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ABSTRACT

The first part of the paper gives a brief analysis of the losses in Francis turbines.
Of Special interest are the partial losses, which can be recognised by means of
thermodynamic efficiency measurements. Such losses are disk friction losses and
leakage losses. However, the turbine losses in runner and draft tube may also to
some extent be recognised by large variations in specific energy across the draft
tube outlet. An example of variation in outlet energy will be illustrated by an efficiency
measurement of a Francis turbine with a discontinuity in the concrete outside the
lined part of the draft tube. The uncertainties in the thermodynamic efficiency
measurement by conventional methods are compared with a more accurate
“multipoint” temperature and velocity measuring method which in this case show a
large variation in temperatures and velocity over the cross section at the draft tube
gate.

The paper concludes that the uncertainty of the thermodynamic method in the IEC
code should be corrected. This because the uncertainty for a 100 m head turbine
should be 5 times larger than for a 500 m head turbine, if the deviation of
temperature reading is the same in both cases.

In the IEC 41 code page 319 is the uncertainty described as follows: “The
systematic uncertainty due to the absence of exploration of energy distribution can
amount to.

high pressure side of turbine + 0,2%
low pressure side of turbine + 0,6%"

In this specification the turbine head is not taken into consideration i.e. the same
uncertainty is valid for a 500 m net head as for a 100 m net head turbine and this is
not correct. In fact +0.001 K represents approximately +0.09% of efficiency of a
500 m head turbine and = 0.4% for a 100 m head turbine.

A discussion of this problem is given in the paper with description of different

arrangements used for measurement of the temperature and specific energy at the
outlet side of the turbine.
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For medium and low head turbines further studies will be made on the influence from
the blade lean angles and curvature of crown and band in order to reduce cross flow
and blade to blade swirl in the runner.

Disk friction losses are influenced by the gap between the rotating parts and
stationary parts as well as the tangential component of the inlet flow of the runner i.e.
the blade inlet angle.

Finally the runner outlet loss and the draft tube loss often represent the main loss in
low head turbines. Because CFD analyses so far have not been developed to handle
draft tube flow with sufficient accuracy, analytical basic theory and model tests have
also been used to improve the understanding of the complex draft tube flow.

By means of the thermodynamic measuring method of the prototype efficiency it has
been possible to analyse some of the partial losses directly.

The combined disk friction and leakage loss through the upper labyrinth seal can be
measured and analysed if the flow is collected and led through a separate pipe from
the turbine head cover.

The draft tubes outlet loss i.e. the draft tube and runner outlet loss. This loss may be
analysed by a multipoint temperature and flow velocity measurement at the draft
tube gate. By this method skewed velocity distribution and temperature variations
across the draft tube can be found.

1. DISCUSSION OF PARTIAL LOSSES WITH PRESENTATION OF SOME
LABORATORY TESTS

1.1 LOSSES FROM THE GUIDE VANE WAKES

A theoretical study of the influence on the main flow from the end leakage flow
through the clearance gap of the guide vanes is very complex. However, it has been
proven by efficiency tests that the disturbance from the end leakage flow results in a
loss of approximately 1.5% at best efficiency point increasing towards part load for a
high head turbine. A proof is obtained by installing sealing strips on the ends of the
guide vane faces, preventing the cross flow leakage from pressure side to suction
side of the guide vanes.

The first published report on the effect of sealing strips on Francis turbine operating
at 490m head was published at the IAHR Symposium in Fort Collins in 1968 by G.
Mc. Hannish from BOVING turbine company (now part of KVERNER ENERGY).
The influence from variations of the end clearance gaps are depending on the outlet
angles of the stay vanes and is larger on the prototype than on the model where the
end leakage flow is in the laminar domain. Fig.2 shows the influence from variations
in the clearance gap of a model turbine for a 520m net head prototype.
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With a non-viscous analysis there is no loss and no power conversion throughout the
cone. Then the power or the energy fiux at the inlet and outlet of the draft tube must
be the same W=W =W._.
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Fig 3 Hiustration of a theoretical development of swirl flow with a non-viscous fluid.

The equation of the energy flux for the described vortex yields:
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Because of smallness of the draft tube cone angle the radial component ¢ will be
ignored in the proposed analysis. The velocity component in direction (C,n) will be a

function of the velocity assumed as the boundary condition on the wall at radius ( R)
(the radius where areas I* and II” meet will be R, where the tangential velocity is

(C.)):
Then the following equations may be established: (see fig. 3)
Area |: Cu—r%:rcwgz— (2)
CuRR
Area ll: £, B (3)
¥

Then the pressure p will be a function of r and p, (the pressure in the core of the
specified section) as follows for area | and |l respectively:

* Area I is where Cu/r = ¢onslant (rg [0.R. ).

* Area Il is where c, ¥ = constant (re [R.R]).
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However, in a viscous fluid a relatively large turbulence loss and a reversed flow loss
may occur in the draft tube. This loss will not be visible in the presented simplified
analyses which is presented to get a physical understanding of the energy
conversion in a draft tube.

The problem during a thermodynamic measurement is to obtain a correct value of
the average temperature and the average specific energy at the draft tube outlet.
This can, in the authors’ opinion, only be obtained by a multipoint measurement i.e.
measurement of temperatures and the respective velocities in 20 or 30 points over
the cross section.

1.3  SWIRL FLOW LOSSES IN RUNNER CHANNELS CAUSED BY CROSS
FLOW ON PRESSURE SIDE OF BLADES

Experienced turbine manufacturers will normally base the runner design on the best
model runner with specific speeds close to the prototype in question. Then
adjustment of the blade will be made by Computational Fluid Dynamics (CFD)
analysis. However, a general weakness, especially for low head turbines, is the so-
called cross flow on the pressure side of the blades. A typical cross flow is illustrated
in the CFD analysis of the GAMM Work shop runner showed in fig.4.(Ref 1)

Fig 4 Flow on suction side at BEP (left) and pressure side (right) of a Francis
turbine runner with traditional not optimised design (GAMM work shop runner).

The flow direction from crown to hub on the pressure side of the blade is clearly
lustrated. Because this flow direction is almost normal to the flow direction on the
suction side a swirl flow must be created in the runner channels creating losses and
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