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1. Introducti@

At preseat, energy suppiy to people in the rural area is insufficient
and comparatively lew shan compared to that in major cities in Bangkok
Metropoliien area. Since Ane gy 18 one of *he vital inputs required for
the dovellopmnnt 31 tne country, it is necessary that it be provided in a
sultable forr a! th- lowent price anc at the appropriate location according
to priority in order to accelerate the development in the rural area by
means of increase .n productivity, incomes and standard of living of the
people. Electricity is one of the rreferable forms of energy which could
be used in vurious aspects such as mechaniocs prime mover for water pumping,
rice milling, mechanic tools in workshop, small scale industries, lighting
for houses, food storage, radic, electric fans and as a source of power for |
commmication equipments and many others. Por this purpose, the govermment
has established a programme for rural electricification which is included in
the Fonrth Fational Economic and Social Development Plan (1977 - 1981). It
is antipipated that 90 - 95% of the whole population in Provincial
Electricity Authorily’s area would have access to electricity with in the
next 1, years. The plan for ¢ pplying electrici 7 to rural areas will be
carried out by means ! expanuiung transmission line from existing substationa.
setting up the diesel gererating plants and generating electr_icity from
renewable sources, for exrumple, mini/micro hydro plants. However, there
are problamr encounternd in the development of this plan which could be
descridbed as follows:

1.1 BHigh investment cost is required for the expansion of
transmission line to the scattered villages but the power consumption
and the lozd factor of the system are relatively low. This is due to
the fact that electricity will mostly be used for domestic purposes.

142 Although ihe inveatment roquired for setting up the diedel
generatine plant is relatively low but because of high, operating cost
inclmndine fuel ard O + M, the cost of electric power productiomn is rather
high. At tho presert electric tariff rate, the supply of electricity from




diesel generating plants is facing a heavy logs. Mo eover, there is also
the problem of transportaticn of diesel fuel supply to remote rural areas
where access are difficult or impossible in the rainy season. Storing of

the fuel for use during this season would also be a problem.

1.3 Generation of electricity from hydro power is very desirable
because hydro power is indigenous, renewable and it can be developed
near the area where the load is. Moreover, 1t could be used as a key
component in the development of rural comnmunity. However, in the past,
only a small number of mini/micro hydro generating plants have been built
as a result of high development cost when compared to the major hydro
generating plants or diesel plants. The power produced from these big
projects are used mainly in th- municipality area of the towns or districts,
and some spot along the transmission line route only. In order to develop

mini/micro hydro power plant more widely, it is necessary to find a solution

which would reduce the development costs.

Thus, the goal for future development of mini/micro hydro generating
plants in Thailand will be as follows:

1.3.1 to substitute diesel generating plants in the remote

rural areaj;

1.3.2 to supply electricity to cmall power grid with or

without connexion to the main grids;

1.3.3 to supply electricity to districts, subdistricts
(tambon), and villages.

At present, power supply to rural areas by means of diesel generating
plants is about 90 MW.

Due to lack of standard classification of mini and micro hydro

generating plants, the interim classification is adopted in this report

as follows:

(i) 0-100 Kw - micro hydro generating plant;
(11) 100 Kw - 5 MW - mini hydro generating plant.
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Presortly, *hera sop o0 enn gy min1 micre hydre projentn which
have alreadr been investimatedl - o certain extert. Desk studies for these

have alreacs ven  inric ooun s - Lene ~enarts are :vailable.

The detaiir of oach U250 Lo v capanity are goven in Table No. 1.

The total cuapnrity for e, o, Vrosecnn 16 1, MW,

(ut of these are twm prasve. .ou tor wnich feasibiiaily studies have been I
compreteds Cne progent oL, e o notrzetion andg the other 15 planned for

construction withiin o ...

Intonsive devar Couuien a0, Yeing carriec out for ine temaining
projects and it is eutaimated ..t oy leapt 2 pre-investment studies for

Sorrojgests would Ve cuapleted withyn VRATR.

e Status of mini/misro REArD laniy

ol Plent under oresata

At Srecenty 7o miniscicorc Py sower rlants have been completed
' ¢ ' . 13 ¥
and are under operatiar. “he details of each plant can be described

as ol lows:

3el.l Na Bon mir. hydis piant, This piant 1s located in Nakorn

~

Sri Thamarat Frovin o, Tevhen S0 s and wae conpleied since 1960, |
It was desigrned >y fhe ol Mynticn Detariment who alse supervised |
the worka of the nruject. b i cwned by the Rubber Urganization of

Thailand. The electricity roncnrer 3o used an the rubber indugtries

which is situated abovt ;i Filowmet. g away from the plant and the details

of this rlars are Shown v Pigeore 0 The equipments tmstalled were imported

from Burope and are wor. - n very well over after 19 years of oreration

without any nrobiem. At pevoon | ae lnad demaina of the rubber industries

1S 1n excredance of the piur: cepacity,  Therefore, the n.wer line 1s




connected from the main ¢Tid to the rubber industries and the plant

ig being operated in sync,oalzing with the power from the main grid.

One of the srlient feature of *his plart is that tne power canal 18 des i ened
with concrete cover plate to protect trew leaves and other undesirable
materials to fall into the canal vhich may cau’e narage to the turbine

wheel and inlet! nozzles.

3.1.2 Mae Hong Sorn miri hydro olant. This plant is located in

Mae Hong Sorn Province in Northern Thailand and electric power and the
transmission line are connectzd froem this project to the town of Mae
Hong Sorn and Xua Yuam district which is aboat 12 and 45 kilometers

away from the plant respectively. 1t is designed and constructed by the
National Energy Administration and it 1s in commission since 1972. The
details are shown in Figure 1. The equipments were imported from Europe.
Before completion of this project, the electricity supply to these areas
were generated from diesel power plants. A number of problems were faced
then. These include shut down for maintenance and some difficulty in
transport of diesel fuel by road during rainy season. After this plant
has been in commiseion, the system 1is supplied with more steady power
resulting in the rapid load growth at an average rate of 17% per annum
from 1972 to 1979. Due to the fact that this plant is designed as a run
off the river project, deliver it generates the power lower than its
installed capacity during dry season. After 5 years of commission, a
diesel generating unit has to be installed in order to meet with power
demand which has increased to far beyond the capacity low stages river
flow cordition. With 7 years operation experience of this plant, the

following problems have been obeerved:

3,1.2.1 the power canal is dameged by water seepage under the

concrete lining causing differential settlement of canal sections;

3.1.2.2 there is a problem comnecvirg with the controls of speed
and output frequency of the governor. 1t is understood that the governor
may have heen damaged during the initjal stage of power generation as the
jnitiel load was rather low when compared to the installed capacity of the
plant. However, the effect is small and the performance could be improved

with proper maintenance.




3ale2.3

sliding of mountu.n siope ncours occasionally during the

rainy season but o far it has no? interferred with tne power generation,

It is planned that a new additional! mini hydro plant will be developed
in thie area 1n the nesr Tutwe in order to meet the expected load growth

and to replace the power generation by diesel plant.

3.1.3 Ban Yang Micro Hydro Flant. This plant is located in the

Fang District, Chiengmai Provimge in Northern Thailand and the electric
power from this plant is supplied to the Fang District which is about 26
kilometers from the plant. At present, the plant is operated in
synchronizing with the diesel power plant representing a power system
isolated from the main grid. The plant was designed and constructed by
Electricity Generating Authority of Tailand (EGAT) by the recommendation
of H.M. the King for supplying electric power to the hill tribe village.
It has been in commi:sion since 1974. At the initial stage of power
generation, electric power was surplied to a factory which produces milk
from soya bean, agricultural experimental stations, as well as for domestic
uses. The first turbine-generator set of 12 Kw capacity was designed and
built locally by EGAT personnel, Later, another two units of 50 Kw
crossflow turbines were imported rom Burope for th.. plant. From
operating experience of EGAT, therr are some problems associated with the

power gencration of this plant which could be described as follows:

3ele3sl The 12 Kw francie turbine has a problem of controlling
speed when it ic operated in syncironizing with the diesel plant located
at the Fang District. This problem may have been caused by insufficient
governor torque and fly wheel affect. However, this turbine werks rather

well when operated without synchronization.

3.1.3.,2 Excessive worn in impellor blades was observed in the
crogs—flow turbine and this affect may be due to the fact that this
plant has no sand trap in the headrace sectigp. Sand bed load may flow
into the intake during flood season when the intake 1s submerged under
the water level. The turbine impellor has to be repaired after 3 years

of operation.

Ban Yang micro hydro pla.” 1s a run of the river type without any
reservoir storage and the ~t iy of the plant is determined by the
minimum flow during dry season. The details of tiuis plant are shown

in Figure 4.




3.1./ Ang Kang Micro brao Plant.  This plant ‘s aleo located in the
Fang District, "hiengms: {'revinec .n No:tae.™ Tajlard. Ang Kang ie a
mountain peak of atout 180C - 1900 meters in 2levation from mean sea level,
Many agricultural research an¢ experimental stations are located in this
area. Their main purpoae is *» study and determine the suitable crop fo
high elevated land. T™he agricultural activities creates he need of
electric power for lighting, ilomestic uses, water pumping etc. ‘Therefnre.
by the recommendation of H.¥. the King, the plan: is designed and buil®
by the Royal Irrigation Bepartmernt (HID) and the project wae in commission
since February 1979. The netails of this plant and turbine are shown in
Pigure 5 and Figure 12, 17/1, 12/2 respectively. Tis plant is different
from the other plants in some design aspects. Due to insufficient iaflow of
the water in the stream during the dry season, the flow from intake is
diverted and collected in an artidicdal pond. The capacity of the pond
is so designed as to provide sufficient quantity for operation for a
period of about 4.5 hours in the evening. The power plant is not operated
during the rest of the day. The turbine was designed and built loecally by
RID persomnel. The yreneraior, switchboard and govermor were taken from thn
old plant located in one of the irrigation diversion dam. Due to a very
gshort operation period, there is no report on the probleme from this plant

at presen .

3.1.5 Doe Pui Mizro Hydre Plant. '™is plant is located in %he
Muang District, Chiengmai Province in Northern Thailand. Doi Pui ranks

third in height among all the mountain peaks in Thailand. There are some

hilltribe villager - iuated on this mountain peak. The plant was built b;
the village under the direction and supervision o the Chief Abbot of the
momastery about a year ago. The turbine was manufactured by a local machine
shop and the generator is supplied ‘rom local factory in Bangkok. There is
a provision for pondage of water sufficient to operate the plant for about
4 hours a day in the evening. The ele~tric power is fupplied to the
hilltribe village and the electricity is sold at the rate of US $ 1 per one
40 watts flourescent bulb per month. However, due to improper design of
turbine and without any control four speed regulation except flow control,
the output speed and vower of the turo.ne do not match that of the zenerutcr

resulting in lowar voltage ou'put, frequency and speed fluctuation. At




fresent, a new :rors thw farcane o been desipnes ona bun e cmaer Lo

SUPFIVIS CL ot e Dt roo - Tt e s e L, M

turbire har bteer prt e e Tule o taae ve o, MInforiunately there s

no laboritory teat .. wirity the o pCninagoe o e 1 a8 L ilow Lurbine.

However, fiels repor omvgcater 0000 fec tart one inocunnang ab oo stonay ‘

speed and tne geonerator 1o pooducing Are rateod voltigr ano power ouatput.
Moreover, thLe turbive ceor- i 1 ve yrnieving o ruch higher ef finiency
berause with thre voame oong e oand poacretor output, trie water jn tho
pondage coui’ b ourea oo perate tre turbin-e foar ) houre instead of

A hours with tue previsus twrbines e det:ii1le ot thus pliant are shown

in Table 7.

3.1.6 Pong Yaeng Micro Hyd-o Plant. Thic plant is located in the

Mae Rim Distriect, Clienpnar Poovines in Northern Thailand.  The plant
supplies electricity t “he Ya-n bhelonpine to 4 private awner.  The plant
and the turbine ire i~sifmed nt tuclt under the supervision of *he NEA's
personnel, In thic pr ject, a diversion we:r ane water ~hannel alre;dy
existed. Thev nave Yeoen oonst-uctea by the villager:. 'The sand trap,
head tank, pencinck ano power nlant have reen adled and connect the
exisiting channei. ™e turk.ne spred regutatior 1e provides by manual
control. The deta~le 0o thas it are snewn n Table 7o It has been
in commission sinee July this vra, . There ie no lal ratory test *o finc
out the performuoiwce »f the turbine. To date no oper-ting result has been

obtained.

1.1.7 Mac Bhon Micre Hydre Dlant.  Thie plant is located in the

Mae Chaem Dirl:ict, <riergmar i rovinee 31 Nortoere Thailand. ™e olan
18 intended to ruppl: cleciriciry to the Water:hed Minagemen® Station ~°
the Royal Fores'ry Uepartment (iFT-). At thig ntation, a reservolr was
built to store witer fo. -ise urn railsing trec pursery +17 year round.

Afterwards, the beadrice rhannel, penstork and power plant were built ind
’ ] t

connected to the reservnir by ‘ne Royal Forestry Departmen’’s personune .

A turbine manufaciured 'w . loral ma~nine ~hop was installed, the same

problem as experienced n o1 Pul micro hyiro plant occurred. Therefore,
under the request of hbJl'c pervornel, 2 new cross . low 'nrbine has been
desifmed and is teing minufactured under tie cupervision of NEA's personnel.
It 18 expected *o ‘e netyllec 1n the oming ar, ceason. the detarls of

this plant are shewn v Bb e

i
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3.2 Plant Under Comstructiorn. There are three mini/micro projects

under construction at present and the detail of these plante can be described
as follows:

3.2.1 Mae Kuem Luang Mini Hydro Plant. This plant is located in the
Mae Ai District, Chiengmai Province in Northern Thailand. The electric
pover from this plant will be delivered by transmission line to Fang Distiict
in Chiengmai to replace the diesel gemerating plant and to Chiengrai Province
which is about 120 kilometers away. It will connect the main power grid at
Chiengrai substation. By connecting the main grid, the available emergy of
this plant which has adout 80% plant facior would be totally consumed. The
benefit from this plant is by far better in spite of higher investment cost
of long transmission line. The project consiste of dam, headrace pipe.
sand trap, surge tank, penstock and power plant. The details of this
projeot are shown in Figure 6. The dam is provided with small pondage for
daily regulation required during dry season for a full capaoity power
generation during peak hours. The project is designed and built wnder the
supervision of the National Energy Adminiatration and the turbine and
generating sets are imported from Japan. The power plant is expected to be
in commisoion at the end of 1980,

3.2.2 Huai Mae Phong Mini Hydro Plant. This p.ant is located in the

Dok Kam Tai District, Chiengrai Province in Northern Thailand. The electrio
power from this plent will be delivered by transmission line to Dok Kam Tai
District and interconnected with the main power grid at Payas Province which
is situated about 25 kilometers away. This project differs from the others

by its nature being a mmlti-purpose project. It will provide electricity and
water for irrigation in the dry season. The project oonsists of a storage
dam, headrace pipe line, surge :ank, pemstock and power Plant. In addition,
it is alwo provided with a regulation dam for supplying water to the sprinkler
system to irrigate the area of about 640 ha. The details of this project are
shown in Pigure 7. The project is designed by the National Energy Administratic
under the advisory of expert team from Switgerland. The pawer plant equmipments
will be imported from abrond and construction of the oivil works will dbe
carried out by local contractors. Tis project will be completed in 1981.
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5e2¢ s Huai Nam Lang Micro dydro P'lant. ‘This plant 1c located in ihe

Mae Teneng District, Chiengmai province in Northe:rn Tnailand. It is planned
that the electrie power from this plant wnll be <applied to the hilltribe
resettlement village and Wateraned Yanagement Staition of the Royal Forestry
Department which is ~tout 2.Y !..louneterr “Wilys At present, about 300
hilltribe families ire being moved into this resettlement area but it is
planned to cxpand this village to a.out 1,000 families. Electricity supply
from this project will be used for domestic purpose, as well as for operating
other village facilities, for example, rice mill, saw mil?, wa*er aupply pump
etc. Moreover, in order to conserve firewood which is used for heating in
winter season and to utilize electric power during the offpeak period, the
electric heating vill also be considerad. Besides various uses in the village,
the power will be used in the Forestry Station for drying of tree seeds and to
pump water o the tre: nursery areas. This project ie designed and supervised
by the National Energy Administration and the comstruction wcrk is being
carried out by the RFD's construction forces. The turbine is designed by the
NEA personn:l and will be equipped with an imported governor. Other hydraulic
equipments will also be fabricated locally. The detaile of this project are
shown in Figure 8. It is anticipated that the power plant will '~ in
commigsion in January 1980,

}.2.4 Micro Hyiro Plant for St. Joseph’s Youth Centre. This plant is

located in Muang District, Chumporn province in Southern Thailand. The
electric power fron this plant will be delivered to St. Joseph's Youth
Centre where it will be used mainly for domestic purpoges. Here, small
earth dam of 10 meters in height will be tvilt to provide water supply for
the centre 1d 5 lw croas flow turt ne will be instal! >d at the down stream
side of the dam. The hea: o1 the power plant will be about S5 - 6 meters and
it is expected that the turbine will be operated about 5 ~ 6 hours in the
evening during the dry season due to insufficient storage in the dam. It is
expected that the powei plant will be completed before the end of this year.
The turbire for this plant will be designed by the National Energy

Administration. 'The details of this plant is shown on Figure 9.
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3.3 Power Plants to be Comstructed in the Near Future. In the next fiscal

year (starting from O-toter 1979), there is a plan for the construction of
a new micro hydro plant which can be described driefly as follows:

3¢3.1 Nanm Mae Pang Micro Hydro Plant. This plant will have an installed
capacity of abowt 20 - 25 KW with a net head of about 30 meters. It is

located in Prao District, Chiengmai Province in Northern Thailand. The
electric power from this project will be delivered to a nearby village by
3500 volts line at a distamce of about 2 kilometers. This power plant has

a distinct feature in it that is it will be the first of the project to be
build with the participation of the people from the village. The basic idea
is that the government will provide power plant equipments, hydraulic

oqui pments, steel pipe, conductor and insulator for transmission line, cement
and steel bar, engineering design and construction supervision. The
contribution from the villagers will be in the form of labour force required
for the comstruction, local material such as sand, gravel, wood, and wood poles
for the conmstruction of weir, intake, sand trap, power house and transmission
lines. It is expected that the cortribution from the villagers would amount
to about 30 - 40% of the project cost. It is also planned that all the
equipments will be made locally except for some parts of the switchboard.
The project is to oomsist of the following components:

3e3.1 Diversion weir made in front of wood or stone;

3¢3.2 unlined earth canalj

3e3e) concrete intake and sandtrapj

3.3.4 steel pemmtock;

3+.3.5 power house made from wood with concrete substructure;

3¢346 transmission line with woodem pole. It is expected
that comstruction oost will be ubout 1250 - 1500 US § per kw installed and
it will take about 6 months to complete the project.

3.4 Micro Hydro Plant to be Doveloped Under the Technical Assistance
from UNAID. The Thai and U.S. Covernments have already signed an agreement
for cooperation on the Research and Development of Non-conventional and
Renewable ®nergy Programme. The psriod of this progremme will be 5 years
starting from the end of 1979. Under this programme, it is tentatively
planned that 10 pioneer micro hydro projects for village devolopment will be
consiructed. The village would be solected according to the following
criteria:
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3.4.1 Village pusrwicipation in the project planning and construction
and in designing utilization schemea that are broad-based and likely to be
eubstained.

3.4.2 Unit cost of development is to be under 2,000 US $ per kw

(including power transmiseion). '
3.4.3 Proj2ct involves plan to utilize power with a high load factor.

3.4.4 Development (initial) ie between 5 and 20 kw, electrical
equivalent.

3.4.5 Project fite into a development plan for the village.

It is expected that comstruction of 1 - 2 micro hydro plants under
thie prorramme will etart in 1980.

4. Develorment Trend

4.1 Project Cost Reduction. From the past experience in hydro-
electric development in Thailand, eeveral problems are found to be involved
in this development of micro/mini hydro plants. These include:

4.1.1 high development cost;
4.1.2 1long tros.uccion line from power plant to load center;
4.1¢.3 1low load factor;

4.1.4 ‘ltost of micro/mini hydro plants are of "run of the river™ type
and have high plant factor which does not match with the low load factor.
Therefore, there ie a need 4o utilige the power during the off-peak period
in order to improve the efficiency and economy of the power plant operation;

4.1.5 problem on transport of material to the site.

To overcome all the problems at the eame time eeems to be very
difficult, especially to improve the load factor and to use the off peak
power. This will take time and involves other inpute as whkll as investment.
Perhaps, a good approach would be to explore the poseibility of reducing the
development and investment cost. The poseible Bolutions leading to this
goal may be as follows:



- Reduction of civil worl cos* oy utilizat on of local material

and labour;

- fabrication of comroaent .no material at site to reduce high

cost of transporta.ion;

- utilization of wvurious developmeni siares to mateh with the

load demand;

- utiligation of less conventional and sophisticated components

and equipments, at least in the ‘nitial stage of development;

- development of local facilitiec for the production of turbine,

governor and generator;

- participation of the villagers in the project development will
further reduce the governmeni contribuiion to the project. 1In this case,

the project may be a part of community programme.

4.2 Desigg Trend

4.2.1 Dam and Weir. The concrete dam and weir is considered to
be the standard design for most of the projects especially when bed rock
is shallow because it requires almost no maintenance. Sluice way is
necess"ry in most cases for re oval of sand depo it in the area near
intake. Wooden wur shonld also be considered because it is much cheaper
as it is already available in the vicinity of the dameite. This also
shortens the construction period and the villages know already the technical

know how of the construction of these weirs.

4.2.?2 Headrace. TBoth open channel and pipe line have been used in
many projects. Long pipe lines are usually made of concrete or A.C. pipe
where as short headrace pipe may be steel pipes or A.C. pipes. Buried
concrete of A.C. pipe lines require smaller w.dth of hill side cut and bank
height and has less problems of bank stebility. But this has a weakness
in that extreme care musi be taken to ensure that there is no leakage
through the pipe connexions. Open channel head race also have leakage
problems along concrete joint, especially when there is differential
settlement beiween concretc lining seciion. Howevey, when the hill slope

has a medium to low pradient, open channels can be built satisfactorily.
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Unlined cnannel shou'd Ye con.ide.ed; since the viliagn has a long
experience in building this typc of che-mel for irrigation purposes.
When the soil is not perviows aud core soepaze i acceptable, thioc type
of channel will offer o good solution in roduction of canstruction cost.

4.2.3 Sand Trnp. frovision of seacirap wili be necessary in order
to protech turbine impaller iror cxcennive waar dus to sand particles.

4.2.4 Penstock. Penitoc: is u~ually ride of steol or A.C. pipas.

4.3 Selection of doad. Highor Load ia cesirable and wheiy it is
possible the head should be 20 reters or more. Tais is dus to the fact
that minimum flo is used in the dcsica of furbine out put and vsually
there is relatively lc:: flov durins, tke dry cuason. A bigher head will

allow a diggor pouim criput of “he nek=i plavite

4.4 BSelcction of Turhino. TFer micro hydro plants, two types of
turbines will bde uzcd. Crons fio:- turbino xill be uvged for medium harad
where as pelinm turbire will be vmed for high heads. The croes flow
turbine is prefescrcd Zor mcdiwn hezd beeru:e of its simplicity in
oonstruction end raiintertnce is relativ~.ly simple. For both cases
simple mechraical governers w1l ko riopiod. Haaver, utilisation of
electric  ovorvor in amsller 'mit. ray be allctmbla in order to gain soms

practioal ezperierc: i:3i whio €3p2 of /ovo: tor.

5. Recaearch eid Devoloprsit of Turbins

To reduce the cont of mier: hydro plents in a prorequisite for furthor
wide spresd devolor.nt. %The coit of 4urbire gunerating net is fovmd to
represcnt aboti 20 - Y 0° thn yatp) dovolopreat cemt of depanding oa the
nature of cach projact. If the {nrbine-gmiornting ne” is manufactured
locally, it is catimated th~i the cont roy bz reduced by about 40 - 50%
of the imported cns. Locally ride turiinss eomld be dosigned to suit local
oonditions, to nse locrl rieriala »i o allom c20y maintemance by local
skilled labovr. Ip visu 2f the oloremcn*ionsd resnom, it is of greai
interest to cevelop the capability im mmmfecturing turdines and its
accegsories in Thailirg throug: a prograrey of ronearch and development.




Afte s youisnng o cic sy e i cyarr of Mmoo hydro plants in
Thailing, *+ . w @ - L PP il
clas: s t-e . Co S T P MRL DS
a Limited nurc o1 w0 w3, 0L LA e nate oy Sl L OW llead
development, F._ . b (Lg . . by v tnat nustly

crosa-llov ard pellor durl ine wyll o te o ced far mecicm ant 1sh head

respectrvely.  Toour ote ‘Al iy 40 aed thay ke 1ratawl Mo« D will

sta>. with (roro-fiow tarl we .

At paerent, e gt Yoo w0 vely engngiel in Lhe R+ D of

crosp {liw turbines, s, or . certy BOORK anit. The fund te
carry oul ini1s resecrch was eranv o 1o he aathor by th: Office of the
National MHecen obh Do g heotar o o mepaled o0 tr e imported
generator and gorernor and at pvecon., ti.rication of the turbine-
generator wet is complete. Tre de ails of the turbine set and ite
specifications are shown in figure 10 and Apnendir 1 recpectively., It
is scheduled that the turbine ret will Fo tested in the laboratory some

v

time an Novemher (479 wher tre - ew hvdran. :c laboratory will be completed.
The lay out ~! ter* farilitiers ic <bown “n Figure 11 and it is expected that
the facilities 8 (n:n | .borgt Y wull Veomuch jmproved with the fund under

the UNAID proprimme on ¥on rcemvens o 11, enewadle energyv.

After test ny ant necesny » 1ioe wriy, the turbine set will be
instailed at =ui. Nam Dang miv . Fodre phant for actuat operation which 1is
planned to be in ~ammisaion 1 Jam, vy 148C. T4 15 hoped that the

experien~e £ inel 1n ‘hie rosearcn v 1 e awsetul e & -engthen the

development programme 21 mior ovdre roantsoan onatan. o the pear futur: .




Appendix 1 Specification ~” C:oas Flow Turdhire
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1. Tuarbine
1.1 type
l.2 discharge
1.3 net head
l.4 efficiency
1.5 speed
1.6 impeller diameter
1.7 impeller width
1.8 brake horse power
1.9 material of comstruction

1.9.1 runner

1.9.2 shaft

1.9.3 Dbearing

1.9.4 casing + frame

1.9.5 nozzle valve

1.10 run away speed

2. QGenerator

2.1

2.2
2.3
2.4

2.5

2.6
2.7
2.8

2.9

tapacity

output woltage
speed
efficienty

insulator

No. of Pole
excitation
power factor
phase

Cross-{Llow "Banki"

115 liters/second

75 meters

70% (anticipated)
750 rpm

040 meters
0.1-0.15 meters
T3

.

..

£33

stainless steel
high tensile steel
roller or ball bearing
mild steel

stainless steel

not exceed 1350 rpm

50 Kw, revolving field type
synchronous al‘ernator

380 volt (AC)
1500 rpm

.
.

90.5%

rotor - class “F™

‘<:atator - class "B"

£33

23

4
self axcited
0.8

je4 wires
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4.

Switch board

1,1 volt-meter

3.2 ammeter

3.} frequency me‘er
3.4 watt-meter

1,5 control switch
3.6 circuit breaker
3,7 synchroscope
3.8 fuse

3.9 watt-hour meter

Governor
4.1 Type : [Clectro-hydraulic
4.2 Turbine nozzle valve comtrol : by hydraulic cylinder

4.3 Electronic srnsing ‘hrough electronic control

circuit, tachogenerator .ns zolinoid switches

4.4 Provided witn hand pump far moving the turbine

nozzle valve during starting of turrtine

=== e
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