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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  
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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, 
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( ) ( ) ( ) ( ) 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  

preparation.  If you are a student using this Manual, you are using it without permission. 



 

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and educators for course 
preparation.  If you are a student using this Manual, you are using it without permission. 

15-66

 

At 2350 K: 

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

   22222283

 

Using t
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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 

 

 


