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Abstract

An important application that related to fluid mechanics and its concepts are water
turbines, the main idea of such application is the conversion of kinetic energy of water
into the form of mechanical energy (Work). This experiment illustrates the working
function of such application, by simulating a water jet, which is the part that supply the
turbine with water at high-velocity, where a momentum exchange occurs between this
high-velocity water and the turbine vanes, through such system the exerted forces from
the impact can be calculated through newton’s second law, additionally newton’s third
law is used to relate the force on the jet with the force of jet on the vanes (equal in value

and oppose in direction).

The experiment’'s main aim is to compute the hydrostatic force and efficiency for two
different kinds of experimental vanes: a flat plate and a hemispherical cup. The value
of force varies as the vane changes, this change is attributed to the fact that each type

of vane reflects the water at different angles as follows.

1- Flat plate: outlet water reflected at 90 degrees
2. Hemispherical cup: outlet water reflected at 180 degrees
Calculated efficiencies were as follow:

For the hemispherical cup the mean efficiency was 94.04%, whereas for the flat plate

the mean efficiency was 86.5%.

Objectives

1. To investigate the impact of the jet on equipment such as turbines.
2. To analyze the force generated by the water jet on a flat plate and hemispherical

cup and relate it to momentum and flow rate.
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Sample calculation.

The experiment is based on newton’s law as mentioned before. The following

calculation taken for Rum No. 3 as follow:

o The mass flow rate:

m = ? kg/s (1)

12

m= 705 0.401 kg/s (for hemispherical cup)
12
m=—— 0.417 kg/s (for flat plate)

Where:
m: mass flow rate in kg/s
m: mass of water (12 kg).

t: time recorded in seconds.

o The volumetric flow rate:

_ m 3
Q—pm/s. ()

0.401

Q = 5,5 =0.000402 m3/s. (for hemispherical cup)

Q= % =0.000418 m3/s. (flat plate)

Where:
Q: the volumetric flow rate.
P: the density of water (998 kg/m3).

o The velocity of the nozzle:
u=2=2 ny3)

pa a
0.000402

_ _ % An3 . .
U = 1600-0000075) 5.16 * 10 m/s. (for hemispherical cup)

0.000418

— 0000418 * 103
U= (1000+0.000078) 5.36% 10° mys. (flat plate)

Where:
U: the velocity of the nozzle (m/s).

a: the nozzle cross- sectional area (0.000078 m?).
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o The velocity of the nozzle inlet:

Uy = +/(u?—2gs) m/s(4)

Uy = \/(5.16E)2 —(2%9.81%0.037) =5.08 m/s. (for hemispherical cup)

uy = /(5.36E) 2 — (2 x9.81x0.037) =5.29 m/s. (flat plate)
Where:
g: the acceleration due to gravity (9.81 m/s?).
S: height of a vane above the tip of the nozzle (0.037m).
U,: the velocity of the nozzle inlet m/s.

o The theoretical force Fj,,.
Fineo=mug (N) for flat plate (5)

Fineo.=2mug (N) for hemispherical cup (6)
Fineo=1(0.417 % 5.29) = 2.21 N. (flat plate)
Fineo=2%*(0.401 * 5.08) = 4.074 N. (for hemispherical cup)
Where:

Fineo : the theoretical value of the force (N).

o The experimental force:
_ WxgxYy

Fap. =725 (N)  (8)
Foxp. = % = 2.35 N. (for flat plate)
Foxp. = % =4.71 N. (for hemispherical cup)

Where:

F,xp. the actual/experimental value of the force (N)

Y: the distance that the jockey weight moved in (m).

b: Distance from center to vane to pivot if the lever (0.1525m).

w: Jockey weight mass (0.61 kg).
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o The efficiency of the system,

Ftheo.
=——= (9
L Fexp. ( )
=221~ 0.9404 = 94.04% (for flat plate)
4.074 o . )
=7 — 0.865=186.5% (for hemispherical cup)

Results

Table (1): data given.

(mm).

Nozzle cross-sectional area (mm”2) 78
Jokey weight mass (kg). 0.61
Distance from center to vane to pivot of 0.1525
lever (m).

Height of vane above tip of the nozzle 37



https://students-hub.com

For Flat plate:

Table (2): Measured and Calculated data, time is seconds, Y: height in mm, mass flow rate, Volumetric

low rate, velocity in m/s, Force in newtons and efficiency in percent (%) for Flat Plate.
Y yimnp

Run Time(sec) Y (mm) Y (m) Mass Mass flow rate Density Nozzel Area | Nozzel Velocity S
1 28.79 60 0.06 12 0.416811393 998 7.80E-05 5.35E+00 0.037
2 29.31 55 0.055 12 0.409416581 998 7.80E-05 5.26E+00 0.037
3 32.25 50 0.05 12 0.372093023 998 7.80E-05 4.78E+00 0.037
4 33.32 45 0.045 12 0.360144058 998 7.80E-05 4.63E+00 0.037
5 35.5 40 0.04 12 0.338028169 998 7.80E-05 4.34E+00 0.037
6 36.12 35 0.035 12 0.332225914 998 7.80E-05 4.27E+00 0.037
7 41.53 30 0.03 12 0.288947749 998 7.80E-05 3.71E+00 0.037
8 44.94 25 0.025 12 0.267022697 998 7.80E-05 3.43E+00 0.037
Jet Velocity PlateForce theo | Cone Force theo| Force Exp | Efficiency Plate | Efficiency Cone

5.29 2.20 2.20 2.35 0.94 0.94

5.19 2.12 2.12 2.16 0.98 0.98

4.70 1.75 1.75 1.96 0.89 0.89

4.55 1.64 1.64 1.77 0.93 0.93

4.26 1.44 1.44 1.57 0.92 0.92

4.18 1.39 1.39 1.37 1.01 1.01

3.61 1.04 1.04 1.18 0.89 0.89

3.32 0.89 0.89 0.98 0.90 0.90

Cone F exp vs F theo

2.50
2.00
1.50
1.00
0.50
0.00 Plate F exp vs F theo
0.00 0.50 1.00 1.50 2.00 2.50 3.00
2.00
1.00
0.00
0.00 0.50 1.00 1.50 2.00 2.50

=@ Seriesl

Figure (1): Graph of the relationship between experimental and theoretical value of force for
flat plate
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For Hemispherical cup:

flow rate, velocity in m/s, Force in newtons and efficiency in percentage (%) for Hemispherical cup.

Table (3): Measured and Calculated data, time is seconds, Y: height in mm, mass flow rate, Volumetric

Run Time(sec) Y(mm) | Y(m) | Mass | Massflowrate | Density | Nozzel Area | Nozzel Velocity S
1 209 120 0.12 12 0.401337793 998 7.80E-05 5.16E+00 0.037
2 32.06 105 0.105 12 0374298191 998 7.80E-05 4.81E+00 0.037
3 34.56 95 0.095 12 0.347222222 998 7.80E-05 4.46E+00 0.037
4 375 85 0.085 12 0.32 998 7.80E-05 4.11E+00 0.037
5 30.6 75 0.075 12 0.303030303 998 7.80E-05 3.80E+00 0.037
6 4453 65 0.065 12 0.269481249 998 7.80E-05 346E+00 0.037
7 48.1 55 0.055 12 0.249480249 998 7.80E-05 3.20E+00 0.037
8 53.37 45 0.045 12 0.224345419 998 7.80E-03 2.89E+00 0.037
Jet Velocity PlateForce theo | Cone Force theo| Force Exp | Efficiency Plate | Efficiency Cone
5.08 2.04 4.08 4.71 0.43 0.87
. 4.73 1.77 3.54 4,12 0.43 0.86
Figy 4.38 1.52 3.04 3.73 0.41 0.82 late
4.02 1.29 2.57 3.34 0.39 0.77
3.80 1.15 2.30 2.94 0.39 0.78
3.36 0.90 1.81 2.55 0.35 0.71
3.09 0.77 1.54 2.16 0.36 0.71
2.76 0.62 1.24 1.77 0.35 0.70
Plate F exp vs F theo
5.00 Cone Fexp vs F theo
4.00 5.00
4.50
£ 3.00
= 4.00
é 2.00 3.50
3.00
1.00
2.50
0.00 2.00
0.00 0.50 1.00 1.50 2.00 2.50 150
Axis Title 1.00
0.50
=—@—Seriesl
0.00
0.00 1.00 2.00 3.00 4.00
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Figure (2): Graph of the relationship between experimental and theoretical value of force for
hemispherical cup
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Discussion of Results

The purpose of the experiment was to understand the concept of a water jet, obtaining
the forces resulted by the impact of water into multiple experimented vanes (which
models a vane of a water turbine) and calculating some important parameters such as
the efficiency for the experimented vanes by conducting a comparison between the
theoretical and experimental values of forces exerted by the jet. The aim of the
experiment was achieved, which was reaching a conclusion about the working
methodology of a system of water turbine and a comparison between the different vanes
type, furthermore the theoretical concepts of newton’s law and momentum equation

were observed experimentally in the experiment and through the calculations.

Tables (2) and (3) show the recorded experimental data along with the calculated
theoretical, experimental forces and the efficiencies, each table shows the calculated
efficiencies for the different type of vanes, the mean value of the efficiency for the
hemispherical cup was 94.04%, for the flat plate the calculated mean efficiency was
86.5%, the efficiency somehow indicates the ability of the vane to effectively exert the
force of water, a value can be obtained by comparing the theoretical (existing) forces
to the exerted force by the vane, as it was expected and due to the geometrical properties
of the hemispherical which cause less dissipation of energy due to the pattern of water
dispersing , also it can be observed that forces exerted due to the same value of flow is
higher for a hemispherical cup than that for the flat plate, which gives advantageous for

the hemispherical cup upon the flat plate vane.

Figures (1) and (2) shows a plot for the relationship between the experimental and
theoretical value of force, both figures give a gradient close to 1, the data behavior
shows that an errors might have occurred in conducting the experiment, such as times
recording which was done manually and by observing the bench lever, additionally the
jockey weight was required to be calibrated also by naked eyes for each flow changing,

for that error might be introduced by mis calibrating the jockey weight.
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Conclusion

Obtained efficiencies were 94.04%, 86.5%, for the flat plate and the hemispherical cup

respectively.

The experiment studied the effect of a water jet on a plate of two different types, the

first one flat plate and the second one hemispherical cup.

When concluding the experiment and preparing the calculation, a difference was

noticed for each of the efficiency values for each type of plate.

The hemispherical cup achieves higher efficiencies than the flat plate. This indicates
that the losses on the flat plate higher and the direction of water is distributed in all

directions, while the hemispherical cup is in one direction only.

The values of efficiencies for flat plate ranged from 34% to 70%, while for
hemispherical cup plate it ranged between 65% to 90%. As the efficiency rate does not
reach 100% in any system due to some losses within the system itself and because the
experiment was carried out practically, which produces some errors such as vibrating
the tank of water, incorrect reading of Y values or mismatch in time recording with

putting weights on device.

To improve the efficiency values in the experiment, more accurate apparatus and
devices should be used, as it helps to take the readings more accurately and easily to

avoid any errors and obtain high accuracy.
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