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Abstract

In the present work, shape of mixing vane is optimized numerically using three-
dimensional Reynolds-averaged Navier-Stokes analysis of flow and heat transfer.
Standard k-¢ model is used as a turbulence closure. Response surface method is
employed as an optimization technique. The objective function is defined as a
combination of heat transfer rate and inverse of friction loss. Bend and twist angles
of mixing vane are selected as design variables. Optimum shape of mixing vane
shows the better performance than the commercialized split vane,
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Fig. 2 Comparison of computational results with experimental data at z/D, =1.1



Fig. 3 Changes of velocity vectors with twist angle at z/Dy, =2, and z/D), =10 (from left)
(a) @ =25°1v=10° (b) a=25°1v=20°,(c) a=25°%y=30°



Fig. 4 Changes of velocity vectors with bend angle at z/D,, =2, and z/D,, =10 (from left)
(a) a=10°v=20° (b) a =25° v =20° (c) a. = 40°, y = 20°
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Fig. 5 Effects of design variables on objective function, (a) bend angle (b) twist angle
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Fig. 6 Response surface with W;=0.4 Fig. 7 Comparision of Nusselt number distribution

between split vane and optimal vane
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Fig. 8 Optimal Values according to weighting facots

Table 1 Dimensionless design variables

Y 10° 20° 30°
o}
OO ( _11_1 ) ( _110 ) ( _111 )
25° (0,-1) (0,0) (0,1)
400 ( 1!_1 ) ( 110 ) ( 1’1 )
Table 2 Results of regression analysis
R Adjusted Std. error of the
W, R ’ _
square R square estimate
0.4 0.977 0.954 921 2.3242678E-03

Table 3 Values of objective function of split vane and optimal mixing vane (£=17.8% and W;=0.4)

Fn 1/F¢ F
split-vane |1.03247|0.92725| 1.40337

optimal

. 1.06171|0.90163| 1.42237
mixing vane
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