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Problem 1. Turbine and System dynamics (max. 6 points)
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Up- or down-surge in the surge shaft Az = AQ - M
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1 | A power plant is under construction with a lay-out as shown in the Figure Check
above. The flow rate Q = 30 m%/s, and the generator has 7 pole pairs. box
1A. Calculate the area of the upper surge shaft if Az <10 m. Neglect the head loss.
(Single-choice question)
i | The area of the upper surge shaft is: Aspait = 32 m?
ii | The area of the upper surge shaft is: Ashatt = 43 m?
iii | The area of the upper surge shaft is: Ashatt = 56 m?
iv_| The area of the upper surge shaft is: Aspait = 61 m? X
_ [z 2 Z(WL/A) _ o0y 2000/30 _ 2
dz =40 9-Ashaft Ashape = AQ" g-az? 9.81-102 61m

1B. Calculate the change of pressure in the draft tube at turbine level as the turbine closes
in Tc= 11 seconds if there is no surge shaft installed.
(Single-choice question)

I | The change of pressure in the draft tube at turbine level is: AH=5,9m
Ii_| The change of pressure in the draft tube at turbine level is: AH=9,7 m
ili | The change of pressure in the draft tube at turbine level is: AH =10,8 m X
IV | The change of pressure in the draft tube at turbine level is: AH=115m
AH=23 2 =2% (555 +15)-2=108m
g A Tc
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1C. The surge shaft at the outlet of the draft tube has an area of 150 m?. Calculate the
down surge in surge shaft at shut down from a flow rate Q = 30 m?/s
(Single-choice question)
I | The down surge in surge shaft is: Az=3,8m
ii_| The down surge in surge shaft is; Az=4,2m
iii | The down surge in surge shaftis: Az=4,8m X
IV | The down surge in surge shaftis: Az=5,2m

1500
Az = AQ - |ZHA _ 3. /L=4,8m
9-Ashaft 9,81:150

1D. The surge shaft at the outlet of the draft tube has an area of 150 m?. Calculate the
down surge period at shut down from a flow rate Q = 30 m?/s
(Single-choice question)
i | The surge periodis: T=140s
il | The surge period is: T =150s X
lii | The surge period is: T =160 s
IV | The surge period is: T=170s

w:\/TL= ’9,81-40 — 0,042 rad/s PET_ 2T e
Ashaft' /A 150- 1500 w 0,042

1E. Calculate the waterhammer upstream the turbine as the turbine shut down from the
flow rate Q = 30 m>/s in Tc = 8 seconds and there is no surge shaft installed.
(Single-choice question)
I | The waterhammer is: AH=31m X
il | The waterhammer is: AH=36m
iii_ | The waterhammer is: AH=39m
IV | The waterhammer is; AH=41m

A

1 4Q (L)_l 30 (150 2000
=53

Al =27 70 30

. . =31m
g Tc )

1 True-False. The consequence of the change of pressure in the draft tube at turbine level
as the turbine closes in Tc= 11 seconds if there no surge shaft will be:
(True or False question)

[ The change of pressure will not give any problems for the operation False
of the turbine
il | The change of pressure will result in cavitation at the outlet of the True
turbine runner
iii | The change of pressure will result in cavitation at the outlet of the False
draft tube

iv | The change of pressure will result in a water column separation in True
the draft tube
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Problem 2. Head Loss (max. 6 points)

650 m

./ Surge shaft steady state level

L c?
by =z haé he=a k.
Ry, P f D'2.g Re =——
Given data:
Symbol Unit
Gravity constant g 9,81 m/s?
Mannings constant M 34 m'3/s
Kinematic viscosity v 1,308-10° | m*/s
Turbine efficiency Nt 94 %
Generator efficiency ne 98 %
Transformer efficiency nr 98 %
Penstock material roughness € 0,5 mm
Diameter of the penstock D 3,0 m
Flow rate Q 45 m?/s

2 | Calculate the following for the hydropower plant with tunnel and penstock as | Check

shown in the figure above: box
(Multiple-choice question)
2a | Head loss in the tunnel; Hf=9,9m X

2b | Head loss in the tunnel; Hf=12,9m
2C | Head loss in the tunnel; Hf=14,1m
2d | Head loss in the penstock; Hf=9,6 m X
2e | Head loss in the penstock; Hf=10,1m
2f | Head loss in the penstock; Hf=11,3m
29 | Turbine power output; Pt= 262 MW X
2h | Turbine power output; Pt= 264 MW

2i | Turbine power output; Pt= 267 MW

2] | The steady state level in the surge shaft = 630 m
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2k | The steady state level in the surge shaft = 640 m X
2l | The steady state level in the surge shaft = 650 m
2m | The net head of the turbine; Hn = 630,5 m X

2n | The net head of the turbine; Hn = 630,5 m
2p | The net head of the turbine; H, = 650,0 m
If the power plant has a gross head of 700 meter, what is the Generator Power output:
2q | Generator power output; P = 277 MW X
2r | Generator power output; Pc = 294 MW
2s | Generator power output; Pc = 300 MW

MOODY DIAGRAM

VALUES OF (V") FOR WATER AT I55°C (VELOCITY IN M/SEC *DIAMETER IN M)
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Problem 3. Hydro Turbines
3 | The following statements are true or false. True | False

(True or False statements)

3a | Hydropower is the largest source renewable electrical energy in the world X
3b | LCOE of hydropower is higher than solar and onshore wind X
3c | The reservoir storage of hydropower is the largest battery of the world X
3d | Runaway speed will always be lower than rated speed on a Francis turbine X
3e | Runaway speed will always be higher than rated speed on a Pelton turbine X

3f | The relative friction losses in a laboratory scale turbine are higher than | X
for the full scale turbine in a power plant

3g | The speed factor nep represent a relative relation to a turbine with a X
head: H=1 m and a diameter D=1 m

3h | Cavitation occurs only at the outlet of the runner in a Francis turbine X

3i | Francis turbines are always submerged X

3j | Pelton turbines are not submerged X
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Problem 4. Francis turbine performance diagram (max. 7 points)

Page 6 of 8

Given data:
Symbol Unit
Inlet pressure on the model turbine Pin 235 kPa
Outlet pressure on the model turbine Pout 95 kPa
Atmospheric pressure Patm 93 kPa
Flow rate on the model turbine Qwm 245 I/s
Gravity constant g 9,8 m/s’
Density of water p 1000 Kg/m?
Velocity at the inlet of the turbine Cinlet 3 m/s
Velocity at the outlet of the turbine Coutlet 1 m/s
Level at the inlet Zin 1,5 m
Level at the outlet Zout 1 m
Model Turbine Torque M+ 900 Nm
Model Turbine Speed Nm 350 rpm
Prototype Turbine Speed np 375 rpm
Generator efficiency ne - 0,99
Model Turbine runner outlet diameter Dwm 0,35 m
Prototype Turbine runner outlet diameter Dp 1,78 m
Number of runner blades Zrunner 28 -
Number of guide vanes Zguide vanes 17 -
4 Check
(Multiple-choice question) box
4a | The net head of the model turbine is; Hn=149m
4b | The net head of the model turbine is; Hn=152m X
4c | The net head of the model turbine is; Hn=157m
4d | Model turbine efficiency; Nt =89,3 %
4e | Model turbine efficiency; nt = 90,4 % X
4f | Model turbine efficiency; nr=912%
4g | Speed factor is; nep = 0,16
4h | Speed factor is; nep = 0,17 X
4i | Speed factor is; nep = 0,18
4j | Flow factor is; Qep = 0,15
4k | Flow factor is; Qep =0,16 X
41 | Flow factor is; Qep=0,17
4m | The flow rate of the prototype is: Qr =32 m3s
4n | The flow rate of the prototype is: Qr=35m3s X
40 | The flow rate of the prototype is: Qpr =38 ms
4p | The net head of the prototype is: Hn=445m
4q | The net head of the prototype is: Hno =454 m X
4r | The net head of the prototype is: Hn=473m
4s | The rotor-stator interaction frequency in the runner is: RSI=99 Hz X
4t | The rotor-stator interaction frequency in the runner is: RSI =163 Hz
4u | The rotor-stator interaction frequency in the runner is: RSI =473 Hz
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Given equations:

L ¢
Head loss: hf =)= . —
D 2g
L c?
Head loss: hs = w2 Rl
. . A
Hydraulic radius: Ry, = -
cD
Reynolds number: Re = —
Power output; P=p-g-H,-Q"n
Frequency of U-tube oscillation: w = LL
Ashaft' /A
Period of U-tube oscillation: T = %T
Penstock time constant: T, = g% ) (L/ A)
Penstock retardation/acceleration pressure: AH = g D) % . LT‘—Q
c
Up- or down-surge in the surge shatft: Az = AQ - ZQ/4)
9 Ashaft
. c u w Q w
Reduced numbers; ¢ NerT U W Q- — T
D Q Q
Q:Q'\/é TLED:% nq:n.H\ﬁZS QED:m
Ho H . Hy _ Hp Q1 _ Q2 Py _ P
Affinity equations; 2l = w2nl bl = 3 i

2 2
Bernoulli’s equation on a turbine:  h;, + Z;, + %’; =H,+ hoyt + Zoye + CZ"—_’;
wM

Turbine efficiency: M= "gon,

Rotor Stator Interaction frequency: RSI =n-Z
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MOODY DIAGRAM

VALUES OF (VD") FOR WATER AT I155°C (VELOCITY IN M/SEC »DIAMETER IN M)
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