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Abstract

In the present work, shape of the mixing vane in Plus7 fuel assembly has been

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 angle and base length of mixing vane are selected as design

variables. Thermal-hydraulic performances for different shapes of mixing vane have

been discussed, and optimum shape has been obtained as a function of weighting

factor in the objective function.
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Fig. 1Geometry of mixing vane
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Fig. 2 Comparison of computational resultswith experimental data at z/Dy, =1.1
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Fig. 3 Velocity vectors at z/D,=1; (a) Split Vane, (b) Plus7
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Fig. 8 Variations of averaged crossflow and swirl factors with design variables
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Fig. 9 Variations of components of objective function with design variables



Fig. 10 Response Surface (o =1.0)
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Fig. 11 Values of optimum design variables

according to different weighting factors.

Tablel. Dimensionless design variables

W 3.0(mm) | 3.7(mm)| 4.4(mm)
o
10° (-1,-1) | (-20) | (-11)
25° (0,-1) (0,0) (0,1)
40° (1,-1) (1,0) (1,1)

Table2. Results of regression analysis(w=1.0)

R R Adjusted Std. error of
square R square the estimate
0.985 0.971 921 3.190E-03

Table 3. Values of objective function of Split Vane and optimal mixing vane ( ®=1.0)

Fn 1/F¢ F
Split Vane | 1.0644 | 0.9226 | 1.9871
optimum
o 1.1124 | 0.9058 | 2.0182
mixing vane
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