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System Components
Turbine Types

Site Analysis
System Design




Micro-Hydro

» This lecture will cover desigh considerations as they apply to lo
head micro-hydro system. The focus will be on core concepts tha
may be applied to a wide range of hydro applications

» Course instruction will include how to measure elevation
differences and water flow rates. Several turbines will be inst
and tested as part of the course participation.

» Participants perform preliminary system sizing for mechanical
electrical power generation of 5 to 10-kilowatt capacities. Met
of flow measurement, determining head, analysing and assemb
small functioning systems.
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Share some experiences of technical
staff who have been involved in micro-
hydropower development, and

develop the knowledge of new
technical staff who will be engaged in
micro-hydropower development in the
near future
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IDENTIFICATION OF POTENTIAL SITE

CATCHMENT AREA

» Hydropower depends on Head
and Discharge

» Discharge depends on
catchment area (for generating
power)



Calculate catchment area -
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Functions of Main Structures

intake weir and
settling basin
channel —
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containing turbine
and generator



Intake Weir and Intake

» The Intake weir - a barrier built ac
the river used to divert water throu
an opening in the riverside (the
‘Intake’ opening) into a settling basin

» If no Intake Weir-Insufficient Inflow



Settling Basin

» Settling Basin - The settling basin is
used to trap sand or suspend the silt
from the water before entering the
penstock

» Function of Settling Basin - to trap
sand or suspend the silt from the wate



Head-tank (ForebayTank)

» Head-tank - Pond at the top of a
penstock or pipeline; serves as final
settling basin, maintains the require
water level of penstock inlet and
prevents foreign debris entering the
penstock



Penstock

» Penstock - A close conduit or
pressure pipe for supplying water
under pressure to a turbine



Water Turbine and Generator

» A water turbine is a machine to
directly convert the kinetic energy of
the flowing water into a useful
rotational energy while a generator is
device used to convert mechanical
energy into electrical energy



Appropriate location for Power
house

» Gentle River Bank

» The Water Flood Will Have No Great
Impact at the River Bank

» Has a Wide Cross Section of the
River(Low Flood Water Level)

» Ridge is Better (Geologically Strong al
Stable)



ltems to be investigated

» Potential capacity of the project site
» Measurement of river flow

» Measurement of head

» Topographical and geological condition of the site
the structure layout

» Accessibility to the site oPower demand in the load
center

» Distance from the load center to the power house
» Ability of the local people to pay for electricity
» Willingness of the local people for electrifica



Measurement River Flow
Method:

» Current meter method
» Float method

» Bucket method

» Weir measuring method







Float Measuring Method

Chart the cross-sectional Stop watch to measure
area at both ends. The time taken (t) by float to
average cross-sectional travel distance L

area is Amesn

Use sections or
count squares to
estimate the
cross-sectional
area

Average velocity (Vmean)




Measurement of Cross Sectional Are&
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h 0.a0
ha 0.45
h4 0.50
hy 057
hs 0.80
hg 0a2
h; 0865
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hg 0.50
hag 0.35
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Total 454
Average 4 84/11=

D44 m

A=hyarage x L= 044 x 10.00
=440 m*

Measuring of Cross Sectional Area




Head measurement

» Water-filled tube method

» Easy to handle
» No need for a skilled engineer
» Relatively accurate




Intake and Settling Basin

» The dimension of the intake should be
designed that the velocity of inflow'at
the intake is 1.0 or less m/s

» The ceiling of the intake should be
designed with allowance of 10-15cm f
the water surface

» The height and area of the intake shou
be desighed with the minimum size.






Optimum velocity Vopt(m/'s)
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Average angle of penstock Ap

Example

Q : Discharge 0.220 m’/s

Lp: Total length of penstock

80.0m

Hp: Head from Head-tank to C/T

20.0m
Ap=Hp/Lp=0.25
Vopt=2.3 m/s
D=1.128 x (Q/Vopt)°>
=1.128 x (0.22/ 2.3)%>
=0.348 —0.350 m







Powerhouse (for impulse turbin
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Calculation of Head Loss

N Intake
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He=Hg—(Hy;+Hp, +Hi;)
Where: He - Effective Head
Hg - Gross Head
Hy, - Loss from intake to head-tank (fore-bay)
H;, - Loss at penstock

H;, _Installation head and Loss at tailrace



Types of turbine
» Impulse turbine:

The runner rotates by impulsive force of water jet with
velocity head, which has been converted from the press
at the time of jetting from the nozzle

» Pelton turbine
» Crossflow turbine

» Turgo-impulse

» Reaction turbine

The runner rotates by reactive force of water with the pre
head

» Propeller turbine (Kaplan, Bulb, Tubular, etc.)

» Francis turbine



Pelton turbine

B Water jet from the nozzles acts
on the buckets, and the runner is
rotated by the impulsive force

m Horizontal-shaft Pelton turbine
can be applied to micro/small
hydropower project

m Suitable for run-of-river project,
especially with high-head and less
head change

Applicable range
® Output: 100 — 5,000 kW
m Discharge: 0.2 -3 m?3/s
® Head: 75 =400 m




B Arc shape runner blades are
welded on the both side of iron
plate discs

m Simple structure, easy O&M, and
reasonable price

® Suitable for rural electrification
project using micro hydropower
plant

Applicable range
® Qutput: 50 - 1,000 kw
m Discharge: 0.1 - 10 m?3/s
® Head: 5-100m




Francis turbine

m Water flow brought from the
penstock flows into the runner
through casing and guide vane

m Wide applicable range of head
and discharge

® Horizontal-shaft Francis turbine
can be applied to micro/small
hydropower project

Applicable range
® OQutput: 200 — 5,000 kW
m Discharge: 0.4 - 20 m3/s
B Head: 15-300 m

Spiral casing



Turbine selection chart
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Field windings Rotor pole Stator

Brush holder
Brush

Slip ring

Main shaft

|
DC current to :
fleld windings Brush holder

Slip ring
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Sustainable micro hydro
turbine
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Sustainable micro hydro
turbine
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Royal Belum Expediti

First visit: 8-17 Sept 2015
Location: Kg. Ulu Kejar dan Kem Sg Kejar

Second visit: 10-12 May 2016
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum)

Third visit: 03-07 Okt 2016
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum)

Forth visit: 17-19 Jan 2017
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum) — Turbine installatio

Fifth visit: 03-08 April 2017
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum) — piping installation

Six visit: 17-18 May 2017
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum) — maintenance vi

Seven visit: 14-16 Aug 2017
Location: Kg. Ulu Kejar dan Kg. Sg. Tiang (Royal Belum) — training to

comunity
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15t Expedition- Data collection

W measurement

Interview with Orang Asli
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3"d Expedition- Powerhouse development

« Team from UTM Razak School went to Royal Belum
on 03 Oktober — 07 Oktober 2016
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RESULTS OF THE PROJECT

Before Current After

NBGS M ric
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UTM  TURBINE PROJECT WEBSITE

r-a"g UNIVERSITI TEKNOLOGI MALAYSIA

/ /razakschool.utm.my/shamsul/utm-ccin-n

Royal Belum | Shamsul & X / [€] Micro Hydro Turbine for X = X

C | ® razakschool.utm.my/shamsul/utm-ccin-nbos/ Y

@UTM Shamsul Sarip (Dr.)

Micro Hydro Turbine for Orang Asli in Royal
Belum
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VIDEO POWERHOUSE DEVELOPMENT ROYAL BELUM
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Misi bina sistem janakuasa
untuk manfaat penempatan
Orang Asli

Diterbitkan pada: April 9, 2017 08:16 (MYT) | Durasi:
2 min, 54 saat

36 peserta dari Universiti Teknologi
Malaysia (UTM) Razak School Of
Engineering And Advance Technology
akan memulakan misi membina turbin

hidra mikra di Qiinaai Keiar Raval




) UTM

UNIVERSITI TEKNOLOGI MALAYSIA

THANK YOU

DriShamsul{Sarip;

0132503445

http://razakschool'utm'my/shamsul
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