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1) Octane (CgHyg) 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: CgHsg + 125 % EXAir —_—s _ roducts
Assumption: SSSF, neglect AKE, APE Rea“a“t; Cramber o 100 kPa
125% Excess Air’ AF =2

Solution

Theoretical combustion equation based on 1 kmol of fuel

po =7?

CgHys (1) +12.5 (O, + 3.76 N) =2 8CO; + 9H,0 + 12.5%3.76 N,
Combustion equation at 50% Excess Air or 150% theoretical air is
CsHs (1) + (2.25*12.5)(0, + 3.76 N,) = 8CO, + 9H,0 + 15.60, + 105.8N,

(@ my =(2.25*12.5*4.76*28.97)
Miyel = (8*12) + (18*1)
AF ratio = My / Meel

3,878 kg
114Kkg
(3,878 kg air)/(114 kg fuel)
= 34.0 kg air/kg fuel Answer

(b) Tgp of product = T, at Pyoo in product
Assume the products are ideal gases,
therefore:

Number of kmol in products, n

kmol of H,O in products, N0

Therefore;

Interporation: Table A-5

P (kPa)

T(C)

5

32.88

6.5041

37.34

7.5

40.29

Ph2o/P = Npzo/n
=8+9+15.6 +105.8

=138.38  kmol
= 9 kmol
Pi2o = (Nh2o/N)P
=(9/138.38)(100 kPa)
= 6.5041 kPa
339

31 1
Comb. eqn. 3
AF ratio 2
Tdp 3
azera/isauies 1

(b) the dew point temperature of the products, Ty is 37.34 °C Answer
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2) Methane (CHy,) is burned with dry air. The volumetric analysis of the products on
a dry basis is 5.20 percent CO,, 0.33 percent CO, 11.24 percent 0,, and 83.23
percent N,. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air
used.
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3) Liquid propane (CsHg) 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)

Qcv=?

Solution C4Hq(1), 25 °C, 1.2 kg/min

. Products
Theoretical combustion equation based on 1 kmol of fuel Reactants Combustion

Chamber TP - 1,200K
C3Hg (|) + 5(02 + 3.76 Nz) - 3C0O, + 4H,0 + 18.8 N»
Air, 25 °C,
Combustion equation at 50% Excess Air or 150% theoretical air is  150% Excess Air  mDotAir=?
CsHs (1) + (1.5*%5)(O2 + 3.76 N2) = 3CO; + 4H,0 + 2.50, + 28.2N;

339 @) Mair = (7.5*4.76*28.97) =1,034.2 kg
pil 1 Muet = (3%12) + (8%1) = 44 kg
Comb. eqn. 2 AF ratio = Mair / Miyel = (1,034.2kg gir)/(44kg fuel)
AF ratio 1 = 23.51 kg air/kg fuel
Qdot 5 Mgot, air = Mgot, fuel AF = (1.5 kg/min)(23.51 kg air/kg fuel)
o = 35.3kgair/min  Answer
azera/isuusey 1

(b) 1% Law: cv. Combustion Chamber, SSSF, neglect Wev, AKE, APE
QCV + HR = Hp o B o
because Trat25C thenall 47 =0then H, = Zni(hf +Ah), =hi e,
R

Ho =3 n,(hi+AR),

P

Table A-26 enthalpy of formation of CsHg), 1_1?_53 Heg - 103,850 _ kd/kmol
Table A-26 enthalpy of vaporization of C3Hg, Flfglc3 Hy = 15,060 kJ/kmol
_ Hr= hfc,p, o " hec g o~ Drgen, = =118.910  ki/kmol
Calculation for Hg : Products: at 1200 K _

Components n hy® hiz0o hose hy —hye  |n.(h+Ah),

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

H20 4.0 | -241,820 44,380 9,904 34,476 -829,376

02 25 - 38,447 8,682 29,765 74,413

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

Ho =2 n(hi+Ah). | 000426

Qv =  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



