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Shape Optimization of Cut-Off in a Multi-blade Fan/Scroll System
Using Neural Network
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Abstract

In order to improve efficiency of a system with three-dimensional flow characteristics, this paper
presents a new method that overcomes three-dimensional effects by using two-dimensional CFD and
neural network. The method was applied to shape optimization of cut-off in a multi-blade fan/scroll
system. As the entrance conditions of two-dimensional CFD, the experimental values at the positions
out of the inactive zone were used. The distributions of velocity and pressure obtained by
two-dimensional CFD were compared with those of three-dimensional CFD and experimental results. It
was found that the distributions of velocity and pressure have qualitative similarity. The results of
two-dimensional CFD were used for learning as target values of neural network. The optimal angle and
radius of cut-off were determined as 71° and 0.092 times the outer diameter of impeller, respectively.
It is quantified in the previous report that the optimal angle and radius of cut-off are approximately
72° and 0.08 times the outer diameter of impeller, respectively.
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Fig. 1 Fan configuration

Table 1 Fan specification

Designation Size
Do(mm) 326
Di(mm) 271
Ci(mm) 55
b(mm) 65
Z(No. of Blades) 50
n(rpm) 700
Teut-off 0.06D2~0.12D;
0 cut-off 62°, 67°, 72°, T7°, 82°
t 0.12b
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Fig. 4 Flow visualization using smoke
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Table 2 Volume flow rate analysis using CFD

(m*/min)

auroff| - gno | g7 | 72° | 77° | 82°

Teut-off

0.06D: | 28.184 | 28.433 | 28.936 | 28.768 | 28.714
0.07D> | 28.401 | 28.737 | 29.406 | 29.070 | 28.802

0.08D; | 28.448 | 29.031 | 29.833 | 29.334 | 28.863
0.09D; | 28.475 | 29.333 | 30.040 | 20.627 | 28.977

0.10D; | 28.426 | 29.074 | 30.011 | 29.333 | 28.836

011D, | 28.285 | 28.958 | 29.764 | 29.045 | 28.373

0.12D; |28.129 | 28.581 | 29.519 | 28.759 | 28.055

——-W-=-— 2-D CFD(fanon =0.06D,)
- —-@ =~ 2-D CFD(Fonor=0.09D,)
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Fig. 8 Comparison of volume flow rate
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Fig. 9 Structure of neural network

Table 3 Volume flow rate analysis using neural

network (mz/min)

Qoff 67° 72° 77

Teut-off

0.06D2 28.433 28.937 28.768

0.07D; 28735 29.406 29.070

0.08D2 29.032 29.833 29.335

0.09D; 29.333 30.040 29.627

0.10D> 29.071 30.013 29.333

0.11D; 28.959 29.764 29.045

0.12D, 28.581 29.520 28.759

® data point
—_— A=T
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Fig. 10 Correlation between object value and

learning result value
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Fig. 11 Volume flow rate analysis(m3/min)
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Fig. 14 Streamline distribution for optimized

model
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