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Air supply

N
.
.
.

Stay vanes

Spiral case

Draft tube

517 3-12 Tassadunaiulunauuuuaduay

U
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. N
| .
Ao e g7, . l . ; .

‘ A_:g -

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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Flow Blade
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K ]. \ ) \
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. ] L — — . Stream Llne // lRotation
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Flow
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a) Inseada b) WU
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35 ouwadmes luiuuy Tnamuuiuny (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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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—
1o 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 NmmﬂimﬂwumwaGlVlﬂﬁmﬁmﬂvlﬂmEJLiJﬂﬂmﬂE)aVlﬂuﬂmeai 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

ANNEVRSANved a1 Tulines, 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 1Y) 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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91113 Tasns991n larines (Spring balance)

Y

Pressure Gauge @ Spring Balance

GV

Francis Turbine

Speed Sensor (Portable Tachometer)

Channel

Measuring
Tank
X{ Flow Control Valve

Water Storage Tank

Drain Valve
Hydraulics Bench

Y
a a
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5.1.3.
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5.2.

|
Turbine inlet pipe ‘

Hydraulics Bench Outlet hose

! 1 1 J ’J 9 d I o Y %l
gﬂﬁ 5-2 ﬂ'liG]E]‘VI@“VI'N@E]ﬂ"l]@\?”l/l@u'ﬁ]'lﬂiﬁgﬂﬂaENGBEIﬁ'lﬁ'ﬁiﬁl'lﬂﬂ‘ljﬂ‘l/]ﬂﬂ@\iﬂﬂﬂuu'l HBO023F
a 2 g 9 4 v W %l Y a
5.1.6. ﬂ@aummnmi”lwammmmm%mﬂwum (Nozzle Valve, GV) IHain
= 4 o v 1= o w a 4
5.1.7. ﬂa18!,‘]Jiﬂ"116\3]1ﬂu113\|3\|m’051@ﬂﬂ1iﬂﬁ1ﬂ’s’fﬂ§ﬂiﬂlm\3fl]uul‘JJ‘JJl,!,ixiﬂ5$ﬂ1ﬂﬂhlﬂu113J3Jm@i
a a o9 ¥ [ J a £ 3 & o Y o )
5.1.8. Lﬂ@ﬁ’)ﬂ“ﬁﬁﬂuﬁ]ﬁ]ﬁiﬁgﬂﬂﬁ’E]\‘I%ﬁﬁ'lﬁﬁilla&ﬂﬂﬁuu'lfﬂuq@ Gﬁﬂﬂ%ﬂ11ﬁ@ﬁi11ﬂﬁﬂ]@\iu1ﬂﬂ’q
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(Nozzle Valve, GV)
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5.1.9. AMIANAUNNINVLAEAITNLTIVDIUATOINI VT UUITINNAULTIUANTDUITINNTENIVU

TaunTuiimesazdetianilugud

BUNTNAADY
a Qy %l 9 d' v %l =1 9 o w 9 d‘ v W
5.2.1. Waauaiuaums lvavesiuduaiesnaiunil (GV) faztipsrumaiaunmaiunieniiu

%l I ~ [
liantuldeundesms wu 1.2 kg/em’

o =R v 1 dy
5.2.2. ‘]JuVIﬂWﬁﬂﬁVlﬂﬁE]\iﬂQﬁE]ulﬂu:

! v
5221 MAWUMATUATINHUIN, kg/cm’
9
5222. 1511511,V 1
5.2.2.3. 1alt min
<3 A v %’
522.4. ANNIGITOUATOINIHUUL, n pm
d' o a 4
5225 usannszinuulaun luiimes, F kg

A ' A { ° A P ' < A
5.2.3. winawsedannszmuulau Tuiiwes 1 lanasavesmFeatsadsemna 0.1 kg Juiinwa

MINAADINUTD 5.2.2
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5.3

5.4

5.5

o H A ] a { o a o 1 o
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Y
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MINAAadY Racing Characteristics
a o Y] [ = o w a 4
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v Y 1] Y
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v =K v 1 tﬂy
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! v
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Y
5332  Y5uasi, v 1
5.3.33 1ot min
< A YY) %7}
5334  ANUGITOUNTOINIHUUL, n rpm

v Y ! 4 Y
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HB023F ganaaaunaviuimuunsiudavinaan

Tested by..ooovveiiiiiiiieeeie, Date.....ccoovvvininnnnn.
Diameter of Prony Brake = ............ cm
Turbine Dynamometer Results
Guide | inlet |volume| Time Speeq | FOrce (Spring Balance) | Flow | o [ oo | Power
vane | Pressure; v t P - rate qu WeT' | output [Efficiency]
it P | n Left | Right | Net T |Input Wi
position) P 1) p 0 ol @ | @ | @ | Q| (um) | wawy | Vo | @)
(kg/cm©) (I/min) ' (Watt)
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6. fI9ENINANITNAADY

ﬂTﬂx‘iﬁJ‘i—!ﬁﬂNﬁﬂ]iﬂﬂﬁi’N

HB 023F ganaaaunIrHItUUH UFaVINA@N

Tested by...... HPrairin................... Date...25/03/10.........
Diameter of Prony Brake=......6......cm
Turbine Dynamometer Results
Guide | inlet |Volume| Time Speed | FOrce (Spring Balance) | Flow | L Power | Power
vane | pressure \ t pﬁe Left | Right | Net rate o[lgue Input | Output [Efficiency]
position p ) 0] (sec) ) © © Q Wi Wo (%)
(kg/cm®) (rpm) aminy | N | watt) | (watt)
1 0.90 30 30.97 | 3205 0 0 0 58.12 0 85.525 0 0
Full 0.90 30 33.25 | 2600 100 320 220 | 54.14 | 0.065 | 79.660 | 17.628 | 22.13
Open 0.70 30 31.66 | 2180 150 450 350 | 56.85 | 0.103 | 65.069 | 23.515 | 36.14
0.65 30 32.19 | 1817 200 630 480 | 55.92 | 0.141 | 59.427 | 26.879 | 45.23
0.60 30 31.50 | 1635 250 750 550 | 57.14 | 0.162 | 56.057 | 27.714 | 49.44
0.57 30 32.94 | 1421 300 900 650 | 54.64 | 0.191 | 50.926 | 28.466 | 55.90
0.52 30 31.89 | 1224 350 1010 710 | 56.44 | 0.209 | 47.989 | 26.783 | 55.81
0.50 30 31.75 | 1100 400 1100 750 | 56.69 | 0.221 | 46.346 | 25.426 | 54.86
0.50 30 31.66 | 955 450 1200 800 | 56.85 | 0.235 | 46.478 | 23.546 | 50.66
0.50 30 3155 | 776 500 | 1300 | 850 | 57.05 | 0.250 | 46.640 | 20.328 | 43.59
0.50 30 31.23 | 744 550 1380 880 | 57.64 | 0.259 | 47.118 | 20.178 | 42.82
2 1.00 30 34.65 | 3391 0 0 0 51.95 0 84.935 | 0.000 0.00
0.98 30 31.63 | 2706 100 300 200 | 56.91 | 0.059 |91.184 | 16.679 | 18.29
0.85 30 32.30 | 2153 150 500 350 | 55.73 | 0.103 | 77.447 | 23.224 | 29.99
0.78 30 30.81 | 1732 | 200 700 500 | 58.42 | 0.147 | 74.506 | 26.689 | 35.82
0.75 30 30.78 | 1595 | 250 800 550 | 58.48 | 0.162 | 71.711|27.036 | 37.70
0.65 30 29.63 | 1440 | 300 920 620 | 60.75 | 0.182 | 64.561 | 27.515 | 42.62
0.60 30 28.12 | 1320 | 350 | 1000 | 650 | 64.01 | 0.191 | 62.795 | 26.443 | 42.11
0.60 30 28.56 | 1175 | 400 | 1100 | 700 | 63.03 | 0.206 |61.828 | 25.349 | 41.00
0.60 30 28.12 | 1000 450 1200 750 | 64.01 | 0.221 | 62.795| 23.114 | 36.81
0.60 30 28.38 | 858 500 | 1300 | 800 | 63.42 | 0.235 | 62.220 | 21.154 | 34.00
0.60 30 28.25 | 806 550 | 1390 | 840 | 63.72 | 0.247 | 62.506 | 20.866 | 33.38
3 1.20 30 36.81 | 3499 0 0 0 48.90 0 95.941 | 0.000 0.00
1.00 30 33.62 | 2804 | 100 300 200 | 53.54 | 0.059 |87.537|17.283 | 19.74
0.97 30 32.90 | 2336 | 150 500 350 | 54.71 | 0.103 | 86.769 | 25.198 | 29.04
0.90 30 30.94 | 1859 | 200 720 520 | 58.18 | 0.153 | 85.608 | 29.792 | 34.80
0.88 30 31.81 | 1651 | 250 860 610 | 56.59 | 0.180 |81.416|31.038 | 38.12
0.88 30 31.12 | 1489 | 300 | 1000 | 700 | 57.84 | 0.206 |83.221 | 32.123 | 38.60
0.88 30 31.25 | 1370 350 1090 740 | 57.60 | 0.218 | 82.875| 31.244 | 37.70
0.88 30 31.78 | 1214 400 1190 790 | 56.64 | 0.232 | 81.493 | 29.557 | 36.27
0.88 30 31.12 | 1153 450 1250 800 | 57.84 | 0.235 | 83.221 | 28.427 | 34.16
0.88 30 31.28 | 1020 500 1350 850 | 57.54 | 0.250 | 82.795| 26.720 | 32.27
0.88 30 31.02 879 550 1450 900 | 58.03 | 0.265 | 83.489|24.381 | 29.20
4 1.40 30 41.62 | 3543 0 0 0 43.25 0 98.996 | 0.000 0.00
1.30 30 36.90 | 2600 100 350 250 | 48.78 | 0.074 |103.683| 20.032 | 19.32
1.10 30 36.76 | 1987 150 600 450 | 48.97 | 0.132 | 88.066 | 27.557 | 31.29
1.09 30 36.43 | 1755 200 750 550 | 49.41 | 0.162 | 88.056 | 29.748 | 33.78
1.05 30 36.06 | 1494 250 920 670 | 49.92 | 0.197 | 85.695| 30.849 | 36.00
1.05 30 36.16 | 1360 300 1020 720 | 49.78 | 0.212 | 85.458 | 30.178 | 35.31
1.05 30 36.72 | 1187 350 1100 750 | 49.02 | 0.221 | 84.154 | 27.437 | 32.60
1.05 30 36.09 | 965 400 1200 800 | 49.88 | 0.235 | 85.623 | 23.797 | 27.79
1.05 30 35.78 | 805 450 1280 830 | 50.31 | 0.244 | 86.365| 20.599 | 23.85
1.05 30 34.44 | 756 500 1350 850 | 52.26 | 0.250 | 89.726 | 19.804 | 22.07
1.05 30 34.56 | 632 550 1420 870 | 52.08 | 0.256 | 89.414 | 16.946 | 18.95
Note: Pump Pedrollo Model CPM 130 Size 0.5 hp
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7. AI9LNIMIMIUIN

71

7.2

7.3

7.4

AIDENINANITNAADI DINNINAADY Guide vane NAMTIUA 4
Y
7.1.1 J51es511, v =

7.1.2 et =

Vol. 30 | 60s |
Q: = X = 49.78
time 36.16s Imin min

v o

' v

7.1.3 Mdeaumaaieanaiui, p =
v oA ° a o

7.1.4 ussdnsnnszuulawn Tuiwes, F =
<3 4 v W z

7.1.5 ANMIGITOUATINAHUIN, n =

9 1 o a 4
7.1.6 wmmumuﬁuﬂﬂmq"lﬂuﬂuumai =

MasnunNelinunIe a9 i1 (Turbine power input, W)

NFUNT (4.1) W,

1

1.635pQ

1.635 X 1.05 X 49.78

85.458 W

o v My A o ou o )
MasnuildmIeanariuii (Turbine power output, W)

NNTUNIT (4.2) w 1.0273 Frn

o

= 1.0273x0.72 x

x 1360
2x100

= 30.178 W

Usz@nSmin3eanawinil (Turbine Efficiency, 1)

WO
NNAUMT (4.5) n —x100%

- 30.178
= %100

85.458
=  3531%

7-1

30 liters.

36.16 seconds.

1.05 kg/em’
0.72 kg.
1,360 rpm.

6 cm.
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8. N5 1uanIaNIIOULVBINITIY (Turbine Performance Curves)
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9. @08134n31 Performance Curve
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Efficiency vs. Speed

60
P R 2 # Position 1
50 )A\ W Position 2
* .
a0 ¢ gmm A Position 3
8 m X Position 4
g %}(
& 20 %
10
0 I ) w 1
) 1000 2000 3000 4000
-10
Speed, rpm.
gﬂﬁ 9-3 Efficiency (%) vs. Speed (rpm)
Power output vs.
Speed
35
# Position 1
30 W Position 2
25
B 3
P » Pasition 4
: Z e\
x 15
: N
S
0 T T T “ 1
5 1000 2000 3000 4000
Speed, tpm.

3 1/ 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
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Pump shaft
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Figure 6 Pump coupling cover and pump shaft
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