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Fluctuating Surface Pressure on a Cross-Flow-Impeller Blade
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In the present research, we develop the measuring technique of unsteady pressure on a rotating blade surface, and 

reveal the basic features of a cross-flow-impeller pressure. Specifically speaking, we consider the simplest model for the 
fundamental study, namely, the flow around the cross-flow impeller, rotating with flat-plate blades in open space without any 
casings. On this impeller’s blade, we measure the fluctuating pressures, which are discussed in comparison with flow 
visualisations with the particle-image velocimeter (PIV), velocity measurements by a hot-wire velocimeter (HW) and 
numerical simulations. As a result, we get accurate pressures on the rotating blade, which are conditionally-averaged over a 
number of periods. The obtained experimental results can be also dedicated to CFD as standard benchmarks. 
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Fig. 1. Impeller with inclined flat blades. 

 

 
 

 

Fig.. 2. Details of inclined flat blades. 

 

Table 1. Parameters of inclined-flat-blade impeller. 

Outer diameter D 2=250 [mm] D 2=100 [mm]
Inner diameter D 1=180 [mm] D 1=72 [mm]

Blade's chord length b =35 [mm] b =14 [mm]
Blade's thickness t =5 [mm] t =2 [mm]

Impeller's span length L =250[mm] L =80[mm]
Number of blades

Blade's angle
Z =24

=23 [deg.]
 

(a)Pressure sensor on the 

front face of a blade 

(b)Pressure sensor on the 

back face of a blade 
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Fig. 3. Coordinates system. 
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Fig. 4. Dimensions of a pressure sensor (mm). 
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Fig. 5. Flow-visualisation system for PIV. 
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Fig. 6. Flow-visualisation photo (D2=100[mm]). 
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Fig. 7. Velocity vectors by PIV (D2=100 [mm]). 
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Fig. 8. Mean velocity distribution (D2=100[mm]). 
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Fig. 9. Velocity vectors by computation. 
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Fig. 10.  Pressure distribution by computation. 
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Fig. 11. Time history of surface pressure (on a blade’s 

front face). 
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Fig. 12. Time history of surface pressure (on a blade’s 

back face). 

  

 
 Fig. 13. Spectrum (on a blade’s front face). 

  

  
Fig. 14. Spectrum (on a blade’s back face). 

 

 
Fig. 15. Pressure distribution of one period (on a blade’s 

front face). 

 

 
Fig. 16. Pressure distribution of one period (on a blade’s 

back face). 
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Fig. 17. Pressure distribution of one period, 

conditionally-averaged over 22 periods. 

 

 
Fig. 18. Pressure distribution of one period, by 

computation. 
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