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Abstract

There was a time when ‘turbine€fficiency’ was not among the prime concerns in micro-hydro schames, to the degree it was for large
projects. But that was not an accepted choice, rather a Stuation constrained by our limitation of knowledge in this fidld. We are ill
manufacturing, instaling and running turbines with efficiency barely above 65%, which was developed in Nepa by foreigners a few
decades back. Since then, we have not been able to take any significant step towards efficiency enhancement. Times have changed, and
today’s challenge does have bearing on the turbine efficiency and reliability. Microhydro sector of Nepa was to some extent reluctant
towards efficiency of generating sets, mgjority of which are equipped with cross-flow turbine. Cross-flow turbine was aways a forlorn area
from view point of researches and developments. Almost 8l the theoretical advancements, researches, application of new software tools,
academic learning, experience of manufacturing processes and other skills and capabilities are more concentrated on Francis, Pelton and
Kaplan turbines, whether we accept it or not. We are |eft with the cross-flow turbine, which is not in the main stream of attention of hydro
turbine experts. Technically, cross flow turbine is more akin to an improved version of water wheel made suitable to run on jets. Hence, we
must look for tie ways to introducing of Francis turbine in Nepd’s Micro-hydro, which covers the range of head and flow rate smilar to
thet for cross-flow turbines. An effort has been made by ITD Nepa in this direction. It has performed a modd test of aFrancisturbine with

highly simplified @nstruction suitable to be used in Micro hydro schemes of Nepal.
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1. INTRODUCTION

That Nepal has an enormous hydro power potential
and only a meager fraction of it has been harnessed,
is an oft-repeated widely known and accepted fact.
Tapping of this vast potential of the country by
implementing large hydroelectric projects is the
prime concern, while sustainable development of
micro-hydro sector by continuous improvement and
upgrading of technical expertise and manufacturing
capabilities within the country is the second
challenge.

Microfrancis (a word coined by Integrated
Technology Development Nepal) is a simplified
version of Francis turbine suitable for micro-hydro
projects of Nepal. Francis unit, as it is, can not
immediately secure a place in Nepal’s microhydro
business. The single most important reason behind
thisis high cost, which is due to following factors.

Large Number of Components Besides complexity
of design and difficulty of fabrication, cost of a
turbine unit depends on the number of components
required for the complete set. Owing to large
number of components such as inlet valve, runner
with special profile blades, spira case, wicket gate
(guide vanes), draft tube, governor etc, cost of a
Francis unit is obviously higher than cross-flow
counterpart.

Runner Difficult to Fabricate One of the main
reasons for the highest efficiency of Francis unit is

the design of its runner wit h special profile of blades.
It makes the unit able to extract highest possible

energy, kinetic and potential, from water than other
turbines. Francis runner is difficult to make due to

blade profile with variable radius of curvature from

inlet to outlet aad from hub to band. This difficulty

is further added by variable blade thickness near the
inlet and outlet edges. Francis runners were made

both by casting and welding. Now -a-days however

welding has been proven to yield better results for

structural  strength. Labyrinth seal is another cost

increasing factor. Also, particularly for small

runners, welding of blades on to the band and hub is
difficult due to limited space between adjacent

blades.

Use of Governor To cater to variation of load, guide
vanes are required to be operated by automatic

means, governor. Latest governors in large hydro

power plants are electronically operated by software.
But in mini hydro power plants, we can still see

electrical and hydraulic governors. Mechanical

governors are amog obsolete. A governor also
constitutes a significant part of the cost.

No Theoretical Guidance Development of any
technology is possible through hand in hand
advancement of theory and practice. Putting straight;
thisispossible only if design development expertise
and fabrication capability of manufacturing
industries are both marching pace to pace. But in
case of Nepal, ‘theory’ is lagging far behind
‘practice’. There are equipment manufacturing



industries within the country, which can fabricate
any type of turbine up to fairly large size. For
example, several components for 3 Francis units
each of capacity 4.2 MW, for 5 pelton units each of
capacity 12 MW and for 2 Francis units each of
capacity 36 MW were fabricated in Nepal. But
technical expertise on turbine design in Nepal for so
many decades has remained stagnant within the
limit of small peltric sets and cross-flow turbines of
few kilowatt capacities. Even if we limit our talk to
micro-hydro, i.e. 100 kW, we have long way to go
for enhancement of efficiency and reliability of
generating sets.

2. Why Micro-francis?

Before we try to answer this question, let us have a
brief look on the simplified design of the proposed
Microfrancis. First of all, spiral case of circular
cross-section  of conventional design will be
replaced by rectangular one. It can be made by
plates with great ease at any workshop in Nepal that
deals with cross-flow turbines. There will be no
wicket gate. Proposed design at the first phase will
use electronic load controller as there is a prevailing
practice in Nepal for turbines up to 100 kW for
diverting surplus power to the ballast. Similar to the
arrangements for cross flow turbines, a butterfly
valve will be used to stop water during turbine shut
down. Hence there will be no governor, as such.
Runner is the central part of a Francis unit from
efficiency point of view. Runner blades will be
made with constant thickness plate with relatively
large radius of curvature and short length from
runner inlet to the outlet. Space between adjacent
blades and between hub and band will be enough to
facilitate fillet welds. Draft tube will be a bent
hollow cone. Turbine will be directly coupled with
the generator, which will be a cost effective and
more compact design.

2.1 Francis is a turbine type with the fastest pace of
development. Francis turbine has always been the
center of attention of turbine experts across the
world. Various innovative efforts have been made to
ater design of Francis units to suit particular site
conditions, manufacturing capabilities and cost
associated factors. For example, a Norwegian team
of experts have recently developed it with simplified
construction for fabrication ease and cost reduction
with a margina compromise in efficiency.
Efficiency they achieved was 91%. Almost all the
components were made of steel plates. Similar
attempts are being made by other experts, turbine
industries and students all over the world to look for
ways to improve its design by simplification of
components, removal and substitution of intricate
parts.

2.2 Turbine Type With Highest efficiency

Strongest point of Francis unit over any other type
of hydro turbines is its highest efficiency. A Francis
unit is better than a cross-flow unit when it comes to
efficiency. It has been observed that an alteration of
design in Francis unit, even on the most crucia part
i.e. runner, as long as it is backed up by theoretical
justifications, decreases turbine efficiency, in over
al, by around 3-4%. Further, hydraulic efficiency of
a turbine reduces with the reduction of its size. But
these facts still can not be a justification for
comparing Francis unit with a cross-flow one. It is
also observed that if a closed impeller of a
centrifugal pump with aptly selected head and
discharge (not similar tothe turbine requirement) is
used as turbine runner, it can run with efficiency as
high as 80%. It was tested by students in NTNU,
Norway.

All these facts indicate that if cost factors,
fabrication complexities and site conditions are
thoroughly considered and incorporated into a small
unit of Francis turbine, it has a promising future in
micro-hydro business of Nepal.

2.3 Potential of MF in Nepal’s micro-hydro Market?

Experience and experiments have shown that a
small Francis unit can run satisfactorily for heads
approx. above 14 m. though it is possible to use at
head as low as 3 m.

If its design can meet following requirements, there

is no reason why it can not serve in microhydro

schemes of Nepal.

d Efficiency. Higher at least by 10% than that
of equivalent cross-flow unit.

b Cost. Not more than 30% higher than that of
equivalent cross-flow unit.

O Suitability. Possibleto be fabricated, installed,
operated and repaired in Nepal.

d Reiability. Not highly erosion/cavitation
sensitive, structurally strong.

g Efficiency.
Large Francis units usualy have efficiency around
95%, sometimes
as high as 96%.

Turbine
efficiency mainly
depends on

hydraulic losses,
volumetric losses
and mechanical
|osses. Reduction
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scroll  casing  cross-section  from circular  to
rectangular increases overal hydraulic loss of
turbine by max. 2% as it has been observed. The
only compromise we have to make at this point is
that rectangular cross-section scroll case is a bit
heavier than the conventional one.

Removal of wicket gate reduces hydraulic losses by
around 1.5% such as those caused by horseshoe
vortices around the front edge of guide vanes.
Simplification of runner blades, as discussed above,
will eat up another 5% of efficiency at maximum.
Proposed draft tube will not increase any kind of
loss. Hence, proposed ateration of design hardly
reduces the turbine efficiency by around 2% - 1.5%
+ 5% = 5.5%. If reduction of hydraulic efficiency
due to reduction of turbine size will be twice of the
above figure, i.e. 11%, total efficiency reduction
comes to be around 17%, generously taken.
Consequently,  efficiency of the proposed
Microfrancis will be 95% - 17% = 78%. This will
fairly satisfy our need.

b Cost

Major components that constitute the turbine cost
are spiral case, runner with labyrinth seals and draft
tube. Usually Francis unit is smaller than equal
capacity cross-flow unit, but in our case, the overall
size will be almost similar.

Roughly, turbine is assumed to constitute 25% of
the total estimate of a micro-hydro project. 10%
increase in the turbine efficiency increases overall
efficiency by around 8%. If overal generation
increases by 8%, overall project cost is justified to
be increased by 8%. But 8% increase in overall cost
is equivalent to 32% increase in the turbine cost.
Hence if cost of the proposed Microfrancis unit is
higher than that of the cross-flow by less than 30%,
Microfrancis will be more cost-effective option.
Since absolutely al the arrangement except turbine
unit itself will be the same for both cross-flow and
Microfrancis, above comparison has a logical
ground.

¢ Suitability

As we have seen above, there will be no complexity
in fabrication of a Microfrancis unit beyond the
capacity of an average Nepali turbine manufacturer.
However, there will be some stringent requirements
for welding quality of spiral case, runner and draft
tube, unlike the body for a crossflow unit, which is
not characteristically a pressure vessel. But welding
quality required for Microfrancis components are no
more stringent than that for penstock, which is a
usud job of severa micro-hydro equipment
manufacturers in Nepal. As far as erection is
concerned, a Microfrancis unit will have horizontal
shaft to be directly coupled with generator. This is
as simple as to install a horizontal shaft centrifugal
pump directly coupled with a motor by a rigid
flange coupling. Operation, maintenance and

repairing will be similar to that for a centrifugal
pump.

d Reiability

When we tak about reliability of mechanical
components, most of the running parts are under
guestion. Since ELC and other accessories for
Microfrancis are similar to those for a crossflow
unit, we will limit our discussion to the turbine
runner. Though Microfrancis unit will be installed
with negative submergence, i.e. dlightly above
tailrace water level unlike conventional Francis
units, it will be made sure that its layout assures its
running without cavitation. Its runner will be made
with erosion resistant stainless steel material with
nickel and chromium content just like large Francis
runners. There will be two bearings on the shaft of
the turbine. One end of this shaft holds the runner
while another end is coupled with the generator by
rigid flange coupling or some other kinds of flexible
coupling as it seems suitable during testing. Thisisa
conventional layout for many motor driven devices.
Hence, there will be no problem in durability of the
arrangement, provided that aignment during
installation is perfectly made.

3. General Layout of Microfrancis Unit

Microfrancis can have vertical alignment (for
smaller units) or horizontal alignment (for larger
units). Figure 2 depicts the plan view of
horizontally aligned Microfrancis unit. Section view
of the unit with vertical alignment is shown in
Figure 3.
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Figure 2. Microfrancis unit with horizontal
alignment (plan view)



Figure 3. Microfrancis unit withvertical alignment
(section)

4, Model Test Result

A model of Microfrancis unit with design capacity
415 W was designed, manufactured and tested by
ITD Nepal in 2005. The test was carried in a 4 story
building at Satdobato, Lalitpur. Water supply tanks
(total capacity 2000 liters) was used as reservoir and
4" pipe as penstock pipe. Electric bulbs with
different combinations were used as loads (Figure 4)

Model design capacity 415 W
Net design head 11m
Design flow rate 7Ips

Generator used 700 W (made from single

phase induction motor)

Figure 4. Testing of 415 W Microfrancis Model

Observations

Flow rate was observed to be around the design one
with approx. 58% variations. Rotational speed of
the model was 1550 RPM when 440 W load was
applied. Detail observations could not be carried out
due to lack of measuring instruments. However, in

overal the unit's performance was noted to be quite
satisfactory in terms of stability of speed, noise,
vibration etc.

5. Conclusion and Recommendations

Microfrancis unit can be a suitable option for
Microhydro schemes of Nepal. At one hand it is
believed to provide better efficiency than its
counterparts, on the other, it gives an opportunity
for development of indigenous expertise and
manufacturing capability of larger units within the
country. But to achieve a prototypewhich could be
installed and run under real site conditions, a
number of prototype tests need to be performed and
improvements made on achieved design. Present
requirements are:

1. Micro hydro turbine test rig available for
overall duration of around 4 months to
conduct prototypetests,

2. Measuring and monitoring instruments,

3. Fund for manufacturing of prototypes and
conducting of tests
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