5529 & 5 12 4 M= HFH Vol. 29 No. 12
2014 4 12 H Journal of Aerospace Power Dec. 2014

XEHHS :1000-8055(2014)12-2965-08 doi:10. 13224 /j. cnki. jasp. 2014. 12. 025

ZHIRMETEO/RRESV _Z4mE
AL &t

WoopEbE, BER', & ORE, BAIRY, K OE°
(1. MEAMEAIR K2 BIRS s 2B (LA EAME s ARG E ALK, A 2100165
2. WEANRMBIE 95874 BN, BiE 210016)

i B BEE.O/ SRS 0 R 8 s i8R = 3R AR = AR B R BEAT 40 TR A
B, 18 2t i B 7 B b B AE B OB L A% U T Denton B PR FR 7 BRSO/ BH R MRS = 4R T 30 R
i 25 T AN 2R BGH T BRI 5 T AT s R R SR U 45 A A 0 /R SN 4 RO Ak
A SR BT I B4 A S 4 S0 R S O e R AR I A i R A i R HEAT AR AR B . DRk i BE AR A B E AR i
HE LG 75 38 A 0 AR A0 02 o W] 0k« 76 3R T s B0 AR 8 1h 0. 938 #2510, 947, RS 3R
0.899 #£ % 0. 918.

x # W BEmA; BEOEANL RIREANL =4ENsh s EE

hESES: V23l.3 MERARERD: A

Optimization design of centrifugal/oblique flow compressor
two-dimensional blade preofiles in

three-dimensional environment
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Abstract: As for strong three-dimensional flow in centrifugal/oblique flow compressor
rotor blade passages, the two-dimensional blade profiles were optimally designed in three-di-
mensional environment. The efficiency of centrifugal/oblique flow compressor calculated by
the Denton viscous volume force method was obviously higher, and the problem was solved
by modifying the viscous dissipation in the energy equation. Then, optimization design soft-
ware of two-dimensional blade profiles was built by combining the modified flow field calcu-
lation module with the parallel genetic algorithm. The software was used for designing tip
profiles of centrifugal impeller and oblique flow impeller. The mass flow and pressure ratio
of these two optimized impellers are very close to objective values, and the efficiency in
whole working range is significantly improved. At the design point, the efficiency of centrif-
ugal impeller is improved from 0. 938 to 0. 947, and the efficiency of oblique flow impeller is
improved from 0. 899 to 0. 918.
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Table 1 Performance parameters by three-dimensional
and surface of revolution

two-dimensional calculation

[ i R
YIRS

2|

R EH LUES i

MI%Em 4 0.924 3. 48 0. 905 2.55

=4k 0,931 4.32 0.971 2.58

ST DR SR T Bl A A T B O e AR/
ARHUL A8 50 Vo I i Ak IR TR — 2 3 T 3 1T E
11 Kk 7 24 AP WAL T 32 Bl ) 2 7 O 18 B9 e
Br P 5 5 = 4R W 40, B0 /R M 52
F T I T AR O 1) AR AR B Y AL B R 1 2
[ 2 Th] — 2 R AT

(a) B4 5097

Fig.4 Three-dimensional streamlines in rotor

blade passage
2 BO/HARESV_%HMEBE
AL i v B4 A )

B0/ AHA RN 4 e A B 3 Pk AR
PF AR PS4 oA R T UpL k5L A st fe
BT O Y L At b o5 1T B4 0 A K A
DAl AT RS R AR eR BB E S
B B B R AR A 4R S e
RIFAT AL S0 O 4 JL AR ARG IR, NI4T 42
AR L0 AL R BRI % A £ CPU
(AR R PR S NI U3 ¢l
VA 5l A R B0 2 H R R H AR

HY TR0 /RN R UHLES 5 i R Y R Bl
50 = ek AR, 4k it BB AL BT R R T A
AE R (B i — 4355 05 vk L i R = 48 71
STV A B AR A I8 B0 45 58 TR L o I 508
g o PRI A B 4 0 S R R AR B R R
PLPEREHE AR AE 5 1 52 L = 4R PR 055 /9 — 4t
BRIt % JE 3] Denton #2 09 26 PEAKRFR ) O %
TH R HOR A B B TR R 1 A A
A PR S T AR

FEZITIE N T 8O /RO e i S i 8
BB SE A B H SR . AT IR
ik

1) A&7 BB U, R e & 07 72

A
dn

=WF@+%Z[;N +A§—; D)
K o WERE.V A XTHE, H b BA, s B
LHM, o HIREMER, r MiEFKERE,F R0
D7 181X B B B AR FR ST e R B A O TR

BT B DI . HAS B B R o B



2968 it = 3

VAR N

%29 &

FEHL S AL 557 1 (Denton 2 7 h 200 5K (1) %%
S HIEPII.

2) P S AL bR FR T ik RE T B TR E G 1 N
T % AT T LRSS R A O MHE.
B 5 S Ay o2k m S MR A 3K Numeca 115
Krian &0 M5 4 1T D 1) - 249 5 R R0 i
AR I R 43 A e A, B 5 Ca) 32 B Tc ke i A 2 i
e LB RCRHS  Celt 7 i 2R R B 52 0, 7 5
BRI A AN A B R B T ek R A A R
SRR R vk iy, A K5
(b) R W], 2k J5 s He i 428 1) o3 A 5 3 T 3R —
B W ARG, K6 Sy B G B R AR B b sk
AR R B R R B g AT S A R S S
1B —BOPE AR T 7 A

1.0 &S,
~A%
0.8
= 061
E 0
ZE o4lL
—=— TR
02 L - - RS
i =S T AR
-.<..I....|-...:n|...,l
%2 04 06
(@)
1.0 meog
0.8 L
= 06 [
|
ZE o4l
—=— kil .
0.2 | - a— FFCHEE r
e
0-. PRI PR A S
3.0 35 4.0 4.5 5.0
Lt
(b)
&5 Krian B0 5 O D )57 35 2 8005 H 0
5 43 A
Fig.5 Tangential averaged parameters distribution

along relative blade height at outlet section

for Krian centrifugal impeller

0.95

0.90
© L
] P
[ o R
[ —O— THIE
0.80||.||||>||>|. Pl BT EPEPEE EPRTE ]
34 3.8 42 4.6 5.0
it/ (kg/s)
()
3r —a— A%l
C - 8- - SR{E
5 Oen; ~—b o _ 4 e T A
45
==
s r
4.0
35F
3_0:| Laoo o} Loy | PRI (PR B | ]
34 38 4.2 4.6 5.0
i it/ (kg/s)
(b
& 6 Krdin 2.0 M55 14
Fig. 6-—Performance of Krain centrifugal impeller

KA/ A= b

RS R RN RSIR I (A & L)
Krain 8.0 M58 347 00 AL B0t 2 & .0 et
TR 4. 0kg/s  IT R R 4.5 04k H bR o 7
Ui R AR S ROR e PRI 3 H A eR 4R
mr .
el

m-— my T, — o
. *

J+ C2 [1* J+
my Tl

a(p —0.5) 2)
K my A H BRI B 4.0 kg/ss mo A H AR R
o 4 5m it B e Wit g0 N
TR aveve HHEPRERBAEREGI o=
L0,e=1.0,=10.0. B FREHARZEFEH
b I HASCR 4 R LU TR E DR e R BT o BUE
K. HE 5Ca)  IZ B O M58 T8 A A 43 2 8 KL 3L
BRI 5 PRI A L X i 2R i R AT A T, BT
R0 R R A R R I R, R R — A i AR R AT
ki it. kT Bk w28k Bk a
K DUZE IR M e 4G 5 W i B9 Oy 1 2445 6 4>
Wit S8

PR G PE R Lh 3 (% 2) R BT, R4k i



512 P S = HEERIE R B0 /RN R AL R R s 2969

5 HRNE T 2 AR A TR 00CR B I 4R
1. 1% (Krain B0 MR &, f — 2 #RE
MERE RO, 7 R A B R FR LY S Y
AT s PR HEIN T E E AERYT BE  T
DA = D[S /A3 A B T N 17 6 Sl 1 N
®2 MUABTTEBEOHRMERE
Table 2 Performance of centrifugal impeller before

and after optimization
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Table 3 Relation of results calculated with grid number
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Table 4 Performance of oblique flow impeller before

and after optimization
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