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2 𝐹𝑒 + 𝐶6𝐻5𝑁𝑂2 + 2 𝐻2𝑂 → 2 𝛼𝐹𝑒𝑂𝑂𝐻 + 𝐶6𝐻5𝑁𝐻2

9 𝐹𝑒 + 4 𝐶6𝐻5𝑁𝑂2 + 4 𝐻2𝑂 → 3 𝐹𝑒3𝑂4 + 4 𝐶6𝐻5𝑁𝐻2



 

 

 

 

 



 

 

 

 





 



 

 

 

 

 

 

 





 

 



𝛼𝐹𝑒2𝑂3 𝐹𝑒3𝑂3 𝛾𝐹𝑒2𝑂3 𝛽𝐹𝑒2𝑂3 𝜖𝐹𝑒2𝑂3 𝐹𝑒𝑂

 

(𝐹𝑒3+)𝐴(𝐹𝑒3+, 𝐹𝑒2+)𝐵𝑂4



𝐹𝑒2+2𝛿
3+ 𝐹𝑒1−3𝛿

2+ 𝑂4 = 𝐹𝑒3−𝛿𝑂4

𝑛(𝐹𝑒2+)

𝑛(𝐹𝑒3+)
= 𝑅 =

1 − 3𝛿

2 + 2𝛿

𝛿 =
1 − 2𝑅

3 + 2𝑅
 

𝐹𝑒3𝑂4 = 𝐹𝑒𝑂 ⋅ 𝐹𝑒2𝑂3



 

(𝐹𝑒24
3+)𝐴(𝐹𝑒40

3+,
8

)
𝐵

𝑂96

 



 

 

4 𝐹𝑒3𝑂4 + 𝑂2 → 6 𝛾𝐹𝑒2𝑂3

Δ𝑚𝑟𝑒𝑙

Δ𝑚𝑟𝑒𝑙 =
(6 ⋅ 𝑀𝑀𝑎𝑔ℎ𝑒𝑚𝑖𝑡𝑒)

4 ⋅ 𝑀𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑡𝑒
= 1.0348



(1 − 3𝛿) 𝐹𝑒2+ → (1 − 3𝛿) 𝐹𝑒3+ + (1 − 3𝛿) 𝑒−

1

2
𝑂2 + 𝑒− →

1

2
𝑂2

−

(1 − 3𝛿) 𝐹𝑒2+ +
1 − 3𝛿

2
𝑂2 → (1 − 3𝛿) 𝐹𝑒3+ +

1 − 3𝛿

2
𝑂2

− 

4 𝐹𝑒3−𝛿𝑂4 + 2(1 − 3𝛿) 𝑂2  →  2(3 − 𝛿) 𝐹𝑒2𝑂3

𝐹𝑒3+ +
3

4
𝑂2 + 3𝑒− →

3

8
𝐹𝑒8/3 1/3

𝑂4



3𝐹𝑒3𝑂4 → 3𝐹𝑒8/3 1/3
𝑂4 + 𝐹𝑒3+ + 3𝑒−

Δ𝑅𝐻 Δ𝑓𝐻0

Δ𝑅𝐻 =
[(6 ⋅ Δ𝑓𝐻0(𝑀𝑎𝑔ℎ𝑒𝑚𝑖𝑡𝑒)) − (4 ⋅ Δ𝑓𝐻0(𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑡𝑒))]

4
= −91.8

𝑘𝐽

𝑚𝑜𝑙

𝐹𝑒𝑂 ⋅ 𝐹𝑒2𝑂3

𝛾 − 𝐹𝑒2𝑂3 → 𝛾 − 𝐹𝑒2𝑂3



𝐹𝑒2𝑂3

𝐹𝑒𝑂

4 𝐹𝑒𝑂 + 𝑂2 → 2 𝛾 − 𝐹𝑒2𝑂3

 

 

 





 

𝛾 − 𝐹𝑒2𝑂3 → 𝛼 − 𝐹𝑒2𝑂3

 

 

 

 



Δ𝑅𝐻 = Δ𝑓𝐻0(𝐻𝑒𝑚𝑎𝑡𝑖𝑡𝑒) − Δ𝑓𝐻0(𝑀𝑎𝑔ℎ𝑒𝑚𝑖𝑡𝑒) = −20.4
𝑘𝐽

𝑚𝑜𝑙



 



𝑑𝑟𝑐

𝑑𝑡
=

−4𝐷𝑒𝑓𝑓 ⋅ 𝑐𝑂2

𝜌𝑐 [𝑟𝑐 (1 −
𝑟𝑐
𝑅

) +
𝐷𝑒𝑓𝑓

𝑘
]

 



 

 

 

 

 

 

𝑋 =
𝑚𝑡 − 𝑚0

𝑚∞ − 𝑚0



 



�̇�

�̇� ∝ Δ𝑇 = 𝑇𝑆 − 𝑅𝑅 

 

 

 

 



Δ𝐻𝑅

Δ𝐻𝑅 = ∫ 𝐻𝑆(𝑇) − 𝐻𝐵(𝑇) 𝑑𝑇
𝑇𝑒𝑛𝑑

𝑇𝑠𝑡𝑎𝑟𝑡

𝑋 =
∫ 𝐻𝑆(𝑇) − 𝐻𝐵(𝑇)

𝑇

𝑇𝑆𝑡𝑎𝑟𝑡
𝑑𝑇

∫ 𝐻𝑆(𝑇) − 𝐻𝐵(𝑇) 𝑑𝑇
𝑇𝑒𝑛𝑑

𝑇𝑠𝑡𝑎𝑟𝑡



∫ 𝑓(𝑥) 𝑑𝑥
𝑏

𝑎

=
1

2
∑[(𝑓𝑖(𝑥) + 𝑓𝑖+1(𝑥)) ⋅ (𝑥𝑖+1 − 𝑥𝑖)]

𝑏

𝑖=𝑎

 

𝑟𝑖 = (
1

𝜈𝑖
) ⋅

𝑑𝑛𝑖

𝑑𝑡
=

𝑑𝑋𝑖

𝑑𝑡
= 𝑓(𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠)

𝜈

𝑋𝑖 =
𝑛𝑖

0 − 𝑛𝑖

𝑛𝑖
0



𝑑𝑋

𝑑𝑡
= 𝑘(𝑇) ⋅ 𝑓(𝑋)

𝑑𝑋

𝑑𝑡
= 𝑘0 ⋅ 𝑒−

𝐸𝐴
𝑅𝑇 ⋅ 𝑓(𝑋)

 

𝑔(𝑋) = 𝑋𝑚(1 − 𝑋)𝑛(− ln(1 − 𝑋))𝑝



𝒈(𝑿)

𝛼

−ln (1 − 𝑋)

(1 − 𝑋)−1 − 1

1

2
[(1 − 𝑋)−2 − 1]

1 − (1 − 𝑋)
2
3

1 − (1 − 𝑋)
1
4

(1 − 𝑋)−
1
2 − 1

𝑋
3
2

𝑋
1
2

𝑋
1
3

𝑋
1
4

ln(𝑋)

− ln(1 − 𝑋)

[− ln(1 − 𝑋)]
2
3

[− ln(1 − 𝑋)]
1
2

[− ln(1 − 𝑋)]
1
3

[− ln(1 − 𝑋)]
1
4

ln (
𝑋

1 − 𝑋
)



1 − (1 − 𝑋)
1
2

1 − (1 − 𝑋)
1
3

𝑋2

𝑋 + (1 − 𝑋) ⋅ ln (1 − 𝑋)

((1 − (1 − 𝑋))
1
3)

2

1 −
2

3
𝑋 − (1 − 𝑋)

2
3

((1 − 𝑋)−
1
3 − 1)

2

((1 + 𝑋)
1
3 − 1)

2

 

∫
𝑑𝑋

𝑓𝑖(𝑋)

𝑋

0

= (𝑘0𝑒−
𝐸𝐴
𝑅𝑇)

𝑖
⋅ ∫ 𝑑𝑡

𝑡

0

∫
𝑑𝑋

𝑓𝑖(𝑋)

𝑋

0

= 𝑔𝑖(𝑋)



𝑔𝑖(𝑋) = (𝑘0𝑒−
𝐸𝐴
𝑅𝑇)

𝑖
⋅ 𝑡

ln(𝑘(𝑇)) = ln(𝑘0) −
𝐸𝐴

𝑅
⋅

1

𝑇

 

𝑑𝑇

𝑑𝑡
= 𝑐𝑜𝑛𝑠𝑡. = 𝛽

𝑑𝑋

𝑑𝑡
⋅

𝑑𝑡

𝑑𝑇
=

𝑑𝑋

𝑑𝑇
=

𝑘0

𝛽
𝑒−

𝐸𝐴
𝑅𝑇 ⋅ 𝑓𝑖(𝑋)



𝑔𝑖(𝑋) =
𝑘0

𝛽
⋅ ∫ 𝑒−

𝐸𝐴
𝑅𝑇 ⋅ 𝑑𝑇

𝑇

0

𝑔𝑖(𝑋) =
𝑘𝑜𝐸𝐴

𝛽𝑅
⋅ ∫

𝑒−𝑥

𝑥2
𝑑𝑥

∞

𝑥

=
𝑘𝑜𝐸𝐴

𝛽𝑅
⋅ 𝑝(𝑥)

 

𝑔𝑖(𝑋) =
𝑘0𝑅𝑇2

𝛽𝐸𝐴
[1 −

2𝑅𝑇

𝐸𝐴
] 𝑒−

𝐸𝐴
𝑅𝑇

ln (
𝑔𝑖(𝑋)

𝑇2 ) = ln (
𝑘0𝑅

𝐸𝐴𝛽
[1 − (

(2𝑅𝑇𝑚)

𝐸𝐴
)]) −

𝐸𝐴

𝑅
⋅

1

𝑇



 

 

 

 

 

 

 

 



𝐹𝑒𝐶𝑙2 + 2 𝐻2𝑂 + 2 𝑁𝐻3 → 𝐹𝑒(𝑂𝐻)2 + 2 𝑁𝐻4𝐶𝑙

𝐹𝑒𝑆𝑂4 + 2 𝐻2𝑂 + 2 𝑁𝐻3 → 𝐹𝑒(𝑂𝐻)2 + (𝑁𝐻4)2𝑆𝑂4

9 𝐹𝑒(𝑂𝐻)2 + 2 𝐾𝑁𝑂3 → 3 (𝐹𝑒𝑂 ⋅ 𝐹𝑒2𝑂3) + 2 𝑁𝑂 + 2 𝐾𝑂𝐻 + 8 𝐻2𝑂

9 𝐹𝑒(𝑂𝐻)2 → 3 (𝐹𝑒𝑂 ⋅ 𝐹𝑒2𝑂3) + 6 𝑒− + 6 𝐻+ + 6 𝐻2𝑂

2 𝑁𝑂3
− + 6 𝑒− + 4 𝐻+ → 2 𝑁𝑂 + 4 𝑂𝐻−



 



 



 

 

 

 

 

 



𝑑𝑃 =
6

𝑆 ⋅ 𝜌𝑃

 

 

 



𝑄0(𝑥) = 1 − exp [− (
𝑥

𝑥′
)

𝑛

]



 

𝐶𝑒4+ → 𝐶𝑒3+ + 𝑒−



𝐹𝑒2+ + 𝐶𝑒4+ → 𝐹𝑒3+ + 𝐶𝑒3+

2 𝐹𝑒3+ + 𝑍𝑛 → 2 𝐹𝑒2+ + 𝑍𝑛2+

𝐹𝑒2+

𝐹𝑒3+
=

𝑚(𝐹𝑒2+)

𝑚(𝐹𝑒𝑡𝑜𝑡) − 𝑚(𝐹𝑒2+)



 

 



 









 

 

 

 

 

 







 





 

 



 



 

 

 

 



𝑋(𝑇) =
𝑚(𝑇) − 𝑚𝑠𝑡𝑎𝑟𝑡

𝑚𝑒𝑛𝑑 − 𝑚𝑠𝑡𝑎𝑟𝑡







 



𝑚𝛥

𝑚Δ[%] = 𝑚𝑎𝑖𝑟 − 𝑚𝑁2
+ 100







 

𝑇𝐶



𝑇𝐶



 

 

 





 

Δ𝐻𝑅



 



Δ𝑅𝐻

Δ𝑅𝐻 [
𝑘𝐽

𝑚𝑜𝑙
] = −0.45 ⋅ 𝑑𝑃[𝑛𝑚] − 10.7



 





𝐸𝐴 [
𝑘𝐽

𝑚𝑜𝑙
] = 0.426 ⋅ 𝑑𝑃[𝑛𝑚] + 74.036[𝑛𝑚]



 

Δ𝐻𝑅



 





 





 

 



 





 







Δ𝑚𝑂𝑥 = −0.040 ⋅ Δ𝑅𝐻 − 0.131



 

 





 



 

 



 



 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 



 

 



 

 𝑑𝑃

 

 

 

 

 Φ

Φ

[𝐹𝑟]𝑀 [
𝐷

𝑑𝑃
]

𝑀

1
2

= [𝐹𝑟]𝑃 [
𝐷

𝑑𝑃
]

𝑃

1
2

[Φ]𝑀 = [Φ]𝑃

𝐹𝑟 =
𝜔2 ⋅ 𝑅

𝑔
=

𝑖𝑛𝑒𝑟𝑡𝑖𝑎

𝑔𝑟𝑎𝑣𝑖𝑡𝑦

𝜔



 

 

 

 

 

 

 

 

 

 



𝑛𝐶

𝑛𝐶 =
1

𝜋
√

𝑔

2𝐷



Φ < 0.1 Φ > 0.1 Φ < 0.1 Φ > 0.1 Φ > 0.2

𝜇𝑊

< 𝜇𝑊,𝑐

𝜇𝑊

≥ 𝜇𝑊,𝑐

𝜇𝑊 > 𝜇𝑊,𝑐 𝜇𝑊 > 𝜇𝑊,𝑐

 

 

 



 

 

 

 

𝑠𝑡
2 =

∑ (𝑐𝑖,𝑡 − 𝑐�̅�)
2𝑁

𝑖=1

1 − 𝑁



𝜎𝑠𝑒𝑔
2 = 𝑐 ⋅ (1 − 𝑐)

𝜎𝑚𝑖𝑥
2 =

𝜎𝑠𝑒𝑔
2

𝐾
=

𝑐 ⋅ (1 − 𝑐)

𝐾

𝑀𝑡,exp =
𝜎𝑠𝑒𝑔

2 − 𝑠𝑡
2

𝜎𝑠𝑒𝑔
2 − 𝜎𝑚𝑖𝑥

2

𝑆 = √
∑ (𝑐𝑖 − 𝑐̅)2𝑁

𝑖=1

𝑁 − 1

𝑀𝑡 = 𝑀∞ ⋅ (1 − 𝑒−𝑘⋅𝑛𝑅)



 

𝑡

𝑡̅

 

𝑡̅

𝛽 �̇�𝐹

𝜃

𝑡̅ = 1.77 ⋅
𝐿

𝐷
⋅

√𝜃

𝑛 ⋅ 𝛽
⋅ 𝑓𝑎𝑐𝑡𝑜𝑟



𝑡̅ =
0.23 ⋅ 𝐿

𝛽 ⋅ 𝑛0.9 ⋅ 𝐷
(±0.6

𝐵 ⋅ 𝐿 ⋅ 𝐺

𝐹
)

𝜃

𝑡̅

𝑡̅ = 0.1026 ⋅
𝐿3

�̇�
⋅ (

𝜃

𝛽
)

1.054

⋅ (
�̇�

𝐿3 ⋅ 𝑛
)

0.981

⋅ (
𝐿

𝐷
)

1.1



 

𝜃

𝑑ℎ

𝑑𝑥
=

3 ⋅ �̇�

4 ⋅ 𝜋 ⋅ 𝑛
⋅

tan(𝜃)

(2𝑅ℎ − ℎ2)
3
2

−
tan(𝛽)

cos(𝜃)
+

𝑑𝑅

𝑑𝑥



𝑑ℎ

𝑑𝑥
=

3 ⋅ �̇�

4 ⋅ 𝜋 ⋅ 𝑛
⋅

tan(𝜃)

(2𝑅ℎ − ℎ2)
3
2

−
tan(𝛽)

cos(𝜃)

ℎ(𝑥 = 0) = 𝑑𝑃

ℎ(𝑥 = 0) = ℎ𝑑𝑎𝑚

𝑚𝐹̇

𝐵𝑑 =
3 ⋅ 𝑚𝐹̇ ⋅ tan(𝜃)

4 ⋅ 𝜋 ⋅ 𝑛 ⋅ 𝜌𝑏 ⋅ 𝑅3
=

𝑖𝑛𝑒𝑟𝑡𝑖𝑎

𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 𝑓𝑜𝑟𝑐𝑒
 

Φ

Φ = 1.75 ⋅ 𝐵𝑑0.5



𝐴𝑐𝑟𝑜𝑠𝑠 =
𝑟2

2
⋅ [2 ⋅ cos−1 (1 −

ℎ

𝑟
) − sin (2 𝑐𝑜𝑠−1 (1 −

ℎ

𝑟
))]

𝑉ℎ𝑜𝑙𝑑

𝜏ℎ𝑦𝑑

𝜏ℎ𝑦𝑑 =
𝑉ℎ𝑜𝑙𝑑

�̇�
=

𝑚ℎ𝑜𝑙𝑑

�̇�

 

𝜕𝑐

𝜕𝑡
= 𝐷𝑥 ⋅

𝜕2𝑐

𝜕𝑥2



𝐷𝑥

𝜕𝑐

𝜕𝑡
= 𝐷𝑥 ⋅

𝜕2𝑐

𝜕𝑥2
− 𝑣𝑥 ⋅

𝜕𝑐

𝜕𝑥

𝑣𝑥

𝜕𝐶

𝜕θ
= (

𝐷𝑥

𝑣𝑥𝐿
) ⋅

𝜕2𝐶

𝜕𝑧
−

𝜕𝐶

𝜕𝑧
=

1

𝑃𝑒
⋅

𝜕2𝐶

𝜕𝑧
−

𝜕𝐶

𝜕𝑧

𝑃𝑒 =
𝑣𝑥𝐿

𝐷𝑥

𝐸𝜃 = 𝑡̅ ⋅ 𝐸 =
1

√4𝜋𝑃𝑒 
⋅ exp [−

(1 − 𝜃)2

4𝑃𝑒
]



𝐸 =
1

√2𝜋𝜎2
⋅ exp [−

(𝑡 − 𝑡̅)2

2𝜎2
]

𝜎𝜃
2

𝜎𝜃
2 =

𝜎𝑡
2

𝑡̅2
=

2

𝑃𝑒
= 2 ⋅ (

𝐷𝑥

𝑣𝑥𝐿
)

𝑡̅

𝜎2

�̅�𝑥 𝑡̅

�̅�𝑥 =
𝐿

𝑡̅

log(𝜎𝜃
2) = 2.68 ⋅ log(𝑡̅) − 7.62



 

𝑓𝑎𝑐𝑡𝑜𝑟 = exp [{(0.12 ⋅
𝐿

𝐷
− 3.86) ⋅ 𝑙𝑜𝑔 (

2.5 ⋅ �̇�

𝑛 ⋅ �̇�
) + 𝑒2.3−0.32⋅

𝐿
𝐷 − 1}

⋅
ℎ𝑑𝑎𝑚

𝐷 − 2 ⋅ ℎ𝑑𝑎𝑚
]

 





𝑓𝑑𝑑𝑒𝑠𝑖𝑔𝑛 = 4.5𝐷−0.77𝐿0.60𝑑𝑃
0.043(tan(𝜃))0.35𝜌𝑏

0.013𝐹𝑟0.052𝑛𝐹
0.941 (

𝑙2

𝑙1
)

0.839



𝑛𝐹

𝑡̅ = 0.26 ⋅
𝜌𝑏𝐿𝐷2

�̇�𝐹
⋅ (

𝑁2𝐷

𝑔
)

0.08

⋅ (
𝐷𝑜

𝐷
)

−0.36

⋅ 𝜃0.87 ⋅ 𝑆−1.12 ⋅ (
�̇�𝐹

𝜌𝑏𝑁𝐿𝐷2
)

0.84

⋅ (
4𝑆

𝜋𝐷2
)

−5.53

⋅ (
𝜌𝑏

𝜌𝑡
)

0.77

⋅ (
𝐿

𝐷
)

1.1

𝐷𝑎𝑥 = 1.20 ⋅ 107 (
�̇�𝐹

𝜌𝑏
)

−0.87

⋅ (𝑛 ⋅ 𝛽)1.67 ⋅ (𝜃 ⋅ 𝑑𝑃)0.43 ⋅ 𝐿𝑠
0.21 ⋅ 𝐷𝑖

𝑡�̅� = (𝑎 ⋅ 𝑛𝐹
𝑏) ⋅ 𝑡̅



 





 

 

 

 

 

 

 



 

 

 

 

 

 

 





 





 





 

 

 

 

 

 



 



 



 

𝐴𝑡𝑟𝑎𝑐𝑒𝑟

∞

𝐹(𝑡) =
∫ 𝐴𝑡𝑟𝑎𝑐𝑒𝑟 𝑑𝑡

𝑡

0

∫ 𝐴𝑡𝑟𝑎𝑐𝑒𝑟 𝑑𝑡
∞

0

𝐸(𝑡) =
𝑑𝐹(𝑡)

𝑑𝑡



𝛽 �̇�𝐹



𝜷 �̇�𝑭



 

�̇�𝐹 𝛽

𝒏 𝜷 �̇�𝑭



 



 





𝛿

 



 



 

 

 

 

 

 

 

 

 

 



𝚽



𝚽



𝑐𝑖,𝑡 =
𝑀𝐺𝑉𝑖,𝑡 − 𝑀𝐺𝑉min

𝑀𝐺𝑉max − 𝑀𝐺𝑉min

 

Φ

Φ

𝚽

𝚽



 



 

 

 

 

 

 

 

 

 

 



 

Φ



𝚽

𝚽





 

 

 

 





Δ𝐷𝐶𝑥 = 𝑀𝑅𝑇𝐷𝐶𝑥 − 𝑀𝑅𝑇𝐷𝐶1

𝐼𝐹𝐷𝐶𝑥 =
𝑀𝑅𝑇𝐷𝐶𝑥

𝑀𝑅𝑇𝐷𝐶1

𝑡̅ = 0.1026 ⋅ (1 +
𝐶𝑆𝑆

100
) ⋅

𝐿3

�̇�
⋅ (

𝜃

𝛽
)

1.054

⋅ (
�̇�

𝐿3𝑛
)

0.981

⋅ (
𝐿

𝐷
)

1.1

𝒏 𝜷 �̇�𝑭



𝜎𝐼𝐹



 



𝜏ℎ𝑦𝑑 �̇�𝐵𝑆

�̇�𝐹 �̇�𝑒𝑓𝑓

�̇�𝑒𝑓𝑓 = �̇�𝐹 − �̇�𝐵𝑆



𝑚𝐻𝑈

�̇�𝐵𝑆 = �̇�𝐹 −
𝑚𝐻𝑈

𝜏ℎ𝑦𝑑

�̇�𝐵𝑆

𝑓𝐵𝑆

𝑓𝐵𝑆 =
�̇�𝐵𝑆

�̇�𝐹

�̇�𝑩𝑺 𝒇𝑩𝑺

�̇�𝑩𝑺 𝒇𝑩𝑺 �̇�𝑩𝑺 𝒇𝑩𝑺 �̇�𝑩𝑺 𝒇𝑩𝑺 �̇�𝑩𝑺 𝒇𝑩𝑺 



 

 

 





 

𝐴 = b0 + 𝑎1 ⋅ 𝑛 + 𝑎2 ⋅ 𝛽 + 𝑎3 ⋅ �̇�𝐹 + 𝑎12 ⋅ (𝑛 ⋅ 𝛽) + 𝑎13 ⋅ (𝑛 ⋅ �̇�𝐹) + 𝑎23 ⋅ (𝛽

⋅ �̇�𝐹)



𝒏 𝜷 �̇�𝑭 𝒏 ⋅ 𝜷 𝒏 ⋅ �̇�𝑭 𝜷 ⋅ �̇�𝑭





 

 









𝑀𝐼𝐹𝑚𝑜𝑑 = 𝑎𝜆𝑏 ⋅ 𝑁 + 𝑎𝜆𝑏 = 𝑎𝜆𝑏 ⋅ (𝑁 + 1)

𝜆 𝜆

𝜆

𝑀𝐼𝐹𝑚𝑜𝑑 = 0.54𝜆0.46 ⋅ 𝑁 + 0.54𝜆0.46 = 0.54𝜆0.46 ⋅ (𝑁 + 1)



 

�̇�𝐵 𝑓𝐵𝑆





𝜏ℎ𝑦𝑑 =
𝑚𝐻𝑈

�̇�𝐹 ⋅ (1 − 𝑓𝐵𝑆)

𝝉𝒉𝒚𝒅



 



 



 







 





 

 

�̇�𝑭 𝒇𝑩𝑺

  

   





𝜏ℎ𝑦𝑑

𝑓𝐵𝑆

𝑡�̅�𝐿 = (𝑎 ⋅ 𝑛𝑏) ⋅ 𝑡�̅�𝐿



 



 



�̇�𝐹



𝐷𝑎𝑥 = 1.20 ⋅ 107 (
�̇�𝐹

𝜌𝑏
)

−0.87

⋅ (𝑛 ⋅ 𝛽)1.67 ⋅ (𝜃 ⋅ 𝑑𝑃)0.43 ⋅ 𝐿𝑠
0.21 ⋅ 𝐷𝑖

𝐿𝑠

𝐿𝑠 =
𝑁𝐿 − 1

2
⋅ 𝐴ℎ𝑜𝑟

𝐴ℎ𝑜𝑟

𝐿𝑆 𝐿𝐿

𝐷𝑎𝑥 = 1.20 ⋅ 107 (
�̇�𝐹

𝜌𝑏
)

−0.87

⋅ (𝑛 ⋅ 𝛽)1.67 ⋅ (𝜃 ⋅ 𝑑𝑃)0.43 ⋅ (𝐿𝑠 ⋅
𝐿

𝐿𝐿
)0.21 ⋅ 𝐷𝑖



 

�̇�𝑭





 

 

𝚽



 



𝚽



 



Φ



 





 



𝚽

 

 



 

 

 

 

 





𝚽



 

 

 

 

 



 



𝚽



𝚽



 



𝜽

𝜽



𝜽



 

 

 



𝚽

Φ



𝚽

Φ



𝚽

 



𝚽



𝚽



 

𝑃𝐼𝑠𝑢𝑚,𝜑

𝑃𝐼𝑠𝑢𝑚,𝜑 = ∑ 𝑃𝐼 (
360°

𝑖
)

𝑁

𝑖=1

𝑃𝐼̅̅ ̅ =
1

𝑛
⋅ ∑ 𝑃𝐼𝑠𝑢𝑚,𝜑

𝑛=360

𝑖=0



𝚽 𝚽

𝑆𝐺𝐹 =
𝑃𝐼̅̅ ̅(𝑁)

𝑃𝐼(𝑏𝑎𝑟𝑒)







 

 



𝐴𝑐𝑟𝑜𝑠𝑠 = 𝑓(ℎ1(𝑥1))

𝜽



𝛾 =
2𝜋

𝑁

𝐴𝑐𝑟𝑜𝑠𝑠 =
1

2
[ℎ1

2 ⋅ tan (𝛾 −
𝜋

2
) + ℎ1

2 ⋅ tan (𝑐𝑜𝑠−1 (
ℎ1

𝑟
)) + 𝑟2

⋅ (𝛾 −
𝜋

2
− 𝑐𝑜𝑠−1 (

ℎ1

𝑟
))]

𝐴𝑐𝑟𝑜𝑠𝑠 = ℎ1
2 ⋅ tan (

𝛾

2
)

𝐴𝑐𝑟𝑜𝑠𝑠 =
𝑟2

2
⋅ [2 ⋅ cos−1 (1 −

ℎ1

𝑟
) − sin (2 𝑐𝑜𝑠−1 (1 −

ℎ1

𝑟
))]



Δ𝐴𝑐𝑟𝑜𝑠𝑠
2 = (𝐴𝑐𝑟𝑜𝑠𝑠(ℎ2(𝑥2 = 0)) − 𝑁 ⋅ 𝐴𝑐𝑟𝑜𝑠𝑠(ℎ1(𝐿1)))

2



 







𝑓(𝑁) = 1 + (
𝑁

8
)

2



 

 



 

 𝛽

𝜃

 𝜃

 

ℎ𝑚𝑎𝑥 = ℎ𝐿 + 𝑑𝑃 + ℎ𝐿𝑟 ⋅ 𝑡𝑎𝑛 (𝜃)

𝐿𝐶 =
ℎ𝑚𝑎𝑥

tan(𝜃)

𝐿𝐿 = 𝐿ℎ𝑚𝑎𝑥 + 2 ⋅ 𝐿𝑐





𝑉ℎ𝑜𝑙𝑑

𝑉ℎ𝑜𝑙𝑑

2
= ∑ ∑ ℎ(ℎ𝐿𝑟 , 𝐿𝐿)Δ𝐿𝐿Δℎ𝐿𝑟

𝐿𝐿
2

0

ℎ𝐿𝑟

0

𝑉∞

𝑉∞

𝑈𝐹 =
𝑉ℎ𝑜𝑙𝑑

𝑉∞



 



 





 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 





 



 

 

 



�̇�𝑐𝑜𝑛𝑑 = −𝜆 ⋅ 𝐴 ⋅
Δ𝑇

𝑑

𝜆 Δ𝑇

𝑑

𝐿

𝑟

�̇�𝑐𝑜𝑛𝑑 = 𝜆 ⋅
2𝜋𝐿

ln (
𝑟2
𝑟1

)
⋅ Δ𝑇

 

𝛼 𝐴

Δ𝑇

�̇�𝑐𝑜𝑛𝑣 = 𝛼 ⋅ 𝐴 ⋅ Δ𝑇

𝛼

𝑁𝑢

𝑁𝑢 =
𝛼 ⋅ 𝑙

𝜆



𝑁𝑢 𝑙 𝛼

𝜆

𝑅𝑒 𝑃𝑟

𝑁𝑢 = 𝑓(𝑅𝑒, 𝑃𝑟)

𝑣 𝜌

𝜈 𝜂 𝑙

𝑅𝑒 =
𝑣 ⋅ 𝑙 ⋅ 𝜌

𝜂

𝑎

𝜆

𝑐𝑝

𝑃𝑟 =
𝜈

𝑎
=

𝜂 ⋅ 𝑐𝑝

𝜆

 

𝜀



�̇�𝑅 = 𝐴 ⋅ 𝜀 ⋅ 𝜎 ⋅ 𝑇4

 

 

 

 

 

 



�̇�𝐺𝑆 �̇�𝐺𝑊

�̇�𝑊𝑆,𝜀

�̇�𝑊𝑆,𝜆

 



 

 

 

 

 

 



𝑑�̇�𝑊𝑂𝑆

𝑑𝑥
= 𝑘𝑊𝑂𝑆 ⋅ (𝑇𝑊 − 𝑇𝑂𝑆)

𝑘𝑊𝑂𝑆 =
1

2𝜋
⋅ ∑

1

𝜆𝑊,𝑗 
⋅ ln (

𝑟𝑖 + 𝑠𝑤,𝑗

𝑟𝑖
)

𝑛

𝑗=1

𝑟𝑖 𝜆𝑊,𝑗 𝑠𝑤,𝑗

𝜆𝑊 

 

�̇�𝐺𝑊 = �̇�𝐶𝐺𝑊 + �̇�𝑅𝐺𝑊

�̇�𝐺𝑆 = �̇�𝐶𝐺𝑆 + �̇�𝑅𝐺𝑆



 

𝑑�̇�𝐶𝐺𝑊

𝑑𝑥
= 𝛼𝐺𝑊 ⋅ 𝑐𝑙𝐺𝑊 ⋅ (𝑇𝐺 − 𝑇𝑊)

𝑑ℎ

𝑁𝑢 =
(

𝜉
8

) ⋅ 𝑅𝑒𝐺 ⋅ 𝑃𝑟𝐺

1 + 12.7 ⋅ √𝜉
8

⋅ (𝑃𝑟𝐺

2
3 − 1)

⋅ [1 +
1

3
⋅ (

𝑑ℎ

𝐿
)

2
3

 ]



𝜉 = (1.8 ⋅ 𝑙𝑜𝑔10(𝑅𝑒𝐺 − 1.5))
−2

𝑅𝑒𝐺

𝑃𝑟𝐺

𝑁𝑢 = 0.0214 ⋅ (𝑅𝑒𝐺
0.8 − 100) ⋅ 𝑃𝑟𝐺

0.4 ⋅ [1 +
1

3
⋅ (

𝑑ℎ

𝐿
)

2
3

 ]

𝑅𝑒𝐺 𝑃𝑟𝐺

 

𝑑�̇�𝐶𝐺𝑆

𝑑𝑥
= 𝛼𝐺𝑆 ⋅ 𝑐𝑙𝐺𝑆 ⋅ (𝑇𝐺 − 𝑇𝑆)

𝛼𝐶𝐺𝑊 𝑓𝐺𝑆

𝛼𝐶𝐺𝑆 = 𝑓𝐺𝑆 ⋅ 𝛼𝐶𝐺𝑊



𝜺

 

𝑑�̇�𝐶𝑂𝑆𝐴

𝑑𝑥
= 𝛼𝐶𝑂𝑆𝐴 ⋅ 2𝜋 ⋅ (𝑟𝑖 + 𝑠𝑤1 + 𝑠𝑤2 + 𝑠𝑤3) ⋅ (𝑇𝑂𝑆 − 𝑇𝐴)

𝛼𝐶𝑂𝑆𝐴

 𝜺

�̇�𝑅𝐺𝑊

�̇�𝑅𝐺𝑆

𝑑�̇�𝑅𝐺𝑊

𝑑𝑥
= 𝜀𝐺𝑊 ⋅ 𝜎 ⋅ 𝑐𝑙𝐺𝑊 ⋅ (𝑇𝐺

4 − 𝑇𝑊
4 )

𝑑�̇�𝑅𝐺𝑆

𝑑𝑥
= 𝜀𝐺𝑆 ⋅ 𝜎 ⋅ 𝑐𝑙𝐺𝑆 ⋅ (𝑇𝐺

4 − 𝑇𝑆
4)

𝑑�̇�𝑊𝑆,𝜀

𝑑𝑥
= 𝜀𝑊𝑆 ⋅ 𝜎 ⋅ 𝑐𝑙𝑊𝑆 ⋅ (𝑇𝑊

4 − 𝑇𝑆
4)

𝜀𝐺𝑊 𝜀𝐺𝑆 𝜀𝑊𝑆

𝑐𝑙𝐺𝑊 𝑐𝑙𝐺𝑆 𝑐𝑙𝑊𝑆



𝜀𝐺𝑊 =
𝜀𝐺 ⋅ 𝜀𝑊 ⋅ [1 + 𝜑𝑊𝑆 ⋅ (1 − 𝜀𝑆) ⋅ (1 − 𝜀𝐺)]

1 − 𝐾

𝜀𝐺𝑆 =
𝜀𝐺 ⋅ 𝜀𝑆 ⋅ [1 + 𝜑𝑊𝑆 ⋅ (1 − 𝜀𝑊) ⋅ (1 − 𝜀𝐺)]

1 − 𝐾

𝜀𝑊𝑆 =
𝜀𝑊 ⋅ 𝜀𝑆 ⋅ (1 − 𝜀𝐺)

1 − 𝐾

𝜑𝑊𝑆

𝜑𝑊𝑆 =
𝑐𝑙𝐺𝑆

𝑐𝑙𝐺𝑊

𝐾 = (1 − 𝜀𝐺) ⋅ (1 − 𝜀𝑊) ⋅ [𝜑𝑊𝑆 ⋅ (1 − 𝜀𝑆) ⋅ (1 − 𝜀𝐺) + (1 − 𝜑𝑊𝑆)]

𝜀𝑊

𝜀𝑆 𝜀𝐺

 



𝜺

𝜀𝑊 = −0.0003198 ⋅ 𝑇𝑆 + 1.043

 

𝑠𝑒𝑞

𝑆𝑒𝑞 = 3.6 ⋅
𝑉𝐺

𝐴𝐺



𝜀𝑖 = 1 − exp [−𝐺(𝑇𝐺) ⋅ (𝑝𝑖 ⋅ 𝑆𝑒𝑞)
𝑘

]

𝐺(𝑇𝐺) = 𝑏 + 𝑐 ⋅
𝑇𝐺

1000°𝐶

𝜀𝐺 = 𝜀𝐶𝑂2
+ 𝜀𝐻2𝑂 − 𝜀𝐶𝑂2

⋅ 𝜀𝐻2𝑂



 

𝑑�̇�𝑅𝑂𝑆𝐴

𝑑𝑥
= 𝜎 ⋅ 𝜀𝑅𝑂𝑆𝐴 ⋅ 2𝜋 ⋅ (𝑟𝑖 + 𝑠𝑤1 + 𝑠𝑤2 + 𝑠𝑤3) ⋅ (𝑇𝑂𝑆

4 − 𝑇𝐴
4)

𝜀𝑅𝑂𝑆𝐴 = 𝜀𝑂𝑆𝐴

𝜀𝑂𝑆𝐴 = 𝜀𝑂𝑆

𝜀𝑂𝑆

 



𝑑�̇�𝑊𝑆,𝑟𝑒𝑔

𝑑𝑥
= 𝛼𝑊𝑆,𝑟𝑒𝑔 ⋅ 𝑐𝑙𝑊𝑆 ⋅ (𝑇𝑊 − 𝑇𝑆)

𝛼𝑊𝑆,𝑟𝑒𝑔 =
1

1
𝛼𝑊𝑆,𝜆 ⋅ 𝑐𝑙𝑊𝑆

+
1

𝛼𝑊,𝑇 ⋅ (𝑐𝑙𝑊𝑆 + 𝑐𝑙𝐺𝑊)

⋅
1

𝑐𝑙𝑊𝑆

𝛼𝑊,𝑇

𝛼𝑊𝑆,𝜆

𝑐𝑙𝑊𝑆 𝑐𝑙𝐺𝑊

𝛼𝑊,𝑇 = 𝜋 ⋅ √𝜆𝑊 ⋅ 𝜌𝑊 ⋅ 𝑐𝑊 ⋅ 𝑛

𝛼𝑊𝑆,𝜆 = 11.6 ⋅ (
𝑛 ⋅ 𝑟2 ⋅ 2 ⋅ 𝜃

𝑎𝑠
)

0.3

⋅
𝜆𝑆

𝑐𝑙𝑊𝑆
  

𝑎𝑠 =
𝜆𝑆

𝜌𝑆 ⋅ 𝑐𝑝,𝑆



Φ

𝜆𝑆

𝑐𝑝,𝑆 𝜌𝑆

 

�̇�

𝑅𝑡ℎ =
Δ𝑇

�̇�

𝑅 = 𝑅1 + 𝑅2 + ⋯ + 𝑅𝑛

1

𝑅
=

1

𝑅1
+

1

𝑅2
+ ⋯ +

1

𝑅𝑛



𝑅𝐶𝐺𝑆 𝑅𝑅𝐺𝑆

�̇�𝐺 = −(�̇�𝑅𝐺𝑊 + �̇�𝐶𝐺𝑊) − (�̇�𝑅𝐺𝑆 + �̇�𝐶𝐺𝑆)

�̇�𝑅

�̇�𝑆 = (�̇�𝑅𝐺𝑆 + �̇�𝐶𝐺𝑆) + �̇�𝑊𝑆,𝜆 + �̇�𝑊𝑆,𝜀 + �̇̇�𝑅



�̇�𝐺𝑊 = �̇�𝑊𝑆,𝜆 + �̇�𝑊𝑆,𝑟𝑒𝑔 + �̇�𝑊𝑆,𝜀 + �̇�𝑊𝑂𝑆 + �̇�𝑂𝑆𝐴

(𝐺𝐶𝐺𝑊 + 𝐺𝑅𝐺𝑊) ⋅ (𝑇𝐺 − 𝑇𝑊) + (𝐺𝑊𝑆,𝑟𝑒𝑔 + 𝐺𝑅𝑊𝑆 + 𝐺𝑊𝑆,𝜆) ⋅ (𝑇𝑊 − 𝑇𝑆)

= 𝐺𝑊𝐴 ⋅ (𝑇𝑊 − 𝑇𝐴)

𝑅𝑊𝑂𝑆 𝑅𝑊1 𝑅𝑊2

𝑅𝑊3

𝐺𝑊𝐴

𝐺𝑊𝐴 =
1

(
1

𝐺𝑊1
+

1
𝐺𝑊2

+
1

𝐺𝑊3
) +

1
𝐺𝐶𝑂𝑆𝐴 + 𝐺𝑅𝑂𝑆𝐴

(
1

𝐺𝑊1
+

1

𝐺𝑊2
+

1

𝐺𝑊3
) ⋅ (𝑇𝑊 − 𝑇𝑂𝑆) = (𝐺𝐶𝑂𝑆𝐴 + 𝐺𝑅𝑂𝑆𝐴) ⋅ (𝑇𝑂𝑆 − 𝑇𝐴)



 

𝑑�̇�𝐺

𝑑𝑥
=

𝑑�̇�𝐹

𝑑𝑥
+

𝑑�̇�𝐺𝑆(ℎ, 𝑇𝐺 , 𝑇𝑆)

𝑑𝑥
+

𝑑�̇�𝐺𝑊(ℎ, 𝑇𝐺 , 𝑇𝑊)

𝑑𝑥

𝑑�̇�𝑆

𝑑𝑥
=

𝑑�̇�𝐺𝑆(ℎ, 𝑇𝐺 , 𝑇𝑆)

𝑑𝑥
+

𝑑�̇�𝑊𝑆,𝜆(ℎ, 𝑇𝑊, 𝑇𝑆)

𝑑𝑥
+

𝑑�̇�𝑊𝑆,𝜀(ℎ, 𝑇𝑊, 𝑇𝑆)

𝑑𝑥
+

𝑑�̇�𝑅

𝑑𝑥

�̇�𝐺

�̇�𝐹

�̇�𝑆

𝑑�̇�𝑅

 ℎ

 𝑇𝐺

 𝑇𝑆

 𝑇𝑊

 𝑇𝑂𝑆



 

 

 

 

 



 

 

𝑥𝑖

𝜆𝑖(𝑇𝐺) = 𝜆𝑖,𝑛 ⋅ (
𝑇𝐺

𝑇𝐺,𝑛
)

𝑘𝜆,𝑖

         𝑤𝑖𝑡ℎ          𝜆𝐺(𝑇𝐺) = ∑ 𝑥𝑖 ⋅ 𝜆𝑖(𝑇𝐺)

𝜈𝑖(𝑇𝐺) = 𝜈𝑖,𝑛 ⋅ (
𝑇𝐺

𝑇𝐺,𝑛
)

𝑘𝜈,𝑖

         𝑤𝑖𝑡ℎ          𝜈𝐺(𝑇𝐺) = ∑ 𝑥𝑖 ⋅ 𝜈𝑖(𝑇𝐺)

𝑃𝑟𝑖(𝑇𝐺) = 𝑃𝑟𝑖,𝑛 ⋅ (
𝑇𝐺

𝑇𝐺,𝑛
)

𝑘𝑃𝑟,𝑖

         𝑤𝑖𝑡ℎ          𝑃𝑟𝐺(𝑇𝐺) = ∑ 𝑥𝑖 ⋅ 𝑃𝑟𝑖(𝑇𝐺)

𝜌𝑖(𝑇𝐺) = 𝜌𝑖,𝑛 ⋅ (
𝑇𝐺

𝑇𝐺,𝑛
)

𝑘𝜆,𝑖

         𝑤𝑖𝑡ℎ          𝜌𝐺(𝑇𝐺) = ∑ 𝑥𝑖 ⋅ 𝜌𝑖(𝑇𝐺)



 

 



p
i
⋅Seq 



 



 

 

 

 

 

 



 



 

𝛾

𝐴𝑆 =
𝑟𝑖

2
⋅ (𝛾 − sin(𝛾))

𝐴𝐺 = 𝜋 ⋅ 𝑟𝑖
2 − 𝐴𝑆

𝑐𝑙𝐺𝑆 = 𝑟𝑖 ⋅ 2 ⋅ sin (
𝛾

2
)

𝑐𝑙𝐺𝑊 = 𝑟𝑖 ⋅ (2𝜋 − 𝛾)

𝑐𝑙𝑆𝑊 = 𝑟𝑖 ⋅ 𝛾

𝛾

𝛾 = 2 ⋅ arccos (1 −
ℎ

𝑟𝑖
)

𝑑ℎ

𝑑ℎ = 4 ⋅
𝐴𝐺

𝑃𝐺
= 4 ⋅

𝐴𝐺

𝑐𝑙𝐺𝑊 + 𝑐𝑙𝐺𝑆



 

𝑑�̇�𝐺

𝑑𝑥
=

𝑑�̇�

𝑑𝑥
= �̇�𝐺 ⋅ 𝑐𝑝,𝐺(𝑇𝐺) ⋅

𝑑𝑇𝐺

𝑑𝑥

𝑑�̇�𝑆

𝑑𝑥
=

𝑑�̇�𝑆

𝑑𝑥
= �̇�𝑆 ⋅ 𝑐𝑝,𝑆(𝑇𝑆) ⋅

𝑑𝑇𝑆

𝑑𝑥



 

𝑑𝑋

𝑑𝑡
= 𝑓(𝑋)

𝑣𝑆

𝑑𝑋

𝑑𝑥
⋅

𝑑𝑥

𝑑𝑡
= 𝑓(𝑋) →

𝑑𝑋

𝑑𝑥
=

𝑓(𝑋)

𝑣𝑆

𝑑𝑐(𝐻2𝑂(𝑙))

𝑑𝑡
= −𝑘0 ⋅ 𝑒−

𝐸𝐴
𝑅𝑇 ⋅ 𝑐(𝐻2𝑂(𝑙))



 

 

 

 

 

𝑑𝑛𝑀

𝑑𝑥
= −

𝑑𝑋𝑀

𝑑𝑥
⋅ 𝑛𝑀,𝑠𝑡𝑎𝑟𝑡

𝑑𝑛𝑀ℎ

𝑑𝑥
=

𝑑𝑛𝑀

𝑑𝑥
⋅ (

6

−4
) −

𝑑𝑋𝑀ℎ

𝑑𝑥
⋅ 𝑛𝑀ℎ

𝑑𝑛𝐻

𝑑𝑥
=

𝑑𝑋𝑀ℎ

𝑑𝑥
⋅ 𝑛𝑀ℎ

𝑑𝑛𝑂2

𝑑𝑥
=

1

4

𝑑𝑛𝑀

𝑑𝑥

𝑑𝑛𝐻2𝑂

𝑑𝑥
= −

𝑘

𝑣𝑆
⋅ 𝑛𝐻2𝑂

 

   

𝑦′ = 𝑓(𝑥, 𝑦)

𝛿

𝛿 =
(𝑏 − 𝑎)

𝑛



𝑦(𝑥𝑖) ≈ 𝑦𝑖 = 𝑦𝑖−1 + 𝛿 ⋅ 𝑓(𝑥𝑖−1; 𝑦𝑖−1)

    

    

    

    

    

  (  )

  



 

�̇�𝑆 =
�̇�

𝜌𝐵
⋅ 1.4





 

 



 

 

 

 







 



 

𝛽



 







 



 

𝛽



 



 



 



 



 

 

 

 

 



 

 

 

 

 

 

 

 





 

 

 

 



 



 

 

𝑎 𝑚2 ⋅ 𝑠−1

𝐴 𝑚2

𝑐 𝑚𝑜𝑙 ⋅ 𝐿

𝑐𝑝 𝐽 ⋅ (𝑘𝑔 ⋅ 𝐾)−1

𝑆 ⋅ 𝑚−1

𝐶

𝑐𝑙 𝑚

𝑑 𝑚

𝑑ℎ 𝑚

𝑑𝑃 𝑚

𝐷 𝑚2 ⋅  𝑠−1

𝐷 𝑚

𝐸

𝐸𝐴 𝐽 ⋅ 𝑚𝑜𝑙−1

𝑓

𝑓(𝑥)

𝐹

𝑔 𝑚 ⋅ 𝑠−2

𝑔(𝑥)

𝐺 𝑊 ⋅ 𝑚−1

ℎ 𝑚

𝐻 𝐽

�̇� 𝐽 ⋅ 𝑠−1

𝐻𝐵

𝐻𝑆

𝑘 𝑚 ⋅ 𝑠−1

𝑘 𝑊 ⋅ (𝑚 ⋅ 𝐾)−1

𝑘 𝑠−1

𝑘0 𝑠−1

𝑘(𝑥)

𝑙 𝑚

𝐿 𝑚

𝑚 𝑘𝑔

�̇� 𝑘𝑔 ⋅ 𝑠−1

𝑀 𝑘𝑔 ⋅ 𝑚𝑜𝑙−1

𝑀



𝑚𝑓

𝑛 𝑚𝑜𝑙

𝑛

𝑛

𝑛 𝑠−1

𝑁

𝑝(𝑥)

�̇� 𝐽 ⋅ 𝑠−1

𝑄0(𝑥)

𝑟𝐶 𝑚

𝑅

𝑅 𝑚

𝑅 𝐾 ⋅ 𝑊−1

𝑅 𝐽 ⋅ (𝑚𝑜𝑙 𝐾)−1

�̇�𝐹 𝐽 ⋅ 𝑠−1

𝑠

𝑠 𝑚

𝑆 𝑚2

𝑡 𝑠

𝑡̅ 𝑠

𝑇 𝐾

𝑣 𝑚 ⋅ 𝑠−1

𝑉 𝑚3

�̇� 𝑚3 ⋅ 𝑠−1

𝑥′ 𝑚

𝑋

 

𝛼 𝑊 ⋅ (𝑚2 ⋅ 𝐾)−1

𝛽 𝐾 ⋅ 𝑠−1

𝛽 °

𝛿

Δ𝑓𝐻0 𝐽 ⋅ 𝑚𝑜𝑙−1

Δ𝑅𝐻 𝐽 ⋅ 𝑚𝑜𝑙−1

Δ𝑚𝑟𝑒𝑙

 𝜌 𝑘𝑔 ⋅ 𝑚3

𝜈

Φ

𝜔 𝑠−1

𝜎

𝜎 𝑊 ⋅ 𝑚−2 ⋅ 𝐾−4

𝜃 °

𝜃



𝜏ℎ𝑦𝑑 𝑠

Δ

𝜆

𝛾 °

𝜂 𝑃𝑎 ⋅ 𝑠

𝜆 𝑊 ⋅ (𝑚 ⋅ 𝐾)−1

𝜖

𝜑 °

𝜑

𝜈 𝐽 ⋅ 𝑠 ⋅ 𝑘𝑔−1

𝛾 °
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