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3D viscous numerical investigation on flow
field of a transonic axial-flow fan rotor
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( Dept. of Thermal Engineering, Tsinghua Univ. ., Beijing 100084, China)

Abstract:

ing method with multigrid acceleration technique. This practical engineering-oriented method was developed based on a new Lower

The internal flow field of NASA Lewis Rotor 67 was numerically analyzed using a fast full 3D viscous flow calculat-

Upper implicit scheme and a fourthrorder high resolution MUSCL TVD scheme. A walkfunction method was employed to effectively
reduce the computational effort. Simple zero- equation turbulence model was adopted to closure the Reynolds averaged Navier Stokes

equations. Compared with the results obtained from experimental data, these solutions demonstrate hoth the efficiency and accuracy
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needed by practical applications.

Key words: Transonic compressor; Axial flow fan; Numerical calculation; Multr grid method

1 51

AR i HE B = 4ERE R J Tk el
FERE, BEETERENN R, Hb T8
BEAFRORR S, HREsEH T LR, KE—MBE
BB F MRk A 20N S R T SR e 1) V2 A 24
RO — > L EE R,

FEPEAARFA 177 Y & Denton % J& (19— Fh = 4 k5
PRI PR 7 5. (H T34 07 F2 AR BoRs E ih
ST RE R R, SEBRXS RE & TR A KA,
TERNMBB R0, HREFESHAmE. X
Bh [2] RH =k BE 1 Godnove 4% 20AD BE 30T fLL A1
A EIE T, BUEB 7 =R . A

SCAE AR 2 2 B B () e sk ik, &8 2 EM
IERIERAR, KET —M=4F % FHNS T
PRI K AR 775 B T B0 SOHL AN XU RS N 3 .
oL RN A O] B O D i = W SR 1 B U R A 9
NASA Lewis 67 % 75 3 XU 3%+ 24T 1 BUE R .

2 THIFIE

ik ARG LUFEAEE Q BSx, MiFER
Jight, ) =4 vl k40 75 V-T2 B N-S J7 R G & Ak

JEEARRXT Z 2B AL bR R h ] PAE sl B s E g at
i§+%?+ép+s:0 (1)

Q AARFERRER —RIEX, F, AXHERR

* WEEEHA: 2000:0-13; EITEHA: 200000310, HEWH: EHEXERFFESENGHE (596760004) -

EEEM: sktA (1971 ).

5. HLA, BRSOy S TR



ERIE
o 6 1

B 7 S A R X T U = MRS U S T 41

&/, D; NKSPETL S J9URI.

P o,
Ry Qoyw; + Gip
Q= | Qo| . F;= | Qaw: + &Gop|,
Qo Qusw; + Gap
S Fw;
0 0
T 0
p=-F T |.5=-| P Xt 20y
Ts P Qo3— 2wy)
Tw; - qi 0

H PR ® I, w; & 77 A EERE &,
E= e+ (wwi- @r*) /2 M H=h+ (ww -
Qr?) /2 5 B AE A b P BEAIAE A 08, e, R

WRETRERR, Wp= (v-1) R, HH v 4
AR, TR TMEENAKENAN, ¢ 22T
A L AR R B A A

= (B B 50+ ar” 3 Y By
I Y )
%= |p* pr| ox

Horpr BN W 23R TR R (WRTE) R,
Pr F1 Pr, NJZ AL Prandt] Z5 .

BT S 10 [ B [ 9 A | 7R 28 — A A R VLR
JEE B BRI T P, ) ] 5 Ak ) BY U 8L ]
= AR T HRAE Y, 8

Rey= uays/ B (2)

0.031 77 0.256 14
Ci=- 0.001 767+ In( Re>) * (In(Rez) )’ %
T= miw%/z (4)

Hrp, Re HEWE, y AWM i E [ BEREES, C

NEBERE, Thr 27 R @ITREM S — > A%
mo SRR MM T2 )5, dkEfgR, A
AR ST R B B RSN A e TR
A i 3P B ] R 502 X 6 A o At A1 ] B ) Ak )
BTN A1, BEMIA S A A A KRR
SRy S PSR o SO (55 NS - S 1125 e 8 74
WG RIS — A RAEIL S RN, FESERR TS [ BE
K 2T A8 IL 5 o 1

SCER (3] FE L X R B R PLIK = 4
gy, WA —J5 Rl A T b T 7 R R O

M DL 3, RIS P f 2 AR B K P R R ) o i
S48 N-S J5 AR HEAT o AT L AR 3 R A 3 A
W% kb, REKERN 1= 0.41y, Hrhy NitE
O B R T 7 I B . R X MK VR A K s
H, A CHUN 2% %K. N

b= Q% o (5)
Forf o RTERE . IR 4 A XA K E AN B
PR, ATHERE R [ B 109% 5% K3t BBl LA A i
TR FEAEAE . FETE SRR P ¥ 58 T 515 31 B0 I A
P RHORE R FOR M RBOK 1000 5, UR B
MfaEtE. FEUIME, RHATRIT ET 5 e
T BT YIRE ARG ORGP R B, LR B BN, i
SEEE T RE S LRI IR 2

EAREEMLEMIEE

HAHEATRHA (1) MWEMLIERENHENE
A RR R, A 5 R FH B X I Ik ) A PR 22 43
T35 R AT T h S A bR N B W] I 48 o o3 N-S 7
o BUEFEEFR —Fm B SRR LU R
AU 2R A RS B 4 WE S MUSCL TVD 4%
R, U Bl R 7E LU-SGS Bk R al &
JETTARAT o FT K FH 7 AR LA AR 8 7 AN S 0 AL Ak B K
4 i 3 £ % 5 B0 R Jacobian K[, URSIGE FE LL TU-
SGS MBE . i R AL A LAY MUSCL TVD #%X2 —
Y () Bresr s TVD Rl g X, feidE
sV A O A LI B AR A, T TR W
LR PR v 1) 55 (1) D i A0 7 A2 18D

L4 Jameson F1 Yoon'® % J& ) R AL R 2
H A ITIE R, GG A R4 T2 N-S T AR
43T ALl FAS (Full Approximation Storage) 1§ !,
K% T AT LU [ S0 MUSCL TVD #% 309 IR
Z5r Te H =48 22 8 A% 7.

5HEWREFREAFEM R, ERGERES, T&
AR Z= A4 ) BR 1l R 1 2 4 5e A AH A . A4, AR
e et Al bR R sl 7 RE, A 4 i 5 A
o R A R G 25t 2k A AN A 1 380K IR ) PR ] A%
e BT RAMFRZES %, Ce¥E LR
LAk bR & B ROV TT R AR e B Tk SR i R R X
I 355 PR b, B B4 R DR AR R AR
AR EI R, X T =4E R, SR E I =2 M
{EFZ PR GBI AT o (HAF AR, JUFH A [H B E
ATt R B & BB S N S A E. K3
KA “UREEVER”,  RIAE PR 1) IR o A% 34 76 AH 40 X A



42 #E 3 R

2000

FHEENAWETENE, ERZELSRES, MNiEE
FHALH,

REZFRH,  H TR PR B 2 Al B ik 22
SRHEBISRAFI, Bt LA 2 35 XA 3k fie i 7 4l Rt
15 2 15 AR 502 R A A 2 A e A (T X331

4 HEERSDR

K F NASA Lewis 67 #5 7 18 IG5 5% b6 XU ¥ T-1F
NEB .. HFRNOREGRELLN 0.375, MRE
JE 430 m/s, it EE 1,63, HhEHEA. HEEHTN
H kA% F Thompson 77 ¥E45 & JUMT AR, MR
RN 49 x 17 % 25, T ELAE Pentium GCRUML FEAT,
HEME 233 Hz, WA RN 64 M. 525 E _E i —
AT AR ZFER 30 min. LA IS 1E A, 15
FIHE T AR 4 L HE R E1 20 15 mine S256 I &
AR H Sk (9] -

Fi1AE2 2ESE#O8E. S, AREY
JE T+ 5545 380 A &% 7 203 R s T B B i B A8 4 il 28,
P rh i SRR S 5645 1 (10 38 = 40 i) P X I £ L 256 VA
BARENMW. FES B MR RN 34.68 kel s,
SIGE AL 34.96 kg/s, REAF 1% . EFTEHHHE

0 %.F Near peak efficiency
- Near stall T8
3092 - ) &
e i b o ]
2t °o v /‘
S 088} PR ‘
he i ;
3 _o N Siall Near peak efficiency E
(]
2 0.84F © Experiment
| —e— Calculation(coarse grid) ]
w Calculation(fine grid) b
0.80 ——

B8 90 92 94 96 98 100
Mass flow rate /mass flow rate atchoke

Fig.1 Adiabatic efficiency at design speed

1.8}
Near stall Near peak efficiency
o

1.7 e °

il Near stall %

" & Eiperiment Near peak efficiency g

[—®— Calculation(coarse grid)
- w  Calculation(fine grid)

n

Total pressure ration
o

B

L 1L L i3 il a
88 90 92 94 96 98 100
Mass tlow rate / mass flow rate atchoke

Fig.2 Total pressure ratio at design speed

o, g A H AL R AR [ 40 A 2 5 A e U L L
LR IS ) SEIR(E . A 1, 2 TLLE |, HHHEEE
LRSS 5 S AR &R B, (Bt S EM
ik, JUHABBRRE T, EEBK HEKR
ZENT 3% o P S AR I 25 % 1 5 45 R B e,
BATEH SN 65x33x33 MBI+ HE T —4 1
e MEL, 20TBLEH, ZRBESGEAR, FHit

)t il AR A 0 UL A I B v RO i

100

‘m ®  Experiment(near stall)

4  Experiment(ncar peak)
- - = - Calculation{near stall)
Calculation(near peak)

o
g
|

a0} -
20 m
a
G 1 i ]
1.1 1.2 13 1.4

Total temperature ratio

Fig.3 Total temperature profiles at exit station

Experiment(near stall)
‘m 4  Experiment(near peak)
. " Calculauon{near stall)
Calculation(near peak)

Span/%
(=}
[ =g
1

40k
20F
L & ~
) x 1 b L
30 40 50 60 70

Swirl angle/(°)

Fig. 4 Swirl angle profiles at exit station

A R AL IR M 40 . &t BRI M RE
5B AT &, (BRI X B T K )
Z5. B 5 ZIER L 10% FHRT M b L i s R
AL S Tl vk 8 & Sk 3019 3 1) Ma $5HE
. MWErRaT DUE H, B E BN IE M,
WAL B A N AERE, Ma EUHI 2 A B[R S 56 W) &
. TR m R s, R AR A E TE
PR “ X AR, TR SR 00 A A & AT
16, X2 HSIG W —s . FERBEAE H
F IR R AR, AT ERA T Z2MELFR, it
SR R, R AR A R T R Bh AT AE A 3

SEAET, I iR .



21 %
6 i

5 7 T AL X A T S = YRS M UE i 43

K6 NpmMikEs =, =, IUEV BFER L=
B VV RGN 2 MRS SO e R . AT RLE

35
/\
Flow

Experiment

Calculation
(a) Near peak efficiency

KK

BARZ B MRS — MIEAD NIER

HII ) A BT, A8 B T AR IR B R K b, ik
B T vHHEORS FE T A B8 CPU B E]E 30% UL L.

Experiment

" Calculation
(b} Near stall

Fig. 5 Relative Mach number contours at 10% span from shroud

5 & ip

ASC R —Fh T LU 2 B s =R XA =X
RIET R I 256 2 5 A A 1 PR3 R A — 4 1
MBI T, % NASA Lewis 67 XUs i 7t
T, GRERBZEEEAPE, RS
Mo ZHEMIEWRSIZEILBGHES, HER
GF IR SO R . N — & L R, AT
XU E AR, A HE X P Bk B TR M AR AL
Z Mt HEe =B B R IERAEA .

tx10”! [
— | Lever
----2Lever V type
Z S ©+- 3 Lever V type
B e 4 Lever V type
E L Y .=« 5 Lever VV type
= 9 [ o
31107 [ b
4 E %
= 13[ '
1107
0 <10 2x10" 10" 4x10’
Lteration number
Fig. 6 Convergence histories
2 F X M
[ 1] Denton J D.The calculation of three-dimensional viscous flow

through multistage turbomachines [ J] .J of Turbomachinery,

1992, 114: 18~ 26.

2]

[3]

[4]

[3]

[ 6]

[7]

[8]

[9]

W7, GRIRZE. TE. % ZdEMMEREETE
EZRIETHIISHA [J] - HEHEBAR, 1999, 20(5) .
Denton | D. Lessons from rotor 37 [ C] . In Proceedings: 3rd
International Symposium on Aerothenmodynamics of Internal
Flows, 1996, III: 3~ 14.

Yuan Xin, Daiguji H. A new LU-type implicit scheme for
three- dimensional compressible Navier Stokes equations | C] -
In Proceedings: 6th International Symposium on Computation-
al Fluid Dynamics, 1995, III: 1473~ 1478.

Daiguji H, Yuan Xin, Yamamoto S. Stabilization of higher
order high resolution schemes for the compressible Navier
Stokes equations [ J] . Int J Numerical Methods for Heat &
Fluid Flow, 1997, 7 (2/3): 250~ 274.

Jameson A, Yoon S. Lower upper implicit schemes with mul-
tiple grids for the Euler equations [ J] . ATAA J, 1987, 25
(7): 929~ 935.

Bmr, AR, X2 ERMEEEE 4 X5
EWEFE (3] . #EHEROR, 2000, 21 (1) .

kEE, B M, w® OB, F. NAE SRR
AAGH T E T =4 (1] . TREAYE
AR, 1999, 20 (5): 553~ 557.

Strazisar A J, Wood J R, Hathaway M D, et al. Laser
anemometer measuremenls in a lransonic axiakflow fan rotor

[R] . NASA-TP-2879, 1989.

(TTAER B BXR)



