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Introduction to Chemical Process Analysis 

Tutorial 10

Calculate the adiabatic flame temperature [K] of propane, C3H8 ( 0% excess air, both air and propane in the vapour phase at 1 atm and 25(C).    The experimental value is 2003 K  .  The calculated value should be greater than the experimental one.

The heat of vapourization of water is 44.03 kJ/gmol.  Use the heat capacity values given in the table below.

               CP [ kJ/(gmol K) ]

C3H8 (g)
0.0680

N2 (g)

0.0291

O2 (g)

0.0293

CO2 (g)
0.0371

H2O (g)
0.0336

H2O (L)
0.0754
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deg C = (deg F - 32)*(5/9)

Experimental value =

1930

deg C   =

+ 273  =

2203

 K

Basis of Calculation = 1 gmol C3H8(g)

Heat of formation

Component

In

Change

Out

delta-Hf [kJ/gmol]

C3H8

1

-1

0

-103.8

O2

5

-5

0

N2

18.80952

0

18.80952

CO2

0

3

3

-393.5

H2O

0

4

4

-285.84

in liquid phase

Heat of reaction

Use Heats of formation

delta-H-Rx = 3 * Hf(CO2)  +  4 * Hf(H2O-L) - 1 * Hf(C3H8) - 5 * Hf(O2)

3*(393.5 + 4*(-285.84) - 1-*(103.8) - 5*(0)

-2220.06

kJ/gmol-C3H8

Heat of vapourization

4*44.01 =

176.04

kJ

Liquid phase water

Heat from 25 to 100 C

4*0.0754*(100-75)  =

22.62

J

Heat of vapourization

4*44.01 =

176.04

kJ

Vapour phase water

Heat from 100 top T(adiab)

4*0.0336*(T-100) =

0.1344

(T-100)

Nitrogen plus vapour phase combustion products (n2 and CO2)

Heat from 100 top T(adiab)

( 3*0.0371 + 18.81*0.0291) *

( T - 25)

0.658671

*(T-25)

Heat of reaction  =  Heat to increase temperature

2220.6

 =

0.6587 * 25  =

16.4675

kJ

T (deg C) =

(2220.6 +13.44 + 16.47 -22.62 - 176.04) / (0.1344 + 0.6587 ) =

2587.126

deg C

2860.126

K

Heat 

of 

reaction

at 

25 deg C

Propane Vapour

at 25 deg C

Air  at 

25 deg C

Heat liquid

H2O from

25 to 100 C

Heat gas phase

combustion

products from

25 to "T-adiabatic"

Add heat of

vapourizaion

at 100 C

Heat water vapour

from 100 C to 

"T-adiabatic"

C3H8(g) + 5 O2(g) = 3 CO2(g) +4 H2O(L)


