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Abstract: Local exhaust ventilation (LEV) is used to isolate contaminants from the source. It is vital to ensure good
air quality, particularly for employees exposed to hazardous gases such as high-temperature factories and kitchens
where food is cooked. This simulation explores how a particular cross-sectional duct structure influences the
ventilation device’s velocity distribution and pressure decrease. The system’s design consists of a collecting hood,
90° bends, 45° bends, and a straight pipe. Three models use the same volume around the unit. There are circular
(Model A), square (Model B), and rectangular (Model C). This study is carried out using Computational Fluid
Dynamic (CFD). The simulation shows the behaviour of the airflow from the inlet to the exit in all three models.
Model A is the most preferable of the results produced because the velocity distribution in this circular line is evener
and more balanced. The average velocity of the model A device is a mean of 2.80m/s, and the lowest mild pressure
iS -76.74 Pa. Changes in the path of the system’s flow creates eddy and disturbance to the system’s flow. Higher
pressure to sustain the optimal flow speed will increase energy consumption and help more robust preliminary
designs for local exhaust ventilation.
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1. Introduction

This paper uses computational fluid dynamics software to investigate the velocity distribution and pressure drop in
circular and non-circular ducting. A ventilation system's selection is based on interior air quality, heating and cooling
loads, preference for outside environments, cost, and layout. A practical, well-designed ventilation system is the answer
to the problem of worker safety. A ventilation system aims to control odors, humidity, and other unwelcome
environmental elements (American Conference of Governmental Industrial Hygienists, 1998). Clean air is brought into
a building and circulated throughout the building, while contaminated air is removed through ventilation.
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Indoor air quality is critical for workers, particularly those who work in welding shops. For example, welding shops
require enough ventilation to remove fumes generated by welding operations from their work areas. Welding fumes can
harm human health if the air is not adequately ventilated. The optimal ducting cross-sectional shapes will increase local
exhaust ventilation efficiency and energy consumption. Circular and non-circular ducting are common in local exhaust
ventilation systems because they slow down airflow and cause losses inefficiency. This simulation aims to determine
whether a changing cross-sectional ducting shape would alter velocity distribution and pressure drop.

A well-designed LEV system should have minimal investment and operating expenses and excellent ventilation
efficiency. Ducts shapes come in various forms, including circular, rectangular, and oval. Xu and Wang (2020) mention
that fluid flows in circular ducts have received more attention in the literature than those in non-circular ducts [1]. Zhang
(2021) investigated whether a radial jet at the outside edge of a circular exhaust hood may minimize velocity attenuation
in front of the hood. The velocity distribution, particularly the centerline velocity, is crucial for practical design and usage
[2]. Air conditioning systems employ a variety of ducts, including circular, rectangular, oval, and other shapes. Circular
ducts have traditionally been used in systems because of their benefits, including efficiently transporting flowing air with
less friction, more accessible and faster installation, less noise, and a lower initial cost. On the other hand, round ducts
require more height than rectangular or square ducts; thus, rectangular or square ducts are preferable in many HVAC
(Heating, Ventilation, and Air Conditioning) applications when space is limited [3]. Pressure loss and velocity are two
aspects of air system balance, which are concerned with duct sizing during the design phase and testing, modifying, and
balancing after installation.

Pressure losses through duct fittings such as dampers, sensors, bends, transition pieces, duct corners, branches, and
splitter attenuators are critical in air-delivery duct systems to compensate for the pressure differential caused by fans [4].
Therefore, it is vital to accurately forecast the pressure losses in each duct fitting during the design phase, which might
ultimately lead to significant savings in the original investment and the operational costs of duct systems [5][6][7].
Pressure is classified into four categories. There are four types of pressure: static pressure, dynamic pressure, total
pressure, and absolute pressure. Potential pressure exerted in all directions by air at rest is known as "static pressure.” As
long as the static pressure is positive or negative, the duct expands or shrinks. As a rule, static pressure has a positive or
negative sign depending on whether it is greater or lower than atmospheric pressure. The pressure created by the speed
of air flowing in the flow direction is known as dynamic pressure, or velocity pressure. The total pressure is the amount
of pressure that causes an air movement. The total pressure consists of two components: static and dynamic pressure. Air
handling systems are built with a specified total pressure to allow optimal fan sizing [8][9].

The ducting or the piping characteristics determine a fan's performance in a duct system. For example, when a single
fan or blower is positioned in two distinct locations, it will produce different flow rates and heads. Therefore, before fan
selection, the typical behavior of the ducting system on which the fans are put must be identified [10][11]. The Darcy-
Weisbach relation is a fundamental equation for determining the probability of a specific loss [12][13]. It may be
expressed as:

LV?

Hy =f55 1)

H, denotes pressure loss in this relationship, and L indicates pipe length (m). Ddenotes internal pipe diameter (m), V
denotes the average flow velocity (Flow rate/Pipe or duct Cross Section) in m/s, f represents friction coefficient, and g

indicates a gravitational acceleration (m/s?). The above equation can be written as:
2

LV
AP:prE (2

where P is the loss of pressure, and p is the density of the liquid. The Darcy equation can be applied for any flow regime,
laminar, or turbulent. The pressure loss in pipelines or duct lines with constant diameter and liquids with constant velocity
and density can be calculated using equation (2) [13]-[15].

The exhaust hood must create enough capture velocity at the pollution source to withstand the escape velocity of
pollutants to catch pollutants efficiently. According to previous research on the flow fields of exhaust hoods, the suction
air for exhaust hoods is taken in from all hemispherical directions, resulting in an abrupt decrease of the suction velocity
in front of the hood as the distance from the hood increases. Earlier research on the flow fields of exhaust hoods showed
that suction air is sucked in from all hemispherical directions, resulting in a rapid decrease of the suction velocity in front
of the hood with distance from it [16]-[18].

However, pressure drop and velocity are critical parameters in the duct system. Haque (2021) mentions that non-
circular ducts have the advantage of reduced pressure drop and the disadvantage of low Heat Transfer Coefficient (HTC)
compared to the circular duct. This research aimed to investigate the features of nanofluid flow and duct form to improve
the heat transfer coefficient and lower the pressure drop by utilizing different nanoparticle concentrations [4][19][20].
Logachev (2018) conducted a computational and experimental analysis of the velocity field in the region impacted by a
circular exhaust duct based on a survey of distinct airflow patterns at the entrance of circular exhaust hoods. He discovered
that airflow velocity distribution patterns make choosing the most efficient exhaust duct design for reducing pollutant
removal costs easier [21]-[23].
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Ahmimache and Fénot [24] also observed that velocity measurement and flow structure characterization on
impinging jets have yet to be accomplished. Therefore, they did the aerodynamic and thermal experiments on a single
line of seven jets that came out of a pipe and hit a plate at a low Reynolds number. Heat transfer rates were determined
to predominantly depend on the injection Reynolds number, injection-to-plate distance, and center-to-center spacing and
relatively modest compared to a fully formed jet [25]-[27].

This paper uses computational fluid dynamics (CFD) to look at the velocity distribution and pressure drop in circular
and non-circular ducting. It was done by comparing cross-section velocity and pressure drop profiles with CFD flow
simulations in various duct shapes. In summary, the findings may aid in developing high-efficiency ventilation systems
and reducing industrial building energy use.

2. Methodology

2.1 Model

The numerical analysis of single-phase flow in this system was performed. Ansys fluent provides a solution to the
k-epsilon with associated velocity and pressure drop. The design of the LEV device relates to previous research that is
acceptable for small-scale applications. The ventilation system approach is based on the American Conference of
Governmental Industrial Hygienists (ACGIH) guidelines, which direct a proper local exhaust system appropriate for
suctioning welding fumes. Figures 1 (a) and 1(b) show LEV device illustrations. The LEV device comprises a variety of
elements. Capture Hood, Duct Device, 45-degree elbow, and 90-degree elbow are the critical parts of LEV. Figure 1 (b)
shows that take the data from point number (1) until (12). This analysis has three models: a circular, square, and
rectangular cross-section structure, as shown in Figure (1a) and Figure 2. In addition, there are three models, model A,
model B, and model C. Each model must be optimized to ensure that the simulation runs more efficiently and effectively
with three different geometric model designs, including model size and shape.

2.2 Fluid Flow Equation

In a steady or turbulent flow field, the continuity and momentum for incompressible, time-dependent, and viscous
fluids are represented as follows [19][28][13]:

Continuity equation:
Ju OJu OJu

—+—+— 3)
dx dy 0z
Momentum equation:

ou Ju du dp u
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There are three components of velocity in each of the three dimensions: u, v, and w. P is the pressure, u is dynamic
viscosity, and p is the density.

2.3 Meshing

Mesh creation in CFD is critical for engineering simulations because it is the model's foundation. In addition, the
mesh impacts the simulation's accuracy, convergence, and speed. Skewness and orthogonal quality are two metrics used
to assess mesh performance. Hence, the accuracy of the results, the measurement's efficiency, and the required quality,
as seen in Table 1. Table 2 compared the three models in volume, percentage difference with model A, element size,
node number, elements, skewness, orthogonal quality, and quality. Model A is the second smallest volume with the
highest node and element. It is also the smallest skewness and has many orthogonal qualities compared to models B and
C. However, model A has good quality compared to models B and C.
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Dimensions: mm
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Fig. 1 - (a) Circular ducting model A and (b)The point (1-12) on model A to take the reading.

Table 1 - Mesh metrics spectrum [29]

Skewness mesh metrics spectrum

Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00
Orthogonal Quality mesh metrics spectrum
Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00
—lh 2 o~
S 1 %5
H i
l
RIAS
Square Rectangular
v ~
\ A
2 2 \
- ;‘ ’4;‘
Dimensions: mm b Dimensions: mm g ",”

(@) (b)
Fig. 2 - (a) Geometry Model B; (b) Geometry Model C
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Table 2 - Result of meshing for model A, B, and C

Model  Volume % Diff. Element Node Element Skewness Orthogonal Quality
(m3) with Model A Size Quality
A 0.0556 0% 0.0134 31138 152762 0.79 0.21 Good
B 0.0542 2% 0.0134 28020 136785 0.84 0.16 Acceptable
Cc 0.0563 1% 0.0134 28120 136111 0.84 0.16 Acceptable

2.4 Parameter and Boundary Conditions

The simulation equations depend on the parameters and limit conditions at this stage. For example, the average gas
welding speed should be between 0.5 and 1.0 m/s. The airflow performance in the simulated ducting system was evaluated
using the commercial programmed ANSY'S Fluent. Table 3 contains the parameter and boundary conditions. In this study,
five parameter sources were employed to model the airflow generated by the blower. Use the coupled solution method
and k-epsilon turbulent model with one (1) m/s velocity magnitude, 5 % turbulent intensity, and ten (10) turbulent
viscosity ratios at the inlets. The exhaust outlet used a pressure outlet (-80 Pa) with static backflow pressure. We used a
stationary wall, No-slip shear condition, and standard wall roughness for the wall application. At the working fluid, air
density is 1.169 kg/m® and 1.79E-05 m?/s viscosity.

Table 3 - The parameter and boundary condition

Parameter Viscous k-epsilon (2 egn)
Inlet Type of boundary Velocity -Inlet
Velocity magnitude 1m/s
Turbulent intensity 5%
Turbulent Viscosity Ratio 10
Outlet Type of boundary Pressure-outlet
Gauge Pressure -80 Pa
Backflow Pressure Specification Static Pressure
Wall Wall motion Stationary Wall
Shear Condition No-slip
Wall Roughness Standard
Working Fluid Type Air
Density 1.169 kg/m®
Viscosity 1.79E-05 m?/s
Solution Method Pressure-Velocity Coupling Coupled

3. Results

Figure 3 presents the result obtains for the development of velocity and pressure in the ducting with various design

(Model A, B and C). In order to determine the velocity and pressure contour of the ducting are showed in Fig. 3(a) and
3(b). The distribution of pressure that forms in a system varies. It is critical to know the pressure to calculate the system's
loss. Model A has a maximum inlet pressure of -68.07 Pa, while models B and C have a pressure of -57.56 Pa and -60.05
Pa, respectively. The outer wall of the 45° and 90° bends has a higher pressure region, while the inner wall has lower
pressure. Therefore, model A has a smaller low-pressure area at the inner wall of 45° and 90° bends than models B and
C. There is a difference in pressure between the outer and inner walls of the bend due to differences in inflow velocity.
Model A used low pressure to keep the air flowing because there is less pressure loss in the system than in models B and
C. Before the first 90° bend from the inlet, the pressure is higher. After the bend, the pressure goes down. The same
phenomenon occurs at the second 90° bend from the inlet, demonstrating that pressure drop occurs at all the system's
fittings. The average system pressure for models A, B, and C is -76.74 Pa, -71.24 Pa, and -72.13 Pa, respectively.

20



Sies et al., Journal of Advanced Mechanical Engineering Applications, Vol. 3, No. 1 (2022) p. 16-24

g

vecr!

6.783e+00
l g ot s, S

| 5.087¢:

3.391e+00

1.696e+00

0.000e+00
[ms*1]

.
0 0400 0.800 (m)
—— ]

MODEL A

Velocn(
Vector
6.783e+00

| 5.087e+00

3.391e+00

1.696e+00

0.000e+00
[ms*1)

0225 0675

MODEL B

ANSYS
. 6.783+00 2019 R2
o

3.391e+00
1.696e+00

0.000e+00
[ms*1)

I «
0 0400 0,800 (m)

0.200 0,600

MODEL C

Pressure

Pal

Pressure

Contour 2
-5.557e+01
-5.923e+01
-6.200e+01
-8.657e+01
-7.023e+01
~7.390e+01
-7.766e+01
-8.123e+01
-8.490e+01
-8.856e+01
-9.223e+01
-9.590e+01

(Pa)

Pressure
Contour 2

-5.557e+01
-5.923e+01
-6.290e+01
-6.657e+01
-7.023e+01
-7.390e+01
-7.756e+01
-8.123e+01
-8.490e+01
-8.856e+01
-9.223e+01
-9.590e+01
-9.956e+01
-1.032e+02
-1.069e+02
[Pa]

.
0450 0.900 (m) 1—‘

—
0225 0675

MODEL A

2019 R2

|
-

| .
0450 0.900 (m)
1

—
0225 0675

MODEL B

MODEL C

(a) Velocity contour

(b) Pressure contour

Fig. 3 - Contour intensity development for different models
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Figure 4 shows each model's velocity and average velocity from point number one (1) to point number twelve (12).
Overall, model A illustrates a higher average speed compared with other models. Then, the average velocity value for
model A is 2.97 m/s, followed by model B, which is 2.77 m/s, and finally, model C is 2.72 m/s. However, the three model
results had some fluctuations. Although model C is the smallest average speed value, it has the highest volume compared
to models A and B. Point number four (4) for model A has the highest velocity value than another point of approximately
3.93 m/s. Then, it decreases to 2.84 m/s at point number Five (5). However, it increases again at points six (6) and seven

(7).

The duct or pipe system is susceptible to pressure drops. Figure 4 illustrates the pressure drop and average pressure
drop for various shapes. It can be seen that the number of pressure drops in model A is -80.00 Pascal in point one (1) to
-68.07 Pascal in point twelve (12), with a minor average of -76.74 pa compared with other models. Thus, the number of
model pressure drops is a relative decrease for all models, starting at point four (4) until point twelve (12). However,
model B has the most significant average value compared with other models because it has the smallest value of ducting
volume. Overall, Bernoulli's formula summarizes the relationship between pressure and velocity as inversely
proportional. As pressure grows, the velocity decreases, resulting in the algebraic total of potential energy, kinetic energy,
and pressure being constant as pressure increases.
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Fig. 4 - Velocity and average velocity from the 12 points on the Duct system for models A, B, and C
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Fig. 5 - Pressure drop and average pressure drop from the 12 points on the Duct system for models A, B, and C
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4. Discussions

This research evaluated the velocity and pressure of circular and non-circulation ducting in the twelve (12) locations
measured based on the information collected from this study. Unfortunately, due to the LEV system's small scale, we
cannot get a more in-depth result. On the other hand, this finding may aid researchers in enhancing the ventilation system's
overall efficiency by determining the optimum cross-sectional ducting shape and other essential characteristics. Circular
ducting improves airflow resistance, friction, and efficiency. It's also easier to put up, works better in systems with
medium to high pressure, and costs less to set up initially than other options. For this reason, the LEV system is more
efficient since it has less noise pollution generated by these ducts than with different kinds of ducts [5].

The circular or round duct is easier to construct and utilize standard components such as fittings. As a result, it
contributes to reduced initial cost and more pressure structurally than a non-circular duct. Non-circular ducts need more
material and components like bolts, rivets, support beams. The hydraulic diameter (D.H.) for a circular duct is better than
a rectangular duct because a circular duct requires less material. Then, the measurement point for air volume is smaller
than in a non-circular duct. Additionally, a balanced duct system requires less commissioning than a non-circular duct.
The circular duct substantially reduces low-frequency noise in the space and minimizes noise-canceling equipment
requirements [2][30].

Since the circular duct lowers air leakage, it will become increasingly popular. Air leakage is a significant cause of
wasted energy, decreased efficiency, and poor indoor air quality in commercial HVAC systems. Because spiral ductwork
has fewer duct-to-duct connections (or joints) than rectangular ductwork, it has a leakage rate of less than 1% when
engineered and installed appropriately. Finally, because of its silence and big size, a rectangular duct is chosen for many
high-flow and large-size duct system components, such as natural air suction (inlets) and air treatment devices (outlets).

5. Conclusion

This study uses simulation to analyze the pressure drop and velocity distribution in various ducting shapes using
three (3) models (Model A, B, and C). Each model contains a straight pipe, 45-degree bend, and 90-degree bend, as well
as a capturing hood with the same volume throughout the system. The most efficient way to carry air is through circular
ducts (Model A). They need less material than non-circular ducts to handle the same air volume. Circular ducting in
Model A is preferable because the velocity distribution in this circular ducting is more even and balanced since it is more
miniature eddy. The pressure distribution in model A is more even, and less pressure drop occurs because it does not
require high pressure to sustain the airflow in the system at the desired velocity. The average speed throughout the model
A design is the highest, with the intermediate pressure lowest compared to models B and C. The changes in the direction
of the flow in the system form eddy and disturbance to the system's flow. The relation between velocity and pressure can
be observed when the speed is inversely proportional to the pressure, which shows that if the pressure is low, the higher
the velocity. Model A uses circular ducting, making it the best design and performance for these studies. In addition, the
pressure drop is less, and the velocity of airflow is evenly distributed. Hence, it is a suitable design because it can save
energy consumption. In conclusion, the LEV system's operation recommendations include adding the air filter, fan, and
stack. The lowest suction pressure at the design's output by comparing the different suction pressure magnitudes and
achieving the most downward force necessary to maintain an airflow satisfies DOSH Malaysia's standard requirements.
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