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Flow Analysis of Ultra—high Load Compressors
WU Minyi, ZHOU Zhenggui
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract: The lower the speed, the smaller the operation vibration of the compressor, and the longer the service life. To achieve
low compressor speed, a diffuser blade with large camber and low loss with 1.78 load coefficient of ultra—high load is designed,
which reduces the speed from the conventional speed of 700 r/min to 330 r/min. By numerical calculation method, the flow field
of the ultra—high load compressor stage is simulated, and the performance and flow characteristics of the compressor are analyzed.
The results show that the flow loss in the compressor stage from design point to stator blade channel is small with high design

point efficiency, and the rotor blade channel is not prone to generating flow separation, and has high stable operating margin.

Keywords : compressor; ultra—high load; three—dimensional rotor and stator; aerodynamic characteristics

0 355

A AR AL el s DL IR S AL AR ]
BRI ST A ], 0 R SHLBESE IR 28 15 3 v B
o R ACRAVIRAUAS 1 7 R S TR
SHLEAZR S ey 42 w5, AR A B4 30 T g A B R
A i) s B R B R e A R L o e A
Vish B Ll B R s iR ) R,
PE— AR TR LG AT, 75 50 A e 1 i BE X 3
I3 T8 DX A0 2l 43 188 o ) S H T g
BEAT A il Fe ML PN R e 3l 208 1R 2 1 O ik
EEONIVEEN R UK LR AR BN TR A A R
ERES: NI SU R

RAR SR A A i A IR S R e R A
IR FE VR RCR AT A8 B AT 28080 it s 2 1) - B, ad i
JE 30 F145 7% 5 W% g v R T A A A R AT D)
I RAA5 G, [R] It A Bl 40 il s DX — UL A A g

E&£ WA : FE5RHEL E KL (2017-11-0001-0013)

2 ) i i —Fh Akt N T RERA LAk BT
T AR B R G B T AR LR, R st
fiE L4, TOURNIER % 31 7 — Fb &1 %F i i
M) ZRE R T AL O ik | R S B IR it
PRFAK B — A SOOI AR I T i it TR
SEIREE FE S HL, DICKENS 257 B 58 T A [l
{14) e B fr 2R B80T I B AR Ak T3 Tk BB A 5%
M, GUMMER 55 2 H — = 671 i 25 7 3 1 /<
BLIES i i3t SE ek 2 2s it A% ) R
g 43 A A i i B A 12 %) % R (AR AR X A
IR NG RANE . A KFa S T AN
e U R AL v TR T /N B A
JE RS T AR BE 4 T | 2 1 3 3 20 1) 5 32
REATR R 0 & A b #his B g T
SR X ML R AR I T3 37 465 4 ) 5
i), 235 SR B . RS O R 0% 410 o 1) i ik s 97 1) )
n]32 2y, FF 1 55 3 ik 1] B it e 3 =2 18] 4 AH AR

F—1EE T REE (1999—) , 22 TR NAR N B Ao AL R 5 7 ] S AR S A4 3h 11 2% , 782770692@ qq.com,
BEEERNHIER(1962—) 5B, LRI A N, #B4Z, WA S0, 4 #5558 7 m oA AU S AR 8 112, zzgon @

nuaa.edu.cn,

. 86 -



- HUHIE -

XA F - R E AT R AR B AT

F L R g5 7 R AHL TAE R E . ZHANG
AU BT A AL B A 2R B R sl R B
RAFEASML R, IFx A T s Ak, by ek
T R R RS RE LR B ke | = AL
RV

H AT 4 AL A I 5T 32 B4 v 14 5 974y
RO BAR TR RGP AR i
PRSI T3 am A, PRI A SCHe et —#
KR AR WY 7 DA B4 2 R e i
SR A AL A A i, R
TSRS R AT R R LR B i R A3 Fn e
Hr R R sh AT

1 BEREmEHENRITEFR

A1) T, H B e, PREFAZR, X
R S L, A, i3 (2) A (3) AT A,
SRR Fe G L, RN B LT Y

R FE  FEATE U8 447 2R AT, L AC, (T
A JEE 5 0 T 2 O D 2 ) B | B
VT AT HT AT R R0 A 8, (5 )
S ) IIEROR/NE S8, P, ZER TN,
RAF IR | T WG 0 B o, DA 88
Hlk AC, | BINF R0 s DA 8, 38, A
P R AT A, I R BRI, 2
(T BT TR LI O 4 2 —

C, T () T -1)

Lu =

(1)
un
_ L
H=—- (2)
u’lip
L,=uAC, (3)

L, MRRZIC, R T 9 R4RdL
AIE AL Bl s, DU Lk O PR (AR S
G A B s oy BAR SR X k= 1.4) 5
. SRR HOAAA A u AT R

K1 e R A TR ST — IR &
P, e HL e R AT BT SOk = I Oy
AR 1 O R B w0, 5 1 —E Y
ey, B AR SR A B, >0° 5 B faf 2280 N
Z—/NREE BOELIN , RERS 1 AR X T3 B2 a0, 5% 1)
AT UNEE = AT 2 Frow, B AR XS R AR
B, =00 ; 2 if FECARSLIE N, ) F AR 2w,
P b, AR BE = AT 3 Frzw , it AR
Tifh B, <0°, AT MW I K, & 2 A

oo PR R s E s KL B 2(a) Bl 2(b) .
B2 () 43It R 1 B BE =B 1 =
o2 W =AM 3, MK 2 mTAL S H OAEXTR
T By <O, H 171 AF X 33 138 a0, A 3k b 1, 11 328
AC, R AR R (1) —X(3) bl 4%, 1E 45
ENT, T LA w R HEm, 0K 2(c)
Bz, XS AR B, <00, A 25 s hn | HLAE
RN WP N 1 ALY W N5 16 7 2 N SE
J 280 AT 38 S840 1 BRI 2 PRI, SE R 4R AL
RN &

W= AAIE

= fIE2

I
[
|
I
|
Cowy
|
I
|
|
I

1 ARHFFTTHETREE=AE R EE

Wy / w / W v ]
/] /f
,:f";/ ( ( ( |
&L - £ | l W N\
wy/ | | \ \
" e
() >0 (b) 5=0 (c) <0

B2 ARHBFTHMHAFEETER

FPET 1 AT, Bt T S R A T A 22 g
T 1R R V2O AR R, R 1 4% R
FSEIN TR R BT MERE 53 Oh, AR R R AL A
IO T B RN B I iy 2 < sl S R
N ERAE RS TS AT R S H, A
AN, TN T, — B, # R
A T D<0.6, 45 BN T K, #60
B HERER T

2 BEAFESEVSEEES T

AR SR T R AL T, RS R A
JEHCFFAF it 8 200 T, LR T A9 6 E AR X
A T R R LV T R A, RIS
AL L v RUCCEF . Htn) LS8
R 1 PR, Wi R 808 35, # it 4
R 43 AR 1 mm, #BLAN A 3 Fros 1
o T B R R L

- 87 -



- HUHIE -

p

s % -

x1 EHENEITXESHEBE

090 1.16f
N S S . 1.15F
KEESEL BUA o Liaf
“-0'80 F Lk
3/ (1/min ) 330 Zors =
Bt EE 1.15 o0 o
0.65F
Wi/ (ke/s) 1313 I T N
800 900 10001 100 12001 300 1400 1 500 800 900 1 000 Iz_lg) 1200 1 300 1 400 1 500
#Hfr R 5 1.78 A (ke/s) Weliti(kes)
; (o) ZERTHCR VAt (b) B H 5
242/ mm 2 529 )
4 BHREMH%E
OB 0.77
R 0.78 2 PRGN S EERHBH,

B3 EHENEF=HRERBTHR

A SCR R P NUMECA FEP1Z 5 9% T 4
ML=4EY . DA TR R A A P2 5 Fe i
PRI N-S J7 A&, Jif 7 4 B % % Spalart -
Allmaras B | 25 ] B HCR H 2 Fradl Xag =,

I 4 S T A SR A L4 i 7 100
T FEL N U R 2 1 e 18T 4 Rl SRR AL
R A I 10 1 2 B SR RS N
TEXE s I B R B 5 B U AE 4 T 00 (BB A5 BT
) T B B O AN K SRR 320
e TS B2 VLRI th 1
e BRI AR L, =uAC, 7%, 400
HEK, BB AT HA

1.0 1.0
0.8 0.8 L
£ 0.6 0.6
= £
E =
Z04 =04}
0.2 02f
! L \H\\\H| ) 0

0 0.1020.3040.5 06 0.7 080910
iR
BEB/UEEH BN

&5 E 6

.- 88 -

0.70 0.750.800.850.90 0.951.00 1.051.10 1.15 1.20
BEL

FRIELEHSS

®2 BEEHNEHTEEESHSH
MR R/ (kg/s) REL ROR/% FRERIE %
HYHME  1313.0  1.150 — —
BgPT 13131 1142 86.84 48.93
AR 13132 1154 93.83 72.09

H12 2 W LAE L, AR DL BT A5 5 3
I R ER AR, T A A S
FEAE T B AR R AR E TR B AR
JE 141%™ THE % 48.93% 1 T M 5 1 far JK 4
BUHF BT B, 9l 3 v, R R, =
BRI,

3 It RERTRINSN

P 5 St T 00 2 A5 28R T s A P
HITE 5w DU B, A6 i o LR A 2R Ak B 2803 85
1%, 18 6 St T 09 s i e M s e A 11, i
6 Al S LT v g SR 2 oA, e Ak
FEHCPRFFTE 115, 18 7 A1 Pk &2 2k R AT
L= S E i Pu TS AT IS N S R (o
PATR DX DX B T M BE 5K, B R O 7~
ey i

ol er==2 SEFin
0965 0.970 0.975 0.980 0.985 0.990 0.995 1.000

7 BTRERERBEMESH




- HIAHIE - RHNF - REH ARG IR O
E] 8 ﬂ‘j&i—l‘j:m%%?% n—l—_‘lgj“ u—[—ﬂﬂg S1 ﬁ Relative Much Number
AR Sk = &, T LAE Y, BT 8 e 1 A e :
TR B — ¢ A, A5 I e A 1 ST 2 e
S s RS 5 B I “ IR AT A R T
TR 2 &R, B9 it T ol W ik
S L I SN N T ey S S R I N 2 SRl (b) S0%H 5
R =Yg SRy, JC R B IX B 10 % Relive Much Nombes
A I B SR T R 2 A AT DL B, e 10%
- b i B A o3 A 42 B T 509% A T 90%
v A i R B R 2 ey o B 57 T I R AT 2RI
TR R T A VR R G K, R AR A
W2 3 TELT T 25 BRF 30 o i, 2 3550 I ' T TG 5 3% T P () 90%"t 5
FAIT: ,ﬁﬁ ., HE 11 " , H & B AL 8 HBTEMHEMESIREASHEZE
e R Aar 37 BT 7 TS Ik
Relative Much Number
(b) #F
(a) 10975 9 HFHEFROAEWRRRL
< 90000F £ 90000F £ 90000
oo H B i
% 80 000 % 80 000 % 80 000
00000 —— 0706 05 10 6000 7(') 02 04 06 05 10 60000 550706 05 10
fiR K I AR
(a) 10% 5 (b) 50%M 1= (¢) 90% %
E10 #HFEMHEMHAREHES S
]iz S ]% 80 000
?E 80000 7 % 800001 fé?
® #® #” ; :
B e e T e T
iRk HR K A I
(a) 10% %5 (b) 50%M- 7= (¢) 90% M-

11 BFEHEHAREHESH

4 MmRERBHTRISW

R, IR 12 AT FE Rt R 10% FN G
F R 50% i Ak, Bl R BT IE XA R 3

P 12 DAyl i it S 2% B ST By K, SO R T B A B TR O AR

« 89 .



- HUHIE -

KM ERE T 7 90% M A, B It i et/
W 3 T PN A T R, AL 18 AR X 5 Dk
Ng HTEL 13 MR il BROEER P R, 1E 50%
e LA S L A A A B 9 IR X, S B
T HH B E A RS ) A R

Relative Much Number

(a) 10% M5

(b) 50%HH- =5

Relative Much Number

(¢) 90% %5

12 AmAEHTFEHSHE S1REDHEEE

13

AL R R B S IR AR PR AT 2

ARSCRH—FPR S AR P 2, D
RPN E LG s, SEL T A AL e B
R BT, R BB R E B R A 1
o AT TR AR AL AR 7, S8 T

- 90 -

1) AR SCE T o 977 TR 4 LR B P e
U MR AR R, Bt T IR S R

2) th TR AT BT, S EGH T BOT
FERR , #1- WL sh i S IR A HL ISR MR

3) o T e e B RS A 5 R
st P AR RS E AR 5 A e
A 14 S DR DA v W g o e B B A R R O

S22k
[1] %A%, fiizsm A PUEFR [ M. 2 AR, dbae. EB Tk
JitAt:,2014 . 50.

[2] Mg, E1E AL, 5. iR SR X B R 5T
PERE[J]. fiizs %4 ,2017,38(9) :102-123.

(3] skfid, AR08, R, 55, o 0 TR UL Bl 3 20 5 Y
FEhis W R R [T]. TR IV B 2R R, 2022,
43(5) :1190-1202.

[4] ARfom, JEBe, siatiend | 45 5 5 far (I 9 5 P Ak
O SIALEE R AR T SR s I TR [T ] R
2017,38(10) :2186-2199.

[5] 2. mffg AU BAT I EEMIFE [ D], P94 . 74
LTl K2=,2017.

[6] TOURNIER J M,EL-GENK M S. Axial flow, multi-

stage turbine and compressor models [ J]. Energy

Conversion and Management,2010,51( 1) ; 16-29.

DICKENS T, DAY I. The design of highly loaded axial

compressors [ J ]. Journal of Turbomachinery, 2011,

133(3) :031007.

GUMMER V,WENGER U,KAU H P. Using sweep and

(7]

[8]
dihedral to control three —dimensional flow in transonic

of compressors [ J ]. of
Turbomachinery,2001,123( 1) :40-48.

(9] B K, HESLIR. KTy /NG X g S5 i Al i ML
REAYRZMA [ )], DRI R R 27541, 2022,39(6) -
22-28.

[10] FMBE, XIHEH], e 25 TN T /NS
fif B R SHLIE RE S I A A i pseme [ U] A 6E
J1TH,2022,37(11) :61-69.

[11] ZHANG J H,ZHOU Z G,CAO H,et al. Aerodynamic

stators axial Journal

i

~

gl

design of a multi—stage industrial axial compressor[ J].
Advances in Engineering Software,2018,116(C) :9-22.

(127 X5 EC. o AT P DRI T L 147 % K 5 XU <
B D]. BRI AL ALK, 2016.

Y Fs HE 2023 -11-21



