
 15-8

15-18 n-Octane is burned with stoichiometric amount of air. The mass fraction of each product, the mass of water in the 
products and the mass fraction of each reactant are to be determined. 

Assumptions 1 Combustion is complete. 2 The combustion products contain CO2, H2O, O2, and N2 only.  

Properties The molar masses of C, H2, O2 and air are 12 kg/kmol, 2 kg/kmol, 32 kg/kmol, and 29 kg/kmol, respectively 
(Table A-1). 

Analysis The reaction equation for 100% theoretical air is 

Products
C4H10

Air

100% 
theoretical 

Combustion 
chamber 

[ ] 22222th188 N OH CO 3.76NOHC EDBa ++⎯→⎯++  

where ath is the stoichiometric coefficient for air. The coefficient ath 
and other coefficients are to be determined from the mass balances 

Carbon balance:  B = 8 
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=×=⎯→⎯=× EEa  

Substituting, the balanced reaction equation is 

 N 47OH 9CO 83.76NO5.12HC ++⎯→⎯++  

ass of each product and the total mass are 

 

=++=++=
===
===
==

mmmm
MNm

MNm
 

hen the mass fractions are 

Hydrogen balance: D 9182 =⎯→⎯= D

Oxygen balance:   5.12)982(5.022 thth =+×=⎯→⎯+= aDBa

Nitrogen balance:  4776.35.1276.3th

[ ] 22222188

The m

kg 18301316162352
kg 1316kg/kmol) kmol)(28 47(
kg 162kg/kmol) kmol)(18 9(
kg 352kg/kmol) kmol)(44 8(

H2ON2CO2total

N2N2N2

H2OH2OH2O

CO2CO2CO2 = MNm

T

0.0885===
kg 162mf H2O

H2O
m

  

0.7191===
kg 1830

mf
total

N2
N2 m

0.1923===

kg 1316
kg 1830

kg 1830
kg 352mf

total

total

CO2
CO2

m
m

m
m

ass of water per unit mass of fuel burned is 

 

The m

1882 HC O/kgH kg 1.421=
×
×

=
kg )114(1
kg )18(9

C8H18

H2O

m
m

 

ass of each reactant and the total mass are 

 

The m

kg 5.18395.1725114
kg 5.1725kg/kmol) kmol)(29 76.45.12(

kg 114kg/kmol) kmol)(114 1(

airC8H18total

airairair

C8H18C8H18C8H18

=+=+=
=×==

===

mmm
MNm

MNm
 

Then the mass fractions of reactants are 

 
0.9380

0.0620

===

===

kg 1839.5
kg 1725.5mf

kg 1839.5
kg 114mf

total

air
air

total

C8H18
C8H18

m
m
m

m
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15-27 Butane C4H10 is burned with 200 percent theoretical air. The kmol of water that needs to be sprayed into the 
combustion chamber per kmol of fuel is to be determined. 

Assumptions 1 Combustion is complete. 2 The combustion products contain CO2, H2O, O2, and N2 only.  

Properties The molar masses of C, H2, O2 and air are 12 kg/kmol, 2 kg/kmol, 32 kg/kmol, and 29 kg/kmol, respectively 
(Table A-1). 

Analysis The reaction equation for 200% theoretical air without the additional water is 

 [ ] 222222th104 N O OH CO 3.76NO2HC FEDBa +++⎯→⎯++  

where ath is the stoichiometric coefficient for air. We have automatically accounted for the 100% excess air by using the 
factor 2a  instead of ath

Carbon balance:  B = 4 
th for air. The coefficient ath and other coefficients are to be determined from the mass balances 
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Hydrogen balance:  5102 =⎯→⎯= DD

Oxygen balance:  EDBa 2222 th ++=×  

    

bove equations, we find the coefficients (E = 6.5, F = 48.88, and ath = 6.5) and write the balanced reaction 
n as 

ith the a itional water sprayed into the combustion chamber, the balanced reaction equation is 

N 88.48O +  

he partial pressure of water in the satu  product mixture at the dew point is 

 

he vapor mole fraction is  

 

Products 
C4H10

Air

200%
theoretical

Ea =th

Nitrogen balance:  Fa =× 76.32 th  

Solving the a
equatio

 [ ] 222222104 N 88.48O 5.6OH 5CO 43.76NO13HC +++⎯→⎯++  

W dd

 [ ] 22222104 5.6OH )5(CO 4OH 3.76NO13HC +++⎯→⎯+++ vv NN 22

T rated

 Csat@60prod, == °PPv kPa 95.19

T

1995.0
kPa 100
kPa 95.19prod,Pv

prod
===

P
yv  

The amount of water that needs to be sprayed into the combustion chamber can be determined from 

kmol 9.796=⎯→⎯
++++

+
=⎯→⎯= v

v

v
v N

N
N

N
N

y
88.485.654

5
1995.0

producttotal,

water  
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15-51 The higher and lower heating values of liquid propane are to be determined and compared to the listed values. 

Assumptions 1 Combustion is complete. 2 The combustion products contain CO2, H2O, and N2. 3 Combustion gases are 
ideal gases. 

Properties The molar masses of C, O2, H2, and air are 12, 32, 2, and 29 kg/kmol, respectively (Table A-1). 

Analysis  The combustion reaction with stoichiometric air is 

( ) 2222283 N8.18OH4CO33.76NO5)(HC ++⎯→⎯++l  

Air 
theoretical 

Products
C3H8

Combustion 
chamber 

Both the reactants and the products are taken to be at the standard 
reference state of 25°C and 1 atm for the calculation of heating values. 
The heat transfer for this process is equal to enthalpy of combustion. 
Note that N2 and O2 are stable elements, and thus their enthalpy of 
formation is zero. Then, 

 ( ) ( ) ( )
C3H8H2OCO2,,

ooooo
fffRfRPfPRPC hNhNhNhNhNHHhq −+=−=−== ∑∑  

The h f
o  of liquid propane is obtained by adding hfg  of propane at 25°C to h f

o  of gas propane (103,850 + 44.097 × 335
118,620 kJ/kmol). For the HHV, the water in the products is taken to be liquid. Then,  

 = 

propane kJ/kmol ,260205,2
)kJ/kmol 620,118)(kmol 1()kJ/kmol 285,830)(kmol 4(kJ/kmol) 393,520)(kmol 3(

−=
−−−+−=Ch

 

The HHV of the liquid propane is  

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and educators for course  

 83HC kJ/kg 50,010===
83

83

HC kg/kmol 44.097
HHV

m

C

M
 

− HC kJ/kmol 2,205,260h

The listed value from Table A-27 is 50,330 kJ/kg. For the LHV, the water in the products is taken to be vapor. Then,  

l
)kJ/kmol 620,118)(kmol 1()kJ/kmol 241,820)(kmol 4(kJ/kmol) 393,520)(kmol 3( −−−+−=h

 

HV of the propane is then 

kJ/kmo ,220029,2−=
C

propane 

The L

 83HC kJ/kg 46,020==
− HC kJ/kmol 2,029,220h

=
83

83

HC kg/kmol 44.097
LHV

m

C

M
 

The listed value from Table A-27 is 46,340 kJ/kg. The calculated and listed values are practically identical. 
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15-66 A mixture of propane and methane is burned with theoretical air. The balanced chemical reaction is to be written, and 
the amount of water vapor condensed and the the required air flow rate for a given heat transfer rate are to be determined. 
Assumptions 1 Combustion is complete. 2 The combustion products contain 
CO2, CO, H2O, O2, and N2 only.  
Properties The molar masses of C, H2, O2, N2 and air are 12 kg/kmol, 2 kg/kmol, 32 kg/kmol, 28 kg/kmol, and 29 kg/kmol, 
respectively (Table A-1). 
Analysis (a) The balanced reaction equation for stoichiometric air is 

[ ] 2th2222th483 N 76.3OH 8.2CO 1.83.76NOCH 6.0HC 0.4 ×++⎯→⎯+++ aa  

The stoicihiometric coefficient ath is determined from an O2 balance: 
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=+=a  CO2, H2O, 
N2

C3H8, CH4

Air

100% theoretical

Combustion 
chamber 

2.34.18.1th

 
Substituting, 

[ ] 22222483 N 032.12OH 8.2CO 1.83.76NO2.3CH 6.0HC 0.4 ++⎯→⎯+++  

(b) The partial pressure of water vapor is 

kPa 84.16kPa) 100(
kmol 632.16

kPa) 100(
032.128.28.1total

total

H2O ==
++

== P
N

Pv  kmol 8.28.2N

The dew point temperature of the pro e saturation temperature of water at this pressure: 

s

) The heat transfer for this combustion process is determined from the energy balance  applied on 

duct gases is th
C56.2kPa 16.84 sat@ °==TTdp   (Table A-5) 

Since the temperature of the product gases are at 398 K (125°C), there will be no conden ation of water vapor.  

systemoutin EEE ∆=−(c
the combustion chamber with W = 0. It reduces to 

 ( ) ( )∑ ∑ −+−−+=− hhhNhhhN oooo  
RfRPfPout

ducts are at 125 oC, and the ent

Q

The pro halpy of products can be expressed as 

( ) Tch h p∆=− o  

re hen, using the values given in the table, 

−−−−
×+

whe . TK 100C10025125 =°=−=∆T

)850,74)(6.0()850,103)(4.0(
)10027.290)(032.12()10028.34820,241)(8.2()10016.41520,393)(8.1(out +−+×+−=−Q +×

 
fuel kmolkJ 760,246,1 /−=

 

r  /=Q  

00 kJ/h, the molar flow rate of fuel is 

o fuel kmolkJ 760,246,1out

For a heat transfer rate of 97,0

fuel/h kmol 07780.0
fuel kJ/kmol 760,246,1

kJ/h 000,97

out

ou
fuel =

Q
N

&
& t ==

Q
 

he molar mass of the fuel mixture is 
=  

he mass flow rate of fuel is 

 

The air-fuel ratio is 

 

T
 166.0444.0fuel ×+×=M kg/kmol 2.27

T

kg/h 116.2kg/kmol) 2.27)(kmol/h 07780.0(fuelfuelfuel === MNm &&  

fuel air/kg kg 16.24
kg )160.644(0.4

kg )2976.4(3.2AF
fuel

air =
×+×

××
==

m
m

 

The mass flow rate of air is then 
 kg/h 34.4=== )24.16)kg/h 116.2(AFfuelair mm &&  
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15-73 A high efficiency gas furnace burns gaseous propane C3H8 with 140 percent theoretical air. The volume flow rate of 
water condensed from the product gases is to be determined. 
Assumptions 1 Combustion is complete. 2 The combustion products contain CO2, H2O, O2, and N2 only.  
Properties The molar masses of C, H2, O2 and air are 12 kg/kmol, 2 kg/kmol, 32 kg/kmol, and 29 kg/kmol, respectively 
(Table A-1). 
Analysis The reaction equation for 40% excess air (140% theoretical air) is 

  [ ] 222222th83 N O OH CO 3.76NO4.1HC FEDBa +++⎯→⎯++

where ath is the stoichiometric coefficient for air. We have automatically accounted for the 40% excess air by using the 
factor 1.4ath instead of ath for air. The coefficient ath and other coefficients are to be determined from the mass balances 

Carbon balance:  B = 3 
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Products

 

C3H8

25°C

Air

40% excess

Q 

Combustion 
chamber 

Hydrogen balance: D 482 =⎯→⎯= D
Oxygen balance:  EDBa 224.12 th ++=×  

    4. Ea =th0  

Nitrogen balance:  Fa =× 76.34.1 th  
Solving the above equations, we find the coefficients (E = 2,               

 = 26.32, nd a  = 5) and write the balanced reaction equation as F  a th

he partial pressure of water in the saturated product mixture at the dew point is 
 

he vapor mole fraction is  

 

 [ ] 22222283 N 32.26O 2OH 4CO 33.76NO 7HC +++⎯→⎯++  
T
 Csat@40prod, == °PPv kPa 3851.7

T

07385.0
kPa 100

kPa 3851.7prod,Pv

prod
===

P
yv  

The kmoles of water condensed is determined from 

kmol 503.1
32.26243

407385.0 w
w

w

producttotal,

waterN
=⎯→⎯

++−+
−

=⎯→⎯= N
N

N
N

y  

ady-flow energy balance is expressed as 

 &&& +=  

where 

v

The ste

PR HNQHN fuelfuelfuel

kJ/h 969,32
0.96

kJ/h 650,31

furnace

out
fuel ===

η
QQ
&

&  

kJ/kmol 847,10326.7(0)kJ/kmol) 847,103( ++−= 32(0)

32.267 CN2@25CO2@25Cfuel@25

−=

++= °°°
hhhH o

fR  

kJ/kmol 10577.2

kJ/kmol) 830,285(503.1)0(32.26)0(2kJ/kmol) (-241,8204kJ/kmol) 520,393(3

)(32.26243

6

H2O(liq)wCN2@25CO2@25CH2O@25CCO2@25

+−=

°°°P

×−=

−+++

++++= °
o
fhNhhhhH

 

tion, 

 

The molar and mass flow rates of the liquid water are 

The volume flow rate of liquid water is 
 

Substituting into the energy balance equa
&&

kmol/h 01333.0)kJ/kmol 10577.2(kJ/h 969,32)kJ/kmol 847,103( fuel
6

fuelfuel

fuelfuelfuel

=⎯→⎯×−+=−

+=

NNN

HNQHN PR

&&&

&

kmol/h  0.02003fuel/h) kmol  333fuel)(0.01 kmol/kmol  503.1(fuelww === NNN &&  

kg/h  0.3608kg/kmol)  kmol/h)(18  02003.0(www === MNm &&  

L/day  8.7==== ° /hm  0.0003619kg/h)  8/kg)(0.360m  001003.0()( 33
wC@25 w mf && vV  
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15-80 Propane is burned with stoichiometric and 50 percent excess air. The adiabatic flame temperature is to be determined 
for both cases. 

Assumptions 1 Steady operating conditions exist. 2 Air and combustion gases are ideal gases. 3 Kinetic and potential 
energies are negligible. 4 There are no work interactions. 5 The combustion chamber is adiabatic.  

Analysis Under steady-flow conditions the energy balance systemoutin EEE ∆=−  applied on the combustion chamber with 
Q = W = 0 reduces to  

( ) ( ) ( ) ooooooo
RfRPfPRfRPfP hNhhhNhhhNhhhN ,∑ ∑∑ ∑ =−+⎯→⎯−+=−+  
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Products

TP

C3H8

25°C 

Air 

100% 
theoretical air 

Combustion 
chamber 

since all the reactants are at the standard reference temperature of 25°C. Then, for the stoicihiometric air 

here ath is the stoichio etric coefficient and is determined from the O2 balance, 

Thus,   

)N 76.3O( 5HC ++⎯→⎯++  

Fr s, 

 

Thus, 

2th2222th83 N 76.3OH 4CO 3)N 76.3O(HC ×++⎯→⎯++ aa  

w m

523th =+=a   

2222283 N 8.18OH 4CO 3

om the table

 

e Substanc

o
fh  

kJ/kmol 

K298h  

ol 

H8 (g) 3,850 

kJ/km

C3 -10 --- 

O2 0 8682 

N2 0 8669 

H2O (g) -241,820 9904 

-393,520 9364 CO2

 

( ) ( ) ( ) ( ) 00850,103)1(86690)8.18(9904820,241)4(9364520,393)3( N2H2OCO2 ++−=−++−+−+−+− hhh  

It yields  kJ 680,274,28.1843 N2H2OCO2 =++ hhh  

The adiabatic flame temperature is obtained from a trial and error solution.  A first guess is obtained by dividing the right-
e equation by the total number of moles, which yields 2,274,680/(3 + 4 + 18.8) = 88,166 kJ/kmol. This 

e corresponds to about 2650 K for N2. Noting that the majority of the moles are N2, TP will be close to 2650 K, 
but somewhat under it because of the higher specific heat of H2O. 

At 2500 K: 

hand side of th
enthalpy valu

kJ) 2,274,680an (Higher th  kJ 380,389,2
981,828.18868,1084290,13138.1843 CO2h N2H2O

=
×+×+×=++ hh  

At 2450 K: 

kJ) 2,274,680an (Higher th  kJ 990,334,2
149,818.18183,1064219,12838.1843 N2H2OCO2

=
×+×+×=++ hhh      

At 2400 K: 

     
kJ) 2,274,680an (Higher th  kJ 704,280,2

320,798.18508,1034152,12538.1843 N2H2OCO2

=
×+×+×=++ hhh  
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At 2350 K: 

kJ) 2,274,680n (Lower tha  kJ 580,226,2
496,778.18846,1004091,12238.1843 N2H2OCO2h     

=

Products

TP

C3H8

25°C 

Air 

50% excess air 
25°C 

Combustion
chamber 

×+×+×=++ hh  

By inter   

TP  =  2394 K = 2121°C 

When propane is burned with 50% excess air, the reaction equation may be written as 

N76.3×× a  

here ath is the stoichiometric coefficient and is determined from the O2 balance, 

 

  N2.28O5.2OH43CO)N76.3O(5.7HC +++⎯→⎯++  

he values in the table, 

polation of the two results, 

 

2th2222th83 5.1O5.0OH43CO)N76.3O(5.1HC +×++⎯→⎯+×+ aa 2th

w

50.5231.5 ththth =⎯→⎯++= aaa   

Thus,  

   22222283

 

Using t

( ) ( ) ( ) ( ) ( )
86820)5.2(9904820,241)4(9364520,393)3 −++−+−+−+− hhh

( ) 00850,103186690)2.28( N2

O2H2OCO2

++−=−++ h
 

It yields  

(

kJ 870,377,22.285.243 N2O2H2OCO2 =+++ hhhh  

The adiabati
hand side of th

c flame temperature is obtained from a trial and error solution. A first guess is obtained by dividing the right-
e equation by the total number of moles, which yields 2,377,870/(3+4+2.5+28.2) = 63,073 kJ/kmol.  This 

enthalpy v e corresponds to about 1960 K for N2. Noting that the majority of the moles are N2, TP will be close to 1960 K, 
under it because of the higher specific heat of H2O. 

At 1800 K: 

alu
but somewhat 

kJ) 2,377,870n (Lower tha  kJ 160,333,2
651,572.28371,605.2513,724806,8832.285.243 N2O2H2OCO2

=
×+×+×+×=+++ hhhh  

At 1840 K: 

kJ) 2,377,870an (Higher th  kJ 190,392,2
075,592.28866,615.2506,744196,9132.285.243 N2O2H2OCO2

=
×+×+×+×=+++ hhhh  

By interpolation,   

TP  =  1830 K = 1557°C 
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15-89 Ethylene gas is burned steadily with 20 percent excess air. The temperature of products, the entropy generation, and 
the exergy destruction (or irreversibility) are to be determined. 

Assumptions 1 Combustion is complete. 2 Steady operating conditions exist. 3 Air and the combustion gases are ideal 
gases. 4 Changes in kinetic and potential energies are negligible.  

Analysis (a) The fuel is burned completely with the excess air, and thus the products will contain only CO2, H2O, N2, and 
some free O2.  Considering 1 kmol of C2H4, the combustion equation can be written as 

( ) ( ) ( )( ) 2th2th2222th42 N3.761.2O0.2O2H2CO3.76NO1.2gHC aaa +++⎯→⎯++  

 be determined from the steady-flow energy equation, which reduces 
 

 

where ath is the stoichiometric coefficient and is determined from the O2 balance, 

  1.2 2 1 0.2 3th th tha a a= + + ⎯→⎯ =

Products 

TP

C2H4

25°C 

Air 

20% excess air 
25°C 

Combustion
chamber 

Thus,  

  ( ) ( ) 22222242 13.54N0.6OO2H2CO3.76NO3.6HC +++⎯→⎯++g  

Under steady-flow conditions, the exit temperature of the product gases 
can
to

( ) ( )
42HC, fRfRPfP

oooo hNhNhhhN ==−+ ∑∑  

nce all the reactants are at the standard reference state, and  for O2 and N2.  From the tables, 

 

Substance 

si

 hf
o  

kJ/kmol 

h298 K  

mol 

H4 (g) ,280 

kJ/k

C2 52 --- 

O2 0 8682 

N2 0 8669 

H2O (g) 

CO2 -393,520 9364 

ubstitutin , 

-241,820 9904 

 

S g

 
( )( ) ( )( )

( )( ) ( )( ) ( )( )280,5218669054.13868206.0            
9904820,24129364520,93

22

22

NO

OHCO

=−++−++

−+−+−+

hh
hh

 

or, 

32 −

 kJ 083,484,154.136.022
2CO +h

222 NOOH =++ hhh  

T 2269.6 K 

By trial and error,     

P  =  

(b)  The entropy generation during this adiabatic process is determined from 

 S S S N s N sP R P P R Rgen = − = −∑ ∑  

The C
in ir an

2H4 is at 25°C and 1 atm, and thus its absolute entropy is 219.83 kJ/kmol·K (Table A-26).  The entropy values listed 
 the ideal gas tables are for 1 atm pressure.  Both the a d the product gases are at a total pressure of 1 atm, but the 

entropies are to be calculated at the partial pressure of the components which is equal to Pi = yi Ptotal, where yi is the mole 
fraction of component i .  Also, 

 ( ) ( ) ( )( )miuiiiiii PyRPTsNPTsNS ln,, 0 −== o  
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The entropy calculations can be presented in tabular form as 
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  Ni yi  ( )atm1T,si
o  ( )miu PylnR  N si i  

C2H4 1 1.00 219.83 --- 219.83 

O2 3.6 0.21 205.14 -12.98 784.87 

N2 13.54 0.79 191.61 -1.96 2620.94 

SR  =  3625.64 kJ/K 

CO2 2 0.1103 316.881 -18.329 670.42 

H2O 2 0.1103 271.134 -18.329 578.93 

O2 0.6 0.0331 273.467 -28.336 181.08 

N2 13.54 0.7464 256.541 -2.432 3506.49 

SP  =  4936.92 kJ/K 

 

Thus, 

 Kkmol/kJ 28.1311 ⋅=−=−= 64.362592.4936gen RP SSS  

and  

(c) ( )( ) ( )4242gen0destroyed HC kmolper HCK kJ/kmol 1311.28K 298 kJ   760,390=⋅== STX  
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15-95 Methyl alcohol is burned steadily with 200 percent excess air in an automobile engine. The maximum amount of 
work that can be produced by this engine is to be determined. 

Assumptions 1 Combustion is complete. 2 Steady operating conditions exist. 3 Air and the combustion gases are ideal 
gases. 4 Changes in kinetic and potential energies are negligible.  

Analysis  The fuel is burned completely with the excess air, and thus the products will contain only CO2, H2O, N2, and some 
free O2. Considering 1 kmol CH3OH the combustion equation can be written as 

( ) 2th2th2222th3 N76.33O2OH2CO3.76NO3OHCH ×+++⎯→⎯++ aaa  
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22 16O3OH2 +++

y-flow conditions the energy balance 

where ath is the stoichiometric coefficient and is determined 
from the O2 balance, 

  1.521130.5 ththth =⎯→⎯++=+ aaa

Thus, 

( ) 22223 NCO3.76NO5.4OHCH ⎯→⎯++  

Under stead

Products 

77°C 

CH3OH 

25°C 

200% excess air 

25°C 

Combustion 
Chamber 

 

1 atm 

Qout

92.

systemoutin EEE ∆=−  applied on the combustion chamber with W = 0 
duces tore  

( ) ( )∑ ∑ −+−−+=−
RfRPfP hhhNhhhNQ oooo

out   

Assuming the air and the combustion products to be ideal gases, we have h = h(T).  From the tables, 

 

e 

 

Substanc

o
fh  

kJ/kmol 

K298h  

kJ/kmol 

Kh350  

kJ/kmol 

3OH 0,670 CH -20 --- --- 

O2 0 8682 10,213 

N2 0 8669 10,180 

H2O (g) 

CO2 -393,520 9364 11,351 

hus, 

-241,820 9904 11,652 

T

( )( ) ( )( )
( )( ) ( )( ) ( )( )

fuel of kJ/kmol 550,663
670,20018669180,10092.168682213,1003

9904652,11820,24129364351,11520,3931out −+−+−=−Q

−=
−−−++−++
−+

  

The entropy generation during this process is determined from 

 
surr

outout
gen T

QsNsN
T
QSSS RRPPRP +−=+−= ∑∑

surr
 

ntropy values listed in the ideal gas tables are for 1 atm pressure.  Both the air and the product gases are at a total 
pressure of 1 atm, but the entropies are to be calculated at the partial pressure of the components which is equal to Pi  =  yi 
Ptotal, where yi is the mole fraction of component i.  Then, 

 

The e

( ) ( ) ( )( )miuiiiiii PyRPTsNPTsNS ln,, 0 −== o  
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The entropy calculations can be presented in tabular form as 

 

 Ni  yi  ( )atm1T,si
o  ( )miu PylnR  ii sN  

CH3OH 1 --- 239.70 --- 239.70 

O2 4.5 0.21 205.04 -12.98 981.09 

N2 16.92 0.79 191.61 -1.960 3275.20 

SR  =  4496 kJ/K 

CO2 1 0.0436 219.831 -26.05 245.88 

H2O (g) 2 0.0873 194.125 -20.27 428.79 

O2 3 0.1309 209.765 -16.91 680.03 

N2 16.92 0.7382 196.173 -2.52 3361.89 

SP  =  4717 kJ/K 

 

Thus, 

 ( )fuel kmolper kJ/K 2448
298surr

gen TRP
550,66344964717out =+−=+−=

Q
SSS  

The maximum work is equal to the exergy destruction 

( )fuel kmolper kJ/K  400,729kJ/K) 2448)(298(gen0demax st === ST  

a , 

= XW

Per unit m ss basis

  fuel kJ/kg 22,794=
⋅

=
kg/kmol 32

kmolkJ/K 400,729
maxW  
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