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Aerodynamic Characteristics and Parameter Optimization of Sugarcane
Chopper Harvester Extractor Impeller on Transverse
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(1. College of Engineering, China Agricultural University , Beijing 100083, China
2. Sanya Institute of China Agricultural University, Sanya 572025, China)

Abstract: The extractor is one of the core components of the sugarcane chopper harvester, and its
performance plays a vital role in the impurity rate of the sugarcane harvester, while the impeller is the
core component of the extractor, and its aerodynamic characteristics is closely related to the effect of the
exhaust. Aiming at the problem of insufficient optimization of the performance of the impeller of the
miscellaneous fan of the sugarcane harvester, which affects the miscellaneous effect, taking the impeller
of the miscellaneous fan of the transverse sugarcane harvester as the object, and the influences of the type
of hub, mounting angle of the impeller 8, number of the impeller N,, dimensionless area of the impeller
G, angle of the impeller y on the aerodynamic characteristics of the fan and its mechanism were
researched. With the objective of increasing the full pressure of the fan, the best impeller structure
parameters were obtained by the response surface optimization method, which were the blade mounting
angle of 23.34°, the impeller dimensionless area of 0.43 and the blade angle of 14.56°. Field
experiments were conducted at different fan speeds (1 050 r/min, 1 350 r/min and 1 650 r/min) ,
different cane growth conditions ( good, poor and severe collapse) and different traveling speeds
(1 km/h, 2 km/h and 3 km/h). The results showed that for sugarcane with good growth, the optimized
turbines reduced the impurity rate by 1. 06, 1. 99 and 3. 28 percentage points at different driving speeds
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when the turbine rotational speed was 1 050 r/min; when the turbine rotational speed was 1 350 r/min,

the optimized turbines reduced the impurity rate by 2.5 percentage points at most; when the turbine

rotational speed was increased to 1 650 r/min, the optimized fan did not show obvious differences in the

impurity rate at each driving speed; for the sugarcane with poor growth and serious collapse, the

optimized fan could reduce the impurity rate by up to 5. 45 and 2. 1 percentage points, respectively. The

optimized fan improved the ability of the sugarcane harvester to remove impurities in complex field

environments, and the obtained data can provide theoretical support for subsequent fan research.

Key words: sugarcane harvesters; extractor; impeller; aerodynamic characteristics; full pressure;

parameter optimization
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Fig. 10 Pressure distributions of blade surface varied with number of blades under no-load condition
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g 5%
() WRERMER WA/ ()
-1 20 0.35 0
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1 30 0.45 30
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Tab.2 Response surface test results

R 75 X li)lfi X W}L

1 2 3 42 JE/Pa
1 1 1 0 367. 42
2 1 0 1 352.36
3 1 0 -1 252.55
4 -1 0 -1 137.98
5 0 -1 -1 152.36
6 0 0 0 394.76
7 0 1 1 357.12
8 1 -1 0 312.05
9 -1 1 0 367.24
10 -1 -1 0 252.75
11 -1 0 1 336. 89
12 0 -1 1 331.78
13 0 1 -1 230.77
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Tab.3 Supplements test results

. S AL
B S X, X, X, 4 J%/Pa
1 -1 0 0 323.08
2 1 0 0 391. 87
3 0 -1 0 236. 39
4 0 1 0 366. 91
5 0 -1 335. 04
6 0 1 380. 81
=4 FESWER
Tab.4 Analysis of variance
U SRl A R F p
LY 1. 124 x 10° 9 74. 42 <0.000 1 *
X, 4489.73 1 26.75 0.0013 **
X, 9357.8 1 55.75 0.000 1 **
X, 45 676. 02 1 272.14  <0.0001**
X, X, 873.79 1 5.21 0.056 5
X, X, 2455.2 1 14.63 0.006 5 **
X, X, 704. 11 1 4.2 0.0797
X3 4861.29 1 28.96 0.001 ™
X3 5431.48 1 32.36 0.0007 ™
X3 34742 1 207 <0.000 1 **

T ROREMWNRE (P <0.01),

T e AR5 25 W2 D 2R g (A [ 75 72
Y =394.76 +23. 69X, +34.2X, +75.56X, -
33.98X7 —35.92X; —90. 84X: —24. 77X, X,
(5)
3.3 XEIERANNIE
15 s, i B Ay Z B A EAE X
WMAEFR A E I, XY y<15°0},3 S5 FTt
ey = 15°mF,3 KRB AR 1
B =20°R I 44 L Tk # i H Ay 2 St 2]
TR TR
R TR HAR T AR AL, S A TR B iy 2
A R A ) A B . aniEl 16 iR, 24
B =20°0F, W ST X BB Ay ABG i ig K, 0
2 B =300 X — A, AR X AR AR Ak 3
B R RS Rk I e A AR AT 56

BI1S B 5y ZZEAE IR AML 4 A5

Fig. 15 Effect of B interaction with y on fan full pressure

BT kit B B8 2 B30T 1 3ok 3 2 o (TRl v i T
Ty =15 R REL, S AT y =30 F iR
%) o A F T OB, Bt LS 25 R 1)
fESREMIAER(ET o, >, >05) 0 Y
B =20°}, i T RCAEA, R (01 BE Rl & 0 3
Jnmi s A2 S y =308y it R a] DR B 4
TR R AR X, Y B =30°0, Bt Fr B4
ke s O S R, P LS 8O B RE TR,
X — G A 5 12350 R B A, b s A0 e DX 33 i
v (B NI 46 /1N o
3.4 RULERERNSINIERE

NTHPAF R EAES B GRS R E 11 m'/s
TR RBLA A AR AL B bR, H A5 S5 1 &
N:Be[20°,30°],ye[0°,30°],6<[0.35,0.45],
AN, T Z 5 RALZEC 2R To0 T, Hoif &
ATRERT 11 m*/s, X2 FHEEKRIF , UL IR R
BRI —A~ 2R A5 AR 2 WL e B e KM . B SR
Bl Ly o A R R s 1205 e X i s Al IRV N S e e S =i
& MO EM ML A - iR S, KL
A 22 AT 5% .

ALIE 153 B M4 S50k . B =23.34°,6 = 0.43,
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Fig. 16  Pressure distribution on surface of blade varied with installation angle and blade angle
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Fig. 18 Fan characteristic curves before and after
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