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ABSTRACT

Avgas fuel consumption on Cessna trainer aircraft is very high. However, there has been little research
regarding spray impacts in Cessna aircraft engines. The phenomenon of avgas spray colliding with the
cylinder wall may occur during fuel injection, resulting in a changed spray radius and height, which will
affect the mixing of fuel and air. In several aspects, this affects engine performance and exhaust emissions
on Cessna aircraft. This research aims to determine and study the phenomenon of spray impact on avgas-
fueled aircraft engines. The fuel spray in the study occurred in the combustion chamber using pressure from
a fuel hand pump whose pressure was supplied from a compressor with a pressure adjusted to the original
pressure on the aircraft, namely 2 Bar (30 Psi). The experiments in this research used a high-speed camera
system to study the phenomenon of avgas spray on walls to get better spray distribution. The results of this
research were processed using the CFD application. The result of this research is that the greater the pressure,
the more concentrated the resulting jet will be on the jet wall so that the atomization of the fuel jet will be
dispersed. When the burst occurs, a change of 3.80e+00 occurs compared to other burst pressures.
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|. Introduction

Avgas is one of the fuels used in Cessna training aircraft. The characteristics of an
avgas-fueled aircraft engine require a mixture of fuel and air and require a thrust force to
operate [1]-[3]. In recent years, the use of avgas fuel itself has been very high in high-wing
light aircraft engines, namely the Cessna [3]-[5]. However, until now, there has yet to be
any research regarding the spray collision in this aircraft engine. The phenomenon of avgas
spray colliding with the cylinder wall may occur during fuel injection, resulting in a changed
spray radius and height, which will affect fuel mixing and air, engine performance, and
exhaust emissions will also be affected [4]-[6]. Engine performance will be maximum if the
mixture of fuel and air matches the engine's needs[7]-[9].

Therefore, it is important to know and study the phenomenon of spray impact on avgas-
fueled aircraft engines[7], [10], [11]. The characteristics of avgas-fueled sprays, based
primarily on fuel density, injection pressure, and impact angle, serve the purpose of
understanding how these factors influence spray behavior and engine performance [12],
[13], [14]. Several previous studies have revealed a relationship between fuel density and
spray characteristics [3], [15], [16]. For example, the average peak velocity of the spray
tends to be positively correlated with the velocity of the spray center [12], [17]. Research
has shown that the higher the injection pressure, the higher the spray speed and spray
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penetration [18], [19]. This can later have an impact on more efficient combustion and better
engine performance [20]. The angle of impact is also an important factor in spray
characteristics [21]. Research has shown that lower impact angles tend to result in faster
spray penetration. The optimal impact angle can provide better fuel distribution and higher
combustion efficiency. Apart from these factors, research has also compared the spray
characteristics of avgas fuel and other fuels. This research shows that avgas fuel has a wider
spray angle and shorter penetration time than its mixture at the same injection pressure.

The research considers the influence of all aspects on spray characteristics and, through
these experiments, provides important insights into optimizing machine performance. The
method used in this research is experimental methods with measured nozzle pressure. The
image on the spray nozzle can be analyzed by computational fluid simulation (CFD)[13],
[19], [22].

1. Material and Methods

The research considers the influence of all aspects on spray characteristics and provides
an important understanding of engine performance optimization through these experiments.
The research methods started with experimental jets with a specified pressure and were
jetted on the combustion chamber wall.

1. Experimental Tools and Procedures

This data collection used an experimental system by visualizing a constant volume jet
of fuel. The experimental equipment used is seen in Figure 1.

_____ Eelectrical control channel Fuel hand pump
Air

——> Direction

Temperature .
sensor
’ Nozzle
—
Highspeed
camera —_

Compressor

laptop
Fig. 1. The flow of data collection
A burst of fuel that occurs indoors. This combustion uses pressure from the fuel hand
pump. The pressure was supplied from the compressor with pressure adjusted to the original

pressure on the aircraft, namely 2 Bar (30 Psi); the spray could later be seen with the help
of a halogen lamp placed at the bottom at a certain angle to get the best spray results desired,
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installation of a highspeed camera to capture. The jet that came out until it hit the wall was
clamped on laptops. The temperature in the combustion chamber was sterilized with the
room temperature sensor set to 26°C to be stable at the time of data collection; this data was
carried out in an air-conditioned room where the temperature was stable and set at 26°C.

Data was collected when the fuel hand pump was pressed. It ejects fuel through the
nozzle, and a burst occurs; at that time, the camera records the movement. The burst burst
ends are repeated until you get satisfactory results. Later, data will be sent to a computer for
storage, allowing a complete recording of the spray process. With experimental conditions
using the system high-speed cameras to study phenomena of avgas spray on the wall, to get
better spray distribution, this experiment uses a single-hole nozzle. The special conditions
for these parameters are shown in Table 1.

Table 1. Experimental conditions

Injection condition Parameter  Environmental condition Parameter
Fuel AVGAS Ambient temperature 26
(°C)
Spray (mass/mg) 1 Injection angle to the 90
wall (°)
Injection pressure (Bar) 2 Nozzle to wall 7.21

distance (cm)
Injection duration (m/s) 1 - -
Nozzle type Single hole - -
Nozzle hole diameter 2 - -

2. ANSYS CFD Simulation Procedure

One of the data support using CFD is the ANSYS application to see how the movement
of the impacted fluid, basically in the experimental taking of the spray, there will be an
impact by describing the development of the spray after contact with the wall, namely the
spray height (H) and spray radius (R) as shown in Figure 2,

Injector

/ \ spray height
',A,\\: v/ \ & e TR F
— - \ u

Fig. 2. Calculation of impact bursts
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Figure 2 shows a diagram of the vertical wall spray parameters. The spray radius R is
the jet penetration distance spray along the direction of the wall after contact with a wall;
wall spray height H is the penetration distance perpendicular to the wall; L is the distance
from the injector to the wall surface; parameters such as diameter diffusion and high volume
can be used for reflects the volume of fuel on the walls and volume air[27], [28]. The
calculation of penetration of the spray passing through the wall [29], [30] follows Eq. (1).

S = Bx* (tW — t0) * (Pamb/P0) * (L /cos(q)) * tan(j) ........... (1)
Where
-S : spray penetration distance (including free spray and collision with the wall).
-B : wall collision constant.
- 10 : start time of injection.

-tW  :time when the spray hits the wall.
- Pamb : environmental back pressure.

-L : distance from nozzle to wall.
-q - angle of inclination of the wall to the horizontal plane.
- : angle between the entire oil jet and the spray wall.

This empirical formula is suitable for evaluating the penetration of a single spray. By
knowing the formula for the experimental spray, the spray can also be implemented in CFD
by looking at its behavior and movement. ANSY'S software has an automatic mesh feature
that uses real-time meshing techniques and only needs to enter the size and type of base
material. The meshing in question is a design image of a size with the material we want, as
shown in Figure 3.

0,000 0,035 0,070(m)
| —EEIEaaaa—— S
0,018 0,053

Fig. 3. ANSY'S meshing

The meshing is generated directly when we input the size and is calculated immediately.
This experimental simulation is of a combustion chamber with a constant volume jet. The
model is a combustion chamber with a length of 4.5 cm and a width of 6.15 cm, and a nozzle
with a size of 0.2 cm is drawn in the center with a height of 0.05 cm. To achieve calculation
accuracy and speed simultaneously, the meshing size was reduced to 0.0005 mm using CFD
ANSYS simulation software to simulate the Avgas spray process in the combustion chamber
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with constant pressure. Then, the original pressure of 2 Bar is varied to 3 and 4 Bar; the
initial conditions of fluent basic fluid and Eulerian Multiphase parameters added with
viscous k-omega are shown in Table 2.

Table 2. Material solution setup

Multiphase Eulerian Phase 2 implicit
Viscous model k-omega SST Mixture
Phases Air- primary avgas- secondary
mixture, pressure outlet, gauge 200000
Boundry condition Velocity inlet, gauge 200000
Avgas, velocity inlet, magnitude 2 m/s Avgas, backflow 1
Calculation 200

3. Numerical Simulation (ANSYS Simulation)

By using CFD applications to help see in more detail how the burst is produced and its
growth coupled with the temperature of the burst and the results of the burst, the CFD
application ANSYS is used, using the simulation setup and mesh obtained.

4. Simulation Setup

At this setting stage, there are several steps, namely geometry, mesh, setup, and
solution. In the geometry section, the nozzle size is made, and the nozzle distance and the
spout space are set here with a predetermined size, namely:

Table 3. Geometry size

Parameter Value

Length 4.50 cm
Wide 6.15cm
Nozzle height 0.05cm
Total area 6.20 cm
Diameter of the nozzle 0.20cm

By determining the size of the blast room, the sketch can be made, and then a line from
the sketch to apply the room is frozen so that it becomes a form of combustion room with a
nozzle that is ready to be simulated.

5. Mesh Convergence

The meshing used uses an element size of 0.0005 m so as to get a tighter and smoother
size, as shown in Figure 4. It is added with the inlet section for the input of the burst and the
wall or wall for part of the blast chamber, as shown in Figure 5.
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Display Style Use Geometry Setting
Defaults
Physics Pre... CFD
Solver Pref... | Fluent
Element Or... Linear
Element... Default (3,8305¢-003 m)
Export For... Standard
Export Prev... No
Sizing
Quality
Inflation
Batch Connections
Advanced
Statistics

0 0015 0,03(m)

Fig. 4 .Meshing
6. Setup and solution
The parameter used at Setup is shown in Table 4.
Table 4. Parameter for Setup
Set-Up Double precision
Solver Proces 1
Multiphase Eulerian
Formulation Implicit
Phase 2
Viscous SST-k-omega, Mixture
Material Air

N-Octane Liquid (C8H18)

Material Setup set on Boundary Conditions is centered on the inlet and set on the
mixture and N-octane parts. Determination of velocity magnitude was obtained during the
experiment where the pressure at 2 Bar was 2.79 m/s, 3 Bar was 2.87 m/s, 4 Bar was 3.02
m/s. at the time of determining the nominal initial gauge 2 Bar was changed to pascal [Pa]
so that 2 Bar = 200000 Pa, 3 Bar = 300000 Pa, and 4 Bar = 400000 Pa. After setting the
Boundary conditions, continue with setting Initialization and Patch to determine which part
will be focused on the mesh field so that the final part will be Run Calculation with 200
iterations and reporting interval 1, and the iteration results are obtained from the 3 pressures.

7. Experimental Setup

The experimental setup uses avgas fuel with adjusted pressures of 2 Bar, 3 Bar, and 4
Bar with a spout distance of 7.21 cm and a wall width of 4.5 cm, and then it is sprayed at
room temperature. The size application is shown in Figure 5.
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Fig. 5. Avgas R, H and a burst results.

I11. Results and Discussions
1. Experimental Results

Obtained burst results with a criterion pressure, the pressure criteria that are varied,
namely 2, 3, and 4 Bar.

Fig. 6. Journey of the burst
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Figure 6 shows photographs of the shape of the avgas fuel spray as it develops over
time. The spray that comes out and looks slightly distorted before hitting the wall and the
front of the body shows a more pronounced diffusion phenomenon. A "mist™ appears at the
edge of the sprayed head [19]. At 0.2s, after the onset of injection, a clear oil beam can
already be seen. Avgas oil beam After five measurements at each pressure, it was found that
the cone angle of the avgas fuel jet did not change significantly. The results agree with the
conclusion that the cone angle change is small at high injection pressures. At this point, the
phenomenon of avgas spray hitting the wall has occurred. The spray radius increases
obviously at the spraying stage after impact. The author found that the change of injection
pressure on the spray cone angle is mainly affected by the injection pressure [20] and the
influx of air around the spray bundle. The injection pressure and environment are not
changed in this test, so in the whole process of spraying the injector can generate maximum
data. Observation shows that there is an obvious thinning oil mist area around the outer wall
of the avgas mist, and the thin avgas mist area becomes gradually larger as time passes.

3. ANSYS Results

Based on the iteration results, 3 different pressures are obtained where based on the
results of the burst obtained at 2 Bar pressure the heat generated due to collisions is
3.52e+00, 3 Bar pressure, the heat generated by collisions is 3.62e+00, and 4 Bar pressure
produces heat of 3.80e + 00, where of the three collisions the 4 Bar pressure collision is the
largest heat generated by avgas fuel, as shown in Figure 7.

2 bar Pressure 3 bar Pressure 4 bar Pressure

Iterations.

Fig. 7. Iterations results for each pressure

4. Numerical Simulation Results and Discussion

Based on experimental and ANSYS results, the pressure produces a different burst
pattern from the air pressure variation entered in the burst as in the experimental burst of 2
Bar pressure. The avgas burst is triangular and visible spray results, but the atomization of
the burst is split before being impacted by the wall, and the heat disappears when the burst
process has not been impacted by the wall, whereas at 3 Bar and 4 Bar jets. The impact
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process makes the atomization split due to high pressure so that the heat carried from the
fuel jet is not lost on the way to the impact, while in the ANSY'S experiment. It was found
that the highest heat was generated by a pressure of 4 Bar, whereas in Figure 8 last and
bottom image, the highest heat is 3.80e+00 at the time after being impacted by the wall at
0.2 seconds. This is compared to other experimental pressures where at 2 Bar pressure
3.51e+00 at 0.4 seconds and at 3 Bar pressure 3.62e+00 at 0.3 seconds.

velo-3-bar 0 3 S
Velocity Magnitude (oc )
3620400
3260400 3 62 +00
289400 S €
2530400
2170400
1810400
1.45+00
1.09e+00
7.230-01
3.62e-01

0.00e+00
[me])

02S
3.80e+00

Fig. 8. Burst difference

The occurrence of the collision in Figure 8 with the ANSYS comparison can be seen
that the greater the pressure on the nozzle, the more concentrated the resulting spray, so that
the results of the collision are also well atomized as in Figure 8. The bottom picture with a
pressure of 4 bar gets the largest heat pressure resulting from the collision, namely 3.80
e+00.

IVV. Conclusions

From the experimental results of data collection and ANSYS results, we can take
aspects that we cannot see, such as the highest heat output, impact time, and also the
distribution of impacts resulting from each additional pressure, so that the results above can
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later be implemented on aircraft nozzles which vary the pressure. which is higher to support
the maneuverability of the Cessna 172S aircraft itself and also without ignoring other factors.
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