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ABSTRUCT

A multi-block flow simulation code based on the
three-dimensional, Reynolds-averaged, compressible
Navier-Stokes equations with a low-Reynolds number k-
e model has been developed to study the tip-clearance
flow of a compressor rotor. In order to assess prediction
capabilities and the effect of the tip-clearance-grid
treatment on prediction for the tip-clearance flow,
calculations using a single-block grid and multi-block
grid have been performed for flow fields of NASA Rotor
37. The results are compared with experimental data.
Furthermore, in order to investigate the tip-clearance
flow for different operating conditions (transonic and
subsonic conditions), calculations have been used. It was
found that the calculations using a multi-block grid
captured important physical phenomena near the blade
tip associated with the tip-clearance flow with good
accuracy.
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Fig.1 Turbofan engine

Table 1 Engine specification

Engine type:

Two-spool turbofan

Maximum take-off thrust:

1800 Ibf at 77°F

Fuel consumption (at take-off):

0.45 Ib/hr/lbf

By-pass ratio:

4.3

Dry weight:

192 kg (423 Ibs.)

Maximum diameter:

710 mm (27.9in.)

Overall length:

1180 mm (46.3in.)

goboooo

gbobobobobobobobooooooooo
gogboboobbooobboobbooboboooobon
gboboboboobooobooobooobobobono
gobodobboobooboooboobbooboo

a0 I 1 9%
— +

=— +H ood
or & Re 0¢;
gooa
p PU;
| P puUi+ G
o=—|pu, |, S = 7 pusU; +8;,p
/ pu, pusU; +8;3p
e (3+P)U§'
1
0 0
SijT1)
| L p ) 0
S§4=7 5,-‘/’72/‘ R :7 Qx, +2Quy,
éi,j73j sz3—ZQu2 ood
éi,j(rjk”k +qj) 0
o= L pwu -y ooo
y-1 2 11
2 ’_7
T;= U ui,j+uj,i_§5ijul,l - puju; oo

O00RrRO0DODO000ODOODOO0OOODOODDOOOODODO
xO00000000800000000&,0 Ey= 08/ dx 0
O0000000p0000w 000000000000
0o000o00ubh00odogs00b0pO00OOoOO0O0O0
O000000e00000O00O0O0O0O0O0O0O0OOgDOO
00w ooooooooouwbDbbbObbObODbbo

000@Mo0Mmoo00oooo0ooooooooooo
gbdoboooboooboooouooobooooooooa
O0@M'mo00o0oo000ooooooooooooo
gbdobooooooboooouooobooooooooa
00000000 00ooDoo0ooooDooOooooon
BussinesqU OO0 OO0 OO0OOOOOO

— 2 2
—puju’; = ﬂT(ui,j"'uj,i_;sij“l,l)_ ;5ijkae oon

k
HTZCuf#p?'Re ogo

0000wO00000000000000MMO0MmMO
O0MO0000D0000000@®OION00000(e)00
Chien'00000000000000000000000
000000 k0 ¢00000000000000000

W Wy | By

S + & Re O + Hyp ooo

gson



gobodobboobuooboooboobbooboonoboon

oooo
pk 1 | PKU
r= ’ TE. =7
pE i J\ peU
T ok
u+— 19
1 ( ] o,
S, =—
&
by, 2
H o, ij 85,.
2tk
1 _ps_‘i
Hr=7 e 2fue ooo
cG-C £_ZLLHEE
Tl ape) - S Re

Ub0dg;00000000cODOOOO0OO0O000n
gbooboooooooboobob

" ox, | ox, oo

1 —— o,
G=—— pulpu/ -2
oo PU! p,gx

el

gobodobooobooboobbooboo

2
uu) 5 Pk, 0100

6, =10, 0,=13, ¢ =135, ¢, =18, C,=0.09,

36
f;=exp(-0.5y") o1

2
f.=1-exp(=0.0115y") , fz_l__gexp[_ij

gobbOrR0000DOO0O0DOyouoobDw-00O
gbooooooooobonb

k2
R, = PX_Re 0120
ue
T=pu,d/u-Re 0130
u. =t /p 0140

obobobobOomooobooboooooooo
000000000000 O0O0O0DOO0O00DOOPulliam
andChaussee 00O ADIOOOODOOODODOOODODOOO
goobooooo MuscLTVDOOOooTvDOOOOO
000 VanAlbada Limiter 000000000 OCO0OOO

goooooooboobobobobobobooobooon
goobooboboooooooboobobobo

gboboboboomuomooooooooooon
gooboooooboobobobobobomomoo
gboooooooboobobobobobobooobooon
goboooobuoobobouobobokbepoboononO
gbooooooobooboboboboboobooobooon
gooooooobooboboboboboboooooo
gooooooooooooooobooboobbbobobon
gbhoobooboobboobooobobooobD kbeg
gooboooooobooboobobobomomoooon
gooooooobooboboboboboboooooo
o0o00oo0ooooUooOoUoooooo"oooooo
god

gogodgo

OO0OOOONASARotor370 00000 OASME/ IGTIO
O00000O0OCFDassessment" 0 0000000000
gooooooooboboooooooooooooooo
000000000000 0000DODOONASARotor 37
000000000000000000O0NASALewisOODO
OgooooooboooOooOoooooooooooooa
0000d0o00oOooogoo3sdoooooon 20.19kg/
sOd0oQd 211060000 171887rpmi 00000 gng
00000000000 20.93kg/s0000000O 0.356
mmOOO00000000000O00000O0000000O
0000000 D0O0000D0DO0O00CFD assessmentld
0000000000000 00000000 Suderd 200
gooboooobooboooooouoLbvoooooo
O00Fig.20O0O0

gooogd

000 00 Station 10 0 0 O O O Station 40 O [ Fig.20
0DMO0O0000000000x<-0264cmd0000x >
4521cm00000000-0.264cm=x=<4521cm0 000
0oo0oooo

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000141000000081000
00510000000 5824710 0000000008000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00 O00Fig.3(a0 000

gsin



HONDA R&D Technical

Review Vol.11 No.2 (October 1999)

Aero performance Laser anemometer spanwise Aero performance
data survey sections data
Stn 1 I Stn 1a 2 Stn 3 Stn 4a|€tn 4

o | Laser anemometer
= Shroud Blade-to-blade
o Survey planes
© e ———— 95% span
o Gl
© \ 90% span
©
é \70% span
o \50% span

l 30% span

Hub I"/F
-4.19 Xe0.26 X=4.521 10.67
| —
=0 Axial direction, X

Fig.2 Meridional view of Rotor 37 geometry showing locations at whichexperimental measurements were made
(Suder, 1994)

apael !
RARRAARARRYLA
\““‘\\\Q\\\\\\\\\\\\\\m

e
Wi
i
s
T E T
i
—

R

Sl
(a) Overview ’

SS : Suction Surface of blade
PS : Pressure Surface of blade
LE : Leading Edge

TE : Trailing Edge

(b) Partial view of LE (c) Partial view of TE

Fig.3 Computational grid for Rotor 37
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(2) Second vortex occurring at 60% chord of the blade tip

Fig.11 Trajectories of the leakage vortex cores identified using a semi-analytical method
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