design made it possible for a single turbine to offer
high efficiency over a range of loads, and 80
years after its debut, the Kaplan turbine still has

attractive characteristics. Janet Wood reports

acking an imfinite number of
turbines into # single unit may not
seem like a simple idea. But in the
turbine desigoed by Vikror Kaplan
it offered an elegant solution to the
problem of dealing with varying load
condirions while maintaining
high efficiency. The US
patent for the Kaphn
turbine, which was

filed in 1914,
describes the
rurbinc as:

‘A runner wheel
for high speed %
water turbines

provided with guide
vanes, said wheel
comprising a plurality of
angularly adjustable blades,
and means to adjustsaid blades while the
wheel is running so as to vary not only
the outlet angles and passages but also the
inlet angles and passages of the wheel, to
correspond to variation in the
supply of water and in the
power required.’

Kaplan produced
his prototype in
1912, and in 1913
he approached
several turbine
manufacturers
with a view to
licensing the
technology. His design
was not quickly accepted,
partly, it is suggested, because
the models he had used relied on a
runner less than 180mm in diameter
operating under a head of 0.6m. Further
model tests were, however, carried out by
Swedish turbine manufacturer Verksraden
of Kristinehamn (KMV) in the following
year using a mode] with a runner
diameter of 700mm and a 4m head.

The first practical operation of a

Kaplan turbine wasm 1919, at a textile -

factory in Velm, Asstria belonging to a
yarn manufacturer called Hofbauer. This
| application employed a runner with a
diameter of 600mm operating under a

head of 2.3m, and it offered efficiencies of
around 84 %.

In the same year the Velm unit went
into operation, the Swedish State Power
Board began to consider exploiting a
waterfall at Lilla Edet, and Verkstaden
began work in earnest on
Kaplan’s designs. A licence
agreement was signed
in 1921 and the
company began

work on

developing the

turbine to ensure

it would stand up

/ to the stresses it
P s would undergo in
S operating, and altering
blade pitch, at full load.

The proposal eventually put
forward for Lilla Eder was for a rurbine
with a four-blade runner with a diameter
of 5.8m. Although by this time KMV had
installed several Kaplan turbines in
Sweden the proposal for Lilla
Edet was a considerable
step forward, and it
was very carefully
considered by the
Power Board. The

Kaplan proposal

was accepted, and

installation was
completed in 1925.
KMW had offered
strict performance
guarantees for the Lilla
Edet application; for example
an efficiency of 85-87%. In practice,
the turbine efficiency was 89%, and it
remained above 75% when overloaded or
at part load. Thar these excellent figures
were attested to by the Swedish Power
Board went a long way towards helping
the Kaplan turbine gain wide acceptance
in Europe.

Cavitation and other concerns

The problem of cavitation is a
characreristic of Kaplan turbines and it
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turbine was put into operation. While the
first unit at Velm showed 84% efficiency
in irs first year, in later years the efficiency
fell to around 60% and the runners were
seen to be damaged. The cause was
cavitation: in reducing friction losses and
increasing optimum speeds Kaplan had
reduced the blade surfaces too much.

The problem caused some hesitation on
the part of Kaplan developers, but was
the spur for some interesting research at
KMV. Before completing the Lilla Edet
design KWV’s chief designer, Elov
Englesson, built a dedicated caviration
test stand — the first in the world — to
establish the caviration characteristics of
the Lilla Edet turbine. In the evenr, afrer
four years of operation the runner blades
at Lilla Edet revealed only minor pitting
near the edge of the suction side of the
blade. Later, stainless steel plates were
inserted in vulnerable areas to reduce the
possibility of further damage.

Some other aspects of Kaplan turbine
design caused initial concern, particularly
to engineers in the US:
sThere was scepticism that the
mechanism for adjusting the blades would
prove robust in long term operation.
eKaplan turbines cost more than
comparable fixed blade rurbines.
«Kaplan turbines were more complex
than other options and used more oil.

By 1929, however, some 150 Kaplan
units were in operation in Europe and it
was becoming obvious that the design

was reliable and robust, and what is more
the increased costs of the turbine were
outweighed by other cost savings. In that
year the first US Kaplan rurbine was
installed, a 1900hp unit operating under a
10m head, sited on Devil’s river, Texas, at
the Central Power & Light Co’s Lake
Walk plant.

Recent developments

Berween the 1950s and 1990s,
development of the Kaplan turbine
improved efficiency by 4-5%, from a
rypical 89.5% in 1952, up to 93.5% in
recent years. The advent of rools such as
computational fluid dynamics has been of
help, although the type of flow seen in
Kaplan turbines limits the usefulness of
CFD. Nevertheless, flow modelling has
helped make improvements in the
hydraulic design of runners and of water
passages, particularly the draft tube, and
CFD has been parrticularly useful in
modelling and controlling cavitation. At
the same time, the evolution of the
spherical hub design and better-controlled
blade-to-hub and tip clearances has
significantly reduced losses across the
runner.

Increasingly, Kaplan turbines are being
used at higher heads. Using smaller, high-
speed machines, with more runner blades
has been associated with a trend towards
a reduced hub diameter. This has
increased the flow area available, and
reduced the capital cost of the turbine,
but has brought its own requirements in
ensuring that stress in the hub and blades
is understood and managed adequately.
Further changes in hub design have been
required to accommodate additional
parts. These developments have gone
hand in hand with improvements in steel
design and a tendency to use new
materials, such as stainless steel for
runsner blades.

A direct development from the |
1950s version of the turbine has been !
the advent of horizontal bulb and
pit turbines for low head or
run-of-river applications. The

e /]
R

use of geared units with either Kaplan or
semi-Kaplan turbines allows the water
passage to be optimised and a smaller
high speed generator 1o be used. Heads
of under 3m have been utilised for such
bulb units, using runner diameters greater
than 8m.

Environmental developments

At the present time, much of the
development of the Kaplan turbine is
directed towards improving its
environmental profile. At Kvaerner’s
research centre in Porjus, Sweden, for
example, one route for development is
aimed at reducing or removing oil from
the turbine hub.

In its original form, the hub of a
Kaplan turbine was completely oil-filled,
and it was preferred that oil leak our,
rather than water leaking in — protecting
the hub at the expense of the
environment. Work ar Porjus is now
directed toward minimising the volume of
oil required and ensuring it is carefully
controiled. In this new design all bearings
have permanent lubricarion. While the
turbine is operating at its normal speed
oil is taken from the hydraulic system via
a magnetic constant-flow valve. Two
rubes in che shafr direct the oil to the
motor, located in the hub cone, and pump
returned oil, which also lubricares the
runner bearings. The oil channels are
connected via hoses so thar the unit can
be removed and maintained. The toral
amount of oil in cthis system can be
monitored accurately, and any leak can be
quickly detected. In effect this reverses the
original philosophy of lubricating the
turbine, in that water is permitted to enter
between the sealings on the pressure side
of the runner blade. Pressure here is
higher than it is inside the hub,
where it is at atmospheric pressure, so
water leaks into the hub in
preference to oil leaking our. If
water leaks in it is detected at an
early stage and repairs can be
quickly effecred.

Several other areas are
under development at Porjus.
One example is the periphery
gap: by adjusting the gap
between the blade periphery and
the runner chamber, until the
blade can touch the chamber, the
pattern of wear can be examined.
The result will be that the size of the gap
can be reduced, reducing losses, and thart
runner manufacture will be simplified, as
the manufacturing tolerance of the runner
periphery can be less demanding.

Other research includes measurement
of the bearing play. Using an inductive
sensor, the position of the blade is
measured relative to a fixed point under
various- loads. The technique — now
being patented — will make it simple to
measure the play in the runner blade
bearings, and will help anticipate when
the blade needs to be repaired.
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