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Study on Thermophysical Properties of Burnt Gas
Masayuki KAWAGUCHI, Toshiaki YANO, and Shuichi TORII

The aim of the present study is to evaluate the Prandtl numbers of combustion gases by
means of a method of chemical equilibrium calculation in which CO:, H:O, N: and O: as the
combustion products are considered. Methane, ethane, propane, methanol and ethanol are used
as fuels. Emphasis is placed on the effects of viscosity, specific heat and thermal conductivity
on the Prandtl number. It is disclosed from the present study that (i) the Prandtl number of
combustion gas is substantially affected by thermal conductivity of H:O, (i) if the equivalence
ratio (#) or temperature is the same, the higher Prandtl number of combustion gas is evaluated
for the case of ethanol, and (i) the maximum value of the Prandtl number is obtained at ¢ =1
for any fuels used here.
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Table 1 Transport coefficient.

Momentum transport Material transport Heat transport
Phenomenon Viscosity Diffusion Heat conduction
Fundamental .. Coef flcle_n t of Diffusion coefficient | Thermal conductivity
transport coefficient viscosity

Factor of transport Velocity gradient

Concentration gradient | Temperature gradient

Table 2 The values of a;~a; for composition
of burnt gas.

CO: H:0 N: O:

a; 1.612 3.608 1.454 1.612
a, —1.231 | —1.574 | —0.741 | —0.139
as 3.004 0.167 1.679 | —2.575
a, —3.800 | —0.493 | —2.285 4.912
as 1.785 0.627 1.089 | —2.653
ag 0.421 1.870 1.125 1.071
a; 1.885 | —0.431 | —0.610 | —0.507
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Fig.1 Correlation of transport phenomenon.

Table 3 Sutherland constant and coefficient
of viscosity (latm, 273K).

ag | —1.837 1.690 1.337 1.939

CO: H:0 N: O:

ag 0.997 1.107 | —0.883 | —1.816

S 240 650 104 125

ap | —0.231 | —0.267 0.198 0.558

14.7  [12.1(373K)| 17.6 20.4
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Table 4 The values of b;~b, for composition
of burnt gas.

CO: H:0 N2 02
1.489 1.736 2.327 2.281
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Fig. 2 Prandtl number versus temperature.
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Fig. 3 Coefficient of viscosity versus temperature.
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Fig. 4 Prandtl number versus temperature.
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Fig. 5 Specific heat at constant pressure
versus temperature.
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Fig. 6 Prandtl number versus temperature.
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Fig. 7 Prandtl number versus temperature.
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Fig. 8 Prandtl number versus equivalence ratio.
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