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2. 

Int=uduc"t:i.on. 

In many of the b.iJ..2.7 areas of Ne~:, a wooden, 

vertical a.xi.s-ty~e o! water w:C.eel ha.3 been in '.A.Se :or 

gez:erat:_oz:s. Built •ith enti.!"ely local mat>?rials a~\i 

a !ev 1.!'on parts, sue~ wheels c·e exclu.si vely use<"! -:o 

drive millstones fo-:- g=inding .f2..ou:- !:-om ~ze, 

millet, &Ild vhea~. 

Limitations imposed by ~terials and coi:st!"'~cticn 

techniques in use res-..i:.t i=. a max:.:um powe::- pu'tpu't o: 

a !ev Horsepower in such devices. Sld.J.1.ed local. 

individuals have in rece!lt yea:s bu.il.t a nt.mibe!" o! 

horizonta.l-s~t, overshot and hybrid ty~e ot Wate-:

Wheels, vith ~hich upto ten horsepover poveroutput 

are possible. Such water wheels st:Ll.l have the severe 

disadvantage of bei..:lg lcv s~eed, requi:~ costly 

step-up -:ra:ismissions it any ::lac.hi.=e with fa:!..rlJ high 

speed should be operated. 

T!l.e !act tl:.at there exists a lot of local expertise ~~ 

diverting vate= !rem ri~ers and rivulets and i~ 

build~· e~t ca!!.2.1.s !or irrigat~on as vel.l as the 

basic knowledge 'Jf bow a simple w:-4'ter itheel works, 

...aJce it po~sible to develop more s~phisticated devices 

!or ha..~easiilg water ~over with active pa...-tici;atioc 

o! the r.ira.1 population ;ln its installation. 

.Balaju Ya.c.tra Shala Pvt. Ltd. e. company set up by t!'..e 

Nepal Illdustria.l Develo~e~~ Ccrporation (NIDC) and 

the Sviss Association !or ~ecb.nical Assistance (SAT~) 

ha3 done pion~eri::_e vc=k ~~ starting :::!2.nu.!ac~e of 

~Jlall va~er tur~i=es :n tte ea:lJ si~ties. A n~be= c: 

smal.l (10-15 ~) propel..:.e= t·....;:-t:!.::'!s !la.v~ in t!'..e 

followi.!lg 7ea=s bee~ :~c~icated and ins~alled. 
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Moat of these tu:bi~es a!"~ s t:.l.:. in 1.i.sg, opera~......:.~ 

various mil:.i: . .g mac!:.i.:l.er!.es fer t:;~o 18 b.ours ~ day. 

il though an lll}Jortant step 1:.ad been :mde, it vas 

reaJ.ised that this turbine vas still ta: f'rom optional. 

It could not easily ~e enl.arged !or higher power out

put, adaptabill~y for an acceptably large head :-ar.ge 

vas fi.mited and it could not easi.17 be speed regu.1.ated 

under vary iilg load. 

Develo~ment o! a mor~ a~pro~riate turb~~e. 

Criteria.s. 

For !urther devel~pment, a set of criterias vas 

established vhich vould have to be f'..11.tiJ.le~ vi~h 

a nev turbine. Tb.ese criterias ~ere: 

- to ·oe fabricated from nor.11a.J..ly stocked cate:-:.a.ls 

e.g. steel sheet, protil.es, pipe. 

to be fabrica~ed vith t~liar ge~eral workshop 

techniques as i:l use al.?-eady (~o casting o! steel 

or iron). 

- a standard design consisti~g of a limited number of 

sizes !or discha.re'.e~ from 50 l/sec. to 500 l/sec. 

- to cover a head ratl6e from 4. to 40 metres. 

- to cover an output ~.ge !ro~ 2 to ;o l:i. 

- to be decomposable !or tran.sportati r. by porter& 

(head load 3) vi thou.t requiring highJ.y .skilled 

peraonnel tor a~; site asse:nbly. 

- to cost consideracl;,r less than comparable :i..mporte: 

turbilles but tJ !lave a satis!a.ctory et!iciency. 

- ..-1th a ;>ro~.;ision !or manually co::itrolling speed. 

imder changing load. 
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littl~ :r.aintena.~ce re~uire~ents. 

A r.e .a..:'..led stud7 of existing turbi!l.e pri!lciples 

revealed that a 3a:!'l.ki (or ¥.i.itchell) type o! t·.i=-bi~~ 

could satisfy a:: t~e criterias set forth best. 

Consequently, the EYS Cross Plow Turbine, was ievelcpec 

based on t~e .Banki principle. (see also .1.mlex I ) • 

3 .2 Desi.:n.. 

The desi6?l chosen is a tu!'bine of fully welded cons

truction with a rotor diameter o! 400n:m. Rotor blades 

~e cut from suitable steel pipe and velded betvee~ 

the side discs to for:i a cylindrical rotor Yith the 

blaies at the outer circum!erence and the ehatt goir.g 

tbrcugh its center and extending from both sides. 

The whole turbi!le consists o! six mai.:l compo~ents with 

bear!!l.g housi!lgs, regulator mecha!Usm and cover sheets 

in addit:on • .11.: pa:ts are positio~ed with taper pi:ls 

durl.l:6 assembly, pe:-mitting very quick and easy at-si~ 

assembly. 

To get di!!ere~t sizes of turbi~es w~t~ di!!e~en~ 

discharge, only the width is vari~d. In this vay, the 

nozzle area de~e:ini!ling the disch.i.trge under a g~ven 

head can be chosen at vilJ. upto a rotor vidth/dia.:eter 

ratio o~ 3. 

A good nU!Jlber o~ parts a.re identical on al.l sizes o: 
turbines which cons~de?"ably si.o.plifies s~ocid.ng o: 

ready-c-.ade pa:ts. 

The ;rain be~rings o! sel!aligning sphe:~cal douc:e 

roller tJPe reduce ~equi:ements of z~chin1ng acc'..l-~cy 

and gi~e a lon~ iife •ithout a.~y ether :iair.ter:.ance 

except occasivna.l greasing. 



3.3. Per~o~::a.!!ce. 

very high ef!':!..cienc:; of an cp--;i :::ia.:..l.y d.es::.g::ed ?ra!lci s 

·~u:bine or Pel ten •heel. Cssberg~:-, a cocme!"cia.2. 

~uf'acturer of ~ross flow tu:-b:..~es cla.i.:n an efficier.cy 

of over 80~ at optiIMal gate ope:llng with the:!..r 

turbues. 

~ests •ith the 3YS turb:..~e have shown a =ore =odest 

result with over 7(Yj, at the :la.X:i.:!l'..l!ll. Much depends o~ 

the sur~ace quality oi the =-.iteriala used and on •ork

ma.nship, but risine ef!iciency oy more th.an a.!lother 5% 
seems not very !easible except at considera~le cost. 

Dt.lrability of the turbi!le has so tar been satisfactory. 

The prototype, i!l.sta~ed four years ago, ~eed~ a 

rep:.acement of the rot~r-beari.::l.gs thi~ year, after 

approxi!:ately 15'000 vorkillg hours. The ::ieg-a. "ttve e!!'ect 

ot silt suspended i!l thE: •ater has been SlU"prisil:.gly 

lov on the !"Ull!ler bl.adds and other pa:--ts and ve esti

:nate that a rmmer may ·.rell last 10 yea.:-s or ::nore. 

3,4. Sco~e !o~ a~~lica~ion i1l r.i...~l a~eas. 

Introducing a neY technology in rural areas is a very 

ti.me consuming job. Thanks to efforts of the Agricul

tural Development Bank, interest has been roused over 

the last few ""ears on an i.ndividua.J. basis in mar.y 
districts so that continuous production of t·~bines is 

cal.l.ed for. Due to ~he absence of local kn.ow-how, ar..y 

:nanu!acturer of turbines in Nepal will !:.ave to set u:;i 

an installation tea::n capable of site ~denti!ica~ion, 

survey, design a!ld finally installation of the 

equipment. 

So far, more t:.:.a:i 30 +.urbines b.2.ve been installed 

mainl7 !or driving milling x:ach.inery mechanically. In 

th ... .3ft activ:..ties, two other companie'3 ar"" involved, 

l 
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each of theM building ~heir o~ design of cross :~c~ 

turbine. Interest from po~ential customers an~ ca~a~~ty 

in prod~cir.g t'.irbines is sue~ tha~ at yresent 2o to 3o 

turbines are ir.Sta.lleC. every year. 

Electricity generation and ::-ura.l electrification with 

these turbines are in the of!ing. In several mill 

:i!lstallations a smaiJ. dyna.::io l:.as already been included, 

providi..:l.g electric light for a number o! houses. Full 

scaJ~ village electri!icat~on prajects in the !'"a!lga 

of 20-50 K'i are under progress in three places with 

cany ~ore planned ~ the near future. 

Another important field of application of the cross 

flow turbines is !.n lift irrigation where turbi~ e 

under a relatively low head are used to I""J!l. vater pumps 

t.echa!li.cally, for li!ti!lg water to the g~r.erally muc!l 

b.igher plateau {Ta~) above the river. One such project 

is a-; present Uilder =onstr-..iction iit.ere the power out

put from tvo t".lrbines of 30 K'• each sha.l:. be uti:ised 

:o irrigate 50 !J.ectares. Anottar th!"ee projects of 

this type are at the SU-"'"Ve-yi!lg stage. 

2..2,st of turbine ans S!!!a.ll proje_~ 

The selling price of the enti.re range of turbines 

prod~ced is in the range of U.S. S 1200 to 1500, with 

a turbine for highest discharge a.."ld lower head a~ the 

uppe:- end c~ the scale. To arrive at i;he capital cc.:t 

of generating equipment a good numoer o! othe~ items 

need to be included. Much depez::.ds on the siz~ o: t~e 

unit, topog?"aph.ical site cor.ditions and o~ the ~i~d o: 
power, ei tter cechan:.cal or electrical, :ade availa: .e. 

For an asess~ent of the total cost of a ~~oject, 

otn~~ varia~les such as tr~sportaticn cost, ava~:a

bility o~ loca: cc:c.st?i.4ction :taterials and the exter.t 

of c i '7il -:c=.str.:.c"';.:..o:c. -,..crks req·.u:-ed, have to 'oe 

' 
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consid.ereci. 

Some i.:.l:..is~ra~ive :i~es ::r c~:faren~ applica~io~s 

of turbines are give~ here: 

4.i. Ger.e?"ation of mec~ar.~cal ~ower in the range frcm 10 

t 0 1 5 i\1..:.. 

a) Cost o~ gene?"ati.ng equi~ment i.ncludi~ tra::sm:!.ssio~ 

components !or three ~chines. 

S 180.- to 28C.- ~er K:i ca~acity 

b) Total project cost including head wcrks, power 

house ar.d millil:lg machinery: 

S 400.- to 1'COO.- ~er Ir#. 

4.2. Gene?"ation of ~ectanical power i!l the ra~ze frcm 
40 •o 60 ~ ~o- 1--~~·~on "' ~· - - -- -eQ."'- • 

a) Cost o= gene:-att;g equip~ent ~cludi~€ water pu:ips: 

$ 250.- to ~co.- ~er K:i ca~acitj. 

b) Total i!lves~:::::l.ent cost ",nclud:!.::.g all eq'J.ipment, 

civil constructioc works a.:id piping: 

~ 600.- ~o 90C.- ~er hectare o! i!Ti..a.ted lan~ 

4.3. Generation o~ electricitv in the rar.ge free 20 to 50 K:i 

a) Cost of all electro-mechanical P-quipments, excluding 

penstock and its accessories: 

S 400.- to 600.- ~P- "!:i canacity. 

b) ~otal investment cost of all equipment and civil 

construction works but excluding transmission a=.d 

distribution: 

S 1 1 000.- to 2'000.- ~er ~i. 

Further develo=me~t. 

,,\,s ir..stalla tior.s bccoce l·; ~ger a~ :::io!"e so;hist!.ca ~ed 

(electri!icatio~) a number of prob~em~ crop up ~hich 

had net pr~viously to ·oe coped .ri th. I'o!" a power out-

I 
' 



put o! core than 10 i!:i at !"elatively low speed, -:he 

usua: fla~ b<?lt of a small :nilli::::.g i!lStallation is r..c 

longer satisfactory. In the case c= electricity 

generation, overspeed~ng represents a serious proble~ 

vhich has to ce tackled and once small. ~ejects a:e 

executed in grov~~g numbers it see:is quite essential 

to standa...-d.1se as far as possible. All. these !actors 

provide a let of scope for !u...-ther work !or anyone 

invol7ed in the task. 

s.1. ?over transmission. 

Depending on head, the cross flow turbir.e requires 

aten up ratios of 2 to 5 to run a generator at standard 

1500 R.P!tt. In a few cases a m.ulti~le Vee-belt double 

sta~e transmission was used. Besides of quite high 

costs for pulleys (cast !rom alu:::ii ni um) there are mo::-e 

,bearings req,uire<i and provision lJIU3t be Ir..ade for adjus

ting the belt tension. Another problem e~countered was 

in finding a properly :nRtcced set of Vee-belts. 

More promising is, in om." expe!"ience, a chain dri~e 

arrangen:ent. For severa: 20 K:~ units such systems have 

been designed with the sprocketwheel of a dia.::ieter o~ 

about 450 ~. :nachined from previously welded up 

circular steel plates and rims. The transmit~j~g 

element is a standard ~;.ex roller chain vi th a 

pitch oft". Resulting di.!nensions ot the compone~ts 

are ::IUCh smaller than for a co~parable Vee-belt ~ri7e. 

I! the sp!"ocket pinion is ma.de !~om co?tmon ir.ild steel, 

vear of the teeth vil.l show fairly ~uickly. #e have 

resorted to case ha!"der.ing o! these par~s ~or ~he ti~e 

being anci are consiie!"ing to apply cetal-fu.sion 

sprayi~ ~o i~prove hardness a~ vear-resistar.ce. 

A total:y cl~sed ho~s~~? made out of sheet ~eta. 

provides oil ta tt. .:.::.·:-;r-:.ca ti on ";C tb.e cha:..n c..ri ·1e. 

' ' 
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Depe~ci!lg on ~he use of elect~icity, different req~=e-

men~s e~ist for the :nax.:.....-um ;ermissible voltage a..::ld 

frequency fl~c~.ia.tioilS. 3o~h voltage a!ld freque~cy 7~J 

in di=ect proportion with the ger.erator speed. !deal:.y 

there!'ore, speed should. be kept constant. There are tiio 

basic possibilities to do this. Either the water flow 

th.rough the ~urbi.n.e is regt:.la.ted accor~l.1lg to the power 

demand, known as f:ow cor.~rol, or a cons~a~t load is 

provided, obviously reqU.iring a c~nstant flow, ~vwn 

as load. con-t::-ol. 

In a sma.:l installation say Ll the ra~ge o: 5 to 10K"i, 

~here electricity is required only for ligh~~ng, it ':!12.Y 

be pcssib:e to solve t~e ;roc:em very si~ply by net 

provi~~ ar..y i~~i-ridual switches at lig~~ poi!l~s. 

on a~d t~e load is cc~stant. A :e~ :ulbs(~pto abc~~ 2C~ 

o: total.) ;nay go 

arisi~...g. :~e voltage si~;ly rises ;ropor~icna.l.ly. 

case of tota: failure cf all cc~su.::ers however, a 

' ... -·· 

sa!ety device is required. Such a iev~ce as well as 

possibili~i~s :or :10~ ccntrcl <?-!ld Joaci cont~ol are 

described i~ t~e !ollowi~g paragraphs: 

s.2.1. Autor:.a.tic s~eec contro: •ith !low con~rol ~oVe!'T.crs. 

a) A coc=ercia.lly availaole speed gove:-no!' J! elect=o-

oil hydraulic t~e ~itt an e:ectronic co~trcl ur.it 

was tested for it3 sui~ability '..lllder local cc~~i

tions •ith the 3YS Cross ?low ~i.lrbine. ~h~s gover.:.o= 

consist3 cb..ie!ly of t~e follow~~g coopcnP.nts: 

elec't:!"or.ic cont!'o: unit ·•:. -:n i)C tachogene!"a t.::r. 

an asse::.o:.y of solenci.:i c :;era ted hyira""..12..:.c •1a:.·res. 

l 
' 



- -: 

a p::-ess~e c!la::icer ·.ri t~ o:..:. pres.sure svi tc~. 

is as !ollows: 3y aperati::ig +-\., • • ..... e =.anc. pui:ip ' oil is 

delivered to the side cf :he servo cyli!:der which 

causes the inlet regulator of the turbine to ope~. T~e 

turbine will now gain speed under no load and when a~ 

output voltage o~ 180 volts i~ ?"eached, t!::'e electronic/ 

electric ci:cuit is switched on. ~he ~mall t~cho-

generator ~ounted on the rea: end of the generator ~o 

its shaft produces a speed proportional voltage. T!l:.s 

voltage is fed into the electror..ic unit where it is 

compa=ed With the adjustable rated voltage. Depe~~~g 

on the ~esu..it of this comparison t~~ elect=onic u-;t 

co~ds a 4-way solenoid ~ve tc switch, causing 

the servo c:rlir.der to ope!l the turbine gate ~ ."peed. 

is s~ill too low or clcse the gate. i! speed is too 

hlg!l. 

In case of disr~ption of elect=~city suppl] to tee 

control unit, anothe: so:enoid valve drops, re~eas~g 

press'\U"e to the closing side of the se:-vo cy~inder, 

causi::::g the turbine to be shut down. Reaction time, 

stability a.i:-d accuracy o! the syste: can be adjusted 

in the elect:onic control unit. 

The governor described was installed in OU!' testing 

facility a!ld its pe~o?":llar.ce evaluated. Although 

cont=ol acc'\U"acy is very good (~ 4~) there were a 

number of reasons ~hich convi~ced i.:..s that this 

go~ernor could not be accepted as a satisfacto::y 

solutio~ for remote i:lstal.lations. Scee reasons a:e: 

high cos~ (apprcx. $ 6'000.-) 

highly s~priisticated, requ~ring very skilled :::.an

power for ir.atallation and ::iai~~enance. 

prac~ica2-ly none o! ~~e co~ponents are locally 

I 
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avail.ab.:~ or ~o~:::. ·:-:: ---3 ..... ·:l ~ -o'°'! - "----- -- . 

b) with the help ~f the Swiss ?e~e:-al Insti't"'~te o: 

Te~h!lolog:y in Zurich a si=lp:e !!lect .. anica.2. wa~er 

uressure governg,r is now under development. ~his 

governor !JIUSt f-ul.!'ill criterias such as the possi-

bility of fabrica"ti~g i~ in Nepal., a gc~~rni!:.g 

accuracy c. ! ! 10%, costs 1".ot hl.g!l.e:- th.a:. tu=b i:ie 

cos~, and reliable operation. ·.!'.he ,5ove!'!lor that 

•as consequently developed com~rises three ~asic 

cc~ponents, a !lyveight pendulu:i ~ounted on the 

tu:-bine sb.a:t, a va:.ve system, lever control.led ~1 

the !lr•eight, and a se~o cyl.il!de:- · ·i th cc!!lp::-essioz:. 

spring, operat:Lng the turbine gate. ~e val7e sys~em 

is coz:mected to t~e ~e!lStoc~ on one side a.;i~ :o "t~e 

se:::-vo cyli:lcer (openi~.g or...ly) at tCe c~he~ ..... ,.. ........... 

~l~sed cue to the co:pr~ssion s;ring cet~een gate 

and cylir.der. "ii ~b. ttc .3JS"te= u.nde!" pressU!"e, :!:.e 

ga-:;e ope~s and. th:? tur::Jir.e gai:is s~eed. . ..!-: rate". 

speed, t:.e flyweig!:l. .. p1.4.91::=od re.aches a pre-<i.ete:-

ni~ed position w!!.ich in ti.U"n !!loves the variab:e 

valve to a position where only the quantity c~ 

·.ra.ter leaking from the cyl:.Z:der ~iston is ad:~tted 

:.nto the cylinder. T;:.e closing ~orces of the sp!"i~g 

between cylinde!" a."ld. gate and ...:he o;ez:ing f.orce ~n 

the piston due to water pre~s"J.!"e are e~ual at th:s 

point, ~eeping the flow o~ t~e tu=bi~e, acd ...:c~s 

speed, constant as long as ~o :cad varia:ior. o~cl.U's. 

I~ ~oad is sw~tc~ed on no•, tte s;eed of tne t"J.r:ine 

rur~er #il: decreage due to ~ig~er tor~ue o~ tte 

drive 3~!t. ~his resu.l.ts i~ a c~ange of tee 

pos:..t:o=. 

I 
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.i:l.c:-eases the :10.,.. o: water i:i: o the se!"'7c .::· -~::..:.; :-

bJ ~r.e ac~ion o: ~he :10~ cont~ol val.ve. ~~e 

~ressure in t~e servo cyl~ncier L~creases th~s, 

causing tu..:.oine ~te to o~en up ~o:-e. 

Turbine speed now retr .. uis to rated speed where tte 

control cycle is completed. If l~ad is switcted off, 

the system corrects itself in the o~posite •a] 

(fo:- schematic of con:tTol loop and view o: 

cect:::-i:'u.e-a.1 pendulum refe:- to Anne~ I!. 

After extensive testing of a prototype in Zurich, 

the final cor..!'iguratioi:. of tr.e components used !'..a.s 

now emerged a:id it !:.as become qlear tt.at a relati

vely big !l;zvheel will have to be included to gi7e 

the system better stability. !·!.a.xir:n.un speed. va:-ia

tio:c.s =ay t~en tteoret~cally oe reduced to any 

level desired but obviously ttis again is sutject 

to econo!Ilica: and tech!l.ological constrai~ts. 

5.2.2. Electronic load cor.trol. 

As an alternative to :10·• cont-.·ol, this is considered 

a feasible ;roposition for an o~tput range upto 100K'i. 

Such a voltage sensing shunt r~g:..llator has been 

procure,: 1.~...rough ITDG, London, a.":.d was tested in our 

test plant. It monitors the line voltage of the alter

nator and adjusts a resistive shunt load (ballast 

circuit) to compensate for any changes in the load 

circU:.t caused eithe= by the consu=iers switching 

appliances i~ or out, or by variations i~ the tu=bi~e 

output. The switching elemer.t is a semi cond~ctor 

triac mounted on a heat sink. A.11 other compor.en:s a:e 

printed ci~c...U: ooard ~ounted. ?or a regu.iar 3 ?~ase 

generator, the ~hole asse~bly co~~rises three i1e~~:

cal units, o~e for each ;!lase. Tte oa:last circU.:.t '!J.2.J 

consist o~ any resistive load. We propose to use 

oallast e~erg;J t~ ~ea~ water ~ a big tan.£. 



:n a viL.a.ge -:his wate!' 

might be accessible to t~: ;~~:ic :o: free hot •ater. 

~n this way, eve~ if o'!L:..y a s:ta.:: ;ercectage o: energ:; 

produced is utilised i~ the ccnsu::er ci=c:llt at ti..:les, 

no energy is vs.s"ted. An importan:t advantage of ttis 

system is tr.e fact t!:.2-t the phase loads of the alter-

na.tor remain per:ectly balanced always no matter wt.at 

single phase loads a:e sw~tc~ed in :he cons~er 

ci:cuit. Its price is acceptably low wit= S 1 '000 to 

2'000 depending on output capacity for a three ptase 

unit- including ballast circuit. 

A distinct disadvantage is ttat such u.1"lits wiJ.l ~..ave 

to be impor~ed in the first place. Local repair of a 

faulty printed c:.rcu.it board asse~bly is not ~ossible. 

but a plant elect=icia~ :night be a~le to repl.ace a 

fused triac or a complete circuit board. Spa=e pa=-ts 

to be ke~t en stock at all times tterefcre would cost 

probably 20 to 30% of total ccnt=oller cost. 

s.2.3. Sa~etY devices. 

A.ssu:ning tl::.at no system o! speed control is entirely 

fail proof, it is c:ear that some sort of additional 

safety device !.'IUSt be integrated in a ge~erating pla~~ 

to protect mainly the alternator as the costliest 

sir.gle item. One method of doing this is "";o ca.use the 

plant to shut itself doW?l when the caxii:lum ~er!!l~ssi:ie 

oversueed of the generator has been reached due ~c 

failure of tee gove~or or blowing of the main !use 

in a constant load system. 

For a 5 Jrli 1nstal.:.at1on we t.ave desigr.ed an elec1:.=-:c

mag:iet controlled gate tea~ cuts of the water ::Gw :: 
the ::.agnet is de-er.ergised e i ":her w:::..en -:he fuse ·c :.ows 

or ·•ten z.~tua-:ed. "cy a!l cvervcl tage :-elay. The gate .!.s 

' 
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situated at the ;er:stock i!l.let a.:-.d this syste~ :~:r~

:ore may only be app:ied when the ~enstock vol::.=e is 
not too large. 

~ore versatile is a system that is based on the 

deflector principle by vhich the jet of a pelton wheel 

is diverted by a suitable deflector. In a cross flow 

turbine this caz:not easily be integrated i::J.to the 

turbi!le but it ma.7 be done in the penstock, some 

suitable distance away from the till"bine. The gadget 

then does not resemble a typical deflector but could 

be cal.led an emergency !lush '3te. The penstock is 

provided with a short branch pipe, the e~ o! which 

is closed by a hinged lid. 

With leve~s a.::.d an lectric ma.~et this lid is kept 

tightly closed. Towards the turbine ill the penstock 

itsel! a bu~ter!ly valve is mounted that is connected 

to the lid in such a way that it remai.!ls ope~ whe~ever 

the lid ~eeps the branch pipe closed, but closes as 

the h..i!lged Jid o~ens. When the :naguet is de-energised 

as descri~ed ~.iJove, wate:- ~:-essure tl:.rusts tl'!e lid 

open which causes the but-...er!ly valve to close the 

passage to the turbine. Al.l water disc:c.arges new 

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 is closed manually, the !lush gate reset ~o 

its closed positioL. and then tb.e gate valve is opened 
again. 

The prototYJle of this device ~~s been completed some 

time ago and is a""; presei::.t bei!lg tested tor its 

perfor::ia:ice. 
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Interest in sma:l hydro ~ower is steadily g~ow~::e ,..,_ ...... 
all leve~s o: soci~ty i~ Ne~al as it is realised :o oe 

an ins~~ect for n:...."'"3.1 developQent. 

3alaju Yantra Shala, among others, will. continue its 

e!!ort ill the field of harnessing hydro power in Nepal 

by !urther developing ~\U"bines ~d associated equip~en~ 

for still oetter per=or:iance and economics o~ sca.ll. 

installations an.ci so :naj(e a humble contrib~tion to 
ru.""al developme~t. 

On a ~e6ional level, conterences such as the present 

one are welcomed a.!ld should help to disseminate iclow

hov and experience gained in one particular country 
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Water enterl ng the turbine thiough the inlet (1) f ~c·.,-:z 
through the rzctangutar nozzt.z(9) radially in~:i ~;-~:; 

again out of the rotor ( 2) , thus s~tti ng the output -
shaft(3) attached to the rotor into circular mot ion. 

Rate of \vater flow and power output may be 
governed by the regulator wing (4) Y1 hich is operated 

by a hanrl whe~l (6) and push tod ( 5 ). 
A.ll parts are me:..; r·~~j :.~:o t~z base frame ( 7) c.r.d 
• b d I • /"' \ 

1 n a o y or 1;c · ~ s i; ~ ·. ~ ; . 
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Si:nple ce~trifugal pe~du..lu.:!1 for 

va-;e:- _:;res sure gover-o?'. 

lcoNSUMER I 

-

l Centrifugcl pendL:ium 

2. F!ow cJn~~ol vclve 

l Connec~!r.g levers 

I.. Ser~o cy~:nder with 
spr:ng 

S.. Turbine ga:e 
5. Feed wa:er i'1~e 

w:th ~::~er 

7. F:ywriee. 

SCHEMATIC OF MECHANICAL 'v\'ATE~ PRESSURE GOVER~lOR 

Ann.ex :: • 
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