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Effects of Leading Edge Shape of a Flat Plate on a Turbulent Boundary Layer

Hideo Osaka

Abstract

Detailed measurements are made about behavior of the turbulent boundary layer develops on a flat
plate of which leading edge shape is round. This kind of flat plates is widely used in an experimental
research of forced convective heat transfer. From these results, wall law, velocity defect law and

two-dimensionality of flow fields are discussed.
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Fig.1 Measuring section and Measuring flat plate
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Fig.2 Spanwise distribution of wall shear stress
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Fig.3 Pressure distribution (without trip wire)
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Fig.5 Wall Law (without trip wire)

FEHLT. REESEE X TRATT(L I BRI
LOBREFEMY/RT. MHbido & h LIIXGIL 8-
23, z=250m {78 X » TR OFEK D4 HiiziF—A&
DOHFRZD 5 TEY, MAOHLEIARIA TV A,
=50 mm {ZE D $ DI, HiFEI S OFEREA L
EORENPLE->T\ 5 X5 TH5. FTEo 150
mm (EBOSMIFVIEETIED b, S04y B
DEL TEHLBATVAE LS THD. 2EBEHCART,
BRBIWA S A IEIERCREL T2 DL HE
WENs, 66K, [CENARDOEILL L +4 58
FLUICEMERBE, BEUVRI TS E088bh
TWb., M58, AEROEE DML FOEEEFR
RETRT. BEEEEL, T A UERRE DRDI-EE
HEIC IO E L 72, b oEi2,

U/ur=5.5log (u:+y/v)+5. 4

#Fb L, Sarnecki® OEKE AT 5. F 7o BET
W OfEL, McMillan® (2 X A8E2 6 = L 7-. X
WX =50, 150mm D7 EDHHIL, +HFEL =
AR RO M L1370 5 T E B 30 TR X
ATV, =250 mm 2B 25 FH D E ik D 45 #i
3, ucey/v DfiH 80~300 DFIFE-CHEGH A A L
THDY, FIAHE D Sarnecki DD LT —FK L T

WAHRIEDNDL., THRELLIBERB AL L EL
TIL D2z,

40

o#

Fig. 6 Shape factor (without trip wire)
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Fig. 7 Boundary Layer thickness, Displacement
trickness and Momentum thickness (without
trip wire)

x]d3

T T T T Ty

Kdrmdan-Schoenherr’s eqgn

{ ) T | 1 | 1 1
3 4
10 Reg 10
Fig.8 Local skin friction coefficient (without trip
wire)

1 O 1 1 LI T T T T T 1 T

I

Prandt!-Schlichting's eqn.

I | T T N N N . | 1

10° 108

Fig.9 Total skin friction coefficient (without trip
wire)

ZRITHIERBORE R R L T\ 5.
BRABORZEOREX/RTIOK, BEIRIAIEIC
LB5HEN DB, TTHMNEORFTMIEEY L (XK
HTRTBERNGEH C 12 oW THENLDZ K8
T, MR ORFIREKS < OFRC B\ THE X
NTE T RITTCH OB S O Karman-Schoenherr D &8

1/C;=17.08 (logRes)*+-25. 11logRe+6. 012

FERHLLUTA., FRMEMEE, FTrvArvBI2LD
WMEINTLDOEFANT WA, Re=103~5X10° DFi
¢, K&rman-Schoenherr D & 21T —F L Tk b,
AEBROMNIBIZETE O R L Tc > T B EEZ
bhad, TP 2EnHAbhss, il
FEIAELIDVLLLAT VAN v ORRDZ UM RIE
BB LA Bibhb, R, FHEBIEFHKCrD

Vol. 27 No.2 (1977)

¥ Kt

AR 9 R, X % # (X Prandtl-Schlichting
D A"

Cr=0. 455/ (log Rz-x,)% *®

R FHEEIPURE Cr i, ENARDI %
TEB R TR LD

CF:20/ (x—xo>

TRDHLNDDT, WESHHLELRIGEEEFE X
X DEHELE. ¥RBEBAOME 23, 1/7TF
WESANEET 5L DL L TROBNIGEBEE S
DANLHELTHORIETH Y, ARROB G2,
—=300mm TH 7. BEDIH2,=0 LI EED
AL e TBTTHE S, TOMEEARBE, TIK
FEDHE4 D Prandtl-Schlichting D& & £ < —FH L T
KY, AEBROWNEN IRTHTH D EHMWL T X
W
PEDERLD, bV .y 774 vOWEEON
5, =400mm X H EROFEE o FEL A
FHRABTHD LTI E S THD., Lid T,
W BT TE D ST T A B ATRE TR IR b IR JUEHEPH THELT
WRBLIL S TWADRRATH, KKHFY v 774 Y
D O3 TITeN, RVGEEB CERIREEAB L 78 » T
W AIE DT OWTRE LT

3.2 MY TI4YHHIEE

3.2.1 RO

Uy TU AL YR E DO, TOEENLEIRER
Bz Lic8E, HRBo RIS SR TS h
E 5 DT DTN, K100k BET RIS 1) DB [
AR, 2D 3 IOV TORBRIITIE 2%
FiEDBRAEETH D, TKILHED BIFciihgn
BERTWBEELTIW. LT, ZOHAE
2=0 Wi DY R TOEONREL £ 2, T OWMH
DOHRATHER T 88, PV y 77 A YLD
i DBEFIERIC OB FHEX Y, ZDHED

Fig. 10 Spanwise distribution of wall shear stress
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Fig.11 Pressure distribution (with trip wire)
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Fig.12-a Velocity distribution (with trip wire)
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Fig.12-b Velocity distribution (with trip wire)
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Fig. 13 Wall law (with trip wire)
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Fig. 15 Shape factor (with trip wire)
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thickness and Momentum thickness (with trip
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Fig.19 Turbulence intensity (with trip wire)
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