PELTON WHEEL TURBINE LAB

PURPOSE: The main purpose of this lab 1is to measure
the power output of a Pelton Wheel turbine and to
compare this to the theoretical power output. Another

purpose of the lab is to check turbine scaling laws.

PROCEDURE: Set the driving pressure at a low level.
Measure the flow rate through the turbine. Set the
brake at some level and measure the brake load using
the load cell and the rotor speed using a tachometer.
Repeat for wvarious brake settings. Set the driving

pressure at a high level and repeat the experiment.

REPORT: Using the measured data, calculate the brake
torque and the bucket speed: then calculate the brake
power output of the turbine. Plot Power P versus RPM
for each driving pressure. Plot Power Coefficient Cp
versus Speed Coefficient Cs. Compare Actual Power with

Theoretical Power. Comment on the results.



MEASUREMENTS

The brake power output of the turbine is:

where T 1is the torque on the rotor and w 1s the

rotational speed of the rotor. The torque is:

where L 1is load measured by the brake load cell and d
is the moment arm of the cell from the rotor axis. The

rotor speed w is measured using a tachometer.

The theoretical power is a function of the bucket

speed Vy and the jet speed V;. The bucket speed is:

Vg = R ®

where R 1is the distance out to the bucket from the

rotor axis. The jet speed is approximately:

Vy; = k V[2P/p]

where k 1s a nozzle loss factor, p is the density of
water and P 1is the Jjet driving pressure: this is
measured using a pressure gage. For the lab turbine, k

is 0.97, d is 15cm and R is 5cm.



PELTON WHEEL TURBINE THEORY

The power output of the turbine is:

where T 1is the torque on the rotor and w 1s the

rotational speed of the rotor. The torque is:
T = A (pQ Vi R)
where Q 1s the volumetric flow rate through the
turbine and V¢ is the tangential flow velocity. The
tangential flow velocities at inlet and outlet are:
VIN = VJ VOUT = (VJ - VB) K COSB + VB
where, relative to the tangential direction, B is the

angle of the relative velocity vector and K is a loss

factor. So power becomes:

P = p0Q (Vyj - Vg) (1 - K CosB) Vg

For the lab turbine, B is 168° and K is 0.8. In the

lab, the flow rate Q is measured using a V Notch Weir.






SCALING LAWS FOR TURBINES

For turbines, we are interested mainly in the power of
the device as a function of its rotational speed. The
simplest way to develop a nondimensional power is to
divide power ¥I® by something which has the units of
power. The power in a flow 1s equal to its dynamic

pressure P times its volumetric flow rate Q:

P Q

So, we can define a power coefficient Cp:

Ccp = B/ [P Q]

For a Pelton Wheel turbine, the dynamic pressure P is

approximately equal to the driving pressure.

To develop a nondimensional version of the rotational
speed of the turbine, we can divide the tip speed of
the blades Row by the flow speed U. For a Pelton Wheel
turbine, the flow speed U is equal to the jet speed V;.

So, we can define a speed coefficient Cs:

Cs = Ro / V;
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STRAIN AMPLIFIER/SIGNAL
CONDITIONER MODULES

FOR STRAIN GAGES, LOAD CELLS, AND TRANSDUCERS

DMD-460 Series

anle
Dy - 465WB

350 &

Starts at

= Bridge Excitation
4to 15 Wde Up to 120 mA

= Works with 120, 350,

500 O and Greater

Bridge Circuits
= Adjustable Gain and Offset
= 6-Wire Bridge Connections

+= Voltage and Current
Qutput Versions
w115 and 230 Vac, and
DC-Powered Models
The DMO-460 Senes Dricgoe
amplliers are seffoontained, AC-
or DC-powenad, sgnal conadiboning
maoles for sirain gages, load
cells, and brdge-Type sensors
The DMOD-462 contains a precision
diffesrerilial instrusmentation
amplifier with voltaces oulpul.
The sirmilar DMD-455WE has a
frequency responss (o 2 kHe, while
the DMD-456 has & 4 10 20 m#A
ouiput instead of a valtags aulput,

SPECIFICATIONS

COMMON

Power: Slandard 113 Vac or

aptionzl 230 Vac « 1% 5040 He or
1000 36 Wde 0.7 A 8 10, 07 A @
18 W at meximum excialon losd
Gperahng Temparature: 0 to 70°C
(32 o 15E°F)

Sl.urage Tempearature; -25 to B5°0
=1310 1 BEFy

Welght: 510 g {15 oz]

Size: 05 L x 51 ,".l v FArmim F
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BRIDGE SUPPLY

Excitation Voltage Range: 410 15 Vdc
Current Qutput; 120 md mizx

Line and Load Regulation:

(0 1o 100 meA) 005 max

Quetput Moige; 0.5 miims

VOLTAGE QUTPUT
DOMD-465 and DMD-165WE

Gain Range: 40t 250 Jupe 1o 1000 wih
axtarnal resisior on ORD-AES only)

o 2 kHz
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410 20 mA Transmitter DMO-466
Qutput; 4 10 20 mdA Ok 20 mA,

Inpul Range for 20 mA Dulpul:

10 W min, S0 emax

Zero Adjust: O ko =12 mad

Limenrity: +0.05% FS

Temperatune Stability: 200 spmd G
Inpul Impsedanee: 7000 b
Common-Made Rejection: 20 dB
Gommaon-Made Inpul Vallage: +13 4

Dynamic Reaponse:
DMD-465: OC o -3 0B = 5 =z
DMD-465WB: DC to -3 o8 = & kHz
Max Qulput [2 ki Load): £10 Vdc
Cuiput Impedance; 0.01 b 18
Culpul Offset: -510 2 Y
(A0-AE5WE cnly)
Galn Temp Coefficient: 220 pprm/~ G
Input Blas Current: 30 nd
Input Impadance: 2000 A

f}uT‘ul Nulsa T{}‘,l @ gain = 100 Complinnce Yallage: 10 Vds
P Qutput Naisae: 1 00 s @ gain
oMD- 455“’3.‘“: 02 kM = 2 0.2 e, 1 ko 100 Hz

Inpui Maise Line Frequency: 15 W p-p
Common-Moda Rejection: 50 dis &
gzin &G, 100 dB @ gain 260
Common=Mode Input Yedtage: 15 W

Dy narmic Respanse: D0 0 -3 dB =3 Hz
Response Timde: To DO of final value
200 ms, ymesal; 1o 89,99 ol final value
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| MOST POPULAR MODELS HIGHLIGHTED!
To Order (Specify Model Number)

MODEL NO, FRICE rJr"_iIT' RIPTION
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1" DIAMETER STAINLESS STEEL
GOMPRESSION LOAD GELL

0-100 Ih 70 0-10,000 1b CAPACITIES

LE304 Series
Compression

0-25 Ib to 0-10,000 1h
0-11 kg to 0-4537 kg

1 Newlon = 0.2248 i

1 gaiewlan = 10 Npwlons
110 =454 o

1= 1000 kg = 2204 b
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1 Heavy-Duty Design
1 Bullt-In Load Button
tor Easy Installation

#* Miniature 25 mm (1")
Diameter and 25 mm (1")
High Case

1 5-Paint Callbration
Frovided

OMEGA's LC30M Series load cells
affer the highest owout of all
minature load caells, Thair small
25 mm (1" diameter makeas || sasy
1o mount them in & pocke! aron
{lat surlace. The rugged stainkss
steel case and high-quality
consiruction ensure raliabilty,

SPECIFICATIONS
Excitation: 10 Vde, 15 Vdo max
Output: 2 M norminal
Accursey; +0.5% FE0 linearity,
higateresis, repeatability combinaa
5-Point Calibration:
052, 60%, 100%, 50%, 0%
Zers Balance: +2% FS0
Operating Temp Range:
=54 10 107°C (-65 10 255°F)
Campenzatad Temp Range:
1610 ¥1°C {60 10 160°F|
Daflaction: 0.085 lo 0.07E mm
{00071 o 00037
Tharmal Effects:

Zera: 00080 FSORC

Span: 0.036% FSOMC
Pratection Class: IPGS

LC304-1K, 5205,
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Sale Overload: 150% of capacity
Ultimate Owerload: 300% at capaciy
Bridge Resistance: 350 2 miniren
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Dimanslons: mm {in)
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Construction: Stainloss sl
Electrical: 1.5 m (5] 4=conductar cable

| MOST POPULAR MODELS RIGHLIGHTED!
To Order (Specify Model Number)

_E'! E ?‘ {E MODELNO. | PRICE | COMPATIBLE METERS*
25 1 LCAD4-25 |  §285 | iSaries, DP41-S, DP258-5
a0 2 LCaD4-60 205 | |Sanes, DP41-5, DP258-5
75 34 LC304-75 205 | iSaries, DP41-5, DF258.5
100 45 LCaDa-100 205 | [Series, DP41-5, DF258-5
500 227 | LC304-500 205 | iSaries, DP41.5, DP25E-5
000 | 455 | LC30-1K 285 | iSeries, DP41.5, DF23A.5
3000 | 1961 | LC303K 285 | iSerins, DP41-5, DF238-5
G000 | 2e89 | Le3oa-sK 265 | iSarios, DP41.5, DP23A-5

7500 | 403 | LE304-TAK 295 | iSerivs, DP41-8, OP238-5
10,000 | 4537 | LC304-10K 205 | iSerios, DP41-5, DF238-5
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