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ABSTRACT
The research is made with the basic objective of

constructing effective stream section of cross-flow turbine.
In the research project are presented the results from
experimental testing of the cross-flow turbine with various
runner, nozzles and draft tubes.

The rotational and universal characteristics of the
turbine are presented. The experimental results have been
analysed.

The results from the research give the possibility to
make clear some important aspects of the working process
with the cross-flow turbines.

The characteristics derived from these tests prove that
the stream section of the tested cross-flow turbine can be
used as a model in the construction of cross-flow turbines
for power electric stations with small capacity.

INTRODUCTION
Our experience so far in designing cross-flow turbines

for various small hydroelectric plants in Bulgaria, proves
that the radical ways for the improvements of their energy
characteristics is the further improvement of the runner.

The runner is the most important element of the stream
section of any water turbine. It exercises strong influence
on the energy balance of the turbine. This problem is much
more important in the case of the cross-flow turbines,
because the working process is less effective compared to
the other types of water turbines.

In the project are presented results from tests of model
cross-flow turbine with several runner. These runners are
designed by using several methods and differ only by the
geometry of their blade set systems. The influence of the
nozzle and of the draft tube on the energy characteristics of
the turbine is also tested.

TESTS CHART
The tests research are done on stand #4 of the water

turbines laboratory of the department of Hydraulic
machinery of the Technical university in Sofia [1]. The
object of the research is model cross-flow turbine with
regulation plate [2],

The tests were carried out under head H=6+8m. The
basic purpose of these tests is the following :

- estimations of the effectiveness of the worked out
methods for calculations on the blade set systems of the
runner for the cross-flow turbines;

- clarification of the origin and the cause for energy
loss in die stream part of the turbine.

- clarification of the influence of the draft tube on the
characteristics of the turbine;

EXPERIMENTAL RESULTS
RUNNER
In fig. 1. are shown the rotational characteristics of the

turbine r}=f(n\), results after experimental testing with

four runner: DIM, D2PT, D2V and D2SM. The values of
efficiency are classified ( i.e. they refer to the maximum

value derived in the runner D2PT). n\ = is the

applied reduced frequency of revolutions (n is frequency of
revolutions, Dt=0.32m is the basic diameter of the
runner). The runners are characterised by the following:

• DIM has blades with constant curve, measured by the
classic chart [3];

• D2PT has blades with variable curve. It is sized up
according to method [2] in which as a result of optimising
procedure are measured the optimal values of the number
of blades, their angle of entrance and the optimal function
of the alteration of the angle of the middle line:

• D2V and D2SM have blades with variable curve.
They represent two modifications, derived by a method
based on the popular chart of Sonnek [3]. Under this
method is applied planned calculation experiment, as a
result of which are determined the optimal values of
diameter ratio d=D2/Di (D2 is the outlet diameter of the
runner), the number of blades and the curve changes.

Some of the data about the experimented runner are
shown in table 1.

Table 1.
Runner
Input angle
Output angle
Diameter ratio
Number of blades

DIM
30
90

0.656
24

D2PT
26.6
90

0.656
28

D2V
24
90
0.632
28

D2SM
27
90

0.638
28

For the manufacture of the runner was created special
technology, which allows precise, quick and effective
fastening of the blades. In that way the runners cost are
diminished, and as it is known, that is one of the most
important requirements for the installed machinery in
small hydroelectric power stations.

The comparison of characteristics (fig.l) shows that
runner D2PT has the best data. On the characteristic of the
runner D2SM is observed rapid increase of the energy loss
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if the introduced rotational frequency is increased above
the optimal range. That runner differ with the great
difference of the measurement gradient in the blade angles,
and in that connection his resistance is strongly increased
with the increase of the revolutions frequency at (when
H=const) or in decrease of the flow-rate (when n=consf).

Qi. l/s

Fig.2
In fig. 2 is shown the universal characteristics

V=f(ri> Q) of the tested turbine with runner D2PT

(Qj = is the reduced discharge; Q-discharge). The

absolute values of efficiency are shown as the lines of
constant opening of the regulation device (a0

=const).
When analysing the universal characteristics one must bear
in mind that the model cross-flow turbine is dimensioned
according to maximum value of flow rates.

In order to provide optimal energy of jet, it is necessary
that the magnitude of the velocity and the flow angle
should retain constant values along the runner part of the
nozzle entry arc (as for the tested nozzle the nozzle arc is
S= 72°). That is achieved by the suitable profile cutting
of the external nozzle wall. In the current survey,
construction profiling of this wall is done in compliance to
method [5].

Another alternative method is the one, proposed by
D.Banki, under which the runner is outlined by means of
circular evolving line with a centre of the initial circle - the
revolution axis of the runner [3].
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Fig.3
The results of the tests for the distribution of pressure

along the external wall of the nozzle and its delineation

(according to both methods), are shown on fig. 3. Along
the ordinate are introduced the values of relative pressure
h=p/p0, where p0 is the static pressure in the
corresponding point and p0 - total pressure at the entrance
of the nozzle suited for the corresponding regime of
operations. The curve line co-ordinate L is calculated from
the final contour point of the wall towards the nozzle
entrance.

The specifies of the stream part, at the outlet of the
nozzle, provoke deformity of the flow and the change of
pressure related to it (res. of velocity too) at each section,
located normally at the vector of velocity. And the pressure
gradient is positive in the direction of the outer nozzle
wall, and the speed gradient is negative in the same
direction. One can notice in fig.3 that in shaping of the
contour along the evolving line, the relative pressure on
the outer wall diminishes noticeably in the zone nozzle
entry arc ( esp. in the end zone). That proves that
development conditions are created for cavitational
phenomena at that zone of the nozzle. The pressure
distribution on the external wall, leads to the conclusion
that the nozzle cannot provide conformity of velocity
distribution (resp. of flow-rate) along the nozzle entry arc.
and at the evolving line profile, the irregularity is greater,
i.e. there are conditions for loss of energy.

DRAFT TUBE
It is known that the draft tube improves the energy

characteristics of the cross-flow turbine, especially in cases
of low-pressure turbines [3,4], In the concrete case we have
experimented about the influence of the shape of the draft
tube over the effectiveness of the working process. In fig.4
we have a general chart of the draft tube. It has curved
lines which form both walls, and the sections have
rectangular shape. The experiments are made under
different values of the minimum section area of the tube
(s = a.b) which naturally leads to change of the shape of
the form curves (fig.4).

1 Fig.4
In fig. 5 is shown the characteristic ?/„„,, =f(sj.

where ij^ are the maximum values of efficiency at
different values of the area of the minimal section of the
tube, and s0 =s/s, is the relative area (s, is the area at the
tube entry). It is clear that in comparatively wide zone
(so= 0.35-0.55)
the values of efficiency remain constant. When analysing
this characteristics, one must note, that in the concrete
case,
the specific kinetic energy (per unit of weight), of the flow
at the exit of the runner is too small compared to the
turbine
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flow -rate, and that is why the its effective use does not
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substantially influence the energy balance. Beside one must
note, that the distance between the turbine axis and the
water level in the draft reservoir of the stand is h =2.5DS.

It is proper to note, that the pressure of the operation
chamber proves strong influence on the effectiveness of the
working process, which is regulated under the executed
experiments by allowing atmosphere air to enter the
chamber by the aid of regulation valve.

ENERGY LOSES
The construction of the model cross-flow turbine allows

to observe and photograph the flow inside the runner and
at its exit. When these experiments were conducted, an
increment of the volume loss in the turbine were noted (
esp. in drive runner D2SM) in regimes for which the
values of n\ are higher than the optimal. On the one hand
this directly influences the effectiveness of the working
process, and on the other it proves influence on the losses
due to disc friction and to the losses of the ventilation in
the turbine chamber. With the purpose to evaluate the
extent of the volumetric losses, construction changes were
made to the chamber, and this made possible to measure
these losses. The result is shown on fig.6 (q =AQ/Q are
the
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relative volumetric losses and AO are the absolute
volumetric losses). In fig. 6 one can notice that the relative
capacity losses increase by the increment of the introduced
one-meter revolution frequency and that is more strongly
emphasised at values of n\ higher than the optimal. Clearly
there is a reserve for the increment of the effectiveness of
the working process, minding that the relative volumetric
losses in these turbines in the optimal operation regime,
usually do not exceed 1.5%.

The observations on the-operation of the turbine show
that in the interior of the runner the volumetric losses are
exceedingly low. In this concrete case the turbine shaft
does not pass through the inside of the tested runner, but

research shows that the flow does not attack the shaft.
From such point of view, the use of guiding apparatus in
the interior of the drive runner seems senseless. In fig. 7 is
shown the position of the free flow surface in the interior
of the runner, at the different working regimes of the
turbine ( for different values of n\ - lines 1.2,3 and for
different openings of the regulation device and optimal
values of n\ - lines 4,5)
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CONCLUSION
The applied methods for calculation of runner for

cross-flow turbines, provide possibilities to synthesise
effective blade systems evidently the method described in
[2] has an advantage. The runner DT2PT provides the
maximal value of efficiency of the tested turbine ?j =85%.

The results from the research with the cross-flow
turbine give the possibility to clarify some important
aspects of the working process with the cross-flow turbines
such as influence of the forms of the nozzles and the draft
tube upon the operations, the shape of the flow in the
interior of the runner runner, etc.

The derived characteristics show that the stream part of
the experimented cross-flow turbine can be used as a model
in constructing of cross-flow turbines for electric power
stations of small capacities.
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