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Micro Pelton Turbine Design and Performance Analysis
for Air Injected Operation
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ABSTRACT

In this study, a new efficiency improvement method by means of air injection into Pelton turbine jet is presented. In order
to analyze air injected jet performance, firstly, micro size SkW Pelton turbine was designed and analyzed. Similarly the analysis
was carried out on a small size 100kW turbine. For the 100kW Pelton turbine, SkW model was scaled up based on the jet
diameter and rotational speed. SkW performance analysis was performed under several rotational speed. After achieving optimized
rotational speed. Air injected jet analysis was performed for rated rotational speed condition. Air injection rate was 1%, 5%, 10%,
15% of the water volume flow rate. Efficiency increase rate was reliable. The 100kW turbine was designed in two types, one

jet and two jets systems. Air injection rate was made same and also found to have a reliable increase in efficiency.
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Table 1 Design Parameters of 3 Types of Pelton Turbine

100kW
Parameters Unit SkW | 100kW double
nozzles
Head m 33 33 33
Flow rate I/s 17.96 346 346
Rotational speed rpm 750 169 84.5
Number of jet - 1 1 2
Jet speed ratio(k) - 0.46 0.46 0.46
Jet speed m/s 2537 | 2537 25.37
Jet diameter mm 30 132 132
Peripheral speed m/s 11.73 11.67 11.67
Runner diameter mm 300 1320 1320
Bucket width mm 90 400 400
Depth of the bucket mm 25 110 80
Bucket Length mm 84 375 272
Hydraulic power kW 5.8 111.78 111.78
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Table 2 Case Study of the 5kW Pelton Turbine Analysis

Rotatio-

Head Flow | Jet |Hydraulic nal Efficie- Power Velocity
Case [m] rate |speed| Power speed ncy kW] coeffi-
kg/s] | [m/s |3 % cient
[kg/s]| [m/s] | [kW] [rpm] [7]
1 550 7177 | 449 | 034
2 650 82.55 | 476 | 040
3 [32.8(17.96|2537| 5.77 750 8539 | 493 | 046
4 850 84.34 | 486 | 0.53
5 950 7693 | 444 | 0.59
90.00 T 50
—e—Efficiency
85.00 1 Power T48
8000 ¢ /
* 146 o
27500 1 =
S Las 2
- 7000 4 =
6500 4 T42
60.00 } } } } } 40
400 500 600 700 800 200 1000

Rotational speed, rpm

Fig. 3 Runner Efficiency and Power with Rotational speed
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Table 3 Air Injected Jet Results
Avail-
. Normal
Air . CFD Water) able Opera- | Turbine| Effici-
Perce- | Mixture .| Mass | Hydr- |
Case ntage | Density Velocity Flow | aulic tion | Power | ency
0,
(%] (S]] | Power }Exf kW] 1 [
[kW]

1 1 987.04 | 25776 | 8.98 | 594 | 493 | 501 |84.73

2 5 94721 | 26.85 | 898 | 6.17 | 493 | 54 | 8753
3 10 | 89743 | 2834 | 898 | 6.46 | 493 | 595 | 92.12
4 15 | 847.64 | 30.00 | 8.98 | 6.75 | 493 | 6.54 | 96.92
7.0 T
—e— Normal operation
—O— Airinjected
6.5
E 6.0
g 32.66%
g 551
50 +
4.5 t t t t t t t 1
0 2 4 6 8 10 12 14 16

Air injection rate, %

Fig. 7 Power Comparison of Normal and Air Injected
Operation in 5kW Pelton Turbine
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Fig. 8 Efficiency Comparison of Normal and Air
Injected Operation in 5kW Pelton Turbine
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Table 4 100kW Pelton Turbine Performance

Water Mass Flow Rate [kg/s] 316
Jet Velocity [m/s] 24.58
Available Hydraulic Energy [kW] 101
Turbine Power [kW] 84.51
Efficiency [%] 853

Table 5 Air Injected Jet Results for 100kW Turbine

Head Frzzv spJ:(te J n Power | Efficiency
k 0,
)| g | g | | BV |
Normal 2458 8451 | 853
Operation
—
1% air 2482 8593 | 84.15
mjection
—
Shar o6 | 316 | 2583 | 160 | 9300 | 8735
njection
—
10% air 2723 103.16 | 91.99
njection
—
15% air 28.78 11580 | 9845
njection
120 +
—e— Normal operation
—O— Air injected
110 +

37.03%

Power, kW
g

90 -

80 t t t t t t t |
0 2 4 6 8 10 12 14 16

Air injection rate, %

Fig. 9 Power Comparison of Normal and Air Injected
Operation in 100kW Pelton Turbine
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Fig. 10 Efficiency Comparison of Normal and Air Injected
Operation in 100kW Pelton Turbine
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Fig. 12 Efficiency Comparison of Normal and Air Injected
Operation in 100kW Pelton Turbine with Two Nozzle
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Table 6 Air Injected Results for 100kW Turbine
with Two Nozzles

FI Jet .
Head ra(zzj sp:e J n Power | Efficiency
[m] [rpm] | [kW] [%]
[kg/s] | [mvs]
Normal 2458 9074 | 8663
Operation
—
1% air 25.00 9217 | 8607
injection
—
Shar o6 | sa6 | 2605 | 235 | 9999 | 8964
injection
—
10% air 275 108.88 | 92.96
injection
—
15% air 292 1223 | 998
mjection
100 T _ o — Airinjected one nozzle a T4
— & — Airinjected two nozzles 7 7
] s,
98 1 —e— Power of one nozzle turbine | 120
—&— Power of two nozzles turbine
9%
100
ol
R =
b 7 g™ T 30"“"‘
5 T 5
ut‘_: ® 7 - - -7 0 g
- - P Al
88 | P e
-7 - e 40
w| o _-7
wl o - t 20
82 0

Air flow rate, %

Fig. 18 Comparison of Power and Efficiency of Air Injected
Operation of One and Two Nozzle 100kW Turbine
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