Calculating Heat of Reaction
Names:

Orientation:

In this activity you will be calculating the heating value for various fuels under several
different conditions. Engineers frequently use tabulated data, but it is important to
understand assumptions behind those values, and how to calculate correct values if your
application does not meet those assumptions. When modeling engines, it is important to
understand how the exhaust temperature and equivalence ratio impact the heating value
of fuel.

Learning Objectives:
1. Understand difference in heating values expressed in a: per mole fuel, per kg fuel,
and per kg mix basis.
2. Choose the correct property (U or H) for a given combustion type to estimate heat
of reaction and adiabatic flame temperatures.

Targeted Skiils:

Identifying assumptions — examining preconceptions/biases
Validating - using alternative methods to test results

Reasoning with theory — explaining data with accepted knowledge

Each team will do the activity for two fuels. Nitromethane (CH;NGO,), and one of the
following:

Methane (CHy)

Propane (C;Hs)

Methanol (CH3;OH)

Iso-octane (CgHyg)

@

& @ @

1. Write a balanced reaction for each of your fuels with air under stoichiometric
conditions. Verify the mass balance for cach atom. See page 69 of the Stone text for
more information.

2. Sketch and label isothermal and adiabatic reactions on an enthalpy-temperature
diagram (no numbers necessary, just trends). Show which line is the reactant-side
and which the product-side is.



3. Using the balanced reaction coefficients and separate enthalpies for each species
calculate the lower heating value for an isobaric combustion process as:
a) per mole of fuel
b) per kilogram of fuel
Assume standard temperature and pressure conditions for both products and reactants,
as well as an equivalence ratio of unity. You can find heats of formation for the fuels
hy in Table A.3 on page 597 in the text. Compare your results with the calorific values
also reported in Table A.3.

4. How does the lower heating value change as the mixture is made leaner? How does
the heat of reaction change if the water vapor condenses?

5. For equivalence ratios of (a) unity, and (b) one-half:
Calculate the heat of an isobaric, isothermal reaction on a “per kilogram mixture”
basis.

6. Explain how to estimate the adiabatic isobaric combustion temperature for a
stoichiometric mixture. Does this vary with equivalence ratio? Why?



Thermodynamic data 397

Table A3 Boiling points, enthalpy of vaporisation, liquid density and specific heat capacity, molar masses, standard
enthalpy of formation, standard state entropy and calorific values for fuels, derived from Daubert and Danner (1989)

Fuel Formula  Beiling Enthalpy of  Density’  Gp) 12

point vaporisation’  (kg/ w3 (kj/kmol K)

at 1 atm at 298.15 K

() {M])/kmol)
tMethane CH4 -161.5 8171 422.5 57¢
Propane CaHsg -42.0 18.743 582.5 106,37
Benzene CeHs 80.1 33.790 872.9 135.6
Toluene CyHg 110.6 38.341 864.7 156.1
n-Heptane Cabhig 98.4 36.630 681.5 2247
{so-octane Cathis 99.2 35.142 £90.4 236.4
(2,2,4-Trimethylpentane)
n-Hexadecane (Cetane) CigHza 286.9 79.641 769.7 50%.7
mMethyinaphthalene CioH7CHz 2447 59.387 1017.2 224.4¢
Methanot CH3;OH 64.7 38.012 789.6 81.6
Ethanol CzHsOH 783 42.512 7859 113.0
Nitromethane CH3NO, 101.2 38.365 1112.7 106.3

M H 3 Calorific values? at 298.15 K
Fuel Formula (kg/kmol) (M]/kmol) {k)/kmol K} {(Mj/kmol) (Mi/kg)
Methane CHy 16,043 -74.52 186.27 802.64 50.031
Propane : CsHg 44 096 -104.68 270.2 2043.15 46.334
Benzene ) CsHs 78.114 82.93 269.20 3169.47 40.575
Toluene CyHg 92.141 50.00 319.74 3771.88 40,936
n-Heptane CyHis 100,204 ~-187.65 427.98 4501.53 44,924
so-octane CaHis 114.231 -224.0% 42296 5100.50 44.651
(2,2,4-Trimethylpentane)
n-Hexadecane {(Cetane) Cigtae 226.446 -37417 781.02 10033.03 44,307
a-Methyinaphthalene CioHyCHs 1422 116.86 377.44 5654.61 39.765
Methanol CH;OH 32.042 ~200.94 239.88 676.22 21.104
Ethanot. C;HsOH 46.069 -234.95 280.64 1277.55 27.731
Nitromethane CHzNO; 61.040 -74.73 275.01 681.52 11.165
Nate T:

Properties have been evaluated at 25°C, except when a substance is a gas at this temperature, in which case the evatuation refers to the
norraal bailing point.

Note 2:

These data were obtained from the Hondbook of Chemistry and Physics (70th edn, CRC Press, 1990), with the exception of the following
data:

a Y. 5. Touloukian and T. Makita, Specific Heat, nenmetallic liquids and gases {Plenurn, 1970);

b International Critical Tables, Vol V (McGraw-Hill, 19297,

¢ Daubert and Danner (1989}, ’

Note 3:

The entropy values tabulated here for the standard state {57 refer to a pressure of 1 atm (1.01325 bar), while the entropy vaiues evaluated
in tables A4 and A.5 use a pressure of 1 bar as the ditum; this accounts for the stight differences in the numerical values for entropy at
298.15 K. The standard state values can refer 1o a hypothetical state, and this is indeed the case for many of these fuels, which cannot exist
as a vapour at a pressure of 1 atm and a temperature of 298.15 K.

Note 4:

The calorific vaiues have been determined from the difference in the enthalpies of formation of the fuet and products, with all reactants
and products in the vapour phase; this is known as the Net or Lower Calorific Vaiue (LCV). \When the water vapour in the products of
combustion has been condensed to its liquid state, the calorific value of the fuel is known as the Gross or Higher Calorific Value (HCY).
Thus

HCV = LCV 4 (11 % Highyyo
where the enthalpy of condensation of the water vapour, Hy = 43.99 Mijfkmol HzO.
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