functions are introduced (Eq.(5), (6), (7).

(e) For three dimensional wavy roughened surface, only one case is tested and the result
is shown in Fig. 3.

Finally, as an application the 4Cp of a tanker whose skin plates are covered with various
roughnesses are calculated (Fig.9).

. Uh L3, HLVHE <7 2 — & h(=(UR[Y)-R,~V%)

' BRE Ulco Lo Lighth, 4 EICK T % rough-

FEDIIHRY wh\(, DEEESE, BEHMEE  ness function ORFLVIBERRFEIBE IR TV
IBOENMER LT, BSRA FRIC X% mean ap- 7z,

parent amplitude k4, & Nikuradse © Z[fHEE kg A CIRMY 2 kT ERERCEL, R EEs

EDOEFRAE DB LIk, WHEE & BB EEKH roughness function OEFHE%A LRI, =L,

i

BHOMEYH Uice T, REEEREN#EM 4C, &
roughness function 4UJu, DL, 3 & OBEERER
DEHAIGE RS roughness function % 3R 3 k% 5

* ARME OB
ORBRFETLSEE
RN v -
Rk RIRKFE L

MEAIRD X 5 IntE47o A & roughness function o
BIREB LA BB TH 5o
H2ETHERYT - AR OVWTET, #3E
TIHRAE 2 KT REEE O ENRERER Y RT &
e, HAW 3 RTEREREOERERCOVTLAR
Do BABETIIHR 2 RTE NS O ERERD
B3k e, roughness function DEEER % 7R3, £5

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

36 EESTETT e

BECRIEAME LT 2 v —BENE 2 EE TEHR
B0 ACp DHEZITH,

2 RRKRHBEE

2.1 MEEKORR
KETNEFRAN 2 KTBEEEOMRIE, Fics
5 WM & BB E OB O EY B LT B B
HCEAL, WAL BEEFEORISEOZIRD &
KOTHD, '

(1) EEERFGEH S, DEE TS HERS
CE LB VA 74 X% Ryp (=aDJv: 4 11 EWNF
Y, DITENE,

fHAVHEED DROBISE e % Dkt L, BEMEE TR
EOEIIER SIHEFFICE LT, VT /4 O
& md 45,

(2) roughness function 4UJu, (AU i1 BREN
YRICH T D RERIR, we IEEEE) 13, BEE I
ME VA 7 VAB uk |y (R IEES SO 8N & iz
Y an, BEHETOEE VS 24 XRCERK L,
HMERISRICE LT—EHEL s,

CHODBEDHEDEG R HF 5 &, HESI Tk
I© ka=130 pm L% L\ BHEEE No 8 LBislmEE
No.9 ZHE:T5 &, BHEETIEEETSECHTE
PUREL f 29 2 5 (Rup=5%10%), roughness function
AUluse D35 415 (ugk/v=100) TH-70

KRTREPRAEORE, WEOBEYY, =0
HECER L, EELiniomEREeg No.3,9 © by 1o
FL\W 180um E—FiZ L, HEX 1.0mm 25 8.0
mm ¥ TELIRIPFE L) -~ A58EE, HEY 4.0
mm E—FER L, EERECILEE Y Y - X 35S
ZEIE Lo i, HMEMKE LT sin B L
el o 7o, BUE EDOREED b IO M5 SR ie T E
B LR 2 840 L,

2.2 HRHEEmEORE

KR EFRHROEES & ABCLE 4m <,
& 200mm DFH 20 EESE IS TEE L, A
2m BERBORFCONECHERT, FoOTFRCEE
ENFFROIDOBESL (1.0mms) % 1.5m B 2
TR OB & 2 4 8T 2581 7o

EREA~OFIRME D M T it NC jeig s fvio, 3
WHEDIWL, B1AEHMIER/LLD LS, Tibb,
NECH LT 2RTMHE SRS X5 MIT LTH %,
Fig. 1 T O L ME % et U B CEHll L
F%, Table 1 i3 2 h & DM EE» DELT - 1o
& BROEZRRT, EHREEE No. W-1~W-5 115
BV —X%, W-4, 6, 7 REE> Y — XBERT 5,

VLK OB RED BRI
—FEEE 0D, FTOKE S GHIEE bs/D (hs 1125

5155 8
Mm
200 Pipa NO.W =1
IOO{ /‘W\//\/_\/
0

Three Dimenslonal Roughness, W—8

[ ! [ i i 1 | L ! i
0

2 4 6 8 mm

Fig.1 Roughness records examples

Table 1 Wavy roughness characteristics

. Wave Shape .

Pipe No. roont tHI[Lengihta1] H/4 | Diameter
W | 120 um| 2.00 mm| 1/16.7|52.00 mm
w- 2 122 .22 1/10.0{52.00
wW—3 100 1.00 1/10.0{52.00
w-—-4 118 3.94 1/33.4/51.90
w-5 140 7.78 1/55.6/51.90
W-6 300 3.81 1/12.7|52.00
wW-7 " 60 3.97 1/66.2]52.00
W — 8 ®)|w-4(Longi.)+ W-{ (Trans.) 52.00

% Three - Dimensional Wavy Roughness
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Photo.1 Examples of wavy roughened pipes
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Fig.2 Frictional resistance in roughened pipes
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Fig.3 Frictional resistance in three dimensional
wavy roughened pipes
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Fig.5 Roughness function 4U/uy of wavy roughened surfaces
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. | Pipe NO.| cO cl cz_ c3

] w=1 7.58 | -12.32| 5.94 | -0.72
w-2 7.18 | -11.49| 5.36 | —0.59
w-3 6.60 | -11.06| 5.65 | -0.80
w-5 -| 3.05 |- 5.29| 2.87 | -0:46
w-6 6.41 | -10.32| 4.89 | -0.56
w-7 11,24 | -19,82| 11.04 | -1.87-
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Table. 3 ACp calculated by the three di-
mensional boundary layer theory
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+ Karlsson’s pReplica No. I( Ka % 130pm) 0.86
3-Dimensional Wavy | 20

(H=130pum, £=4.0 mm) )
2~ Dimensional  Wavy | 99

(H=130pm, £=4.0 mm) i
2- Dimensional Wavy

(H=130um, £=8.0mm)| 0-36
Sand ( Ks = 130 4m) 2.70
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