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1 Turbulent 2.08 232 111.54
2 Turbulent 1.58 203 128.48
3 Turbulent 1.56 226 144.87
TableS: The pr re head heights t
Flow Flow 1 2 3 4 5 6 7 8
rate type
(mL/s)
10.26 Laminar | 134 131 130 128 127 127 127 130
10.78 Laminar | 134 131 130 128 127 127 127 130
9.20 Laminar | 134 131 130 128 127 127 127 130
8.90 Laminar | 134 131 130 128 127 127 127 130
Table6: The pr re head hei st 2
Flow Flow 1 2 3 4 5 6 7 8
rate type
(mL/s)
39.20 Laminar | 141 135 130 127 120 124 125 138
45.57 Laminar | 141 135 130 127 120 124 125 138
3827 Laminar | 141 135 130 127 120 124 125 130
Table e pr re head heights
Flow Flow 1 2 3 4 5 6 7 8
rate type
(mL/s)
93.78 Turbulent | 170 148 150 110 79 112 115 170
94.42 Turbulent | 170 148 150 110 79 112 115 170
97.65 Turbulent | 170 150 132 116 96 122 120 130
Table8: The pressure head hei st
Flow Flow 1 2 3 4 5 6 7 8
rate type
(mL/s)
111.54 | Turbulent | 203 164 127 90 35 115 117 205
12848 | Turbulent | 203 164 125 88 32 103 103 204
144.87 | Turbulent | 203 165 132 99 50 120 115 131

The resultant table from calculations above for the other tests using the formulas above are as follows:

Height 134

131

130 128

127

127

127

130

(cm?)

Area 14108.3

134836

132786 | 12873.1

12672.79

1267279

12672.79

132786





image8.png
Velocity | (7.27 (7.61 773 7.97 (8096 | (8.096 | (8096 | (7.73
10.26) | x107%) | x107%) [ x107%) | x107%) | x107%) | x107%) | x107%) | x107%)
cm/s
Velocity | (7.64 (7.99 (812 (837 851 ®51 ®51 ®12
10.78) | x 107 | x107) | x107%) | x 107" | x107%) | x107%) | x 107" | x 10~
Velocity | (6.521 (6.82 (693 (7.15 (7.26 (7.26 (7.26 (693
©.2) x107) | x10%) | x10™%) [ x10%) | x107%) | x107%) | x 107 | x107%)
Velocity | (6.31 (6.60 (6.70 (691 (7.02 (7.02 (7.02 (670
3.9 x107) | x10™) | x10™) [ x 10 | x107%) | x107%) | x10™%) | x107%)
Velocity Versus Position for the Flow Rates
9
T j - .
) 7 ﬁ
\’,? 6
g 5
]
g
2 2
° 1
> o
1 2 3 4 5 6 7 8
——1026] 727 | 761 | 773 | 797 | 809 | 809 | 809 | 773
——1078] 764 | 799 | 812 | 837 | 851 | 851 851 | 812
——92 | 6531 | 682 | 693 | 715 | 726 | 726 | 726 | 693
—89 | 631 66 67 691 | 7.02 7.02 7.02 67
Figure 1: Velocity vs Positior
Test 2
The same formula applies where First, @ = %
=2
Then, V = n
The table that can be derived from the second test is:
Height 141 135 130 127 120 124 125 138
Area 15620.8 | 143196 | 132786 | 1267279 | 113143 12081.1 122768 | 14963.1
Velocity | (251 (274 (295 (3.09 (3.46 (324 (319 (2.62
39.2) x1073) | x1073) | x1073) | x1073) | x1073) | x1073) | x107%) | x1073)
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ur Velocity n
Test 3
Height 170 148 150 150 132 110 116 79
Area 22707.1 16292.6 | 17678.6 | 17678.6 | 13690.29 | 9507.14 | 10572.57 | 4903.64
Velocity | (4.13 576 - 53 _ (9.86 _ (19.12
0378) | x107) | x107%) x107%) x10%) x107%)
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(94.48) x1073) | x1073) x1073) x1073) x107%)
Velocity | (4.3 - (5.52 _ 713 - 9.24 _
97.65) | x107%) x1073) x107%) x 1073)
96 112 122 115 120 170 130
7241.14 9856 11694.57 | 10391.07 | 113143 | 22707.14 | 132786
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Figure 3: Velocity vs Position
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Test 4:

Velocity vs. Position on the Wall
180
hs 160
2 140 A
i 120 / \
C, / A\
E w 77 \\
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0
1 2 3 4 5 6 7 8
———111.54| 3.445 5.28 88 17.53 115.89 10.73 10.37 338
—128.48| 3.97 6.08 10.47 2112 159.69 15.41 15.41 393
~144.87| 447 6.77 10.582 18.81 73.75 128 13.942 10.74

Discussion

The velocity towards the constriction and in the constriction is much higher compared to the velocity
towards the inlets and outlets: the smaller the size of the tube the higher the velocity. The continuity

values do not match everywhere because of the losses within the system due to friction and leakages.
The accuracy of the instrument is dependent on how tight the system is not to allow for leaks. The

contours towards the constriction are much closer compared to those further away. The behavi

ior of the

contours shows that at the constriction, velocity is quite high to compensate for the small area. tm

From the Comsol photo results, the red parts are concentrated at the center of the constriction to indicate
that it is the region where the velocity of the fluid is very high. It becomes less red. yellow. light blue
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and then blue as to the regions around the inlet and outlet which are larger in diameter
compared to the constriction. This means that the speed increases to compensate for the reduced area at
every point in the constriction. The trend in the cut plane Comsol figures confirms the prediction made
that the product of area and velocity at every point must be the same at all points if losses are neglected.
lower velocity whereas a small area is coupled with higher velocity of the

Conclusion

Conclusion (==

The Bernoulli equation has proven to follow the steady energy equation where there is a tendency for
energy to be preserved throughout when the losses are neglected. The pipes which have constrictions
tend to increase the velocity of water when passed through them. Therefore. decrease in area leads to
subsequent increase in the velocity of a fluid following the proposal by Bernoulli’s equation
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BERNOULLI'S EQUATION  Ep

AbstrgL-

The main aim of this lab experiment was to determine Bernoulli’s Equation. it was
achieved by collecting experimental the steady flow data. In this lab, all static pressure
measured by using a manometer. While measuring all static pressure, the flow rate was

measuring. We did this lab to calculate the velocity




image2.png
Contents

Introduction..

Nomenclature..

Objectives/Hypothesis.............

Theory/Background.....
Method....

Equipment ...

Procedure..

Results and Discussion.

Measurements ...

Discussion ..

Conclusion .....

Conclusion .....

Reference .

Introduction

Nomenclature




image3.png
p = density of the fluid [kg/m’]
P = pressure [kg/mm?]

V= velocity [m/s]

Py = the initial pressure

e P, = the final pressure

e v, = the initial velocity

* v, = the final velocity

e g = the gravitational pool [m/sz]

* y; = the initial height

* y, = the final height or height at a second point
e Q= the flow rate

* g =the discharge.

® ¢t =the time in seconds

Objectives/Hypothesis /@

The objective of this lab experiment is to get the accuracy determination of Bemnoulli's equation. Also, it was to
test Bernoulli’s equation by getting it applied to the steady flow water via a converging and diverging duct.

Theory/Background

The Bernoulli’s Principle is a fluid dynamics principle that states that an increment in speed with respect
to a fluid leads to a simultancous increase in pressure or a decrease in the potential energy contained in
the fluid (Munson cl3), The Bernoulli’s Principle has been derived based on some basic
assumptions.

a) The viscous effects should be assumed to be negligible
b) The flow can be assumed to be a steady one
¢) The flow of the fluid is assumed to be incompressible

d) The equation can be applied along the suumline\m

The derivation of the equation requires one to make the assumption that the flow occurs in an x-z plane.
Generally, the validity of the equation is for both the planar and the non-planar three-dimensional flows

as long as it takes place as per the streamfine———{EE7)

According to the Bernoulli’s Principle, when a constant volume of water flows through a pipe or tube,
the total energy from the fluid (sum of the kinetic energy produced by the ﬂnim energy due to
pressure and potential energy stays constant.
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The principle is an important way through which thermodynamic principles are understood. The
ultimate equation is stated as:

=

In an experiment scenario, calculations for velocity are as follows, the flow rate is given by

1 1
Prt5pvi+pgys =Py +5pvi +pgy, cm

Q=

~ls

Then,

V=

ENES)

The equation follows the principles laid out in the continuity equation. Low pressure areas usually
experience high velocity. Therefore, the Bernoulli equation takes the format followed by the expression
of the work-energy theorem. As such, it is a summation of the kinetic energy. the energy due to potential
energy and energy produced using internal mechanisms and external force. The Bernoulli energy

cquation says that the energy exerted by the fluid while in the pipc_do_w_[mam;dmgc-dudng—m
the flow process. Since there is no change in energy going to take place at any point ismm%
mlhe Bernoulli equation can also be understood as an integration of F=ma. Determination of the
difference between (P, — Py) requires then use of the boundary conditions during the integration process
so that an accurate or plausible value can be obtained when applied in a real life situation.

The principle is usually used in various applications at home and the industry. For instance, the lift on
the wing of an airplane follows the predictions made by the Bernoulli’s equation. The speed of the
stream of air occurring above the wing tends to be higher above the wing. The result is that the air
pressure above the wing becomes less compared to the pressure under the wing. The result is a net
upward force as predicted by the cquation describing the phenomenon. The lift from the ground is
influenced by the shape of the wing. the orientation of the wing with respect to how the fluid flows, the
spinning motion and the texture with which the object’s surface has been built.

The other application is in the spinning ball where the stitches located on the ball are keen on
causing low pressure on one side and a little higher on the other (opposite) side. That makes the ball to
move at a faster rate on one side compared to the other side leading to a curve. The effect is known as
the Magnus effect.

If it happens that a pitcher throws a curveball, he/she throws it to make sure that the axis of rotation does
not form a right angle with because of its fastball nature. The spinning takes place in a skewed axis
therefore leading to a situation where the Magnus force makes the ball take a curve in a horizontal
direction and not a vertical curve of a fast ball.
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Method

Equipment

Graduated cylinder

Bernoulli accessory

An iPhone with Stop watch app coa
Hydraulic bench and the flow bench

VVVYV

Figure 1 T 1li accessory ¥ key_componen beled

Procedure
Procedure A: [ =35 ]
1- Using the Bernoulli apparatus in this lab.
2- Connect the hydraulic bench with cold water by connecting large tube.
3- Run it through the converging-diverging duct.
4- The outlet control must be fully opened.
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5- Turn the pump on.

6- Start to open the inlet knob slowly.

7- Wait until the water starts to flow.

8- Setting up the flow to 10 ml/s.

9- using graduate cylinder and stop watch app to measure the flowrate of water which comes out
from the duct.

10- Recording the static pressure head with different location.

11- Measure the total pressure head at each location by moving the total pressure probe along the test
section.

12- All measurements must be at minimum and at locations.

13- Repeat that for one laminar flow rate and two turbulent flow rate.

Results and Discussion

Measurements @

The results obtained from the experiment tests were as follows:

The flow Type of flow  Time (s) Volume Flow rate
rate target (mL) (mL/s)
(mL/s)
1 10 Laminar 6.82 70 10.26
2 10 Laminar 538 60 10.78
3 10 Laminar 6.52 60 9.20
4 10 Laminar 6.79 61 8.90
Type of flow  Time (s) Volume Flow rate
(mL) (mL/s)
1 Laminar 3.52 138 39.20
2 Laminar 3.16 144 4557
3 Laminar 3.92 150 38.27
Type of flow  Time (s) Volume Flow rate
(mL) (mL/s)
1 Turbulent 2.09 166 93.78
2 Turbulent 233 220 94.42
3 Turbulent 213 208 97.65
Type of flow  Time (s) Volume Flow rate

(mL) (mL/s)








