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Turbulent Boundary Layer Developing in a Strong Adverse

Pressure Gradient

Hideo OsAkA, Yuhji KoNnpo, Kazuo KIHARA and Yosihro KAGEYAMA

Abstract

In order to investigate the turbulent boundary layer structure under a strong adverse pressure

gradient accompanied with the separation,the measurements of the boundary layer characteristics

are made, Especially measurements of the spanwise distribution of the mean velocity, turbulent
velocities and wall shear stsess are made to examine how the boundary layer vary in the spanwise

direction due to the adverse pressure gradient, Bradshaw’s prediction method are examined in the

present flow field which is subjected to strong three dimensional effect,

Moreover, the various

simple methods of separation criteria are checked. Analyses of the effect of the adverse pressure

gradient on the wall law are performed using r = ry + ay.

L.¥ 2 »® &

FLI S HIE ORI I A T2 FEETH BT d
#53, ZOBHEKED TEMETHE L, BMEHR
BT & b RIGHED R B I N, b3 S

W25 C L HPRETH 2HOMENT L b, K17

AL HEBRT — 4 AR LTS,

ELIRBIF MM OTIRIE, L THLUWEETH b
Prandtl LK, Stratford®, JHR 5@ & b &I sk
i’fz’/ﬁ%zcm\fﬂ?éﬁm BT 25 *K:n, Spangenberg
(“, Simpson“ T X Y ELFR T BE U C R BRI RET

“‘éwrcmé U U R I h T s
éLierﬁfﬁ PRI BE 9 2 BE R 1R, Hiha o
IO %2 ZIRIEH & A 72U, 7 OB, SR

T2t T E T 5, ChKﬂbSMﬂmdf@ﬂ
PRI T ¢ Kline 23EH5U 12 & 51T,
JIARCHK D TR B AL, #uﬂ())--ﬁmﬂ DAY
UbBRFEFEN T2k 9¢h %, %12 Bradshaw®
X Inger® i, RIMEITEETHERDS B AT A X
HF o s C LT & hEEEL TR T 2 “Jﬁ%ﬁ%/r%b
TWB .~ JTRAEJIAELD A~ D 8 > T

xR

TR ()

Rl 2R R

13 Gibson™, Townsend®, Patel®, Mellor® 2 iz
X ORI TV 3D, ZRICEPZRBICANT
DR EAERZY, ETLHESHCREL LE =5
UCDNT, BT IIRE Tt T—HRR
TUORHEPBZENTE LS, THEEETH 58
HHETJARGRAN D D22V DRESHERLE T L
7z,

Z T TAME TR HIE I REIT & 5 585 ko —
RICHEC IR Uy IR D _E3 R o FHSEIRD S5k
&O\ﬁﬁﬁ’i 2SN THC ERHRE LT, B

JERDSEERENE, TR Y 4 2 v KIS TI55765 0
BEL >EG ISV 2T, B IEBORS T
N RUE T RIE R SE B DOBERIC SV TIE L7,
7R T OV OIS AELD O SR C IR L
CORMEAERL 12, & 5T T ABRD S
NOFEH s L RIS 2 s SRR ST s o
TR 24378 - 72,

ERR=)
X RS 5 Y T A~E - 72 B
Y WAED> B FEIT I~ - 72 R
Z X, Y EELYT DR
U SFRMEPNEIYO X HIERsD
Uo  EymHN

HRFNCNIE 305 A H



96 (340

Ui o X J5regiattsy
Co  MERIGHEJIEE (= (P-Pa)/(1/2 - 06U ,Pu

j‘(i’x'&;),jz)

K GO AR 9 4 — 2 (= @/U,*) «(dUy
/dX)

¢ FeALEL

0 Boripipl s

ax RIS

T REHEEEST]

v X EREL

v Y 5 2T

W ZF AR
W v A 2 VKT
av v A 2 NVARET)

H  JREE (=6%/0)
P W

v 7R O TREHEGREL

&

Gl

ve  IBINFEYECREL

] L)L E

Cr  FRIFEERDUREL

doy  EFEAIAS (U/Ur=0.9950 & D Y Offi)

2. RREBIIUHE
P A T ERIRE, BT THEE U e A i12.7m

OFAT T v 7 L VEURELIR A EIRTd 5. TR
SERROTIANTE L D 30mm TR &z‘w 0.8mm MO+ Y

G PV A =LY T B SA T IATEND)
L 2 FRALBNCTRO IS AL R I A S T2, TIRE
D i, W S RIS ASTNC = B A RS

% 51z Spangenberg D 3 FiLiE
AT, ENETO ERE ’“&9 ATHPE L

HHELTL,

STl E

to REN LW SETERT S A 0.8mm D
SIEFLE D, R U e 22— 2t &, 1/100
mm I TR ALY BB TR 1S, TR LT
Hey N OB e b = 25 REAT L TR

W AL I G I e Lo, BEGDY
Wi oW T v A R (BE, 92, ¢3) AV
THREU T, BIFRFIPEE TR S ALY P B LT
XA T 1 — 7 & B iE iR e O U Tl

WU te, R A RO RIS 2 7 P &
2 AL b&umm?~&m%mmuib%ibt

TIX T X =493mm  (dp/dx= 0 DALED)
Ty Uo 2 HRNIZIIL o 2 v X B % Uo/z—

Vol.31 No.2 (1981)

JURGHERE « TREETD » A -3 - ISR

6.6%105m~1 Tt TIrie - 12,
M 14k Z=—10mm Jiicisid 5 Bl BT

1.0

SPANGENBERG FLOW

PRESENT EXPERIMENT

5 L N A L 1 .
0 500 750 1000 1250 1506 1750 2000 2250
X ma .

Fig. 1 Free stream velocity distribution
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Fig. 2 static pressure distribution
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Fig. 3 Pressure gradient parameter distribution
EOBUTOS, Ch il ThudA Ko
i, X =900mm {HilL & T PR DAE S AR hs
o Tih, ZRLHE X =1200mm (HTE TR
SR AR T oW Té 5 T PRI N S

. MREIUER

3. 1 OO X OSEIRID

B4 35S i HHHTC It T Gk T 2 11
WA T B

1/Uo« [§ Udy =¢/Uo 60— (2)
2T ¢ BHNPETH Y, Uo, do idzh £k

—==  STREAM LINE
sa0 - === Bounpary Laver THICKNESS
DiSPLACEMENT THICKNESS

150y, 2000 2500

Fig. 4 Non-dimensional stream function

AR T D FEHOHIGS X OBEREIA S TH B, oK
'b,mmuuA%@mJ~ﬂmmm®Ag S RO

MBI Sh3 A T LN 5. Bradshaw D3piiass
LTI 2 2 itk b, FLrS—2 A4S
OFEMDBIELET B FIREED 5 C & 2HEML T D
»3, X =1180mm {if FUT DUV T F4<5 & BRI D
HEHPREE R i R.:9.ﬁn‘?&>b, Z DHE] fEVE Did
D ETIBERREIIAEIE R 0, 1 SEURUI IR & 6%
Thh, HEOES Ul E%JHH S DIETEE DA
I Ebrd,

(341) 97

TR, BEEO IR TTE e
BLEBHOENTVS, K5 I3MFEIARO S % 5
«7nw~,@QWMﬁﬂ@mm0@bﬁwWEﬁﬁ

o p[ F‘RESTON
© P JuBE $3

©Pr

e 0.8
h Lupwies @
< 04 TILLMewn
0.2
[
400 CLauser
CHaRT
® o
@ o ® X - wiRe
o o
| o
foo 600 ° ®
0.4f 0 o
0.2 8
o

400 600 800 1000 1200

Xem

Fig. 5 Momentum balance
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Fig. 6 Spanwise mean shear stress distribution
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Fig. 7 (b) Spanwise velocity distribution
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Fig. 8 (a) Spanwise distributions of turbulent
velocity and Reynolds shear stress
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Fig. 8 (b) Spanwise distributions of turbulent
velocity and Reynolds shear stress
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Fig.10 x-component of turbulent intensity
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Fig.11 y-component of turbulent intensity
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Fig.12 z-component of turbulent intensity
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