Heat of Reaction Activity
(Methane, Propane, Methanol, Nitromethane)

1. Write a balanced reaction for your assigned fuel with air under stoichiometric conditions.  Verify the mass balance for each atom.

Methane (CH4) (with products at 2500 K)
Propane (C3H8)
Iso-Octane (C8H18)
Methanol (CH4O)
Nitromethane (CH3NO2)


2. Using separate enthalpies for each species calculate the lower heating value on a per mole of fuel and per kilogram of fuel.  Assume standard temperature and pressure conditions as well as an equivalence ratio of unity.  Compare this with the calorific value given in Table A.3.  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?

LHV = h(products) – h(reactants)
H(products) =  (chemical coefficient * species enthalpy) for products
H(reactants) =  (chemical coefficient * species enthalpy) for reactants
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Table A.3  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  Boiling Enthalpy of  Density’ ¢, 2
' point vaporisation’ (kg/m3) (kJ/kmol K)

at 1 atm at 298.15 K

Q) (MJ/kmol)
Methane CHy -161.5 8.171 422.5 574
Propane Cs3Hg —42.0 18.743 582.5 106.35
Benzene CsHe 80.1 33.790 872.9 135.6
Toluene CyHg 110.6 38.341 864.7 156.1
n-Heptane CsHig 98.4 36.630 681.5 224.7
Iso-octane CgHyg 99:2. 35.142 690.4 236.4
(2,2,4-Trimethylpentane)
n-Hexadecane (Cetane) CigHsa 286.9 79.641 769.7 501.7
a-Methylnaphthalene CioH;CH;  244.7 59.387 10172 224.4¢
Methanol CH;0H 64.7 38.012 789.6 81.6
Ethanol CoHsOH 78.3 42:502 785.9 113.0
Nitromethane CH3NO, 101.2 38.365 11127 106.3

M He 03 Calorific values* at 298.15 K
Fuel Formula (kg/kmol)  (M]/kmol) (kJ/kmol K) (MJ/kmol) (MJ/kg)
Methane CH4 16.043 —74.52 186.27 802.64 50.031
Propane C3Hg 44.096 -104.68 270.2 2043.15 46.334
Benzene CsHe 78.114 82.93 269.20 3169.47 40.575
Toluene C7Hg 92.141 50.00 319.74 3771.88 40.936
n-Heptane C7Hi6 100.204 -187.65 427.98 4501.53 44.924
Iso-octane CgHisg 114.231 -224.01 422.96 5100.50 44.651
(2,2,4-Trimethylpentane)
n-Hexadecane (Cetane) CigH3a 226.446 -374.17 781.02 10033.03 44.307
a-Methylnaphthalene CioH7CH; 1422 116.86 377.44 5654.61 39.765
Methanol CH;OH 32.042 —-200.94 239.88 676.22 21.104
Ethanol . GHsOH 46.069 -234.95 280.64 127755 274811
Nitromethane CH3NO; 61.040 —74.73 275.01 681.52 11.165
Note 1:

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

Note 2:

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

a Y. S. Touloukian and T. Makita, Specific Heat, nonmetallic liquids and gases (Plenum, 1970);
b International Critical Tables, Vol V (McGraw-Hill, 1929);

¢ Daubert and Danner (1989).

Note 3:

The entropy values tabulated here for the standard state (S°) refer to a pressure of T atm (1.01325 bar), while the entropy
in tables A.4 and A.5 use a pressure of 1 bar as the datum; this accounts for the slight differences in the numerical yakues
298.15 K. The standard state values can refer to a hypothetical state, and this is indeed the case for many of these fusls,
as a vapour at a pressure of 1 atm and a temperature of 298.15 K.

Note 4:

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

HCV = LCV + (n x Hig)y 0
where the enthalpy of condensation of the water vapour, Hig = 43.99 M|/kmol H,0.
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Table A.4  Thermodynamic data for gaseous species (continued )

'ABSOLUTE’ MOLAR ENTHALPY

(MJ/kmol)

T () Air N, 0, Ha co CO, H,0 NO Ar OH o H T (K)
3000 93.527 92.754 98.116 88716  -16.969  -240.621 -115.467 185276  56.197 129.040  305.777 274146 3000
3100 97.282 96.464 102.120 92.439 13244 234393  _109.881  189.026 58277 182.724 | 307.872 | 276224 = 3100
3200 101.046  100.179  106.142 96.185 -9.514  —228.155 -104.266 192.780  60.357 136.421 309.971 278303 3200
3300 104.818  103.900  110.182 99.953 -5.778 -221.907  -98.625 196.538  62.437 140,132 | 312:0728 8 4280,382 12800
3400 108.597  107.625  114.238  103.741 -2.039 215650  -92.959 200.300  64.517 143.855 314177 282460 3400
T (K) Air N, 0, H, co CO, H,0 NO Ar OH o H T (K)
3500 {12383« 111,356 118312 ' 1107549 1.706 -209.383  -87.271  204.066  66.597 147.589  316.284 284539 3500
3600 116177  115.091 122402 111377 5.455 -203.106  -81.561  207.836  68.677 151.334 318396  286.617 3600
3700 119078 118.832  126507. 115223 9.209  -196.819  -75.832 211.610  70.757 155.089  320.511 288.696 3700
3800 123.786 122577  130.627  119.086 12.968  -190.522  -70.083 215389  72.837 158.853 322,630  290.775 3800
3900 127.600 126326 134762  122.968 16.731 -184.215  -64317 219.171 74.917 162.627 324754  292.853 3900
T (K) Air N, 0, i co Co, H,0 NO Ar OH o H T (K)
4000 131.421 130.081 138.911 126.866 20499  -177.898  -58.533 222958  76.997 166.409  326.881 294932 4000
4100 135249 133.840  143.074  130.781 242720 —Z1S70MIE 59 733 1226.748 | 791077 170200  329.014  297.011 4100
4200 139.083  137.604  147.249  134.713 28.049 165232 46918  230.543  81.157 173.998  331.150  299.089 4200
4300 142:9230 141.373 | 151,436 | 188,662 31.831 ~158.884  -41.088  234.342  83.237 177.805  333.292  301.168 4300
4400 146.769 145147  155.634  142.627 35617 —152.526 | -35242 238145 85317 181620 335439  303.246 4400
T®) Air N 0, Ha co CO, H20 NO Ar. OH (o] H T (K)
4500 150.621 148.925  159.842  146.610 39408  -146.159  -29.383  241.951 87.397 1851443 - 337,590 305305 4500
4600 154478 152707  164.060  150.610 43.202  -139.783  -23.509  245.761 89.477 189.273  339.747  307.404 4600
4700 158340  156.493  168.286  154.628 47.000  -133.400  -17.621 249.574  91.557 193112 341.909  309.482 4700
4800 162206  160.282  172.519  158.665 50.801 =127.012 * 11719  253.390  93.636 196.960  344.076  311.561 4800
4900 166.075  164.074 176758  162.722 54.604  -120.619 -5.803  257.207 95716 200.816  346.249  313.640 4900
5000 169.947  167.868  181.001 166.800 58409  -114.224 0.127  261.025  97.79 204.682 348427 315718 5000
T (K) Air N 0, Ha co co;, H20 NO Ar OH o H T (K)
Note:

The term ‘ABSOLUTE' Molar Enthalpy adopted in this table, uses a datum of zero enthalpy for elements when they
any molecule at 25°C will thus correspond to its enthalpy
The enthalpies have been evaluated by the integration of
The difference in Enthalpy of Reactants and Products at 2

of formation, AH?. The tables have been extrapolated
a polynomial function that describes the molar specific
5°C will thus correspond to the Constant Pressure Calorific Value of the

reaction.

are in their standard state at a temperature of 25°C. The enthalpy of
below 300 K, and these data should be used with caution.

heat capacity (Gp) variation with temperature.
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