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Turbine Performance Degradation Due to Blade Surface Roughness

11 Young Park, Yong Il Yun, Seung Jin Song"

Key Words : Axial turbine(5-7E]%), Rotating test facility( 37 3%), Roughness( A7), Performance( %),
Efficiency( £8)

ABSTRACT

Turbine blades experience significant surface degradation with service. This paper presents experimental
evidence of blade surface roughness reducing turbine efficiency. Performance tests were conducted in a low
speed, single-stage axial flow turbine rig with roughened blade surfaces. Sheets of sandpaper with
equivalent sandgrain roughnesses of 106 and 400um were used to roughen the blades. In these tests, effects
of roughened stator vanes and rotor blades were separately evaluated. In the fully rough regime (ks=400:m),
the experimental results show an 11 percent decrease in normalized efficiency with roughness only on stator
vanes ; an 8 percent decrease with roughness only on rotor blades ; and a 19 percent decrease with
roughness on both the stator and rotor blades. In the transitionally rough regime (ks=106;m), the trends are
similar approximately 4 percent decrease with either roughened stator or roughened rotor and an 8 percent
decrease with roughness on both stator and rotor blades. Thus, roughened stator vanes incur more
perfonnénce penalty than roughened rotor blades.
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Fig. 2 Axial instrumentation positions of the test section

Table 1 Test turbine blade geometry

Variable Stator Rotor
Axial chord [mm] 9%.01 41.04
Hub diameter [mm] 5628 560.0
Tip diameter [mm] 700.0 6972
Number of vanes/blades 3 70
Tip clearance [mm} 14 14
Annulus area [m] 0.136 0.136
Solidity 1.87 153
Inlet angle [deg] 0 62.3
Exit angle [deg] 713 746
Stagger angle {deg] 289 114

Table 2 Sensor accuracy

Sensor Accuracy Comments
Prossure transducer 1| + 025 % | ¢St section
pressure

Pressure transducer 2| + 0.25 % | Flowmeter pressure

Torquemeter

+ 030 % Torque

Torquemeter Amplifier

Thermocouple + 0.37% Temperature
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Table 3 Representative turbine blade surface statistical data

(bons®)
Region Process Ra R As
Foreign
SS/MS/LE Deposit 14.1 168 45
+ SS : suction side
+MS : mid span

- LE : leading edge

+ Ra : centerline average roughness

» R: : maximum peak to valley roughness
As : roughness shape/density parameter

Fig. 3 Top view of roughened stator vane
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Table 4 Test matrix

; (S : smooth, F : fully rough, T : fransitionally rough)

-k <5 vjne]E e (smooth)
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