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Hydrologic cycle Gross and net hydraulic power

® The hydrological cycle

@ Why head and flow measurment

Gross power :

9.81 xQxH,

Q : flow (discharge) in cubic meters per second (m?/s) - 1 m3/s = 1000 I/s
H, : gross head in meters (difference between upper and lower level)

P : gross power in kilowatts (kW)

Sub surface
transfer (+/-)

A / AN Q =61/s=0.006 m%s
fLicfieation S Sirface ruf |

Example : Hy =90 m




Gross and net hydraulic power

Gross hydraulic power
Net power (electrical power) :

P Gross Power x global efficiency

(9.81xQng)xe

elec —

Q : flow (discharge) in cubic meters per second (m®/s) - 1 m3/s = 1000 I/s

H, : gross head in meters (difference between upper and lower level)

e : global efficiency (all losses : in canal, penstock, turbine ...) # 0.50

P : Net power (electrical power) in kilowatts (kW)

Example : Hy =90 m & Q =6 I/s = 0.006 md/s
Py =9.81x0.006 x 90 = 5.3 kW
Pgec = 5.3 x 0.5 =2.65 kW

elec

Flow measurment

® Flow measurment

volume {m*)

0 Measurment of volume and time
time (seconds)

Measurment of surface and water velocity

A : cross sectional area (m2)
V : average water velocity (m/s)
Q : flow (m3/s)

Example1: V=08m/s and A=3.2m2 > Q=32x0.8=256m/s

Example 2 : volume = 80 liters & fime = 4 seconds => Q=80/4=201/s
=0.020 m3/s




Flow measurment Flow measurment

31 Measurment of volume and fime 3.2 Measurment of average velocity and cross sectional area

Method : recording of the time required to fill a volume

Method : recording of the time (t) required fo a floating object F (filled
bottle, piece of wood...) fo cover a known distance L (between points A
and B - straight portion of the stream, uniform flow and width as
possible) :

- the surface water velocity is Vs =L/t
Example 1: Example 2 : : : :
volume V1 = 200 liters volume V2 = 20 liters - the approximate average velocity of the stream is

If t = 4 secondes If t = 5 secondes
Q =501/s=0.050 m3/s Q=41/s=0.004 m3/s L in meters tinseconds Vinm/s

Flow measurment Flow measurment

- measurment of the cross sectional area of the flow at both ends (A and B) Measurment of cross sectional area - simple
the average cross sectional area is

A=(S,+Sp)/2 Sa and Sb in m?

- calculation of the average flow : Q= A x V Ain m2 Vinm/s

Example : L=12m and t = 16 s (several measures)
= L/t=12/16=0.75 m/s
> V=08xL/t=0.8x0.75=0.6m/s

Sa=1.6 m?and Sb = 1.4 m?

c = = - 2
5> A=(S,+S5)/2=(16+14)/2=15m acwxd  w: N

> Q=AxV=15x06=09m3s (900 I/s) d : everage depth en m
A :area in m?




Flow measurment

Measurment of cross sectional area - detailed

Flow measurment

0 Measurment of water velocity with a propeller (« current meter »)

The rotation speed of the propeller is a function of the incident water velocity of
the stream.

Method : measurment of water velocity for several partial areas ; calculation of the
flow of each partial areas. The total flow is Q = al xV1+a2 x V2 +

Flow measurment

Other method to measure velocity :

0 Measurment of « velocity head »

Surface velocity (mis)

0 5 10 15 20 2 30 35 a0 45
Velocity head (cm)

Examples :

h=5cm Veurface = 1 M/5 V.

stream

8x1=0.8m/s

=0.
h=20cm : Veurface = 2 M/S : Viream = 0.8 x2 =16 m/s
= 0.

h=40cm Vurface = 2.8 m/s 8x28=24m/s

stream

Flow measurment

3.3 Weir method

3.3.1 Rectangular weir

With lateral contractions Without contraction



Flow measurment Flow urment

0 Rectangular weir WITH lateral contractions 1 Rectangular weir WITHOUT lateral contractions
Conditions of use :

-p>2h

-V<0.15m/s

H-h (cm)

Q(Us)pormeterofwair | 52 | 95 | 15 | 20 | 27 | 3 | 41 | 49 |
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Q(s) per meter ofweir | 135 | 146 | 157 | 169 | 181 | 193 [ 205 | 217 |

Heh (em) [s¢ [ss [ [or [ s [ [ s a1 [ a2 a5 aa] a5 a6 [ a1 [ a8 ] a0

Q(Ils) per meter of weir

Example : Q=1.8x283=5091/s

Flow measurment Flow measurment

Rectangular weir without contraction - Flow = f(h) per m of weir

Flow measurment with rectangular weir (without contraction) =

Q) permeterof welr mlm ‘mlm ‘mlm ‘anslm ‘mlm ‘uslm mlm
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Qi) permeterof weir




Flow measurment

Flow measurment

Flow measurment with 90° triangular weir
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Flow measurment

3.3.2 Triangular weir (o =90° - L=2H)

Triangular or V-notch weir

Conditions of use: 0.05m<h<0.40m
p>045m
B>12m
B>5h

Flow measurment

Triangular weir - Flow = f(h)

90° notch-L=2H




Flow measurment

Flow measurment

Size of rectangular (with contractions) and triangular weir and related flows

Dimensions in centimetel

120 Usec

90° notch-L=2H

Less than 15 Us
1 y

Flow measurment

3.3.3 Which type of weir for flow measurment ?

|maxi

Type of weir

Head of water (h)

mini

maxi

1401/s

riangular (90° notch)

5cm

40cm

p>45cmand D>85cm

25015
500lis
1000 lis

rectangular with lateral contractions - 0.50 m width
rectangular with lateral contractions - 1.0 m width

rectangular with lateral contractions - 1.0 to 2.0 m width

3cm
10cm

151010 cm

50 cm
450em
651045 cm

p>40cmand D>80 cm
p>40cmand D>80 cm
D>1.30mtoD>0.90m

651s

1801/s
330is
500lis
1000 lis

rectangular without lateral contractions - 1.0 m width
rectangular without lateral contractions - 1.0 m width
rectangular without lateral contractions - 1.0 m width

rectangular without lateral contractions - 1.0 m width

rectangular without lateral contractions - 1.0 m width

Flow measurment

3om
3om
3om
3om

3cm

3.3.4 Weir construction (example of a triangular model)

Vertical position
using a level

10cm
20cm
300m
40cm
60 cm

p>10cm
p>20cm
p>30cm
p>40cm
p>60cm

Installing a weir in a flowing stream




Flow measurment

Drive a stake into stream bottom Transfer height
at upstream point : of measuring stick to stake

/ Level

Examples : if youread h=10cm
see the chart for V weir
Flow Q-=441/s

-ifyouread h=25cm

see the chart for V weir
Flow Q=4361/s

Flow measurment
Precautions

Minimum straight distance
10xa

o

It possible,
place weir
at lower end of a long pool

Examples : -if youread h=15cm
see the chart for V weir
Flow Q=

Flow measurment

3.3.5 Data collection

site N Type of welr

Name of the stream Village Province

-ifyouread h=30cm

Flow Q=

Dimensions

Year ofinstallation

Date Valuo ofh (em) Value of Q(Us) Name of the technician

Romarks (ainy day...




Measurment of head

@ Measurment of head

6Gross head = difference of altitude between upper and lower level of water

Measurment of head

4.2 Clinometer

Hy=Y1+Y2+Y3+. And Y1=Y2=Y3 =Y = height of the eye of the person
Hg=nxVY (example re Hg=5xY)

Measurment of head
4.1 Altimeter

Measure of the atmospheric pressure :
its difference between upper and lower

level gives H,.

Important errors possible if weather
conditions varies (temperature,

atmospheric pressure...)

Measurment of head

4.3 Builders level

Hg = (H2 - H1) + (H3 - H2) + (H4 - H3) +




Turbines
® Turbines
5.1 Pelton

High and medium heads - Low discharges

Turbines

5.3 Francis

Medium and low heads — Medium and high discharges

Turbines

5.2 Banki (or Crossflow)

Medium and low heads — Medium and low discharges

Turbines

Low heads — high discharges

10



® Example of projects

Example of projects

ple of projects

Example of projects

Example of projects

1



Example of projects

Example of projects

Example of projects

Example of projects
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Example of projects
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