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Towed Underwater LDV Measurement of the Interaction of a Wire—Type
Stimulator and the Boundary Layer on a Flat Plate
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The present study aims to investigate the interaction of a wire—type turbulence stimulator and the laminar boundary layer on

a flat plate by flow field measurement, For the towing tank tests, a one—dimensional Laser Doppler Velocimetry (LDV) attached

on a two—axis traverse was used to measure the streamwise velocity component of the boundary layer flow in zero pressure

gradient, disturbed by a turbulence stimulator, The wire diameter was 0.5 and 1.0 mm according to the recommended procedures

and guidelines suggested by the International Towing Tank Conference, Turbulence development by the stimulator was identified

by the skin friction coefficient, mean and Root Mean Square (RMS) of the streamwise velocity, The laminar boundary layer with

the absence of the wire—type stimulator was similar to the Blasius solution and previous experimental results, By the stimulator,

the mean and RMS of the streamwise velocity were increased near the wall, showing typical features of the fully developed turbulent

boundary layer. The critical Reynolds number was reduced from 2.7X10° to 1.0X10° by the disturbances caused by the wire,

As the wire diameter and the roughness Reynolds number (Rek) increased, the disturbances by the stimulator increased RMS

of the streamwise velocity than turbulent boundary layer,

Keywords : Turbulence stimulator(4ZEXIZX|), Flat plate boundary layer(ZIh Z7A|Z). Laser Doppler velocimetry(2|0|X =22
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% 91%| Sofl chat 7joSalelg MAIE 8} Ick (TTC, 2002).
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Table 1 Local Reynolds number at the wire position
(Rexwie), and the ship length—-based Froude

number (Fr)
¥ 0.3 0.4 0.5 0.6 0.7
[m/s]
Rey wire 1.5%x10°]2.0%x10%|2.5X10°| 3.0x10°| 3.5%10°
Fr 0.1843 | 0.2458 | 0.3072 | 0.3687 | 0.4301
(L=3m)
Fr 0.1197 | 0.1596 | 0.1995 | 0.2395 | 0.2794
(L=4m)
Fr 0.0517 | 0.0690 | 0.0862 | 0.1034 | 0.1207
(L=7m)

ZE= S)210 = EX7|(Mitutoyo Corporation, Kanagawa,
Japan)& 0|85l AFsIF2H, FAM Hd HEY|
(arithmetical average roughness, R.)= 0.157 umol|ct,
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Fig. 3 Mean streamwise velocity of the boundary layer on
a flat plate (U=0.4 m/s)

JSNAK, Vol, 58, No, 4, August 2021

245



ofels== LDVE 0|83 HEt ZAE1t 20[0] Bl HREXER

MAATE (Smith & Clutter, 1959; Huber & Mueller, 1987)
oAM= P0|01 | ZAK) 2t mEt=|X| ok2 ZAAHISS| 2lolof A
=0l F5(u)S 0l85101 Rec (roughness Reynolds
number) & 4! (1)z} Zo| Heolsiict

259 sz?ﬁowf HMol7} dojLpr| @5t &4 Re=
40-6009| gf2 7RRICT AZSIRACE SEX(2 S AH S0
Blasius solutiong BHESICIL 7FEst uoll thst Alg MIKs
™, Re= Al (2)2F 20| Z7HEIC

ke @)

2
Re, =0. 3323e1°
22 5

=8.0039/Re, (

Al (28 MTHEH, S ReRt k =H0I2IE HHRERIEX
x01| n2t Rell af2 EEid, Ag AIAHCS
ZHo=Z ofAElCt EZAIY A2 &

eKBI He|7} 40-60022 A

&

i

&2

5

02 4o I

ol i

1fo
- |'|E

I

o Mo o
for
5
ok

o
N
ok e
2
F[_
—.—;U

o o ;9
3
3
e

Fg

= 22 19.28
o 2Zo| 2uf7t

N

-68.64, 76.89-271. 889| ¢

Slofl t}a} Re 2] Zhe 4
A el blgo mE

+ Blasius solution2 0|25}

g

0
H
oM
AN}
o
§ —-—
rt

i

>|.
rA

Bl
29
1o

.
i=)
o

02
L ol
>
® F{E
=i
T,
s

*0
X
> -
ol Ay
3R M 1
Lo

gl

=

0!

| ZZol e ZAS FH(©6), w, Rex 2 22 2
& el 2 £I52 Table 22t 30i| LIERHRICE Table 22+ 32
6 FERIXI2l x=0.5 m IX[ofA] A Lk=|ACE,

Table 2 Main parameters of the boundary layer (k=0.5 mm)

U [m/s] Ree |86 [mm]| w/U |u [m/s]| Rex
0.3 1.5x10%| 6.3388 | 0.1285 | 0.0386 | 19.28
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Fig. 4 Profiles of the mean of the steramwise velocity in
the laminar boundary layer (flat plate, U=0.3, 0.4
m/s)
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Fig. 5 Profiles of the RMS of the streamwise velocity in the
laminar boundary layer (flat plate, U=0.3, 0.4 m/s)
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Fig. 8 Profiles of the RMS of the streamwise velocity
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Fig. 10 Profiles of the RMS of streamwise velocity in the
transitional and turbulent boundary layer (flat
plate, U=0.7 m/s)
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Fig. 11 The characteristics of the boundary layer on a flat
plate (L: laminar, T: transition, F: fully developed
turbulent)
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Fig. 12 Profiles of the mean of streamwise velocity in the
laminar boundary layer (0.5 mm wire, Re,=19.29,
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Fig. 13 Profiles of the RMS of streamwise velocity in the
laminar boundary layer (0.5 mm wire, Re=19.29,
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Table 4 The difference of urms and wrms with Spalart
(1988)’s study (1.0 mm wire)

Re= Re= Re,= Re,= Re=

Diff. 2.65%10°%(2.89%10%3.13%10°%(3.37x10°3.61x10°
Unms' | +8.76% |+15.14% | +6.79% | —2.47% | -8.02%
Wims™ | =0.09% | 4.61% | -3.03% | -9.13% | -9.72%
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