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Structural performance optimization of agricultural chimney fan
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Abstract Aiming at the problems that the flow of the agricultural chimney fan is small and the energy efficiency ratio is
low, a numerical simulation method is adopted in this study. Under the premise of saving investment cost, the blade
shape of the chimney fan is not changed and the size of the supporting air duct structure is modified and optimized.
After testing the performance of the prototype fan, the numerical simulation method is used to calculate the inner
diameter d of the air duct of the chimney fan (the inner diameter ratio k is used for the ratio of the inner diameter of the
modified air duct to the inner diameter of the prototype air duct) , the outlet section diffusion angle o and the diffusion
depth /. On the basis of single factor optimization, the orthogonal optimization method is used to synthesize the above
three factors to obtain the orthogonal optimal design parameters of the air duct. The corresponding air duct prototype is
prepared according to the optimal parameters obtained by orthogonalization, and the laboratory performance test is
performed. The results show that: 1) Under the single factor optimization simulation, compared with the prototype fan,

the air volume and energy efficiency ratio increase respectively by 4.7% and 4.0% when k =0.985, the air volume
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and energy efficiency ratio increase respectively by 4.7% and 5.3% when o = 28", and the air volume and energy

efficiency ratio increase respectively by 1.8% and 3.2% when [ =250 mm; 2) Under multi-factor orthogonal numerical

simulation, the air volume and energy efficiency ratio increases by 7.9% when k =0.988, o =28", [ =200 mm

compared with the prototype fan of 8. 1% ; 3) The the optimized fan test results show that the fan airflow and the

energy efficiency ratio increase respectively by 4.6% and 4.5% compared to the prototype fan.

Keywords chimney fan; air duct type; numerical simulation; performance optimization

AR 1l UBIL S — Fof Bl 37 2 IXUIL A Tl 3 Al
VB A AR RO R BE A D7 TH AR AT — S R AR B
P o ABLAR FH A e IRUHIL AL 85 /0 | BE 280 L i A 1 175 e AT
T A A SR R R T JXUBIL XL R RE R L 0
R BOCH B, (EHESIAT Ml A 14 [ I 53 1Y g
W HE R 25 A A% [ R A A8 R 4 R B 28 B K A
2 T B AR UL 7™ 28 1 i BE T FE 2 2 15 &= 1
ALY 10060 5 A G A% R B L SE # A5 Af
55520 6 UHLAT L A T BTG 25K 7 a5 2 AR
B Bk 8 ER R T RE T 1) % R A RE

FUAT 4 1 - 16 P A B0 08 1 XUATL 8 4 56 A7F 5 45
D U A ) AL A Al 7 5 i 57 T #) L T % A
el ML A B A . A BIFFE R 2 B xR
B VA 1 R Y BT R A s X A A
A OE AR, o AR T a6 0 3, DL 25 3 9 Jo A 2K
EAE T3 i TSP SE B & I A T, ST RAXE A2
2% B AL P 0 3 7 i A7 0L 23 B A B . B Y i
T RRI T SR Y 1 1 R R e SR AR AU 4 2R Y
JoUAEFUORS BEL . BF g S B e KUE 1 i 1
Ab o SR G 2 4R T X U SR O L B R
7 R XUBIL B4 F1 Bk A7 AR R i 2 . I A A U B
7 2 AT DU 20/ N SR AR A 38 N3 . o BE S R
JE SRR BB

AT FE UL Re BB A0 D7 3%+ 6 A 1 XUATL A XL
a7 45 b RO AT B R e Ak » I AR 30 D A &35 2% 4 1 4
Pl MALAE AL 5 LR XUBIL L B 8 22 5 L A5 B i 4 1Y
PEREL AL AR - LIS S A 1 XUATL XL 4 4 114 ol 2 4
Tl e AR A

1 #H5RFIE

1.1 R348

ARWEFE R B ML A T B RN A /Y
24 JE P B ORHL CE ). AL R B R
630 mm, & & HL K 220 VLA E LI 2.7 ALHT AT
#0.37 kW, ¥ 3% 920 r/min, #ME R 5f 660 mm X
2 523 mm,

—
| i
i 1
—p——
<l

(a)

1 HERHLIME (a) R R LM (D)
Fig. 1 Chimney fan shape (a) and impeller structure (b)
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Table 1 Chimney fan performance test results

RERL I
O R K/ Pa K/ RERL L/

. ‘ HE/W - (m*/(h+ W))
Inlet static (m®/h)
Power Energy
pressure Air volume o )

efficiency ratio
0. 00 6 705 459 14.6
4.90 6 454 455 14. 2
9. 80 6 047 452 13.4
14.70 5 825 449 13.0
19.61 5 351 445 12.0
24.51 4921 442 11.1
29.41 4 714 442 10.7
34. 31 4 297 437 9.8
39.21 3 864 434 8.9
44,11 3 505 432 8.1
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Fig.3 Chimney fan duct geometry model
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Fig. 4 The model of computational domain
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Fig.5 Air volume (a) and energy efficiency ratio (b) simulated by different turbulence models of chimney fan
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Table 2 Air volume and energy efficiency ratio of chimney fan at different internal diameter ratios
LA L% 6
P I & FURL/ (o /) REACHE/ (o’ /Ch e W) AR % AL

Inner diameter ratio & Air volume

Energy efficiency ratio

) Energy efficiency ratio
Air volume change rate
change rate

1. 000% 5034 12.77
1. 005 4 874 12. 64
0. 990 5142 13.09
0.988 5189 13.18
0. 985 5 266 13.29

—3.1 —1.0
2.2 2.5
3.2 3.2
4.7 4.0

T :@k=1.000 Hy 5 R XA
Note: D £=1.000 is the prototype fan.
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Fig. 7 Different internal diameter ratio &, static pressure and streamline

distribution near the wall of the chimney fan blade
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Table 3 Air volume and energy efficiency ratio of chimney fan at different diffusion angles

RERL LA AL R/ %6

Energy efficiency ratio

PHAE /) Rig/(m*/h) BERLE/(m®/(h « W) AR LA/ 00

Diffusion angle « Air volume Energy efficiency ratio  Air volume change rate
change rate
8® 5034 12.77
13 5109 13.00 1.5 1.8
18 5163 13. 22 2.6 3.5
23 5 245 13. 34 4.3 4.4
28 5 267 13.45 4.7 5.3

H:@ a=8" R E A AL .
Note: D «=8" is the prototype fan.
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(a) a=8° (b) a=18° () a=23° (d) a=28°
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Fig. 8 Different diffusion angle a. static pressure and streamline distribution

near the wall surface of the chimney fan blade
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Table 4  Air volume and energy efficiency ratio of chimney fan at different diffusion depths

RERL LA AL 2R/ %6

Energy efficiency ratio

Y8R E [/ mm KA/ (m® /h) fes it/ (m*/(h « W)) K2R ik 3%/ %

Diffusion depth Air volume Energy efficiency ratio  Air volume change rate
change rate
103% 5034 12.77
50 5021 12.53 —0.3 —1.9
150 5099 12.95 1.3 1.4
200 5120 13. 14 1.7 2.9
250 5125 13.17 1.8 3.2

H:@ =103 mm Jy LRI KL,
Note: D /=103 mm is the prototype fan.
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Fig. 9 Different diffusion depths /, static pressure and streamline distribution

near the wall surface of the chimney fan blade
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Table 5 Orthogonal optimization results of chimney fan

£ M Factor W/ (m* /B BRI/ (m®/(h e WD)
Serial number b a/(®) //mm Air volume Energy efficiency ratio
1 0. 990 18 150 5023 13.21
2 0. 990 23 200 5052 13.52
3 0. 990 28 250 5063 13. 56
4 0.988 18 150 5333 13.70
5 0. 988 23 200 5395 13. 65
6 0.988 28 250 5351 13.47
7 0.985 18 200 5090 13.62
8 0. 985 23 250 5075 13.74
9 0.985 28 150 5106 13. 66
T JFUR XL A B 5 034 m® /h BEAL L 12,77 m? /(h « W),
Note: The air volume of the prototype fan is 5 034 m®/h, and the energy efficiency ratio is 12. 77 m®/(h « W).
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6.
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Table 6 Chimney fan orthogonal optimization performance improvement comparison

, ‘ WAL 2R/ Y figsk A/ %
L FURL/(m'/h) fEREL/ (m? /(b e w)) . . .
Air volume Energy efficiency ratio
Fan Air volume Energy efficiency ratio
change rate change rate
JE B X AL Prototype fan 5034 12.77
AL XAHL 1 Optimized fan 1 5431 13. 81 7.9 8.1
ML KL 2 Optimized fan 2 5361 13. 84 6.5 8.3
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Fig. 10  Static pressure and streamline distribution at the near wall near the
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