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Sackground of Davelooment in Finland

Low heads (waterfalls) are a typical feature in hydro power station con-
struction in Finnish circumstances. Most of the heads are lower zhan 10 a
(33 ££.). The head range of big power stations is 10=25 a (33 =o 82 £=.).
Due to this, the manufacturing of water power machinery is concentratsd on
types for low heads.

In the beginning of this century, the Francis-turbine was th: nost common
type. Usually there was a horizontal shaft in the machine and =o increase
its speed, several runners were placed on the same shaf“. 3y the end of
the 1920's, sractically all power stations, with the exceptior of the
smallest ones, were being furnished with vertical Kaplan-turbines. New
technology was not introduced again until the 30's when the need arose =o
decrease the construction costs of small, low-head power stations. To
accomplisn this, these power stations began to be equipped with tubular
Kaplan-turbines mors than 20 years ago. The relatively high price of
electrical energy and stats support for many flood control projects made it
possible Lo continue constructing small power stations in the 60's and
beginning of the 70's, despites the low o0il price. As a result, Finnish
nydro technology 1s Soth ncuern and well-oroved today, just as interest in
small nydro power stations has bequn <o rwdevelou in different sarts of the

world.
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dater Turhine as Part of the Power Station

In a small hydro power station, the turbine and other mechanical equipment
usually form a rather small part of the total costs. A typical value is
10-308. The total cost of the machinery, including electrical equipment,
hardly ever rises to SO% of the total investment. It is nonetheless of
assential importance to the profitability of the oroject to choose na-
chinery most suitable Zor keeping constzucticn costs low. The investment
in a hydro power station must be totally paid back by selling energy pro-
duced by the turbine. A simple calculation shows that the mean efficiency
of the turbine has a considerable influencas on the pay-back time and

aconcamy of the project.

Several attempts to decrease machinery costs by designing simplified stan-
dard turbines have been made. According to our experience, the economically
optimal soluticn is only seidcm Sound this wav. It eems better to stTive
for a technically reasonably advanced solution by assembling a partly-
customized turbine incorporating certainr standard components. This approach

also permits the price of the machinery to be kept within reasonable limits.

The service life of a hydro power station is very long, in most cases 50-380
years. This sets very high demands on the reliability and durability of
the machinery. The design should be directed at simple and straight-
forward details. Parts needing regular maintenance should be avoided.

Ixtensive 1se of corrosion-resistant matarials 1s an -Hsolute must.




Tirhine Tvoes

In small low~head power stations, a =ubular turbine with hcrizontal shafc
is usually used. In small machines, the draft wube i3 bent, allowing the
generator o be placad cutside thes waterway (Fig. 1l). The turbine runner
and generator ara usually locatad above the tajlwatrr level. This is an
important safety factor which at the same time makes maintenarce of the

plant sasier and construction codts lower.

In such a turbine, there is usually a Xaplan-runner with adjustable blades.
Fixad quide vanes connectad t a buttsrfly valve operating as a shut-off
devics can >e used as a guide apvaratus. Alternatively, a distzibutor with
adjustahls wickat gates can be used, with the butzerfly valve cmitted or
replaced by storlogs or a simple builkhead gate. The typical head range for
such a turbine is 3-20 m (10 to 5 £t.) and discharge 5-50 23/s (180 %o

2100 cu.ft./sec.). ¥When the discharge excaeds 30-30 ma/s (3C00 cu.2t./sec.),

a bulb-type turbine may become fesasibla (Fig. 2).

The lowar limit for the turbine size will be detarmined by the fact that
the bulb must be accessibl+ for maintenance. A bulb-type turbine is always
provided with adjustable wicket gatss and Kiaplan-runner. The straighc

watsrvay gives this type vary good afficiency and high discharge capacity.

In scme cases, it is profitable to use a tubular turbine with vertical
shaf+ (Tig. 3). The head range can te extanded upwards tc about 25 m (32
£+.), sinces the runner can te submerged below the tailwater level <5 aveid

cavitaticn.
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A common featurs of all tubular turbine types is a straight and compact
watsrway allowing a very small sized powerhouse and simple form of concrete
structure. In small tube-type machines, tha waterway consists mainly of

the stsel plate constructiocn of the turbine.

Tn same cases, the head of a small power station is so high that a tubular
turbine cannct be used. The Prancis-turbine is still competitive from a
head of about 25 m (82 £t.) upwards. If there is a long penstock in the
power station, the use of Prancis-turbine is also recommended for lower
weads. In a runaway situation, the speed and discharge of this curbine
remain relativaly lgw andigf excassive prassure rise in the penstock at
shut-down is avoided. The construction with a horizontal shaft is the most
common 1lco in Prancis-turbines, the discharge being smaller than about

30 @3/s (1000 cu.ft./sec) (Fig. 4).

dydraulic Characteristics of the Turbines

mhe characteristic efficiency curves of scme turbine types are shown in

fig. S.

As a general statament about axial flow turdines, it can be said that ma-
chine s provided with adjustable Kaplan-runners can be used at a wide range
with part load and overload thus maintaining good afficiency. With a fixed
bslade propeller turbine, use outside the optimum range, means vibrations,

noise and poor eificiency.
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In hydro power orojects, extansive model turbine tests ars usually an im-
portant sart of the planning wark of the plant. In small plants, this
mathod cannot be adaptad <o sach power plant due to its high costs. TFor
this reason, cur company has made a great number of universal model tasts,
the rasults of which can be intar_reted for each different case. Model
tasts for tubular turbines were started in ocur hydraulic laboratory :in
1956. In additicn to efficiency and cavitation properties, a great mmber
of other questions necessary for design work have been cleared up in trese

tests.

Choice of Turbine Tvte

If the power station is located in a place with big flow variations, it is
advisable to choose a turbine with a fully-adjustable runner and distzi-
butor. This Type with its flat efficiency curve can make use of any £l

at a range 15-1108% of its nominal capacity. If the plant has sufficient
regqulated raservoir capacity for peaking operation or :if the zlant is
furnished with two or nore machines, 4 "semi-Kaplan” furnished with XKaplan-
runner and fixed vanes is usually the most suitable type. A fixed pro-
pellar turbine ca: be used only in places where continuous or intermittent
full-load operation is possible, i.e. where a constant rate of flow can be
maintained. Experience has shown, however, that in small power stations
there ara oftan sizable water lavel variations. These variations may be
especially harmful in harsh wintar conditions as there is a risk of break-
ing the :ice cuver of €he river. The trashrack of the power station is
easily clogged by loose ice and this causes disturbances in <he operation
of the plant. Accordingly, this <ype of ~urbine has its limitations vis-a-

vis small hydro power apvlications.
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Mechanical 2roper<ias of -he Turbhines

The stationary sarts of small turbines wholly consist of fabricated steel
olate stuctures. Improved surface treatment methods are continucusly de-

veloved for these to decresase the need for maintenance.

in practice, trouble-free operation of thes turbine depends on the operation
of the seals and bearings. Special attention has been zaid to these points.
Inside the waterway, only witer cr grease lubricated journal bearings are
used. Outside the waterway, self-aligning roller bearings lubricated with
0il led from the governing system are used. Stainless steel is used Sor
many moving zarts, e.g. shaft sleeves and wicket gats tzunnions. The
runner blades are, without exception, nade of stainless steel as in many

cases is the runner chamber as well.
The turbines are assembled in the workshop into components as big as can te
transported. In nany cases, an almost complete turbine can be transported.

In this way, erection wWwork at sita can be conaiderably accelerated.

Governing and Control Equipment

In many cases, no speed governor is needed bicause the power plant is in-
tended to operate only connectad to a large system. In this case, only
equipment for load contxrol is needed. If thera is a need to feed into an
isoclated system, e.g. as a stand-by power sourcs, the turbine can be fur-
aished with a mechanical-nydraulic governor. From about 3CCT kW output up-

wards, an alectronic governor is used which provides Lketter accuracy and
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stability in speed governing. As sSower source of <he governor servo sys-
tem, a prassura Oil unit is used. A relatively low hydraulic srassure is
used o afford a long service life Zor the components of the system. The
governing system usually includes a pressure tank which stores energy for
shut-down of the turbine in emergency cases. In addition to this, the
butzarfly valve or the distributor of the tubular turbine is made self-

closing by means of a -ounterweight.

In case of a failure, the runaway speed of the turbine may exceed zh2
naminal speed by 100-180%. The turbine and generator are designed to
wicthstand full sunaway speed for a short time. Generally, it is not re~-
commended o use a clutch for disconnecting the generator secause the
turbine is the mora critical and also mors expensive component in runaway

conditions.

Use of Gear as Speed Iacreaser

The speed of a low-head turbine is usually iow and it is often advantageocus
to increaase the generator speed by using a gear. This permits the use of
standard generators. The generator speed is usually set tetween 600-1200 rpm
depending, among other things, on turbine output and runaway speed. The
mechanical lcsses of the speed increaser can to a great extant often be
compensated for by choosing an coptimum speed for the turbine independent of
the synchronous speed of the ganerator. At present, the upper limit for

aconcaical use of the gear i3 an output of about 2000-3000 xW.
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Replacing of 0ld Turbines hv Modern Units

When old power 3lants are put into use again, the oeowerhocuse i3 act af=en
1sable anymore. A new powerhouse can then be designed, f£itting modern
turbines tcgether with existing dam structures. In jany cases, the ex-~
isting Prancis-turbine with horizontal shaf% can be replaced by a tubular
turdine with only slight modifications in the power slant strusrtures. At

the same time, the cutput of the plant c.n te considerably increased.

Summary

Experience cbtained frcm extensive research and development work, as well
as IZrom a great number of deliversd 11l water turbines, makes is Dossikle
for us to offer campetitive water turbine technology Z:2r 2xpcr=. The
orinciple of Zashioning tailor-made units using mostly standard components

2as also proved <o be advantageous when replacing old watar turbines by

nodern ones.
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