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SHAPE OPTIMIZATION OF A Y-MIXING VANE IN NUCLEAR FUEL ASSEMBLY

SH. Jung' KY. Kim,” KH. Kim’ and SK. Park’

The purposes of present work are to analyze the convective heat transfer with
and to optimize shape of the mixing vane taken ftolerance into

Reynolds-averaged Navier-Stokes analysis,

three-dimensional

consideration by using the analysis results. Response surface method is employed as an optimization technique. The
objective function is defined as a combination of heat transfer rate and inverse of pressure drop. Two bend angles
of mixing vane are selected as design variables. Thermal-hydraulic performances have been discussed and optimum
shape has been obtained as a function of weighting factor in the objective function. The results show that the
optimized geometry improves the heat transfer performance far downstream of the mixing vane.
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Fig. 1 Geometry and computational domain of 'PLUS7'
mixing vane
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Table 1 Boundary conditions

Boundary Value
Fuelrod Heatflux 0.5935 [MW/m’]
Inlet Velocity 4.9987 [m/sec]

Inlet Reynolds No. 80,000
Inlet Temperature 599.82 [K]
Outlet Pressure 15.513 [MPa]
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Flow Direction

(a) 2-D view of design variables

| pg4000

(b) 3-D view of design variables

Fig. 3 Design variables of Y1029’ mixing vane
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Table 2 F, F, values of ‘Y1029 according to design variables

« 8 Py Fp

8° 26° 0.8957 0.9401
8° 29° 0.9380 0.9581
8° 32° 0.9704 0.9640
10° 26° 0.9654 0.9760
10° 29° 1.0131 0.9820
10° 32° 1.0379 1.0000
12° 26° 1.0389 0.9940
12° 29° 1.0661 1.0000
12° 32° 1.0793 1.0240
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Fig. 4 Results of grid dependency test
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Fig. 5 The values from RSA

Table 3 The values taken tolerance into consideration
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Table 4 Averaged ., and ./ ),

(a) Averaged F,,,, values (W, =1.0)

s 27° 28° 29° 30° 31°

B 2o 28° 29° 30° 31°

8° 0.9065 | 0.9221 | 0.9362 | 0.9477 | 0.9601

8° 1.9644 | 19767 | 1.9870 | 1.9937 | 2.0013

9° 0.9461 | 0.9609 | 0.9733 | 0.9849 | 0.9940

9° 1.9851 | 1.9970 | 2.0051 | 2.0120 | 2.0157

10° 0.9832 | 0.9956 | 1.0080 | 1.0171 1.0261

10° 2.0071 | 2.0167 | 2.0242 | 2.0291 | 2.0323

11° 1.0163 | 1.0270 | 1.0385 | 1.0451 1.0526

11° 2.0286 | 2.0362 | 2.0430 | 2.0452 | 2.0469

12° 1.0451 1.0550 | 1.0641 1.0691 1.0748

12° 2.0496 | 2.0554 | 2.0601 | 2.0601 | 2.0603

(b) Averaged Fp,

(b) Averaged £/ F, values

Bl g 28° 29° 30° 31°

B oo 28° 290 300 31°

8° 0.9453 | 0.9483 | 09517 | 0.9561 | 0.9605

8° 0.9590 | 0.9724 | 0.9837 | 0.9913 | 0.9996

9° 0.9625 | 0.9652 | 0.9692 | 0.9736 | 0.9787

9° 0.9830 | 0.9956 | 1.0042 | 1.0116 | 1.0156

10° 0.9767 | 0.9794 | 09841 | 0.9881 | 0.9939

10° 1.0067 | 1.0166 | 1.0243 | 1.0293 | 1.0325

11° 0.9878 | 0.9908 | 0.9956 | 1.0000 | 1.0057

11° 1.0288 | 1.0365 | 1.0432 | 1.0452 | 1.0466

12° 0.9956 | 0.9996 | 1.0040 | 1.0096 | 1.0148

12° 1.0498 | 1.0554 | 1.0599 | 1.0595 | 1.0592
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Fig. 6 Relative Nusselt number
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Fig. 7 Maximum temperatures on the fuel surface

Table 5. Comparison between data by RSA and calculation data

(a) Fy

5 27° 29° e

@ RSA Cal. RSA Cal. RSA Cal.

9° 0.9469 | 0.9376 | 0.9766 | 0.9605 | 0.9989 | 1.0015

10° |/ 0.9841 | 0.9678 | 1.0138 | 1.0131 | 1.0286 | 1.0244

11° | 1.0212 | 1.0140 | 1.0435 | 1.0304 | 1.0583 | 1.0504

(b) £

5 27° 29° e

- RSA Cal. RSA Cal. RSA Cal.

9° 0.9635 | 0.9581 | 0.9696 | 0.9701 | 0.9787 | 0.9820

10° {1 0.9756 | 0.9760 | 0.9848 | 0.9820 | 0.9939 | 0.9880

11° |1 0.9878 | 0.9880 | 0.9969 | 0.9940 | 1.0060 | 1.0000

() The error of design optimized ‘Y1029’

Design optimized ‘Y1029’ Error
Averaged F, (RSA) 1.0080 -
Averaged /', (RSA) 0.9841 -
Averaged F, (Cal.) 1.0000 0.7937%
Averaged £, (Cal.) 0.9820 0.2134%
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Fig. 8 Pressure drop
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(a) ‘PLUS7’ mixing vane
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Table 6 Total force on the mixing vane

@

PLUS7

Y1029

7.321 [kN]

6.786 [kN]

(b) ‘Y1029’ mixing vane

Fig. 10 Streamlines on the mixing vane
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