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Abstract- Present work gives idea about the investigatiah randification of Bernoulli's apparatus. It incligle
the details study of Bernoulli's Theorem and Inggm of Euler’'s Equation for One Dimensional FloThis
paper also prove the Bernoulli's equation by uding Bernoulli's apparatus to know the exact behawvio
operating conditions of Bernoulli's apparatus ameovarying condition. Some necessary test on Bdiisou
apparatus in hydraulic machine lab. Some experisnarg done to know about the possible problemseeods
which can appear during the numerical analysishefBernoulli’s theorem by using the Bernoulli's apgttus.
Some works are also focused on flow through thézbotal duct for which both experimental and nurcari
have been discussed clearly. This paper gives tregpomodification, Maintenance and details investimn of
Bernoulli’'s apparatus in order to increase thecidficy of the apparatus at different operating dtores.

Index Terms- Bernoulli's theorem, Vary Cross-section, Variousi@i$, Analysis and modification of flaws in
Bernoulli's apparatus.

1. INTRODUCTION 2.1. Ideal fluids

Ideal fluids are those fluids which does not exist

Bernoulli's equation is based on the concept o _ _ o
. . PracUcaIIy, which does not have the propertieg;lik
conservation of energy and energy equation that 1s

described from Euler’s force equation .[1] Wheiisit wscgsity, Fompressipility and st_Jrface tension.
: . . . . Resistance is irrespective to these fluids. [4]

applied to a fluid passing through a pipe at fitss

copsiQered the fluid is iQeaI [5] i.e. vi.scgsity tbfe 22 Real fluids

fluid is zero. The velocity of every liquid particl

across any cross section of pipe, is uniform, irReal fluid are those fluids which imbibes the

rotational and incompressible.[6] Secondly thdroperties like; viscosity, compressibility and faue

Bernoulli's apparatus demonstrate the increasénén ttension. They really exist in nature and are

speed of the fluid occurs simultaneously with dnathematical analyzed of fluid flow problems. [4]

decrease in pressure of the fluid passing throbgh t

duct. [2] There will be no loss of energy of theulid

particle while flowing. It can also be used to exan Newtonian fluid are the types of fluid which obeys

the turbulence in the fluid stream. Necessary lest Newton’s law of viscosity. They have a linear

been conducted to analysis most problems irelationship between shear stress and velocity

mechanics of fluid with the help of Bernoulli’'s gradient. E.g.; water, air, etc. [4]

equation and continuity equation as essential

analytical tools. [3] 2.2.2.Non-Newtonian fluid

In this paper we verify Bernoulli’'s equation byyon Newtonian fluids: non Newtonian fluids are the

varying the cross-section of horizontal duct tubie Otype of fluids which do not obey Newton's law of
Bernoulli's apparatus also investigate by usingot& jisosity The behavior of viscosity is given byeth

fluids like alkaline, acid, kerosene, diesel, aetrql. power law equation. e.g.: milk, blood, liquid cerhen

[4]

2.2.1.Newtonian fluid

2. TYPES OF FLUIDS

Fluids are classified into two types and they aeal
fluids and real fluids.
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3. BERNOULLI'S PRINCIPLE 4. BERNOULLI'S APPARATUS

It states in a steady, ideal flow of an incompigssi
fluid, the total energy at any point of the fluid i
constant. The total energy mainly consists of
summation of pressure energy, kinetic energy and
potential or datum energy.

Mathematically, the Bernoulli's theorem is writtas:

=
£ 12 1 2= Constant .(1)
ag 2g

ME/FM/o3
BERNOULLI’S APPARATUS
Where, 3

Pressure Head £
g

(e8]

Kinetic head =:—

g
Datum head = Z

Bernoulli's theorem is the principle of energy
conservation for ideal fluids in steady and streaed

flow and it is the basis for many engineering_l__ i ) o
applications. his apparatus basically used in the hydraulic rimech

lab to verify the Bernoulli's theorem, to check viliner
different head remain constant or not. [3]

Fig. 1. Bernoulli's Apparatus

3.1Bernoulli’s Equation For Real Fluid 4.1 Apparatus

Equation (1) represent the Bernoulli'sDifferent apparatus needed for conducting this test
equation for ideal fluid flow and it was derived the  are:

assumption that fluid is non-viscous in nature and 1. Base Frame
therefore frictionless. But all the real fluid arscous. 2. Sump tank
Thus there are always some losses in fluid flond an 3. Water pump set
hence in the application of Bernoulli's equatioegt 4. Measuring tank
losses have to be taken into concern.[6] Thus the 5. Gate valve
Bernoulli’s equation for real fluids between poiht 6. Hose pipe
and point 2 is given as below: 7. Supply tank
8. Delivery tank
2 z .
'p_1+ i+ 7, = 'p_z+ VL+ZE + h;, 9. Test section
eg 2g eg 2g
The equipment is designed as a self-sufficient
Where, unit it has a sump tank, measuring tank and 0.5 HP
h. = Loss of energy between 1 and 2 pump for water circulation. The apparatus consits
) o ) ) a supply tank and delivery tank which are connected
3.2 Practical Application of Bernoulli's Equation to a Perspex flow channel. The channel tapes for a

length of 25 cm and then are fixed at a distanc of

_ This is one of the most used equations Whichy center to center for measurement of pressure hea
applied in all types of problems related to

incompressible fluid flow where energy considemasio 4 5 proplems in the Apparatus:
are involved.

It's applied over measuring devices as below: 1. System was not in running condition since
1. Venturimeter four.
2. Orificemeter 2. Piezometer tubes were broken.
3. Pitot-tube 3. Inlet and outlet fluid flow pipes were
destroyed.
4. Water supply line was disturbed.
5. Apparatus was corroded due to ageing.
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6. The horizontal duct was destroyed and
leakage are there. nonnopononnanl
7. The discharge measurement bucket was not u
in good condition.

[=

4.3 Analysis of Components:

Steps achieved during analysis of the componests ar
1. The apparatus was cleaned and get painted.
2. Discharge bucket was repaired and painted.
3. The piezometer tubes are installed on the
apparatus.
4. New water supply lines are fitted correctly.

4.4 Technical Specification

il {5 7 0 10, 0 0y 2 £ 5

L . o
“:udﬁﬂﬂzﬁﬁ%ﬁz%z%%ﬁ%ﬁﬂﬁﬂw*i? i

» Cross-sectional area of different piezo metric

tubes: Fig: 2 General Test section of a Bernoulli's appssa
Tube No Cross Tube No Cross The piezometer tubes are fitted on the duct at lequa
Sectlonazl Sect|ona2I intervals for measuring the pressure heads atreliffe
Area (mnv) Area (Mm’) | gauge points.[6] The duct is connected in between t
1 3.6 8 2.6 tanks, one at the upstream end (inlet tank) and the
2 3.2 9 2.8 other at the downstream end. The inlet tank igditt
3 2.8 10 3.0 with a piezometer for showing the water level i th
4 2.4 11 3.2 tank. The outlet tank is provided with an outlelvea
5 2.0 12 3.4 for controlling the outflow. The set-up is placed a
6 2.2 13 3.6 hydraulic bench. Water is supplied to the inletktan
7 2.4 through the inlet valve or supply valve and coneéct
Table: 1 to a constant overhead water tank.

6. PROCEDURE
» Centrifugal pump:
1. Keep the bypass valve open and start the pump and

Power Frequency Speed slowly start closing the valve.
1 HP, 370w 50Hz 2800RPM 2| The water shall start flowing through the flow
Table: 2 channel. The level in the piezometer tubes wilttsta
rising. [1]
> Measuring tank: 60L capacity. 3. Open the valve in the delivery tank side and adjuest

head in the piezometer tubes to steady position.
4. Measuring the heads at all the points and also
ischarge with the head of diversion pan and
easuring tank.
harge the discharge and repeat the procedure .[1]

5. EXPERIMENTAL SETUP

Bernoulli's apparatus consists of a two dimension
rectangular section convergent divergent du
designed to fit in between constant head inlet (
outlet tank which is variable in nature. An elevahe
static pressure manometer bank is attached to the OBSERVATION AND CALCULATION

convergent divergent duct. _
» 7.10bservation-1

E+1000
W=5 It T=171sec Q=*1T: 29.23 criysec
V = Q/A = 29.23/A
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SLNo | PRESSURE CROSS- Q | V=QA Vg TOTAL SINo | PRESSURE =~ CROSS- Q  V=QA Vg TOTAL
HEAD SECTIONAL HEAD HEAD | SECTIONAL HEAD
AREA AREA
1 15 16 2923 8.11 003 | 1508 1. 25.50 3.6 21778 | 7145 3.03 | 2834
) 152 3 u3 0B e B L BN 31 | 27178 | 8636 | 3.84 | 2734
3 153 28 923 | 04 005 15058 5. 100 28 18| %920 301 280
4 156 24 BB [ U 00 [ 1507 $ | ax 41778 U875 682 278
A 54 20 0 g o s 5 1000 20 27778 | 138385 | 983 | 1884
6. 152 22 293 1328 (.089 15289 [ | 15.00 22 | 27778 120.55 §.12 23.13
: 54 7 AR EE AT . 1600 24 28 15T | 682 28
7 o 3 CERARTTEE A 8. 1300 26| M8 1068 | 581 1R
) 154 28 BB | 08 | 008 1545 2. | 1Y 28 2778 %20 | S01 2052
i 4 T TARCEE AR 0. 1750 30 M8 903 | 436 |28
i i 5 T 06 0 i 1 190 32 27178 | 8L6e | 384 | 228
1. 1300 34 | 27178 TS | 340 | 2140
i I i Bh S LU UE B3| 1000 36 | 8 T 303 2203
3. 155 36 923 | 81 0B 155 : : : ' ‘ : :
Table: 3 Table: 4
PRESSURE HEAD VS DISTANCE PRESSURE HEAD Vs DISTANCE
70 70
60 60 M"’;_‘
o
L o ~ o
gdﬁ §40 w“”y
i % "
0 - O ——— o
10 10 P
0 0 v~
1 2 3 4 5 6 7 8 9 1 1 U 1B 1 2 3 4 5 § 7 8 9 1011 12 13 14
PRESSURE HEAD pressure head
=== PRESSURE HEAD DISTANCE ==@=Pressure head  ==#==distance
Graph: 1 Graph: 3
TOTAL HEAD VS DISTANCE TOTAL HEAD Vs DISTANCE
70 70
60 60 »
e 50 jnf’ﬁ
gﬂﬂ s -‘f‘,g,
Z 2 40 o
30 g J 4
8 @ 30 e —8—TOTAL HEAD
20 a ‘—q-h-a—ﬂk\v,
* - T 2 20 'VJ’“—'—‘\".—N_O =4=DISTANCE
10 A
Vel
0 10 :"’J:—
1 2 3 4 5 6 7 8 g 10 11 12 13 " _?ﬁ
TBTALHEAD 12 3 4 5 6 7 8 9 10 11 12 13
TOTAL HEAD
== TOTALHEAD DISTANCE
Graph: 2 Graph: 4

7.2 Observation-2

S=1000
W=5 It T=18.03sec Q5 = 277.17 crifsec

V =Q/A=277.17/A

7.3 Observation-3

oo
W=5 It T=12sec Q== 416.66 cnsec

510
1z

V = Q/A = 416.66/A
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SLNo PRESSURE| CROSS = Q  V=QA | Viig | TOTAL
HEAD | SECTIONAL HEAD
AREA |
L 355 36 4166 | 6826 | 11537 4232 |
LW 12| 4166 86 | B2 s |
2, 29 26 | dop | UM | 1A | AL |
% B2 A4 65 | hab | g | & |
5. 167 20 4166 | 2212 | 20833 [ 3479 |
6. 16.5 22 4166 | 1828 | 10939 | 3356 |
7. 17.9 14 4166 | 1536 | 1736 | 3118 |
s 18l 26| 4166 | 1308 | 16035 2858 |
9. 173 28 4166 | 1128 | 14329 | 27.23 |
10, 174 30 4166 | 983 | 1488 | 2644 |
1. 178 32 4166 | 864 | 13838 | 2508
12. 174 34 4166 | 763 | 1302 | 46 |
1. 178 36 | 4166 | 682 | 1225 3118 |
Table: 5
PRESSURE HEAD VS DISTANCE
10
60
50
w
g 40 .
bt
B 30 m*“m%
(] )
20 R P
10
0
1 2 3 4 5 6 7 8 9 10 11 12 13
PRESSURE HEAD
== PRESSURE HEAD DISTANCE
Graph: 5
TOTAL HEAD VS DISTANCE
70 o "
60 °
50 © AL
g e
Z 40
: \‘““““-@%mw
21700 mm_w :
(=]
20 ©
10 o
0
1 2 3 o 5 6 7 8 9 10 11 12 13
TOTAL HEAD
==ge=TOTAL HEAD DISTANCE
Graph: 6

8. CONCLUSION
From the above we have concluded that total head of
the streamline flow remains constant by varying the

cross-section of the duct tube. Hence, the Beriwull
equation is verified and the apparatus is justifetbe
working properly. Further thextension work can be

done for the different categories of fluids
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