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Numerical Optimization for Performance Improvement of a Tunnel
Ventilation Jet fan
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ABSTRACT

This paper presents an optimization procedure for performance improvement of a tunnel ventilation jet fan. Optimization
techniques based on response surface approximation (RSA) are employed to improve the aerodynamic performance of a tunnel
ventilation jet fan. For numerical analysis, three-dimensional Renolds- averaged Navier-Stokes (RANS) equations with shear
stress transport turbulence model are discretized by using finite volume approximations and solved on hexahedral grids to
evaluate the total efficiency at the operating condition as the objective function. Four geometric variables defining the
meridional length and the thickness profile at the hub and shroud in the jet fan rotor are selected as design variables for the
numerical optimization. The results of the numerical optimization show that the total efficiency of the optimized model is

significantly improved in comparison with the base model.
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Fig. 1 Computational domain and grid system of the jet fan
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Table 1 Design parameters of base model
Number of rotor blades [EA] 6
Number of stator blades [EA] 9
Rotor tip clearance [mml] 5
Blade angle of hub [degree] 46.8
Blade angle of shroud [degree] 22.1
Meridional Length of hub [mm] M
Meridional Length of shroud [mml] 486
Maximum Thickness of hub [mm] 28
Maximum Thickness of shroud [mml] 10

Table 2 Comparison of the design specifications, numerical
analysis results and experiment results

specifications [numerical analysis|experiment
Rotational speed | 17, 1780 170
[rpm]
Vegr, [mv/s] 36.4 379 36.5
Total Efficincy ..
(o] maximize 70.21 69.4
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Table 3 Design parameters for the numerical optimization

Hub_m Hub_th Shr_m Shr_th
[mml] [mm] [mm] [mm]
min 4 10 386 10
base A 55 486 55
max 104 100 586 100
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