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LOW HEAD SMALL HYDRO TURBINES

INTRODUCTION

This report is a State of the Art report covering
the following aspects on Low Head Small Hydro Turbines
development arcas in the field especially with respect to
the needs of the country.

(a) MNature of Technologye.
(b) Its development abroad and future programne.
{c) Current status of Technology in the country.
- {(d) - Gaps to be covercd and research programmes to
be undertaken especially with respect to the
needs of the country.

(e) Institutions carrying cut the variocus aspects.

Scope of the report with respect to size and head
is given in sub Para 1.2 and l.3.

Luid Micro Hydro Plants:

Recommended classification of hydro power plants
by expert panel of the United Natibns Conference on
New and Renewable Sources of Energy for ESCAP region
and by Central Electricity Authority (CEA) for India
is given in Table-l.

Designation Capacity (Individual Units)

UN Expert Panel CEA Recommendations
Recommendations for India

- ]
Micro Hydro Elect- Up to 100 kW | Upto 100 kw
rie Generation | i

Mini Hydro Electrmﬂ 101 to 1000kW jlnl to 2000kW

Generation H |
Small Hydro Elect- ! 1001 to 10, 00CkW 1001 to 5000kW
riec Generaticn | i (Unit size)
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In UK. 5 to 500 kW ar: micso turbhirs. L

Ancihar classificatirn proposed by Latin American Bneray L

Organisation (OLzZDE) in terms of the capacities as well as [

hydraulic heaGs under which the machines op rate is shown in <

table 2 <
Svstem proposed by OLADE for the Latin American

and the Caribbhean <

g{iﬁi Power rangs Head ¢

E; tion (ki) - e e 5111 <

Sean Liow Medium High il

Micro Up to 50 Less than 15  15=50 More than 50 &

Mini 50-500 Less than Z0 AU0=10G0 More than 100 4

B8mall 500-5000 Less than 25 25=130 More than 130 P

NOTE: a. The low, medium and high heads correspond approximatg

to the employment of axial, Frances of Michel-Banki
‘and Pelton turbines, respectively.

"Small hydroeleciric power stations" also covers all
plants with outputs of less than 5,000 kW,
TABLE -2

This report deals generélly with S8mall Hydro turbines

€
€
¢
~
(5000kW) witi: special reference to micro hydel turbines ‘
(upto 100 kW). A ‘

Water wheels for slow speed application e

etc, including traditional Himalayan mill is dealt with in

a supplement in this report.--

)
Low Head Hvydro Power: &

. ; 4
_Low-head hydro power is defined as hydropcwer that p

operates ‘with a head of 20 meters (66 feet) or less, Hydro-
: : ]

power coperating at 3 meters (10 feet) or less is termed as

~ultra low head.

L

This report deals generally with low hoad turbines. ¢
Termiﬁolcgg: | t
A flossary of _tecrms uséd in the féport is based on ¢
yeneral Usage, industry, pract.ce and text books, {
e ’ ‘



NATURE OF TECHNOLOGY

Clasgsification of Hydro Turbines :

There are two basic types of nydraulic turbines, impulse
3 resciion. Ia an impulse turbine, the available head

= [
o 13
Y

craverted to kinetic energy before zntering the runner,

he power available being extrazcted from the flow 2t 2tmos-

ot

vheric pressure. In a reaction turbine the runner is
completely submerged and hoth the pressure and the velocity
decreases from inlet to outliet. In either machine the
torgue is zqual to the rate of change of angular momentum
thirougn the machine. Reaction turbines are by far the most
widely used within the head range addressed by this report,

- The net head available to the turbine dictates the
selection of type of turbine suitable for use at a parti-
cular site. The rate of flow determines the capacity.

fzactica turbi:s: are elas~ified according to the
variation in flow direction through the runner. Turbines
with mixed flow or radial flow runners are called Francis
Turbines. Turbines with axial flow runner are called
Propeller Turbines. Propeller turbines are generally either
fixed blade or Kaplan ’adjustable blacz). Both propeller
and Francis turbines may be mounted either horizontally or
vertically. Additionally propeller turbines may be slant
mounted. Special Propeller turbine designs with trade names
such as Tube, Bulb and Straflo are avrilable., The runner
design principals, however, are the same.

Impulse turbines are available as pelton wheels,
turgo impulse wheels or cross fiow turbines. In general
isipulse turbines have lesser application in low head
inst=ll=tion. here are few manufacturers interested in
developing standardised product line and cocst o manu-
facture rezction turbine of comparable head 2<d capacity
is less. OCross flow turbine however, has some uinizue
characteristics which may be beneficial for some ;+iiccis.
This and other properietary turbines are available and

b/



discu=sed further in this section. q
Corss section of various types of turbines commer- 1
cizlly availadle are sanown in Ffigure 2.1

rroncis Turbines s

A Francis turbine is 2ne hnaving a ruancr with fixed
buckets (vanes), usuzllv ain: or m@more, +to which the water

enters the turocine in a radial direction, with respect to
Principal components consisw of the runier.:= water supply
case to convey the wrtor Lo the runner, wicket gates to
control th: Jurrity of water and distribute it equally
to the runner and a draft tube to convey the water away
from the turbine.

A PFrancis turbine may be operated over a range of
flow approximately 40 to 105 percent of rated discharge.
Below 40% rated discharge, there can be an area of oper-
ation where vibration and/or power surges occur. The
upper limit generally corresponds to the generator rating.
The approximate head range for operation is from 50 to
125 percent of design head. 1In general, peak efficienciest
2f Francis turbines “n small hydro range will be approxi- g
mately 85 to 90 percent. The peak efficigncy at 60 percanﬁ
of rated head will drop to near 75 percent.

€
<

<

€

the shaft, and is discharged in an cxial direction. <
L

<

<

€

€

€

¢

¢

The conventional Francis turbine is provided with =
wicket gate assembly to permit placing the unit on line
at synchronous speed, to regulate leoid ond to shutdomwa ¢
the unit. The mechanism of ler=e units are actunted oy ¢
hydrezulic servomotors. Small.units may be actuated by
electric motor gate operations. It permits operation of

the turbine over the full range of flows. In speic-l

{

cascs, where the flow rate is constant, Francis turbines \
without wicket gate mechanisms may be used. These units
will operate at a fixed load dependent upon the net head.

i
Start up and shut down of turbines without wicket gates is

<5/~ !
i
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normally asvcomplished using the sbat off wvalve at
the turbine inlet.

Francis turbines may be mounted with vertical or

- horizontal shafts. Vertical mounting allows a smaller

plan area and permits a deeper setting of the turbine with
respect 0 tailwater elevation without locating tlo
generator below tailwater. Génerator costs for verticsl
units are higher than for horizontal units because of *h2
need for a larger thrust bearing., However, the saving on
construction costs for medium and large units generally
offset this equipment cost increase. Horizontal units

are often more economical for small higher speed application:
where standard horizontal generators are available,

Thie water supply case is generally fabricated from
steel plate. However open flume and concrete cases are
ofter. used for lizads below % noters, Concrete and open
flumc cases are discussed in subsequent section. Closed
concrete and steel cases are also known aé spiral casos.

Francis turbines are generally provided wi*!l1 = 30 degreca
elbocw draft tube which has a venturi design to mirinize
head loss. Conical dréft tubes are alsc available, how-
ever the head loss will be higher and excavation —may be
more costly. : '

A horizontzl axis *Taﬂuls Turbine drnstallalis-
typical . is shown in flgUPE B Eallghfe 2.3, illustrates
a 100kW installation at Mansli in Himachal Pradech.

“Without wicket gates and shut off valve for closure,

gynchronosing and full load operation.
Propeller Turbines :

A propeller turbine is one having a runner with four,
five or six blades in which the water passes through the
runner in an axial ¢ rection with respect to the shaf+.

The pitech of the blades may be fixed or movable, Princical
components consist of a water supply case, wicket gatez,
a runner and a draft tube,

.6/
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The efficiency curve of = Lypizzl fixed blace  Proopeller
turbine forms a sharp pesk, =ore abrupt than a Francis turbine
curve, For variable »itch blade units the peak efficiency occurs
at different cutputs depeiding on the blades setting. An envelope |
of thz efficiency curves over the range of blade pitch settings q
forms the variable pitch efficiency curve. This efficiency curwa‘
is broad and flat. ¥Fidzd blode units are less costly than variabis@
pitch bludc turbines; howsver, the power Operating ranges are
more limited.

3

Turbine araufacturers p2ve developed runner designs for a
he«sn rang:s of <.

w5,

L

€
£
o 30 neters.Four blade designs may be used up ¢
to 10 metsr of head,”ive blade designs to 20 meterand six blade . ‘
¢
€
L]
e
{

designs tec 20 maebters. In general, peak efficiencies are approxi=
mately the same as for Francis turbines.

Propeller turbines may bo operated at power osutputs with
flows from 40 to 105 percent of the rated flow. Many nanits are
atisfactorily operated beyond these limits., Head prange for

atisfactory operation is from 60 to 140 percent of design head.
Effi?lﬁncy loss at higher heads drops 2 to 5 percentage points

below peak efiisiency at the design head and =2s much =s 1% q
pareent poiates st lover hends,

The conventional propaller or Kapisn (varishle pitch blade) ¢
turbines are mounted with a vertical shaft. Horizontal and slant |
settings will be discussed separately. The vertical units are {
equipped with a wicket gate mechanism to permit placineg the unit
on line at synchronous apeed, to regulsate zpeed and load, and to
shut-down the unit, The wicket gate mechanism units are actuated
by hydraulic servomotors. Small units may be actuated by - '
electrical motor gate operators variable pitch units are eguipped
with a cam mechanism to co-ordinate the pitch of the blade with
gate positicn and head. The special conditisn of constant flow,
as nreviougly discusseé for Frencis turbines, can be applied to
propeller turbineszs. For this case,elimination of the wicket
gate assembly musy be sccentable, Variable pitch propeller tur-
bines without wicket g.tes are discussed'in a subsequent section,

.--?J{_
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The adwantages and disadvantages discussed above with
regara to vartical vsrsus norizontal settings for Francis
turbines appliy also %o propeller turbines.

The water supply case is zenerally concrete. Hither an
open flume or = closed conduit tvoe of constructicn mayv be Guad,
Open flune construction may be econsmizal when heads are below
10 meter, At higher he~ds the turbine shart length becocmes
execessive. Also open fluss construction is disadvantageous
with regard to maintenance cozts. The wicket g te assenbly
and guide bearing are water lubricated causing esdditiosnal asint-
enance particularly when silt or debirs is in tone water. At
capacities above 1500 kW, wicket gate and guide bearing loading
are such that an open flume may not be a satisfactory choice.
For closed conduits, spiral cases of steel or concrete may be
used. The concrete case is generally less costly. The cross
section of a concrete case, taken in & direction radial to the
shaft is usually reactangllar:

The draft tube designs discussed for Francis turbine apply
also to propeller turbines.

Figure 2.4 shows propellir turbine - adjustable blade Kaplan.

Tubular Turbines :

Tubular or .tube turbines are horizontal or slant mounted
units with propeller units with propeller runners. The generztors
are located outside of tne water passageway. Tube tuwrbines are
available equipped with fixed or variable pitch runners and with
or without wicket gate assemblies.

Pzrformance characteristics of a tube turbine =2re similar
to the performance charasteristics discussed for propellor
turkines, The efficiency of a tube turbine will be one to two
percent higher than for a vertical propeller turbine of the same

size since the water passageway has less change in direction.

.8/
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The performance range of the tube fturbine with variahble
*itch niades and without wicket zZates is greater thas Tor a fived

slade propeller turnine but less than for a Kaplan turbine. ‘The
water flow thre

-
L
throagh the turbine is controlled by changing the pitch 4
of the runner blades.

When it is not required to reguiate turbine discharge and
power output, a fixed blade runner may be used, This results in
3 lower cost of both the turbine and governor system,
the performance of the fixed biade runner. Use
power and discharge for

€

<

€
To sztimate
the maximum rated ¢
the azpopropriate net head on the variable €
pitch blade performance curves. c
Several items of auxiliary equipment are often necessary fnr‘

the operation of tube turbines, All tube turbines without wicket
gates should be equipped with a shut off valve automatically ¢
operated tc provide shut off and start-up functiun, ¢
Tube turbines can be connccted esither to the generator or q
ko & zoeed increaser. The speed increaser would allow the uee <

of a highesr speed generator, typically 1000 or 1500 r./min.instead

of generator operating at turkine speed. The choice to utilise i
2 gpecd increaszEr is an sconodic decision. Speed increazers ¢

lower the overall plant efficiency by zbout one percent Tor a singleg

gear  increassr and abcut two percent for double gear inecreaser. ¢
(The manufacturer can supply oxact data regarding the offlciency
of speed increasers). This loss of efficiency =ndi the cost 7 |
the speed increaser must be compared to the reduction in ;ost ¢
of the smaller generator. {
The required civil features are different for horizontal ¢
units than for vertical units. Horizontaly mounted tube turbine
require more floor area than vertically mounted units. The arca )
required may be lessened by slant mounting, however, additional !
turbine costs are incurred az a larger mxiesl thrust i
bearing is required. Exac vation and power house height for a t
horizontal unit is less than that required for a vertical unit, l
Standardized tube turbines zre now availavle. Figure 2.5 an |
2.¢ shows two different types of tubular turbines being used at
Kakroi demonstration project near Sonepat Haryana. These are '
fixed output governorless unit without wicket gates{1,9 m head). {

-tgf_ ‘
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ARRANGEMENT OF TUBULAR GENERATING SET
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