Adiabatic Flame Temperature

 The temperature of product mixture obtained
when the combustion is done in an adiabatic
system

* Highest temperature obtained
e 2 types

- Constant pressure adiabatic flame temperature
- Constant volume adiabatic flame temperature
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Figure 2.10 lllustration of constant-pressure adiabatic flame temperature on h-T

coordinates.



Specific Heats

. Cp varies with temperature

 Non trivial to determine T__  since temp is
implicit in C,

T
h=h" + | ¢, dr
 We may 298

— Integrate C,

- Use an average c, value h=h% 4C, ; we(TWu—298)
- Both methods need an initial guess of T__

T .. ~2100K



Estimate the constant-pressure adiabatic flame temperature for the combustion of a

stoichiometric CH,—air mixture. The pressure is 1 atm and the initial reactant tempera-
ture 1s 298 K.

Use the following assumptions:

1. “Complete combustion” (no dissociation), i.e., the product mixture consists of only
CO,, H,0, and N,.

2. The product mixture enthalpy is estimated using constant specific heats evaluated at
1200K (= 0.5(T; + T,;), where T, is guessed to be about 2100 K).

Solution

Mixture composition:
CHy +2(05 + 3.76N,) — 1 CO, + 2H,0 + 7.52N,
j\/co2 - 1, NHZO - 2, NN: = 752

Properties (Appendices A and B):

Enthalpy of Formation @ 298K Specific Heat @ 1200K
Species K? . (kJ [kmol) ¢p.i (kJ/kmol-K)
CH,4 —74,831
CO, —393,546 56.21
H,O —241,845 43.87
N, 0 33.71

0, o

Example 2.5



First law (Eqn. 2.40):

Hicaor = Z Ni;;f = Hprod = Z-Ni;;[

react prod
H oot = (1)(—74,831) + 2(0) + 7.52(0)
= —74,831kJ

Hyoa = Y Nihf + &, (T, — 298)]
= (1){—393,546 + 56.21(7,; — 298)]
+(2)[—241,845 + 43.87(T,y — 298)]
+ (7.52)[0 + 33.71(T,, — 298)].

Equating H,.,, to Hq and solving for T, yields

T, =2318K




Estimate the constant-volume adiabatic flame temperature for a stoichiometric CHy—air
mixture using the same assumtions as in Example 2.5. Initial conditions are 7; = 298 K,
P =1latm (= 101,325 Pa).

Solution

The same composition and properties used in Example 2.5 apply here. We note, how-
ever, that the ¢, values should be evaluated at a temperature somewhat greater than
1200 K, since the constant-volume T, will be higher than the constant-pressure 7.
Nonetheless, we will use the same values as before.

First law (Eqn. 2.43):

Hieae — Hpmd - Ru(Nreac Tinit — Nprod Tad) =0

or

ZN,‘I;;‘ - Z Ni};i — Ry(Nreac Tinit — Nprod T) = 0.

reac prod
Substituting numerical values, we have

Hiaor = (1(=74,831) + 2(0) + 7.52(0)
= —74.831kJ
Hpoq = (1)[—393,546 + 56.21(T,, — 298)]
+ (2){—241,845 + 43.87(T,; — 298)]
+(7.52)[0 + 33.71(T,; — 298)]
= —877,236 4+ 397.5(T,; — 298) kJ

and
Ru(NreacTinit - Nprod Tad) = 8315(1052)(298 - Tad)v

where Nyepe = Nppoqg = 10.52 kmol.
Reassembling Eqn. 2.43 and solving for T, vields

Ty = 2889 K

Example 2.6
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