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I. INTRODUCTION 

Microlight aircraft are one of the most effective means 

of transportation for connecting traffic lanes between 

islands or connecting remote areas. This aircraft type is 

often used for sports activities and can also be used in 

agriculture, for example for fertilizing and spraying plant 

diseases. Given the vast agricultural land in Indonesia, 

especially in South Sulawesi Province, microlight aircraft 
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can be a solution to the problems of farmers or companies 

in the agricultural sector whose land is large. 

Research on the analysis of fluid flow characteristics 

flowing past a modified aircraft wing model revealed that 

an increase in thickness (t) relative to chord (c), known as 

the t/c ratio, resulted in an increase in the maximum value 

of the lift coefficient (CL) [1]. 

Research conducted to analyze the effect of flap angle 

on aerodynamic performance on engineered aircraft wing 

models showed significant results. The aircraft wing 

model used in this study was made in accordance with the 

NACA 23012 standard and has a thickness-to-chord ratio 

(t/c) of 12%, in accordance with the PPH-Unhas aircraft 

prototype. This research utilizes the Computational Fluid 

Dynamics (CFD) program for simulation as well as 

experiments conducted in a subsonic wind tunnel. The 

results of this study show that changing the flap angle can 

increase the maximum lift coefficient (CL) and drag 

coefficient (CD) values. In addition, the CL/CD ratio 

reached 1.5501 at an angle of attack (α) of 0º with a flap 

angle of 15º [2]. 

The configuration of flap and aileron angles on the 

aerodynamic performance of an engineered aircraft wing 

model, modeled according to the NACA 23012 standard, 

provides interesting results. This study was conducted 

using an experimental method carried out in a subsonic 

wind tunnel where the maximum value of drag coefficient 

(CD) of 2.8656 was achieved when the flap angle and 

aileron angle were at the same angle, 45º, with an angle of 

attack (α) of 15º. On the other hand, the minimum value of 

drag coefficient (CD) of 0.3144 was recorded in a 

configuration where the flap angle and aileron angle were 

also at the same angle, 0º, with an angle of attack (α) of 

−10º [3]. 

In testing the aircraft tail model at a Reynolds number 

of 2.12×105, the maximum momentum coefficient of the 

jet actuator oscillation was 0.332%. Meanwhile, in this test 

conducted using experimental methods to examine the 

effect of three-dimensional flow control on a scale model 
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Abstract—Vertical stabilizers and rudder are important 

components in maintaining aircraft stability and 

aerodynamic control, especially in yaw maneuvers and 

lateral stability. This study aims to identify the 

characteristics of side forces, drag forces, flow separation, 

and pressure contours on the vertical stabilizer and rudder 

models of the PPH-Unhas microlight aircraft. Two models 

were made according to the PPH-Unhas prototype and tested 

using experimental methods conducted in a low-speed wind 

tunnel and computational methods using Computational 

Fluid Dynamics (CFD) FLUENT 6.3.26 software. Tests were 

conducted at three airflow velocities, namely 10 m/s, 16 m/s, 

and 22 m/s. Each speed level was treated with 10 (ten) 

changes in aircraft rudder deflection angle (δ) from 0ºto 45º. 

The results showed that the highest side force (FS) and drag 

force (FD) were achieved at 2.008 N and 1.010 N, respectively, 

at an angle of δ = 45ºwith V = 22 m/s. The maximum side 

force coefficient (CS) of 1,903 was obtained at δ = 25ºwith V

= 22 m/s, while the highest drag coefficient (CD) of 1,090 

occurred at δ = 45ºwith V = 10 m/s. At V = 22 m/s, flow 

separation at an angle of δ = 5ºoccurs early at tapping point 

7 with pressure coefficient (CP) = −0.028, at δ = 25ºat tapping 

point 9 with CP = −0.056, and at δ = 45ºat tapping point 10 

with CP = −0.444. The best pressure contour is obtained at 

δ = 25º, so the optimal angle for the rudder is δ = 25º.   
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of the vertical tail in a variety of span positions, it was 

shown that the use of oscillating jets at the trailing edge of 

the stabilizer can increase the lateral force on the vertical 

tail with an increase of 36.5% at the worst condition, 

namely at a negative angle of side slip of the vertical 

tail [4]. 

The rudder plays an important role in regulating the yaw 

motion of the aircraft, so adjusting the optimal rudder 

deflection angle is crucial to overcome the moment the 

engine is still operating. This study is expected to guide 

pilots in critical situations, especially when one of the 

engines fails. It considers the strength and integrity of the 

rudder structure at the hinge pivot points between the 

dynamic and static parts [5]. A CFD approach with the 

Spalart-Allmaras turbulent model showed that the optimal 

CJ condition resulted in a minimum rudder side force 

coefficient of 1.19 and a rudder drag coefficient of 0.0013, 

decreasing the drag coefficient by 95% compared to 

regular flaps without CJ, as well as increasing the 

maximum side force coefficient by 42% and decreasing 

the drag force by 25% [6]. 

Research combining experimental and numerical 

methods shows that the rudder-mounted slat on the vertical 

stabilizer can increase the side force coefficient by 4% 

without changing the drag coefficient when the rudder 

deflection angle is set at δ = 30° [7]. Large Eddy 

Simulation (LES) showed increased circulation around the 

vertical stabilizer, with airflow strongly directed toward 

the rudder surface. Experiments using a 1:8 scale 

gyrocopter model in a wind tunnel, with variations in slip 

angle of −20° to 20° and rudder position (0°, +5°, +10°) at 

25–26 m/s, yielded data on drag coefficient, lift force, and 

aerodynamic moment useful for improving rotorcraft 

rudder design [8]. 

In the research, tests were carried out, the first in the 

form of a drag force applied to the test object and the 

second test in the form of a lift force which was also carried 

out on the test object, while for the next test, namely the 

pitching moment, the test was divided into testing the 

aircraft body and stabilizer. Force and moment data are 

analyzed for each part, specifically for the stabilizer in 

various levels of attack angle variation. Therefore, this 

study is the initial stage in the development of 

aerodynamic systems, especially for aircraft that combine 

(vary) the concept of gyro and multi-rotor aircraft; the 

findings themselves provide good information for the 

development of aerodynamic systems in the stabilizer 

section [9]. 

Based on different engine positions, this study 

compared two 19-seat hybrid-electric aircraft 

configurations, selected from the Beechcraft 1900D 

specification. Only one of the four investigated aircraft 

design and cable configuration variations demonstrated the 

ability to reduce fin dimensions. Therefore, for this test 

model (vertical tail), a result of 53.7% was obtained, and 

also a 4.9% higher result was obtained for the model’s 

ability to minimize the amount of fuel consumption [10]. 

In the world of aircraft structural engineering, stringent 

demands for safety drive the creation of designs with 

sufficient strength. For this reason, one of the main 

challenges in the aviation industry is to meet the stringent 

safety requirements while keeping the mass of the aircraft 

under control. This research aims to propose the 

application of automation in the dimensioning process 

with a focus on one specific part, the Vertical Tail Plane, 

and to improve the design process by reducing the level of 

uncertainty often associated with design methods that are 

often vague in their definition. Conditions relevant to 

various critical flight loads have been carefully identified 

and thoroughly used as the basis for the evaluation process, 

ensuring that every important variable and factor affecting 

flight performance under these conditions can be 

thoroughly analyzed and evaluated [11]. 

In this study, an experimental approach method was 

applied and carried out in a wind tunnel to treat fluid flow 

velocity of 40 m/s. For this reason, the results of this study 

found that for the use of a combination that is specific to 

the actuator, resulting in circulation that achieves stable 

and sustainable control in regulating the pitch and roll 

position of the aircraft at a maximum pitch speed of 12.3 

degrees per second and for roll, which is 21.5 degrees per 

second. There was a recorded result of 0.02 s per jet 

pressure for the pitch angle rate change response on the test 

specimen, ensuring that this condition has good 

controllability. The test object’s surface (rudder) equipped 

with jets showed a significant improvement in controlling 

or controlling moment conditions at a pressure ratio of 

1.28, equivalent to a mechanical elevator using a rudder 

deflection of 280 degrees, significantly expanding flight 

controllability [12]. 

The Limit Cycle Oscillation (LCO) solution system is 

then implemented primarily through the first method, the 

numerical continuation method in the time domain, and the 

second method, the numerical continuation method in the 

frequency domain. The results obtained from this study are 

that this solution method is able to comprehensively 

illustrate the LCO behavior of the system as a whole, thus 

making a significant contribution to understanding the 

aeroelastic behavior of twin-tail boom UAVs equipped 

with rudder freeplays [13]. 

Various experimental and computational studies have 

explored methods to enhance aerodynamic performance 

through boundary-layer control on multi-element airfoils 

and high-lift systems. Small vortex generators effectively 

reduce flap separation, improving lift and reducing drag 

during landing [14]. Mechanical and fluidic flow control 

devices on leading-edge slats and trailing-edge flaps have 

demonstrated improved lift-to-drag ratios and stall 

characteristics in both wind-tunnel tests and CFD 

validations [15, 16]. Plasma actuators have shown promise 

in enhancing lift and delaying stall with minimal power 

requirements, offering advantages such as reduced 

complexity and drag [17]. Advanced slat designs improve 

stall margins and lift performance compared to 

conventional slats, particularly at high angles of attack [18]. 

Bio-inspired slat configurations and flexible droop noses 

provide simpler, gap-less alternatives to conventional 

high-lift devices, enhancing lift and reducing  
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noise [19, 20]. These advancements are relevant for 

optimizing vertical stabilizers and rudder performance 

under varied aerodynamic conditions. 
Aircraft directional stability, largely governed by 

vertical tail design, is crucial for yaw control, safety, and 
overall performance. Traditional semi-empirical methods 
for estimating directional stability derivatives, developed 
from early fighter aircraft configurations, often fail to 
account for aerodynamic interference in sideslip 
conditions. Recent studies combining Reynolds-Averaged 
Navier-Stokes (RANS) simulations with modular model 
tests offer improved accuracy in evaluating vertical tail 
and fuselage contributions, validated through wind tunnel 
experiments [21]. Additionally, distributed propulsion 
concepts, such as wingtip-mounted propellers tested on the 
solar-powered motorglider Icaré 2, demonstrate potential 
for innovative yaw control solutions through flight tests 
and modular design integration [22]. 

At a certain speed, the pilot begins to move the elevator 
with a deflection of the aircraft's rotation to increase the 
angle of attack, thereby increasing the lift coefficient. The 
maximum angle of attack achieved during rotation should 
not exceed the angle of attack at rest. All that is needed is 
that the angle of attack is high enough to produce a lift 
force at a certain speed greater than its weight so that the 
plane will take off from the ground [23]. 

Changes in vertical stabilizer and rudder angles 
significantly influence fluid flow and yaw effectiveness in 
twin-tail aircraft design. This study develops a low-order 
finite element model, using MSC Nastran™ for static 
aeroelastic analysis and Python for automated model 
generation. Design modifications were evaluated to 
enhance rudder effectiveness and prevent control reversal 
within the aircraft’s flight envelope [25]. 

Based on the theory and research results presented, the 
side force significantly impacts the drag force of the fluid 
flow through the vertical stabilizer and the rudder itself. 
Therefore, this study aims to determine the rudder 
deflection angle that produces the optimal side force 
coefficient. In addition, this research is also to determine 
the position or location of the beginning of flow separation 
at the rudder and vertical stabilizer, as well as its 
relationship with the side force and drag force on the PPH-
Unhas aircraft model. To answer these problems, the 
following shows the research results and analysis of these 
variables' characteristics. 

II. METHODOLOGY 

The object of this research is the vertical stabilizer and 
rudder model of the PPH-Unhas microlight aircraft. The 
dimensions of the vertical stabilizer and rudder models 
with a scale of 1:10 against the prototype, as shown in 
Fig. 1(a) and Fig. 1(b), are adjusted to the size of the wind 
tunnel available in the Fluid Mechanics laboratory. Two 
test models were made, where one was used to determine 
the drag force and side force, while one was used to 
determine the pressure distribution along the test model, as 
shown in Fig. 2(b) below. This research was conducted 
using experimental and computational methods. 

The experimental approach referred to in this study 
involves laboratory tests on the vertical stabilizer and 
rudder models (test objects), which are carried out in a 
subsonic-type wind tunnel facility, and the wind tunnel 
itself has a test section size of 300×300 mm, with a 
maximum airflow speed in the test section of 22 m/s. As 
shown in Fig. 1(c), the wind tunnel subjected the 
specimens to free stream air velocity (V) treatment at three 
levels of 10 m/s, 16 m/s, and 22 m/s. In addition, tests were 
also conducted at ten levels of rudder deflection angle (δ), 
ranging from 0º to 45º. 

Image description in Fig. 1(c): 1. Prototype screen, 2. 
Effuser, 3. Test section, 4. Diffuser, 5. Fan, 6. Electric 
motor, 7. Flowmeter, 8. Voltage regulator, 9. Measuring 
drag force and side force of the test object. 

 

                 
(a)                                       (b)   

 
(c) 

Fig. 1. Schematic of PPH-UNHAS microlight aircraft vertical tail test 

specimen, (a) Vertical stabilizer, (b) Rudder, (c) Wind tunnel and test 

specimen position. 

Furthermore, the computational approach in question 
uses Gambit 2.4.6 software to mesh the test model and 
FLUENT 6.3.26 software to visualize the pressure 
contours on the model. The velocity (V) treatment used is 
only at V = 22 m/s, and the test is carried out at three levels 
of deflection angle (δ), starting from 5º, 25º, and 45º. The 
boundary conditions used in this computational approach 
can be seen in Table I. 

TABLE I. BOUNDARY CONDITIONS ON THE TEST MODEL (VERTICAL 

STABILIZER AND RUDDER) 

Category Parameter Value 

Fluid (air) 

properties 

Density 1.164 kg/m3 

Viscosity 0.00001872 kg/m∙s 

Boundary 

condition vertical 

stabilizer and 

Rudder 

Test model Wall 

Pressure outlet Pressure outlet 

Velocity inlet Velocity inlet 

Wall Wall 

Flow condition Upstream velocity 22 m/s 
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The position of the test model in the wind tunnel and the 

drag and side forces measuring instruments are shown in 

Fig. 2(a), while the position of the pressure distribution 

measurement along the test model is shown in Fig. 2(b). 

The distance between the pressure taps on the vertical 

stabilizer is 25 mm, while the distance is 20 mm on the 

rudder. 

 

 
(a)  

 
(b) 

Fig. 2. The position of the test model in the wind tunnel. (a) Measurement 

position of drag force and side force and; (b) Measurement position of 

pressure distribution along the test model. 

In the computational approach, the turbulence model 

used is the standard k-epsilon shown in Eq. (1) for the 

kinetic energy and the rate of dissipation in Eq. (2). 
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The equation used to determine the drag coefficient (CD) 

can use the following Eq. (3) [26]: 
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2

D

D

F
C

V A

=  (3) 

where drag force (FD), density (ρ), air velocity (V), and 

surface area of the test object (A) while to determine the 

side force coefficient (CS), can use the following  

Eq. (4) [26]: 

 
21

2

S

S

F
C

V A

=  (4) 

where FS is the side force for Eq. (4). 

In determining the location or area at the point of flow 

separation, can be determined using the pressure 

coefficient (CP) equation, which is attached to the 

following Eq. (5) [25], where the variable static head of the 

fluid (air) flow manometer before passing through the test 

object (hsm), and henceforth it is a static head at each 

tapping point along the surface of the test object (h), which 

in turn is the total head of the pitot tube manometer for 

fluid (air) flow before passing through the test object (htm): 

 sm

P

sm tm

h h
C

h h

−
=

−
 (5) 

III. RESULT AND DISCUSSION 

The experimental results of the side force (FS) and drag 

force (FD) by treating the same 3 levels of airflow velocity 

(V) of 10 m/s, 16 m/s, and 22 m/s, and 10 (ten) levels of 

rudder deflection angle (δ) from 0º to 45º. The 

experimental and analytical results are shown in Table II: 

drag force (FD), side force (FS), drag coefficient (CD), and 

side coefficient (CS). Meanwhile, the computational results 

are given a velocity (V) of 22 m/s with 3 levels of rudder 

deflection angle (δ) starting from 5º, 25º, and 45º. The 

results obtained in this computational approach are in the 

form of pressure coefficient graphs and pressure contours. 

 

 

Fig. 3. Relationship between side force (FS) and rudder deflection angle 

(δ) at 3 levels of constant airflow velocity. 
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Fig. 3 illustrates the relationship between FS and rudder 

deflection angle δ for each fluid flow velocity (air) flow 

level, namely 10 m/s, 16 m/s, and 22 m/s. The 

characteristic pattern shown is the same for each level of 

speed change where the largest FS value of 2.008 N is 

obtained at δ = 45º and airflow speed V = 22 m/s. 

Meanwhile, the smallest FS value obtained is 0.000 N at  

δ = 0.000 for a fluid flow velocity of 10 m/s. 

Side forces, which arise from the interaction between 

the airflow and the vertical parts of the aircraft (vertical 

stabilizer and rudder), affect the stability and 

controllability of microlight aircraft. The airflow velocity, 

angle of attack, and aerodynamic design of the vertical 

stabilizer and rudder influence these side forces. 

TABLE II. DRAG FORCE (FD), SIDE FORCE (FS), DRAG COEFFICIENT (CD), 

AND SIDE COEFFICIENT (CS) AT 3 SPEED LEVELS AND 10 LEVELS OF 

RUDDER DEFLECTION ANGLE (δ) 

V (m/s) 

Rudder 

deflection 

angle, δ (º)  

FD (N) FS (N) CD CS 

10 

0 0.030 0.000 0.644 0.000 

5 0.048 0.030 0.698 0.437 

10 0.070 0.080 0.770 0.880 

15 0.095 0.130 0.842 1.152 

20 0.120 0.196 0.893 1.459 

25 0.150 0.240 0.963 1.541 

30 0.180 0.260 1.023 1.478 

35 0.204 0.300 1.049 1.542 

40 0.230 0.320 1.083 1.506 

45 0.250 0.340 1.090 1.483 

16 

0 0.062 0.000 0.520 0.000 

5 0.100 0.110 0.568 0.625 

10 0.150 0.230 0.645 0.988 

15 0.200 0.380 0.692 1.315 

20 0.260 0.550 0.756 1.599 

25 0.340 0.680 0.853 1.705 

30 0.400 0.740 0.888 1.643 

35 0.460 0.840 0.924 1.687 

40 0.520 0.900 0.956 1.655 

45 0.580 0.970 0.988 1.653 

22 

0 0.100 0.000 0.444 0.000 

5 0.160 0.250 0.481 0.752 

10 0.240 0.500 0.545 1.136 

15 0.330 0.800 0.604 1.464 

20 0.420 1.120 0.646 1.722 

25 0.550 1.430 0.729 1.897 

30 0.660 1.550 0.775 1.820 

35 0.780 1.740 0.829 1.848 

40 0.900 1.880 0.875 1.828 

45 1.010 2.008 0.910 1.809 

 

At the same time, the side force FS and the drag force 

FD were measured using the same treatment. Fig. 4 shows 

the graph of the relationship between FD and rudder 

deflection angle δ, for each level of fluid flow velocity of 

10 m/s, 16 m/s, and 22 m/s hitting the model (test object). 

The characteristic pattern shown is the same for each speed 

level variation where the largest FD value of 1.010 N is 

obtained at rudder deflection angle δ = 45º and airflow 

velocity V = 22 m/s.   

Furthermore, Fig. 5 shows the relationship of drag and 

side forces with changes in rudder deflection angle at each 

variation of the fluid flow velocity level, which shows that 

at a rudder deflection angle of 5º, the value of side forces 

and drag forces are relatively equal, but from a deflection 

angle of 10º to 45º the value of side forces is greater than 

the drag force for all the same airflow velocity level. This 

indicates that the change in the action of changing the 

rudder deflection angle will give a greater side force 

reaction than the drag force. 

 

 

Fig. 4. Relationship between drag force (FD) and rudder deflection angle 

(δ) at 3 levels of constant airflow velocity. 

 

Fig. 5. Relationship between drag force (FD) and side force (FS) with 

rudder deflection angle (δ) at 3 levels of constant airflow velocity. 

 

Fig. 6. Relationship between side force coefficient (CS) and rudder 

deflection angle (δ) at 3 constant airflow velocity levels. 

Based on the data from the experimental method results 

for side force and drag force, in determining the value of 

the side force coefficient using Eq. (2) and to determine 

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

1.100

1.200

0 5 10 15 20 25 30 35 40 45 50

Rudder deflection angle (º)

V=10 m/s

V=16 m/s

V=22 m/sD
ra
g
fo
rc
e
(N

)

0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

1.800

2.000

2.200

0 5 10 15 20 25 30 35 40 45 50

Rudder deflection angle (˚)

V=10 m/s

V=16 m/s

V=22 m/sC
o
ef
fi
ci
en

t
si
d
e

International Journal of Mechanical Engineering and Robotics Research, Vol. 14, No. 3, 2025

256



the value of the drag coefficient using Eq. (1). The 

relationship between CS and rudder angle for each speed 

level of 10 m/s, 16 m/s, and 22 m/s is shown in Fig. 6. The 

characteristic pattern shown is the same and the largest CS 

value of 1.903 is obtained at a rudder deflection angle of 

25º and an airflow speed of 22 m/s.  Since the pattern of 

characteristics shown is the same for other speed levels or 

all speed levels, the largest CS value is obtained at a rudder 

deflection angle of 25º. 

 

Fig. 7. Relationship between drag coefficient (CD) and rudder deflection 

angle (δ) at 3 levels of constant airflow velocity. 

Based on the drag force experimental data, the drag 

force coefficient (CD) was determined using Eq. (1). The 

relationship between CD and rudder deflection angle for 

each speed level of 10 m/s, 16 m/s, and 22 m/s is shown in   

Fig. 7. The characteristic pattern shown is the same and the 

largest CD value of 1.090 is obtained at a rudder deflection 

angle of 45º and a flow speed of 10 m/s. Since the pattern 

of characteristics shown is the same for the other speed 

levels or all speed levels, the largest CD value is obtained 

at a rudder deflection angle of 45º. 

 

 

Fig. 8. Relationship between side force coefficient (CS) and drag 

coefficient (CD) with rudder deflection angle (δ) at 3 levels of constant 

airflow velocity. 

Fig. 8 shows that, at a rudder deflection angle of 5º, the 

side force coefficient and drag coefficient are relatively 

equal, but from deflection angles of 10º to 45º, the side 

force coefficient is greater than the drag coefficient for all 

airflow velocity levels. This shows that the change in the 

action of changing the rudder deflection angle gives a 

greater reaction to the side force coefficient than the drag 

coefficient. 

Experimental results in the form of pressure distribution 

measurements and pressure coefficient analysis along the 

vertical stabilizer (measurement point positions 1 to 5) and 

along the rudder (measurement point positions 6 to 10) 

show the location of measurement points or pressure tap 

positions where flow separation occurs, as shown in 

Figs. 9 to 12. For rudder deflection angle δ = 5º, as shown 

in Fig. 9, the fastest flow separation on the rudder starts to 

occur at tapping point position 7 with pressure coefficient 

(CP) = −0.028 and flow velocity V = 22 m/s. For velocities 

of 10 m/s and 16 m/s, the flow separation starts to occur at 

point 9, indicating that the higher the velocity, the greater 

the side force, as shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Graph of pressure coefficient (CP) with measurement point 

position (Tp) at rudder deflection angle (δ) 5º and at 3 levels of constant 

airflow velocity 

For the rudder deflection angle δ = 25º, as shown in Fig. 

10, the fastest flow separation on the rudder starts to occur 

at the tapping point position 9 with pressure coefficient (CP) 

= −0.056 and airflow velocity V = 22 m/s, while at 10 m/s 

and 16 m/s, the flow separation also starts to occur around 

the tapping point position 9.  This indicates that the 

stagnation point occurs from the tapping point position 6 

to the tapping point position 8, or the flow separation is 

delayed to the tapping point position 9, which results in the 

largest side force coefficient at δ = 25º, as shown in Fig. 6. 

 

 

Fig. 10. Graph of pressure coefficient (CP) with measurement point 

position (Tp) at rudder deflection angle (δ) 25º and at 3 levels of constant 

airflow velocity 

For the rudder deflection angle δ = 45º, as shown in 

Fig. 11, the flow separation on the rudder occurs at the 

position of tapping point 10 with pressure coefficient (CP) 
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= −0.444 and airflow velocity V = 22 m/s, while at speeds 

of 10 m/s and 16 m/s, the airflow separation also occurs 

around the position of tapping point 10. This indicates that 

the stagnation point occurs from the position of tapping 

point 6 to the position of tapping point 9, or the flow 

separation is delayed to the position of tapping point 10, 

which results in the largest drag force coefficient at δ = 45º, 

as shown in Fig. 7. 

To get the effect of rudder deflection angle δ from 5º to 

45º on the flow separation or pressure coefficient (CP), the 

following Fig. 12 shows the relationship between CP and 

Tp at the same airflow velocity V = 22 m/s. 

 

 

Fig. 11. Graph of pressure coefficient (CP) with measurement point 

position (Tp) at rudder deflection angle (δ) 45º and at 3 levels of constant 

airflow velocity. 

At the same flow velocity V = 22 m/s as shown in Fig. 

12, the flow separation on the rudder with deflection angle   

δ = 5º fastest starts to occur at the position of tapping point 

7 with pressure coefficient (CP) = −0.028, for δ = 25º the 

flow separation starts to occur at the position of tapping 

point 9 with CP = −0.056, while for δ = 450 the flow 

separation starts to occur at the position of tapping point 

10 with CP = −0.444. 

Fluid flow separation occurs when the airflow no longer 

follows the contours of the aircraft surface, which can lead 

to turbulence and loss of carrying capacity. This research 

explores how the airflow separates around the vertical 

stabilizer and rudder, and how this separation affects 

aircraft performance, such as longitudinal stability and 

directional control. 

 

 

Fig. 12. Graph of pressure coefficient (CP) with measurement point 

position (Tp) at airflow velocity (V) 22 m/s and at 9 levels of rudder 

deflection angle (δ). 

At the same flow velocity V = 22 m/s as shown in  

Fig. 13 for the experimental approach, the flow separation 

at the rudder starts fastest at tapping point 7 for deflection 

angle δ = 5º, at tapping point 9 for deflection angle δ = 25º, 

and at tapping point 10 for deflection angle δ = 45º. 

At the flow velocity V = 22 m/s, for each level of rudder 

deflection angle as shown in Fig. 14 for the computational 

approach results, the flow separation at the rudder occurs 

earliest at tapping point 7 for deflection angle δ = 5º, at 

tapping point 9 for deflection angle δ = 25º, and at tapping 

point 10 for deflection angle δ = 45º. 

 

 

Fig. 13. Graph of experimental approximation of pressure coefficient (CP) 

with measurement point position (Tp) at rudder deflection angles (δ) of 

5º, 25º, and 45º for a velocity of 22 m/s. 

 

Fig. 14. Graph of computational approximation of pressure coefficient 

(CP) with measurement point position (Tp) at rudder deflection angles (δ) 

of 5º, 25º, and 45º for a speed of 22 m/s. 

Validation of experimental and computational results at 

an airflow velocity of 22 m/s with deflection angles (δ) of 

5º, 25º, and 45º, as shown in Fig. 15, shows a similar 

pattern, namely the same position of flow separation. At a 

deflection angle of δ = 5º, both experimental and 

computational results show that the flow separation on the 

rudder occurs at tapping point 7. For an angle of δ = 25º, 

the flow separation on the rudder starts to occur at tapping 

point 9, both in experimental and computational results. 

Meanwhile, at an angle of δ = 45º, the flow separation on 

the rudder starts at tapping point 10 based on both 

experimental and computational results. There are 

differences between the experimental and computational 

results at each deflection angle, but both show similar 
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trends. Based on this validation, the experimental results 

show a good match with the theory. 

A rudder deflection of 25° by both experimental and 

computational methods yields the best force coefficient 

values because at this angle there is an optimal balance 

between circulation, pressure distribution, and flow 

separation. This maximizes lateral lift while minimizing 

negative effects such as increased drag or excessive flow 

separation. 

TABLE II. PRESSURE COEFFICIENTS FOR EXPERIMENTAL AND COMPUTATIONAL ALONG WITH VALIDATION FOR EACH CHANGE IN RUDDER ANGLE 

(5º, 25º, AND 45º) AT 22 m/s 

Angle 

(º) 
Method 

Stabilizer Rudder 

1 2 3 4 5 6 7 8 9 10 

5 
Experimental 

CP 

0.857 −0.314 0.028 0.057 0.086 0.057 −0.028 −0.057 −0.143 −0.200 

25 0.833 0.111 0.278 0.333 0.444 0.444 0.278 0.139 -0.056 −0.305 

45 0.778 0.361 0.444 0.556 0.639 0.667 0.528 0.333 0.055 −0.444 

5 
Computational 

CP 

0.889 −0.344 0.031 0.065 0.095 0.065 −0.028 −0.059 −0.151 −0.226 

25 0.851 0.118 0.285 0.348 0.474 0.474 0.285 0.143 -0.061 −0.322 

45 0.791 0.369 0.468 0.567 0.667 0.692 0.567 0.344 0.059 −0.475 

5 

Validation (%) 

3.645% 8.729% 10.384% 12.358% 9.740% 12.358% 1.369% 4.178% 5.341% 11.408% 

25 2.104% 5.810% 2.594% 4.375% 6.310% 6.310% 2.594% 2.832% 7.764% 5.276% 

45 1.623% 2.118% 5.151% 2.011% 4.157% 3.548% 6.946% 3.194% 6.529% 6.574% 

 

Fig. 15. Validation graphs for experimental and computational 

approximations of pressure coefficient (CP) with measurement point 

position (Tp) at rudder deflection angles (δ) of 5º, 25º, and 45º for a speed 

of 22 m/s. 

Fig. 16 displays the pressure contours around the model 

(vertical stabilizer and rudder) in the flow direction for an 

angle of 5º at a velocity of 22 m/s, represented by a color 

scale. The red and orange colors occurring on the leading 

edge of the vertical stabilizer indicate areas of high 

intensity pressure build-up, while the green and blue 

colored areas indicate areas of low intensity pressure 

occurring on the model. 

 

 

Fig. 16. CFD visualization for pressure contours on the vertical 

stabilizers and rudder with an angle of 5º at a speed of 22 m/s. 

Furthermore, Fig. 17 shows the pressure contour 

distribution around the model (vertical stabilizer and 

rudder) in the flow direction, for an angle of 25º with a 

velocity of 22 m/s, displayed in color scale. The red and 

orange colors on the front side of the vertical stabilizers 

and the left side of the rudder show areas of high intensity 

pressure increase, while the green and blue colors show 

areas of low intensity pressure on the model. 

 

 

Fig. 17. CFD visualization for pressure contours on the vertical 

stabilizers and rudder with an angle of 25º at a speed of 22 m/s. 

 

Fig. 18. CFD visualization for pressure contours on the vertical 

stabilizers and rudder with an angle of 45º at a speed of 22 m/s. 

Fig. 18 displays the pressure contour distribution around 

the vertical stabilizers and rudder in the flow direction at a 

45º angle with a velocity of 22 m/s, depicted in color scale. 

The red and orange colors on the front of the vertical 
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stabilizer and the left side of the rudder indicate areas of 

high pressure intensity, while the green and blue colors 

indicate areas of low pressure intensity on the model 

(vertical stabilizer and rudder). 

IV. CONCLUSION 

This research is very useful for the development of 

microlight aircraft, especially in designing effective 

stabilization and control parts, in order to improve the 

stability and flight safety of small-size and low-speed 

aircraft. To that end, the vertical stabilizer and rudder 

greatly influence the side forces and flow separation, 

which affect the stability and performance of microlight 

aircraft. 

Experimental study of side force characteristics and 

fluid flow separation passing through the vertical stabilizer 

and rudder of the PPH-Unhas microlight aircraft model, 

which was tested experimentally in a wind tunnel by 

giving free stream air velocity (V) treatment at 3 equal 

levels of 10 m/s, 16 m/s, and 22 m/s, and 10 levels of 

rudder deflection angle (δ), namely from angles (0º, 10º, 

15º, 20º, 25º, 30º, 35º, 40º, and 45º) for side force and drag 

force, as well as pressure distribution testing along the 

vertical stabilizer given 5 Tp and along the rudder which is 

also given 5 Tp, with the same speed treatment and 

deflection angle as the side force and drag force tests. The 

next test is computationally treated with a velocity (V) of 

22 m/s for each rudder deflection angle starting from 

angles (5º, 25º, and 45º). Based on this, the side force 

coefficient and drag coefficient, pressure coefficient and 

pressure contour describing the flow separation location 

are obtained as follows: 

a. The greater the rudder deflection angle δ, the greater 

the side force FS and drag force FD; for example, at 

speed, V = 22 m/s for δ = 5º, FS = 0.250 N and  

FD = 0.160 N are obtained, while for δ = 45º, FS = 2.008 

N and FD = 1.010 N. These characteristics are the same 

for the side force coefficient CS and drag coefficient CD; 

for example, at speed V = 22 m/s for δ = 5º,  

CS = 0.752, and CD = 0.481 are obtained, while for  

δ = 25º, CS = 1.903 and CD = 0.732 are obtained. The 

optimal rudder deflection angle δ is at δ = 25º because, 

at this deflection angle, the maximum CS side force 

coefficient value of 1.903 is obtained. 

b. The flow separation on the rudder with V = 22 m/s and 

δ = 5º starts to occur at the position of tapping point 7 

with pressure coefficient CP = −0.028; for angle δ = 25º, 

the flow separation starts to occur at the position of 

tapping point 9 with CP = −0.056, while for angle  

δ = 45º the flow separation occurs at the position of 

tapping point 10 with CP = −0.444. In general, the flow 

separation at the rudder corresponds to the CS value. 

c. The characteristic patterns of side force FS and drag 

force FD, as well as side force coefficient CS with 

respect to rudder deflection angle δ, are close to the 

same for each change in airflow velocity level. 

Similarly, the pattern of pressure coefficient CP is close 

to the same for each change in rudder deflection angle 

δ and each airflow velocity level. 

d. The pressure contours for the computational approach, 

the greater or increased the rudder deflection angle, the 

greater the increase in pressure that occurs in the left 

side area of the model. 

NOMENCLATURES 

Item Definition 

A Frontal cross-sectional area 

CD Drag coefficient 

C𝑃 Pressure coefficient 

CS Side coefficient 

FD Drag force 

FS Side force 

h Head of airflow in the manometer 

hsm Head of static airflow in the manometer 

htm 
Head of a stagnation airflow in the 

manometer 

V Inlet airspeed to the wind tunnel 

ρ Air density 

υ The kinematic velocity of air 
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