
Miscele by Tom  

Due gas (vedi tabella) sono miscelati a volume costante. Determinare: 
𝑛, 𝜒, 𝑀𝑊𝑚, 𝑤𝑖, 𝑐𝑣̅𝑚, 𝑐𝑝̅𝑚, 𝑐𝑣, 𝑐𝑝, 𝑅, 𝑇𝑚, 𝑝𝑖, 𝑉, 𝑉𝑖 𝑒 𝛾𝑚.  

 
 

𝑛𝑁2
=

𝑚𝑁2

𝑀𝑊𝑁2

=
8

28
= 0.286 ⋅ 𝑘𝑚𝑜𝑙         𝑛𝐶𝑂2

=
𝑚𝐶𝑂2

𝑀𝑊𝐶𝑂2

=
2

44
= 0.0455 ⋅ 𝑘𝑚𝑜𝑙     

𝑛𝑚 = 𝑛𝑁2
+ 𝑛𝐶𝑂2

= 0.286 + 0.0455 = 0.332 ⋅ 𝑘𝑚𝑜𝑙 

𝜒𝑁2
=

𝑛𝑁2

𝑛𝑚
=

0.286

0.332
= 0.861                   𝜒CO2

= 1 − 𝜒𝑁2
= 1 − 0.861 = 0.139 

𝑀𝑊𝑚 = 𝜒𝑁2
𝑀𝑊𝑁2

+ 𝜒𝐶𝑂2
𝑀𝑊𝐶𝑂2

=
𝑚𝑚

𝑛𝑚
=

10

0.332
= 30.1 ⋅

𝑘𝑔

𝑘𝑚𝑜𝑙
 

𝑤𝑁2
=

𝑚𝑁2

𝑚𝑚
=

8

10
= 0.8           … 

𝑐𝑣̅𝑁2
= 𝑅̅

5

2
= 8314.5 ⋅

5

2
= 20.8 ⋅

𝑘𝐽

𝑘𝑚𝑜𝑙𝑒 ⋅ 𝐾
          𝑐𝑣̅𝐶𝑂2

= 𝑅̅
7

2
= 8314.5 ⋅

7

2
= 29.1 ⋅

𝑘𝐽

𝑘𝑚𝑜𝑙𝑒 ⋅ 𝐾
 

𝑐𝑣̅𝑚 = 𝑐𝑣̅𝑁2
𝜒𝑁2

+ 𝑐𝑣̅𝐶𝑂2
𝜒𝐶𝑂2

= 20.8 ⋅ 0.861 + 29.1 ⋅ (1 − 0.861) = 21.9 ⋅
𝑘𝐽

𝑘𝑚𝑜𝑙𝑒 ⋅ 𝐾 
 

𝑐𝑝̅𝑚 = 𝑐𝑣̅𝑚 + 𝑅̅ = 21.9 + 8.3145 = 30.2 ⋅
𝑘𝐽

𝑘𝑚𝑜𝑙𝑒 ⋅ 𝐾 
 

𝑐𝑣𝑁2
=

𝑐𝑣̅𝑁2

𝑀𝑊𝑁2

=
20.8

28
= 743 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾
         …. 

𝑐𝑣𝑚
=

𝑐𝑣̅𝑚

𝑀𝑊𝑚
=

21.9

30.1
= 728 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾 
 

𝑅 =
𝑅̅

𝑀𝑊𝑚
=

8314.5

30.1
= 276 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾 
 

𝑇𝑀 =
𝑐𝑣𝑁2

𝑤𝑁2
𝑇𝑁2 + 𝑐𝑣𝐶𝑂2

𝑤𝐶𝑂2
𝑇𝐶𝑂2

𝑐𝑣𝑚
=

743 ⋅ 0.8 ⋅ 300 + 661 ⋅ 0.2 ⋅ 800

728
= 390 ⋅ 𝐾 



𝑝𝑁2 = 𝑝𝑚𝜒𝑁2
= 101.3 ⋅ 0.861 = 87.2 ⋅ 𝑘𝑃𝑎       … 

𝑉𝑚 =
𝑛𝑁2

𝑅̅𝑇𝑚

𝑝𝑁2

=
𝑛𝑚𝑅̅𝑇𝑚

𝑝𝑚
=

0.332 ⋅ 8314.5 ⋅ 393

101,300
= 10.63 ⋅ 𝑚3 

𝑉𝑁2
= 𝑉𝑚χ𝑁2

=
𝑛𝑁2

𝑅̅𝑇𝑚

𝑝𝑚
= 10.63 ⋅ 0.865 = 9.152 ⋅ 𝑚3    … 

𝛾𝑚 =
𝑐𝑝̅𝑚

𝑐𝑣̅𝑚
=

30.2

21.9
= 1.379 

 
 

 
 
 



Farokhi problem 7.4 

Write the chemical reaction for the complete combustion of JP-4 and air. JP-4 has the 
formula CH1.93. Also, calculate the stoichiometric fuel-to-air ratio for this blended jet fuel. 

𝐶𝐻1.93 + 𝑥(𝑂2 + 3.76𝑁2) → 𝐶𝑂2 + 𝑦𝐻2𝑂 + 𝑧3.76𝑁2 

𝑥 = 𝑧          2𝑦 = 1.93      2𝑥 = 2 + 𝑦 

2𝑥 = 2 +
1.93

2
     →      2𝑥 =

4 + 1.93

2
      →      𝑥 =

5.93

4
 

𝐶𝐻1.93 +
5.93

4
(𝑂2 + 3.76𝑁2) → 𝐶𝑂2 +

1.93

2
𝐻2𝑂 +

5.93

4
3.76𝑁2 

𝑓 =
𝑚̇𝑓

𝑚̇0
=

1 ⋅ 12 + 1 ⋅ 1.93

5.93
4

(2 ⋅ 16 + 3.76 ⋅ 2 ⋅ 14)
= 0.0684 

 



Farokhi problem 7.5 

Calculate the lower and higher heating values of octane, C8H18,in the stoichiometric 
chemical reaction with oxygen at a reference temperature of 298.16 K and the pressure of 
1 bar (ℎ𝑉𝑎𝑝𝐻2𝑂 = 2243𝑘𝐽/𝑘𝑔).  

 

 
 

𝐶8𝐻18 +
25

2
𝑂2 → 8𝐶𝑂2 + 9𝐻2𝑂 

𝑄𝑒𝑥𝑡 = ∑[𝑛𝑗𝑐𝑝̅𝑗(𝑇2 − 𝑇𝑓)]
𝑝𝑟𝑜𝑑

𝑗

− ∑[𝑛𝑖𝑐𝑝̅𝑖(𝑇1 − 𝑇𝑓)]
𝑟𝑒𝑎

𝑖

+ Δ𝐻𝑅𝑃𝑓 

𝑄𝑒𝑥𝑡 = Δ𝐻𝑅𝑃𝑓 = ∑[𝑛𝑗Δh̅𝑓𝑗
0 ]

𝑝𝑟𝑜𝑑
𝑗

− ∑[𝑛𝑖Δh̅𝑓𝑖
0 ]

𝑟𝑒𝑎
𝑖

= −8 ⋅ 394 − 9 ⋅ 242 − (−208)

= −5120 ⋅
𝑘𝐽 ⋅ 𝑘𝑚𝑜𝑙

𝑔𝑚𝑜𝑙
= −5.120 ⋅ 𝑀𝐽 

𝐿𝐻𝑉 =
−𝑄𝑒𝑥𝑡

𝑚𝑓
=

5114 ⋅ 103

12 ⋅ 8 + 1 ⋅ 18
= 44.5 ⋅ 103 ⋅

𝑘𝐽

𝑘𝑔
           

𝐻𝐻𝑉 = 𝐿𝐻𝑉 +
𝑚𝐻2𝑂

𝑚𝐶8𝐻18

h𝑉𝑎𝑝𝐻2𝑂 = 44.5 ⋅ 103 +
18 ⋅ 9

12 ⋅ 8 + 1 ⋅ 18
2243 = 47.7 ⋅ 103 ⋅

𝑘𝐽

𝑘𝑔
 

 



Farokhi problem 7.9 

One mole of octane is burned with 120% theoretical air. Assuming that the octane and air 
enter the combustion chamber at 25C and the excess oxygen and nitrogen in the reaction 
will not dissociate, calculate 
(a) the fuel–air ratio 
(b) the equivalence ratio 𝜙 
(c) the adiabatic flame temperature 𝑇𝑎𝑓 

Assume: 𝑐𝑝̅CO2
= 61.9𝑘𝐽/𝑘𝑚𝑜𝑙 ⋅ 𝐾, 𝑐𝑝̅O2

= 37.8𝑘𝐽/𝑘𝑚𝑜𝑙 ⋅ 𝐾, 𝑐𝑝̅N2
= 33.6𝑘𝐽/𝑘𝑚𝑜𝑙 ⋅ 𝐾 𝑐𝑝̅H2O =

52.3𝑘𝐽/𝑘𝑚𝑜𝑙 ⋅ 𝐾  
(d) Evaluate also the flame temperature by considering non constant specific heat. 
 

 

𝐶8𝐻18 + 𝑥(𝑂2 + 3.76𝑁2) → 8𝐶𝑂2 + 9𝐻2𝑂 + 𝑥3.76𝑁2 

2𝑥 = 16 + 9   →      𝑥 = 25/2 = 12.5 

𝐶8𝐻18 + 12.5(𝑂2 + 3.76𝑁2) → 8𝐶𝑂2 + 9𝐻2𝑂 + 12.5 ⋅ 3.76𝑁2 

𝛼 = 1.2 

𝐶8𝐻18 + 𝛼𝑥(𝑂2 + 3.76𝑁2) → 8𝐶𝑂2 + 9𝐻2𝑂 + 𝑦𝑂2 + 𝛼𝑥3.76𝑁2 

𝑦 = 𝑥(𝛼 − 1) = 12.5 ⋅ 0.2 = 2.5 

𝐶8𝐻18 + 15(𝑂2 + 3.76𝑁2) → 8𝐶𝑂2 + 9𝐻2𝑂 + 2.5𝑂2 + 15 ⋅ 3.76𝑁2 

(a) the fuel–air ratio 

𝑓 =
𝑚̇𝑓

𝑚̇0
=

8 ⋅ 12 + 18 ⋅ 1

15(2 ⋅ 16 + 3.76 ⋅ 2 ⋅ 14)
=

114

2060
= 0.0553 

(b) the equivalence ratio 𝜙 

𝜙 =
𝑓

𝑓𝑠𝑡
=

0.0554

8 ⋅ 12 + 18 ⋅ 1
12.5(2 ⋅ 16 + 3.76 ⋅ 2 ⋅ 14)

=
1

𝛼
= 0.833 

(c) the adiabatic flame temperature 𝑇𝑎𝑓 

𝑄𝑒𝑥𝑡 = ∑[𝑛𝑗𝑐𝑝̅𝑗(𝑇2 − 𝑇𝑓)]
𝑝𝑟𝑜𝑑

𝑗

− ∑[𝑛𝑖𝑐𝑝̅𝑖(𝑇1 − 𝑇𝑓)]
𝑟𝑒𝑎

𝑖

+ Δ𝐻𝑅𝑃𝑓 



𝑄𝑒𝑥𝑡 = 0 = ∑[𝑛𝑗𝑐𝑝̅𝑗(𝑇2 − 𝑇𝑓)]
𝑝𝑟𝑜𝑑

𝑗

+ Δ𝐻𝑅𝑃𝑓 

Δ𝐻𝑅𝑃𝑓 = ∑[𝑛𝑗Δh̅𝑓𝑗
0 ]

𝑝𝑟𝑜𝑑
𝑗

− ∑[𝑛𝑖Δh̅𝑓𝑖
0 ]

𝑟𝑒𝑎
𝑖

= 103(−8 ⋅ 394 − 9 ⋅ 242 − (−1 ⋅ 208))

= −5120 ⋅
𝑀𝐽

𝑘𝑚𝑜𝑙𝐶8𝐻18

 

𝑛𝑚 = 8 + 9 + 2.5 + 15 ⋅ 3.76 = 75.9 

𝑐𝑝𝑚𝑝𝑟𝑜𝑑
= ∑χ𝑗𝑐𝑝̅𝑗 =

8 ⋅ 61.9 + 9 ⋅ 52.3 + 2.5 ⋅ 37.8 + 15 ⋅ 3.76 ⋅ 33.6

75.9
= 38.9 ⋅

𝑘𝐽

𝑘𝑚𝑜𝑙 ⋅ 𝐾
 

𝑛𝑚𝑐𝑝𝑚𝑝𝑟𝑜𝑑
(𝑇2 − 𝑇𝑓) = −Δ𝐻𝑅𝑃𝑓 

𝑇2 = 𝑇𝑓 −
Δ𝐻𝑅𝑃𝑓

𝑛𝑚𝑐𝑝𝑚𝑝𝑟𝑜𝑑

= 298.15 +
5120 ⋅ 103

75.9 ⋅ 38.9
= 2030 ⋅ 𝐾 

 
(d) Evaluate also the flame temperature by considering non constant specific heat. 

ℎ̅𝑗 = (∫ 𝑐𝑝̅𝑗𝑑𝑇
𝑇2

𝑇𝑓

+ Δh̅𝑓𝑗
0 )            𝑐𝑝̅𝑗

̅̅ ̅̅ =
1

𝑇2 − 𝑇𝑓
∫ 𝑐𝑝̅𝑗𝑑𝑇

𝑇2

𝑇𝑓

                  𝜃 =
𝑇

100
 

𝑐𝑝̅𝐶𝑂2
=

1

𝑇2 − 𝑇𝑓
∫ 100∑(𝑎𝑖𝜃

𝑒𝑖)𝑑 (
𝑇

100
)

𝑇2

𝑇𝑓

=
1

𝑇2 − 𝑇𝑓
[100

∑𝑎𝑖𝜃
𝑒𝑖+1

𝑒𝑖 + 1
]

𝑇𝑓

𝑇2

=
1

𝑇2 − 𝑇𝑓
[𝑇

∑𝑎𝑖𝜃
𝑒𝑖

𝑒𝑖 + 1
]

𝑇𝑓

𝑇2

 

𝑐𝑝̅𝐶𝑂2
=

1

𝑇2 − 𝑇𝑓
[−3.736 ⋅ 𝑇 +

30.53

1.5
⋅ 𝑇 (

𝑇

100
)

0.5 

−
4.103

2
⋅ 𝑇 (

𝑇

100
)

1 

+
0.02420

3
⋅ 𝑇 (

𝑇

100
)

2

]
𝑇𝑓

𝑇2

 



𝑐𝑝̅𝐶𝑂2
=

[(−7,590 + 186,200 − 84,500 + 6,750) − (−1,115 + 10,470 − 1,822 + 21.4)]

𝑇2 − 𝑇𝑓

=
[100,900 − 7,550]

2030 − 298.15
= 53.9 ⋅

𝑘𝐽

𝑘𝑚𝑜𝑙 ⋅ 𝐾
⋅ 𝐾  

𝑇2 = 𝑇𝑓 −
Δ𝐻𝑅𝑃𝑓

𝑛𝑚𝑐𝑝𝑚𝑝𝑟𝑜𝑑

= 298.15 +
5120 ⋅ 103

75.9 ⋅ 36.5
= 2150 ⋅ 𝐾 

Si deve iterare e si ha: 

𝑇2 = 𝑇𝑓 −
Δ𝐻𝑅𝑃𝑓

𝑛𝑚𝑐𝑝𝑚𝑝𝑟𝑜𝑑

= 298.15 +
5120 ⋅ 103

75.9 ⋅ 36.9
= 2130 ⋅ 𝐾 

𝑇2 = 𝑇𝑓 −
Δ𝐻𝑅𝑃𝑓

𝑛𝑚𝑐𝑝𝑚𝑝𝑟𝑜𝑑

= 298.15 +
5120 ⋅ 103

75.9 ⋅ 36.8
= 2130 ⋅ 𝐾 

Da https://cearun.grc.nasa.gov/ThermoBuild/: 

ℎ2029 − ℎ298.15 = 93.19
𝑘𝐽

𝑚𝑜𝑙𝑒
             

𝑐𝑝̅𝐶𝑂2
=

ℎ2029 − ℎ298.15

2030 − 298.15
=

93.249 ⋅ 1000

2030 − 298.15
= 53.8 ⋅

𝑘𝐽

𝑘𝑚𝑜𝑙 ⋅ 𝐾
⋅ 𝐾  

 

https://cearun.grc.nasa.gov/ThermoBuild/


 
 
 



Farokhi problem 7.10 

One mole of oxygen, O2(g), is heated to 4000 K at the pressure of pm. A fraction of the 
oxygen dissociates to oxygen atoms according to xO2 → 2xO. Assuming a state of 
equilibrium is reached in the mixture, calculate 
(a) mole fraction of O2 at equilibrium when pm is 1 atm. 
(b) mole fraction of O2 at equilibrium when pm is 10 atm. 
Assume the equilibrium constant for the reaction O2 ↔ 2O is Kp= 2.19 atm at the 
temperature of 4000 K. Explain the effect of pressure on dissociation. 
 

T(K) 𝟏

𝟐
𝐎𝟐 ↔ 𝐎 

𝟏

𝟐
H𝟐 ↔ H 

𝟏

𝟐
𝐇𝟐 +

𝟏

𝟐
𝐎𝟐 ↔ 𝐎𝐇 𝐇𝟐 +

𝟏

𝟐
𝐎𝟐 ↔ 𝐇𝟐𝐎 

3500 -0.310 -0.231 0.160 0.712 

4000 0.170 0.201 0.233 0.238 

Logaritmo in base 10 delle cosanti d'equilibrio K 

𝐾 =
𝜒𝑂

𝜒𝑂2

1
2

𝑝
1
2 = 100.170 = 1.479               𝐾𝑝 =

𝜒𝑂
2

𝜒𝑂2

𝑝 = 𝐾2 = 1.4792 = 2.187 

O2 → (1 − 𝑥)O2 + 2𝑥O            𝑛 = 1 − x + 2x = 1 + x              χO =
2x

1 + x
           χO2

=
1 − x

1 + x
 

(
2x

1 + x
)

2

1 − x
1 + x

𝑝 = 𝐾2 = 1.4792 = 2.187       
4𝑥2

1 + 𝑥
𝑝 = 𝐾𝑝(1 − 𝑥)        4𝑥2𝑝 = 2.187(1 − 𝑥2) 

𝑥2(4𝑝 + 2.187) = 2.187         𝑥 = √
2.187

4𝑝 + 2.187
           

𝑝𝑚 = 1            𝑥 = √
2.187

4 + 2.187
= 0.595                

χO =
2 ⋅ 0.595

1 + 0.595
= 0.746           χO2

=
1 − 0.595

1 + 0.595
= 0.254 

𝑝𝑚 = 10            𝑥 = √
2.187

40 + 2.187
= 0.228  

χO =
2 ⋅ 0.228

1 + 0.228
= 0.371           χO2

=
1 − 0.228

1 + 0.228
= 0.629 

In realtà se si considera la reazione xO2 → 2xO la costante sarebbe Kx: 

𝐾𝑥 =
𝜒 𝑂

2𝑥

𝜒𝑂2

𝑥 𝑝2𝑥−𝑥 =
𝜒 𝑂

2𝑥

𝜒𝑂2

𝑥 𝑝𝑥 = 𝐾2𝑥 = 𝐾𝑝
𝑥  



Si dovrebbe risolvere quindi: 

(
2x

1 + x)
2𝑥

(
1 − x
1 + x)

𝑥 𝑝𝑥 = 𝐾𝑥 = 𝐾2𝑥 = 𝐾𝑝
𝑥 

Ma facendo la radice x esima di questa equazione si riottiene quella precedente: 

√
(

2x
1 + x)

2𝑥

(
1 − x
1 + x)

𝑥 𝑝𝑥

𝑥

=
(

2x
1 + x)

2

1 − x
1 + x

𝑝 = √𝐾𝑥
𝑥 = √𝐾2𝑥𝑥

= √ 𝐾𝑝
𝑥 = 𝐾𝑝 

 
 
 
 


