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Fig.1 Fan calculation domain model
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Fig.3 Different VCFs design fan performance curve
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—— JAH Ventilation volume -+ A& X4t Energy efficiency ratio
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Note: Aa is the variation of placement angle; Ad is the variation of hub diameter.
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Fig.6 Performance curves of fans with different placement angles
and different hub diameters
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Fig.7 Z-direction cross-section turbulent kinetic energy diagram
under different hub diameters

3.1.2 rtRECRA%

fi A 2235 A R A B B AR S B A T 8 n SR,
JEREAR F Bl AL — M A Y 3 28 7 b AT B . 7R
THLBL 120 Pa FREATAR @ WAL, DURE. BERLLL N E
PRIEATIRIE . TR SR BT, X HBAT N
TEARIEE TR, Bl I B0 3 X R R 3 o
TR, hRS5H A BRIE, AERktl 5H FHUR .
T LR KBTI 3 000 W, 2548 % X E M fit
B, e B 3~5 AN R AT 2 DR FE e LT 43 AT
32 ZEEBESH
3.2.1 PSRRI

MR PR K RS R Jn, RBEAE d. M in, %
B o TR AL A KR AN e R L A S, b AT =
AR B AR ST AR B A M AT S R A R R 2. LR
BHEAE d Wi, 28M o NEE, DUKHUAEFRER
Ee oM R, BT =& =P RO H AR .
B ZEACE IR 2. R R ERGERIE 3, HApil
520 5. 8. 164 17 ARZERIERIGAL, 650 D8 WX R £
RO E . EUE LR R IR E R


http://www.tcsae.org

%520 3 RIRREE: FET A BT IR F AR XL B Kk Re i ie 215

®1 REERRDB k. C.V.3514 0.40% F10.32%, H/NT 1%, FWEHRE
WT;"“’ I Test fa;‘% coding T FEA R AR SR FE AR /. Adeq # B FE 4 ) 4 107.89 Al
13 b*)'i ﬁé ﬂ B4 e Mzy| B[ &
;&ES Hub diameter Placemer:t Number of N 12421, i/}jj(ﬂ: 4, %% Eﬁ H[ﬁ]&ﬁﬂ‘%ﬂﬂﬁ aﬁ}ﬁ‘]%“” 73” HE
— d;r:(r)n anglfé(x/( ) moving b;ades n/| 2 RBBR5ER
0 260 -3 4 Table 2 Test protocols and results
1 280 0 5 %% No. dmm  «(°) n~  Qmh)  N(m:(hW)))
. . n 1 260 0 5 325257 10.68
322 e EARR R B AT 2 260 -3 4 28500.5 12.19
. e DS S b 13 o 3 280 -6 4 25439.2 12.95
f# ] Design-Expert #PH2EAT 1 i b, Il % p 540 0 . 307182 1184
TE D02 SR T W AT R, R S 5 20 3 4 286669 12.26
6 260 -6 5 262525 12.14
0 =-57183.03+482.66d +468.65+9 990.18n —0.54d—- 7 280 0 4 31052.0 11.37
8 260 -3 4 28630.2 12.40
472dn +1 143 1I’l - 087d2 - 25692 - 829721’12 ( 20) 9 240 -3 5 28979.8 11.72
10 260 0 3 28191.1 12.58
N =45.96—-0.19d - 0.53 - 3.06n + 0.000 40d + 0.002 1dn+ 11 280 -3 3 26104.2 13.39
0.04n+0.000 324 +0.001 82 +0.19s2 2D S S S 0
\ = \ P 14 240 -6 4 24975.0 13.51
}‘}\%3 ﬁU\ﬁﬂj, MEE@Z:%U\QE P=0.44, EEQ& 15 240 3 3 25311.8 14.01
EEHIALA BE P =035, ULEHRER 2614 SRR R b 16 260 -3 4 28780.5 12.28
17 260 -3 4 28550.2 12.22

() R B 5 S R S RAF. R2 2509 0999 1Ml S5 o omm, v v,
0.999 3, %Eﬁ/ﬁu@@ﬁ*ﬁﬂ%ﬂ}ﬁ%ﬁﬁ%& 999%, U\J:B{J[]@EZ{E Note: Q is ventilation; N is energy efficiency ratio

®3 EEFERGESHR

Table 3  Analysis of variance of regression model

7 2R X & Ventilation volume Q AERULL Energy efficiency ratio N
Source of variance P77 F1 Sum of square #4175 % Mean squared ~ F P “F-77 1 Sum of square 3577 % Mean squared ~ F P
157 Model 93 790 000 10 420 000 843.68 <0.000 1** 159 1.77 1 089.97 <0.000 1**
d 502 600 502 600 40.69  0.000 4** 0.549 7 0.549 7 339.11 <0.000 1%**
o 63 450 000 63 450 000 5137.15 <0.000 1** 5.54 5.54 3414.96 <0.000 1**
n 25400 000 25400 000 2056.62 <0.000 1** 9.43 9.43 5819.46 <0.000 1**
Dxa 4251 4251 0.34 0.58 0.002 4 0.002 4 1.48 0.26
dxn 35 664 35 664 2.89 0.13 0.007 0.007 432 0.076
axn 470 500 470 500 38.09 0.000 5** 0.058 0.058 35.75 0.000 6**
& 511 000 511 000 41.37 0.000 4** 0.0957 0.0957 59.05 0.000 1**
o’ 225100 225100 18.22  0.003 7** 0.005 3 0.005 3 3.29 0.11
n 2 899 000 2 899 000 234.67 <0.000 1** 0.191 6 0.191 6 118.17 <0.000 1**
5% % Residual 86 463 12 352 0.0113 0.001 6
ST Lack of fit 39407 13 136 1.12 044 0.006 0.002 1.48 0.35
%% Pure error 47 056 11 764 0.005 4 0.001 3
R 0.999 1 0.999 3
C.V/% 0.40 0.32
7ML Signal to noise ratio 107.89 124.21
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Fig.8 Interaction effects of factors on fan performance
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Expansion of the operation range of agricultural axial flow fans
based on the variable circulation method

WU Letian* , QIU Mianjing®* , LIU Zhiwei* , DING Tao”*

(1. Agricultural Mechanization Research Institute, Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, China; 2. College of Water
Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 3. Beijing Engineering Research Center of Safety
and Energy Saving Technology for Water Supply Network System, Beijing 100083, China; 4. Infrastructure Construction Department,
China Agricultural University, Beijing 100081, China)

Abstract: With the increased usage of air filtration and deodorization devices in livestock houses, the demand of agricultural
axial flow fans with higher pressure has been raised. To improve the aerodynamic performance of an agricultural axial fan and
expand its operating range, a new axial fan was developed using the theory of variable circulation method design via wind
tunnel experiments and numerical simulations. The purpose is to change the structural form at the hub of the existing blade to
improve the internal flow pattern of the agricultural axial fan, so as to achieve the purpose of improving the aerodynamic
performance of the agricultural axial fan and expanding the range of stable operation. In this paper, a new agricultural axial
flow fan is designed using the variable circulation method with 0.91m agricultural axial flow fan size and target airflow as
design parameters. Secondly, the structural parameters at the hub of the axial fan are optimized by combining the simulation
results of the flow field of the designed fan. Factors such as hub diameter d, the placement angle a and the number of moving
blades n are analyzed individually, revealing the basic law of the influence of the changes of these factors on the performance
of the fan, and the influence of the changes of each factor on the internal flow field of the fan is observed in combination with
post-processing. using the better intervals for each factor derived from the one-factor optimisation results, the ventilation
volume Q and the energy efficiency ratio N were selected as response values, and a response surface simulation study was
carried out for the hub diameter d, the placement angle @, and the number of moving blades n. The response surface simulation
study was carried out for the hub diameter d, the placement angle a, and the number of moving blades n. The response surface
functional equations were obtained and the better parameter combinations were determined. The correctness of the functional
model is further verified by observing the flow field characteristics and external characteristics through post-processing.
Finally, the optimised impeller was fabricated by 3D printing technology and wind tunnel tests were conducted, and the results
of the actual tests further confirmed the accuracy of the optimisation results. The numerical simulation results of the study show
that the optimum combination of these parameters is =260 mm, a=-0.369°, and n=4 pieces. Experimental test results show that
the optimized axial fan performance is better than initial axial fans. On the high-pressure level (120 Pa), the ventilation volume
O of agricultural axial fan increased by 163%, and the energy efficiency ratio N increased by 18.9%. This study proves the
feasibility of the variable circulation method in the design of high-pressure agricultural axial flow fan, and the optimization of
structural parameters can further reduce the internal vorticity of the fan. The optimized axial fan reduced the secondary flow in
the internal flow field, increased the work capacity of the blades, and improved the aerodynamic performance of the fan,
ensuring that the axial fan can achieve air circulation and regulation more efficiently in agricultural applications.

Keywords: agricultural machinery; axial flow fan; numerical simulation; experiment; aerodynamic performance; variable
circulation method
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