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Abstract

For a fluid flow system made up of several components, pipes, and fittings. Studying
these systems' characteristics is essential especially when calculating the expected
losses and trying to tolerate these systems to achieve the smallest loss.

The first experiment aims to investigate pressure loss in ductwork during high-speed
fan operation. Since duct work is mainly used in heating and cooling systems, it needs
to be made with an efficient design.

The equivalent length of a straight pipe, which is the length of a pipe with the same
diameter as the fitting and which would result in the same pressure drop as the fitting,
is one of the most important components of the ductwork system. It was observed that
the duct's straight pipes, which are free of obstructions, experienced the least pressure
drop, while the section with the screen installed experienced the greatest pressure drop
and it was concluded that pressure losses are higher when fluid passes through fittings

such as valves, bends (elbows), and expansions.

The second part of the experiment aims to investigate the impact of friction on pressure
loss under high flow rate conditions. It was observed that flow in pipes is related to a
value such as Reynolds number and type of flow (laminar and turbulent flow). For this
part, the amount of water was fixed at 500ml through a scaled cup that was used to fill
in the water while changing the head. The temperature of the water and the time it took
for the water to fill the scaled cup were also measured. Moreover, Reynolds number,
flow rate, and velocity were determined along with the friction factor experimentally,

which was compared to the theoretical value obtained using the following equation:

f = 0.0756Re~%2> OR from Moody chart.

Objectives

- Study viscous flow in ducts and piping systems.
- Measurement of the total head loss between each station along the duct.

- Measuring friction head loss over laminar and turbulent ranges.
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Sample calculation:

Part a:
» To calculate the pressure loss in each section of the system:

MPuoss = f52(30V2) = K (50V2) (D
Where:
AP, Static pressure loss [Pa]
D: Diameter of the pipe which equals 0.0984 m.
Leq: The equivalent length [m].
p: Air density which equals 1.2 kg/m’.
V: Air velocity [m/s].
f: Friction coefficient [-].
K: Pressure loss factor.
To calculate the flow rate in venturi and orifice, based on continuity equation:

For the Venturi meter:

Q, =1633/h, (2)
Q, = 163.3v2.9 =278.1 m’/h.
Where:

hv: Air head for the venturi [mbar].

For the Orifice meter:

Qo = 123.7 \/h,
Q, =123.7/53 3
Q, = 284.78 méh.

Where:

h,: Air head for the orifice [mbar].
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To calculate the velocity for both venturi and orifice:

= % ms  (4)

Vventun’

v 2781
venturi 4 0976%3600

Venturi = 10.16 ms.

Qo
Vorifice = 7 m/s )

284.78
0.0076+%3600

Vorifice -
Vorifice = 10.41 m/s.

Where:
V. 1s the velocity in venturi and orifice.

A: is the area of the cross section and diameter is 0.0984 meters.

To calculate the fluid main velocity:

Vi, +V,
VMain = % (6)
Vi = 2016104109 e

Where:
I,: Air velocity measured by the Orifice meter [m/s].

V,: Air velocity measured by the Venturi meter [m/s].
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To calculate friction loss factor:
Section 3-5 was taken:

1 mm H20 = 9.80665 pa, (AP in pascal = 1 mm H20 * 9.80665)

2 AP

B erflain (7)
_ 2*0.21572 — 0.0034
1.2%10.29
Where:

K: pressure loss factor.

To calculate the equivalent length of the system:

K*D
Leq = — (8)

0.0034%0.098%100
Leq = 2232009800 _ 1 33
0.025

Leq =1.33 m.
The total equivalent length of the system = 5.68 m
Where:

Leq: equivalent length of each section in m.

STUDENTS-HUB.com
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Part b:
For Run No. 2:

To find flow rate:

v

Q= m’/s 9)
500

Q= 55%1000000

Q = 0.0000091 m*/s.

Where:
Q: flow rate in m?/s.
V: volume in m’.

T: time in second.

To calculate the velocity:

v=ms (10)

T oa

v = M: 1288
0.00000706
v=1.288 m/s

Where:
V: velocity of flow in m/s.

A: cross- sectional area (0.00000706 m?).
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To find the hydraulic gradient:

. 32
i= pg’gj (11)

j= 32%1.288+0.001
1000%9.81% 0.032

i =0.46834
Where:
u: velocity m/s
g: gravity 9.81m/ s
d=0.03m

p: water density (1000)kg/ m’.

To find Reynold number:

Re =%=u0/v (12)
Re — 1000*2.223*0.003 — 3344 88
Where:
Re: Reynold number.
u: velocity in m/s.
W viscosity.
6
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To find the friction factor:

2ixg*D

f==G (13)
2%0.46834%9.81%0.003

f= Te12057 =0.00416

Where:
f: friction factor.

1: gradient.

To find theoretical friction factor:
f theo.= 0.079 Re™%25>  (14)

f theo.= 0.079 * 3844.887%25 = 0.009601

STUDENTS-HUB.com
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Results

Part A
Table(1): Data & calculation
Section pressure head loss (mm)| ho hv A Qv Qo

1,2 Screen 42 53 29 0.0076 278.1 284.78
2.3 Straight Duct 0 53 29 0.0076 278.1 284.78
3.5 Orifice Meter 22 53 29 0.0076 278.1 284.78
5,6 Round Elbow 2 53 29 0.0076 278.1 284.78
6,7 Straight Duct 0 53 29 0.0076 278.1 284.78
7,10 Venturi Meter 4.5 53 29 0.0076 278.1 284.78
10,11 Round Elbow 2 53 29 0.0076 278.1 284.78
11,12 Heat Bank 5 53 29 0.0076 278.1 284.78
12,13 Straight Duct 1 53 29 0.0076 278.1 284.78
13,14 Round Elbow 2 53 29 0.0076 278.1 284.78
14,15 Straight Duct 1 53 29 0.0076 278.1 284.78
15,16 Right Angle elbow 10 53 29 0.0076 278.1 284.78
16,18 Straight Duct 2 53 29 0.0076 278.1 284.78
1,18 Total AP loss 98 53 29 0.0076 278.1 284.78
Vv Vo Vmain pressure head loss (mH20) AP K Leq
10.16 10.41 10.29 0.042 0.4118793| 0.00648779| 2.55359
10.16 10.41 10.29 0.000 0 0 0
10.16 10.41 10.29 0.022 0.2157463| 0.00339837| 1.3376
10.16 10.41 10.29 0.002 0.0196133| 0.00030894| 0.1216
10.16 10.41 10.29 0.000 0 0 0
10.16 10.41 10.29 0.005 0.044129925| 0.00069512| 0.2736
10.16 10.41 10.29 0.002 0.0196133| 0.00030894| 0.1216
10.16 10.41 10.29 0.005 0.04903325| 0.00077236| 0.304
10.16 10.41 10.29 0.001 0.00980665| 0.00015447| 0.0608
10.16 10.41 10.29 0.002 0.0196133| 0.00030894| 0.1216
10.16 10.41 10.29 0.001 0.00980665| 0.00015447| 0.0608
10.16 10.41 10.29 0.010 0.0980665| 0.00154471| 0.608
10.16 10.41 10.29 0.002 0.0196133| 0.00030894| 0.1216
10.16 10.41 10.29 0.098 0.9610517| 0.01513818| 5.68479
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Part B

Table (2): Data & Calculation

Qty Time h1 h2 h1-h2 Flow Q [Velocity (u 1 Temp | Viscosity Reynolds foretical facFriction facto:
500 54 520 60 460 9.26E-06 1.311 0.47691 19.4 1.00E-03 3.916E+03 0.009557 0.00409
500 55 510 70 440 9.09E-06 1.287 0.46824 19.4 1.00E-03 3.845E+03 0.009601 0.00416
500 55.5 500 80 420 9.01E-06 1.275 0.46402 19.5 1.00E-03 | 3.810E+03 | 0.009622 | 0.00420
500 55.7 490 100 390 8.98E-06 1.271 0.46235 19.3 1.00E-03 | 3.797E+03 | 0.009631 | 0.00421
500 56.8 480 115 365 8.80E-06 1.246 0.45340 19.5 1.00E-03 | 3.723E+03 | 0.009678 | 0.00430
500 57 470 128 342 8.77E-06 1.242 0.45181 19.6 1.00E-03 3.710E+03 0.009687 0.00431
500 60 460 140 320 8.33E-06 1.180 0.42922 19.6 1.00E-03 3.524E+03 0.009812 0.00454
500 63 450 155 295 7.94E-06 1.123 0.40878 19.6 1.00E-03 3.357E+03 0.009932 0.00477
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Hydraulic Gradient i (unitless)

Figure(1): Relationship between hydraulic gradient and Velocity

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

Discussion of results

For the first part of the experiment, the objectives included examining a ductwork
simulation to comprehend the principle of pressure drop across the system and
familiarizing with key variables like the pressure loss coefficient (K) and equivalent
length (Le). These goals were met by determining the parameters and conducting the

necessary analyses.

Based on Table (1), sections that are straight and do not have flow meters or bends show
no variation in pressure, meaning that there is no significant pressure loss. On the other
hand, there is a noticeable decrease in pressure in areas that include elbows, orifice
meters, venturi meters, and screens. The length of the section, the radius of the elbow,
and the discharge coefficient of the flow meter in use are some of the variables that
affect this variation in pressure levels. Of these, straight duct sections are linked to the
least amount of pressure loss, while the screen and orifice meter are the main causes of
the highest-pressure losses. The ductwork contained a venturi-meter and an orifice, the
orifice-meter suffer larger pressure loss when compared to a venturi meter due to the
sudden change in the cross-section in the orifice compared to the smooth transition for

a venturi-meter.

In the second part of the experiment, the objectives were centred around observing the
flow dynamics within a pipe, by introducing concepts like friction losses, distinctions
between laminar and turbulent flow, Reynolds number, hydraulic gradient, and the
impact of viscosity, among others. These aims were realized through the computation
of these specified parameters and gaining an understanding of their significance

concerning the flow behaviour inside the pipe.

Table 2 presents the results of the calculations for the flow, velocity, head, hydraulic
gradient, viscosity, Reynolds number, friction flow, and theoretical friction factor. The
first observation is that, for all experimented conditions, the Reynolds number and the
flow have an inversely direct proportional relationship, indicating that, at higher
discharge rates, the flow becomes turbulent as the Reynolds number increases. The

same is true for the velocity, which is directly proportional to the flow.

Figure (1) shows the relation between the hydraulic gradient vs velocity, which

indicates a linear direct proportional relationship with a slope equal to 0.3639.

10
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Conclusion
There are two sections to the experiment. the first experiment was Studying losses in

ductwork, which is used to move fluid from one place to another. The second section

examined the loss of friction in a pipe under various flow conditions.

For part A, the findings indicated that the variation in pressure, or pressure loss, within
the ductwork or pipe is attributed to the presence of internal obstacles and conditions.
Specifically, in sections where obstacles were absent, such as in straight ducts, the
pressure loss was nearly negligible. Conversely, the more abrupt and sharp the obstacle
encountered, the greater the pressure loss observed. A variety of obstacles were tested,
including sharp corners, rounded angles, venturi meters, orifices, and more, to study
their effects on pressure loss. Losses are dependent on other factors such as the cross-
sectional area, length of the pipes, changes in speed due to any sudden changes in the

pipes and on the type of fluid (viscosity).

For part (B) of the experiment was conducted to study the best way through which the
fluid passes that causes the least possible number of losses, along with studying these
losses under laminar or turbulent flow. This was based on the Reynold number which
ranges from 2300 for laminar to 2900 for turbulent, the experiment shows a higher

Reynolds number that shows that it was all under turbulent flow.

It is expected that errors will be made during the experiment. These could be caused by
a lack of speed when setting the timer to submerge the container in the water, taking
inaccurate temperature readings, misreading the experiment gauges, or dropping to

complete the necessary computations.
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