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Issues for hydraulic machinery
« Machine and system curves
e« Power governing in pump mode
e Turbine best-efficiency head
« Pump mode cavitation at low head
 Pump start stability at high head

e Turbine mode stability
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Machine curves
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Machine and system curves

130

* Absolute head -.drseharge \
Head / // Max gross head\\%\

/ /ump \
Maximum «.—/cuve // |
4 /
power 90 // T

e

H, mCE

O
=5
=
D
(q))

/

‘\
70 e \\
Min gross head /
60 4 Hnmax mCE Hnmin mCE
Hp mCE Ht mCE
— = =H(Pmax) mCE — = =H(Pmax) mCE

50 ‘ ‘ | ‘ | |

-300 -250 -200 -150 -100 -50 0 5;0 100 E}? S C*?i) ar @e 300

Q, m3/s

October 29, 2009 8511.16 Variable speed pump-turbines — Issues for hydraulic machinery 4



STUCKY

HH
v

Machine and system curves

« Maximum power in pump and turbine
modes
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Machine and system curves
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Power governing in pump mode

e Constant
speed: power
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Power governing in pump mode

e Variable
speed: power
governing in
pump mode
also
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Turbine best-efficiency head

e Turbine BEP at
greater head than
pump BEP

P variable
speed allows
efficiency
gain in
turbine mode
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Pump mode cavitation at low head
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Pump mode cavitation at low head

* Reduction of
pump head range
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Pump mode cavitation at low head

* Variable speed
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Pump start stability at high head

/_ Pump instability
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Turbine mode stability

e Hydraulic excitation
frequencies are
proportional to
rotational speed
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Variable speed can:

* Allow power governing in pump mode
* Improve efficiency in turbine mode

 Improve pump operation over large head
range / reduce submersion

* Improve pump start stability at high head
/ reduce surge tank volume

* Help prevent hydraulic system
resonance
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Variable speed pump-turbines —

October 29, 2009

Issues for hydraulic machinery

Thank you for your attention
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