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The significance of enhancing renewable power plant capacity becomes increasingly evident considering the growing
energy demand, climate change, and air pollution caused by fossil fuel power plants. Micro-hydro power plants
represent a viable option for increasing clean energy capacity in water distribution and transmission networks, though
they have historically received less attention due to their high initial costs relative to lower generation capacity. A
substantial portion of the power plant cost can be reduced by utilizing pumps and motors in reverse operation mode;
however, challenges exist in their implementation. In this study, the performance of a pump as turbine (PAT) was
investigated both experimentally and numerically, and a comparison was conducted to validate the numerical solution,
with the minimal discrepancy in results confirming the adequate accuracy of the simulations. Due to the fact that pump
blade profiles are not designed for reverse operation, significant losses occur, particularly under off-design operating
conditions. In this study, the effects of blade leading edge geometry and blade inlet angle were examined to improve
performance, and subsequently, the simultaneous modification of these parameters was analyzed numerically. The
vorticity analysis results demonstrate improvement in flow fields, reducing flow separation, and vortex formation at
the inlet and throughout the entire runner passage, which has resulted in extending the high-efficiency operating range
of the PAT. The maximum improvement occurred at a flow rate of 175m*h, with the efficiency enhanced by 3.2%.
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Table 1. Geometric specifications of the Pump as Turbine

Runner Volute

Parameter Value Parameter Value
Number of blades 6 Inlet Width (mm) 33
impeller eye diameter (mm) 120 Inlet Diameter (mm) 275
impeller outer diameter (mm) 260 Design Rule (mm) 215
blade outlet width (mm) 19 Diffuser Height (mm) 280
Blade inlet Angle (°) 20 Outlet (mm) 100
Blade outlet Angle (°) 27 Warp angle (°) 360
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Fig.1 Design of the PAT geometry in CFTurbo
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Fig.7 Design of the runner geometry with changes in inlet angle
oy GSloysee slaytelly o (63959 Al S e
oad pladl (3,Sdace dhadi (25 VY B /0 o3game )3 (wySse
glj S b usSee rey Slgpiee 3lee Julad o
9 oad planil el coSopite Yo« U Vee (25 05l 55 03 (53939
oad &)l 05 ¢ Jolaz 53 cudyi 4 g3udg¥ g 5 so yolie
AIA IS8 50 523 e pledily Wi (uizes cwl
2 olesily o (5395 sy 530 w30 it o oy
L had Sty 5 0398 SISy (515 sleesgize pled
313 (550505 Lol

L9 32 1 (63959 4usli 23U Gy F Jgaz
Table 4. Investigation of the effect of inlet angle on required head
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Table 2. Experimental investigation of the PAT performance over the
operating range

Q(m3/h) Head (m) Power (kW) Efficiency (%)
100 18.423 2.501 49.92
120 21.13 4.069 59.01
144 24.04 5.951 65.02
162 27.11 8.023 68.01
180 30.29 10.395 70.11
198 32.15 11.474 65.62
216 35.21 12.853 61.03
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Table 3. Numerical investigation of the PAT performance over the
operating range

Head(m)

Q(m?/h) 25° 27° 29° 31° 33°
100 19.28 20.25 20.83 2141 22.36
120 21.76 22.61 2291 23.86 24.62
144 24.87 25.65 25.87 26.12 27.23
162 28.01 28.97 29.12 29.45 30.256
180 32.41 32.65 32.74 33.08 34.92
198 34.56 34.86 34.93 35.11 36.04
216 37.76 37.95 38.05 38.13 38.24
240 41.01 41.22 41.35 41.52 42.04
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Q(m3/h) Head (m) Power (kW) Efficiency (%)
100 20.25 3.04 55.12
120 22.61 4.66 63.21
144 25.65 6.77 69.35
162 28.97 9.01 71.34
180 32.65 11.67 73.02
198 34.86 13.18 69.50
216 37.95 14.76 65.03
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Fig.6 Comparison of numerical and experimental performance curves of
the pump as turbine
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Table 5. Investigation of the effect of inlet angle on power generation

Power (kW)

Q(m?/h) 25° 27° 29° 31° 33°
100 3.02 3.04 3.07 3.09 3.13
120 4.57 4.66 4.75 4.74 4.72
144 6.68 6.77 6.85 6.90 6.95
162 8.65 9.01 9.12 9.19 9.22
180 11.39 11.67 11.73 11.98 12.24
198 12.85 13.18 13.27 13.68 13.87
216 13.91 14.76 14.86 14.92 15.05
240 14.32 15.59 15.75 16.10 16.27
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Fig.8 Comparison of PAT performance with different blade inlet angles
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Fig.9 Comparison of streamlines distribution in different runner sections at the design point
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Fig.11 Investigation of the effect of leading-edge shape on efficiency
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Table 7. Investigation of the effect of leading-edge shape on power
generation

Power (kW)

Q(m?/h) 0 1.25 175 2.25
100 3.04 3.02 3.02 3.01
120 4.66 476 479 462
144 6.77 6.94 6.95 6.74
162 9.00 9.28 9.27 9.07
180 11.67 1153 11.47 1131
198 1347 13.28 13.20 1291
216 1476 14.64 14558 1436
240 15.59 15.20 14.97 14.85
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Fig.12 Comparison of the effect of leading-edge shape on turbulent kinetic energy contours
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Fig.13 Frequency of flow rates at the pressure breaking station
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Table 8. Comparison of power and head using the original and
optimized runner

Q(m3/h) Original Runner Optimized Runner
Head(m) Power(kW) Head(m) Power (kW)
100 20.25 3.04 20.47 3.08
120 22.61 4.66 22.36 4.69
144 25.66 6.77 25.63 6.96
162 28.98 9.02 28.52 9.13
175 31.71 10.93 31.45 11.32
180 32.65 11.67 32.57 12.05
198 34.86 13.24 34.61 13.61
216 37.95 14.76 37.31 14.93
240 41.22 15.59 40.41 15.71
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Fig.14 Comparison of the PAT efficiency with the original and
optimized runner
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Fig.15 Comparison of vorticity contours between the original and
optimized runner
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