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ZL)ZISŁAW REYEIANN. KAZIMIERZ $TELLĘR, JERZY LITORoWlcz
lBt!4ut, M&§zyn Przcpiywowych PA}i ry §dańsku {lnstitute of F-luiil-Flow Machinery, Polish Amcemy of Scienes, GdańsL;

łcrivities tlf the Polisln Aeaułemy of §eienees' Institute of Fluid-Flow
\Iacldnery Concerning Developrnellt of §neall lVater Pgwer P|ants

-le PaPer rcviervs thę work of thę lnstitute's Department of Fluid f)ynarnics concerning low-power
rll1 11 :gl!ilg§" The investigations were carrięd out between l98l bnd 1985 and were suppclrted by the

:,:iment-§ponsored Frogram PR-8,

l. lntroduction

'i'ork on small water power plant§ carried out by the Polish Acaderny of §giences
:l",,:ute,of Fluid-Fiow Machinery conceraed low- and medium-head water turbines
lfl ] to 200 k\ry power. lnvestigations concentratę<l on Banki-Michell turbines,
u t::,-sid€'" siPhon propeller turbines and on pumps (helicoi<lal, diagonal arrd axial_': o r adapted for turbine clperation. The work was carrie.d out mainly* within the
,:]i:," work of the Governrnent-Sponsored Program FR-8_ "Compłex developńent of

",r, ,;r engineering" [-1] and conrprised: /

,.ieoretical anaiyses antl design studies,
:uilding of modei nrachines and experimental studies,
:esigning and constructing of prototype machines,
:issemination of developed solutions and impiernentation activities,
ilre solutions developed have been implemented in co-operation with the Power

,lLŃJtf} RePair Plant in Gdańsk rnanufacturing Banki-Michęll turbines, the Gdańsk' ffifi-:n of the tnstitute of §ystems Automation involved in governors for these
l ir:mes. and the Power Industry Measurement and Investigatiorr Works, Section in
i , ii:lsk disseminating the resuits in the country. Among other contacts, special
|'*'o=:'on should be rnade of the Main Oflice of Sturlies and Power Engineering
| 
:łs:gn in Warsaw, the Research and Development Centre "Chemkop'' in Cracow]

|'mlt 
ShiP Electrical and Automatics Installation Works in Gdańsk, and also of

liur'":Sn Partners with which the Institute co-operates basing on signed agreements.
I

Invcstigations concerning siphon turbines were carrięd out outside thę pR-8 Drosram



of lor
Depa
on ol

50 Z. Ręymann, K. Steller, J. Litorowi,;z

In this paPer some of the more important results concerning the construc
f low-power water turbines that were obtained during the years 1981_1985 by

)epartment of Fluid Dynamics of the Institutę are presented. Also an informa
,n plans forthe future years is given.

2. General Assumptions

Hydroeąergy resource§ of Poland are rather small. This statę results mainly fro

tire lowland shape of most of the country and from relatively small rainfall. In co

iequence the hgads are low and flow intensities are small; about 2l3 of the dal

have heads of l/ ś 5 m and flows of Q < 10 m3/s. These conditions are not fav

urable for the development of water powef plants. At the most they can be us
ior small water power plants, Though energy production of these plants is of ratb

small significance, it is very important with regard to environmental protection al

water economy.
In order to utilize small flows at low heads several types of turbines may be usr

These may be centripetal-axial flow (Francis), diagonal (Deriaz) or axial flow (Kap|r

turbines. Also turbines of special construction can be used, e.g. reaction turbir
with Reilfenstein guide apparątuą Banki-Michell turbines'or siphon turbines,

For low heaclsn hońzontal tubular turbines with Kaplan runners are reotl

męnded. Hoęever, because of the small power of the turbines (from several to sevc

tens kW), and the need to adapt them to existing hydrotechnical structures, oil
solutions must be taken into considęration.

Taking into account the needs and production abiiities, and also the geno

development of small pow€r plants in the world, the authors listed types of turtń
which in thdir opinion* should be preferred for the lowest heads (Table 1). Sorc

TaH

Type of turbine
Head

[m]
Flow
[m'ls]

Power

tkw]

Diagonal and axial flow in Reiffen-
stein system 1.5... 5 o.2 ...1.2 2 -.- 50

Banki-Michell 1.5... 5 o,2 ...2.5 2 ... 85

Siphon, high-speed 1.5 ... 3(5) 0.4 .., 4.5(6) 4 ... 80(200)

Tubular horizontal

-Sart 1.5 ... 5 1.0... 10 12 ... ffi

Tubular horizontal

- elbnw 1.5... 5 0.5 .., 5 6....200

* It should be exptained, that the proposals presented here dilfer from those of the offrce of

Engineeńnr Studies in Warsaw presented in the "Materials for the program of domestic Produc
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developed at the lilstitute ol Fluld-l'low

r listed turbines have already been worked out or are being designed. A low-head
łlnes of types of Banki-Michell turbines (lnstitute of Fluid-Ftow Machingry) and
unr several successful constructions of Kaplan turbines (Technical University of
łlłń5ft) have been finished. Documentation of tubular turbines (Technical univer-
mru of Gdańsk) and principles of building siphon turbines and turbines based on com-
nn"nents,of high_speed impeller pumps (Institute of Fluid-Flow Machinery) are in
meparation.

Fig. 1 show§ ranges of application of low- and medium-head turbines of small
nm,,ner which have already been developed or are being developed at the Institute
M Fluid-Flow Machinery in Gdańsk.

3. Gompleted Work

Low-head series of types of Banki-Michell turbines
The Banki-Michell turbine§ are two-stage turbines. Water flows twice through

łlM 3rid of blades, once from the outside towards the centre wherę the bladeless
,wroce is situated, and the second time - from the centre to the outside where the
,,dlllurćt _space is situated (Fig. 2). In order to use the turbine effectively under condi-
mnus of variable flow, both the runner and the guide vane are divided into two
q,,r'''Ę!nua| parts (Fig. 3). By appropriate setting of the divided guide vane water flows
fiffir:ugh 1l3, 2l3 or full width of the turbine runner.

fmmrl power ptant turbineś' [2]. The dilferences concern both the type and the scope of utilizing the

pmm.:sed types of turbines.

t

ł
i

I



Fig. 3. Modei Eankil\{ichell runnerSchematic of a Banki-§trichel!
(principle of operation)

turbine

Fig. 4, Set of iso-e!Ęciency §urve§ t'or the rnodei low-head Banki-Michęll turbinę

Fig, 5. Elficiency curve of the model low-hęad Banki-Michell turbine
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Fig. 7. Power deliveręd by the model turbine with
and without suction tube

lbe development of the series of types was ba§ed on investigations of a model

bme fitted *itł, u runner of 300 mm diameter and 400 mm width. A set of iso_

curves for this turbine in(Q,n) co-ordinates is shown in Fig.4. The curves

to head .Fl : 5.0 m and the full width supply of the runner. Based on curves

nned for different supplie§ tll3,2l3 and 3l3 Q), ttre efficiency curve 4 : f (QlQ^)
,fifawn for n : n" (Fig. 5). It can be seen in Figs 4 and 5 that the maximum

uncY attaincd by the model was łmax: 0,77, The ratęd rotational §peed fl: fln

:nted flow intensity Q: Q,were in good agreement with values predicted using

futmulae:

n:4OG
D

and Q: O.ss DB JH,

go- 600

K r§l

ą'ł

'>'^l
)i".r|

Fig. 8. Nomograph łbr low-head Banki-Michell turblnes

D and B are the diameter arid width of the runner, respectively, and Iy' is
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Type
Power Speed

s.p.m

NsH-m/810 l.m 810
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sof-225 S 8 l8,5 ?50 20]6 1?50

Ą q51 ,l5
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5 055 20 210
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] 15 25 110
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L 1.35 ]9 125

5 1ą 5l. 1ł0
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8 185 106 180

sZDC"1?8 ( l60 ?50 ]5]2 17009 195 126 190

10 2§5 1L7 200

N SH-75011800 ?50 18m

] 2p |3 s
SZDc-198 ń ]5 ?50 ]808 łó50

1 2? ó] 100

5 25 90 1]5

SZDc- 1?8c 160 ?90 39 1.9 58506 2ś5 11 lł 125

1 2,8S 1{.] 1]0

8 30 1,12 lt0
SZOc- 198c 250 750 Ą,l12 67501' 206 1s0

,l0 ].\ 1\3 !60
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E 6 K- L 1,4 N d Dl D, dą d, 0. 9, n. n

} ", Ł; :-u 16? x00 450 9,1? l85 2:żĘ 1535 1]96 58 120 ?05 810 ?6 26 l5 I) Lu 2L

tłl"t]f]'§] 268 111,| @5 n]B 281 ]1 łB 19s?, 2225 85 2,10
,l020 1]20 30 15 I) 2L ]2

*irĘJ-.il 2|.] 1612 522 108] Ęll 131,1 2193 26\,l l]6 ?20 1]20 1?]0 ]0 ]0 2t 20

Fig. 9. Characteri§tic parameters of turbines NsH_4oo/8100, N§H_600/1350 and NSH_750/I800
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the head. It should be stressed that the turbine efliciency depends also on the ri
of the supplying- stream and on the head. Decrease of the active width B and
crea§e of the head }/ result in a lower effrciency 4. This last observation coiwith the results of Johnson et al. [3].

During the ńodel tests the control moments and overspeeding velocities
also measured, the best guide vane angles'and th'e numbgr'of runner blades
selected,, the effectiveness of pressure cońtrolling in the space behind the runner
the effectiveness of oPeration of straight- and curvilinear suction tubes of retgular and circular cross-section were evaluated (Fig. 6). It was observed, a
others, th3t Pressure control on the suction siae siroild |e independent of the
and water floq intensity, and that suction tubes had an advantageous influen
the conditions of turbine operation. The gain obtained by using a suction tube at
head and supply stream width of 150 mm is shqwn in ńig. z."rrre gain is signifi
for_ this reason supplementary investigationp of t|}e 

"ńoitioo. ;i B;r'liil;
turbine installatior; 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 opeparameters and characteristic quantities of low-head tuibines is.presented in
Detailed information concerning three sizes for which a construction docunren
was worked out at the Institute of Fluid-Flow Machinery are given in Fig. 9.

Governors for Banki-Michell turbines were developeł by itrree centers: the

Fig, 10, Schematic diagram of the control of a Banki-Michell turbine operating in conjunction wió
asynchronous generator

"*.

ii§-o
52 § @nt?oł

§§p
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§[itute of Power SYstems Automation the Research and Development Laboratory ofChemical Resources and the Institute of Fluid-Flow Machinery.
. Here we shall Present in a short form only the electrohydraulic governor RTBAtveloPed bY the Gdańsk Division of IP§A and installed at the o-sowo l_ęborskie
?owęr Plant [4],

The control sYstern (Fig. 10) consists of two independent hydraulic servo_motors
rylth a power supply unit, two guide vane angle iransforrners. a rate generator;
tectronic governor, relaY control system and a system for headwater rueasurement.

Turbine NSH:400/8I0 with the_electrohydraulic governor designed for operatton,at tl:4.0 rĄ
Q : O,U m3 f s, n: l85 r,p.rn. and P : 18.5 kW

l:e guide aPParatus is opened and closed by electric signals from the headwater
ur sensor), turbine shaft speed (rate generator), and electric network voltage

ge at the divider coil). The signal controlling opening of the guide apparatis
:es the oil pump and the oil flows below the piston ór tn" upirop.iui" servo-

m,r,, The guide is closed by draining oil to the tank under trr. ń"isht acting onliĘ-.,o-motor piston,
]he turbine set can be controlled manually or automatically, both during starting
ln'n:PPing - e.g. due to voltage decay in the grid, excessive headwater lJvel drofr

set loading.
turbine NsH 400/810 and the electrohydraulic governor RTBA installed in
r power plant at osowo Lęborskie are shown in Fig. 11. The turbine operates
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there since January 1985, The RTBA governor adjusts the guide vanes depęndint

on water inllow,.toń-it,turbine if ńterierence appear§, and starts it wnen tbcj

interference is removed 
l 

l
- 'r Progres. I4" Work in Progress 

l
Medium-head series of types of Banki-Michell turbines l
The design of this series of types is based on the following :"o1p:,^o:_,. 

^ 
_._|

- ńe turbiies should *oik ut ? to 30 m hea,ds and flow intensities of 0,02 to Z,U m-,1

- the required range of hydraulic parameters should bę covered Pt'::"::T:_l5_ for small widths of the supply stream, undivided runners and guldes apparatuT

"* fi:"#ff,llr"t"*o on model tests with a runner of 300 mm diameter and rso m{

-

*, ,,r I

",-t ,lI
Fig. 13. characteństics orr.oiur_h"m g*,;l;3r;rr. l

I
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łidth (Fig. 12). First tests showęd an undesirabie deformation of efficiency curves
Fig. 13). Removal of these effects required changes in the ttlrbine flow system.
These consisted in changing the shape of the inlet and the runner itseif.

work on documentation of this series of types is still in progress"
Adaptlng impeller pumps to turbine operation
In order to trower the cost of manufacturing of water turbines, especially for low

:eads and smal! flow intensities, work was started on adaptation of products.of the

1, AdaPtation of helicoidal pumps tbr turbrne operation;a) initial statę, b) after modifications

':.l_-lneristic 
curves of a helicoidal pump

, :,:king as a water turbine

l,

!i

n

]
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domestic pump industry" 
,Fhe work consi§t§ in arlapting diagonai,and axial Jlow

pump§ manufactured by the Warsaw P.u*p §Vorks and helicoidal pun*ps 9f th3

L.r"no pump Works to tur1,inę operation. An example of such an adaptation is

the helicoidal purnp shown in Fig. 14. The ehanges consisted in using a different

impeller (with mixód or axial floi) and in its different setting in the spiral clsing

of the pump.
tt should be mentioned that thęre are no control components (exeept a gaite or

butterfly valve), Therefore these machines are characteriaed by st*ep performance

§urves (Fig. 15) and cannot be usecl in variable conditiorrs, This means thet the!

should not be used where flow rate variations are large,

Siphon turbines
Inierest in siphon turbines resulted from the t'ollowing considerations:

_ demand of socialized and private economy units; for exarnple - an application

of the power Engin*ering oifice at Słrrpsk, submitted _ in agreernent with thś

;;r;;.;;;irroriń* - tolhe co-ordinatcr of prabiern 2^5 of thę Governnren"t-SPon,,

sored Program FR-8, and also que§tioil§ direitect to the Small §Vater_Power Plau

Corrsulting Of{ice at Gdańsk-Oliwa,
__ world trend of small water_power plant developrnent, especially work on siphcn

turbines started by various iirms abroad,

It is assumed that siphon turbines should complement the already devr

series of types of Banki_Michell turbines and the series of tubular turbines now

development.
it .y .nuy be usęd for building automated micro .poy_.1plu"ts 

at existing
, lr__-. -L^

newly built Óams (Fig. 16). Working as high_speed "weir_side" turbines they

be aóapted to operation in the following conditions:

Fig, 16. Schemattc of a horizontal siphon turbine
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head from 1.5 to 3.0 (max. 5,0) m
from 0.4 to 4.5 (max. 6.0) m3/s.flow rate

For these requirements a model siphon turbine was developed [1]. This model
nill undergo complex laboratory tests. Ręsults of these investigations and assump-
rocs for developing-a whole sęries of types of these turbines will be presented in the
Er: year.
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Działalność Instytutu Maszyn Przepływowych Polskiej Akademii Nauk
na łzeez rozwoiu malych elektrowni wodnych

streszczenie

Artykuł zawiera przegląd działalności Zakładu Dynamiki Cieczy IMP PAN w dadzinie
maĘch elektrowni wodnych. Badanie prowadzono głównie w latach 1981-1985 w ramach
rządowego PR-8,,Kompleksowy rozwój energetyki".' Na początku podaje się ogólne wskazówki dla projektowania małych elektrowni wodnych.
omawia się badania zakończone i aktualnie prowadzone.

Do prac zakończonych należy typoszereg niskospadowy turbin Banki_Michella. W artykule
się wyniki badań modelowych (rys. 4 i 5). Badania pokazaly dość dużą sprawność turbin, równą 4 : (
oraz uŻytecznoŚĆ rur ssących. Na rysunku 8 przedstawiono nomo§ram dla tego typo§z€regu a
rysunku 11 - turbinę prototypową.

prace prowadzone aktualnie dotyczą m. in. typoszeregu średniospadowych turbin Banki-M
(rys. 12), adaptacji pomp wirowych do pracy turbinowej (rys. 14) oraz turbin wodnych lewarowych (rys

prace prowadzone w zakładzie są planowane głównie z myślą o zaspokojeniu potrzeb
narodowej i wykorzystaniu mocy produkcyjnych w dziedzinie budowy elektrowni wodnych.

Ąenrełr,nocTb łIHcTrrTyTa flpoTotttlblx Malrrrrn llołrcrofi Ara4emnn Hayx
HanpaBflÓHttafl Ha pa3BllTne Maflblx nrApo9neKTpocTan[nft

Pe:roue

B crarte 4aH o6lop AexrelrłroctN OrAela AHHaMuru xluKocTll Yluctnły. a upoToqHhlx
IIAH s o6rracru Pa3BłT}l' MaJIHx rlłApo3re(TpocTaxllufi. łIccleAoBaHIł, EpoBoAłJIllcb B
s l981-1985 r. B paMxax llpaBuTenbcTBenrłofi nporpałruu PR-8,,Kołrnłexcrroe pa3BIłTłe

B rraqałe AaIoTc' o6ryłre yrasanun Nlg IIpoeKTIłpoBaHIł, MźUIbIx rr.rApo3JlexTpocralłuuił
o6cyxlarorca p$yJIbTaTbI sanepurćxarłx lr axTyźLnLHo IIpoBoAIłMbIx ucc.lre.ąonarłufi.

K sareprrrćalłrru pa6orau 3aqłlcJlreTc, Brłsxonalloprrurfi TunoprA ryp6urr Eałrru-Mlqe.lrła. B
nPe.IIcTaBJreIrbI p$yJrbTaTbr MoAeJIbHbIx lrccneAosanr.rfi (puc. 4 n 5). łlccle4oraH!, noxa3anł
BllcoKoe 3Haqeune r<.rl./t. Typ6rIH, AogTrłrarculee q:0,77, a Taxxe IoJIe3HocTb npl{Melłegłfl o
nlqux rpy6. Ha plrc. 8 npe,qclaaaeua HoMorpaMMa Ar, 9Toro rtłnoprAa, a rła puc. l l -ryp6rłru.

Ceź.rac [poBoĄlłMble pa6orrr xacaloTc, M.rrp. cpeAHeĘanopHoro rznbpfia ryp6urr
(prłc. l2), npacłoco6lenu, poTopHblx HacocoB x ryp6uxrroż padore (pnc. l4), a Taxxe
co crłQorrrrrru ilfiTaHreM aołofi (ptc. 16).

Pa6oru npoBoAlrMhre OrAełou lII{HaMIłrn xłI,qxocrrł 3anJraHilpoBaun c uuclefi o6
HyxA HapoAHoro xoscficTsa Ił rrcIIoJIB3oBaH[I{ lpoll3BoAcTBerłHhlx pecypcoB r o6.1racru
|fi .qpo3JtexTpocragqufi .


