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Stall
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Stall
Solution : Separation point를 최대한 뒤로 이동시킨다. 1.

2.
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Lift & Drag

𝐹𝐿𝑖𝑓𝑡 =
1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 ∙ 𝑣2

𝐹𝐷𝑟𝑎𝑔 =
1

2
∙ 𝐶𝐷 ∙ 𝜌 ∙ 𝐴 ∙ 𝑣2

For convenience, we will use 
1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 instead of 𝐶𝐿 to calculate force versus velocity

Also, we will neglect Aerodynamic Axis >> No nose up or down situation
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Airfoil – Boeing 737
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Data – Boeing 737
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Full model
3D Analysis

Neglect

2D Analysis

+

+

= Full model
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Wing Analysis - Comsol



AoA 6deg 2D CFD



AoA 6deg 2D Model

7.32 + 1.62

2
= 4.47 𝑚 ∶ 𝐶ℎ𝑜𝑟𝑑 𝐿𝑒𝑛𝑔𝑡ℎ

Chrod

AoA

6 ° ∶ 𝐴𝑡𝑡𝑎𝑐𝑘 𝑜𝑓 𝐴𝑛𝑔𝑙𝑒
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Slip wall

Velocity input

Pressure output = 0

Nonslip wall

Altitude = Sea level
Temperature = 293.15 K
Air density(𝜌) = 1.22 𝑘𝑔/𝑚3

AoA 6deg 2D Model
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40m/s 80m/s 120m/s

160m/s 200m/s 240m/s

AoA 6deg 2D CFD
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Stationary vs 
Time Dependent
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Average of reasonable data ≈ Stationary result

vs

Stationary vs 
Time Dependent
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Stationary 80 m/s

Step function * 80 m/s



Why minus?

Lift force per unit length Drag force per unit length

: This calculates reaction force from airfoil boundary

Calculating 
Lift & Drag Force
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1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 = 0.705 /𝑠𝑝𝑎𝑛

1

2
∙ 𝐶𝐷 ∙ 𝜌 ∙ 𝐴 = 0.114 /𝑠𝑝𝑎𝑛

AoA 6deg Lift & Drag
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𝐶𝐿/𝐶𝐷 = 6.184



Slat & Flap 2D CFD



10 deg
10 deg

Slat & Flap 2D Model
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Boundary Layer for Mesh Quality

Slat & Flap 2D Mesh
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Slat & Flap 2D CFD
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Acceleration from 0 m/s to 240 m/s 40 m/s steady flow



1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 = 0.705 /𝑠𝑝𝑎𝑛

1

2
∙ 𝐶𝐷 ∙ 𝜌 ∙ 𝐴 = 0.114 /𝑠𝑝𝑎𝑛

1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 = 3.118 /𝑠𝑝𝑎𝑛

1

2
∙ 𝐶𝐷 ∙ 𝜌 ∙ 𝐴 = 0.265 /𝑠𝑝𝑎𝑛

Slat & Flap 2D CFD
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𝐶𝐿/𝐶𝐷 = 6.184 𝐶𝐿/𝐶𝐷 = 11.77



Body & Tailwing 3D CFD



Body & Tail 3D Model
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Half Model Full Model 



Body & Tail 3D CFD
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Solution time issue!!

1 day, 7 hours, 45 minutes

50 %



Body & Tail 3D CFD
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Full-cloud CAE simulation software 
Specialized in CFD



Body & Tail 3D CFD
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Body & Tail 3D CFD
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Take off situation
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Take – off 

Engine Axis = Aircraft Axis
To negelect an effect of Aerodyn. Axis, set a climb angle by velocity
Maintaining altitude at 12000m



Build a system using simulink
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System component 
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Current flight status 



Drag&Lift
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Drag&Lift If altitude > 40m
No slat&flap

Air density by altitude

Multiply 
1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴

Merge all drag&lift

Air density at sea level

Input -Altitude
-Total velocity

Output - Lift
- Drag
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Drag&Lift

𝐹𝐿𝑖𝑓𝑡 =
1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 ∙ 𝑣2

𝐹𝐷𝑟𝑎𝑔 =
1

2
∙ 𝐶𝐷 ∙ 𝜌 ∙ 𝐴 ∙ 𝑣2
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Air density by altitude

Air density at sea level



Acceleration
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Acceleration

Inputs

y-component acceleration 
calculation sub-system

x-component acceleration
calculation sub-system

Input -Climb angle
-Lift
-Drag
-Thrust per engine
-Altitude

Output - x-component acceleration
- y-component acceleration
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Inputs
Calculate Cos&Sine value by climb angle

Calculate total thrust

Remaining Fuel

Total aircraft mass
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Inputs – Remaing Fuel

Fuel consumption 2400kg/hour

Max fuel mass
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Inputs – Total aircraft weight

Fuel consumption 2400kg/hour

Max take-off mass
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Inputs

Inputs

Outputs
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x-component acceleration
calculation sub-system

Lift*sine

Thrust*cos

Drag*cos
(x_Thrust) - (x_Drag) - (x_Lift) a = F/m

If remaining fuel is 0, input = 0, a = 0
Else, Input = 1, a=F/m
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y-component acceleration
calculation sub-system

Thrust*sine

Drag*sine

Lift*cos

(y_Thrust) + (x_Lift)- (x_Drag) - Weight

Weight = mass*9.81m/s^2
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y-component acceleration
calculation sub-system

If altitude == 0 & a <= 0, a = 0
Else, a = F/m
With out this function, y-accel is negative when the 
altitude is 0. So, altitude will have a negative value.

1/ weight

a = F/m

If remaining fuel <= 0, input = 0, a = 0
Else, Input = 1, a=F/m



Velocity&Altitude
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Acceleration -> velocity

Calculate Total velocity

Velocity -> Altitude

Make altitude >= 0

Velocity&Altitude



Climb Angle
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Climb angle

If altitude = 0,
Climb angle = 0

Calculate climb angle
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Climb angle

Calculate climb angle

By using this function, we can align aircraft 
axis and aerodyn. axis



Thrust Control System



CAE Project

Thrust control system

Calculating the difference between target altitude and current altitude

Making the controlled thrust does not 
exceed the max thrust of the engine

Control thrust using PID-controler
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Thrust control system the max thrust of the engine = 82.3kN

After trial and error, we adjusted the gain values.



Simulation
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Altitude
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Acceleration



CAE Project

Velocity
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Climb Angle
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Thrust
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Take-off Time

About 56.8 sec
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Take-off distance

About 2801m



Comparison between “With slat&flap” and “No slat&Flap”
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Take-off distance

About 62800m >>>>>>>2801m
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Take-off Time

About 394.2 sec>>>>>>>56.8 sec



Improvements
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Climb angle control

다음 그래프는 시간에 따른 속도 그래프인데, 
속도가 300m/s를 넘는 것을 볼 수 있다. 비행기
의 순항 속도가 보통 216m/s인 것을 감안하면 매
우 빠른 속도이다.

원인은 비행기의 각도 제어가 들어가 있지 않아 
오로지 추력으로만 고도를 조절하기 때문에다. 비
행기의 각도 제어를 한다면 원하는 속도로 고도
를 유지하는 것이 가능할 것이다. 다만 수많은 
AoA에 대한 Cl&Cd 값이 필요할 것이다.
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Various slat and flap angles
Altitude
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Various slat and flap angles
Accerlation
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Various slat and flap angles
Climb angle
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Various slat and flap angles

Slat&flap이 접힐 때 갑자기 접히기 때문에 Lift와 Drag의 값이 급격하게 변화하고 이에 따라 심
한 진동이 발생한다. 이는 세분화된 slat&flap 별 Lift와 Drag의 값을 알 수 있다면 해소될 수 있
는 문제라고 생각한다.
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More accurate control system

초반 최대 추력으로 빠르게 속도를 올린 후 이륙
해야하지만 PID 제어의 한계로 초반에 추력을 최
대로 쓰지 않아 이륙 시간과 거리가 증가하게 되
었다.
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More accurate control system

실재로 추력을 82.3kN인 상수로 대입한 경우

Slat&flap이 접힌 상태는 150초에서,
펼쳐진 상태에선 39.6초에 이륙했으며
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More accurate control system

실재로 추력을 82.3kN인 상수로 대입한 경우

Slat&flap이 접힌 상태는 약 20000m에서,
펼쳐진 상태에선 1700m만에 이륙했다.
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