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An Optimization for Flow Control Butterfly Valve using Grey Relational Analysis
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Abstract : This paper considered optimization method of appending a shape on a disc in an attempt to improve core
functions, which are inherent in flow characteristics. The paper also verifies the optimization method of appendage
shape with a Class 150 200A Butterfly valve. Then the design of experiment (DOE) with an orthogonal array is
performed to analyze the effect of form parameters by grey relational analysis and analysis of mean (ANOM). And
this study sets flow coefficient as an object functions for optimization, and the conventional disc model and the
optimal appendage shape on disc model are compared by computational fluid analysis. The paper concludes that an
optimal appendage shape on disc model achieves wider usability by a wider operating range.
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Yy= Optlmum performance value or the ideal normali-
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Y;=The " normalized value of the ;" response/
dependant variable.

A= Minimum value of 4;

A= Maximum value of 4;

A=The distinguishing coefficient which is defined in
the range 0<A<1 (the value may be adjusted on the
practical needs of the system)

Step 5: 3]% A S+ (Grey Relational Grade, G)& 2]
(®)°ll whet AlLketer

Fig. 1% ¥ A7-2] H23} th ] Stub Shaft® €] Class
150 200A9] ©|F H4 HEEeto] WHo|t} Fig. 2= Class
150 200A9] o5 Al WE|Eeto] B tjAT F4ks v
ERd T1gloft}, - Aol 2243} starat sk o)% HA
HE Eefo] WHe e Alo] WH =z F7 @Wo] ARg-E]= 7|
5 20%, 405, 6050l tiall % A& Attt

3.1 73 oM ZA =2

B AFollA Class 150 200A ©]% A4 vlE]Zeto] Wiy
o] f&F AFE AXFE] Y ANSYS CFX 15.08 AHg-a}
Ak A8 FAl= 15°Co) BS ARgsloH, 79 SR
20m/s, 27 S di7Ish U o AAEla, vy}
H.2] M2 No-Slip Wall A7g3F3itt. 285 AAIZzAS
Fig. 30llA4] Rol= vlel Fowm o]ue] Reynolds T ©F

(a) ISO view
Fig. 1. Class 150 200A Butterfly Valve.

(b) Side view  (c) Rear view
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(a) ISO view
Fig. 2. Class 150 200A Butterfly Valve Disc.

(b) Front view (c) Rear view
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Fig. 6. Pressure Calculation Location for Flow Coefficient.

Table 1. Flow coefficient for Class 150 200A butterfly valve

Opening Angle Flow Coefficient (C))
20 215.6
40 553.4
60 1242.5

Tail Rib

4L A7) I B el 4

Fig. 8. Number of Ribs.
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Fig. 9. Spread Angle.
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Fig. 10. Rib Section Parameters
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Table 2. Definition of Design Parameters AeE 23 e g slehiE Alole] e R8-S 11

Level of parameters

Symbol Description Unit 5 3
A Number of Rib EA 4 6 8
B Spread Angle deg. 350 425 50.0
C Front Angle deg. 40.0 60.0 80.0
D Rear Angle deg. 60.0 75.0  90.0
E Length mm 25.0 30.0 35.0
F Height mm 9.0 13.0 17.0

Table 3. Orthogonal Array Table and Experimental Result

kA k1, F FurE 18 ste] Awrid-S A5k
Table 3& T4 2w wjdxzel a4 Au= Aest Folu}.

& L H2 R G Skl E 8] 9
s 314 g 4L A § Aol Wl
& Aol A2 5o17] 915 A 0 FF AL Y
A EAS A, N 405} A G0l fr Al
Yol EHE S sk

o} Erlw 84 A B4 R WAE ST 5

Case Parameter Response
A B C D E F Vattes iodee i
1 4 35.0 40 60 25 9 195.72 541.14 1140.48
2 4 35.0 40 60 30 13 199.47 543.59 1126.01
3 4 35.0 40 60 35 17 194.49 541.08 1136.00
4 4 42.5 60 75 25 9 188.20 504.65 1063.76
5 4 42.5 60 75 30 13 189.92 506.99 1043.28
6 4 42.5 60 75 35 17 190.22 513.02 1037.08
7 4 50.0 80 90 25 9 157.43 437.48 941.79
8 4 50.0 80 90 30 13 152.39 433.15 916.07
9 4 50.0 80 90 35 17 156.72 436.83 892.33
10 6 35.0 60 90 25 13 197.36 531.00 1100.22
11 6 35.0 60 90 30 17 199.09 537.50 1106.92
12 6 35.0 60 90 35 9 197.51 537.30 1137.88
13 6 42.5 80 60 25 13 175.60 466.02 999.03
14 6 42.5 80 60 30 17 176.57 476.30 998.15
15 6 42.5 80 60 35 9 184.07 494.43 1077.58
16 6 50.0 40 75 25 13 191.84 540.88 1131.52
17 6 50.0 40 75 30 17 194.45 538.47 1131.46
18 6 50.0 40 75 35 9 196.59 545.62 1159.83
19 8 35.0 80 75 25 17 191.04 502.61 1071.55
20 8 35.0 80 75 30 9 190.02 514.22 1111.65
21 8 35.0 80 75 35 13 192.38 516.68 1120.07
22 8 425 40 90 25 17 200.02 553.39 1138.72
23 8 425 40 90 30 9 201.32 558.74 1161.32
24 8 425 40 90 35 13 199.45 562.05 1169.73
25 8 50.0 60 60 25 17 194.49 519.20 1040.21
26 8 50.0 60 60 30 9 195.66 527.85 1120.82
27 8 50.0 60 60 35 13 197.41 535.45 1125.62
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Table 4. S/N ratio for Experiment

c S/N Ratio Normalized S/N Ratio
ase
V20deg Viodeg Veodeg V20deg Viodeg Veodeg

1 -45.83 54.67 61.14 0.8986 0.8545 0.9064
2 -46.00 54.71 61.03 0.9668 0.8718 0.8593
3 -45.78 54.67 61.11 0.8762 0.8541 0.8919
4 -45.49 54.06 60.54 0.7580 0.5865 0.6492
5 -45.57 54.10 60.37 0.7907 0.6043 0.5774
6 -45.59 54.20 60.32 0.7964 0.6496 0.5553
7 -43.94 52.82 59.48 0.1168 0.0382 0.1993
8 -43.66 52.73 59.24 0.0000 0.0000 0.0970
9 -43.90 52.81 59.01 0.1006 0.0325 0.0000
10 -45.90 54.50 60.83 0.9286 0.7818 0.7737
11 -45.98 54.61 60.88 0.9600 0.8286 0.7961
12 -45.91 54.60 61.12 0.9315 0.8271 0.8980
13 -44.89 53.37 59.99 0.5092 0.2808 0.4172
14 -44.94 53.56 59.98 0.5289 0.3645 0.4140
15 -45.30 53.88 60.65 0.6783 0.5080 0.6969
16 -45.66 54.66 61.07 0.8268 0.8526 0.8773
17 -45.78 54.62 61.07 0.8753 0.8355 0.8771
18 -45.87 54.74 61.29 0.9147 0.8861 0.9686
19 -45.62 54.02 60.60 0.8118 0.5709 0.6761
20 -45.58 54.22 60.92 0.7925 0.6586 0.8119
21 -45.68 54.26 60.98 0.8370 0.6769 0.8397
22 -46.02 54.86 61.13 0.9768 0.9404 0.9007
23 -46.08 54.94 61.30 1.0000 0.9774 0.9733
24 -46.00 55.00 61.36 0.9665 1.0000 1.0000
25 -45.78 54.31 60.34 0.8760 0.6956 0.5665
26 -45.83 54.45 60.99 0.8976 0.7590 0.8422
27 -45.91 54.57 61.03 0.9295 0.8139 0.8580
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Table 5. Grey Relational Coefficient and Grey Relational Grade

Grey Relational Coefficient  Grey Relational Grade

O T G G ©
1 0.9080  0.8729  0.9145 0.8985
2 09679  0.8864  0.8766 0.9103
3 0.8898  0.8726  0.9025 0.8883
4 0.8051  0.7075  0.7403 0.7510
5 0.8269  0.7165  0.7029 0.7488
6 0.8309  0.7405  0.6922 0.7545
7 0.5310  0.5097  0.5553 0.5320
8 0.5000  0.5000  0.5255 0.5085
9 0.5265  0.5083  0.5000 0.5116
10 09334 0.8209  0.8154 0.8566
11 09616  0.8536  0.8306 0.8820
12 0.9359  0.8526  0.9075 0.8986
13 0.6708  0.5817  0.6318 0.6281
14 0.6797  0.6115  0.6305 0.6406
15 0.7566  0.6702  0.7674 0.7314
16 0.8524  0.8715  0.8907 0.8715
17 0.8891  0.8587  0.8906 0.8795
18 09214  0.8977  0.9696 0.9296
19 0.8416  0.6998  0.7554 0.7656

20 0.8282  0.7455  0.8417 0.8051
21 0.8598  0.7558  0.8619 0.8258
22 09773 09438  0.9097 0.9436
23 1.0000 09779  0.9740 0.9840
24 09676 ~ 1.0000  1.0000 0.9892
25 0.8897  0.7666  0.6976 0.7846
26 0.9071  0.8058  0.8637 0.8589
27 09342  0.8431  0.8757 0.8843

Table 6. Mean Respponse Table for Grey Relational Grade
Level A B C D E F
1 0.7226  0.8590 0.9216 0.8028 0.7813 0.8210
2 0.8131 0.7968 0.8244 0.8146 0.8019 0.8026
3 0.8712 0.7512  0.661 0.7896 0.8237 0.7834
Delta  0.1486 0.1078 02606 0.025 0.0424 0.0376
Rank 2 3 1 6 4 5

Table 7. Selected Design Parameters from Grey Relational Analysis

Symbol Description Unit Selected parameters
A Number of Rib EA 8
B Spread Angle deg. 35.0
C Front Angle deg. 40.0
D Rear Angle deg. 75.0
E Length mm 30.0
F Height mm 9.0

(a) ISO view
Fig. 11. Class 150 200A Butterfly Valve Disc.

(b) Front view

(c) Rear view

Table 8. Comparison of Flow coefficient

Opening Flow coefficient (Cy) Increment
Angle(deg)  Original Disc Optimized Disc ~ ratio(%o)
20 215.6 202.7 -6.0
40 553.4 563.9 1.9
60 1242.5 1276.6 2.7
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