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Fig. 1 geometric model of spur dike in 90 degree bend
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0.2 Flow depth (m)

15, 30, 45 Q(lit/s)

1.2&15 Outer and inner radius (m)
0.6 (m):Bm

2 &5.5(m)  Upstream and downstream channel length

90 Tc: Central angle of bend

30, 45, 60 Te: The position of spur dike

5, 10, 15 (cm)Spur dike length :Le

Table 1 Hydraulic and geometric properties of spur dike in
90 degree bend [20]
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Flow

— Spur dike

Fig. 2. parts of flow field around spur dike in bend [20]
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Range Variables
0.09,0.18,0.28 Fr
0.08,0.17, 0.25 Le/Bm
0.34,0.5,0.67 TelTc

Table 2. Range of variables
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Study

e s -y L B
o X ) o X %m %m Fr  Oce/loc Le/Bm characteristics Study No.
1.66 1.9 1.245 0207 0.09 0.34 0.08 111 1
1.79 1.98 1.24 0228 009 05 0.08 121 2
1.79 2.03 1275 0237 0.09 0.67 0.08 131 3
1.6 1.76 1281 0204 0.18 0.34 0.08 211 4
1.76 1.92 1.273 0225 018 05 0.08 221 5
1.92 1.92 1.3 0235 0.18 0.67 0.08 231 6
1.71 1.85 1.345 0203 027 034 0.08 311 7
1.85 1.99 1.333 0223 027 05 0.08 321 8
1.99 1.99 1.336 0.234 027 0.67 0.08 331 9
3.2 2.88 2389 0314 009 0.34 0.17 112 10
3.2 2.88 2.233 034 0.09 05 0.17 122 11
3.52 2.88 1938 0353 0.09 0.67 0.17 132 12
3.2 2.88 2386 0315 0.18 0.34 0.17 212 13
3.52 2.88 2.255 034 018 05 0.17 222 14
3.52 2.88 2003 0335 0.18 0.67 0.17 232 15
3.91 2.87 2.277 03 027 034 0.17 312 16
4.02 2.84 2193 0325 0.27 05 0.17 322 17
4.2 3.04 1918 0388 0.27 0.67 0.17 332 18
4.99 4.29 3.29 0.408 0.09 0.34 0.25 113 19
5.1 4.5 2.9 0.423 0.09 05 0.25 123 20
5.24 4.49 2.888 0.442 0.09 0.67 0.25 133 21
5.33 4.38 3.226 0427 018 0.34 0.25 213 22
5.46 4.58 2876 0.442 018 05 0.25 223 23
5.6 4.58 2.843 0452 018 0.67 0.25 233 24
6.04 4.58 3.238 0417 0.27 0.34 0.25 313 25
6.13 4.69 2.9 0435 027 05 0.25 323 26
6.27 4.74 3.887 045 0.27 0.67 0.25 333 27

Table 3. Response table for 27 studies
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[22] Jolaze dolaze (ola asl )T .8 J g

levels No. of factors Array
2 7 Lg
2 15 Lig

2&3 1&7 Lig
3 4 [
4 5 Lig

Table 4. The popular orthogonal array [22]
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Lo bl s Lehale 7 5law S 5.0 g

Corresponding study in Fr Te/Tc Le/Bm Study
. . . . Table 3 No.
(ol 0l C) JLP‘ Jbg BL] L;;JJ W Lg\_)"
1 1 1 1 1
.))‘J dda C‘j;):wS)t:MJ _)3‘ Jjj.é She o 11 1 2 2 2
21 1 3 3 3
13 2 1 2 4
. . . . ) 23 2 2 3 5
Qliﬂ&lkvbfﬁ%ﬂ@ﬁbﬁbjbw‘\‘ﬁ 6 5 3 1 3
Fr Te/Tc 25 3 1 3 7
0.40 4 8 3 2 1 8
S 035 o o el e 18 3 3 2 9
& g;g 1 Table 5. Combination of levels in Lg array
= 0.25 -
= 020
[ 009 018 027 034 050 067
w N . . .
£ Le/Bm cobe s Jelss s Lol 5 s Sl5le 5 (2505
= 0.40 i -
= 035 ot Dlalllas U Bl Cua il sl 55 5 Wl oss
0.30 .
0.25 G e 36 Ol sdalie gl o .l (0)
0.25 &b ble 2 sk S Ol s Slr o

008 017 025
Fig. 3. Influence of factors on Bs/Bm

Ol b b Jsb iy Lale U s 8 JSa

Fr Te/Tc

3.0

15
5 10 . . * r—
% L5
-
% 0.09 0.18 0.27 0.34 0.50 0.67
§ 1.0 Le/Bm
= 25

2.0

1.5

008 017 025
Fig. 4. Influence of factors on Ls/Bm
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Fig. 9. Comparison of sorted results of Tawe/Rov2
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Percentage of

Percentage of

Sum of square for Sum of square

Rank contribution for full Rank  contribution for full factorial for Taguchi Factor
factorial method Taguchi method method method
3 10.02 3 7.0.43 0.00004 0.000314 (Fr)
2 72.9 2 /3.6 0.0061 0.0026 (Te/Tc)
1 195.7 1 194.84 0.2 0.068 (Le/Bm)
70.3 0.00064 Fr* Te/Tc
70.17 0.00036 Le/Bm* Te/Tc
10.22 0.00047 Fr¥Le/Bm
10.47 0.001 Fr*Le/Bm* Te/Tc
0 10.83 0 0.0006 errors
7100 7100 0.209 0.0717 Sum

Table 6. Comparison of Analysis of variance Taguchi and full factorial methods on Bs/Bm
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Abstract
Full factorial investigation is necessary in the study of the hydraulic phenomena which are functions of
different variables with different levels. It is logical to use the full factorial method when the number of
variables and their levels are low. However, sometimes due to lack of time and shortage of financial
restrictions, using the full factorial method is not possible. The Taguchi method, which is used for design of
experiments, uses the fractional factorial instead of full factorial. This method not only decreases the number
of studies but also guaranties the correlated comparison of all variables. The benefits of design of experiment
by Taguchi method are as follows: to reduce the number of studies and costs, to investigate the qualitative or
guantitative variables at different levels, to determine the contribution of variables, to estimate results in
optimum conditions and at the desired levels and to obtain optimal conditions for several responses
simultaneously. Taguchi methods are widely used in industrial engineering, materials engineering,
mechanical engineering, environmental and recently used in civil engineering. Based on studies in the field
of hydraulic engineering, researchers have had less attention to the Taguchi method for the design of
experiments or studies. In this paper the Taguchi method is used for finding the optimized hydraulic
parameters like the length and location of spur dike in different Froude Numbers in 90 degree bend.
Four responses are considered as follow: 1) and 2) The maximum length and width of separation zone in the
area of backflow respectively (Ls/Bm and Bs/Bm) in order to achieve the restoration of the beach, 3) The
maximum shear stress in the area of mainstream and 4) The Minimum shear stress at the tip of the spur dike.
In order to get the results, the parameters of length, location of spur dike in 90-degree bend, and the Froude
Number are considered with three different levels. The SSIIM numerical model is applied to simulate the
studies designed by Taguchi and full factorial methods. For both, Minitab software has been used to design
the studies and analyses. Comparison between the results of studies designed by Taguchi method and full
factorial method shows that Taguchi method, could predict the optimum parameters only with 9 studies
whereas with full factorial method 27 studies were necessary. Also, using Taguchi method leads to more
than 66% decrease in the total running time. For studies designed by Taguchi method, the optimum value of
length of spur dike is the same as the one designed by full factorial method. Also, the length of spur dike is
the most effective parameter on flow pattern around spur dike and the position of spur dike and Froude
Number are next in rank, respectively. These results are the same in both methods used to design the studies.
Using 9 studies designed by Taguchi method, the investigation of the effect of other parameters such as the
angle of spur dike is possible without changing the number of studies, whereas 81 studies should be carried
out by full factorial method, to investigate four parameters with three levels.

Key words: 90 degrees bend, Taguchi method, full factorial, cost and time saving
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