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Numerical sumulation on optimization design of contraction section

in icing wind tunnel based on droplet trajectory
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(1. State Key Laboratory of Aerodynamics.,
China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China;
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China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: Performance of icing wind tunnel’s contraction section was investigated by nu-
merical simulation. For several typical wall contours were provided by former researchers,
the flow field calculation using simplified 2-D (two-dimensional) model was performed, and
the pressures along the centerline and the velocity distribution at the test section entrance
were obtained. The numerical simulation results show that all contraction curves can pre-
vent the separation of boundary layers., and the difference of fluid dynamics parameters is
negligible except for cubic curve and fifth power curve (x, =0. 4) which can’t provide a
specified degree of uniformity. Then droplet trajectory was studied by numerical simulation
when different diameter water-liquid that the droplets were released. The numerical results
state droplet accretion using Witozinsky curve is less compared with that designed by other

curves. By comparing of several contraction curves’ effect on flow field and droplet trajecto-
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ry, it can be concluded that convergent section designed by fifth power curve (x,=0. 5) has

higher efficiency.

Key words: icing wind tunnel; contraction section; contraction curve;

numerical simulation; droplet trajectory; optimized design
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Table 1 Flow characteristics of exit sections using different contraction curves

(2 =0.4) (2,=0.6) (n=15) (xn=0.4) (x2,=0.5)

/% 0.163 0.370 0.364 1.118 0.228 0.272 0.322 1.493 0. 203
0.045 0.113 0.114 0.393 0.065 0.077 0.101 0.525 0.070
/% 0.116 0.282 0.277 0.592 0.165 0.176 0.243 0.791 0.115
/% 2.050 2.300 2.280 2.000 2.330 2.660 2.470 2.240 2.230
0.033 0.039 0.038 0.018 0.026 0.022 0.027 0.017 0.021
/(°) 0.157 0.124 0.104 0.675 0. 142 0.183 0.119 0. 862 0. 218
, ( 30 um ,
) ) , ;
> 50pum
, , )
) r, =0.6
, s N Tm=0.4
Tm=0.5 . .
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Table 2 Limited released-distance for different diameter droplets in contraction(unit:cm)
/
pm (2n=0.4) (2,=0.6) (n=5) (2, =0.4) (2,=0.5)
10 1 1 1 1 1 1 1 1 1
30 3 3 3 6 5 6 5 6 5
50 6 5 5 12 10 14 11 13 12
100 18 16 17 34 31 41 31 37 34
200 53 59 65 89 83 106 84 99 90
300 82 102 112 149 134 168 137 164 149
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Fig. 7 Covered area of droplets at contraction outlet
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