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Effect of Surface Roughness on Performance of Axial
Compressor Blade
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ABSTRACT

Deterioration of surface of turbomachinery blades occurs in course of time due to many factors and hence
reduces the performance of the machine. In this paper, the effects of surface roughness of transonic axial
compressor blade on performance are studied considering a reference blade and a shape distorted (optimized)
blade. Optimal blade is designed considering sweep and lean. Baldwin-Lomax turbulence model is used for flow
field analysis and Cebeci-Smith roughness model is formulated for roughness modeling. It is found that, as the
surface roughness increases, adiabatic efficiency, total temperature ratio and total pressure ratio decrease while
Mach number increases. Performance deterioration is more severe in case of distorted blade as compared to
reference blade.
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Table 1 Design specifications of NASA rotor 37

Mass flow rate, kg/s 20.19
Rotational speed, rpm 171887
Pressure ratio 2.016

Inlet hub-tip ratio 0.7

Inlet tip relative Mach number 14

Inlet hub relative Mach number 113
Tip solidity 1.288

Rotor aspect ratio 119

Number of rotor blades 36
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Fig. 2 Definition of blade sweep

Fig. 3 Definition of blade lean (top view)
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Table 2 Roughness effect on efficiency, total temperature
ratio, total pressure ratio and Mach number

Variable values Smooth blade

Blade shape | gSweep o Lean, 8 Efficiency,n
(%) (%) (%)
Optimal 10.08 -16 295
Reference 0.0 0.0 88.65

Rough blade, kI = 100

n T/ Loy P/P, Oref Mach number

Reduced(%) | Reduced(%) | Reduced(%) | Increased(%)
111814 2028 7.009 | 25111
1126 1766 ) 6192} 21021
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