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Blade shape optimization of multistage compressor using
adjoint method with static pressure constraint

at interfaces between rows
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Abstract: To solve the problem with the drift of operation condition during the optimi-
zation procedure when adjoint method applied in multistage compressor, based on the previ-
ous development work of multistage compressor blades optimization design using adjoint
method and thin shear-layer N-S equations, the entropy production was selected as the objec-
tive function with given mass flow rate and total pressure ratio as imposed constraints, a new
constraint was introduced, namely, the spanwise static pressure distribution at the interfaces
between rows was imposed. Taking one 5 stage compressor as a test case, the new method
was applied at inter-row interfaces behind the rotor and the stator of the first stage in envi-
ronment of the first 1. 5 stage and the whole 5 stage compressor. The results show that the
drift problem of the operation condition during optimization procedure is resolved successful-
ly by applying the constraint on spanwise static pressure distribution at the interfaces be-

tween rows and the efficiency of 5 stage compressor is got 0. 4% improving.

Key words: multistage compressor; adjoint method; optimization design;

interfaces between rows; pressure distribution constraints

s B 3 :2014-03-05
EEWB :HE AR ¥HE(51176012)
TEE BN B A975—) . 3B W A m g TR W SR S LA



1870 o7 @

g1 % i 5530 %

i 2 20 ARAFIR] L PERE DT I RSN L 9IS
TR A 55 T 12 U AR A TR R SR SR L
B B2 LT A U SE B T AR AR AL 1 Jm S
TE 73] 157 JH] 7 RUBRS / s L 3 Ao e By 4 5 2 LA
W15 T AR 25 R 2 5 HOE S A, (HJ2  an SR i 1 A
WAL B T S8 B iR 2 F % 1 W H: Sy s 1k
e AT LA 2 AL 5 b B SCRC15 ] Bk
Ko At i (I 1 R ) gad —4E 7 &=
K i SR AN 354 s BTV e ) I N 5 i
5 CFD 20 F Tk AU AL, i Sl AS W7 46 /0 L i 45
SERAE UL R B B0 (E E 2 f . N L 7E
Senfi BRIl B BoA 2 /e, HEON S Rl
GEBLTT I AR T B 249 S R SR A B O 1%
it e 4 R B 7 2/ otk 84
Z G R HL AR BE DU AL 1Y SC B AE T RE R PR IR 1L 58
Wit B i 2928 78 Wang 550 19 TAE L
SET WAL B A e 249 SR Ok AT AR IE TP
RES MR 05 1% GEve it i — Zort U 1 R - 7
PREF IR LA A 00 R 58 7 e AL fe 3k
PRRCRPE @2 2.5 AN\ 20 L. ST N T 2 9%
SHL S AR R X 2l 2 R 1) 2 A e i 24 5 K
IR Z2 A 2 is Sy AR AT TR 5 R ]
ASUE im0 b 249 L A B DG A T I T B A
PR ) R, L 52 o R e I I 2 T80 o s i 0 1 77 35
KO g s n BT 0 Bh BT 0w R 1 g
Aty I 2 Sz e 87 Ji 1] DR C ) , DL &1 2., 208 T 7 2 758
A ) T

— 4 R A
B 5 G Aar (9 32 1) 43

IETCFDA BT =ikt
AL zh = HE i 540

Bff 72 T fer (14 FE 1) 4 AR

PG BT A Z T AN A2 S A SCRRL 1L B>

1

Fig. 1 Solution region at different levels under the

traditional design system (modified from

literature[11])
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Fig. 2 Spanwise distribution of static pressure at the

exit of rotor during optimization procedure
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Fig. 3 Schematic diagram of the 5 stage compressor
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Table 1 Comparison of the aerodynamic performance

parameters between baseline and optimization

of 1.5 stage compressor
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Fig. 4 Adiabatic efficiency during optimization procedure
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Fig. 5 Comparison of aerodynamic performance between

baseline and optimization in 1.5 stage compressor
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Fig. 6 Comparison of spanwise distribution of static
pressure between baseline and optimization

in 1.5 stage compressor
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Fig. 7 Comparison of blade profiles between baseline

and optimization in 1.5 stage compressor
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Fig. 8 Contours of Mach number at section S; between

baseline and optimization in 1.5 stage compressor
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Table 2 Comparison of the aerodynamic performance

parameters between baseline and optimization

of 5 stage compressor
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Fig. 9 Adiabatic efficiency during optimization procedure
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Fig. 10 Comparison of aerodynamic performance
between baseline and optimization in

5 stage compressor
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Fig. 11 Comparison of spanwise distribution of static
pressure between baseline and optimization

in 5 stage compressor
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Fig. 12 Comparison of blade profiles between baseline

and optimization in 5 stage compressor
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Fig. 13 Comparison of contours of Mach number at

section S; between baseline and optimization

in 5 stage compressor
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