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Intruduction.

In zany of the hilly areas ol Nepa., a wooden,
vertical axis-tyre of water wreel a3 been irn use Zor
gererations. Built with emntirely lcoccal materials a:zd
a few iron parts, such wheels axe exclusively used <o
drive millstones for grinding flour from maize,
millet, ard wvheaz.

Limitations imposed by xmaterials and corstruciicrn
techriques in use result irn a maxizum power rutput oI
a Jev Horsepower in such devices. Skillec local
individuals have in receat years built a number of
horizontal-shaft, overshot arnd hyorid <tyre of Waler
Wheels, with which upto ten horsepower poweroutsut
are possible. Such water wheels still have the severe
disadvantage of being lcw sveed, requiring cecsily
step-up transmissions if any machine witn fairly higa
speed spould be orerated.

The fact +tkhat there exists a lot o0f local expertise iz
diverting water Zrom rivers and rivulets and in
building earth cazzals for irrigation as well as ihc
basic xnowledge of row a simple witer wheel works,
zage it possidle to develop more scophisticated devices
Zor kharnessing water pover with active particizatioco
0f the raral population 1rm its installation.

Small propeller turbines.

Balaju Yartra Shala Pvt. Ltd. & company set up ty th
Neral Industrial Develorment Ccrporation (NITC) and
the Swiss Associatior Zor Technical Assistance (SATA)
has done pioneerizng werk iz starting zenufacture of
gmall water turdi-es in the early sixties. A nuzber o7
small (10-15 ¥P) progpeller t._rtizes have irp th

following years beer ZzCricatved and ins%talled.
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3.1

Most of these turbires are 3 till ia uase, operal.ls

variocus millirg maczineries for urto 18 hours = day.

tkough an important step kad been made, it was
realised that this turbine was still far from optimal.
It could not easily be enlarged for higher power out-
put, adaptability for an acceptably large head zrarnge
was limited arnd it could not easily be speed regulated
under vary ing load.

Develorment o0f a more sztprorriate turbine.

Criteriaa.

Por Zurther develsrment, a set of criterizs wvas

establisred which would have to be ful:zilled wis

a nev turbtine. These criterias were:

- to de fabricated from normally stocked materials
e.g. steel shee%, profiles, pire.

- %o be fabricated with familiar general workshorp

techniques as in use already (ro casting of steel
or irom).

- 2 standard design corsisting of a limited number of
sizes for dischargeu from %0 l/sec. to 500 1l/sec.

- %0 cover a head range from 4 to 40 metres,
- t0 cover an output range Zrom 2 to 50 X¥.

- t0 be decomposable Zor transportati r by porterse
(head loads) without requiring highly skilled
peraonnel for a' site assembly.

- to cost considerably less than comparable importe.
turbines but %,y nave a satisfactory efficiency.

-~ with a J>rovisicn Zor mapually coatrolling speed
under changing load.




3.2

~ littls zaintenance requirements.

A cde.ailed study oI existing turcine priﬁciples
revealed that a 2aznki (or Mitchell) type o0f turdire
could satisfy all the criterias set forih btest.
Consequently, the EYS Cross Tlow Turbine, was ievelcred
based on the Banki principle. (see also Arnex I ).

Desizn.

The design ckosen is a turbine of fully welded cons-
truction with a rotor diameter of 400mm. Rotor blades
are cut from suitable steel pipe and welded betwee:xn
the side discs to form a cylindrical rotor with the
blaies at the outer circumference and the skbaft goirg
thrcugh its center and extencing from both sides.

The whole turbire consists 02 six main comporents wit
bearing housings, regulator mecharism and cover sheets
in addivion. All parts are positiored with tarer pni=zs
durirg asseably, rermitting very quick and easy at-si‘e
assembly.

To get differert sizes o2 turbines with differens
discharge, only tke width is variazd. In this way, the
nozzle area devermining the dischurge urder a given
head can be chosen at will upto a rotor width/diameter
ratio o2 3. )

A good number of parts are identical om all sizes of
turoines which considerably simplifies s+tocxirg of
ready-cade parts.

The zain bearings of selfaligning spherical double
roller tyre reduce requirements of machining accuracy
and give a lonrs 1ife without any cther mainterarce

except occasiural greasing.
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3.4.

Performance,

Sver tkeoretically, a Zankxi Turtire cannct reaci the
very high efficiency of an cptizally desig-ed PFrancis
Surdine or Peiicn wheel. Cssberger, a ccomercial
czanufacturer of cross flow turvines claim an efficienc
of over 80% at ortimal sa%e orening with tkheir
turodires.

Tests with the 3YS %turbire have snown a zcre zodest
result with over 70% at the maximum. Much depends or
the surface qualitly of the materials used and on worx-
manship, but rising efficiency Yy more than another 5%
seems not very Zeasible excert at consideradle cost.

Durability of tke turbine kas so far been satisfactory.
The prototyre, irnstalled four years ago, reedl a
replacement of the rotur-bearings this year, afier
approximately 15'000 working hours. The negative effect
of silt susperded in the water has been surprisirgly
low on the runner blades and otker rarts and we esti-

mate that a runner may well last 1C years or more.

Score for avnrlication in rural areas,

Introducing a new technology in rural areas is a very
time consuming job. Thanks to efforts of the Agricul-
tural Develorment Bank, interest has been roused over
the last few vears on an individual basis in many
districts so that continuous production of turbines is
called for. Due to “he absence of local know-how, ary
zmanufacturer of turbines in Neral will rave to set u-
an installation team capable of site identification,
survey, design and finally irstallation ol tke
equirment.

-

So far, more t:1an 30 turbines have been installed
maihly for driving milling machinery mechanically. In
th. 38 activities, two other companies are involved,




eackz of them dbuildiang their own design of cross I.cw

turoine. Interest Irom polential cusiomers anc caracity

in prodacing turbines is sucrz that at presert 20 %o 3o

turbines are installed every jear. -

Blectricity seneration and rural electrificaticn witkz
these turbines are in the 0ffing. In several mill
installations a2 small dynamo kas already beep included,
providing electric light for a numbder of kouses. Full
scale village elecirification projects in tkhe range

of 20=-50 KW are under progress in three places wit
many more planned irn the near future,

Another important field of application of tke cross
flow turbires is ip 1ift irrigatiorn wrtere turdii =
under a relatively low rhead are used to rmun wvater ovumrs
mechanically, for lifting water to the garerally much
cigher plateau (Tar) above the river. One such rroject
is at rresent under construction W#nere the power out-
put from two turbines of 30 KW eack 3nall be utilised
0 irrigete 5C hectares. Anotker three projects of

ihis tyre are at the surve-ying stage.

Cost of turbine ans small projects.

The selling price of the entire range of turoines
produced is in the range of U.3. § 1200 to 1500, with
a turbine for highest discharge and lower head at the
upper end c¢f the scale. To arrive at cthe capital ccoct
of generating equivment a good number of other items
need to be included. Much deperds on the size oI the
unit, topograchical site ccrnditions and on the xind of
power, eitrer cechanical cr electrical, made a2vailal e,
For an asesszent of the total cost of a project,
otner variazslesg such as transportaticn cost, availa-
oility of local coerstiruction zaterials and the extent

of civil cezmsiructiorn werk3 reqguired, rhave to te




4.2.

considerex.

Some iliustrative Iizures I:zr different applicatioz
of turbines are giver nere:

Gerneration of mecrarical dower in the range from 10
to 15 KW, -

a) Cost o generating equirmernt inciudirg transmissioa

componerts for three machines.

$ 180.- %0 28C.- ver XKW caracity

b) Total rroject cost includirg khead wcrks, power
bouse ard milling machinery: -
$ 40C.~ to 1'CO0.~- ter Ki.

Gereration of xmeckarical power in the rarnge frcam
4C_to 6C XW for irrization.

a) Cost of generatirg equirmen® includinz water ruars:

$ 25C.~ %0 ACC.- Ter XW czracity.

b) Total invesiment cost ‘neluding all equipment,
civil corstructior works and riping:

2 600.~- %0 90C,.= zer hectare of irrizated land.

Gereratior ol electricity ir the range from 20 to 50 XW

S —

a) Cost 0Zf all electro-mechanical equipments, excluding
perstock and its accessories:
$ 400.- to 600.~ ve~ KW caracity.

b) Total investment cost of 21l equipment and civil
construction works but excluding transmission axd
distribution:
$ 1'C00.~ to 2'000.~ ver EW.

Murther develocment.

As irstallaticrs tecome Yizcger arnd more sothisticacted
(electrification) a rumoer c¢f prodbleme crop up which

had nct previously %o ve coped #ith. Tor a power out-




5.1.

put of more thar 10 KW at relatively low speed, <zhe
usua’ flat delt of a small =milling installation is nc
longer satisfactory. In the case cI electricity
generation, overscteeding repgresentis a serious protliam
vhich has to te tackled and once small projects are
executed in growing numbers it seems quite essenti

to standardise as far as possible. All tkese factors
rrovide a lct of score for Zurtkher work Ior anyone

invol7ved in the task.

Fower transmission.

Devending on head, the cross flow turbire requires

gtep up ratios of 2 to 5 to run a generator at standard
150C R™. In a few cases a multiple Vee-belt double
stage transmission was used. Besides of gquite high
costs for pulleys (cast from aluminium) there are more
-0earings required and crovision must bYe made for adjus-
ting the telt tension. Anotner rroblem enacountered was

in finding a prorerly mAatcred set of Vee-telts.

More promising is, in our experience, a crain drive
arrangexrent. For several 2C X4 units such systems have
been designed witk tke sprocketwheel of a2 diameter of
about 450 mm, machined from rpreviously welded up
circular steel plates and rims. The trarsmitticg
element is a standard trip'ex roller chain with a
piteh of ¥". Resulting dirensions of the components
are much smaller than for a comparable Tee-velt cdrive.
IZ <he sprocket pirion is made from common mild steel,
wear of the teeth will show fairly quickly. We nave
resorted to case rardening of these parts Zcr the tize
being anc are considering to apply metai-fusion

spraying to ixzprove rardress and wear-resistance,

A totally clczed nousing made out of sheet meta.

provides oil ta%tz lutnrication =c the chain crive,




\n
n
-

Sveed contrcl and D .ant Sa&

———

2t

| [

Depending on the use of electricity, different reguire-
ments exist for the maxizum rermissidle voltage and
frequency fluctuatiors. Zoth volltage and Irequerncy vary
in direct proportion with the gererator sveed. Ideally
therefore, speed should be kegt constant. There are two
basic possibilities to do this. Either the water flow
through the turbine is regulated accoriing %c *ke power
demand, knowﬁ as flow cornirol, or 2 corstant load :is
provided, obviously requiring a corstant flcw, known

as load control.

In a seall installaticn say ic the rarge of 5 %o 1CZA,
where electricily is required orly for lighting, it =may
De pcsSsibls to solve tke trotlem very simply by nct

providirg any incividual switches at ligkt roints.

w
H
®

Trus, whenever the tlan?t is in gperzticr all lights

1

Y]
(@]
WL

on azé %ke load is cersitant. A few sulds(upto abous

ct
[

0% the total) may g0 c¢ff without any sericus troblem
rising. The voltage siarly rises grorvorticmally, In
case of %total failure of all ccocrnsuzers nowever, 2

s required. Such a device 2s well zs

’l-

safety device

'y

possivilities Zor flow ccatrel and Joad cortrol are

described in the following paragrarhs:

Autoratic speed control with flow control Soverrncrs.

a) A comzercially availatcle sreed governmor 2f eleciro-
il hydraulic tyre with an electronic cortrcl unit
was tested for its suizacility under ocal condi-
tions witk the 3YS Cross rlow Turdoire. This govarnor

consists caiefly of the following compeonenis:

-=- electronic control unit wiinh DC tachogenera<tcr.
-- an assezo.y ¢f solencid czerated ayiraulic valves,
-~ 3 Zydrauiic circuit with gear pump, filter, oil

container and serve c¢y.inder.




-- @ pressure cradoer with o0il pressure switca.

— a kand starti-g zumr.

The oreration oI tze system, descrived very oriz=ily,
is as follows: 3y arerating the tand pump, 0il is

delivered to tre side ¢I the servo cylirder which

causes the inlev regulator of the turbine to oren. Thae

turbine will now gain speed under nc locad and wken an

outrut voltage ol 18C volis is reached, tre electronicy

electric circuit is switched on. The small tacho-
generator Bounted on the rear end of the geperator o
its skaft produces a speed proportioral voltage. This
voltage is fed into tkhe electronic unit wkere it is
compared with the adjustable rated voltage. Depending
on the result of tkis comrarison tre electronic unit

commands a 4-way sSolenoid valve tc swilceh, causing

$3.

tbe servo cylirder %o oren the turbine gate i :'tee

e

is still toc low or clcse the gate if sreed is too
hign.

In case of disruption of eleciricity suprly %o *:te
control uni%t, anotker solsesnoid valve drors, releasizg
pressure 1o the closing side o0f the servo cylinder,
causizg the turoine to de shut cdown. Reacticn time,
8tability and accuracy of the systexz can be adjusted

in the electronic control unit.

The goverror described was installed in our testin
facility and its performarce evaluated. though
control accuracy is very good (+ 4%) there were a
numoer of reasons which convinced us that this
governor could not be accepted as a satisfactory

solution for remote installatiors. Secme reasons are:

— high ccst (apprcx. $ 6'000.-)
-- highly scpnisticated, requiring very skillec zan-
power for installation and mair*enance.

~= praciically ncne ol the comporents are locally

’




b)

iZ not idmpossidis

with the help of the Swiss Feceral Institute of

Teczhnclogy in Zurich a simple meckanical water

rressure Zoverncer is now under develorment. This

governor must fulfill criterias such as tke possi-
bility of fabricating it in Nepal, a gewurning
accuracy ¢f t 10%, costs rot aigher than turbine
cost, and reliable operation. the Zovernor that

was ccnsequently developed comzrises three dasic
ccapoznents, a flyweight rendulun mcounted on tre
turbine skalt, a valve system, lever conirolled oy
the flyweign+%t, 2nd a servs cyliinder -ith ccmrressiorn
avring, operating the turbine gate. The valwve sysien
is cornected to trte texnstocx on ore side ané to the

servo cylinder (opening side orliy) at tre ciner en

£,

Without water tressure, the turdizne gate remai:n

~

cl2ged cue to the coxzrression ring cetweer gZate
er

St
and cylincder. Wish tre 3ystez und cressure, tne

£2Te orens anc th2 turodire gains steed. AT rated

speed, tze flyweigh* puskrod reacnes a pre-deter-

nined positicon wkich ir turn moves the variable

valve to a position where only tke quantity c¢f

water leaking from the cylircer pistor is adzitted

into the cylinder. The closing “orces of tke sprin

vetween cylinder anc gate and <he orgering force on

the piston due %To water pressure are ejqual at this .
point, xeeping the Ilow ofZ %ke turbine, and srus

sreed, constant as long as 1o .cad variation olcurs.

If load is swi<ched on now, tkhe steed of <he turtine

runner will decrease due 0 nigrher torgue on the

irive szaft., Thisz results in a cnange 0o tre




5.2.2.

increases tne Jlow o0f water 1nto the gerve - _irz-T
by the action o the Ilow conirol valve. Tze
rressure ia the servo cylincder increases thus,

causing the tuwi9%ine gate to oren up ore.

Turbine speed now retruns to rated speed where ire
centrol cycle is completed. If load is switched off,
the system corrects itsell in the orrosite way

(for schemutic of control loop and view of

centrifugal pencdulum refer to Arrex II.

AZter extensive testing of a prototyre in Zurickh,
the firal corfiguraticr of the components used hzs
pow emerged ani it has decowe clear that a relati-
vely big flywneel will have to te included %o give
the systex te<ter stébility. Maximum speed varia-
tiors may then theoretically ve reduced to any
level desired dut odviously tkis again is sukhject

to eccnomiczal and tecinological corstraints.

rlectronic lcad control.

——

As an alternative to Ilow control, this is consicered
a feasidble rroposition for an ouitput range upto 100XY.
Such a voltage sensing shunt regulator has been
procurer. vhrough ITDG, London, and was tested in our
test plant. It monitors the line voltage of the alier-
nator ané adjusts a resistive shunt lcad (ballast
circuit) to compensate for any changes in tkhe load
circuit caused either by the consumers switching
appliances in or out, or by variaztions ir the <turbize
output. The switching element is a semi corductor
triac mounted on a heat sink. All other compornents are
printed circuit poard aounted. For a reguiar 3 Thase
gererator, the whole assembly corprises tnree identi-
cal urnits, ore for each rhase. The dallas®t circuit may
consist ol any reziztive load. We propose %o use

Dallast energy to reat water in a big tan«.




In a village electrifigaticn sciexe this water r==7u=T
might %e accessidle to ths rudlic Jor Iree not watl
in tkbis way, even if only a szalli tercentage ol en
produced is utilised in ine ccnsuzer circudit av tixes
no energy is wested. An importart advantage of tris
system is tre fact trhet the rhase loacs of the alter-
na%tor remain per’ectliy balarced always no matler wrat
single rhase loads are swi*cred in the consurer
circuist. Its price is acceptably low witz § 1'000 to
2'0C0 depending on cutput carecity for 2 taree rrase
unit including ballast circuit.

A distinect disadvantage is that such units will have
to be imported in the first czlace. Local repair of a
faulty printed circuit board assewdbly is not possidle,
but a plant electrician might be able %o replace a
fused triac or a comrlete circuitl doard. Sgare taris
%0 De kert cm stock at all times trerefore would cost
protadly 20 to 30% of total ccntroller cost,

Safety _devices.

Assuming that no system of sreed control is eniirely
fail proof, it is clear that some sort of additional
safety device must be integrated in a gererating plant
to protect mainly the alternator as the costliess
sirgle item. One method of doing this is to cause the

plant %o shut itself dowr when the maximum ctermissicie

oversveed of the generator has been reached due <¢

failure of the govermor or blowing of the main Iuse
in a constant load systenm.

Tor a 5 KW installation we have desigred an electric-
magnet controlled gate trat cuts of the water IJl-ow i
the zagnet is de-erergised either wien the fuse CTlows

or wren 2z%uated 2y an cvervcltage relay. The gate is

I




situated at the rerstock inlet and this syster tzsre-
fore may only de aprlied when the r—enstock voluze is

not too large.

More versatile is a system that is based on the
deflector principle by which the jet of a pelton wkeel
is diverted by a suitable deflector. In a cross flow
turbine this carnot easily be integrated into the
turbine but it may be done in the renstock, some
suitable distance away from the turdine. The gadget
then does not resemble a typical deflector but could
be called an emergency flush gate. The pensiock is
provided with a short branch pipe, the erd of whick

i3 closed by a hinged 1i4.

With levers and an lectric magnet this 1lid is kept
igntly closed. Towards tke turvine in tne pemstock
itsel? a buiterfly valive is mounted %tha%t is connected
to the 1id in suck a way that it remains cpen whezever

the 1lic xzeeps the branch pire closed, but closes as
the hinged lid opens. When the magnet is de-energised
as descrited avove, water pressure thrusts the 1lid
open which causes the butierfly valve to ciose the
passage to the turbine. All water discrharges ncw
through the orifice in the penstock branch and the
power plant shuts down. For restarting the turbine,
the penstock gate valve situated above the safety
device 1s closed manually, the flush gate reset %o
its closed position and then the gate valve is opened
again.

The prototype of this device has been completed some
tine ago and is at presernt being tested for its
performance.




Corcludirs —epar:s.

Interest in sma’l hydro sower is steadily growing cn
all levels of socisty in Neral 2s it ig realised 35 e

an instirument for rural development.

3alaju Yanira Shala, among others, will continue its
eflort in the field of harnessing hydro povwer in Nepal
by further developing %urbines and associated equizzent
for still vetter performance and economics of small
irstallations and so maxe 2 aumbdble contribution %o
rural develofpmernt.

Cn a2 regional level, conferences suck as tre ETresen:
one are welcomed and should help to disseminate xnow-
bow and experience gained in one particular countiry
%o the entire ragicn andé veyord.




Water entering the turbine through the inlet{!) ficwz

through the rectangulzr nozz!2(S) radially ini

again out of the rotor(2), thus setting the output—

shaft(3) attached to the rotor into circular motion.
Rate of water flow and power output may be

governed by the regulator wing (4) vhich is operated

, W ABe | SW A W g A W fwy Av "N N - - 4 Nt Aw

by 2 hand whee!(6) arnd oush rod (5).
All parts are mecuried cnic the base frame(7) anc
in 2 body or hcusinI i3

—
-

Arnex -




Simple cexztrifugal pencuium for

water uressure goverzor.

STROKS
7 - 100%
IAA AL L Centrifugei penduium
'EREL 2 2Flow control vaive

i | o  1Connecting levers
. N2 & Servo cyl:nder with
spring

3 Turbine gate
1 S. Feed waler pire
with ¢iter

ﬁ ]>_ AN 7 Ciywhee:
5CONSUMERI

Fig: 1
SCHEMATIC OF MECHANICAL WATER FPRESSURE GOVERNOR

Annex -7
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