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ZDZISLAW REYMANN, KAZIMIERZ STELLER, JERZY LITOROWICZ

Instytut Maszyn Przepiywowych PAN w Gdansku (Institute of Fluid-Flow Machi y, Polish Academy of Sci Gdansk)

Activities of the Polish Academy of Sciences’ Institute of Fluid-Flow
Machinery Concerning Development of Small Water Power Plants

The paper reviews the work of the Institute’s Department of Fluid Dynamics concerning low-power
weer turbines. The investigations were carried out between 1981 and 1985 and were supported by the
‘wwernment-Sponsored Program PR-8.

1. Introduction

Work on small water power plants carried out by the Polish Academy of Sciences -

smtitute.of Fluid-Fiow Machinery concerned low- and medium-head water turbines
¥ 2 to 200 kW power. Investigations concentrated on Banki-Michell turbines,
“warside” siphon propeller turbines and on pumps (helicoidal, diagonal and axial-
~“ow) adapted for turbine operation. The work was carried out mainly* within the
“ume work of the Government-Sponsored Program PR-8 “Complex development of
i:mmm er engineering” [1] and comprised: -
theoretical analyses and design studies,

- building of model machines and experimental studies,

~ designing and constructing of prototype machines, :

- dissemination of developed solutions and implementation activities.

The solutions developed have been implemented in co-operation with the Power
‘dsstry Repair Plant in Gdansk manufacturing Banki-Michell turbines, the Gdarsk
wtion of the Institute of Systems Automation involved in governors for these
“urhines, and the Power Industry Measurement and Investigation Works, Section in
“wansk disseminating the results in the country. Among other contacts, special
uention should be made of the Main Office of Studies and Power Engineering
esign in Warsaw, the Research and Development Centre “Chemkop” in Cracow,
W= Ship Electrical and Automatics Installation Works in Gdansk, and also of
\e=ign partuers with which the Institute co-operates basing on signed agreements.

* Investigations concerning siphon turbines were carried out outside the PR-8 program.

s
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In this paper some of the more important results concerning the constructic
of low-power water turbines that were obtained during the years 1981-1985 by &
Department of Fluid Dynamics of the Institute are presented. Also an informatie
on plans for the future years is given.

2. General Assumptions

Hydroenergy resources of Poland are rather small. This state results mainly fre
the lowland shape of most of the country and from relatively small rainfall. In cos
cequence the heads are low and flow intensities are small; about 2/3 of the dam
have heads of H < 5 m and flows of Q < 10 m>/s. These conditions are not faw
urable for the development of water power plants. At the most they can be
ior small water power plants. Though energy production of these plants is of rathe
small significance, it is very important with regard to environmental protection 2
water economy.

In order to utilize small flows at low heads several types of turbines may be
These may be centripetal-axial flow (Francis), diagonal (Deriaz) or axial flow (Kap
turbines. Also turbines of special construction can be used, e.g. reaction turbins
with Reiffenstein guide apparatus, Banki-Michell turbines or siphon turbines.

For low heads, horizongal tubular turbines with Kaplan runners are rece
mended. However, because of the small power of the turbines (from several to seves
tens kW), and the need to adapt them to existing hydrotechnical structures, o
solutions must be taken into consideration.

Taking into account the needs and production abilities, and also the genes
development of small power plants in the world, the authors listed types of turbs
which in theéir opinion* should be preferred for the lowest heads (Table 1). Some 8

~

Tak
Type >of turbine . I-Ere:]d [f‘:‘;/”:] IEI‘Z:f]r
Diagonal and axial flow in Reiffen- .
stein system 155 02.12 2..50
Banki-Michell 1.5..5 102 .25 2.85
Siphon, high-speed 118 3(5) 04 ... 4.5(6) 4 ... 80(200)

Tubular horizontal . :
— S art 1525 1.0.. 10 12 .. 400

Tubular horizontal ; :
— elbrw = 5 25 - 05,5 6 ..'200

* It should be explained, that the proposals presented here differ from those of the Office of Pe
Engineering Studies in Warsaw presented in the “Materials for the program of domestic production
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« 1. Ranges of application of small-power water turbines developed at the Institute of Flwd-Fiow

Machinery

e listed turbines have already been worked out or are being designed. A low-head
wres of types of Banki-Michell turbines (Institute of Fluid-Fiow Machinery) and
wso several successful constructions of Kaplan turbines (Technical University of
dansk) have been finished. Documentation of tubular turbines (Technical Univer-
w» of Gdansk) and principles of building siphon turbines and turbines based on com-
sments. of high-speed impeller pumps (Institute of Fluid-Flow Machinery) are in
mwEparation.

Fig. 1 shows ranges of application of low- and medium-head turbines of small
wewer which have already been developed or are being developed at the Institute
W Fluid-Flow Machinery in Gdansk.

3. Completed Work

Low-head series of types of Banki-Michell turbines

The Banki-Michell turbines are two-stage turbines. Water flows twice through
We grid of blades, once from the outside towards the centre where the bladeless
wace is situated, and the second time — from the centre to the outside where the
wwtlet space is situated (Fig. 2). In order to use the turbine effectively under condi-
wms of variable flow, both the runner and the guide vane are divided into two
wsequal parts (Fig. 3). By appropriate setting of the divided guide vane water flows

Weough 1/3, 2/3 or full width of the turbine runner.

sl power plant turbines” [2]. The differences concern both the type and the scope of utilizing the

\mmpesed types of turbines.



Fiéi 2. Schematic of a Banki-Michell turbine Fig. 3. Model Banki-Michell runner
(principle of operation) :
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Fig. 5. Efficiency curve of the model low-head Banki-Michell turbine
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Fig. 8. Nomograph for low-head Banki-Michell turbines

-

The development of the series of types was based on investigations of a model
e fitted with a runner of 300 mm diameter and 400 mm width. A set of iso-
| Wiency curves for this turbine in (Q, n) co-ordinates is shown in Fig. 4. The curves
"= 1o head H = 5.0 m and the full width supply of the runner. Based on curves
Wned for different supplies (1/3, 2/3 and 3/3 Q), the efficiency curve 1 = f(Q/Qmay)
w érawn for n = n, (Fig. 5). It can be seen in Figs 4 and 5 that the maximum
Misency attained by the model was #,,,,= 0.77. The rated rotational speed n = n,
Wi =2t=d flow intensity @ = Q, were in good agreement with values predicted using
mrmulae:

n= 404{11— and Q=085DB./H,

wee D and B are the diameter and width of the runner, respectively, and H is
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i}

the head. It should be stressed that the turbine efficiency depends also on the wa
of the supplying stream and on the head. Decrease of the active width B and |
crease of the head H result in a lower efficiency ». This last observation coinca
with the results of Johnson et al: [31.

During the model tests the control moments and overspeeding velocities
also measured, the best guide vane angles and the number of runner blades
selected, the effectiveness of pressure controlling in the space behind the runner
the effectiveness of operation of straight- and curvilinear suction tubes of recs
gular and circular cross-section were evaluated (Fig. 6). It was observed, am
others, that pressure control on the suction side should be independent of the he
and water flow intensity, and that suction tubes had an advantageous influence
the conditions of turbine operation. The gain obtained by using a suction tube at I
head and supply stream width of 150 mm is shown in F ig. 7. The gain is significs
for this reason supplementary investigations of the conditions of Banki-Mich
turbine installation were started. :

Based on the results of model test the principles of building a series of
consisting of five sizes were worked out. A nomograph indicating the operats
parameters and characteristic quantities of low-head turbines is presented in Fig
Detailed information concerning three sizes for which a construction documentats
was worked out at the Institute of Fluid-Flow Machinery are given in Fig. 9.

Governors for Banki-Michell turbines were developed by three centers: the &

2
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Fig. 10. Schematic diagram of the control of a Banki-Michell turbine operating in conjunction with &
asynchronous generator
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stitute of Power Systems Automation the Research and Development Laboratory of
Chemical Resources and the Institute of Fluid-Flow Machinery. :

Here we shall present in a short form only the electrohydraulic governor RTBA
Zeveloped by the Gdansk Division of IPSA and installed at the Osowo Leborskie
Power Plant [4].

The control system (Fig. 10) consists of two independent hydraulic servo-motors
with a power supply unit, two guide vane angle transformers, a rate generator,
siectronic governor, relay control system and a system for headwater measurement.

Turbine NSH-400/810 with the electrohydraulic governor designed for operation at H = 4.0 m,
0 =0.64 m*/s, n = 185 r.p.m. and P = 18.5 kW

"he guide apparatus is opened and closed by electric signals from the headwater
- sensor), turbine shaft speed (rate generator), and electric network voltage
22c at the divider coil). The signal controlling opening of the guide apparatus
waies the oil pump and the oil flows below the piston of the appropriate servo-
we. The guide is closed by draining oil to the tank under the weight acting on
Ervo-motor piston.

e turbine set can be controlled manually or automatically, both during starting
‘Wopping — e.g. due to voltage decay in the grid, excessive headwater level drop
Mrdine set loading. ’

"% turbine NSH 400/810 and the electrohydraulic governor RTBA installed in
“wter power plant at Osowo Leborskie are shown in Fig. 11. The turbine operates
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there since January 1985. The RTBA governor adjusts the guide vanes depending

on water intlow, stops the turbine if interterence appears, and starts it when the
interference is removed.

4. Work in Progress

Medium-head series of types of Banki-Michell turbines
The design of this series of types is based on the following assumptions:
__ the turbines should work at 7 to 30 m heads and flow intensities of 0.02 to 2.0 m*
— the required range of hydraulic parameters should be covered by four turbine si
__ for small widths of the supply stream, undivided runners and guides apparat
are recommended.

The design is based on model tests with a runner of 300 mm diameter and 150

N

Fig. 12. Medium-head Banki-Michell model turbine on test stand
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Fig. 13. Characteristics of medium-head Banki-Michell turbine °
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width (Fig. 12). First tests showed an undesirable deformation of efficiency curves
Fig. 13). Removal of these effects required changes in the turbine flow system.
These consisted in changing the shape of the inlet and the runner itself.

Work on documentation of this series of types is still in progress.

Adapting impeller pumps to turbine operation

In order to lower the cost of manufacturing of water turbines, especially for low
seads and small flow intensities, work was started on adaptation of products of the

Q) . !‘ !

Y7
| =

e 14 Adaptation of helicoidal pumps for turbine operation;a) initial state, b) after modifications

14

¢/

" s e : n
" Sasacteristic curves of a helicoidal pump 04 /Mopt ]
working as a water turbine 02 04 06 g8 10 12 14 16 18 20
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domestic pump industry. The work consists in adapting diagonal and axial flow
pumps manufactured by the Warsaw Pump Works and helicoidal pumps of the
Leszno Pump Works to turbine operation. An example of such an adaptation is
the helicoidal pump shown in Fig. 14. The changes consisted in using a different
impeller (with mixed or axial flow) and in its different setting in the spiral casing
of the pump.

1t should be mentioned that there are no control components (except a gate or
butterfly valve). Therefore these machines are characterized by steep performance
curves (Fig. 15) and cannot be used in variable conditions. This means that they

should not be used where flow rate variations are large.

Siphon turbines

Interest in siphon turbines resulted from the following considerations:

" __ demand of socialized and private economy units; for example — an application
of the Power Engineering Office at Stupsk, submitted — in agreement with the
province authorities — to the co-ordinator of problem 2.5 of the Government-Spon-
sored Program PR-8, and also questions directed to the Small Water-Power Plant
Consulting Office at Gdansk-Oliwa,

__ world trend of small water-power piant development, especially work on siphos
turbines started by various firms abroad. ‘ '

-
N

S SASS S e

P ot "s etou et
BN

Fig. 16. Schematic of a horizontal siphon turbine

It is assumed that siphon turbines should complement the already devel
series of types of Banki-Michell turbines and the series of tubular turbines now
development.

They may be used for building automated micro power plants at existing
newly built dams (Fig. 16). Working as high-speed “weir-side” turbines they sh
" be adapted to operation in the following conditions: : :
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head ... from 1.5 to 3.0 (max. 5.0) m
flow rate.............. from 0.4 to 4.5 (max. 6.0) m3/s.
For these requirements a model siphon turbine was developed [1]. This model

il undergo complex laboratory tests. Results of these investigations and assump-
ans for developing a whole series of types of these turbines will be presented in the
gut year. '
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Dzialalnos¢ Instytutu Maszyn Przeplywowych Polskiej Akademii Nauk
na rzecz rozwoju malych elektrowni wodnych

Streszczenie

Artykutl zawiera przeglad dziatalnosci Zakladu Dynamiki Cieczy IMP PAN w dziedzinie ro
malych elektrowni wodnych. Badanie prowadzono gléwnie w latach 1981-1985 w ramach prog
rzadowego PR-8 , Kompleksowy rozwdj energetyki”.

- Na poczatku podaje si¢ ogolne wskazoéwki dla projektowania malych elektrowni wodnych.
omawia si¢ badania zakonczone i aktualnie prowadzone.

Do prac zakoniczonych nalezy typoszereg niskospadowy turbin Banki-Michella. W artykule pos
si¢ wyniki badan modelowych (rys. 4 i 5). Badania pokazaly dos¢ duza sprawnosé turbin, réwna 7 = &%
oraz uzyteczno$¢ rur ssacych. Na rysunku 8 przedstawiono nomogram dla tego typoszeregu a
rysunku 11 — turbinge prototypowa.

Prace prowadzone aktualnie dotycza m. in. typoszeregu $redniospadowych turbin Banki-Miche
(rys. 12), adaptacji pomp wirowych do pracy turbinowej (rys. 14) oraz turbin wodnych lewarowych (rys

Prace prowadzone w Zakladzie sa planowane glownie z mysla o zaspokojeniu potrzeb gospodas
narodowej i wykorzystaniu mocy produkcyjnych w dziedzinie budowy elektrowni wodnych.

HesteasnocTs MucturyTa nporounsix Mammu [ombcxoii Axagemmn Hayk
HanpaB/IéHRAs Ha Pa3BATHE MAJIBIX THAPO3JIEKTPOCT AR

Pe3rome

B cratee nan 0630p pestenpHOCTH OTAeNa [UHAMUKY XUAKOCTH VIHCTHTYTA IPOTOYHBIX M3
IIAH B 06sacTi pa3sBMTHS MAJBIX THAPO3JEKTPOCTAHIIMH. Hccnenosanus mpOBOAMIINCH B OCHOS:
B 1981-1985 r. B paMKax TpaBUTENLCTBEHHOM MporpaMmbl PR-8 ,, KOMILIEKCHOE Pa3BUTHE JHEPreTHR

B nauane parorcs obime ykasaHust U1 OPOSKTHPOBAHMS MANbIX THAPOSIEKTPOCTAHIIMIA.
06Cy*/1at0TCSl pe3yIbTATHI 3aBEPLIEHHBIX U aKTYaIbHO NPOBOAMMEIX HCCIIEHXOBAHMIL.

K 3apepiiénneiM paboTaM 3aUHCIIAETCA HU3KOHATIOPHLI TUTOps TypOun Banku-Muvemia. B
NPEACTABICHBI PE3YJIbTAThl MOJIENBHBIX HCCIeROBaHMY (puC. 4 u 5). Uccienosanus HoKa3asy JOBOMS
BBICOKOE 3HAYCHME K.ILA. TypOuH, mocturaromee 1 = 0,77, a Takke MONE3HOCTL MPHMEHEHHS OTC
fomux Tpy6. Ha puc. 8 npenctasnena HomMorpamma Juls 3TOTO THNOPSAA, 4 Ha puc. 11 — mpores
TYpOHHBL

Ceiuac mpoBoMMBIe PaGOTHI KACAIOTCS M.IIP. CPEIHEHANOPHOTO THIOPSAa TypbuH Bamku-Ms
(puc. 12), npucnocobaeHusI POTOPHBIX HACOCOB X TYpPOMHHOM paboTe (puc. 14), a Takxke rEAPOTYIM
co cu(oHHBIM MUTAHHEM BOOM (puc. 16).

~ Pa6ots! npoBommbic OTENOM AMHAMUKH KAIKOCTH 3aIUIaHMPOBAHEI C MBICIIEH 00 yIOBIETBOPE
HYXJ HapOJHOTO XO3fHMCTEa M MCIOJL3OBAHHM HPOM3BOJACTBEHHEIX PECYpPCOB B 0O0NacTH CTpoS
THIPO3IEKTPOCTAHIIMN.



