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Parametric Study of UAV Exhaust System by CFD Analysis
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Abstract

Back pressure dramatically drops with altitude, which substantially affects the 2-stroke Unmanned Aerial
Vehicle (UAV) engine's performance. This research involves looking into potential geometry changes that
could lead to optimal back pressure values for a two-stroke UAV engine operating at a height of 13,000
feet. The 10,000 feet original geometry is modified in a few different places. The original purpose of the
exhaust system was to gather combustion chamber exhaust gases and reject them to the atmosphere while
reducing noise. Since four-stroke engines have a separate exhaust stroke, backpressure should be kept to a
minimum for optimal engine performance. The back pressure value is calculated using the CFD approach
at sea level. CFD analysis is done using ANSYS 2024R1's Fluent module. The k-¢ model was selected for
the solution setup. The operating pressure was selected at the outlet and velocity was selected at the inlet in
boundary conditions. To investigate the trend of varying geometries, simulations are run several times for
each altered geometry. It is found that, by increasing the Baffle plate hole diameter the backpressure is
reduced and vice versa. By increasing the specific portion of the header pipe (SPHP) length the
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backpressure is decreased while by decreasing the SPHP length the backpressure is increased. Similarly,
with the increase of the diameter of SPHP, the backpressure is enhanced. Moreover, with the decrease of
the diameter of SPHP the back pressure is reduced and by increasing the number of holes in baffle plates
the back pressure decreases and vice versa.

Keywords: Unmanned Aerial Vehicle, Computational Fluid Dynamics, Exhaust System, Header Pipe
Length, Header Pipe Diameter, Specific Header Pipe, Baffle Plates.

Introduction

An unmanned aerial vehicle (UAV) is an aircraft that flies without a pilot, crew, or Passenger and is
primarily used for surveillance. UAVs typically use two-stroke engines because they have a higher power-
to-weight ratio than others. The primary goal of an exhaust system is to gather and release exhaust gases
from combustion chambers into the atmosphere while minimizing noise. The exhaust system for this
project is made up of a header pipe connected to a muffler and then a J-pipe connected to the muffler.
When an engine runs, exhaust gases are produced, which exit the engine and they are hot and pressurized.
These gases are released through pipes that are fastened to a muffler. The muffler's main function is to
reduce noise. Previously, the exhaust system of the UAV was designed and reach an altitude of up to
10,000 feet. It was powered by a 2-stroke engine (Hirth 4201) with a displacement volume of 183 cc, 15
HP, and a maximum speed of 6500 RPM. The exhaust system designed for the engine in order to have
better performance at an altitude of up to 13,000 feet with the help of optimized backpressure. The overall
geometry of the exhaust system is depicted in Fig.1.
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Figure 1: Overall UAV geometry of exhaust system

The two-stroke technology is ideal for UAVs because it meets the high power density requirements. The
power-to-weight ratio is a critical factor for UAVS, as a lower weight contributes to extended flight
durations. According to George et al. 2018, the muffler is an integral part of the engine and produces back
pressure in addition to noise reduction. Fuel consumption can be decreased by improving the efficiency of
an engine. The amount of fuel the engine uses is also impacted by the muffler. Backpressure in a 150 cc
engine can be decreased by changing the internal structure of the muffler. Shekhar et al. (2016), performed
an exhaust muffler and arrived at a judgment that the possible design for the least back pressure drop.
Based on the examination of the current flow pattern, back pressure was determined and also evaluated to
the complete muffler design. To track the back-pressure in this study, they used numerical simulation.
Utilizing the finite element method and hyper mesh as the preprocessor, software created the model and
mesh. According to Mane et al. (2016), the flow analysis of an active muffler using CFD simulation was

ISSN: 2308-7056 Akbar, Khan, Igbal, Khan, Ureed, Sagheer, Hanif & Sajjad (2024) 102



www.irbas.academyirmbr.com Jul-Sep 2024

International Review of Basic and Applied Sciences Vol. 12 Issue.3

done to enhance its performance by lowering the back pressure put on the engine. CFD simulation is used
to calculate the muffler's back pressure. The turbulent model is used for flow modeling because turbulent
flows with short convergence times are best suited for it. The standard model muffler was included in the
analysis of the four examples. As a result, three changes were made to the muffler geometry. With the
modified geometry backpressure is reduced by 8.59 percent by reduced baffle spacing. The back pressure
in the case -4 muffler is 3833 Pa while it is 4196 Pa in the standard model. Between CFD and experimental
data, there is a 3.25 percent difference. Venkatesan et al. (2020), executed a layout and analysis on the
exhaust manifold for an Sl engine concerning the emissions launched by them on numerous iterations. The
authors draw an end that via editing the flawlessly immediate duration to a divergent-convergent nozzle,
the exhaust gasoline velocities boom due to the boom in kinetic energy. To lessen back pressure by
establishing different iterations, Mughal et al. 2014 produced a comparison of exhaust manifolds and their
geometry. The back-pressure comparison graphs exhibit a uniform dip that results in a recognizable drop in
back pressure. Thus, the authors conclude that the engine's volumetric efficiency has increased. Chaudhari
et al. (2017), tried to test a similar type of analysis using Computational Fluid Dynamics as a base while
operating the engine at a reduced speed and constant load. According to the authors, the iteration with
central height serving as a mean of the tested values post-analysis has the least back-pressure. The
experiment's results reveal that the improved design has less back pressure than the original design. Two-
stroke engines are not fuel efficient as at high altitudes the density of air decreases due to which less
amount of oxygen is present in the air which leads to incomplete combustion as a result unburnt fuel leaks
out with exhaust gases, another shortcoming is that two-stroke engines operate in high temperature, which
decrease engine life (Kalita et al. 2022). A two-stroke engine performs these four functions in just one
crankshaft revolution or two piston strokes. As the piston moves from BDC to TDC for compression, it
creates a partial vacuum in the crankcase when the vacuum control valve is open and fresh air from the fuel
mixture enters the crankcase. When the piston reaches the top dead center, the compressed air-fuel mixture
is ignited by a spark from the spark plug, creating high pressure in the cylinder that exerts a downward
force on the piston. After the power stroke, the piston begins to move down; it begins to expose the outlet
in the cylinder wall and compresses the air-fuel mixture in the crankcase. When the piston reaches the
bottom dead center, it also exposes the intake port, which is connected to the crankcase through the
transmission port, then the pressure in the cylinder is low and the pressure in the crankcase is high, so fresh
air from the fuel mixture enters the cylinder through the transmission port and at the same time the outlet is
also open for exhaust gases. When the piston first starts, it covers the intake, while the exhaust port is still
open, fresh fuel flows out with the exhaust gases. This can be prevented by using an exhaust back pressure
wave in the exhaust system. The primary motive of the exhaust system is to transport combustion gases
from the engine combustion chamber to the tailpipe. The exhaust machine encompasses an exhaust
manifold, baffle plates, catalytic converter, muffler, and tailpipes. The exhaust system is very important
component of any Internal Combustion (IC) engine that influences the engine's performance. A poorly
designed exhaust gadget normally results in an increment of exhaust backpressure (Hamid et al. 2021 and
Ram et al. 2021) The average pressure in the exhaust pipe during the exhaust stroke is referred to as mean
exhaust pressure. Backpressure measures the pressure difference between the mean exhaust pressure and
the surrounding atmosphere. This research is concerned with designing an optimized exhaust system for a
two-stroke UAV engine. As two-stroke engines have a higher power-to-weight ratio than other engines,
they are typically used to power UAVs. The parametric analysis was performed on the exhaust system
using CFD Analysis by comparing header pipe design parameters header pipeline, length, and diameter
with back pressure.

Methodology

The flow chart for the activities in numerical modeling has shown in Fig.2. Numerical calculation has been
done using ANSY'S 2024R1ICEM CFD is used for meshing and fluent is used to carry out the simulations.
The number of geometries was checked to have different dimensions for single or multiple parameters and
the effect of change in different parameters on back pressure (which is generated at the inlet) was
investigated through pressure-based simulation results at different altitudes and an optimum geometry was
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selected based on an acceptable value of back pressure at higher altitudes of 10,000ft and 13,000ft while
having initial data for back pressure value at sea level as reference.
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Figure 2: Flow chart for the activities in numerical modeling
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Figure 3: Description of exhaust system parts

Baffle plate

The exhaust system description has presented in Fig.3. Table 1 shows the descriptions along with
dimensions used during the whole research.
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Table 1: Model Original Geometry parameters

Header pipe length (HPL) 220 mm
Diameter of header pipe (DHP) 28.6 mm
No. of holes in baffle plate (Nh) 6

Diameter of holes in baffle plate (Dh) 3mm

3D Modeling

In Fig.4 the 3-D geometry of the exhaust system has been shown.

Figure 4: 3-D geometry of the exhaust system
Modified Geometries
The basic geometry was modified based on changes in dimensions of header pipe length, header pipe
diameter, number of holes in baffle plates, and baffle plate holes’ diameter. The following sections show
the details of those geometries for different parameters

Header Pipe Length

We only focused on the initial part of the header pipe which is outside of the muffler having an initial
length of 220mm. Different geometries were obtained through changes in that length for

a) 10mm increase
b) 20mm increase

Fig.5 and Fig.6 are the resultant geometries which obtained using above changes in header pipe length.

Figure 5: 10mm increase in header pipe length.
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Figure 6: 20mm increase in header pipe length.

Header Pipe Diameter

The focus was on the initial part of the header pipe which is outside of the muffler having an initial
diameter of 30mm. Different geometries were obtained through changes in that diameter for

a) 2mm increase
b) 4mm increase

Fig.7 and Fig.8 are the resultant geometries which were obtained using above changes in header pipe
diameter.

30 . SO

Figure 7: 2mm increase in the header pipe diameter

32 SO

Figure 8: 4mm increase in the header pipe diameter
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Baffle Plate Hole Diameter

Here the focus was on the diameter of the holes in the baffle plate which was initially 3mm. Different
geometries were obtained through changes in that diameter for

a) 2.80mm
b) 2.50mm

Fig.9 and Fig.10 are the resultant geometries we obtained using above changes in baffle plate holes’
diameter.

Figure 9: Baffle plate with the hole diameter of 2.80mm

Figure 10: Baffle plate with a hole diameter of 2.50mm
No of Holes in Baffle Plates

In the original Model, there were 6 no of holes in the baffle plate, the number of holes was reduced and
thus different geometries were obtained which are presented in Fig.11 (a) and (b).
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Figure 11: (a) 5 No of Holes, (b) 4 No of holes

Results and Discussion

The data was simulated for different cases at sea level, 10,000ft, and 13,000ft, the relevant data, graphs,
contours, and residuals are given below

Baffle Plate Hole Diameter
In the Fig.12 graphs baffle plate hole diameter has been compared with the back pressure from the graphs it

has been clearly shown that by increasing the hole diameter of baffle plates back pressure decreases while
decreasing hole diameter back pressure increases.
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Figure 12: Graphs Showing Hole diameter vs back pressure Comparison
Specific Portion of Header Pipe Length

Increasing the specific portion of the header pipe length the backpressure is decreased while decreasing the
specific portion of header pipe length the backpressure is increased as demonstrated in Fig.13.
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Figure 13: Graph Showing Header pipe length and Back Pressure

Diameter of Specific Portion of Header Pipe

Increasing the diameter of specific portion of the header pipe the backpressure is increased while
decreasing the diameter of specific portion of header pipe the backpressure is decreased as shown in Fig.14.
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Figure 14: Diameter of header pipe vs back pressure

Conclusions

Eventually, the simulation of flow through the muffler and prediction of the back pressure for the same
has been efficiently accomplished using computational fluid dynamics. The above research and analysis
have placed forth a collective idea that the back pressure of UAV exhaust system is concerned with the
porosity of the baffle plates, header pipe specific portion length, and header pipe specific portion
diameter respectively.

The study of various silencer designs has been performed to select the best design based on Optimized
backpressure of the UAV Exhaust system. After carrying out analyses the following conclusions are
presented:
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By increasing the baffle plate hole diameter, the back pressure is reduced.

By decreasing the baffle plate hole diameter, the backpressure is increased.

By increasing the specific portion of header pipe length the backpressure is decreased.

By decreasing the specific portion of header pipe length the backpressure is increased.

By increasing the diameter of specific portion of header pipe the backpressure is increased.
By decreasing the diameter of specific portion of header pipe the backpressure is decreased.

ourwdE

On the basis of above trends of backpressure and analyzing different geometries it is concluded that the
proposed geometry is the best suitable option for the altitude of 13000 ft. Backpressure level in this
particular geometry is most suited for optimization at 13000 ft as compare to all the others analyzed
geometries.

In muffler design, special attention has been given to parameters like holes/perforation in the baffles,
header pipe specific portion length increasing/decreasing, and header pipe specific portion diameter
increasing/decreasing respectively. Due to these changes, the exhaust system noise and temperature of the
muffler will also be affected, so these are the important parameters to be studied in the future for better
performance of the UAV Exhaust system.
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