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Table 1 Mathematical model of partial cross-section
curves of spiral shell cavity
28 o
e st e st
v urve Mathematical model v urve Mathematical model
No. No.
1 X, =8.77cos 0, y; =7.09sin6 2 X, =8.36¢0s6, y, =6.76s5in6
3 X3 =7.95c0s6, y; =6.43sin 6 4 x4 =7.54co0s0, y, =6.09sin 6
a T’%Eﬁi)‘ﬁ b. &%ﬁ&mﬁﬂ%%ﬁ?ﬂaﬁz 5 X5 =7.13cos 6, y5 =5.76sin & 6 Xg =6.71cos b, ys =5.43sin6
a. Spiral shell b. Point data of shell cavity
A1 BHENERAESS 7 X7 =6.30c0s 6, y; =5.10sin @ 8 Xg =5.89cos 8, y3 =4.76sin6
Fig.1 Spiral shell and point data of shell cavity 9 X =548c0s0, yy =443sinf| 10 x=507cosb, yjo =4.10sind
11 X =4.66c0s6, y;; =3.77sinf| 12 x,=4.25c0s6, y, =3.77sinf
K B/ IR T UM 2R B . i A A 13 x3=384c0sf, 33 =3.10sin0| 14 x, =343c086, y4 =2.77sin8
TR 15 x5=30lcosd, yys =24sinf| 16  x=2.60c086, yjo =2.10sin6

x, =8.77cos8, y, =7.09sin0, 6 €[0.2n,0.56m]

T I i 2 B AR SRAT 1Y 1 #5007 AF g e 3 T B KT )L
TR 2¢ s, HIBARIMUKFE T . KIKAEFRET
HR 15 SFME5E N AR AR FR A 7 Hh 28, BUe B in e 1
iz, Hord 0e[0.2m,0.56m] o FAF BB AL IR AT 5 A
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Cross section
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a. Cross section position
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I
I ,
Y
T4 Lower section
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b. Cross-sectin line shape
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¢. Bionic contour line shape of volute
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Fig.2 Position and shape of contour line of spiral shell cross section
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Fig.3 Design curves of channel section in bionic volute
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Fig.4 Design model of bionic volute
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BRI ARG, R ECN 11 B, O EAN 37 mm,
HIOEAAN 32.1 mm, A/R{HN 12.56 mm, LS HLIHT
HAN 442 mm, WATEHIHE L RE 4.8 mm.

a. JRAIREAE

a. Prototype volute model

b. iR

b. Bionic volute model
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d. Section shape of bionic volute

c. JFALRSEAT AR
c. Section shape of prototype volute model
B 5 RAE LA EMTL

Fig.5 Structure comparison of prototype and bionic volute
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b. Structure schematic of QYZ-2 turbocharger test bench
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Fig.6 Turbocharger test bench and structure schematic
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Table 2 Data comparison of simulated calculation
and test for prototype volute

gty PO ES R S R R &
Speed/(10*  Inlet pressure Inlet Test Simulation
r'min") /kPa temperature/'C flow/(kg's)  flow/(kg's™)
12 181.88 591 0.0455 0.045
16 245.26 618.35 0.0646 0.0644
20 315.88 738.59 0.0783 0.0804

3 BREWRSMEWRRHESERS T

XF 2 gy e AT LR TSR ATH B, IR R 12
10*, 16x10*F1 20x10* v/min =53, HHHRERREEIE
TR e . TSRS, X T R ) BT
MAEREI BT, PP SBONIRA RO . ISR PR AT 72 5
SRR R
3.1 RRMERSN

R VPN IR TAE TR IR B E SR —.
PRI ST R AE BRI SE MR 7 s . EAN R E T
BUT, BEAE 2K EE AR I, 85 AR S O JE I o
B AR, TR R AR AR R o

SE Y G i T IS PO = I BT N W S R e S 7
W 5 R I e R e T SR IR SE K IR R R, 2 RIS
RFERCR I 1.3%0A o [ el &, inkeit
FUH Tk, P BRI 28RO AR IR LA,
WA ZE 3%0h o WAL, MEEEBR, B
B 12x10* t/miny B FEAK Y 1.2 M0, RoR R
KREMEN 5.56%. XEGEAVH], HXF R, 07BN
WA sEAME R S, T BAES TOUR B2 52T 1 i Ee 3L
o IR R T R R ST 3% A B, SORIRTH R 5%
DA b o 3% A7 )T 086 He 25 G R AL UG 0L, el 2
G AL, ARG TR R e 1Y e A AR e RLRR %, A
MR TR SRR FE AN I RE, AR T s 2
PR &R AN T VERE .

—=a—12x10% r-min~' {}j4= 4475 Bionic volute
—o—16x10* r-min~' {542 #%7% Bionic volute
——20x10* r-min~' {}j2E#5% Bionic volute
—o—12x10* rmin' JREISR5T Prototype volute

—o—16x10* rrmin™ JRELER5E Prototype volute
[ ——20x10* rmin~! JRZIETE Prototype volute

& Efficiency/%
I

12 16 20 24 28 32 36
JiZBK Lt Expansion ratio
B7 fhdgns RA N e R R Rk
Fig.7 Comparison of turbine efficiency
with bionic and prototype volutes
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TSGR, 0 A g 5 A TR TR0 5 Y R R o e RO 70 ) f
PLHIEZAK B 2.1 A 2.3, Bt A7 70 e BUOR DN 16
10* r/min. JZAKEEA 1.8 B LWHHEAT

—s—12x10* rrmin™! {ij42435% Bionic volute

—e—16x10* rrmin™! {}j4: 445 Bionic volute

—a—20x10* r-min™' {ij42435% Bionic volute

—o—12x10* rrmin! JEEIERFE Prototype volute

—0—16x10* rmin™! JF##E5E Prototype volute
0.09 - —2—20x10* r-min™' JEEIER5 Prototype volute

R Turbine flow/(kg-s™)

2.0 24 2.8 32 3.6
JZBK Lt Expansion ratio
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Fig.8 Comparison diagram of turbine flow characteristics with
bionic and prototype volutes
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Fig.9 Velocity vector distribution of impeller section on same
circumferential position with 50% blade height section
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Bionic design of turbocharger volute based on spiral shells Neverita
didyma improving turbine performance

Wu Na', Zhang Kesong', Wang Xibo*, Ma Yunhai?®*
(1. Collage of Automotive Engineering, ShanDong JiaoTong University, Jinan 250357, China;
2. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China)

Abstract: The performance of the supercharger volute directly affects the overall efficiency and capability of the turbocharger.
It is important to improve the efficiency and performance of the turbocharger by reducing the flow resistance and decreasing
the energy loss of the volute. Many measures are taken to improve the efficiency of the volute. Ocean spiral shells have
evolved to reduce fluid resistance and cut down fluid energy loss during motion. In this paper, the spiral shell was taken as the
biomimetic prototype, and the cavity data of the spiral shells were obtained by reverse engineering technology. The internal
cavity cross-section data of shells were extracted in the range of 270 degrees. After the cross-section curves were optimized,
they were taken as the section curves to construct the bionic volute. And then the volute bionic surface design was realized.
The computational models of the prototype and bionic supercharger were finished. Taking the turbocharger volute of the
gasoline engine with 1.5-liter displacement as the research object, the numerical analysis method was used to realize the
performance difference between the bionic volute and the prototype volute. First, the prototype numerical model’s reliability
was verified. Then the bionic volute was matched with the prototype turbine system. The numerical simulation of the bionic
volute and the prototype volute was carried out in the range of common working conditions, and the difference between the
two was explored from the microscopic flow field. During the modeling process, the A/R values of the two turbine volutes
were the same, and the outlet width of the volute was consistent with the outlet diameter. The verification test was carried out
on a QYZ-2 turbocharger test bench. The inlet flow of the compressor was measured by a double-line flowmeter, and the
maximum measurement error was less than 2% FS. Both the inlet and the outlet of the compressor were provided with a
pressure sensor and a temperature sensor. The turbine inlet was provided with a turbine inlet pressure sensor and an intake
temperature sensor, and the turbine outlet had a turbine exhaust pressure sensor and an exhaust temperature sensor in the
extension duct. The maximum error of the pressure sensor was less than 2.5% FS, and the maximum error of the temperature
sensor was less than 3% FS. The maximum error of the simulation calculation was within the allowable range. The simulation
results showed that the simulation model was in good agreement with the test bench, and has good reliability. Therefore, the
numerical model can meet the requirements of subsequent research. In the simulation, 12x10*, 16x10* and 20x10* r/min were
selected to represent the low, medium and high operation speed of turbine respectively. The evaluation parameters included
turbine efficiency, flow characteristics and total volute loss coefficient. The results showed that the turbine flow capacity
increases with the increase of the expansion ratio increase. And the turbine flow characteristics of the two volutes were
basically the same. The results showed that the turbine efficiency can be increased by 3% and by up to 5% under the condition
of keeping the same turbine flow capacity matching two volutes. The flow field analysis results showed that the bionic
optimization volute reduces the flow loss near the inner surface of the volute and the airflow friction in the flow channel. And
the flow resistance was small, the whole flow in the bionic volute was smooth and uniform, and there was no swirling flow.
Therefore, the turbine efficiency can be significantly improved. The bionic design method used in this paper had a significant
improvement on turbocharger turbine performance, and can provide reference and method innovation for the design and
optimization of automotive and agricultural machinery turbocharging systems.
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