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Abstract

This paper presents a numerical study on the overall performance and local flow characteristics of the sirocco fan. The effects
of impeller and volute shape distribution on the performance of the sirocco fan were numerically studied using a commercial
CFD code and a DOE (design of experiments) software. At present, our attention was focused on the relation of the results of
DOE and the performance of the sirocco fan. As a main result of the optimization, the performance of the sirocco fan was
successfully improved. Also, detailed effects of geometric parameter of impeller and volute in the sirocco fan were discussed.
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S, 7= 49 Bl 2TR0INE 4 AYeS Folw, &4
g 2o} oldl 228 BA7| o] UFAE vdY 39
o A3 B4% A FPuEd ALET 84S oled
)41} 8(exponential function) 23E P4 AHESITh i
UAg 23% 337 AL v 2k

T = Toexp(Htancy ) )
A7) e AR WA, 0 Z4EE Yepdc
22 FAH /1Y

B Ao gasfAel e Fig. 3o VR An 2ol 3Hst
= Azzge] gyre g™ 2 2389 M ES(block) o &

- 283 -



Di ]

D2
1
3

M~

Rl
<
/

N

b7

d

Fig. | Geometric parameters of a sirocco fan
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Fig. 2 Geometric parameters of a blade
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Fig. 3 3D geometry & grid system" "of a fan

Table 1 Numerical analysis set of 2% factorial

2k | D1 b2 D3 a a B 1 B 21 2 APt [Pt_Eff
No | (am) | (mm) | (mm) | )| o) [ O | ) |(EA)| (Pa) | (%)
1 [2046|69.44 | 19468 | 70 4 20 | 40 | 44 {19482 | 4599
2 2170 [69.44 | 19468 | 70 4 40 { 60 | 54 | 22453 | 51.80
3 {2046 | 7936 | 19468 70 6 20 | 60 | 54 | 2850.7 [ 58.46
4 1217017936 {19468 | 70 6 40 | 40 | 44 | 17614 | 50.33
5 2046 {6944 | 20212 | 70 6 40 | 60 | 44 | 2186.6 | 51.26
6 1217016944 | 20212 | 70 6 20 { 40 | 54 | 21788 | 53.27
7 1204617936 | 20212} 70 4 40 | 40 | 54 | 17695 | 48.43
8 1217017936 {20212 | 70 4 20 | 60 | 44 | 2516.1 [ 4898
9 (2046 |69.44 1 19468 | 90 6 40 | 40 | 54 | 1707.2 | 43.80
10 1 217.0 | 69.44 | 19468 | 90 6 20 1 60 { 44 | 2190.0 | 49.39
11 2046 | 79.36 | 19468 | 90 4 40 | 60 | 44 | 2111.3 | 46.02
12 {217.0 | 79.36 | 194.68 | 90 4 20 | 40 | 54 | 15793 | 40.12
13 | 2046 | 69.44 | 20212 [ 90 4 20 1 60 | 54 | 18264 | 36.16
14 [ 2170 69.44 | 20212 | 90 4 40 { 40 | 44 | 13033 | 38.12
15 12046 | 79.36 | 20212 | 90 6 20 | 40 | 44 | 14047 [ 3585
16 | 217.0 | 79.36 | 20212 | 90 6 40 | 60 | 54 | 23421 | 4894
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FHck Table 12 2F 824¥o] A4 4PxPL HAFH
ek 2% QoM H N EAGS SR Aty AYES
2 93, AR A AT Table 104 APt(Pa)} Pt Eff(%)
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Pareto Chart °§1toh; Effects (response is d(Pt), Alpha = .10)
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Fig. 4 Pareto chart of the effects for APt
Pareto Chart of the Effects esponse is pt_Efficiency, Alpha = .10)
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Fig. 5 Pareto chart of the effects for efficiency
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Main Effects Plot for d(Pt)
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Fig. 6 Main effects plot for APt

Main Effects Plot for Pt_efficiency
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Fig. 7 Main effects plot for efficiency

Table 2 Numerical analysis Set of RSM

RSMNoj a () | & 9 B2 ) | aPt (Pa) | Pt_Eff (%)

1 60 5 50 25117 57.609

2 60 7 50 2533.7 60.133

3 , 80 5 50 2191 49.137

4 80 7 50 22474 48674

5 60 5 70 30725 62.39

6 60 7 70 3056.4 63691

7 80 5 70 2852.4 513%

8 80 7 70 31145 57.098

9 70 | 43182 60 26152 53647

10 70 | 76818 60 2470.1 5175

11 53.18 6 60 2810.6 63.794

12 | 8682 6 60 2337.4 43368

13 70 6 431821 2270.7 52.683

14 70 6 768179 | 20064 42.909

15 70 6 60 2686.1 56.856
U Az 20314 Vbl A3z 28 ¢ slge o
A 4 ATk B AN FT%b] 2600 PaclyS W
stal A4 ﬂtﬂ E%%;P 7“‘ 23S AHA EEZtarget of

L F IR AL X0 BEe g4t
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Sslel Fig 9% 2 U3HHS cEE wAs WA
3t A1} qv 62° ax 53.5°, 2% 64.0°0014 g?xﬁ}— 29236
Pa, AYEEE 648%=E JSHATE o] Ax= AA EXHE
whEate] 24518 Hoptimization design) o Mefsiich Mz 3}
FAke AEA A Table. 3ol HAVIE g9 384
Aol vz e d&Azel &4 vlu AAsch AzE
e AAFHA W= a: 265° TA, aF 12° F7L BlE
14.0° 57} atAek. 2 A Z7FolA 19 550 Pa, AYE s
& 156% Z7F 3oL JFe] A Ed(torque)s 057 Nm 7
Zstgin) HEERTIEY Ao Anet HAS Y4 #AE
A AE v BY AGOATE 077%) 2abE, HetE
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Overlaid Contour Plot of d(Pt), Eff(Pt)
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Fig. 8 Overlaid contour plot at a 6°
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Fig. 9 Plot for response optimization
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Table 3 Comparison of optimization results with design base

a « B2 APt | Torque | Pt_Eff
Ol | o e | am | oo

— 1
Optimization model | o1 6o | 61 | 29014 | 8072 | 64287

(CFD)
RSM estimate value| 535 6.2 64 2923.6 - 64.834
Base design model | o | 50 | 50 | 23519 | 8641 | 48682
(CFD)
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