








grupo “time fim de curso”. 

chamo de “rede de apoio da simulação”

“Phenx”, que 



“Nach der so genannten 𝐹 = ߩ  ∶  2 ∙ 2ݒ  ∙ ܣ ∙ ௔ܥ 
Decke fahren”
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ௗௗ௧ ∫ ௏஼ܸ݀ߩ + ∫ ௌ஼ܸ⃗⃗ߩ  . ܣ݀ ⃗⃗݊ = 0
ρ ––

ݒ⃗– –݊⃗⃗ –

ௗௗ௧ ∫ ௏஼ܸܸ݀⃗⃗ߩ + ∫ ܸ⃗⃗)ܸ⃗⃗ߩ ∙ ݊⃗⃗)ௌ஼ ܣ݀ = ∑ 𝐹⃗௘௫௧

∑ 𝐹⃗௘௫௧ –



డ(ఘ௏⃗⃗⃗)డ௧ +  ∇ ∙ (ܸܸ⃗⃗⃗⃗ߩ) = ݌∇ −  +  ∇ ∙ ߬ + ⃗݃ߩ 
ݐ –

–߬ –݃⃗ –

ߩ (డ௩⃗⃗డ௧⃗ + ݒ⃗ ∙ (ݒ⃗∇ =  ∇p + ݒ2⃗∇ߤ  +  ݂⃗
ߤ –݂⃗ –





–



∞߭
≤

≥

ܴ݁௫  =  ∞ܸ. ߭ݔ

≈ 

ߩ ߤܸ∞
ܴ݁௫,௖  = .ߩ  ∞ܸ. ߤ௖ݔ = 5. 105





ܣௗܥ



஽ܥ =  2𝐹ௗܣ2ܸߩ
𝐹ௗ –

ܣܸ –



௅ܥ =  2𝐹௟ܣ2ܸߩ
𝐹௟ –



௟ܥ

௉ܥ = ݌  − 12∞݌ ߩ ∞ܸ2 ,
݌ ∞ܸ∞݌–
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݇߳ ߱݇ − ߱ ݇ − ߳݇ − ߱

݇ − ߱



݇

݇ =  12 ௫̅̅′ݑ௫′ݑ) ̅̅ ̅̅ ̅̅ + ௬̅̅′ݑ௬′ݑ ̅̅ ̅̅ ̅̅ + ௭̅̅′ݑ௭′ݑ ̅̅ ̅̅ ̅̅ ),
௫′ݑ ௬′ݑ ௭′ݑ

݇ߝ݇ − ߳ ߱ ݇ − ߱݇
݇ − ߳

݇ − ߳
߳ ݇

݇ ߳



݇ − ߳
∂(ρK)∂t + ∂∂xj (ρvj݇) = ∂∂xj [(μL + μTσK) ∂݇∂xj] + τijFSij − ρϵ

∂(ρϵ∗)∂ݐ + ௝ݔ∂∂ (ρݒ௝ϵ∗) = ௝ݔ∂∂ [(μ௅ + μ்σϵ ) ∂ϵ∗∂ݔ௝] ϵ1ܥ++ ϵ݂1 ϵ∗݇ τ௜௝ி ௜ܵ௝ − ϵ2ܥ ϵ݂2ρ (ϵ∗)2݇ + φఢ
݇߳
௄ߪܶߤߤ௜ݑߩ ii߮߳ܥϵߪ



݇ − ߱
݇ − ߱݇ − ߳ ݇ − ߱ ݇ − ߱

݇ − ߳

 ݇ −߳ ݇ − ߱
∂(ρ݇)∂ݐ + ௝ݔ∂∂ (ρݒ௝݇) = ௝ݔ∂∂ [(μ௅ + σ௞μ்) [௝ݔ∂݇∂ + τ௜௝ி ௜ܵ௝ − β∗ρω݇

∂(ρω)∂ݐ + ௝ݔ∂∂ (ρݒ௝ω) = ௝ݔ∂∂ [(μ௅ + σωμ்) ∂ω∂ݔ௝] ωρܥ++ μ்݇ τ௜௝ி ௜ܵ௝ − βρω2 + 2(1 − 1݂) ρσω2   1ω ௝ݔ∂݇∂ ∂ω∂ݔ௝

μ௧ = ρܽ1݇max(ܽ1ω,  Ω 2݂)
ܽ1 Ω 1݂ 2݂



|ε| = ௙2−௙1௙1

|ε|
1݂, 2݂

ܫܥܩ = 𝐹௦ ⋅ |ε|௥೛−1
𝐹௦ீݎ ஼ூ =  ℎ2ℎ1݌



࢘
ݎ

݋݂݊݅݁ݎݎ =  ℎ1ℎ2 = (∆1∆2)13

ℎ ∝  ∆−13∆1∆2

– –
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݇ − ߳
݇ − ߱
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+ݕ

+ݕ
+ݕ = ௨ഓݕఔ

ߥݕఛݑ

+ݕ  ≈  1 ݇ −߱



30 < +ݕ < 300
+ݕ ≈  1

࢟
+ݕ(ݕ) ≈  1 30 < +ݕ < 300

+ݕ+ݕ
= ݕ  ௬+ఔ௨ഓ

τݑఛݑ = √τݓρ ,
τ௪

τ௪ = ௙ܥ  ρ ܸ22
 ݂ܥ

௙ܥ = 0,058 ܴ݁−0,2



· − ·

ܴ݁ = 1,2754×22,22×6,21,81×10−5 ≈ 9,71 × 106

௙ܥ = 0,058 × (9,71 × 106)−0,2 ≈ 2,32 × 10−3

߬௪ = 2,32×10−3×1,2754×(22,22)22 ≈ 0,731 Pa
ఛݑ = √ 0,7311,2754 ≈ 0,757 m/s

ߥ = ఓఘ = 1,81×10−51,2754 ≈ 1,419 × 10−5 m2/s
+ݕ

ݕ = 1 × 1,419 × 10−50,757 ≈ 1,87 × 10−5 m = 0,0187 mm
+ݕ

ݕ = 30 × 1,419 × 10−50,757 = 5,62 × 10−4 m = 0,562 mm

ܴ݁ = 105ݔ5 



(ݔ)ߜ = ௫−1/5ܴ݁ ݔ 0,382

ߜ = 0,382 × 1,22 × (1,91 × 106)−1/5 ≈ 0,0258 m = 25,8 mm
ߜ݉ 5−10ݔ1,87+ݕ = ܽ1  ௥೙−1௥−1ܽ1 ݎ ݊݊

݊ = ln (1 + ݎ) ߜ − 1)ܽ1 )ln(ݎ) ,
݊ = ln(1+0,0258(1,272−1)1,87×10−5 )ln(1,272) ≈ 24,6

+ݕ 30 +ݕ> < 300
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𝐹௦ = 1,25 ݌ = 2
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1→2 e 2→3



+ݕ

݇ −߱



10−4

10−6 ݇ 10−7 ߱
–



–

10−4



–



–



–

–





–



–



–







–



–



–

–



–



–



–



–

, tornando essa região um “reservatório” de baixa 
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ௗܲ = 𝐹ௗ  . ݒ
ௗܲ = 12 ⋅ ρ ⋅ 3ݒ ⋅ ஽ܥ ⋅ ܣ

𝐹ௗ ݒ
ௗ/௞௠ܧ = ௗܲݒ

–



ܲ݀ = 550,72 ⋅ 22,222 ≈ 12,24 kW

d/kmܧ = 550,72 ⋅ 10003,6 × 106 ≈ 0,153 kWh/km.

– ࢊࡼ d/kmࡱ



a combustão para a eletrificação, amplia a necessidade de autonomia dos EV’s



ܻ+  <  1
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The Ahmed Body’s External Aerodynamics at 25° Slant Angle Rear Surface: A 
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