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Abstract
L

This thesis concerns with the writing of a BASICA program for
a microcomputer to calculate, in the preliminary design, the main di-
mensions of equipments used in a mini-hydro power plant. Examples of
the equipments are the penotock, the hydraulic tucbine and the genera-

tor.

The program will be a general calculation which does not limit .
the electrical power generated but limits the head to a minimum of 3
metres and a maximum of 1700 metres. Some constants ; such as the power
factor, the head of the dam and the efficiency of the turbine, are
obtained from the Dam under study. In this study, the results from the
calculations are compared with the actual results of Nam Pung Dam,
Amphur Muang,, Sakol Nakorn which is regarded as a mini - hydro power

'

plant because its output is only 3000 kilowatts/unit.
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. HYDRO GRAPH . .~ 13. SPECIFIC SPEED

1

2. HYDRO DATA : 14. 'ACTUAL- SPEED .

3. MAXIMUM CHARGE - * 1%. DIAMETER OF BLADE

4. MINIMUM CHARGE - - 16, WIDTH OF DISTRIBUTOR

5. AVERAGE CHARGE ' 17.. DRAFT FTUBE INLET DIAMETER

6. EFFECTIVE CHARGE _ 18: DIAMETER OF PENSTOCK

7. HEAD » 19. THICKNESS OF PENSTOCK

8. MAXIMUM POWER 20. DIAMETER OF ROTOR

9. MINIMUM POWER 91: LENGHT OF ROTOR

10. AVERAGE POWER 22. GENERATOR POLE

11. EFFECTIVE POWER : " 23, GENERATOR SPEED

12. TYPE OF TURBINE 24. AREA OF OUTLET DRAFT TUBE |
éuQQ y
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*¥% project Kok koK

*%* created on oct.,B8,1988 *k*xkx

x*%% COMPUTER AID FOR MINI-HYDRO POWER PLANT DESIGN
%%% BY MR.SAKORN PONRACHOM & MR.SAMARN SEESOOK

%%% DEPARTMENT ELECTRICAL ENGINEERING *%% KMIT'L *%#x
CcLS ' '

GOSUB 700 °’FRAME 1

GOSUB -800. 'HEAD OF PROGRAM

GOSUB 3000 'FRAME 2

'GOSUB 3100 'FRAME 3

GOSUB 1000 'READ HYDRO DATA

GOSUB 3000

GOSUB 1020

CLS:GOSUB 3000

GOSUB 20200

LOCATE 11,34 :PRINT"WAIT A MOMENT"

GOSUB 2000 ’READ CONSTANT

GOSUB 2050 ’CALCULATE HYDRO CHARGE AND POWER

CLS:GOSUB 3400 'SELECT POWER OF PLANT

CLS:GOSUB 3800 ’CALCULATE EFFECTIVE VALUR

GOSUB 3900 ’'SELECT TYPE OF TURBINE

GOSUB 4250 'READ SYNCHRONOUS SPEED AND FOLE OF GENERATOR
GOSUB 4500 ’CALCULATE MODEL RATIO

IF HAV<70 THEN GOSUB 4540 'DIMENSION CF KAPLAN TURBINE
IF HAV>=70 AND HAV<500 THEN GOSUB 4800 'FRANCIS TURBINE
IF HAV>=500 AND HAV<1700 THEN GOSUB 5270 'PELTON TURBINE
GOSUB 5420 ’'DIMENSION OF .GENERATOR

GOSUB 5500 °'DIMENSION OF DRAFT TUBE

GOSUB 5630 'DIMENSION OF PENSTOCK

CLS:GOSUB 3000 ’*****‘*‘******** REPORT FEEEFTEE S T2 2 RS
LOCATE. 4,35 :PRINT"REPORT" '

LOCATE 10,25:PRINT"REPORT ON MONITOR PRESS<M>"

LOCATE 12,25:PRINT"REPORT ON PRINTER PRESS<P>"

[OCATE 18,32:INPUT"REPORT ON "4$RP$

IF RP$ = "M" OR RP$ = "m" THEN CLS:GOSUB 5760

IF RP$ = "P" OR RP$ = "p" THEN CLS:GOSUB 7000

GOTO 240
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699 ’********************************************'**************
700 FOR I = 1 TO 78 ° . ' '
710 LOCATE 1,I:PRINT CHR$(219); ~

720 LOCATE 18,I:PRINT CHR$(219);

730 ,LOCATE 22,T:PRINT CHR$(219);

740 NEXT . .

750 FOR I =1 TO 21

760 LOCATE I,1:PRINT CHR$ (219)

770 LOCATE I,78:PRINT CHR$(219)

780 NEXT

785 RETURN

786 ’*************************************************‘********
800 LOCATE 6,20:PRINT"DEPARTMENT OF ELECTRICAL ENGINEERING"

810 LOCATE 8,28:PRINT"FACULTY OF ENGINEERING"

820 LOCATE 10,20:PRINT"KINGMONGKUT’S INSTITUTE OF TECHNOLOGY"
830 LOCATE }2,33:PRINT"LADGRABANG"

850 LOCATE 20,53 :INPUT A$

860 CLS

870 GOSUB 700 AR

880 LOCATE 6,16 :PRINT "COMPUTER AID FOR MINI—HYDRO POWER ";
890 PRINT "PLANT DESIGN"

900 LOCATE 8;35:PRINT"BY" : ]
910 LOCATE 10.20:PRINT" 1. MR .SAKORN PONRACHOM CODE 29,1321"
920 LOCATE 12,20:PRINT" 5 MR.SAMARN SEESOOK = CODE 29.1319"
930 LOCATE 20,24:PRINT"PRINT"-PRESS RETURN' KEY TO CONTINUE";
940 INRUT A$

950 CLS:RETURN

955. .’ *****’***************.********************** b

1000 ’#** READ HYDRO. DATA ** .
1005 LOCATE 8,10:PRINT "HEIGHT FROM INLET OF PENSTOCK ";
1006 PRINT "TO SPILL WAY LEVEL = " -

1007 READ PL:LOCATE 8,70:PRINT"METERS"

1008 LOCATE 10,10:PR1NT"HEiGhT FROM TAIL WATER TO";

1009 PRINT "INLET OF PENSTOCK = ",

1010 READ PT:LOCATE 10,70 :METERS"

1011 IF PL<3 OR PT+PL > 1700 THEN 10100

1012 CLS:RETURN ’



1020
1030
1040
.1050
1060
1070
1080
1090
1110
1120
1122
1130
1140
1150
1160

1170

1180
1190
1200
1205
1300
1310
1330
1340
1350
1360
1370
1380
1385
1386
2000
2010

2020

2030
2035
2050
2060
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Lgkkkkkkkkkk HYDRO DATk/WEEK %K KK KKk sk orck koK

LOCATE 4,29:PRINT"HYDRO DATA/WEEK" \

LOCATE 8,29:PRINT "NO.OF WEEKS FOR SERVEY (OVER 52)";W
IF W<52 THEN 3200 g :
DIM L(W) ,H(W) ,P(W) ,LL(W),HH(W),QQ(¥),PP(W)

DIM GG(W),FF (520) ' .

FOR I=1 TO W 1 N
LOCATE 10,18:PRINT "WEEK NO. ™3I _

READ L(I):LOCATE 12,50:? L(I):LOCATE 12,57 :PRINT"METERS"
LOCATE 14,10:PRINT"HEAD";

PRINT"FROM INLET OF PENSTOCK = ";

READ H (1):LOCATE 14,57 :PRINT"METERS"

IF (I)<5 OR H(I)<3 OF H(I)>1700 THEN 3300

FOR G=1 TO 10:LOCATE 12,(G+45) :PRINT CIIR$ (32);
LOCATE 12, (G+41):PRINT CHR$(32);

LOCATE 14,(G+41):PRINT CHR$ (32);

NEXT G

NEXT I .

RETURN .
’***************************************************
FOR I=1 TO 78

LOCATE 1,I:PRINT CHR$ (219);

LOCATE 22,I:PRINT CHR$(219);

NEXT .

FOR I = 1 TO 21 |

LOCATE I,1:PRINT CHR$(219)

.LOCATE I,78:PRINT CHR$(219)

NEXT

RETURN ,
’********************#*****************************

, %% READ CONSTANTS ¥%

NG = .9:NT=85/100:NP=.9:PF=85/100:AC=350:FD=5.5% (107-5)
p1=21.99114274#/7:GR=9.8:PS=980:NW=.9:BP=9.75

RETURN ‘
’**************************************************

' %% CALCULATE HYDRO CHARGE *¥

'x%x Q = HYDRQO CHARGE *%
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2065 'x* QMAX MAXIMUM HYDRO CHARGE *#*

2070 k¥ QM&N MINIMUM HYDRO CHARGE *%*

2080 ’'¥*% QAV = AVERAGE HYDRO CHARGE **

2085 FOR I=1 TO W

2090 Q (I) =1.85%L (I)*((H(I)+PT) 1.5)

2095 P(I)=(. 7360001/75)*Q§I)*1000* (H(I)+PT) *NT*NP*NG

1

2100 NEXT
2110 FOR I=1 TO W
2120 SUMQ =SUMQ+Q(I) .

2130 SUMP=SUMP+P(1)

2135 HSUM=HSUM+H(I)

2140 NEXT

2150 QAV=SUMQ/W:PAV= SUMP/W:HAV = (HSUM/W) + PT
2160 ** SORTING ** QQ = SORTING CHARGE
2170 FOR I = 1 TO W

2180 QQ(I) (1)

2190 NEXT

2200 FOR I = 1 TO W-1

2205 FOR J = 1 TO W-1

2210 IF QQ (J) < = QQ (J+1) THEN 2250
2220 TEMP1 = QQ(J)

2230 QQ (J) = QQ(J+1)

2240 QQ (J+1) = TEMP 1

2250 NEXT J

2260 NEXT I

2300 '** SORTING ** HH = SORTING HEAD
2310 FOR I = 1 TO W

2320 HH(I) = H(I) + PT

2330 ‘NEXT ,

2340 FOR I = 1 TO W-1

2350 FOR J = 1 TO W-1

2360 IF HH(J) < = HH(J+1) THEN 2395
2370 TEMP2 = HH(J) :
2380 HH(J) = (J+1)

2390 HH(J+1) = TEMP2

2395 NEXT J

2400 NEXT I

-
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2410 '** SORTING ** PP = SORTING POWER
2420 FOR I =1 TO W )
2430 PP (I) = P(I)

2240 NEXT
2450 FOR I = 1 TO W-1
2460 FOR J = 1 TO W-1

2470 IF PP(K) < = PP(J+1) THEN 2510

2480 TEMP3 = PP(J) ’

2490 PP(J+1)

2500 PP(J+1) = TEMP3,

5510 NEXT J

2520 NEXT I .

2530 QMIN = QQ(1):QMAX=QQ(W):PMAX = PP(1):H4AX=HH(W)
2640 HNIN = HH(1)

2550 RETURN

2555 R TR TS PR L E L LR L LR Lt
3000 FOR I =1 TO 178

3010 LOCATE 1,I1:PRINT CHR$(219)

3020 LOCATE 22,I:PRINT CHR$ (219)

3030 NEXT

3040 FOR I = 1 TO 21

3050 LACATE I, 1:PRINT CHR$ (219)

3060 LOCATE I, 78:PRINT CHR$(219)

3070 NEXT

3080 RETURN

3085 ’***********************************# i*****************
3100 FOR I = 10 TO.70

3110 LOCATE 6,I:PRINT CHR(219)

3210 LOCATE 16,I:PRINT CHR$(219)

3130 NEXT

3140 FOR I = 7 TO 15

3150 LOCATE I,10:PRINT CHR$(219)

3160 LOCATE I,70:PRINT CHR$(219)

3170 NEXT

3180 RETURN

*3181 "********-******************************=<***************
3200 FOR I = 1 TO 2:PRINT CHR$(7):NEXT '

A A}

»



3210
3220
3230
3240
3250
3300
3310
3315
3320
3330
3340
3350
3360
3370
3380
3400
3410
3420
3430
3440
3445
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3950
3600
3610

‘'LOCATE 10,12:PRINT"2.

60

LOCATE 21,65:PRINT"DATA ERROR":FOR I = 1 TO 5000:NEXT
FOR I = 10:LOCATE 21,(+64):PRINT CHR$(32);
LOCATE 8, (I+48):CHR$(32) '

NEXT
GOTO 1030
FOR I = 1 TO ZEPRINT.CHR$(7):NEXT

!

LOCATE 21,65: PRINT "DATA ERROR":FOR I = 1 TO 5000 : NEXT
FOR G = 1 TO 10:LOCATE 12, (G+45):PRINT CHR$(32)
LOCATE 12, (G+41):PRINT CHR$(32);

LOCATE 14, (G+41):PRINT CHR$(32);

NEXT G ;

FOR I = 1 TO 10:LOCATE 21,(I+64):PRINT CHR$(32);
'LOCATE 8, (PRINT CHR$(32)

NEXT

GOTO 1080

'x% SELECT POWER OF PLANT *¥%

GOSUB 3000

GOSUB 3100 ‘

FOR I = 7 TO 15: LOCATE I,40:PRINT CHR$(219):NEXT
LOCATE 3,30;PRINT"SELECT POWER OF PLANT"

LOCATE 18,251PRINT"MAXIMUM POWER = ;PMAX;"K.W."

LOCATE 8,12:PRINT "1.' = 3 MEGAWATTS" )
A3

LOCATE 8,42:PRINT"5. =1 MEGAWATTS"

2.5 MEGAWATTS"
500 KILOWATTS"
2 MEGAWATTS"
ANOTHER"

1+

LOCATE 10,42:PRINT"6.
LOCATE 12,12:PRINT"3.
LOCATE 12,42 :+PRINT"T.
LOCATE 14,12:PRINT"4. 1.5 MEGAWATTS"
LOCATE 14,42:PRINT"8. = EXIT TO SYSTEM"
LOCATE 20,30:INPUT"SELECT OF PLANT";Z
IF Z = 1 THEN KW = 3000:GOTO 3700

IF THEN KW = 2500:GOTO 3700

1F . THEN KW = 2000:GOTO 3700

IF THEN KW = 1500:GOTO 3700 -

IF THEN KW = 1000:GOTO 3700

IF THEN KW = 500 :GOTO 3700

iF THEN 3650

1 n H] i
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3620
3630
3650
3660
3700
3710
3715
3720
3730
3800

'3810

© 3820
3830
3840
3850
3860
3870

3875
3900
3905
3910
3920
3930
3940
4000
4010

4020

4030
4040
4050
4060
4070
4110
4180
4190
4200
4210
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IF Z =''8 THEN CLS:SYSTEM

LOCATE 20,53:PRINT CHR$(32)Z GOTO 3540

CL§:GOSUB 1300

LOCATE 10, 30: INPUT"POWER OF PLANT (IN KW.) = ";KW
KVA = KW/PF ; |
NOP = PAV/KW \

HP = KW/(736/1000)

IF NOP<1 THEN CLS:GOTO 3660

RETURN

'%% CALCULATE EFFECTIVE HYDRO CHARGE *%*

'$% QP = EFFECTIVE HYDRO CHARGE **

QP = KW*75/(736*HAV*NP*NT*NG) .
'%% MAQP = MAXIMUM EFFECTIVE CHARGE %%

MAQP = KW*75/(736X¥HMAX*NP*NT*NG ).

*%% MINIMUM EFFECTIVE cHARéE‘**

MIQP = KW*75/(736%HMIN¥*NP*NT*NG)

RETURN . 3 7,

N *********************************************'****** .
'x%x SELECTING TYPE OF TURBINE *¥

XX = (9500/(HAV+9.8))+84

IF HAV<= 3 AND HAV < 30 THEN 4000

IF HAV>= 30 AND < 70 THEN 4020

IF HAV<= 70 AND HAV< 500 THEN 4040

IF HAV<= 500 AND HAV<1700 THEN 4060

TYPE$ ="ADJUSTABLE BLADE PROPELLER"

NS = XX+(XX*.1):GOTO 4180

TYPE$ = "KAPLAN OR FIXED BLADE PROPELLER"
NS = XX:GOTO 4080

TYPE$ TYPE$ = "FRANCIS TURBINE"

NS = (6850/(HAV+9.8))+84:GOTO 4180

TYPE$ = "PELTON WHEEL TURBINE"

NS = (422%(HAV"1.25))/(HP".5):GOTO 4180
NS = XX+(XX*.1):GOTO 4180

"¥% CALCULATE ACTUAL ROTATIONAL SPEED **
'#% NA = ACTUAL ROTATIONAL SPEED **

NA = (PAV"1.25))/(HP".5)

RETURN -



4215
4250
4260
42170
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4475
4500
4510
4520
4530
4540°
4545
4546
4548
4549
4550
4555
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5******************************************
'%% READ SYNCHRONOUS SPEED **
IF NA<15 THEN CLS:GOTO 10
IF NA<3000 THEN SN = 3000;POLE = 2
IF NA<=1500 AND NA<3000 THEN SN = 1500:POLE
IF NA<=1000 AND NA>1500 THEN SN = 1000: POLE
IF NA<=750 AND NA>1000 THEN SN = 750:POLE =
IF NA<=600 AND NA>750 THEN SN = 600:POLE =
IF NA<=300 AND NA>600 THEN SN = 300:POLE =
IF NA<=250 AND NA>300 THEN .SN = 250:POLE =
IF NA<=200 AND NA>250 THEN SN = 200:POLE =
IF NA<=150 AND NA>200 THEN SN = 150:POLE =
IF NA<=125 AND NA>150 THEN SN = 125:POLE =
IF NA<=120 AND NA>125 THEN SN = 120:POLE =
IF NA<=100 AND NA>120 THEN SN = 100:POLE =
IF NA<=75 AND NA>100 THEN SN = 75:POLE = 80

IF NA<=60 AND NA>T75 THEN SN = 60:POLE = 100

IF NA<=50 AND NA>60 THEN SN = 50:POLE = 120
IF NA<=40 AND NA>50 THEN SN = 40:POLE = 150
IF NA<=30 AND NA>40 THEN SN = 30:POLE = 200
IF NA<=24 AND NA>30 THEN SN = 24:POLE = 250
IF NA<=20 AND NA>24 THEN SN = 20:POLE = 300
IF NA<=15 AND NA>20 THEN SN = 15:POLE = 400
RETURN
l********#*********************************
'CALCULATE MODEL RATIO -

Y% MODEL RATIO = MD *%x*

MD = (HP~.5)/(2.46%(HAV".75))

RETURN o
’*************************¥****************
' CALCULATE . DIMENSIONS OF TURBINES
’******************************************
'A. = INITIAL SPECIFIC SPEED

"AA = FINAL SPECIFIC SPEED

'B = INITIAL NOMINAL DIAMETER

'"BB = FINAL NOMINAL DIAMETER

45604 'C = INITIAL DRAFT TUBE INLET DIAMETER

b2 3 3

1"
o

20
24
30
40
48
50
60
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4565 'CC = FINAL DRAFT TUBE INLET DIAMETER
4570 'D = INITIAL WIDTH OF DISTRIBUTOR
4575 'DD = FINAL WIDTH OF DISTRIBUTOR
4580 'ND = NOMINAL DIAMETER '
4585 'DX = DRAFT TUBE DIAMETER
4590 WD = WIDTH OF EISTRIBUTOR
4600 ’*************************************x**************
4610 IF NS=>445 AND NS=<535 THEN 4650 i
4620 IF 'NS>535 AND NS=670 THEN 4660
4630 IF NS>670 AND NS=<800 THEN 4670
4640 'CLS:GOTO 10 '
4650 A=445:AA=535{B=60:BB=57:C=60:CC=57:D=32.8:DD=32.3GOTO 4750
4660 A=535:AA=670:B=57:BB=563:C=57:CC=53:D=32.8:DD=31.2GOTO 4750
4670 A=670:AA=800:B=53:BB=49.3;C=53:CC=49.3:D=31pZ:DD=30.5:GOTO 17
4750 WD=(((DD-D)/(AA-A)*(NS-A))+D
4755 DD=C-( (C-CC)/(AA-A))*(NS-A)
4760 ND=DD
4770 RETURN .
‘4800 ’****************************************************
4805 'CALCULATE DIMENSIONS OF FRNACIS TURBINE
4810 ’****************************************ﬂ***********
4820 'A = INITIAL SPECIFIC SPEED
4830 'AA = FINAL SPECIFIC SPEED
4840 'B = INITIAL NOMINAL DIAMETER
4850 'BB = FINAL NOMINAL DIAMETER
4860 ’C = INITIAL DRAFT TUBE INLET DIAMETER
4870 'CC = FINAL DRAFT TUBE INLET DIAMETER
4880 'D = INITIAL WIDTH OF DISTRIBUTOR
4894 'DD = FINAL WIDTH OF DISTRIBUTOR

h >

4900 'ND = NOMINAL DIAMETER .
4910 ’'DX = DRAFT TUBE DIAMETER
4920 ’'WD = WIDTH OF DISTRIBUTOR

4930 ’***************ﬁ************************************
4940 IF NS=>90 AND NA=<110 THEN, 5010
4950 IF NS>110 AND NS=<135 THEN 5030
4960 IF NS>135 AND NS=<180 THEN 5050
4970 IF NS>180 AND NS=<220 THEN 5070
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4980 IF NS>220 AND NS=<270 THEN 5090

4985 IF NS>270 AND NS=<315 THEN 5110

4987 IF NS>315 AND NS=<360 THEN 5130

4990 IF NS>360 AND NS=<400 THEN 5150

5000 IF NS>400 AND ‘NS=<445 THEN 5170

5010 A=90:AA=110:B=145:BB=121:C=116

5020 CC=104:D=14.8:BB=16.5:GOTO 5200

5030 A=110:AA=110:B=145:BB=121:C=116 .
5040 CC=94:D=16.5:DD=17.8:G0OTO 5200
5050 A=135:AA=180:B=102:BB=78.5:C=94
5060 CC=83.5:D=17.8:DD=19.5:GOTO 5200
5070 A=180:AA=220:B=78.5:BB=66.5:C=83.
5080 CC=78:D=19.5:DD=20.3:GOTO 5200
5090 A=220:AA=270:B=66.5:BB=56.5:C=78
5100 'CC=72.5:D=20.3:DD=22:GOTO 5200
5110 A=270:AA=315:B=56.5:BB=50:C=72.5
5120 CC=70:D=22:DD=22.40:GOTO 5200
5130 A=315:AA=360:B=50:BB=44:C=70

5140 CC=66:D=22.4:DD=22,8:GOTO 5200
5150 A=360:AA=400:B=44:BB=40,1:C=66.3
5160 CC=63.3:D=22.8:DD=24.6:GOTO 5200
5170 A=400:AA=445:B=40.1:BB=36.8:0G=66.3 '

5180 CC=62:D=24.6:DD=27.9:GOTO 5200

5200 WD=(((DD-D)/(AA-A))*(NS-A))+D

5230 DX=C-((C-CC)/(AA-A))*(NS-A)

5240 ND=B-((B-BB)/(AA-A))%(NS-A)

5250 RETURN

5260 kKK KA KKK KRR KRR AR AR KKK AKX
5270 'CALCULATE DIMENSIONS OF PELTON WHEEL TURBINE
5280 ° k3K K KK KK KK K K R ok sk ok sk ok R sk sk sk ok sk oskokokkoR kR ok sk kR sOKoR Rk R ROk R kR K
5290 'PJ = FULL LOAD HORSE POWER/JET

5295 'DW = DIAMETER OF WHEEL :

5300 'DJ = DIAMETER OF JET

§310 'AJ = AREA OF JET .

5320 'AS = ACTUAL ROTATIONAL SPEED OF HYDRO

5330 'NJ = NUMBER OF JET

5335 ’NSJ = SPECIFIC SPEED/JET

(92



5340
5350
5360
5365
5370
5375
5380
5390
5400
5410
£120
5130
5440
5441
5445
54419
5148
5450
54¢6(
5470
£480
549¢
5500
5510
5520
5030
5540
5550
5£60
565
5570
5580
5590
5600
5610
5620
3630

ar
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’************************************************
DJ=16.35% (HP~.5)/(HAV".75)

Au=(PIXDI"2)/4

NS=3880%HAV/DW

DW=243%DJ/ NS

pJ=AJ¥1000%4%h

NJ=INT(HP/PJ)

AS=NSENJ~.5

RETURN

T LELE; xrx**it*x*x**txxx*x*x*xtxxi**x*x****i**
"DIMENSIONS OF GENERATOR
’************f***************************X****}*
'GN = GENERATOR SPEED IN REV./MIN

'LG = LENGHT OF ROTOR

i1}

'r » = DIAMETER OF STATOR

"'Re = DPERIPHERAL SPEED
’xx**tx*********x**+xx***x*x***xxx*******xx*txxt
GN = SN/60

DG:(((KVA/((10.4*10‘—3)*FD*AC*GN))*POLE)/PI)”(I/B)
LG=(P1*DG/POLE)*1.8

['R¢ T 1¥DG¥NS (

RETURN
'x:x**x*x**txxtx*x*xxx*z*zx*xx**zttxxxxxzx*fxx**
'DIMENSIONS CF DRAFT TUBE
’xt****x**********#*t********#t*t*x*x***********

yy2 = VELOCITY OF INLET DRAFT TUBE
'v3 = VELOCITY OF OUTLET DRAFT TUBE
'ND = DIAMETER OF TURBINE RUNNER

'AD = aREa OF DRAFT TUBE

vAoI = INLET AREA OF DRAFT

ND=ND*MD '

vo=QP/((P1/4)%(ND"2))

V3z.03%( (2¥GR*¥HAV)".5)

AD=QP/V3

ADI=QP/V2 ' AREA OF INLET

RETURN '
’t********t*********’************i***‘**#*********



5640
5650
5660
5670
5680
5690
5700
5705
5710
5720
5730
5740
5750
5760
5770
5780
5790
5792
5794
5795
5800
5810
5820
5830

5840

5850
5860
5870
5880
5890
5900
5901
5902
5910
5920
5925
5940

66 ¢

' DIMENSIONS OF PENSTOCK
’***********************************************
*PD = DIMENSIONS OF REACTIONS TURBINE

'PDI = DIMENSIONS OF PELTON TURBINE

'TP = THICKNESS OF -REACTIONS TURBINE PENSTOCK
'ITP =‘THICKNESS OF PELTON TURBINE PENSTOCK

PD = (((QP/4)*4)/PI)"0.5

TP (0.1HAV*PD)/(2%1000%.97)+0.5

RETURN . e

PDI = (((QP/6)%4)/PI)"0.5

TPI = (0. 1*HAV*PDI)/02*1000*O 97+, 15

RETURN

5 sk ko R R R ORR R ORRROR R OR R OR R R R ROR KRR KK sk AR R R R RR R R Ok
'REPORT ON MONITOR

? **********************************************
'PLOT HYDRO GRAPH
’**********************************************
FOR I =1 TO W

IF Q(I)=QMAX THEN FF(I) ((Q(I)/QMAX) )*60

NEXT

FOR I =.1-TO 9

IF T = 1 THEN LOCATE I,2:PRINT"W"

IF I = 2 THEN LOCATE I,2:PRINT"E"

IF I = 3 THEN LOCATE I,2:PRINT"E"

IF I = 4 THEN LOCATE I,2:PRINT"K"

IF I = 5 THEN LOCATE I,2:PRINT"S"

IF I = 6 THEN LOCATE I,2:PRINT""

IF I = 7 THEN LOCATE I,2:PRINT"N"

IF I = 8 THEN LOCATE I,2:PRINT"O"

IF I = 9 THEN LOCATE I,2:PRINT"."

NEXT

FOR I = 1 TO W

LOCATE I,4:PRINT CHR$(221): NEXT

FOR I =1 TO W ,
FOR T = 10 TO FF(I)+10 .
LOCATE I,5:PRINT I:LOCATE I,T:PRINT CHR$(219)

NEXT T



5945
5960
5965
5966
5967
5969
59170
5971
5972
5975
5980
5990
6000
6010
6020
6030
6040
6041
6050
6060

- 8070

6075
6077
6078
6079
6080
6090
6095
6100
6110
6120
6130
6140
6150
6160
6170
6180

67

NEXT I

UG = INT(QMAX)/60 'UNIT GRAPH

PRINT

FOR I = 10 TO 70 :PRINT TAB(I);CHR$(216);

NEXT

FOR Y = 10 TO -70:PRINT TAB(Y)CHR(223);

NEXT .

PRINT:PRINT TAB(10)"0";SPC(55);INT(QMAX)

PRINT:PRINT

FOR K = 10 TO 50:PRiNT TAB(K) CHR$(223);

NEXT ” .

PRINT"HYDRO CHARGE =";UG;"CU.M./UNIT GRAPH"

FOR I = 10 TO 70 :PRINT TAB(I) CHR$(223);

NEXT

LOCATE 20,20 :PRINT"PRESS ENTER TO CONTINUE";

INPUT ZZ$ -

CLS:L§=" -t mmmmmmm e e m e m s — e m S S S ST m T EE T T
LL$:":::::.—.-_-:==::::::=:=::::::::::::-:;::::::::::::::-_—:::"
LOCATE 2,1:PRINT L$

LOCATE 3,27:PRINT"HYDRO DATA"

LOCATE 4,1:PRINT L$
LOCATE 5,2:PRINT:WEEKS" : LOCATE 5,2:PRINT"HYDRO CHARGE"

LOCATE. 5,32:PRINT"HEAD OF HYDRO" : LOCATE 5,50 :PRINT"LENGH" ;

PRINT "T OF WEIR"

LOCATE 6,1:PRINT L$

FOR I = 1 TO W _

PRINT TAB(1)T;TAB(12);Q(I);TAB(32) H(I}+PT;TAB(50);L(T)

IF I =.18 OR I = 72 OR I = 144 THEN 20000

NEXT \

PRINT L$ = v :

PRINT" MAXIMUM CHARGE = ";QMAX;"CU.M./SEC."
PRINT L$ | '

PRINT" MINIMUM CHARGE = ";QMIN;"CU.M./SEC."
PRINT L$ ‘

PRINT" AVERAGE 'CHARGE = ";QAV;"CU.M./SEC."
PRINT L$

PRINT" EFFECTIVE CHARGE = ";QMAX;"CU.M./SEC."



6190
6195
6200
6210
6220
6230
6232
6235
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6352
6354
6360
6370
6380
6390
6400
6410
6420
6430
" 6440
6450
"6460
6470
6480
6490
6500

PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"

68

MAXIMUM HEAD ":HMAX; "METERS"

MINIMUM HEAD h;HMIN;"METERS"

AVERAGE HEAD " sHAV; "METERS"

PRINT: PRINT:PRINT

LOCATE 22,25 : INPUT"PRESS
PRINT LL$

PRINT"

PRINT LL$

PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"

EFFECTIVE POWER =

ENTER TO CONTINUE";KMK$:CLS

POWER DATA"

MAXIMUM POWER ";PMAX;"KILOWATTS"

MINIMUM POWER ";PMIN;"KILOWATTS"

";PAV;"KILOWATTS"

AVERAGE POWER

";KW;"KILOWATTS"

EFFECTIVE KVA. = "L KVA;"KVA"

PRINT L$:PRINT:PRINT:PRINT
LOCATE 21,33:INPUT"PRESS ENTER TO CONTINUE yKMK$: CLS

PRINT LL$

PRINT"

PRINT LL$

PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"
PRINT L$
PRINT"

PRINT L$ -

TURBINE DATA"

TYPE. OF TURBINE";TYPES$

SPECTFIC SPEED = ";NS;"REV./MIN.”
ACTUAL SPEED = "jNA;"REV./MIN."
DIAMETER OF BLADE = ";ND*MD;"CENTIMETERS"

WIDTH OF DISTRIBUTOR =_";DX*WD;"CENTIMETERS"

DRAFT TUBE INLET DIAMETER = " DX*MD; "CENTIMETERS



6502

‘6504

6510
6520
6530
6540
6550
6555
6560
6565
6570
6580
6585
6590
6595
6596
6598
6600
6605
6610
6615
6620
6625
6630
6635
6640
6645
6650
6655
6660
6665
6670
6675
6680
6685
6690
6692

69 °

PRINT:PRINT:PRINT
LOCATE 22,25:INPUT"PRESS ENTER TO CONTINUE ; KMK$ : CLS

PRINT LLS$

PRINT" 'PENSTOCK DATA

PRINT LL$

IF TYPE$ = "PELTON WHEEL TURBINE" THEN 6580

PRINT" DIAMETER.OF PENSTOCK = ";PD;"CENTIMETER"
PRINT L$

PRINT" THICKNESS OF PENSTOCK = ";TP;"CENTIMETER"
PRINT L$

PRINT LL$

PRINT" DIAMETER OF PENSTOCK = ";FDI;"CENTIMETER"
PRINT L$

PRINT" THICKNESS OF PENSTOCK = ";TPT;"CENTIMETER"
PRINT L$ '

e

PRINT: PRINT : PRINT
LOCATE 22,25:INPUT"PRESS ENTER TO CONT2? NUE" ; KMK$ : CLS
PRINT LL$

PRINT" GENERATOR DATA"

PRINT LL$ .
PRINT" POWER OF GENERATOR = " KW;"KILOWATTS"
PRINT L$

PRINT" POWER FACTOR = ";PF#100;"PERCENTS"

PRINT L$

PRINT" DIAMETER OF ROTOR = ".DG; "CENTIMETERS"
PRINT L$ |
PRINT" LENGHT OF ROTOR
PRINT L$

PRINT" GENERATOR SPEED
PRINT L$

PRINT" GENERATOR POLE = ";POLE;"POLES"
PRINT L$ '

PRINT"' PERIPHFRAL SPEED
PRINT L$ ' :
PRINT" 'EFFICIENCY . = " SNG*100;"PERCENTS"
PRINT L$

PRINT:PRINT:PRINT

"+1G;"CENTIMETERS"

".SN;"REV./MIN"

".PRS;"REV./SEC."

A



70
‘6693 LOCATE 22,25:INPUT"PRESS ENTER TO CONTINUE";KMK$:CLS
6700 PRINT LL$

6705 PRINT" ‘ DRAFT TUBE DATA"

6710 PRINT LL$

6715 PRINT" VELOCITY OF INLET = ";V2;"CENTIMETER/SEC."
6720 PRINT L$ .

6725 PRINT" VELOCITY OF OUTLET = ";V3;"CENTIMETER/SEC."
6730 PRINT L$ ' R

6735 PRINT" AREA OF OUTLET = ";AD

6740 PRINT L$

6745 PRINT"  AREA OF OUTLET = ";ADI

6750 PRINT LL$

6755 LOCATE 21,33:PRINT"PRESS ENTER TO DO AGAIN"

6757 LOCATE 20,33:PRINT"PRESS<A> TO EXIT!.;KMK$

6760 IF KMK$="A" OR KMK$="a' THEN CLS:SYSTEM

6770 CLS:GOTO 5750

6900 ’*********************#********#*****************
7000 ’REPORT ON PRINTER

7010 ! *********************************************'***
7020 FOR I =1 TO W

7030 IF Q(I)=<QMAX THEN FF(I)=((Q(I)/QMAX))*60

7040 NEXT

7050 LPRINT TAB(32)"HYDRO GRAPH"

7060 LPRINT TAB(1)"WEEKS" '

7070 FOR J = 1 TO W+l

7080. IF J>W THEN 7100

7090 LPRINT TAB(1)J

7100 FOR I = 5 TO INT(FF(J)+5)

7110 LPRINT TAB(I)"*";

7120 NEXT I :

7130 NEXT J,

7140 UG = INT(QMAX)/60,

7150 LPRINT"::::::::======::==::===::=====:::::=:::==:====::::

1]
(&2 %
=3
o
[o2]
(@]
cL
"o
el
—
Z

=
I:é -
>
3
—

b 1
—

7160 FOR I
7170 NEXT .
7180 FOR Y = 5 TO 65:LPRINT TAB(Y)"-";

7190 NEXT



7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310

7320

7330
7340
7350
7360
7530
7540
7550
7560
7570
7580
7590

7600

7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720

71

7

LPRINT:LPRINT TAB(5)"0";SPC(55);INT(QMAX)

LPRINT:LPRINT

FOR K = 10 TO 70 :LPRINT TAB(K)"*"; -

NEXT. ‘

LPRINT TAB(25)"HYDRO CHARGE = ";UG;"CU.M./UNIT GRAPH"
LPRINT:LPRINT

LPRINT L§ .

LPRINT" MAXIMUM .CHARGE = ";QMAX;"CU.M./SEC."
LPRINT L$ .

LPRINT" MINIMUM CHARGE = ";QMIN;"CU.M./SEC."
LPRINT L$ \

LPRINT" AVERAGE CHARGE = ";QAV;"CU.M./SEC.""
LPRINT' L$

LPRINT" EFFECTIVE CHARGE = ":;QMAX:;"CU.M./SEC."
LPRINT L$ ‘ /

LPRINT" MAXIMUM HEAD = ":HMAX;"METERS"

LPRINT L$ . :

LPRINT" MINIMUM HEAD = ";HMIN;"METERS"

LPRINT L$ o

LPRINT" AVERAGE HEAD = " ;HAV;"METERS"
LPRINT : PRINT: PRINT

LOCATE 22,25:INPUT"PRESS ENTER TO CONTINUE";KMK$:CLS
LPRINT LL$ :

LPRINT" POWER DATA"

LPRINT LL$

LPRINT" MAXIMUM POWER = " ;PMAX;"KILOWATTS"

LPRINT L$

LPRINT" MINIMUM POWER = ";PMIN;"KILOWATTS"

LPRINT L$ '

LPRINT" AVERAGE. POWER = ";PAV;"KILOWATTS"

LPRINT L$

LPRINT" EFFECTIVE POWER = ";KW;"KLLOWATTS"

LPRINT L$

LPRINT" EFFECTIVE KVA. = "jKVA;"KVA"

LPRINT L$:PRINT:PRINT:RRINT

LOCATE 21,33:INPUT"PRESS ENTER TO CONTINUE";KMK$:CLS
LPRINT LL$
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7730 LPRINT" TURBINE DATA" .
7740 LPRINT 'LL$ \ , '
7750 LPRINT" TYPE OF TURBINE";TYPE$

7760 LPRINT L$ L

7770 LPRINT" SPECIFIC SPEED = ";NS;"REV./MIN."

7780 LPRINT L$ l

7790 LPRINT" ACTUAL SPEED = ";NA;"REV,/MIN."
7800 LPRINT L$ ’ ,

7810 LPRINT" DIAMETER OF BLADE = ";ND*MD;"CENTIMETERS"
7820 LPRINT L$ :

7830 LPRINT" WIDTH OF DISTRIBUTOR = ";DX*WD;"CENTIMETERS™
7840 LPRINT L$ . '

7850 LPRINT" DRAFT TUBE INLET DIAMETER = ";DX*MD;"CENTIMETERS

7860 LPRINT L$

7870 LPRINT:PRINT:PRINT .

7880 LOCATE 22,25:INPUT"PRESS EﬁTER TO CONTINUE";KMK$:CLS
7890 LPRINT LL$

7900 LPRINT". PENSTOCK DATA"

7910 LPRINT LL$ ]

7920 IF TYPE$ = "PELTON WHEEL TURBINE" THEN 7980

7930 LPRINT" DIAMETER OF PENSTOCK = ";PD;"CENTIMETER"
7940 LPRINT L$ ‘

7950 LPRINT" THICKNESS OF PENSTOCK = ";TP;"CENTIMETER"

7960 LPRINT L$ A
7970 ’LPRINT LL$ :
7980 LPRINT" DIAMETER OF PENSTOCK = ";PDI;MCENTIMETER"

7990 LPRINT L$
8000 LPRINT" THICKNESS OF PENSTOCK = ";TPT;"CENTIMETER"
-

8010 LPRINT L$
8020 LPRINT:PRINT:PRINT : A -
8030 LOCATE 22,25:INPUT"PRESS ENTER TO CONTINUE" ; KMK$:CLS
8040 LPRINT LLS$

8050. LPRINT" GENERATOR DATA"
8060 LPRINT LLS
8070 LPRINT" POWER OF GENERATOR = ";KW;"KILOWATTS"

8080 LPRINT LS
8090 LPRINT" POWER FACTOR = ", PF*100; "PERCENTS"
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8100 LPRINT L8

8110 LPRINT" DIAMETER OF ROTOR = ";Duj"'CENTIMETERS”
8120 LPRINT wuS$

8130 LPRINT" LENGHT OF ROTOR = ";LG;"CENTIMETERS"
8140 LPRINT L$

8150 [ PRINT" GENZRATOR SPEED = ";SN;"REV./MIN"
8160 IPRINT 18

8170 LPRINT" GENERATOR POLE = ";POLE;"POLES"

8180 LPRINT L$ _

8190 LPRINT" PERIPHERAL SPEED = ";PRS;"REV./SEC.”
8200 LPRINT LS

8210 LPRINT" EFFICIENCY = ":NGX100;"PERCENTS"

8220 LPRINT L$

. 823) LPRINT:PRINT:PRINT

8210 LOCATE 2%,25:INPUT"PRESS ENTER TO CONTINUE" ; KMh§$ :CLS
8250 LFRINT LL$ i

8260 LPRINT" DRAFT TUBE DATA"

8270 LPRINT LL$

8280 LPRINT" VELOCITY OF INLET = ";V2;"CGENTIMETER/SEC."
8290 LTRINT LS

B300 L PRINT" VELOCITY OF OUTLET e, ”;V3;MCENTLVETER/SEC."
8310 LPRINT LS .

8320 LITRINT" AREA OF OUTLET = ";AD

8330 LPRINT L$

& 40 LPRINT" AREA OF OUTLET = ;ADI

3350 LIRINT LLE€

00C0 DATA 80,10,80,10,80,10,80,10,20,10,80,10,80,10,80,]0
10010 DATA 80,10,80,10,80,10,80,10,80,10,80,10,80,10,80t10
10020 DATA 80,10,80,10,80,10,80,10,80,10,80,10,80,10,80,10
100 30 DATA 80,10,80,10h80,10,80,10,80,10,80,10,80,10,80,10
120'0 DAT L,‘O,H(,10,80,10,80,10,8), 0,80,10,80,10,80,10

T00( \Ty 80,10,8 ,10,°0,10 8f,10,8).10,8(,10,8(,’Q, t, 0
Q€L DAY 2 «,$),10,80,10,80,10
1C07C END

10100 FOR I = 1 TO 2 :PRINT CHR$ (7) :NEXT
10110 LOCATYK 21,65: PRINT"DATA ERROR":FOR I = 1 TO 5000:NEXT
10120 FOR G = | TO 18:LOCATE 12,(G+45)fPRINT CHR$(32);

~



10130
10140
10150
10160
10170
10190
20000
20005 L
20010
20100

20110

20120
20130
20140
20150
20160
20170
20180
20185
20200
20210
20220
20230
20240
20250
20260
20270

74

LOCATE 8, (G+57):PRINT CHR$(32);
LOCATE 107, (G+57):PRINT CHR$(32);

"NEXT G

FOR I = 1 TO 10:LOCATE 21,(I1+64):PRINT CHR$(32);
NEXT ’ - .

GOTO 1000

PRINT:PRINT:PRINT:PRINT: PRINT

LOCATE 22,25:INPUT"PRESS ENTER TO CONTINUE";KMK$:CLS
GOTO 6100

FOR I = 1 TO 78

LOCATE 1,I:PRINT CHR$(219);
LOCATE 5,I:PRINT CHR$(219)
LOCATE 22,I:PRINT CHR$(219);
NEXT

RETURN

LOCATE I,1:PRINT CHR$(219)
LOCCATE I,78:PRINT CHR$(219)
NEXT :
RETURN

FOR I = 32 TO 48

LOCATE 10,I:PRINT CHR$(210)

LOCATE 12,I:PRINT CHR$(219)

NEXT

LOCATE 11,32:PRINT CHR$(219)

LOCATE 11,48:PRINT CHR$(219)

RETURN

’*************** end of program ***%**************
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HYDRO GRAPH

WEEKS

1
2
3
4
5
6
7
8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
217
28
29
30

************************************************************
***************************#***************************}****
************************************************************
**************k*********************************************
*****************************************Kk*****************
**************k***************************X*K***************
******************************************$*K***************
***************************************** PR ERE KK RKRRRRKRIKKX
*****************************************Kk*k**x************
****************************************&J*k****************
***********************************************************¥
************************************************************
******************************#*********K*kk***************t
************************************************************
*************k**************************************t*******
***x*************************************4***x**x**x*******x
*****************************************x**************X**K
****************************************“**K***************k
***********************************************************K
*******************************************K****************
*******************************************X****************
******************************************{x***************t
k**£*************r****************************************#*
************************************************************
x****x***************x******************rx*x****************
*****%***********************************1******************
***************************x**x**********m*******%**********
**********}**************x***x**********xm**t**********&*x**
****************************************rmmxt**********x*x**-
*******t*******f************#***********T**k**{}*********i**

%
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\
31 ************************************************************
32 ******************************************************}*****
33 ***********x*******************************x**************x*
34 ******************************************************;****%
35 ************************************************************
36.************************************************************‘
31 ****************************************X*»*****************
38 ******************************************X**************&**
39 ************************************************************
40 ************************************************************
31 ********************************************************X***
42 ************************************************************
43 *************%**********************************************
44 ******************************************************f*****
45 ************************************************************
46-************************************************************
47 ************************************************************
48 ****f**********************x********************************
- 49 *******X****************************************************
50 ************************************************************
51 ************************************************************
52 ************************************************************

_...___,_...___..._..__..___..__._._.__...____..._._._._._.__.__.____..._._-...._._...__.._._.__.__.._...___...._.

HYDRO DATA

WEEKS HYDRO CHARGE HEAD OF HYDRO LENGHT,OF‘WEIR
1 15271.99 . 88 10

2 15271.99 88 10

3 15271.99 88 10

4 15271.99 88 10

5 15271.99 88 10

y



. ~ O

10
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
31
38

39

40
41
42

15271.99
15271.99

15271.99

15271.99
15271.99
15271.99
15271.99
15271.99
15271.99
15271.99

15271.99 -

15271.99
15271.99
15271.99
15271.99
15271.99
1527199
15271.99
15271.99
15271.99
15271.99
15271.99

- 15271.99

15271.99

15271.99.

15271.99
15271.99
15271.99
15271.99
15271.99
15271.99
156271.99
15271.99
15271.99
15271.99

©15271.99

15271.99

88

88
88

88

88
88
88
88
88
88
88
88
88

88.

88

71

88.

88
88

BN

88
88
88
88
88
88
88
g8
88
88
88
88
88
88
'88
88

88

88

10
10
10
10
10
10
16
1c
1C
1C
10
10
10
10
10
10
10
10 -
10
10
10
10
10
10
10
10
10
10
10
16
16
10
10
10
10s
10
10



78

43 15271.99 88 10
44 15271.99 88 10
45 15271.99 88 10
46 15271.99 88 10
47 15271,99 88 - ® 10
L]
48 15271.99 88 10
49 15271.99 88 10
50 15271.99 88 . 10
51 15271.99 88 10 -
52 15271.99 88 10
MAXTMUM CHARGE = 15271.99  CU.METERS/SEC.
MINIMUM CHARGE = 16271.99 CU.METERS/SEC
AVERAGE CHARGE = 15271.99  CU.METERS/SEC
EFFECTIVE CHARGE = 5.045661 CU.METERS/SEC
MAXIMUM HEAD = 88 METERS
MINIMUM HEAD = 88 METERS
""-—""_'""_"'"--—"_——'————.—__"'_j"'—""_"'——'__i'_—_"'_—"’-"‘__—"———_—ff'—‘_"_—
AVERAGE HEAD = 88 METERS
POWER DATA
MAXIMUM POWER = 9080272 KILOWATTS
MINIMUM POWER = 9080272 KILOWATTS
AVERAGE POWER = 9080272. KILOWATTS

__._.___..____...__..__.,..___,...__._.,_..____

v e
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Type

Capacity
Overflow v ir

Chute

Capacity

Tunnel section

Length

Valve and gate

Structure
Capacity
‘Height

* Dam

Center impervious earth core rock filled dam

Type

Normal high water level EL 284 m. MSL.

Minimum water level EL 270 m. MSL.

Available drawdown 14 m.

Elevation of crest 286.5 m. MSL.

Max. dam height above foundation 40 m.

Crest length ' 1,719 m.

Crest width 10 m.

Sl Upstream 1: IS
Downstream 1:1.5

Total solume B 730,000 Cu.m.

Spillway

Ungated chute spillway

300 Cu.m/ser

at flood water level 285.5 m.
Luncrete <fructurc

Crest EL 284 m, length 90 m.
Concrete lining open channel
length 15 m, width 80 m.

Tunnel outlet work

(3

Max. 5 Ju.m/sec

Horse shoe shape, 2.2 m in height,
1.8 m in width’

200 m.

One How:11 Bunger valve 0.8 m.
One slide gate 1.2 m. in height,

1.0 m. i1 width

Intake
Reinforced Concrete
Max. 8.8
21.5 m.

Cu.m/sec



Gate
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One fixed wheel gate 2.7 m. 1in
height, 1.8 m. in width

Headrace tunnel

Concrete lined pressure tunnel, partly lined with steel

Length : 427.65 m
Section © Horseshoe shape 2.2 m in height, 1.8 m
n width

Synchronous Generator
» b |

Type Threc phase AC synchronous generator, vertical

shaft, rotating fi

eld, enclosed hood, air

circulating type with air coclers.

uperating duty .

Generator oatput

Rated Voltage 8

Rated current

Power factor

Frequency

Rated sneed

Number of tpoles

Prime mover

Directron of rotation

Neutral point

Stator winding connection

Voltage regulation at 100 %
at 85 %

Line charging -~apacity

Temperiture risc Winding
Cofe
Bearing
Over -pe 1 dur Tity
Weigh I c
Stato
Total |

Manufacturer METDENSHA Elec

Ccntinnous

3,500 Kva
3,3 KV
612 A
85 % (lag)
50 - Ccps
750 rpm
° 8 i

Directly coupled .to hydréulic turbi
Clock-wise viewed from exciter side.
Resistance grounded (19,1 ohms)

Double star connection.

PF. 30 %
e 40
2,400  Kva
80 LRIV LIN LR
80 DA LR LGy
4 R LIER IR LL!
.0 rpin
- W 4 bt
LIS ton
3%.5 " ton

tric Co. Ltd.
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Exciter
Type VE - GHI
Rating Continuous Output 35 KW
RPM. 750 Pole 8
Voltage 110V Current 318 A
Field seprrate )
Serial No. 1 R 88003 Date 1964
JEC - 54 (1954)
MEIDENSHA ELECTRIC .
2 Pilot Generator
Type \E - AF \
Phasé 3 Rating Cont‘*nous.
P.F. 80 % . Cycle 50 cps
RPM 750 Load current 10.5 A
Amature current 21.5 A Field max. current 11.5 A
Field voltage 39 V.
Serial No. 1R 88005 Date 1964
JEC - 114 (1954) JEM - R 2606 (1957)

MIFIDENSHA ELECTRIC

Turbine
Type Vertical shaft, single runner, Francis type

with spiral casing

Effective hesa Max imum 88 m,

Normal 85

Minimum 72 m.
Turbine discharge . at max head 4.40 Cu.m/sec.

at normal head 4,32 Cu.m/sec:

at min head 3.59 Cu.m/sec.
Turbine output ‘Max. 3,330 KW

Rated 5,125 KW

Min. 2,220 KW
Rated speed 750 rpm.
Specific speed 163 . m-KW
Runaway speed 1,320 rpm.

GD.2required for turbine 14 ton-Sq.m.
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Max. speed variation 35 %
Max. hydraulic pressure 140 m.
Net closing time of mechanical governor 3.6 sec.
Dead time of mechanical governor 0.2 sec.
Weight Hydraulic turbine 17.5 ton.
Draft tube liner 2.3 ton.
Inlet valve 3.2 ton.
Total ) 33.5 ton.
Manufacturer EBARA Mfg. Co. Ltd.
tugvutﬁuuwﬂgﬂaqwnﬁﬁﬁﬂﬁuvmuﬂ:éwa%qﬂaa1%ﬂuﬁﬂﬁq
ﬁﬁﬂﬂ . NRIINATTAUIN Nﬂﬂﬁﬂl%ﬂd
1. MAXIMUM CHARGE 15271.99 =
2. MINIMUM CHARGE 15271.99 -
3. AVERAGE CHARCE 12271.70
4, EFFECTIVE CHaRGE 5.045661 4,4
5. MAXIMUM HEAD 88 88
6. MINIMUM HEAD 88 72
7. AVERAGE HEAD 88 85
8. MAXIMUM POWER 9080272 -
9. MINIMUM POWER 9080272 -
10. AVERAGE POWER 9u8027%
11. EFFECTIVE POWER 3000 3300
12. EFFECTIVE KVaA. 3529.412 3882
13. TYPE OF I'URBINE FRANCIS FRANCIS
14, SPECIFIC SPEED 154.0409 163
15. ACTULAL SPEED 649.7 750
16. DAIMETER OF BLADE 81.1%5 160
17. WIDTH QOF DISTRIBUTER 18.355 20
18. DRAFT TUBE INLET DIAMETER 86.87 50
19. DIAMETER OF PENSTOCK 56 50
20. THICKNESS OF PENSTOCK 1.15568 1.5
21. POWER. OF GENERATOR 3000 29175
22. POWER FACTOR .85 .85



23.
24,
25.
26.
27.
28.

29.

30'

DIAMETER OF ROTOR

LENGHT OF ROTOR

SPEED

NO. OF POLES
EFFICIENCY
VELOCITY OF INLET

. DRAFT TUBE

VELOCITY OF OUTLET

_DRAFT TUBE

AREA OF OUTLET DRAFT
TUBE. .

85

177.17
100.489
600

10

90

1.24

175

120

750
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