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Cm, radial component of velocity C,
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34.  navhluwauuuuaduausazuuylvamansannu (Kaplan and Axial Flow Propeller Turbines)
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Air supply
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Stay vanes

Spiral case

Draft tube

517 3-12 Tassadunaiulunauuuuaduay

U
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3

314 3-13 Tassardunaiuluwanuy Tvaauuuanny

1 = butterfly valve 6 = bearing

2 = bearing 7 = the runner
3 = axial distributor 8 = journal

4 = generator stator 9 = gatering
5 = generator rotor

$ v 1 o %
dmSunaiunuy Tnaauuuaunuamugd 3-12 vaz 3-13 heg Inage 1 1u9ns (Runner) a1
HUANU ATUTIAUTANIINS 11a (Guide vane) 1Wasuiiams lvariiooyninvess lnasgrianinuny
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nanaiuuuusauautazuuy lvamununny asuafasuRaN19n5 1a (Guide vane) 91992151
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35 osuwadmes luriuuy Tnamuuuiuny (Axial flow Impulse Turbine)

Blade Runner

a Vo o A o o ¢ ¢ A =
3‘]]7] 3-15 g‘ﬂ:mﬂwume’em‘waﬁm’e)i”lummuulwammmmmu INONITANHIUDI ESSOM

Blade

Cmy =W, e :7&
F A
/
r = Runner pitch
radius

Water jet
<\

Runner axis of

rotation \

Liliﬂ

U  =Blade velocity, m/$

C = Absolute velocity, M/S

C, = Whirl velocity (relative component of ), m /s

Runner C,, = Meridian velocity, M/s

W = Relative velocity, M/$S

U

51 3-16 gUdad 11w (Front view diagram)

Axis of rotation

I
| Blade Runner

! Y

o |

I
Water jel/ ' .
4|—> Rotation

TN (Top view diagram)
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ada oy
4. NYHHNUNYIVDI

MasnunNelHnunIe a9 1ei1 (Turbine power input, W)

~ [ 901 A Y o A Y 901 1 = [l Bo’ ] Bo’ I
NNFUNIN  (2.1) Wﬁ\i\ﬂu‘ll’t’Nu'Wl50']811’1‘ﬂ‘ULﬂi?Nﬂ\?ﬁul‘lWI@ﬁU\?ﬁuﬂﬂu']ﬁuﬂ‘ll’f)\?u%ﬂu‘lﬂﬁ"m

4.1.
AUMT
‘ﬂl p—
11® H =
Wi
1o W, =
Q
P
U glj
iy W, =
W, =
4.2

p/y

Qp

o w t:'l Y v Lﬂl [ Y 90‘

Maanune IiN NI 09N UL, Watts
9

8931013 11ava1i, It. /min.

o A 9 A v o 3 2
ANUAUNNNULVUATOINIHUU, kg./cm

: 3 2
M Amin 1 omT K9t gt M 9.81
min 60 sec 1000 It cm? m kg
N-m
1.635 Qp = 1635 Qp Watts ...l 4.1)

SeC

Masnun ldn3ean Ui (Turbine power output, W,)

1 o W Ay ¥ A v H o Y o A
ﬂWTI/IﬂfT@'UW'IﬂWﬂ'Ia\‘I\‘ITL!‘VIhl@ﬁnﬂlﬂﬁE]QﬂﬁﬁuuWﬁ'lﬂJ'liﬂﬂigWWhl@ 2 aNYUL AD

a 4
4.2.1 mamﬁauﬁﬁa%uﬂmmm (Dynamometer Test)

[

o A A v o 3 a Y @ 5% a a 14
N1 QQTHWLﬂi@QﬂQWuu’IW@V’IVl@ﬁ"lll’lfl'ﬂ'J@1Vl@ﬂjﬂlﬂﬂﬂWUﬂﬂﬁllﬂu'lIiﬂJL@]'ﬂﬁ ANAUNIT

W

Y]

Tunsanausatia ( torque (T=

9
v @

JUU W

o

W

Frn
o w ~ 9 d’ YY) ao' v
Maaun ldnnaseanariuii, Jad

[ PR 9 a a Jd A a o
usagnsnialannuaaiiinealaur luiiwesuse leaseand

a Jd a Y]

TaunTudiwes, nlansy

<3 Aa 4 1 =
ANuEIseuved lawn Tulmes, seuneui

ANNEVRISANved a1 Tuiines, s

Fkgy x9.81 N er.Xnﬂx21traldlan(dlmensmnless)X min
kg min rev 60sec
Frn><2><1t><9'81 N-m
sec
N-m
1.0273 Fm = 1.0273Fm Watts ...l 4.2)

Sec

FX 1) v lau Tudimesamisadaldidy Newton-meter (N-m)

radian(dimensionless) 8 min

TN—mx27Tn
min 60sec
N-m
0.10472Tn =0.10472TnWatts ... (4.3)
Sec
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422 manaaeuyianaanu vl (Generator Test)

A o Ay Y A v W %’ Y [ 1 Y .
Wenasnun lannnieenariuiii 1duianmsiaainiseme i velectrical load, lamp bank)

Y
v

Wi

W, = VxI Watts (4.4)
o \% = manuandnd i, Toad

I = nszua i, uonuly

]
o w I3

a 9 d' [ Y] %’ 1 - v oA 14
maNmmwa@1"l,ﬂfu1ﬂmsmﬂwummfommmmu%T@ﬂmqmmmmms

43 UszanEM N3N I (Turbine Efficiency, 1)

n =

Turbine output power
Turbine input power

x100%

Wo x100% (4.5
W

Y
v o o 1

A A Y a A A Y] sol A A A 9
Lﬂiﬂﬂﬂﬁﬁuu%ma%mﬁﬂﬁ%3Qﬂ@’l’)ﬂLL‘UU1‘”%‘1J§$ﬁVI‘ﬁﬂTWQ’Qq@‘Vlf’nﬂ'J'liJﬂu‘ll’fNu'Wllﬂﬁﬂu‘VIL‘U'l"lﬂ

P v
=1

o 4 v o o J < 4 v o ¥ ' %
ﬂ\ilﬂ%@\iﬂ\‘l‘Vil!‘l!']L!ﬁ%‘l/]ﬂ']ﬂ'ﬂilﬁﬁﬂl@ﬁlﬂ%@ﬁﬂ\‘]ﬁuu']ﬂﬂﬂﬂ']ﬁﬁﬁiﬂﬂm‘v‘l']g
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18 Tasnsannlauniines (Spring balance)

Pressure Gauge @ Spring Balance

Speed Sensor (Portable Tachometer)

Channel

Measuring

Tank
Flow Control Valve

Dr—

Water Storage Tank

Drain Valve
Hydraulics Bench

Y
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5.1. MsfAansalnsal

5.1.1.
5.1.2.

5.1.3.

Q
& sw !

a o J A o ) Y 4 J
aandlaznaaesramans (@alemuuzihlumslynulaznaaesramens)
9

Y ) @

IS J ¥ 2
‘]J@'J'la'35$ﬂ']ﬂu'llla$auu'lell’f]\11ﬁ$1/]ﬂa@\1"]faﬁ'lﬁﬁi
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i luaunuives laznaaosyamans Taglvszahegdinnszaugagalssuna
5 93,
a gJJ [ 9°I d',‘l) (9 4 Y d‘ [ Y
. AangANA LN UINNAUDUYEI Az NaapIramans las1iMoN1900n YD UATBINIHY

Y
°

MasatunuiT e Idenaaosvamans
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o £ 1 { o o 2 a
. ﬂﬂaumuﬂumsllwammmz%ﬁm%mﬂwum (Nozzle Valve, NV) l#iatin

a I'4 [ 1 (P=1 o w a 4
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5.2.

5.3

a a a’w %’ [ I'4 o\ Qy g = o Y o %’ 9
5.1.8. Lﬂﬂmﬂ%ﬁuuwaﬂmmaawaﬁmmuamﬂﬂaumﬂuw cm%xmﬁlwamﬂﬁammmmq

Y
v K

A oo ¥ Y e o 42 Y g 4w oo 2
w5 oanainhiimgeganazaiemauIuiaunugums lvaveaiuduasoanaiuii
(Nozzle Valve, NV)

1o o o A F) < A v o 3 ¥ A A A o

5.1.9. AMAIPUNNINVULAZANNITIVOUATOINIHU LT INNIANTIVANTOLUTINNTEN IV

a 4 9 = ] 4
laun Tuiimesazdvatianilugud

BUNTNAADY
a Qy % 9 Lﬂ' [ Y % =) Y o @ 9 d‘ v o

5.2.1. @laauaraums Inavesiuduasosnaiuiin (NV) flagilosaumainumadunsoaniiu
% 1 a3 { 1
st ldeuidesms i 1.2 kg/em’

v =K v 1 tﬂy
5.2.2. uuwﬂwamﬁmammﬁe"lﬂu:

! v
5221 MAWUMAUTUATBINTUIN, kg/cm’
Y
5222, f5ua51, vV 1
5.223. 1At min
< A YY) %7}
522.4. ANUIGITOUANTOINIHUUL, n rpm
d' o a 4
5225 usannszinuulaun luiimes, F kg

A 1 a d' o a sq Y ¥ [ < =
5.2.3. u,‘wmnl,mU@mm‘z1/1mu”lﬂuﬂmmaiGl,w‘lﬂNamwmmmﬁﬂ?mizmm 0.2 kg UUNDNANIT
mammu% 522
o g 9 A 1 A A o a Jq Y 3 ]
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4 X & < A o oo 3 A
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700 59UADUIN
[ 1 [ 9J 4’ v @ 9°I a Qg’ g 9 d‘ v W 3ol
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ﬂTﬂWiﬂﬂaﬂQ“Bﬂuﬂi}@ 52.2 ﬁﬁ 524
N13NAAd3 Racing Characteristics
a 4 [ [ (=1 o w a 14
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A519DUNNNANINARDY

HB 023P ¥ANAADUNIHHINUUVINAAHYINAIEAN

Tested by......ccoovviieiiiinn. Date............
Diameter of Prony brake =....................... cm, Nozzle Diameter = ......................... mm
Turbine Dynamometer Results
Inlet |volume| Time Force (Spring Balance) | Flow Power
Power .
Test No. Presl»)sure (VI) ( t | SprfEd Ceft | Rignt | Net | rate | O imput v OUPHE Effl(Cle)nCy
sec @ | @ | @ | Q@ Wo %
(kg/ cm?) (rpm) (miny | (N | (Wat) |
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6. fI9ENINANITNAADY

msnﬁ’uﬁnwamsmam

HB 023P ANAADUNIHUINUUVINAAUYUIAIAN (Two Spring Balance Design)

Tested by.... H. Prairin...... Date...... 14/05/09....

Diameter of Prony brake =......... 6.....cm, Nozzle Diameter = ....... 16.......... mm
Turbine Dynamometer Results
Inlet | volume| Time Force (Spring Balance) | Flow Power
Power .
Test No. PreTDSUfe (Y) ( t | Spﬁed Left [ Rignt | Net | rfate | o7 |np:tvwi Output Effl(Cle)nCy
S @ | @ | @ | Q Wo %
(kg/ cm?) (rpm) (miny | N (Wath) |
1 1.20 36 31.72 | 1861 0 0 0 68.10 0 133.61 0 0
1.20 36 3172 | 1774 | 250 60 190 | 68.10 | 0.056 | 133.61 | 10.388 | 7.77
1.20 36 31.72 | 1699 | 500 140 360 | 68.10 | 0.106 | 133.61 | 18.850 | 14.11
1.20 36 31.72 | 1612 750 240 510 | 68.10 | 0.150 | 133.61 | 25.337 | 18.96
1.20 36 31.72 | 1575 | 1000 340 660 | 68.10 | 0.194 | 133.61 | 32.036 | 23.98
1.20 36 31.72 | 1497 | 1300 480 820 | 68.10 | 0.241 | 133.61 | 37.832 | 28.31
1.20 36 31.72 | 1395 | 1750 | 600 | 1150 | 68.10 | 0.338 | 133.61 | 49.441 | 37.00
1.20 36 31.72 | 1098 | 2200 660 1540 | 68.10 | 0.453 | 133.61 | 52.112 | 39.00
1.20 36 31.72 820 2300 720 1580 | 68.10 | 0.465 | 133.61| 39.929 | 29.88
1.20 36 31.72 705 2400 780 1620 | 68.10 | 0.477 | 133.61 | 35.198 | 26.34
2 1.40 36 38.37 | 1957 0 0 0 56.29 0 128.85 0 0
1.40 36 38.37 | 1882 200 60 140 | 56.29 | 0.041 | 128.85| 8.120 6.30
1.40 36 38.37 | 1799 | 500 140 360 | 56.29 | 0.106 | 128.85| 19.960 | 15.49
1.40 36 38.37 | 1642 | 1000 | 240 760 | 56.29 | 0.224 | 128.85 | 38.460 | 29.85
1.40 36 38.37 | 1545 | 1300 300 1000 | 56.29 | 0.294 | 128.85| 47.615 | 36.95
1.40 36 38.37 | 1422 | 1700 360 1340 | 56.29 | 0.394 | 128.85| 58.725 | 45.58
1.40 36 38.37 | 1156 | 2500 | 440 | 2060 | 56.29 | 0.606 | 128.85 | 73.391 | 56.96
1.40 36 38.37 | 888 | 3000 | 500 | 2500 | 56.29 | 0.736 | 128.85 | 68.418 | 53.10
1.40 36 38.37 765 3300 560 2740 | 56.29 | 0.806 | 128.85| 64.600 | 50.14
Note: Pump Pedrollo Model CPM 130 size 0.5 HP
6-1 080609



A519DUNNNANINARDY

HB 023P ¥ANATDUNIHUHNIVUVINAAUVMIAIAN (Two Spring Balance Design)

Tested by.... H. Prairin...... Date...... 14/05/09....

Diameter of Prony brake =......... 6.....cm, Nozzle Diameter = ......... 16.......... mm
Turbine Dynamometer Results
Inlet | volume| Time Force (Spring Balance) | Flow Power
Power .
Test No. Prezsure (\I/) ( t | Spﬁed Lot [ Rignt [ Net | rate | o7 imput v OUPHE Effl(Cle)nCy
Sec @ | @ | @ | @ Wo %
3 1.60 36 47.68 | 2035 0 0 0 45.30 0 118.50 0 0

1.60 36 47.68 | 1922 | 300 60 240 | 4530 | 0.071 | 11850 | 14.216 | 12.00
1.60 36 47.68 | 1718 750 140 610 | 45.30 | 0.180 | 118.50 | 32.298 | 27.25
1.60 36 47.68 | 1633 | 1000 | 200 800 | 45.30 | 0.235 | 118.50 | 40.262 | 33.97
1.60 36 47.68 | 1527 | 1300 | 260 | 1040 | 45.30 | 0.306 | 118.50 | 48.943 | 41.30
1.60 36 47.68 | 1391 | 1600 | 320 | 1280 | 45.30 | 0.377 | 118.50 | 54.873 | 46.30
1.60 36 47.68 | 1249 | 1900 | 380 | 1520 | 45.30 | 0.447 | 118.50 | 58.509 | 49.37
1.60 36 47.68 | 1019 | 2400 | 440 | 1960 | 45.30 | 0.577 | 118.50 | 61.553 | 51.94
1.60 36 4768 | 846 | 2700 | 500 | 2200 | 45.30 | 0.647 | 118.50 | 57.360 | 48.40
1.60 36 47.68 | 742 2800 | 560 | 2240 | 45.30 | 0.659 | 118.50 | 51.224 | 43.22

4 1.80 36 70.22 | 2055 0 0 0 30.76 0 90.53 0 0

1.80 36 70.22 | 1833 300 60 240 | 30.76 | 0.071 | 90.53 | 13.558 | 14.98
1.80 36 70.22 | 1666 600 120 480 | 30.76 | 0.141 | 90.53 | 24.645 | 27.22
1.80 36 70.22 | 1558 800 180 620 | 30.76 | 0.182 | 90.53 | 29.770 | 32.89
1.80 36 70.22 | 1442 | 1000 | 240 760 | 30.76 | 0.224 | 90.53 | 33.775| 37.31
1.80 36 70.22 | 1334 | 1200 | 300 900 | 30.76 | 0.265 | 90.53 | 37.001 | 40.87
1.80 36 70.22 | 1225 | 1400 | 360 1040 | 30.76 | 0.306 | 90.53 | 39.263 | 43.37
1.80 36 70.22 | 1104 | 1600 | 420 1180 | 30.76 | 0.347 | 90.53 | 40.149 | 44.35
1.80 36 70.22 | 980 1700 | 480 1220 | 30.76 | 0.359 | 90.53 | 36.847 | 40.70
1.80 36 70.22 | 856 1780 540 | 1240 | 30.76 | 0.365 | 90.53 | 32.713 | 36.14

Note: Pump Pedrollo Model CPM 130 size 0.5 HP
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SAMPLE CALCULATIONS

U H a d ]
7.1 fIeENIWan1SNAasd 11NMsNAasi 1 mm"lﬂuﬂummsuuu Two Spring Balance 1o 8

7.2

7.3

7.4

7.1.1 Y5masin, v = 36 liters.
7.1.2 181, t = 31.72 seconds.

=\_/OI'= 36 1 8 60.s _68.1 L

time 31.72s Imin min
7.1.3 MasumadunIoanariuii, p = 1.2 kg/em’
7.14 usaansnnszihuulaun Tuimoes, F = 1.54 kg.
7.1.5 ANUGITOUIATOINITUIN, n = 1,098 rpm.

9 1 4 a 4

7.1.6 wnaduruguinaie o Tuiimes = 6 cm.

%4

MasnunelinumIeanasiueil (Turbine power input, W)

NFUNT (4.1) W,

1

1.635pQ

1.635 X 1.2 X 68.10

133.61 W

%4

fasnuitlAmIeaiariuiii (Turbine power output, W,)

NFAUNIT (4.2) W 1.0273 Frn

Y]

= 1.0273x1.54 x x1098

2x100
= 52.112W

Usz@nSnwin5e9nawunin (Turbine Efficiency, 1)

ANTUNIT (4.5) n

WO
—x100%
W,

52.112
= x100
133.61

= 39.00 %

7-1
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8. NS 1uanIaNIIOULVRINITIY (Turbine Performance Curves.)
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9. AeenanT v Performance Curve

v Y
modansn ldnnminaassaunsonansldasas luil

Torque vs. Speed
1400
+51.9%Ipm
1.200 W3vlpm
1000 .\\‘ A47Ipm
§ \
= 0300 &
3
g \
S 0600 >
0.400 \.
0.200
0.000 T T T 1
] S00 1000 1500 2000
Speed, rpm.
iﬂﬁ 9-1 Torque (Nm) vs. Speed (rpm)
4 q Y p
Inlet pressure vs. Flow rate
1.35
4519%Ipm
130 i Hazlpm
ﬂg A47Ipm
o
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A
o
E 1.20 B
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2
B
2 115
1.10 A 4
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3 19 9-2 Flow rate (Ipm) vs. Inlet pressure (kg/cmz)
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Efficiency vs. Speed
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iﬂﬁ 9-3 Efficiency (%) vs. Speed (rpm)
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3 17 9-4 Power output (Watt) vs. Speed (rpm)

9-2

171214



PNAIUUY 1

MECHANICAL BRAKE DYNAMOMETER



MECHANICAL BRAKE DYNAMOMETER

A dynamometer is an equipment for measurement of output power of a prime mover such as water, steam, hot gas or
wind turbine or other engine.

The torque measuring unit may be electric, water or mechanical brake .The mechanical brake is the most simple and
less expensive and is widely used for measurement of torque for small prime mover .The device uses friction of a belt
or a rope to generate torque. Various types of mechanical brake used for small equipment are as per below :

1 Two Coil Springs

Load adjustment knob
F1 F2

Spring balances Spring balance

\ Load adjustment

Friction belt
Pulley
Prime mover
(e.g.turbine) Belt Brake drum
Torque = (Fi-Fy) r
Figure 1A Two coil spring Brake Figure 1B Diagram

2 A Coil Springs and Calibrated Weights

. F
Spring balance

Spring balance +
=W
Brake drum fCa:ibrglte(;j_ weight
r or load adjustment
Belt or rope

Brake drum

Load adjustment
(Calibrated weights)

Rope

Torque = (F-W) r
Figure 2A Coil Spring and Calibrated Weights Figure 2B Diagram



3 Differential Pulley Friction

Brake drum Idler Load adjustment knob

Load cell
Belt
Figure 3A Differential Pulleys
4 Brake Drum
Brake drum Load adjustment knob
Brake lining
Brake shoe
Load cell

Speed sensor

Figure 4A Brake Drum

Brake lining

Brake drum

Brake shoe

Tn

A Spring balance or load cell

Load adjustment

A
Belt tension pulley

R
/

)

Brake drum

@

Torque = Fxr

Figure 3B Diagram

Load adjustment F

% Spring balance

or load cell
Q i

Torque = Fxr
Figure 4B Diagram
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Water pump

Hex head bolt

d‘ v = v d'
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Pump shaft

Pump coupling
: cover

Figure 6 Pump coupling cover and pump shaft
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