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Sacitqround of Oeveloaaent in :'inland 

Low heads (waterfalls) are a. typical. fea.eure L'l hydz:o power station con-

suucuon in :'illnish circumstances. Most of the heads are lower ':.~ 10 :n 

(33 ft.). The head ranqe of biq power stations is 10-25 m (33 i;o 82 f't.) • 

Due to this, t.he ma.nufacturinq of wa~ powe%' machinery is concentra'b.'<i on 

-=ypes for low heads. 

rn t!le heqinn.inq of this century, :he ?'rancis-t:irbine was t."1." JIOS~ common 

"type. Osua.lly there wa.s a. horizontal shaf't L'l tile :nachine a.nd -=o .i!lcrease 

i't.s speed, several runners were placed on the same shaf":. 3y t."1.e end of 

the l.920' s, ?rac~cally a.ll power sta. tions, wi t."l ':."1.e exceptior- of t.'le 

smallest ones, were being turnllhed wi t."1. vertical Kapla.n-tur.bines. New 

eec:hnoloqy ..,as not introduced aqai.'l until the 50 ' s when t.'le :'leed arose -=o 

dec:ea.se t.'le construction costs of small, low-head power stad.ons. To 

acccmpli Jn this, these power stations beqan to be equipped with cubular 

Kaplan-turbine. more than 20 years aqo. The relatively high price of 

electrical energy and state support for :nany flood control projects llade it 

posai.ble ~ continue consuuctinq small power stations in the 60' s and 

beqinninq of t."1.e 70's, dupite the low oil price. As a result, Finnish 

hydro:) ::achnology .:..s boch :ncc.ern and . .,el.:.-9roved today, just as !..:1terest i:i 

small hydro ?ewer st.at.ions has ~equn ~ :-tsdevelo;i in di!!erent ?cll't.s :Jf ':.."1.e 

world. 



'later :'"....rbine as ?art of t..~e ?ower Station 

:n a 31U.ll hydro power station, ~e turbine and ot:.her :nechanica.l equi.pnent 

usually foi:m a rather small part o:f tile tot.a.J.. costs. ~ ':JPical 'Talue is 

10-30,. The to1:.a.l. cost of Q8 ::aac!u:le.ry, includ.:.nq electrical equipment, 

hardly ever rises to Sa' of the total L"lvest:ment. !~ is nonet.~less of 

esse.nt:.a.l importance to the profitability of the ~reject to choose :ua

chinery most sui taDle for keepinq constr.u:tion costs low. The inves-=nent 

in a hydro power station must be totally pa.id back by selling energy pro

duced by the turbine. ~ simple calculation shows that the llla&n efficiency 

of the turbine has a considerable influence on the pay-back time and 

ec:Jnany of i:.'le project. 

Several attempts to decrease mac:hiner/ costs by desiqninq simpli!ied sun

dard tur1Jines have been :nad.e. l\ccordinq to our ~ienc~. the economically 

optimal solution i.s only se.ldcm · :ound thi.s w&','. !':: ·;eems better t:o st:":.:-re 

:or a U!chnicall.y reasonably advanced solution ~ assembl.:.nq a part.ly

C".lStom.ized turbine incorpora tine; cer'ta.ir standard componeni:s. This approach 

also permi t3 the price of the achinery to be kept within reasonable limi t.s • 

'!'he service life of a hydro power station is very long, in 1DOst cues 5o-ao 

years. This sets very high demands on tile relia..bility and durability of 

t..~e machinery. The design should be directed at simple and straight

forward details. P~ needi:\q requ.la.r maintenance should be avoided. 

~-::ens.:..ve '.lSe of cor::-os.l.or.-?:'es.:..s~nt :nat:erials is ~n -·'.)solute llUSt. 

' 



!n sma.ll lcw-n-..d power sutiona, a :u.bular oir!1ine wi ~ !lcrizonta.l shaft 

i.s WIUUly used. In Sm.a.ll :u.ch.ines, the draft ~ i J bent, a.llowi.nq t..'le 

qeneratcr to be paced outside t..,,_ water.ra.y (Fi.;. l) . The t;ur!line runner 

and qeneratcr are usua.l.l.y ~atad above the wJ.watF.r leve.l. !'his is an 

impo~..ant sa.feey !ac-:.or which at the same time IDa.lt~s maineena.r..ce of t..'le 

plant euiier u~ conscuction CCdU lower. 

In such a tur!:line, there i.s USU&.lly a Ka.plan-runner wit.'l adjtLSta.ble blacks. 

Fixed qui.de vanes c:cnnectad to a but~ly vaJ.ve operatinq a:s a shut-off 

device e&n :>e u.ed as a guide appara~. .\lt1-..rnat:.:1ely, a dist=ibu~r ·ri~ 

adjustable vickat gates can be \l.Sed, ..,i~ the butUtr:fly 'l'al-;•e emitted or 

replaced 'ay storloqs or a simple Qul.Jchead gatu. The typica.1 head ranqe for 

suc!l a t:~ille is 3-20 ta ClO to 63 !t.) and d.~c!larqe S-<50 :n3 /s CJ.SO -=o 

2100 cu.ft./sec.J. When t.~ di.scharqe exceeds 80-90 ~3/s (3000 c~.!t./sec.l, 

a bulb-type t'.ir!line may beccme feasible (Fig. 2J • 

The lower limit !or the turbine size will be det.mllined 'ay the fact t.'lat 

t.he bulb must :be accessibl., tor maintenance. A bu.lb-type 1:urmne i.s always 

provided with a.djusta.ble wicket gates and Li.plan-runner. The sttaigh c 

wa earvay gives this type very good efficiency and high di.scharqe capacity. 

In ~ cases, it is profitable ta UH a tubular turbine with ..,~ical 

sha.!t c:'!.g. 3) • ~he head ranq~ ::an be extiUlded upwards UJ a.bout 25 :n ( 32 

!t. l , since t.'le runner can be sumerged below t."l& tail·.,ater :evel ':O a.void 

cavi :a 'C.icn. 

' 



A ca-on ! aa tura of lil eut:111 I ar oir.bille cypes is ~ st:aiqh'C and compact 

·aterWay allowinq a. very smal.l sized po111111rhcuse and silllple !or.n of conc:ete 

s"trUCeire. Zn small ~-eype macl..ines, t..'1.e ·..aeerway con.si..sa llain.ly ~f 

the steel plate ccnsuuction o:f the turbine. 

!n saae cases, the head of a small power station is s.J hiqh that a. ':Ubular 

tur.bille canno-c be 11Sed. The Prancu-turtline is s'C:i.ll ccmpetitive from a. 

head of abou'C 25 111 (82 ft.) upwards. If t.~e is a lonq :ienstock in the 

power station, the use o:f Francis-turbine i.s also reconnended !or lower 

:ieads. !n a. r-.maway situa-C:.on, the speed a.nd '1:i.-scha.rqe of t!lis turbine 

remaj.n ralatively low a.nd an excessive pressure rise in the pensmck at 

shu~-dt:lwn is avoided. The cons-cruction with a ncri%onta.l shaft is the lllCS'C 

camon U::o in ?ranc:i.s-turhinu, the di.sch.art}• be.inq smal.ler than a.bout 

30 :n3 /s (1000 cu.!t./sec) (Fiq. 4). 

3ydraulic C!la.racte.ristics of the Turbines 

The characteristic efficiency curves of sane turbine types a.re shown in 

?ig. 5. 

As a general statmaant about axial Uov turbines, it can be said that :na

ch:ine J provided with adjustable Kaplan-runners can be used at a wide ranqe 

with part load and overloaci thus maintaining good e:fticiency. With a fixed 

:>lade ?ropeller turbine, use outside the optimuzn ?:"anqe. means vibrations, 

~cise and poor ei!iciency. 
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:n hydro power projects, atansive 3:Xiel t-.irbine tests a.re :i.sually an im-

?Ort.ant ~ of the planninq <il!Ork of 1:!le ?lant. L, small pl.ana, t..'ti.s 

:zietllod cannot be adapted :o each power plant due to it:s high costs. :'or 

~ reason, our ccmpany hu :nade a grea. t number of universal :ncdel casts, 

the results of ;,riti.ch can 0e intar;retad for each different case. ~del 

tasu !or Olbu.la.r t:ur.bines ·.rere sta.ru!d in ouc hydraulic laboratory :.., 

1956. In additicn to e£ficiency and cavitation properties, a great ::mmber 

of other questions necessary fer desiqn work have been cleared up i., ~ 1ese 

tesu. 

~cice of Turbine '!"vt:e 

rf t.he power station is located i., a place wit.1. big flow •ra.ria-::ions, i c is 

advisable to choose a. turbine vit.1. a. fuJ..ly-adjuatable runner and dis1::'i-

butcr. 'l'hi.s ~e ·rith its flat et:ficiency curve can make use of any !low 

at a ranqe 15-110' of i4::1 nan;na.l capacity. !! t.he ?lant :ias suf!icient 

regulated reservoi= capacit<J for pealtinq operation or if ~'le plant is 

furnished '"'i t.1. two or :r.ore mc!li.nes, <A. "set&ti.-iCaplan" furnished ·..ri th Kaplan-

runner and fixed vanes u usually the most suitable type. ~ fixed pro-

peller tur.bine cc. be used only in places where continuous or intem.ittent 

ful.l-load operation is possible, i.e. were a constant rate of flow can be 

:naintained. Experi~nce ha.s shewn, however, that in small power stations 

there are ottan sizable water level variations. These vuiations may be 

upeci.&.lly ham:ful in harsh rlntar condi tiona as there i.s a risk of break-

inq ~'le .:.ce cuver ot ~e river. :'!le tra,.:.rack ot the ;iower station i.s 

easily cloqqed ':rt looae ice a.nd ~~i.s causes disturbances in ':..1.e operation 

of t..'le ~lant. ~ccordinqly, t..1.l..s ':j'pe of ':.urbine ~.s iC3 limitations vi..s-a-

vis 3111all ~ydro power at19lications. 



:-tec!lanical. ?ro~..i.es of ':.'le T'.Jr!>im~s 

~he sta.tionar"f ?Arts of small t=ir.bines . .,holly co11E1ist: of fabricated s-ceel 

?late s"C:"'.ictires. Improved sur£ace treat:llent: Jte~"lods are :::ont:i.'luously de

veloped !or these t:c decrease the need for :llAint:enance. 

rn ?ractica, t:.rouble-frr!e operation of the tur.bine depends on the operation 

of :he sea.ls and l::>earinqs. Specia.l a:etention !las been paid to t:hese points. 

Inside the waterway, on.ly "'1ter er grease lubrica.1:ed journal. bearinq~ are 

used. Ou tsicie the waterway, se.l.t-aliqninq roller bearings lubrica. ted •i t.."l 

oil led frcm the governi..'lq system are used. Stain.lass steel is used for 

:nany :novL'lq par-:s, e.g. shaft s.leeves and wicke-c gate t:unnions. ~e 

.=unnu blades are, ri thout excl!ption, :nade of stainless 1U!el as i.n :nany 

cases is t."le runner chamber as wel.l. 

The tur!lines are assembled L'l ':..'le WIOrkshop in't.O componenu as big as can ~ 

t:ansported. In :11a;1y cases, an almost canplete turbine can be transported. 

:.n t..us 'flay, erection ·otork at si ta can be conaide:r aJ:ll y ace: el era ted. 

Governing and Control Equipment 

In many cases , no speed qove.rnor is needed b.1cause the power plant: is in

cended to operate only connect3d e.o a large system. In th.is case, only 

equipment !or load conc:rol i~ needed. If thara is a. need to feed i.nto an 

isolated system, e.q. as a stand-by power source, the turbine can be .for

:iished ·..ri t."l a :nechanical-hyd:aul.ic governor. :':-om about 50C~ :-cil out;:m1: up

·.,ar:!s, 3..'l ~lec-==onic governor is '.lsed . .,hich ::>rovides l:etU!r accur3~/ and 

' 
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~. a prasaure oil un:it is used. A re.la.t;.;;.vely low ~au.ll.c ~assure is 

used tc af!ord a lonq service li .,e !or the cc:mponena of :.!le sysum. ':'he 

governinq system usua.lly includes a pressure tank ·.rb.l.ch stores energy for 

shut-dawn of the turbine in -.rqency cases. !n ad.di tion to this, the 

but~U:ly valve or the di.st:i!lutor ot the tubular t-.ir!ll.ne is made self-

closinq by means of a =ounterwe.iqht. 

In case of a fail.ure, the r'.maway speed of the turbine may exceed th:? 

nCllli.Nll. speed by 100-180,. The turbine a.nd generator are designed to 

wi :.h..stand !ul.l :unavay speed for a. sh.or= :.ilne. Generally, it is not ::e-

ca•nencI~ ~ use a clutch !or disco~-inq :..'le genera tor because the 

tur.bine i.s the IQOra c:ritica.l and a.lso mere expensive ccmponent in runaway 

ccni:il tiona • 

1Jse of Gear as Sceed I!lc::e&ser 

'!'he speed of a low-head ~bi.ne is usua.lly low and it is often advanugeous 

to i.ru:raa.se the generator speed by usinq a gear. This per.nits the use of 

standard generators. The generator speed is wrually set between 600-1200 t'i?Jll 

dependinq, amonq other th.inqs, on turbine output '-lld runaway speed. The 

mec:hanica..l lesses of the speed inc:easer can to a great extant often be 

c01Dpena&ted for by choo•inq an opt.illlUm speed !or the t".lr.bine independent of 

the synchronous speed of t.be gcierator. A.t present, the upper limit for 

~conauca.l use of t.'le gear is an o•lt?Ut of about 2000-3000 itW. 
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Reolaci.,g of Old ~.irbines ::iv ~em Uni~s 

iihen old power ?lan1:S a.re put into use 1qa.in, <:.'le ~!louse is :iot of';en 

"..lSable Ulymore. I\ :iew power!lcus& can then be designed, !i~-:.i;lg :node.."":l 

~:.irbines !.Oqet."ler '<Ii~ ~s1:inq dam st:r.ictures. In :nany cases, c."le eJ:-

isti.:lq ?rancu-t:urbine "'it.h horimnul sha£4: can be replaced '::Jy a t.u.bular 

~!:line ·.ii~ only slight :nod.ilications in t."le power plant stru.-:::ures. .\t 

~he same time, the out?Ut of e.!le plant C-"1 be consid~ably L,creased. 

Summarr 

Experience obtained frcm extensive: ~esearch and developnent '-'Ork, as ·o11ell 

,?rinciple of !a.sbioninc; t.ai ,or-made units using :nostiy standard camponen~ 

:ias also proved ~ be advaneaqeous when rep~c:..ng old water turbines '::Jy 

:nodern ones. 
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