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Histórica)   ñ?r.,_¡\ - ./.^ 

In  th    hiE^ i.v   o»'    r.du •. tii...      "'elopraent  in Swet-jn  the abundant 

availability of v.v.ter'r;i.,;  w¿.„\ ¡¡uitabXe  r.oais   ¡j]a;/e(i a most  important 

role. 

Already in tne six „cert h ccmtury a BitaU stiel industry had been 

started and simpir w,.* t r wh. r 1B were used Lo dnve airblowers for the 

blast   furnaces an"   lojpc La^-neib. 

At   the bec-rnini: of  „ht: eifhttoen-"i  ^e'itux,y the famous Swedish 

inventor Chrisl offe-- Fci.hem succe-ded ir.    transferring mechanical energy 

from water-wneels   to ninin^  rwnps  and hoistr,  kilometers away. 

Ttin movement  *ro;n the water-wheel  wae  carried by two parallel 

wooden bars hanging in hinpelike,   lov friction supporterò. 

Pig. 1. ehnvj   an example of how +.he trannmisFion could be 

arranged. 

Uith this device  onr of the first r'lang-distant,, energy transmission 

in the world was ,?. fact! 

Tho re-\l bip ntei   feward came with the water turbines and the use 

of electricity. 

At  th'   end of  .he nineteenth  •  mtury small hydr<   lectric power 

stations were built   ill  w»r   îweden.    That marked the start of a more 

large soale indu?, ;.rializ;'t ion ana  formed a baae for a steady raise in 

standard~ of livi-iß fo- the whole population. 

Vfien big rater aril thermal  power st.cjon3 were built during the 

first third of the  twenty e Lb  century and a power grid was completed, 

covering the mi In part  rï tne   ^-ntry,   the umali water power plants 

lost their importance.     De ir.fiuntries many times had outgrown their 

own pcr;er resovi-.-3 ano aad  to buy olectric energy from other suppliers. 

Most of the nirrll ratoi  powo/ stations wgre abandoned. 

Todays energy situation 

The enrtrçy crises  of today has  createa ar interest  from Swedish 

state authority in ueinp all resources Khich in the new energy situation 

are economically motivated. 

One study about MÎÎP he E been worked out by VAST - the Swedish Poner 

Association Development Section regarding the range 100 to 1 5OO kW. 
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It   ir,  antir-ip.'it->(i   tnat   the   deve I ormati,   ,,-erk   will   Vo   completori 

during  1979. 

Proposed   tyjier,   of turbines 

The  development  work   carried  out   ty  VAfJT  .n behalf   of mini-power 

stationB  han been  concentrated   partly   :,v.   reducing cop.tr.   of mechanical 

and   electrical   equipment  and  partly  <a.   lowe.-inr the  mete   for supervision 

and   one-at ion by means   of automati or   and   r-noi.e  control.     The   poßoibilitieR 

of  cuttin,- nuiicmr   ernie  mur, t   be   judged   fv:,: cane   to  case  and   cannot be 

bar.ed   to  an," extent   on  r.tandard i-a ti on. 

In   the  r-ouico  r.r dovei coment   it   hat.   turned oat  to be   expedient   to 

design   the  unit   with  an axia'   turbine   m  the   f-rn. of   a  propeller   turbine 

With   fixed    ,r  alternati  -cl.v   adjust,leU   Llad.r.      fhe   i rrbine   1(    fitted 

with  a   fixed  /ande vcjie. 

By  moan.,  of   ,  tooth  traînant? ,or.  r* a~ der,i,cned   to  increase   the 

number  of  revolution*   the   -.urtane   i,.   o,nnr,.,.,|  t,   ;i ~,tandard   asynchronous 

generator which   is  acaben   to   the  rnac i mum attainable   turbine   capacity. 

The  renorat-r   ir   connected   vii  .-.   transformer to   -he   local   distribution 

net.     The  rvnerrtrr voltage  r;   normal L.y  .]•>'}  V. 

The  headiar,-   to  the  tu-bine   in   rim.sd V.y  meanr   of a rate  at   the   intake 

in  the  dam or by a butterfly valve   m  the  headrac- tube,   if nuch   is  used. 

The   rate  and  Im+.te'fly valve   rn£JpecUvrly -we   fitted   with   a   -yd rau'lic 

servo-motor  for  operan,- operations.     Cl.or.inr   later   -lace automatically by 

a valve bcir.f opened   ir,  the  hydraulic  r,v -o,,, anri  tho  r.ltt,   ,Vrlivc)   i)f,irlg 

cloned  by  ite  own weitht   (countorwe; rht I. 
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Wie unit   is   ,U:led  bv  th •   :,:„„ opening  nf  the gate  (valve).    After 

the unit  ha£; been  linked up.  wni^h t^k,s  place autore   -ally,   the number 

of revolution   io  controlled by  the network.     7*P ,tarting and stopping 

of the im.it   taxe  place  automatically and  ai-   Luteri  by a  level  indicator 

in the upper  ¿tonfn  i„ the  care of unitr,  with   iirvA blades.     If a turbine 

with  adjustable  hUtinr.   >H   ».u.Li,   the  automatic  operation  can be 

adjusted to  both f.e »ate:   i,Vfi,   reflation with the level   indicator and 

alao  to a device  ensuring a  certain amount   of  draw-down. 

If the voltai of the net  d.sap,,^   the  pate  or altenatively the 

valve is  closed automatically.     During the  clonng procese  the unit attains 

runaway speed.     To ensure the quickest  possible closure,  the unit is  fitted 

with two overspeed  relays - one  magnetic valve and one mechanical hydraulic 
valve. 

If conditions  permit  the running of the unit  intermittently with a 

full  load aid  of utilizing an upstream storace   for regulation,  a unit with 

fixed runner blades is chosen.    The unit can be given maximum degree of 

efficiency when fully loaded and thereby the maximum possible production. 

When the dam water level has  reached the  lower storage limit  the unit stops 

and starts again when the upper limit has been attained. 

If regulation of this kind  cannot be permitted on account  of conditio!* 

in the strear     etc.,  the unit  is equ   ,Ped with automati    runner regulation. 

The unit  can then be operated with constant  upstream water level,  i.e. 

utilise the available  flow or be  regulated within the limite   permitted by 

the circumstances by means  of automatic regulation and with  the prescribed 

minimal draw-down m the stream.     The mean rate of efficiency during the 

operation time  is somewhat  lower with units  having runner regulation than 

with units without such regulation.     On the other hand,  intermittent  running 

with the utilization of the upstream storage implies a certain loss of head 
for the power plant. 

Por the erection of turbines  there are various alternatives depending 
on local conditions and the head to be utilized. 

The following three main types  are relevant: 

Type 1 

(Appendix 1) 
Generally for 2  - 8 m head. 

Propeller turbine with vertical shaft: 

4 
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Type II 

(Appendix ?) 

T&eJII 
(Appendix 3) 

Turbine  erected  in a open turbine chamber in 

clocó pre iimity   to the -lam. 

Closure by pate  in  the  intake.     (In some cases 

it, 1-riiv.y be desirable  to   nlace the turbine runner 

ahovp fue  lower water  level  and it may be 

P">sij:.blr; to design the turbine headrace as a 

siphon.     The  intake pate is  not then required). 

Generally  for 5  - 10 m head. 

I-Topelier turbine with horizontal shaft: 

Turbine fitted with a closed turbine chamber and 

with a head-race  tube  from the intake in the    dam. 

Closure by means  of a gate in the intake or a 

butterfly valve  in the headrace tube. 

Generally for 8 -   }0 m head. 

Propeller turbine with vertical shaft: 

The turbine is  fitted with a closed turbine chamber 

and with a headrace from the intake in the dam. 

Closure by means of a butterfly valve in the 

headrace  tabe* 

These three types can be fitted with  fixed or alternatively adjustable 

blades.    With these six combinations the entire range between 2 - 30 m 

heads and 100 - 1 500 kW can be supplied with suitable units. 

The following standardized runner diameters are recommended: 

0»5 - 0,7 - 0,9 - 1,15 - ?,o - 2,3 m.     The choice of runner diameter is 

dependent of many factors as  flow rate,  head and the position of the 

turbine in relation to the  lower water level.    The tenderer is not bound 

to the above mentioned diameters but is to propose the nost economic diameter 

for which the guarantee for power and efficiency is valid.    An effort to us» 

any of the recommended diameters will imply a standardization which will be 

of value as well for the purchaser as  for the supplier.    In appendix 4 

is shown the heads and the  flow rates  for which the three types of turbines 

normally are suitable,    "ne uizea of the units have been limited in the 

diagram to 100 - 1 50O kW »rith runner diameters between 0,7 and 2,0 m. 
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The prentud.v  by  the N^i.-n.n   rwedi   >i  h.v-.;   -      ,V--hr,,~al  Development 
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email  water power Ftationr,   ir. Sweden an.-   t-  i-ay,^*-",   rrcj. '••'ny  ¡TO'  specially 
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necessary and 1   vali  come  back   to that   lete. 

I  would  like   to  chow  a  couple  of retail  turbin. .    and   converted   pumps. 

Fig.   ?.     Pi ret  a email   propeller  turLin- ,   'h iW.-t, :   of   .Tippler  "USmm 

9 kW,   H   =  4 m,   1  ÜV:   r/m.     rnurbii e-efí 1 ,-j i>ni:.-   ';,.      i'ota.i   Kl'f.   -   7 T/ó. 

Similar units up to  100 kW. 

Fip.   }.     Horizontal   1 oubli-   rurtin:.,   centri: 

a turbine. 

p>i!.ip  ' ."inverted  into 

Fif.   4.    A   lowhead uubmersible  propia 1er   enit   mut il led  in the intake 

shaft. 

Fig.   5-    A   centripetal  unix   inntaitea Oc  a hi/-h'jr  viCzd  but   etili with 

a generator of submersible  type   that  can  be   flooded without  danger. 

Thin  maybe   enough  in this   p.aper.     Purthoc di ECU r.'-i oris   and details 

may  come  in the workshops. 
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Indiwdually   rumui-, MH»  haxc   U-  have  -o-.,e ron   of  / requrnc.y and 

voltate-cor   ml.    r everni ru^-.(   s   lor coluti   as a   , und e-way and will 
be tested. 

Necessary aHdatAonaljTtU'.i:es 

The project   m  for dwelling ruunlri«.,  may becun.e  vory important 

provided that  th.- us.-- r-f proauced er erg;/   -   .vi'-eiV. ,y  riarmai. 

In a village  *-;oro  ï .liefl-r.ve .     -r^ticn  -mm,, has  been installed 

some people have V> be teught  W to  • *nd  mai «am the Dumping unit. 

Ohe use of the pump«* water  m  the fields  is  traditional agricultural 

knowledge since thousands of years.    But m villages where few,   if any 

people, have had any contact witn electricity and related equipment thé 

educational programme is bigger and concerne many more individuals. 

In countrion,  where studies not already have been undertaken,  it  is 

of course necessary to make an integrated plan based upon special needs in 

the respective villas,  available raw materials,   further possibilities in 

the new energy situation etc.     Traditional handicraft supported by some 

machines and an improved environment  (electric  light,  heating) may create 
export possibilities. 

Another aspect  is a detailed study of available water power:    head, 

flow and di   abili y during the yeai    distance betweer   losEible sites  for 

the power stations   md   :he volages.     All   thie  is  important  for the producers 

in their planning <or standardised design,  simple servire and maintainance 

and to reach acceptable production volume to lower the costs.     This in turn 

will be to the benefit  of a greater number of plants   from a certain sum 
of money. 

A domestic production of MHP may  oe interesting later on,  but may delay 

the start of the scheme and eive initial troubles. 

Conclusion 

MHP has been of interest  in Sweden quite a time.    Several  plants have 

been errected and are in use.    The National Swedish Board  for Technical 

Development supports a special  project  programme aiming at MHP sizes up to 

100 kW.    It  is  intended for use in developing countries.    'Bie delivery of 

MHP will be considered to te included in the aid programme of SIDA,  the 

Swedish Industrial  Development Aid. 



-it 

Swedish   w;tev   turbin«  arvî   electrica   in:i-...-  '.r-    r.-j*   a   J«nr 

experience and   waU   l.,-,t   in   In,-  v.,rió   t)  .ieri,r  .-v..!   Pi oriu^  bip 

propeller-turbine.     Th..   f: -    .V]-.  ,,     ,3rlai  ^ bine   „^   on ProfeBror 

Victor  Kapliu)«:-.   th^ricr   waa   -irsi^ed,    .ro^-cH   ir. i  .irlivu-rd   by 

Karlstad:    Mekar,i:;k;, Wer^t^   to      ,c L >a  e  rower- T',^. ri   for  LilJa  Kdet 

Power Station   ¡t:   LOPl .     The-   rair   - ri.,.^.,.   ,,.   <     . m     , ,   +.      .     ,. L      'J1T'        '"-  ° «r  -it    .'i'   m ana  the   turbine wit; 
started   in  19P',  an-'   has  ben   «u^.in,-  ,,,,r ,ln,,?.     Wc   ,iub v;] ,h   the 

variable  blade-   han  rever   ne-  i«M   rearresting   fv cervice during 
54 yrars! 

Notes and Keferencea: 

Studsvik Reports:     Bnergy in Developing Countries 

Main report:     Problem analysis  and policy recommendations  for 

SIDA, Kjell  Larsson. 

Subject  report:     Development aneistance  in the  field  of energy, 

Olof Mureliup. 

Subject  report:     Energy characteristics  of India and Kenya, 

Kjell  Larscon,   Roy Nilsson. 

Small Hydroelectric Power    Stations 

Information publication   from VAST - The Swedish Power Association 

Development Section. 
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