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Abstract

Measurements of pressure distributions, mean velocity profiles and turbulence inten-
sity were made in thick turbulent boundary layers near the conical tails of two model
hubs of axial-fiow turbomachines. Mean streamline patterns and pressure-recovery effec-
tiveness in a diffuser which is formed between the conical tail of the hub and the circular
duct wall are clarified on the basis of the measured velocity and static pressure distribu-
tions. The thick boundary layer is characterized by significant variation in the direction
of velocity vector across the boundary layer and an abnormally low level of turbulence
near the surface of the hub. The flow-angle variation is associated with a strong interac-
tion between the boundary layer and the surrounding potential flow, whereas the changes
in the turbulent structure appear to be the consequence of the transverse surface
curvature.

A potential-flow analysis based on the technique of distributing vortex rings along the
surface of the hub yielded a pressure distribution in good agreement with the measured
distributions up to about a half of the conical tail of the hub. The theoretical pressure
distribution was used to calculate the boundary-layer characteristics by a semi-empirical
procedure to obtain a fairly good agreement between theory and experiment in the region
described above.
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Fig. 1. Model hub installed in air tunnel.
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Table 1.

L=690 mm for model 1
and L=652mm for model 2. Radius R=80 mm for both models.

Coordinates of model hubs.

Coordinates for model 2 in the
range 0-0.245 as in model} 1.

25

Model 1 Model 2
z/L /R z/L /R
0.0 0.0 0.245 1.000
0.015 0.406 0.429 1.000
0.029 0.550 0.521 1.000
0.044 0.650 0.552 0.988
0.058 0.725 0.582 0.956
0.073 0.788 0.613 0913
0.087 0.831 0.629 0.888
0.101 0.869 0.644 0.863
0.116 0.900 0.660 0.831
0.145 0.938 0.675 0.800
0.174 0.963 0.690 0.763
0.203 0.988 0.706 0.738
0.232 1.000 -0.736 0.656
0.486 1.000 0.767 0.594.
0.536 0.988 0.844 0.388
0.565 0.956 0.920 0.200
0.580 0.938 1.000 0.0
0.594 0.913
0.601 0.900
0.609 0.881
0.623 0.850
0.652 0.788
0.725 0.625
0.797 0.456
0.870 0.288
0.942 0.125
1.000 0.0

L 20° ¥ CEEEFEE E - T B, Fig. 3 wllERIC 31T 2 MBSO RELR L CH 5,

3. RBHEREIUEZR

3.1 BBEABRBCHITIRNOEME

BB RR B LA 0 UK SR S 1T I T R A DE N D ANIUSITEHRTH > oo LT OHE

H
B R OB DI > T, 427 + ORGREE x OF 5% B E

kb, EEEE LT



26 HILEHE - KA B - BA N - SR - A - ATRRA 4

13 2= —325 mm 1T 35VF % BEE 4 FE %
BHT %, ZOMBERERT 5 FHEiE
Urer 12120m/s TH b, Kbz h%
—EREFE LTS, REBTesT 5
BRBE X134 80 mm TH b, BERE
P D 3K 55 A Ulu.=5.62 logye (Y
v)+5.0 O DEEE AN X < —3k L7z,
TN, w (XFEEERE, v RIRAEOD)
RERE, Y X £ 7 FBEfID b OIEE
BEEE, U PdsE cbh s,

3.2 BARBMERIURBELD = S
FEHAH Fig. 3. General view of experimental apparatus:

Fig. 4 4 F 0% Fig. 51t ~ 7 2 & }Ii(;cslselllrjui:;)&traversing mechanism and static

¥ L OGBS I s BE T = D FE ) o A &

R, Mt TW O ENH B DL, B OEIC L X b =35 mm OB IERR 0.7 mm O &
ToE)VIREROAFI T vy €V 7 - AT E L EZDOREER LTS, ZhiTE
BRI D ~ 7R TR S BERBIIFET E s TWAB I EREEL, M) vy BV S - 7447
DBEIC L » CHEEEFOERE 2 MEIMCELIRICER IRD  LxBR LD TH S, RIT
RT XL, Py ¥V - VA TOFRCE - THREXROERED 5 LERTH - ook
TLIRIC B LT\ 5 & EXTEETH B0, WRFEE O EN AN I B2 RIETWIEE - T
g, 2/L=0.4~0.5 OHEIIHCER K EW o E S e 2l e B Bibh B Dlk, ZOMITT
BREREHOMRPEALE L CARDTHH, MIERMOET L MBEEEDE ENEFELL b0l
WA I E AT I I O FMERAE R b TR b, oo TR i o i
ROT-DCHENDATKIECRE S CnD, ML M20B & & L BBMHECHE 4TS5 4 7 =
— RS THEIIOAR G E AL B R BOHEITA CCuniaus, ks, B o FIEER S H
LT MR HMEFLHMETDE o

TN, BBFERNC R 5 ENBIR L
B BEFE N LW 1 E CHIRNA 0il
I TR, C OE R LT WAL
H o RE M e RROL o RE S HUB MODEL 1
WOV, AR DI O'Kk\/ﬁrTTT\““ e
X THRRBOEES ML bR | fﬁ§“;~+—h—ﬂ
BT B BRICHIET 5, o4l %K 7 oot waw
3.3 BUREOEREHYE i L% A4S cowee e
E b — 4 s Tt ] TBE sl H\\;;;‘,‘Q—-é'{} SOLID SYMBOLS FOR TW
m = TEBATA TRECEET S L1 ‘l R S TR IO IO
5 B oD SE B AT ks OV TLFLRL -0-4 0 04 08 . 12 1.6 2.0
DO IE Lic, fofil, Hi Fig. 4. Pressure distributions along model hub 1 and
O FEHEEE B\ CIL B BB AR AT duct wall. Pressure coefficient Cp is based on the

- . ey static pressure at the duct wall 325 mm upstream
DRI 7 b v DI [V T O of the front stagnation point of the model and the

B meENnOEESTADT (F main-flow dynamic pressure at the same location.



5 WY # — AR O -~ 7 FLC BT BN 27

KTC3EE), ©r—Fohrasi os

BRENT AT - TR B 1o L
F, BT U b BB RO Ak 04l
Bk RDBZ X TER, O DUCT WALL
b, EHORABRCLE F—2E S| | HUB MODEL 2
WX BRESBOWERSI Le O[T o
P, FHEBC ok 1 B - i T
=T E 5 CHE~2 /lx@mﬁx:jﬂg -04 J\" o+ DUCT WALL
, . | & » MODEL SURFACE
Q #ME LI, Lid-1, LT L _\\ o WAKE CENTER
Y SER AN OME S A | ‘ SOLID SYMBOLS FOR Tw
PAAEELTHOTH D, L S R N RN T R S W
Fig. 6 3 X O Fig. 7 M2 -04 0 04 08 L 12 16 20
FHCH >R BOEE 51 %R Fig. 5. Pressure distributions along model hub 2

and duct wall. Definition of Cp as in Fig. 4

T FPYV Ly EVI UL ThHRNE
gD 7 FEMCRT 2ERAFIBHCH v, FAESOMBLERCHE U CERBE X AVAX
(2 mm) 7o, Fig. 6 i3 X 5 HE Sk Blasius OMEMiEE X< —F L%, Fig. 5

LWL X S, FEIKSWCE TRFAKA D RELEDGRATFEST LR, 0B
FE D [E J) AN -C ok B 58 o 3 R o A B oy e

B LETIEEb A, F70, MlicnCryy 10 ODEL 2 ¥
Vv 74 7O E x/L=058~0.69 D «/L

ICHHER (Separation bubble) T B Ll g B °f
WEhe, REROTRLC L > TROLRIME > | o 7
WORS Loz 66 mm Tho, Wikaokrsic O T oo 2
DU TR B 5 COBERTIMBIRE U, 35 X OBkl o
JEX 6% & I\ C U 03y >500, Lefor<10? @ & % A /d/A
FEYIRER 5 UL 07/v<<500, LJ3>10° 0 & X 52 4 7t
WET25HMPTiebhTwb, M1LcoWCEN 2" ;fﬁ 8

SHfe FIBE W T Us 0F/v=890, Lyfoi=83 TH % 0 | | , |

o, THITEHEEOHYL Y SICAD, Ik, H 0 02 04 06 08 10

HEEE & L 2/L=0.638 } L UF 0.664 O (L B 1T 3\ QIO
T y<11 mm DL ¢ 300~400 Hz o % 1 Fig. 6. Dimensionless plot of boundary-
DIEEWIROEEEHAEM I, M1 MY o layer velocity profile on the parallel

part of model 2.

v 774 T7ERFBLEBAERIOCM2 i1z ; q Blasi 0 |

o« - , theory due to asius. =tota
Yy ey VAT ORMEDDHLT DL velocity in boundary layer, Qs;=total
5 T HHEHE R X ORI R R IR St s velocity at the outer edge of boundary

layer, y =normal distance from surface,
0**=momentum thickness (see Eq. (2)).
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Fig. 14. Variation of shear-stress coeflicient cy. ¢y is defined as the
shear stress divided by the dynamic pressure at the outer edge
of boundary layer.
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Fig. 15. Flow patterns in the conical tail of the model. Staeam function
is defined by Eq. (5). Numbers in figures imply the value of stream func-
tion divided by C/(2x), where C is the flow rate within the boundary layer
at =200 mm.
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Fig. 18. Variation of pressure-recovery effectiveness in conical part
of the models as a function of displacement thickness at the end
of parallel part of the models. See Egs. (6) and (7).
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