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Impeller and Casing Treatment at Multiple Working Points
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Abstract; To mitigate the negative effects of casing treatment on the performance of modern turbocharger
centrifugal compressors, a joint optimization method that integrates the centrifugal impeller with
casing treatment across multiple working points is developed. First, by analyzing the principal
geometric parameters affecting compressor performance, an integrated parameterization of the casing
treatment, casing meridional profile, and impeller blade angle distribution was established.
Then, integrated and joint optimization of geometric parameters of the compressor impeller and
casing treatment was performed using a data-driven automated optimization method. Based on the
optimized designs, the coupling mechanism between casing treatment and the impeller was
analyzed, and the flow field characteristics of high-efficiency designs were summarized. Results
show that, compared with the baseline impeller-casing treatment model, the optimized compressor
exhibits increases in total pressure ratio of 4. 55%, 4. 97%, and 3. 70% , and increases in adiabatic

efficiency of 5.04%, 5.46%, and 5.52% at three target working points, respectively, without a
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reduction in the stable operating range. The compressor’s high-efficiency region was expanded

and shifted toward the target working points.

The optimized compressor yielded a 1.68%

improvement in the thermal efficiency of the internal combustion engine. Applying casing treatment

solely as a flow-stabilization measure without joint optimization with the impeller was found to cause

additional performance losses. The primary flow mechanism responsible for performance improvement

was identified as a rear-loaded blade-tip loading distribution, which reduces leading-edge suction

and mitigates the adverse pressure gradient on the pressure side.

Keywords: turbocharger; centrifugal compressor; casing treatment; multiple working points;

integrated and joint design optimization; flow mechanism
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Table 1 Compressor performance requirements at different

crankshaft speeds of engine
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T8 A5 B SR
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a 1 800 84 334 0. 459 2. 875

b 1 600 78 121 0.376 2.579

¢ 1 400 70 164 0.293 2.230
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Fig. 1 3D model of reference compressor with casing

treatment
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Table 2 Design point and main geometric parameters of

compressor with casing treatment
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Table 3 Comparison of compressor performance between

solid wall casing and reference compressor

T8 A € Eret o/ V0 Dt/ V0
a 2. 909 2.793 84. 05 81.47
b 2. 548 2.515 82. 74 80. 74
¢ 2. 209 2.188 80. 94 79. 22
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Fig. 5 Comparison of characteristic curve of solid wall casing

compressor and reference compressor at design speed
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Fig. 8 Geometric parameterization distribution of the

compressor meridional plane and the blade tip angle
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Table 4 Initial values of design variables and comparisons before and after optimization

Wih7E WA R TR hATE A5 AY W
5 55.32% 50% —50% 80.38% 45.30%
5 75.47% 50% —50% 40.43% —46.29%
by —64.13° —30% 30% —48.09° —24.86%
by —49. 27° —30% 30% —58.79° —19.98%
by 15. 76° 30% —30% 19.08° 21.06 %

BT £ 20. 33° 100% —100% 10. 96° —46.09%
X 12. 64 mm 30% —30% 10. 24 mm —18.99%
Z 21. 85 mm 50% —50% 24.72 mm 13.14%
s 3. 38 mm 50% —50% 4.22 mm 24.85%
z 7. 446 mm 50% —50% 9. 69 mm 30.13%
5 6 mm 50 % —50% 4.52 mm —24.67%
X 60° 50% —50% 64.15° 6.91%
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Table 5 Prediction accuracy of surrogate model
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Table 6 Comparison of three compressor performance

4.1

THE e Eref Eopt Do /Y0 et /Y0 o /Y6
a 2.909 2.793 2.920 84.05 81.47 85.58
b 2.548 2.515 2.640 82.74 80.74 85.15
c 2.209 2.188 2.269 80.94 79.22 83.59
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optimization

T s Xeet / %4 Xow /%6
a 5. 87 4. 49
b 8.93 7.89
¢ 14. 98 10. 99

B 12 A3 S CT B ) M58 M B BE 0 o £ (1)
J w43 . W LA G BEHLIF ALV R W) (9 1E
A D KL 5 E AL AR RS 0~0. 8 JE [ Y
IE AP BRI Sy 3° (B AR T0U DX Sl 1l 30 1 W 3
) B A R0 — R B A DR AR S 1 PSR 1R v £
Sy A HEIT O FLIR TR0 DX 5 ) o £ 43 A S - 28, S B
TORWAG S0 3 0 U RAFICEL, B’ 138
WA I 98 %0 B ) (4 R Aar o3 A . W EE E 5] A
HECTHLI A B, 35 o AL I Ak B R AL S — IR B
DAl FEASHUAE TT A 4 it 48 10 BT W3 b /) i B

1.0 -

A E ‘ —— AL
08 L L . gt !
) = o JERENLIE ML
H T
= "
= 0.6 F bt
B N
T 04F i
fuf 77
v u
02 L /"V 1
0 .a._jlv;.. 1 1 )
-10 -5 0 5 10 15
/)

Bl 12 SERENLE K ALAET G A AL 48 0 v o X L
Fig. 12 Comparison of the impeller leading edge incidence
among the compressor with solid wall casing and the

compressors before and after optimizations




156 D

i

PN

%60 %

o] 3 L A ) 7 TS A 5 U A A TR L 2R
HT T [0 3 3L M 5 BAY HE 1 I FOBE RN, A o AL B
Ak B8R SHLG — PR A A0 T OB B i e 2 1T 4R
17 AH FE O BEBL I TR LA BT B A . >4 100 97 3 1 3
ok T A B N PLIE L RGP i A T A ) B
B TE  p = TR e A S M TR i R
I .

200 ¢

| —— RS
B /
160 — JGEENLIETHL /

&
£ 10} y
i 120 /
wof
80 @ — X
60 L L 1 1 )
0 0.2 0.4 0.6 0.8 1.0
e B

B 13 3 HEAVLEM R 98 % MR B /A
Fig. 13 Comparison of load distribution of main

blade 98% span among three compressors

e R T 12 K 14 R F OLREPLE R AL
R VRE AR TE o S A I R I 2 Y i
R AF AT 3 B R %k [ A AR A BE ks, T
[ A 30 AR E 2 10 b T DX S8t 2 o A — A I T
AN S T R == o A w2 g T 5 N
AR AT BT REAG . 3k BRI ] 3 A Pk i A i
FA) 1E FRUIE o ol A5 W 3 TE T 2% B 0 T k) 90 i Lk DX
IXRE—F , W 7 T A S R R iR T M T R
THT 5 DT AE 23 W b 3R B0 Ay a0 i T DX 3 1 i e 28
R E BT kAT (& 13 FEHER AL 0~0. 2
T o FEUE AL RS 2R i T A X5 (A
AT 119 J) B AR b s e T LI Ak B i 0 1 T
ANVERD  XF 0 L, — AR B S EAb 5 3 R SHLIE I 1
BLI LA 77 B2 5 i o0 1 £ 0 A, 8 Bk it
ARIE S Ao A R A A T <
AT T 4T P T G250 A

A X L 13 B U R SAL S A R RHLE R
i Tl DX 2 i A 2R fer i R TT LA Y, — IR G
Pl FE S ML 3 v AL I Ab B R AL A9 el 5% 32 244
BAEWR Sy b, 53R UEAE L, — RIS O Al A5
AT B 0~0. 8 Yt ] Ay i i R B B IR AN L 07
R R B ET . B2 AR E 0.8~1.0 i
] (A5 R R 2B gk =0, T X 2
B JE B 3BT S5 AN T T TR BT A R S A

zkxb. xjtu. edu. cn

KB R R SR AR B R IR 14 DB AR
ek 5 A AR PR AL 095 & [l B Y 4 43 A
WL B — I A 0 10 0 35 B AR 1T U A 8 A = gy
U PR e A A e AL (HOR B R R &R W
R v S R i 9 T K D | = i
W Fr e 7 5 T RE A B T s/ BLIRE A (]9 B i ok
O RN

S __ I
0 50 100 150 200 250
Hi/( - kg - KT

) o . z
L / L
1 / /
— i ’
A /
//
Vi

~UERY R

() F U S AL (b) — B & Ak S AL
B 14 BT A 95 % R )R 43 A

Fig. 14 95% span entropy distribution at design point

4.3 EHHEREITE

S T VAR R ACHL A Bl 1 BE 1 4 I A B R
ROy A K S WL BE 0952 e, A Ak S TR
SHUEREBIE AT K S WL — e R . K8 h
WALHT 5 B s T 00 o W5, ik
SOl 2 o 55 A A T e A R AR L AR AR S 1 R
BB R A5 % ShbLAT SO ECR AR T T 1. 68 %6 [R] i
fii CO, HEREREFEAR T 11. 82 g/ (kW « h), RiXi%
K BHHLAAFIZAT 2 500 h, W AAE I CO, HEfE T
A5 320 kg,

k8 A I— it R

Table 8 Comparison of 1D engine model calculation results
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