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LIST OF SYNBOLS

acceleration due to gravity 9.807

velocity reduction factor due to losses
radius of turbine rotor
velocity of wheel

veloeity of jet stream

head across the machine

rotational speed of turbine
specifie rotational speed of turbine

power transferred from fluid to rotor
rate of flow of jet stream

relative velocity of jet with respect to wheel

density of water 1000

angle through which fluid is deflected
by bucket on Pelton wheel

wheel efficlency
coefficient of velocity for jet

m/s

m

n/s
m/s

m

rpm

watts

m/s

m/s

kg/m"



DATA SHEET

Pelton Wheel Degener Type 4717

Number of blades 16

Dianfeter of blade wheel 100 mm

0lameter of brake wheel 60 mm

I'lass of weight carrier 350 gms.



1.' Descrlption of Apparatus (Flgs. 1, 2 and 3J The apparatus consists of
a model Pelton wheel typi.cal in design of larger units and affording relevant
practical results. Spoon shaped buckets are mounted on a wheel positioned so
that the jet of water from the input spear valve implnges tangentially on them.
Each "bucket" is divided by a "splitter" ridge which divides the jet into two
equal parts. After flowing round the inner surface of the bucket, the fluld
leaves with a relative velocity almost opposite in direction to the original
iet' The buckets are shaped so as to prevent the jet to the preceding bucket
being intercepted too soon. The deslred maximum deflection of the jet t1g0o)
cannot be achieved without the fluid leaving one bucket striking the following
one, and so in practlce the deflection is limited to approx. 1600. A control
valve typieal of those in use with larger machines is lnc1uded. Thls eonsists
of a spear valve where movement of a spear along the axis of the nozzle alters
the annular space between the spear and the housing, the spear being shaped so
as to induce the fluid to coalesce into a circular jet of varying diameter
according to the position of the spear.



2i Relevant Theory. The Pelton wheel 1s a hydraulic turbine of the impulse

type and 1s particularly suited for use with high heads. The power imparted

to the wheel by the input jet of water delivering Q m",/s from a head of Hm is
glven by

.)

P = HgQP where g = S.807 m,/s' and

p for water = 103 kg,/m3

The jet velocity u1 = C, J2an and the velocity of the Pelton wheel bueket under

consideration equals u. The jet is assumed to strike the bucket wheel at a

radius r metres, and to leave the bucket at an angle of 0 to direction of
rotation with a loss of velocity of (t - kl

i. e. Relative velocity R., = ,1 - u

and R, = kR1

\).
rnret to bucket ' 

il!t',":*

)*
Outlet from bucket ', -./ e

N^\Z' Rr=hR.,

It can be shown that

2u(v., - u) (1 - k cos 0J

,'lr =

u1

which has a maximum velue ,n"n I = 1 if k is assumed consiant
'1 z

2nNr

and ul = #t#e*L.*

Thus the maximum efficiency will occur at different speeds for different spear

value settings. The specific speed for turbines is defined as

tP1/2

c1/2 lefi5/a



N.ormalIy the values of C and g are omitted since water ls almost lnvariably
the fluld used and g can be consj-dered constant

..^1/2
l. e. N. = +r^- H'"

when N = rotational speed revlsec

p '= power transferred between fluid and runner

fl = fluid head difference across machine, m

For single jet Pelton wheels, values of dimensionless speeific speed range

frem 15 to 30 for working models having reasonable inlet jet velocities.
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1. Positj-on

the bench toP'

2. AssembLe

e Connect

"Jubi1ee" cliPs

Switch on the PumP and oPen the bench

recording the time

deliverY valve to

taken to fill the

the test aPParatus

measuring tank to

the pelton whee] beseprate on the retaining studs provided on

the PronY brake to the brake wheel'

the bench delivery pipe to the inlet pipe and clamp with the

provided.

Adjust the sPear valve to the desired setting'

6. lleasure and record the

sensitive tachometer or other

measuring the flowrate bY

a predetermined 1eve1 '

7. Record the values

weight indicated on the

speed of the Pelton wheel shaft using P4740 light

rotational speed measuring instrument'

to the weight carrier and the
of the masses added

spring dYnamometer'

8. Record the value of the head

j.ndicated on the Pressure gauge'

immediatelY Prior to the nozzle as

g. Vary the speed of the turbine by loading the Prony bnake' For each

incrementalincreaseofloadrecordthevalueoftherotationalspeed.Ensure
thatasufficientrangeofexperimentsisundertakensothatthemaximum
efficiencypolntcanbedetermined.Thiscanbecheckedbyensur.ingthata
maximumvalueoftheproductofappliedloadandrotatlonalspeedlsreached
es the speed is decreased by successive increments '

l0.Repeattherangeofresu]tsfordifferentvaluesofspearvalvesettings.



.+. Results and Ca]s!]aticEj. The resu]ts for the different valve settings

andlnletPressuresaregiveninTableslto3,togetherwiththecalculated
values for effieiency. From the graphs of efficiency against rotational speed

the following figures were obtained'

Valve setting
Max. n %

Speed at 11 rPm N

I'lax. Power OutPut (W/HP)

Head bar/m H

Specific SPeed Kn

(dlmenslonless l
1/2NHP'

5/4
H

m

0 mm shut

63. 5
's20

28. 5/0. 038

8.68/6.94

16.0

5 mm shut

72

1 080

35.6/0.048

0. e0/s. 1 I
14.8

7 mm shut

70.5

1280

35. B/0 . 048

1.12/11.4

13,4



Noted relating to Tables 1 to 3

30,000 3 ,Flow = T cm,/sec1.

30,000= --?6-

Power inPut to turblne

pi = HgQp watts

0.68 bar = 6.936 m

Power output

nD(W - S)g

H metres

Pressure in bars

H=
q

10- [Bars)
;-s.Bo,

H head m

Q flow "*'/=

= head in metres

= looo t<g,/m3 for water

= g.8o7 n/s2

s52 cm3/s

2.

e

H = Q.90 bar = 9.180 m H = f .12 bar = 11.42

m0.06 x 9.8C7 (w-S)Nr = (t^,-slN

(W-S)N0. 03081

HQ watts

Hpg with
q

10-

NI

4.

H

p

g
b

10.20 (BarsJ metres



Table 1

Valve setting Omm shut:
a

Time for 30,000 cm'

Inlet Pressure 0.68 bar
a

45 secs i.e. 652 cm'/s

Brake Load kg
w S

Power in
IWatts )

Pbwer out
(hJatts )

nZ
RPI1 N

1 350

1215

1 060

820

690
II conI JUU
II cto

0.S0 - 0.16'= 0.44

0.80 - 0.15 = 0.65

1.00 - 0.15 = 0.85

1.20 - 0.10 = 1.10

1.30 - 0.07 = 1.23

1.40 - 0.06 = 1.34

1.50 - 0.0S = 1.44

44 18.30

24.33

27.76

27 .75

26.15

ZJ. 5f

20. B6

AA .tl.J

q4Q

62. 6

62.7

59. 0

54. 0

47 .O

Tab1e 2

Valve setting 5 mm shut:
J

Time for 30,000 cm =

Inlet Pressure 0.90 bar

54.9 secs i. e. 546 cm3,/s

1 760

1 580

1 460

4 a nnIJUU

1220

1A?O

75D

600

0.20 - 0.04

0.40 - 0.07

0.60 - 0.08

0.80 - 0.10

1.00 - 0.10

1.20 - 0.08

1 .40 - 0.0s

1.50 - 0.09

0. 16

ne2

o.52

0. 70

0. s0

1.12

'1 .31

1.41

4S. 16

I 5h l6 {

VaLve setting 7 mm shut:

Time for 30,000 cm3

Inlet Pressure 1.12 bar
?

66.0 secs i. e. 455 cn"/s

B. 68

16.06

23.3S

28,O4
a2 (12

35.20
ei 11

26.O7

1A.27

1S. 52

27 .27
aa 4^

ac a tr

33.32

28. 50

17 .7

47 .6

57 .O

68.8

71 .6

61.6

20.2

JU. J

53. 5

ca n

65.4

4 0An

'1810

151C

1 35C

1 048

74D

0.20 - 0. 03

0.40 - 0.05

0.60 - 0.07

0.80 - 0.11

1.00 - 0.15

1.20 - 0.16

1.40 - 0.15

o.17

0.35
n f a

0. 6s

0. 85

1.04

50. s6

EC O



5. Interpretatlon of Results

5.1 List the possible sources of lnefficiency in the turblne and discuss
how they can be minimlsed.

5.2 Dlscuss ways of governlng a Pe1ton wheel of the type presented.

5.3 Explain why the overall efficlency usually occurs at a u/v ration
slightly Lower than the theoretieal value of 0.5.
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DRG. No.

P6240/14 DISPATCH CHECK IIST
ORDER NO.

2tq51
PRODUCT NO.

P6240
SERIAL NO,

tlt
CHECKED BY

A,\K
DATE CHECKED

,[-ta'qa

ITEM NO. DESCRIPTION QTY. CHK. REMARKS

I

2

5

4

5

6

7

8

9

IO

Pelton Wheel mounted on baseboard
with attachments for Prony brake.
Drg. No. P6240/t

0 - I kg spring balance 025002018,
complete with belt P6240/12 and cord
092000002

Set of weights comprising :

I - 0.1 kg 039001017
2 - 0.2 ke 039001016
I - 0.5 ke 039001002
I - 1.0 kg 039001012

Hooked weight carrier to Drg. P6240/7

I metre long clear PVC tube
PVC/F:6 x 1.5:01

Hose clip 010301009

Allen key (supplied with Pelton wheel)

Spare belt and cord

Spare bucket for Pelton wheel

Cussons instruction manual

I

I

I

I

I

I

I

I

I

I

V

\./

V

GENERAL REMARKS

ISSUE ISSUE ISSUE

G. CUSSONS LTD.,
rO2 GRSAT CLOWES STREET,

MANCHESTEE M7 gRH.

ENGLAND.SCN. IDATE scN. DATE SGN. DATE

rIrLE: DISpATCH cHEcK LIsr FoR p6240

PELTON WHEEL

DRG. NO.

P6240/14
ISSUE

A
BATCH NO. T.S. REF.

P62TODCL/10
DATE
02.03.90

DRN.

G.H.

APP, SHEETIOFlSHEETS



G, GUSSOflS LrD.
102 Greot Clowes Street, Morrchester MZ 9RH, Englond.
Telephone, 061-833 0036. Cobles' CUSTEC MANCHESTER.
TELF/. 667279 CUSTEC G. FAX, 061-834 4688.
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