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https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
http://www.acea.be/
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μ



𝐴 +  𝑂2 ↔ 𝐴 + 2𝐶𝑂

𝐵 +  𝑂2 ↔ 𝐵 + 2𝐶𝑂

𝐴 ↔ 𝐵

𝑑𝑚𝑆𝑂

𝑑𝑡
=

𝑀𝐶

𝜌𝑠𝑑𝑠
𝑚𝑠𝑤

ρ

𝑤

12
= (

𝑘𝐴 𝑝𝑂2

1+𝑘𝑧 𝑝𝑂2
) 𝑥 + 𝑘𝐵𝑝𝑂2(1  𝑥)



𝑥 =
𝑝𝑜𝑥

𝑝𝑜𝑥+(
𝐾𝑇
𝐾𝐵
)





 

 

 



 

 



 



 





�̇�

�̇� =   𝑘∆𝑇



�̇� =  
�̇�

𝐴
=  𝑘

𝑑𝑇

𝑑𝑥

�̇� =   𝑘𝑓𝐴
Ә𝑇

Ә𝑥
|  
𝑥=0



�̇� = ℎ𝐴(𝑇  𝑇𝑝)

ℎ =   𝑘𝑓
Ә𝑇

Ә𝑥
|  
𝑥=0

(𝑇  𝑇𝑝)
−1

𝑁𝑢 = ℎ𝐿/𝑘𝑓 𝑅𝑒 = 𝜌𝑢𝐿/µ 𝑃𝑟 = µ𝑐𝑝/𝑘𝑓

ρ μ

𝑁𝑢 = a 𝑅𝑒𝑚𝑃𝑟𝑛



 



ε

𝜀𝑔 = f(𝑇𝑔, 𝑝1𝑙, … , 𝑝𝑛𝑙)

𝑙 = 0.9 ·
4𝑉

𝐴

ε



𝜀𝜆 = 1  exp (
−𝐾𝐿

𝜆1.2
)

𝐼𝑏𝑏,𝜆 =
2𝜋𝐶1

𝜆5(𝑒

𝐶2
𝜆𝑇𝑅−1)





 

 







 



 

 

 

 

 





 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
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𝑆𝑜𝑜𝑡 [
𝑚𝑔

𝑚3] =
1

0.405
∙ 4.95 · 𝐹𝑆𝑁 · 𝑒(0.38·𝐹𝑆𝑁)

 



 

 



 

 

 



 ∆𝐻𝑅𝐿 = 𝑚𝑐𝑖𝑙 ∙ ∆𝑈𝑐𝑖𝑙 + 𝐴𝑄𝑤 + 𝑝 ∙ ∆𝑣  (ℎ𝑓𝑖𝑛𝑦  𝑢𝑓,𝑔) ∙ ∆𝑚𝑓,𝑒𝑣𝑎𝑝 + 𝑅𝑐𝑖𝑙 ∙ 𝑇𝑐𝑖𝑙 ∙

∆𝑚𝑏𝑏

∆𝐻𝑅𝐿

𝑚𝑐𝑖𝑙 ∙ ∆𝑈𝑐𝑖𝑙: 

𝐴𝑄𝑤:



𝑝 ∙ ∆𝑣

(ℎ𝑓𝑖𝑛𝑦  𝑢𝑓,𝑔) ∙ ∆𝑚𝑓,𝑒𝑣𝑎𝑝:

𝑅𝑐𝑖𝑙 ∙ 𝑇𝑐𝑖𝑙 ∙ ∆𝑚𝑏𝑏:



 



 

 

 

 

 

- ρ

- ρ ω ω

θ 

ρ

𝑓𝑐𝑙,𝑆𝑐 ,  , 𝑘 =    , 𝑓𝑐𝑙,𝑆𝑐 · 𝑒𝑥𝑝
 

 
  𝑘 2    



 



ρ

ϕ



ω

𝑑𝑌𝑖

𝑑𝑡
=
𝜔𝑖∙𝑀𝑊𝑖

𝜌

𝑑

𝑑𝑡
(∑ 𝑚𝑖

𝐼
𝑖=1 ∙ 𝑢𝑖) =  𝑝 ∙

𝑑𝑣

𝑑𝑡
 𝑄𝑤

𝑚 ∙ ∑ 𝑌𝑖
𝐼
𝑖=1

𝑑𝑢𝑖

𝑑𝑡
=  ∑ 𝑢𝑖

𝑑𝑚𝑖

𝑑𝑡
 𝑝 ∙

𝑑𝑣

𝑑𝑡
∙ 𝑄𝑤𝐼

𝑖=1

ρ

𝜌 ∙ 𝑐𝑣 ∙
𝑑𝑇

𝑑𝑡
= ∑ 𝑢𝑖 ∙ 𝜔𝑖 ∙ 𝑃𝑀𝑖

𝐼
𝑖=1

 



 

𝐼𝑠𝑜𝑜𝑡(𝜆, 𝑇, 𝐾𝐿) =  𝜀(𝜆, 𝐾𝐿)𝐼𝑏𝑏(𝜆, 𝑇)

λ



ε

𝐼𝑏𝑏(𝜆, 𝑇) =
1

𝜆5
 

𝑐1

[𝑒𝑥𝑝(
𝑐2
𝜆𝑇
)−1]



𝜀 (𝜆, 𝐾𝑎𝑏𝑠, 𝐿) =  1  𝑒𝑥𝑝(𝐾𝑎𝑏𝑠(𝜆) · 𝐿)

λ λα

α

𝜀 (𝜆, 𝐾𝑎𝑏𝑠, 𝐿) =  1  𝑒𝑥𝑝 (
𝑘𝑠𝑜𝑜𝑡

𝜆𝛼
) = 1  𝑒𝑥𝑝 (

𝐾𝐿

𝜆𝛼
)

α

α

𝐼𝑠𝑜𝑜𝑡  (𝜆, 𝑇, 𝐾𝐿) =  [1  𝑒𝑥𝑝 (
𝐾𝐿

𝜆𝛼
)] ·

1

𝜆5
 

𝑐1

[𝑒𝑥𝑝(
𝑐2
𝜆𝑇
) 1]
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𝐼𝑠𝑜𝑜𝑡  [
𝑊

𝑚2·𝑚·𝑠𝑟
] =   

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑠𝑖𝑔𝑛𝑎𝑙[𝑉]·𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦[
𝑊

𝑚2·𝑚·𝑠𝑟·𝑉
]

𝐺𝑎𝑖𝑛·𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦
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Acquisition 
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http://www.sciencedirect.com/science/article/pii/S1359431108004213
http://www.sciencedirect.com/science/article/pii/S1359431108004213
http://www.sciencedirect.com/science/article/pii/S0016236111007794
http://www.sciencedirect.com/science/article/pii/S0016236111007794
http://www.sciencedirect.com/science/article/pii/S0016236111007794
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http://www.sciencedirect.com/science/article/pii/S0010218008003489
http://www.sciencedirect.com/science/article/pii/S0010218008003489
http://www.sciencedirect.com/science/article/pii/S0010218008003489




 

  

  

  

  

 

 

 

 

  

  

 

 

  

  



 

 

  

  

  

  



 



 

 

 



 

 



ρ

ρ





 









 

 





 

λ

ελ



𝑄𝑟𝑎𝑑 = 𝜋    𝜀𝜆𝐼𝑏,𝜆
 

𝜆

 

𝐴

 

𝑡
𝑑𝜆 𝑑𝐴 𝑑𝑡

𝐴 = 2𝜋𝑟 𝑑𝑥
 

𝑥

𝑋𝑟𝑎𝑑 = 
𝑄𝑟𝑎𝑑

𝑚𝑓𝑄𝐿𝐻𝑉
⁄
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CAD = 10.67º

Isoot [W/m2*m*sr]
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𝐾𝐿 = 𝛼 · 𝑒

− 𝑙𝑛(2)·𝑋𝐶𝐴𝐷
𝑡1/2

α

ρ

𝐴𝐶𝑇−1 =
𝜌𝑎
0.5·𝑢0·[𝑂2]

0.5·𝜙0
−1

𝐾



𝐴𝐶𝑇−1 = 𝑏 · 𝑒

−𝑙𝑛(2)·𝑋𝐶𝐴𝐷
𝑡1
2
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ϕ







≈





 









𝑡1/2,𝐾𝐿 = 𝐴 · 𝑡1/2,𝐴𝐶𝑇−1  𝐵





𝑡1/2,𝐾𝐿 = 𝐶 · 𝑡1/2,𝐴𝐶𝑇−1
𝐷 · (𝑇𝑏𝑢𝑙𝑘/10

3)𝐸
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𝑆𝑌 =
𝑌𝑠𝑜𝑜𝑡

𝑌𝑓_𝑛𝑏

𝑆𝑌 = 𝐾𝑠𝑜𝑜𝑡 · 𝑚𝑎𝑥 (0.5  
1

𝐹𝑟𝐿𝑂𝐿
, 0) · 𝑡𝑟 · 𝑒𝑥𝑝 (

𝑇

𝑇𝐹𝑙𝑎𝑚𝑒
) · 𝜌2.2

ρ

 



 

 

 

ρ

𝑋𝑠𝑜𝑜𝑡 = 𝑌𝑠𝑜𝑜𝑡 ·
𝜌𝑎

𝜌𝑠𝑜𝑜𝑡

ρ ρ



𝑋𝑠𝑜𝑜𝑡

𝑋𝑠𝑜𝑜𝑡,𝐶𝐿
= 𝑒𝑥𝑝 [ 4.6 · (

𝑟

𝑅𝐹𝑙𝑎𝑚𝑒
)
2
]

 

 



𝑰

𝑰𝟎
= 𝑒𝑥𝑝( 𝐾𝐿) =  𝜏

τ

𝑰

𝑰𝟎
= 𝑒𝑥𝑝( 𝐾𝐿) =  𝜏 =  ∏ 𝜏𝑖𝑖

τ

 𝜏𝑖 = 𝑒𝑥𝑝 (
−𝑔·𝑋𝑠𝑜𝑜𝑡(𝑟)·𝑑𝑟

𝜆𝛼
)

μ λ

μ α λ λ μ

 𝐾𝐿 =
𝑔

𝜆𝛼
·  𝑋𝑠𝑜𝑜𝑡(𝑟) · 𝑑𝑟

+𝐿/2

−𝐿/2
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T (r)

Δl

i i+1 i+2

Isoot (1-αi+1)Isoot,i (1-αi+1) (1-αi+2)Isoot,i

r0-L/2 -L/2

KLlinear (r)
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T (r)
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Iλ

-rst +rst



 

 𝐾𝐿 = ∑ 𝐾𝐿𝑖
𝑛
𝑖=1

 𝐼𝑠𝑜𝑜𝑡,𝑖(𝜆, 𝑇𝑖 , 𝐾𝐿𝑖) =  𝜀𝜆,𝑖𝐼𝑏(𝜆,𝑇𝑖)

ε

 𝐼𝑠𝑜𝑜𝑡,𝑖(𝜆, 𝑇𝑖 , 𝐾𝐿𝑖) =  ∑ [𝜀𝜆,𝑖𝐼𝑏(𝜆,𝑇𝑖) · ∏ (1  𝛼𝜆,𝑗)
𝑛
𝑗=𝑖+1 ]𝑛

𝑖=1

αλ

ελ

 𝛼𝜆,𝑗 = 𝜀𝜆,𝑗

 



λ

λ



 

𝑄𝑟𝑎𝑑  =  𝜋   𝜀𝜆𝐼𝑏,𝜆
 

𝜆

 

𝐴

 

𝑡
𝑑𝜆 𝑑𝐴 𝑑𝑡

𝐴𝑡 = 2𝜋𝑟  𝑑𝑥
 

𝑥



𝑋𝑟𝑎𝑑 = 
𝑄𝑟𝑎𝑑

𝑚𝑓𝑄𝐿𝐻𝑉
⁄



 



 

 

 



 

 

 

 

 

 

 

 

https://www.sciencedirect.com/science/journal/00102180/160/1
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