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Thermodynamics II Test #3     Saturday  29 January 2011 Time 1 hr 30 min 

Sec.…เลขท่ีสอบ.… Name ……Solution by Sommai Priprem……… 

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 

.________________________________________________________ 

1) Octane (C8H18) is burned with 125 percent excess air during a combustion 

process. Assuming complete combustion and a total pressure of 100 kPa, determine 

(a) the air-fuel ratio and (b) the dew-point temperature of the products. 

 

 

System: Combustion: CC88HH1188  ++  112255  %%  EExxAAiirr 

Assumption: SSSF, neglect ΔKE, ΔPE 
 

Solution 
Theoretical combustion equation based on 1 kmol of fuel 

CC88HH1188  ((ll))  ++  1122..55  ((OO22  ++  33..7766  NN22))      88CCOO22  ++  99HH22OO  ++  1122..55**33..7766  NN22    

Combustion equation at 50% Excess Air or 150% theoretical air is 

CC33HH88  ((ll))  ++  ((22..2255**1122..55))((OO22  ++  33..7766  NN22))      88CCOO22  ++  99HH22OO  ++  1155..66OO22  ++  110055..88NN22    

  

((aa))  mmaaiirr    ==  ((22..2255**1122..55**44..7766**2288..9977))    ==    33,,887788    kkgg        

mmffuueell    ==  ((88**1122))  ++  ((1188**11))      ==                      111144  kkgg  

                AAFF  rraattiioo    ==    mmaaiirr  //  mmffuueell      ==    ((33,,887788  kkgg  aaiirr))//((111144  kkgg  ffuueell))      

==            3344..00    kkgg  aaiirr//kkgg  ffuueell          AAnnsswweerr  

    

(b) Tdp of product = Tsat at PH2O in product 

Assume the products are ideal gases,  

therefore:               PH2O/P  =  nH2O/n 

Number of kmol in products, n   = 8 + 9 + 15.6 + 105.8   

= 138.38   kmol 

kmol of H2O in products, nH2O   =     9    kmol 

Therefore;     PH2O  =    (nH2O/n)P   

= (9/138.38)(100 kPa)   

=     6.5041  kPa 

 

Interporation: Table A-5 

P (kPa) T (C) 

5 32.88 

6.5041 37.34 

7.5 40.29 

 

(b) the dew point temperature of the products, Tdp is  37.34 
o
C     Answer 

 

 

Combustion  
Chamber 

Combustion  
Chamber 

Reactants 
Products 

 

P= 100 kPa 
  125% Excess Air 

C8H18 

AF =? 

Tdp =? 

ตรวจ 
รูป                 1 
Comb. eqn.   3 
AF ratio        2 
Tdp               3 
สะอาด/เรียบร้อย   1 
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Thermodynamics II Test #3     Saturday  29 January 2011 Time 1 hr 30 min 

Sec.…เลขท่ีสอบ.… Name ……Solution by Sommai Priprem……… 

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 

.________________________________________________________ 

2) Methane (CH4) is burned with dry air. The volumetric analysis of the products on 

a dry basis is 5.20 percent CO2, 0.33 percent CO, 11.24 percent 02, and 83.23 

percent N2. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air 

used. 

 

 

ตรวจ 
รูป                 1 
Comb. eqn.   3 
AF ratio        2 
%Theor.Air 3 
สะอาด/เรียบร้อย   1 
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Thermodynamics II Test #3     Saturday  29 January 2011 Time 1 hr 30 min 

Sec.…เลขท่ีสอบ.… Name ……Solution by Sommai Priprem……… 

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 

.________________________________________________________ 

3) Liquid propane (C3H8) enters a combustion chamber at 25°C at a rate of 1.5 

kg/min where it is mixed and burned with 50 percent excess air that enters the 

combustion chamber at 25°C. If the combustion is complete and the exit temperature 

of the combustion gases is 1200 K, determine (a) the mass flow rate of air (in kg/min) 

and (b) the rate of heat transfer from the combustion chamber (in kJ/min) 

 

Solution 
 

Theoretical combustion equation based on 1 kmol of fuel 

CC33HH88  ((ll))  ++  55((OO22  ++  33..7766  NN22))      33CCOO22  ++  44HH22OO  ++  1188..88  NN22    

Combustion equation at 50% Excess Air or 150% theoretical air is 

CC33HH88  ((ll))  ++  ((11..55**55))((OO22  ++  33..7766  NN22))      33CCOO22  ++  44HH22OO  ++  22..55OO22  ++  2288..22NN22    

  

((aa))    ((aa))  mmaaiirr    ==              ((77..55**44..7766**2288..9977))    ==  11,,003344..22    kkgg        

mmffuueell    ==                ((33**1122))  ++  ((88**11))      ==            4444    kkgg  

                                    AAFF  rraattiioo  ==                      mmaaiirr  //  mmffuueell    ==    ((11,,003344..22kkgg  aaiirr))//((4444kkgg  ffuueell))      

==    2233..5511    kkgg  aaiirr//kkgg  ffuueell        

                      mmddoott,,  aaiirr    ==                      mmddoott,,  ffuueell  AAFF      ==    ((11..55  kkgg//mmiinn))((2233..5511  kkgg  aaiirr//kkgg  ffuueell))    

==    3355..33  kkgg  aaiirr//mmiinn    AAnnsswweerr    

  

((bb))      11
sstt
  LLaaww::  ccvv..  CCoommbbuussttiioonn  CChhaammbbeerr,,  SSSSSSFF,,  nneegglleecctt  WWccvv,,  ΔΔKKEE,,    ΔΔPPEE                                          

                            QQccvv  ++  HHRR  ==  HHPP  
    because   TR at 25 C  then all Δhi = 0 then    

   

 

 

TTaabbllee  AA--2266  enthalpy of formation of C3H8(g) ,            

      =      -103,850 _ kJ/kmol 

TTaabbllee  AA--2266  enthalpy of vaporization of C3H8,          
       =         15,060  kJ/kmol 

          HHRR  ==               

     ==              

  -           
       =      -118,910  kJ/kmol 

     Calculation for HR :  Products: at 1200 K 

Components n      

CO2          3.0  -393,520     53,848       9,364            44,484  -1,047,108  

H2O          4.0  -241,820     44,380       9,904            34,476  -829,376  

O2          2.5             -       38,447       8,682            29,765  74,413  

N2        28.2             -       36,777       8,669            28,108  792,646  

 -1,009,426 

Qcv  =        HP - HR   =   [(-1,009,426) – (118,910)]  kJ/kmol fuel 

=   -890,516     kJ/kmol fuel 

Qdot  =  mfuel (Qcv/M)  =  (1.5 kg/min)( -890,516 kJ/kmol fuel/44 kg/kmol) 

the rate of heat transfer from the combustion chamber , Qdot is 30,358 kJ/min  

                       Answer 

Combustion  
Chamber 

Reactants 
Products 

Tp = 1,200K 

C 3 H 8 (l), 25  o C , 1.2 kg/min 

Air, 25  o C , 
150% Excess Air 

Combustion  
Chamber 

Reactants 
Products 

Tp 

C 3 H 8 (l), 25  o C , 1.2 kg/min 

Air, 25  o C , 
150% Excess Air 

Qcv=? 

mDotAir=? 
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ตรวจ 
รูป                  1 
Comb. eqn.   2 
AF ratio        1 
Qdot              5 
สะอาด/เรียบร้อย   1 


