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Abstract

The present paper describes an experimental investigation on a thick two-dimensional
turbulent boundary layer artificially generated on a rough plane wall by means of a
modified version of turbulence generators originally proposed by Counihan et al,?? for the
purpose of simulating the turbulent planetary boundary layer in wind tunnels. Detailed
measurements were made on the mean velocity profiles, turbulence intensities in three
directions, Reynolds shear stress, auto-correlation functions, longitudinal integral scale
of turbulence, turbulence-energy spectrum and intermittency factor. The experimental
results showed that the artificially-generated turbulent boundary layer reached a state of
equilibrium in the region downstream of about 6 times the height of the turbulence
generators, where the values of displacement and momentum thicknesses, the shape
factor and the power-law constant became almost unchanged in the direction down-
stream. The thick turbulent boundary layer artificially-generated in the present experi-
ment was found to satisfactorily simulate the turbulent planetary boundary layer on
earth in neutrally stable conditions.

1. ##

S, BB AR IOMEHER S OBEBEEYORIEES, Chb OBy SHEE X
BHE, KHER, BIORXAEWHELE OREMEEBIE LT, FHF Ok 0B IRgE R bR
WORBEBER IR TWS, TALOFRMFICE LB L 5013, S ARSILKERBA T
BEZERBIVCFOELDDO VAV AV APNREDLDTRERIETHD Q0 LLE), LikdisT,
BRE BT R A R X EE T A iy, BRI R BRI ORhD VA /L
AEETEDRTRELTHELERD D, HDARMCKRMOMEYBE L EGALRERENER X
ha,

— B REILIMER B, WHHFEETI00m BE, #HHHRT00mBOEXRE L, Wb

*OBMITER WAETE e

i}




40 BB - RS B - SRkoEE - RE— - B8 £ 2

DWITER & ke L OBIBE RS LSS BERBORFAELCWS, EWCET5HAD
HEPEEL LA MEARCRE TR, KEARERABOTEBR IV LEOM CORESIERLEL
X, BRBHOBERBIEATEL WHLYAPILREL - TV, ZOHECIXAKATE
RBES M SO e iET A ILERE L L S THEMEY S - Tk b, BIANKCES
Bah>Yiav—yva vRARETHS, LrL, PRECARCRETHIHABL L EVWLO%
BAHIL, ERBOREREN LEIHE oD IEFIC R ERESLE S o b, BIEM D
DARINC KRB L DI B ED % B\, £k, HIENECEAN CREILTER BT
BL > B4R S > i e BT HHEIEABLZINR TS,

BRBIIEETCIN - CTHRADRAMKE EZE 2 b 20T, BERBEOIKFEL BAMED
AERHEE LTHRO|O 2N TED, BANROLARIIBEAE YR EEAT RS LEER
T, WL ILRC T ol PAVGIEIDRLE =7 2 BT EC L - TTh 5 DHi—
BTH DY, AHERABO X S il R FFCER T  EREETAH S, ok xik
BIFLEA LI BTEH VA Z LI X h R E B B 2 X TEBH, W EE S
WMOFIHAEMC /2D Z 2%, Lo T, BFR X - THIVELR A £ o 7o AW &
T AL, HHEA L K EEE (turbulence generator, LI TG & MEFRT5) O i
Blicsh, TOBTG ORBEMBEYHEFOLKKCED L, TG R I - TEKINERBEFE
HETHBEOBHIEAL L - THDLRTLE S D TRKELHDENFTE L, Wi TG 24
FOTHICHETL L, BT I - T bRERAMRKOERE S MRS E LT LE 5 EE
HRBDIFE LR, BLAEMCHhOXREREAMTEEZER T2, TexRFE0L
DO IGATTHEREZ 2 bR D, TG X » CHIEME VCBERE CEABRIOEE Sl
IO MEER T BU5E, ERrLEAfTbhTRY, ZO—EOXHE Y A 2 Hunt
BV IoTEEDLNTWAE,

— AL ER B oM, SFREESAE, BLRHS OME, B0 A -, BLERRSHE
OB, GLEARZ PABICEHNOBRERE L EW L - TELIND, ThbORHMEEITE
DEHEDL LI RBTAERORGIHRERABI W THLNTERTE LT, TXToRER
INE-HETDHIONAMERELERENCTERT A LEETHDL, TORDEER
FoThkDE5ETH2HARELT, TheAENKEE RSS2 R EFEIN D AGILKEE
REOHELERE Ly av—va vRELESE, 6l LTUERPHEY X L E50h
DEE R LIS AOEN, 55 EEmcTsRERXMBL T 5 & iy, FHHES
MRANGHOEM > I a b= a VEELATHNETHD L, EEILOPEOIRE, LH
MFEbOREMR TFTOSE I EEdg L35 L iy, ALAVHIOERPS AR R £ — R
<7 PADOHUERERIN S THES H, T, Rl rBEWORBEZI YT I EA I, #
BEYOBRBREDEASLOERCBI DEMO =R A F—AXI bADY I 2 b—Ya VARELK
FETHD,

ARG A TR —HECHRBE IR TS RBERY VT, TELRES E CF
ORHCEWELIMERABEZER T2 L2 HIWE LTI b BRI DTN 5 5D
TH5H, Counihan H¥ OFFEEIEA L U CREREECH LTl SR BIRK AR E s
TL, ZTRECX > THEREREWCELEREC DL CHIRD & 5 7o FEBik R & OFLH ik & 52
B RDdTHbH, ZOFEIZXY, LEMECIERMYFEE L-H LT, ERAF AR
B LI WECILEAB YRR T5 2 LR TEL,



3 AR A R E R B FLIREE LR o bk 41

2. & =
X s TLRFEAELEBEBRED S TR M - 72 Rt
Yr 3 ISR B A B o TR R
v s lyr+e) Off
VA i X BIO y livc B J7 1 o Rk
C ; EOK
r ;o [E R OGR
g ; EARER
o* s ERBEOPHRE X
7 i HMREOMIERX
H 3 BIREBRE (=0%/0)
E ; TR F AT b

¢ s MLERAEDS v o R aiE R
k ;W B

£ s M= VEER

L, s flho X Fros A r —a
0 ; w®OE

1n 3 HEONEFEMOEH

v ;o BhRSEESRRL

Q

R s HEET O HEHBIRE

U s RN BV B E RS

U, ;o U gkl GERBANEOHEE)

o, v, w' s Xy, Z FRC B S LR E B

—WY o vA I NVRIRH

dufu. 5 EE ST A XK

3. EBREBEHIUERA®
3.1 HEER&SLUHEERE

HEINE 12 m x 1.5 m x 6.0 m O FHMTHOM B % & EEBRRHEFcH B, Ak
AN OREE, BEREEER XK 7 » vOBRKAE 2% T 52 Lt X ) 3~80 m/sec D
HP LI RDENTED, RERTE, EHHEE S 13 m/sec O—EfHICR - TH D, HLIK

SRR OB E S A R X OFLIR RS DI 27 » Tk, E I RBIGEET 2 7,
3.2 BREBEHKRKE
RIFFECERA LI B ISR 5k o feAkiE, Counihan® 1o X 2 AL AR EE (TG) whH 5,

OB LOEE KRB Fig. 1 W/RTH Y TH Y, WhF A BT BEme s L5 KkE
ERTn5, fakrpRo TG RO #MFHFROR Eed b, TG 2o aga i+ 5 mik
OEBHEFIBC LD ZOFTHRMCER L D bEEOPI VN T ERTAHELXL - TERY, &
WENLAEHBBERABOE IR TOEIC L » T IR, i, BABHNOMEEHSTNL TG ©



42 HILHS - R B - SREE - WE-F - B8 & 4

500
o
a8
K

200

> Do ' 15 1
250 roughness 250 |
X

Q0 yT Z ‘:—[
15 T
LA
10 T %ri unit in mm

Fig. 1. Turbulence generators, roughness elements and
coordinate system. Unit in mm.
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Fig. 2. Development of mean velocity profile in artificially-
generated turbulent boundary layer.
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Fig. 6. Variation of total kinetic energy of turbulence Q. Note
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