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Abstract: 

 
Two interacting boundary layers create a three-dimensional separation when fluid flows through a wing. The 

performance of the airfoil may be negatively impacted by the secondary flow that results from this 

separation. Up until now, airplanes have frequently used slotted flaps that can avoid separation and lower the 

resistance value. The current work presents an experimental and numerical investigation into the 

performance and aerodynamics characteristics of a new single-slotted flap mounted on a Cessna 208b Grand 

Caravan wing. Numerical simulation using the ANSYS-Commercial CFD package is the approach used 

herein. A revised Cessna 208b wing with a Grand Caravan single-slotted flap in three flap angles of αF = 0°, 

15°, and 30° that researches the performance on its aerodynamics. Ranging from angles of attack α = 0°, 8°, 

14°, 16°, and 18°. The fluid used is air, and under conditions of stability, has a cruise speed of 96 m/s at sea 

level altitude. Observe that a Cessna C208b Grand Caravan aircraft performance and wing's aerodynamic 

properties will be changed, which has been obtained in the addition of flap angle through simulation. As 

seen, it can be clearly told that at higher angles of attack with flow separation, because of intensification of 

turbulence, a higher flap angle may lower the value to 10.20 at αF = 30° and α = 8° at 96 m/s. However, at 

low angles of attack, the addition of the flap angle at αF = 0° and α = 8° may yield a higher value of CL/CD, 

amounting to 13.80, which is an indication of better aerodynamic efficiency. The vorticity patterns observed 

also indicate larger and more dispersed vortices at higher flap angles, contributing to drag buildup and 

reduced efficiency. 
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Introduction 

 

 

1. INTRODUCTION 

In flow over a wing, two interacting boundary layers will cause separation three-dimensional. 

Separation thus caused will be responsible for secondary flow which reduces performance of airfoil. 

A consequence of such loss will be the reduced effective area that may be able to generate lift [1]. 

The flap is the most generally used high-lift device in aircraft. The flap enables a compromise to be 

made among reasonably low landing speed and high cruise speed, since it may be retreated inside 

the wing framework when not utilized and extended once lift is going to be incremented. To 

minimize the drag force which is at this time, aircraft often use a slotted flap that might avoid 

separation. 

One of the most applied techniques to support modern aerodynamics research is computational fluid 

dynamics. Computational fluid dynamics is the study of the use of computers for aiding in 

mathematical calculations or using mathematical models to perform the calculation over each 

divisor element, showing how to predict phenomena such as heat transfer, chemical reactions, and 

fluid flow patterns [2]. In view of the present scenario, the current analysis would focus on 

analysing the modification of a Cessna C 208b Grand Caravan due to a single slotted flap and 

effects produced by modifications in the coefficient of drag and coefficient of lift, comparison in 

values of CL/CD, Contour visualization of characteristics of vorticity, pressure, magnitude, and 

Velocity. Approaches to the study of fluid flow dynamics in slotted flaps were made by Kasem [3], 

Chapman [4], Fosteir [5], Velkovia [6, 7], and others. Todoirov [8] studied single-slotted flaps for 

lightweight wings. Numerical simulation will be performed using two-dimensional approach with 

the help of the Fluent software. The test object is a NACA 23012 airfoil with a flap deflection angle 

varying from 0° to 20° and a chord length of one meter. The fluid flow is configured with a 

Reynolds number (Re) = 3 × 10⁶ under stable conditions. CFD simulations of the proposed wing 

with a single slotted flap demonstrated a higher lift coefficient compared to both the wing with a 

single plain flap and the baseline NACA 23012 airfoil. Additionally, the drag coefficient of the 

single slotted flap configuration was found to be lower than that of the single plain flap wing. 

Conversely, the single plain flap arrangement exhibited a higher drag coefficient. 

This analysis also shows how the Wing Cessna C 208B Grand Caravan single slotted flap 

modification affects the value of the lift-to-drag ratio and CL, 

CD. Besides, the contour pressure coefficient, vorticity magnitude visualization and velocity 

of single-slotted flapping Cessna C208B Grand Caravan have been compared in the investigation. 

2. METHOD 

The three-dimensional numerical simulation will be employed in this strategy for searching. The 

program will be Ansys Fluent, and K-ε Realizable turbulent model will be used. Simulation consists 

of three stages that are: pre-processing, processing, and post-processing. According to Todorov's 

study, the test object employs a Cessna C208b Grand Caravan wing, the dimensions of which are 

1:1 to the flap geometry and actual dimensions [8] in order to validate the results acquired.  

2.1 boundary condition and simulation domain  

A domain is a model that represents the test item. The domain determination has to be altered in 

order to have the results intended to be achieved, optimal conditions. [9]. In this case, the domain of 

the test section is a wing modeled as a wind tunnel. In Fig. 1, it is shown for each boundary 

condition. The aircraft's cruising speed or 96 (m/s) are the boundary conditions applied at the intake. 

Mulvany is a basis for compiling the simulation domain. [10] and Hayride’s research [11] up to five 

chord lines behind the trailing edge (Fig. 2 and fig3). 
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Figure 1. The simulation's wing geometry. 

 

Figure 2. Simulation geometry of the wing with single slotted flap. 

 

Configuration 

Figure 3. Boundary condition and simulation domain. 

2.1 Test of grid independence 

Accurate data is required by the simulation software at both preprocessing and postprocessing 

stages. A grid independence test has to be done, which will tell the best grid structure and resolution 

that can approximate the actual conditions most accurately [12]. It ensures the repeatability of 

meshing and will define the best setting of a grid. The grid independence test compares different 

meshing types based on their numerical values of CD shown in Table 1. Each meshing type is tested 

for the least value of CD that can give a reliable and reasonably accurate result in the simulation. A 

low and consistent CD value is one of the factors taken into account in a numerical simulation. 

Thus, in accordance with Anderson's criterion, mesh five will serve as a reference for the next 

simulation. [13] . 

Table 1. Grid independence test results for test object without flap configuration. 

Mesh Type Element Count Node Count 
Drag Force 

(N) 

Drag Coefficient 

(CD) 

Mesh-1 2,973,528 536,344 551.932 0.007103 

Mesh-2 3,144,327 567,622 551.113 0.007093 

Mesh-3 3,342,603 603,273 552.029 0.007105 

Mesh-4 3,579,492 646,215 554.961 0.007142 

Mesh-5 3,985,830 719,004 552.925 0.007116 
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Mesh-6 4,345,541 783,368 553.072 0.007118 

Mesh-7 4,776,373 861,801 554.978 0.007027 

Mesh-8 5,308,558 957,603 554.463 0.007156 

Mesh-9 5,830,581 1,049,415 551.257 0.007002 

Mesh-10 6,472,375 1,090,534 552.242 0.007157 
 

3. RESULT AND DISCUSSION 

Numerical simulations of the Cessna 208b Grand Caravan wing were performed for various flap 

angles. Emphasis shall be placed on lift, drag, and the lift-to-drag ratio, supported by pressure 

coefficients, velocity contours, and vorticity magnitudes. Results provide insight into how changes 

in flap angle might affect aircraft performance across a variety of conditions. 

3.1 velocity contour analysis 

A line Velocity contours highlight flow behavior over the wing surface, revealing areas of 

acceleration, deceleration, and turbulence. At αF = 15°, a notable velocity differential develops 

between the upper and lower surfaces, enhancing lift production while introducing moderate 

turbulence near the trailing edge. 

With αF = 30°, the airflow separates earlier along the upper surface, producing larger regions of 

recirculation and turbulence. At α = 16°, the separation zone expands significantly, leading to 

higher drag and reduced aerodynamic efficiency. This trend is consistent with pressure drops along 

the upper surface, causing increased adverse pressure gradients. 

At lower RPM conditions (100, V = 3 m/s), displacement trends remain moderate, with minimal lift 

variations before stall. However, as RPM increases, the impact of lift augmentation becomes more 

pronounced. As shown in Figure 4, the displacement trends at RPM = 100 indicate a gradual 

increase in lift before stall, but with less intensity compared to higher RPM cases. 

Simulations at α = 0° indicate minimal separation, with streamlined flow dominating. At α = 8°, 

flow separation begins to emerge, growing substantially at α = 16°. These observations underscore 

the importance of managing flap angles to balance lift and drag effectively across operational 

conditions. 

  

Figure. 4. Displacement vs. time at RPM = 100 and V = 3 m/s, illustrating baseline lift behavior 

before higher RPM effects are introduced. 

3.2 pressure coefficient distribution 

Pressure coefficient (Cp) contours reveal pressure variations across the wing. Higher flap angles 

amplify pressure changes, particularly near the leading edge, where low-pressure zones intensify. 
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At αF = 0°, pressure distribution remains smooth, minimizing flow separation. Increasing the flap 

angle to αF = 15° generates stronger low-pressure zones along the upper surface, accelerating flow 

and increasing lift. At αF = 30°, Cp contours display broader low-pressure zones with irregular 

shapes, indicating turbulent flow and earlier separation. 

The trailing edge shows higher pressures at larger flap angles, consistent with drag increases due to 

flow detachment and recirculation. These patterns align with lift and drag coefficients, affirming the 

impact of flap deflections on aerodynamic performance. 

3.3 coefficient of lift 

The The coefficient of lift (CL) was evaluated for flap angles (αF) of 0°, 15°, and 30° across various 

angles of attack (α). Figure 5 displays the relationship between CL and α. 

 

Figure 5. Coefficient of lift vs angle of attack. 

Results reveal that increasing flap angles significantly enhances CL at lower angles of attack. For 

αF = 0°, the maximum CL achieved is approximately 0.745 at α = 18°. However, at αF = 30°, the 

maximum CL decreases slightly to 0.640 at α = 14°, indicating earlier stall due to increased flow 

separation. Despite this reduction in maximum CL, higher flap angles maintain improved lift 

performance at low attack angles, making them suitable for takeoff and landing phases. 

At intermediate flap settings (αF = 15°), CL values are higher than at αF = 0° but lower than at αF = 

30°. This suggests that moderate flap angles balance lift enhancement and stall delay, offering 

flexibility in operational performance. Fig. 6 gives the variation of angular displacements w.r.t. 

angle of attack and CL for the following conditions: (a) RPM = 300, V = 10 m/s: Lift increases till 

stall conditions are reached. (b) RPM = 400, V = 14 m/s: The same effect is observed but more 

accentuated, demonstrating a stronger lift increase before stall. 
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(a) 

 

(b) 

Figure 6. Displacement vs. time at varying RPMs: (a) RPM = 400, V = 14 m/s; (b) RPM = 300, V 

= 10 m/s, showing lift behavior leading up to stall. 

3.4 coefficient of drag  

Drag coefficient (CD) values corresponding to flap angles (αF) 0°, 15°, and 30° are shown in Figure 

7. As expected, CD rises with increasing flap angles, due to larger exposed areas and enhanced flow 

disturbances. 
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Figure 7. Coefficient of drag vs angle of attack. 

For αF = 0°, drag remains relatively low, with a maximum value of 0.093 at α = 18°. At αF = 15°, 

the drag coefficient rises moderately to 0.123, while αF = 30° produces the highest drag, peaking at 

0.165. This behavior reflects the increased frontal area and stronger turbulence caused by larger flap 

deflections. 

Higher drag at larger flap angles suggests a trade-off between lift enhancement and aerodynamic 

efficiency. While larger flap angles generate more lift, their higher drag coefficients emphasize their 

use during low-speed maneuvers, such as takeoff and landing, where enhanced lift compensates for 

drag penalties. 

The coefficient of drag is directly affected by the displacement created because of aerodynamic 

resistance. From Figure 4, when RPM = 100 and V = 3 m/s, there is a progressive increase of the 

displacement against time due to the drag forces. For increased velocities, at RPM = 200 and V = 7 

m/s in Figure 8, increased flow velocities produce an effect of the greatest oscillations of 

displacement amplitude. 

 

Figure. 8. Displacement vs. time at RPM = 200 and V = 7 m/s, demonstrating drag-induced 

oscillations in displacement over time. 
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3.5 lift-to-drag ratio 

Figure 9 illustrates the variation of the lift-to-drag ratio (CL/CD) with angles of attack. The highest 

CL/CD value, approximately 13.80, is achieved at α = 8° for αF = 0°. This configuration offers 

optimal aerodynamic efficiency, balancing lift and drag. 

 

Figure 9. Lift-to-drag ratio vs angle of attack. 

For αF = 15°, the peak CL/CD value drops slightly to 12.45, while αF = 30° further reduces it to 

10.20. Despite lower efficiency at higher flap angles, the enhanced lift production compensates for 

increased drag at lower speeds, providing better performance during takeoff and initial climb 

phases. 

As the angle of attack increases, CL/CD values decrease across all flap angles due to drag buildup. 

These findings confirm that higher flap angles are more advantageous in scenarios prioritizing lift 

over efficiency. 

The lift-to-drag ratio is the most important factor that determines the aerodynamic efficiency. 

Figure 10 shows how, for RPM = 400 and V = 14 m/s, the relationship between CL/CD varies 

with the change in flap deployment due to the changing trends of displacement. 

 

Figure 10. Displacement versus time at RPM = 400 and V = 14, representing the relationship 

between lift and drag efficiency. 
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3.6 vorticity magnitude contours 

Figure 11 presents vorticity contours, illustrating flow rotation and turbulence. At α = 0° and αF = 

0°, vortices are compact and confined near the trailing edge. Increasing α to 8° elongates the vortex 

zones, reflecting stronger lift forces. 

Higher flap angles produce more pronounced vortices, with αF = 30° generating larger and more 

dispersed vortices. At α = 16°, turbulent regions intensify, emphasizing drag buildup and reduced 

aerodynamic efficiency. 

 

Figure 11. Vorticity magnitude contours - cessna 208b grand caravan. 

4. CONCLUSION 

The numerical simulation of the Cessna C208b Grand Caravan wing with single-slotted flap 

modifications provides the following conclusions: 

1. Raising flap angles increases lift at low angles of attack, but reduces maximum CL values due 

to earlier stall. 

2. Drag coefficients rise significantly with higher flap angles, emphasizing trade-offs between lift 

enhancement and aerodynamic efficiency. 

3. Lift-to-drag ratios decrease with higher flap angles, yet maintain acceptable performance for 

takeoff and landing phases. 

4. Velocity and pressure contours highlight intensified separation and turbulence at higher flap 

angles, aligning with observed lift and drag changes. 

5. Vorticity analysis reveals stronger vortices at larger flap angles, confirming increased induced 

drag and flow disturbances. 

These findings provide insights into optimizing wing configurations for different flight phases, 

balancing lift, drag, and aerodynamic efficiency through appropriate flap angle selections. 
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