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Bernoulli Equation
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vacuumfriction shape
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F= 𝜌 ∗ 𝐴 ∗ 𝑣2 ∗
𝑐𝑑

2
(F=drag force, Cd: drag coeffiency)
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5 ∗ 105

5 ∗ 105
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Reality Comsol
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Volvo 
740

1/10 model

𝑅𝑒 =
𝜌∗𝑉∗𝐿

𝜇
=

1.2∗40∗1.35

1.515∗10−5
= 2.14 ∗ 106 5 ∗ 105 → 𝑇𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

1. Fluid model

2. Car Model 
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Symmetry 이용

Mesh 크기의 차별화

+

빠른 계산작업 & 높은 정확도

3. Comsol Modeling 
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F= 𝜌 ∗ 𝐴 ∗ 𝑣2 ∗ 𝑐𝑑/2

𝑐𝑑 =
2∗𝐹

𝜌∗𝐴∗𝑣2
=

2∗37,962

1.22∗0.081∗402
=    0.48

◎ 차체 모델링 ◎ 풍동 실험의 k,Ɛ 값의 차이

◎ Mesh의 한계성

4. 결과 분석
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Cone

Comsol



13

Cd : 0.48 Cd : 0.46

No Spoiler Spoiler
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Cd 분석-no Spoiler(Blue),  Spoiler(0도)(Red) 

D=0.2 D=0.3 D=0.4 D=0.5

D: 자동차 뒷면으로 부터 떨어진 거리
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Cd 분석-no Spoiler,  Spoiler(0도) 

NO Spoiler Spoiler
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Spoiler 각도에 따른 Lift와 Drag 
측정
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각도 vs  Down Force
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연비 ↑ ↓

안정성 ↓ ↑



18

30도0도-30도

Down force 분석
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실제 도로에 따른 Active Spoiler 
조정

제어

Mid-Ohio Sports Car 
Course
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15m/s 결과표

High Medium Low

High (1) (2) (3)

Medium (2) (3) (4)

low (3) (4) (5)

(1) : -20도

(2) : -10도

(3) : 30도

(4) : 10도

(5) : 20도

Small Lift
&

Stable
속도

회전
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trace

좌표화

Catia
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Tangantial
Velocity
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Simulink
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◎ 유체역학 전공책 : “Introduction to Fluid Mechanics”
- Fox and Mcdonalds

◎ “Airflow Over an Ahmed Body”
- COMSOL Multiphysics 5.4 

◎ “Effects of rear spoilers on ground vehicle aerodynamic drag”
- Halil Sadettin Hamut, Rami Salah El-Emam, Murat Aydin, Ibrahim Dincer

◎ “Evaluating the Importance of Rear Spoiler on Energy Efficiency of Electric Vehicles”
- S. M. R. Tousi1, P. Bayat2, P. Bayat3
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