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Abstract

In the present study, the air jet flow characteristics of the dryer in the automatic car wash machine were numerically predicted
by commercial CFD code. The effects of the dryer shape and the nozzle width variations on the performance of the automatic car
wash machine were discussed. To optimize the geometric parameters, the response surface method(RSM) with CFD was used.
Predicted jet velocity distributions for the optimized geometry were compared with experimental data and the comparisons show
generally good agreements. Also, the performance of the dryer was improved with the optimized results.
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Fig. 1 Photo of an automatic car wash machine
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Fig. 2 Geometry of original nozzle system
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Fig. 3 Comparison of jet velocity distributions along
the slit nozzle (z=200mm)
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Table 1 Design set of RSM
WI/W2| H3 L3 | Vtm | Ut | VLm| UL
mi 1 40 100 | 2956 | 0.9837 | 24.25 | 0.9938
m2 15 40 100 | 3429 10.9944 | 3052 | 0.9952
m3 1 80 100 | 29.36 | 09789 | 24.25 | 0.9918
m4 15 80 100 | 3421 | 09915 3057 | 0.9936
mb 1 40 300 | 29.80 | 09739 | 24.21 |0.9933

mb 15 40 300 | 3431 | 09937 | 30.75 | 0.9945
m7 1 80 300 | 2956 |0.9837 | 24.25 | 0.9938
m8 1.5 80 300 | 34.07 {09906 | 30.79 | 0.9954
m9 1 60 200 | 29.78 {09736 | 24.14 | 0.9869
ml0 1.5 60 200 | 3454 | 09943 | 30.98 |0.9931
mll | 1.25 40 200 | 3233 | 09892 | 27.95 | 0.9929
ml2 | 1.25 80 200 | 3243 | 09873 | 27.75 | 0.9943
ml3 | 125 60 100 [ 3227 |0.9886 | 27.88 | 0.9931
ml4 | 125 60 300 | 3249 |0.9862 | 28.05 | 0.9915
mi5 | 125 60 200 | 3264 |0.9885| 27.99 | 0.9921
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Fig. 4 Comparison of jet velocity distributions along
the slit nozzle (Case mi~m8, z=200mm)
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Fig. 5 Comparison of jet velocity distributions along
the slit nozzle (Case m9~mlS, z=200mm)
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Fig. 6 Plot for response optimization
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Overlaid Contour Plot of Ut, UL, VI m, VIL_m
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Fig. 7 Region of the optimum found by overlaying Ut, UL, Vt m
and VL_m response surface.

70 o A

t : --o— CFD_original_z200
10 | - - CED_m2_z200
i : Exp_ originai_z200
i - -~ - - Exp_m2_z200

[1 ) S T S
0 100 200 300 400 500 600 700
X [mm]

Fig. 8 Averaged velocity of original nozzle system
and optimized nozzle system
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Table 2 Calculated and measured performance parameters

Vim | VLm| U uL
original |-Or2_| 3228 2661 | 09866] 09916
Exp | 2002 | 2548 | 09922] 09871
optimized | O 3429 3051 | 09944 09952
Exp | 2763 | 2674 | 09959] 09881
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