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Generation of an Artificially Thick Boundary Layer Based on
Profile-controllability of a Multi-fan Wind Tunnel

Takeshi Ueno, Shigehira Ozono

Abstract

A multi-fan wind tunnel was used for simulating thick neutral atmospheric boundary layers within

a relatively short entry distance. While the multiple fans were driven mainly for forming target

profiles of arbitrary shape, an array of cylinders (cylinders method) or suction fans (suction method)

were used to obtain strong shear for providing turbulence energy. In the cylinders method, to

attain a target profile, an iterative procedure was applied. Velocity profiles sufficiently close to

the target profile were reproduced, although for the case of power exponent 1/7 by the array of

rectangular cylinders, the profile was not precisely reproduced near the floor. The suction method

provided turbulence of intensity 9-10% and the normalized Reynolds stress around 0.3 throughout

the boundary layer, as observed in actual observations.
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[% 1: Experimental setup for the cylinders method.
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[X] 2: Boundary layer characteristics with and with-
out cylinders at X = 7.0m. The input signals corre-
sponding to uniform flow were fed to multiple fans.

o, with cylinders; A, without cylinders?).
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3: Experimental setup for the suction method.
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[X] 4: Arrangement of suction and blowing fans.
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[¥] 6: Streamwise development of mean velocity pro-
files. a=1/4. Solid line, target; B, input; o, Y =
Om; A, Y =0.215m; O, Y = 0.43m.
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[¥] 7: Streamwise development of longitudinal tur-
bulence intensity u'/U. a=1/4. Error bar, taken
from Hanafusa® ; o, X = 7.0m; A, X = 8.0m;
0, X=90m.:v, X =100m; ¢, X =11.0m.
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Streamwise development of Reynolds stress
a=1/4. See Fig. 7 for legend.
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[X] 9: Streamwise development of mean velocity pro-
files. a=1/7. o, Y = 0m; A, Y = 0.215m ; [J,
Y = 0.43m.
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[¥ 10: Streamwise development of longitudinal tur-
bulence intensity u'/U. a = 1/7. See Fig. 7 for
legend.
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11: Streamwise development of Reynolds stress

—aw/u'w'. a=1/7. See Fig. 7 for legend.
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cylinders method ; X, X = 5.0m, suction method.
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[X] 17: Comparison of power spectra due to different
generating methods at Z/d ~ 0.66.

F—F—DXA AR —)V N EICERET N 5.

u'?

dun 2
(G))
CTiE, () WTREETRY. 7—5—OuRsET

it & O a7z (i o THERIN 3 72 22 IO IC i E A
TRtEL .

N2 = (8)

ou 1 du

2" T ©)
R (8) Zffiv, ELFLA /IVEL Rey 2 ROEHERD
53R,

Reyx =u'\v (10)

K17 DFEZART bUSxHEd 2ELF LA/ )V A8
FE3iE (o= 1/4) T Rey = 438, B3k (a=1/7)
T Rey = 310, WWiARHE (o =1/4) T Rey = 391
Thbh, FRETESNIELRE LTI AR E
LEDTH-oT-.

8. #hm

RIVFT 7 OENT-TT T 7 A VEIEIECEE L
BRI ERZ T 7. AWROHME 7T 7 7 4 )VIE
ORI Z=)IVF 7 7 REREC, SLhptoreiiz
AFES I & OVBEELIC R, BV FEERECHEL
R T a7 AV EERT ST ETHS. Gt
fAatIc k2855 (THYIE) &RliE7 7 ik
W AR RIS 855G (WAL O 2 Fif
Tz, 195 N BERUE ORI il 2 0 Sl S5
& et L7z,

1) FEAREIC K % ISR ORiE

i) FFRETIE X ~ 7.0m ~ 56 DR FEE#EET,
NEE R a=1/4, 1/7T OVFE T 7 7 A
WERAR L. a=1/4Tl&, #0ELREZ
4181T, KL< ¥ TNE RS2 HBLT
EIW, a=1/7 TRKHEL L TRE T
LEMELE.

i) a=1/4, 1/7 &%, SLNGEE KR T
' /U ~15% THY, Z/§ < 0.2 THEINIHE
VA ISE gWr

iii) a=1/4, 1/7& %, WXL A /AN
Z/§ <03 BWT —uw/u'vw' ~ 0.3 D—E
filiZze & v, FIESEWEMEG S N,

2) Mo AFIEIC K 2 BERE ORI



60 HE KR LYK E BBE

i) P ARKETIEFSE S D &R0 P X ~
5.0m ~ 3.76 THEARERAKICDIZD a=1/4D
PR T T 7 A WV ERER TE .

i) SLNGRERBIFENICDZ>TI ~ 10% D
—EDFHNELNER L, HINSEWEDES

hi.
iii) EXTTLA /IVAIEHIE Z/5 < 0.6 ICBNT

—uw/u'w’ ~ 0.3 D—EfiZ LD, HFRAICH
NIERPRIC DT D RINSE» > 1.

3) AL AT —)v

i) WIFhOERETE L, DfEHAELESED
Wiz, L, D707 74X BTV 3S.
WIFhDEKIEEE Z/5 ~ 048D T L, B
BHIANTE., THUREOIR FEEEC i
Tz 7 ANVEERHCER LS00, T
7 2 A EIC K BRI B OFLN & w0
ALNOREEN C DfHETHEEL TWa T ki
XBLDEEZBNS.

ii) Hanafusa fth®) OFHITIX Z/6 ~05T1/3 <
L./6 < 1/1.5 ThHolz. AIERTIE L, Diek
fifl349 0.4m THH L, /6 =0.4/1.35 ~ 1/3.4
O THBOFN A7 —)UEHH & O & Hx
SN EWVWEFERS. Z/5 ~ 04300 DR
2RO TUKIEBEE 2 IS 72 b BTl o
EREDEHENRATr—IVKEL Zo T,

1) RT—RARY I )L
LGB K 5987 —ZAX T ML
WKl 2 HrgsfE Th - 7.

SE

(1] BILES, KW, AL, BRE—ED : EEOELT
BiRUE oo N TR & Z0RE, i, B, 46
¥, 410%, pp. 1925-1934, 1980.

[2] C. Farell, A. K. S. Iyengar: Experiments on the
wind tunnel simulation of atmospheric boundary

layers, J. Wind Eng. Ind. Aerodyn, 79, pp. 11-35,
1999.

(3] LY <IVFT 7 MR X BREOEIRE
PERR, SRR 1T SR EEEIRER AR A LA RHE L

=T
A .

[4] /DEE, PE5E, EhKehSY, A8, R E
K, R : <IVF 7 7 RIRER OB, %
i, B, 702, 690 %, pp. 311-318, 2004.

(5] /MRS, EWENF, FME—T IV FT 72O
(R B RS T B E N B AL, B, B, 72
%, T42%5, pp. 146-153, 2006.

(6] /NEIE, FRREEE, EEASE L <IVFT 7 D
JEEHE AW 2R U ELin Ak, HAR R
23, ORGSR, pp. 299-300, 2005.

[7] S. Ozono, T. Kitajima, T. Ichiki: The flow
around rectangular cylinders placed in simple
shear, Int. Conf. on Jet, Wakes and Separated
Flows (ICJWSF-2005), pp. 427-432, 2005.

8] BAREIE, WEHEFH, —IEsE, BEEMEN K&
SR OERNS I aL—a Y, i, B
i, 68 %, 665 %, pp. 55-62, 2002.

(9] T. Hanafusa, T. Fujitani: Characteristics of
High Winds Observed from a 200m Meteorogi-
cal Tower at Tsukuba Science City, Meteorology
and Geophysics, 32-1, 19-35, 1981.

[10] J. Counihan: An improved method of simulat-
ing an atmospheric boundary layer in a wind tun-
nel, Atmospheric Environment, Vol. 3, pp. 197-
214, 1969.

(11] HARSE > 22—, KHEHOT=H O M) RS
B4 KT w7, 1994.





