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1. Introduction 
 
Present report is prepared at the VUB within the Task 3.1 “Modeling of laminar burning 
velocity”.  The Task 3.1 includes two parts: development of the model and software for 
calculation of laminar burning velocity and also validation of the laminar burning velocity 
model.  These two parts are to be presented as contractual deliverables No. 14 and 15 on 
months 14 and 34 respectively.   
 
Present Report on the development of the model and software for calculation of laminar 
burning velocity demonstrates the ability of the combustion chemical kinetic model and of 
the existing software package Chemkin to predict laminar burning velocities in the 
mixtures of simple hydrocarbons with oxygen and inert gases.  At this stage, a satisfactory 
qualitative agreement between model predictions and available literature data is to be 
expected. 
 
In the following the software package Chemkin is described.  Required information for the 
flame modeling is outlined.  Typical cases of the calculation of laminar burning velocity 
are discussed.  Adiabatic flame modeling and flame modeling with heat losses are 
presented.  Typical problems related to the accuracy of the solution, its convergence, 
boundary conditions, etc. are also discussed.  
 
 
2. Chemkin software packages 
 
Chemkin is a very large body of software that is designed and used to analyze chemical 
kinetics and molecular transport, especially in processes that involve chemically reacting 
flow and heterogeneous reactions at surfaces. It has also been extended to also include 
plasma processes in addition to charge-neutral, thermally driven processes. 
 
Work on Chemkin began at Sandia National Laboratories (USA) in the late 1970s and has 
been continually extended and enhanced since then.  Until recently, Chemkin was freely 
distributed by Sandia.  Original Fortran codes of the Chemkin - II still can be found and 
used.  The documentation of the Chemkin - II is also available [1,2,3,4].  The use of the 
Chemkin - II should be, however, discouraged since this earlier version of the code had 
many bugs that may affect the accuracy of the modeling.  On the other hand, the Chemkin 
- II package could be of interest for students and post-graduates to better understand sub-
models and numerical methods of the flame modeling since the Fortran codes are open 
unlike in the Chemkin - 3 package. 
 
Chemkin is now maintained, enhanced, and distributed by Reaction Design, Inc., which is 
a software company [5].  Some documentation is available through downloadable pdf files 
on Chemkin's page on Sandia's web site [6].  
 
The yearly license fee for the Chemkin - 3 package varies upon the codes required by the 
customer.  It gradually increases each year and now it is about 3000 Euro per license.  
 
Since the complete documentation is available through the web sites [5, 6] the functionality 
of the Chemkin will be presented only shortly in the following.  Major attention in the 
present report is paid to the non-documented features of the code and to practical 
examples.   
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Reaction Design maintains a list of Frequently Asked Questions and their answers on a 
publicly available web site [5]. One can visit the Reaction Design home page at 
http://www.ReactionDesign.com/cs_faq.html and navigate to the latest FAQ online. 
 
 
3. Putting Chemkin to Work 
 
Chemkin is a powerful set of software tools for solving complex chemical kinetics 
problems. Chemkin allows users to predict the chemical conditions of their system based 
on variable reactor parameters, inlet gas, and catalyst compositions when applicable. 
Chemkin consists of gas and surface-phase chemical kinetic solvers, and a variety of 
reactor models that can be used to represent the different systems you are interested in 
modeling. For chemically intensive systems, an understanding of detailed kinetics is 
essential for streamlining development time and costs, and achieving the appropriate yield 
without unwanted byproducts. 
 
The Chemkin Applications provide convenient engineering approximations for simulating 
detailed kinetics in important industrial systems. The set-up time to run Chemkin 
Applications is minimal, and the computation time is generally seconds to minutes on a 
moderately equipped computer.  For some calculations, however, the computation time 
could be hours and days. 
 
There are six basic steps to using Chemkin: 
 
   1. Decide on your modeling approach. Choose Chemkin Applications to describe your 
system. Systems may be modeled as a network of reactors based on flow or temperature 
fields, or as a single region. 
   2. Prepare or obtain the chemistry input files 
          Gas-phase kinetics input 
          Surface kinetics input 
   3. Acquire thermodynamic and transport data 
          Gas-phase species thermodynamic data 
          Surface species thermodynamic data 
          Gas-phase species transport data 
   4. Prepare the Application input 
          Geometry 
          Process conditions 
          Solution method options 
   5. Run the Application from the Application User Interface 
   6. Post-process the results using the Graphical Post-processor 
 
Modeling of the flames does not require surface kinetics input; the code Premix is used.  
 
 
3.1 Premix code 
 
Premix computes species and temperature profiles in steady-state burner-stabilized and 
freely propagating premixed laminar flames. The program accounts for finite-rate chemical 
kinetics and multicomponent molecular transport. Steady-state convergence of the 
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premixed-flame solution is aided by invoking time integration procedures when the 
Newton method has convergence difficulties. The Premix program runs in conjunction 
with the Gas-phase Chemkin and Transport software packages for processing the chemical 
reaction mechanism and for calculating the transport properties. Transport property 
formulations include the option of using multicomponent or mixture-averaged formulas for 
molecular diffusion.  
 
A typical input file for the Premix code for the modeling of adiabatic hydrogen flame is 
listed in Appendix A.  It will be discussed below. 
 
 
3.2. Chemkin Gas-phase Utility package 
 
The Chemkin Gas-phase Utility package consists of two major software components: an 
Interpreter and a Gas-Phase Subroutine Library. The Interpreter is a program that reads a 
symbolic description of a user-specified chemical reaction mechanism. The mechanism 
includes species information, as well as reaction path and rate descriptions. Output from 
the Interpreter forms a link to the Gas-Phase Subroutine Library, which may then be 
accessed from a Chemkin Application. The subroutine library is a collection of more than 
100 modular Fortran subroutines that may be called to return information on equations of 
state, thermodynamic properties, and chemical production rates. Chemkin-based 
simulations are used widely in the development and optimization of combustion and other 
chemical processing systems.  
 
Currently, Chemkin includes database files of species data for calculation of transport and 
thermodynamics properties. Users may also augment or replace database entries by 
providing their own sets of data, easily put into Chemkin format using included Fitdat 
routine. 
 
Hydrogen combustion sub-mechanism of the GRI-Mech. 3.0 [7] is used in the hydrogen 
flame modeling, which is discussed below in Section 4.  
 
The best available thermodynamic data for the flame modeling could be found on the Web 
[8].  Whenever possible these data are recommended to be taken from the Burcat’s 
thermodynamic database [8], otherwise they could be calculated using the Thergas code 
[9].  The choice of these data is not discussed in the present Report.  According to the 
Safekinex project planning this will be presented in the Deliverable No. 26.  
 
 
3.3 Transport Property package 
 
Transport is a software package that is used for the evaluation of gas-phase 
multicomponent viscosities, thermal conductivities, diffusion coefficients, and thermal 
diffusion coefficients for Chemkin Applications. The Transport Property package consists 
of two parts. The first is a preprocessor that computes polynomial fits to the temperature-
dependent parts of the pure species viscosities and binary diffusion coefficients. The 
coefficients of these fits are passed to a library of subroutines via a Linking File. Then, any 
subroutine from the Transport Subroutine Library may be called from a Chemkin 
Application to return either pure species properties or multicomponent gas mixture 
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properties. The Transport Property package interfaces with the Chemkin Gas-phase 
Subroutine Library. 
 
 
4. Adiabatic flame modeling 
 
In this section an example of adiabatic flame modeling is presented, and typical problems 
related to the accuracy of the solution, its convergence, boundary conditions, etc. are also 
discussed.  Typical input file for the Premix code for the modeling of adiabatic hydrogen - 
oxygen - nitrogen flame is listed in Appendix A.   
 
4.1. General observations 
 
1. It is usually easier to model structure of the flames of simple hydrocarbons as compared 
to that of the heavier hydrocarbons.  However the convergence of the calculations strongly 
depends on the kinetic mechanism and on the boundary conditions and initial 
approximation used.  A modeling of, for example, methane flame using huge kinetic 
mechanism developed for octane can be very difficult due to presence of many “irrelevant” 
reactions or species not expected in the methane flame.  
 
2. Modeling of the flame structure at lower pressures usually is much easier than that at 
higher pressures. To find a solution at pressures above 10 atm could require very tricky 
calculations and may take days of the efforts.  
 
3. In the (frequently encountered) case of the calculation’s failure the user has to analyze 
the program output listing to find a reason of it.  Simple try-and-error approach could be 
misleading and time consuming.  
 
4. Modeling of the flames with relatively high burning velocities usually is much easier 
than that of slowly burning mixtures close to the limits of the flame propagation.  In other 
words, finding a converged solution in very lean or in very rich mixtures could be very 
difficult.   
 
5. It is clear that accurate solution should be grid-independent.  Therefore grid 
independence should be verified using different domains of the calculation and different 
convergence criteria.  
 
 
4.2. Hydrogen flame 
 
Hydrogen flame at atmospheric pressure is chosen here for illustration.  The oxidizer 
composition is 7.7 % of O2 in (O2 + N2) artificial air.  This highly diluted lean mixture 
propagates very slowly.  Therefore it is chosen to demonstrate and to explain some 
practical approaches for the modeling.   
 
1. In this example the computational domain spreads from 3 cm to 7.9 cm.  A fixed point 
required for the Premix calculations (with fixed temperature of 400 K) is close to 5 cm.  
Chemkin -3 does not accept negative coordinate position of this fixed point.  
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2. Transport property formulations of the Chemkin include the option of using 
multicomponent or mixture-averaged formulas for molecular diffusion.  The mixture-
averaged formulation often gives rapid solution, however, the use of this option should be 
discouraged because it is implemented incorrectly in the Fortran code.  This option can be 
used only at the initial stage of the calculations; at the end it should be replaced by the 
multicomponent formulation.   
 
3. It is often the case that no solution could be found using initial approximation and 
parameters listed in the input file.  “Division by zero” and “No solution found” could be 
typical messages of the Chemkin code.  In this example several attempts to model the 
flame were performed before the first step was successful.  It was found necessary to start 
calculations both with the multicomponent formulation of the diffusion and with thermal 
diffusion option taken into account.  
 
4. Very powerful possibility provided by the Chemkin is continuation of the calculations 
with improved parameters.  Transport formulation options, adaptive mesh criteria are often 
used to improve solution and to find a grid-independent solution.  In this example the 
adaptive mesh parameters have been changed twice.  Employment of parameters GRAD = 
0.82 and CURV = 0.85 created a grid with 28 points.  The calculated burning velocity of 
lean hydrogen flame as a function of the number of grid points shown in Fig. 1 changed 
significantly.  When the parameters GRAD = 0.12 and CURV = 0.5 were chosen, the 
number of grid points increased up to 96 and the calculated velocity also increased.  Then 
the domain of calculations was extended to the starting point of 2 cm and parameter 
GRAD was reduced down to 0.02.  This produced a grid with 423 points.  The solutions 
from 350 to 423 points were very close to each other, yet the solution was not stable (see 
Fig. 1).   
 
5. After the solution with 423 points was found, a central differencing formulation was 
used on the convective terms.  A default option (windward differencing) is a computational 
method of the first-order accuracy, while the central differencing is a second order method, 
and therefore is much more accurate.  Additional points were added to the grid (Fig. 1) up 
to 465 points, yet the burning velocity was stable within 0.001 cm/s.  The solution was 
taken to be accurate. 
 
6. In the modeling of the flames with relatively high burning velocities the variations of the 
burning velocity during calculations could be of the same order of magnitude or higher 
(typically 2-5 cm/s).  It is therefore important to ensure that final solution is grid-
independent.  
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Fig. 1. Calculated burning velocity of lean hydrogen flame as a function of the number of 
grid points.  Solid line - adiabatic modeling; dashed line - modeling with radiative losses. 
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5. Non-adiabatic flame modeling 
 
5.1. Known temperature profile 
 
Premix code computes species and temperature profiles in steady-state freely propagating 
(adiabatic) and burner-stabilized premixed laminar flames.  The second option provides a 
possibility to model flame structure of the non-adiabatic flames when the temperature 
profile is known.  In this section an example of non-adiabatic flame modeling of methane 
flames [10] is presented, and the influence of the flame’s non-adiabaticity is shortly 
discussed.   
 
5.1.1. Modeling approach 
 
A detailed C/H/N/O reaction mechanism for the combustion of small hydrocarbons is used 
for the modeling [11].  The current version of the mechanism (Release 0.5) consists of 
1200 reactions among 127 species.  This mechanism has been validated with experimental 
data available for oxidation, ignition, and flame structure of hydrogen, carbon monoxide, 
formaldehyde, methanol, methane, ethane, propane, and some of their mixtures.  This 
mechanism is used as a starting point for the development of the C1 - C3 combustion 
mechanism envisaged in the Safekinex project.  
 
Multi-component diffusion and thermal diffusion options were taken into account.  
Adaptive mesh parameters were GRAD = 0.1 and CURV = 0.5.  To explore the influence 
of the experimentally observed radial flame expansion [12] on the calculated flame 
structure, the dimensionless flame area, A, was approximated by the equation  
A = 1 + 0.6 (1 - exp(-X))/(1 + exp(-16X)), 
where X is the axial distance from the burner surface in cm.  Only slight variations (within 
1 %) of the calculated flame burning velocity were observed as compared to the 
conventional calculations with constant flame area.   
 
To model flame structure affected by the downstream heat losses the following procedure 
has been used.  First, the structure of the adiabatic flame was modeled.  Then, the 
calculated adiabatic temperature profile was modified downstream the flame front 
assuming temperature gradient of 100 K/cm [12] as: 
T = Tad – 100 X 
where X is the axial distance from the burner surface in cm.  Finally, the flame structure 
modeling was performed with the given temperature profile using “burner-stabilized 
flame” option of the CHEMKIN code.  
 
5.1.2. Modeling results 
 
Figures 2 - 4 show concentrations of O2, CO2 and CO respectively in CH4 – air flames 
measured at different distances from the burner [10].  The concentrations of CO are plotted 
with two different scales in rich (right) and lean (left in Fig. 4) mixtures.  Low oxygen 
concentrations in rich mixtures (Fig. 2) cannot be resolved due to the threshold detection 
limit of 0.05 %.  The measurements are compared with the model prediction for three types 
of flame: an adiabatic flame, an adiabatic flame with radial expansion, and a flame with 
downstream heat losses.  The calculated axial profiles of major components, O2, CO2 and 
CO, are almost perfectly flat in lean and rich mixtures; only small changes are observed in 
flames close to the stoichiometric one.  The experimental axial profiles are also flat in all 
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flames except in very rich and very lean mixtures.  The dilution of the burnt gases by the 
ambient air is clearly seen in Fig. 2 in the mixtures with φ = 0.7 and 1.4.  The comparison 
of experiments and calculations presented in Figs. 3 and 4 shows that the air entrains rich 
flames and oxidizes carbon monoxide into carbon dioxide also at φ = 1.3 and 1.35.  Slight 
dilution is observed in Fig. 3 in the mixture with φ = 0.7.  One can thus conclude that the 
flames in the range of equivalence ratios from 0.75 to 1.25 are not significantly affected by 
the air entrainment.   
 
Calculated concentrations of the major species in the adiabatic flames, in the adiabatic 
flames with radial expansion, and in the flames with downstream heat losses are slightly 
different; however this difference is within the uncertainty of measurements.  The 
modeling with the heat losses reproduces experimental dependencies in Figs. 2 – 4 
somewhat better than others, particularly in mixtures close to the stoichiometric one.  The 
effect of buoyancy can be modeled by simple stretching of the axial coordinate 
downstream the flame front since it leads to the burnt gas acceleration in the post-flame 
region without modification of the absolute concentrations.  Therefore it cannot be 
quantified by comparison with flat experimental profiles.  The acceleration of the burnt 
gases due to the buoyancy and deceleration due to the flow expansion, however, can 
significantly affect the observed spatial gradients of the species’ concentration.  An overall 
spatial resolution of the present concentration measurements on account of these effects 
together with the spatial resolution of the probe sampling is estimated to be about 2 mm at 
10 mm and 3 mm at 20 mm from the burner.   
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Figure 2.  Concentrations of O2 in CH4 – air flames at different distances from the burner.  
Points: measurements, lines: calculations.  Crosses: 10 mm from the burner; diamonds: 12 
mm; squares: 15 mm; triangles: 17 mm; stars: 20 mm.  Dashed line: model prediction in 
adiabatic flame at 20 mm; dash-dotted line: model prediction in adiabatic flame with radial 
expansion at 20 mm; solid line: model prediction in the flame with downstream heat losses 
at 20 mm; dash-double dot line: model prediction in the flame with downstream heat losses 
at 10 mm. 
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Figure 3.  Concentrations of CO2 in CH4 – air flames at different distances from the burner.  
Points: measurements, lines: calculations.  Crosses: 10 mm from the burner; diamonds: 12 
mm; squares: 15 mm; triangles: 17 mm; stars: 20 mm.  Dashed line: model prediction in 
adiabatic flame at 20 mm; dash-dotted line: model prediction in adiabatic flame with radial 
expansion at 20 mm; solid line: model prediction in the flame with downstream heat losses 
at 20 mm; dash-double dot line: model prediction in the flame with downstream heat losses 
at 10 mm. 
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Figure 4.  Concentrations of CO in CH4 – air flames at different distances from the burner.  
Points: measurements, lines: calculations.  Crosses: 10 mm from the burner; diamonds: 12 
mm; squares: 15 mm; triangles: 17 mm; stars: 20 mm.  Dashed line: model prediction in 
adiabatic flame at 20 mm; dash-dotted line: model prediction in adiabatic flame with radial 
expansion at 20 mm; solid line: model prediction in the flame with downstream heat losses 
at 20 mm; dash-double dot line: model prediction in the flame with downstream heat losses 
at 10 mm.  Note different scales of [CO] in rich (right) and lean (left) mixtures.   
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5.2. Unknown temperature profile: radiative heat losses 
 
Freely propagating premixed laminar flames can also be modeled taking into account 
radiative heat losses.  The temperature profile in the flame is then calculated by the Premix 
code.  The user can provide a function that specifies the heat loss to the surroundings in 
ergs/sec/cm3 units. An example of such a QFUN function is given in Appendix B. In this 
case, the QFUN function returns the radiant heat loss to the environment with temperature 
TINF. The gas mixture radiation is computed by an optically-thin-limit model and the gas 
absorption coefficient is calculated based on an empirical formula. The user can substitutes 
these models with the desired ones by following the template given in Appendix B. The 
source-code for the sample QFUN function that is called by Premix is included in the 
Chemkin Collection distribution, with the Premix driver programs. 
 
Hydrogen flame at atmospheric pressure is chosen here for illustration.  The oxidizer 
composition is 7.7 % of O2 in (O2 + N2) artificial air.  This highly diluted lean mixture 
propagates very slowly.  The modeling of this flame was discussed in Section 4.  The input 
file listed in Appendix A was modified to include keyword QFUN at the last stage of the 
calculations.    
 
The calculated burning velocity of lean hydrogen flame as a function of the number of grid 
points is shown in Fig. 1 (dashed line) and mostly repeats the adiabatic calculations.  After 
the solution with 423 points was found, the correction of the radiative heat losses is 
switched on and the velocity slightly decreases.  Additional points were added to the grid 
(Fig. 1) up to 465 points, yet the burning velocity was stable within 0.001 cm/s.  The 
solution was taken to be accurate.   
 
The calculated burning velocity in the present case (3.283 cm/s) is slightly lower than that 
in the adiabatic case (3.428 cm/s).  This small difference in the burning velocity due to 
radiative heat losses is not surprising since the losses mostly affect the temperature, and 
therefore reaction rates, in the burnt gases.  On the other hand, formation of minor 
products, for instance nitrogen oxides, could be largely affected by the temperature of the 
burnt gases. 
 
 
6. Conclusions  
 
Present Report on the development of the model and software for calculation of laminar 
burning velocity demonstrates the ability of the combustion chemical kinetic model and of 
the existing software package Chemkin to predict laminar burning velocities in the 
mixtures of simple hydrocarbons with oxygen and inert gases.   
 
Premix code can compute species and temperature profiles in steady-state freely 
propagating (adiabatic) and burner-stabilized premixed laminar flames.  Freely propagating 
premixed laminar flames can also be modeled taking into account radiative heat losses. 
 
At this stage, a satisfactory qualitative agreement between model predictions and available 
literature data is demonstrated not only for flame burning velocities (Fig. 5 [13]), but also 
for major products measured in methane - air flames (Figs. 2-4 [10]). 
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Fig. 5. Adiabatic burning velocities for CH4 - O2 - N2 flames with different dilution ratio. 
Crosses: 18 % of O2 in air; circles: 17 %; squares: 16 %. Solid lines: modeling.  
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APPENDIX A 
 

Input file for the Premix code for the modeling of adiabatic hydrogen flame 
 
FREE 
ENRG 
TFIX 400.0 
/   in the event of a Newton failure, take 100 timesteps of 1.E-7 
TIME    100  1.00E-7 
TIM2    100  1.00E-8 
/   begin on a uniform mesh of 6 points 
NPTS      4 
/      definition of the computational interval 
XEND   7.9 
XSTR   3. 
MULT 
TDIF 
DTMN  1E-20 
NADP  30 
/WMIX   10.0 
/   pressure and inlet mass flow rate 
PRES  1. !(atmospheres) 
FLRT  2.00E-1 !(g/cm**2-sec) 
/   adaptive mesh criteria 
GRAD  0.82 
CURV  0.85 
/   unreacted mole fractions 
MOLE 
REAC   O2  0.077 
REAC   N2  0.923 
REAC   H2  0.1309 
/   estimated products 
PROD   N2  0.812 
PROD   H2O 0.092 
PROD   H2  0.096 
/   estimated intermediate mole fractions 
INTM   H2O2  0.002 
INTM   HO2   0.002 
INTM   H2    0.002 
INTM   H     0.002 
INTM   O     0.002 
INTM   OH    0.002 
/   tolerances for the Newton iteration 
ATOL  1.E-9 
RTOL  1.E-5 
/   tolerances for the time step Newton iteration 
ATIM  1.E-9 
RTIM  1.E-5 
/   print control 
PRNT    2 
/      given temperature profile 
TEMP   0.0     298.0 
TEMP   4.0     360.0 
TEMP   5.0     407.0 
TEMP   5.5    700.0 
TEMP   6.0    2120.0 
TEMP   7.0    2040.0 
TEMP   8.0    2060.0 
TEMP   9.0    2065.0 
TEMP  10.0    2070.0 
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CNTN 
END 
GRAD   0.12 
CURV   0.5 
CNTN 
END 
NADP 10 
XSTR 2. 
GRAD  0.019978 
CNTN 
END 
GRAD 0.02 
CDIF 
END 
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APPENDIX B 
 

Example of a user function to pass the local heat loss to the PREMIX program. In this 
example, heat loss is calculated based on radiative exchange. 

 
 
C ////////////// USER ROUTINES /////////////////////////////////// 
C 
C The following are user-defined routines for PREMIX. The QFUN 
C routine defines the gas radiant heat-loss to its surroundings. 
C 
C----------------------------------------------------------------------- 
C 
C 
C*****precision > double 
DOUBLE PRECISION FUNCTION QFUN (LIPAR, IPAR, LRPAR, RPAR, KSYM) 
IMPLICIT DOUBLE PRECISION (A-H, O-Z), INTEGER (I-N) 
PARAMETER (SIGMA=1.355D-12, ZERO=0.0D0) 
C*****END precision > double 
C*****precision > single 
C REAL FUNCTION QFUN (LIPAR, IPAR, LRPAR, RPAR, KSYM) 
C IMPLICIT REAL (A-H, O-Z), INTEGER (I-N) 
C PARAMETER (SIGMA=1.355E-12, ZERO=0.0E0) 
C*****END precision > single 
C 
C THIS SUBROUTINE COMPUTES THE RADIATIVE HEAT LOSS FROM THE GAS MIXTURE 
C TO THE SURROUNDINGS OF TEMPERATURE TINF. 
C 
C OUPUT 
C QFUN - HEAT LOSS TO THE SURROUNDINGS [erg/sec/cm**3] 
C 
C INPUT 
C KSYM(*) - CHEMKIN CHARACTER-STRING SPECIES NAMES 
C LIPAR - SIZE OF INTEGER WORKSPACE ARRAY 
C IPAR(*) - INTEGER WORKSPACE ARRAY 
C Data which may be required by the QFUN user: 
C IPAR(1) = J, the index of the current gridpoint 
C IPAR(2) = KK, the total number of mechanism species 
C LRPAR - SIZE OF REAL WORKSPACE ARRAY 
C RPAR(*) - REAL WORKSPACE ARRAY 
C Data which may be required by the QFUN user: 
C RPAR(K), K=1,KK, the species XMF mole fractions 
C RPAR(KK+1), the location X(cm) of this gridpoint 
C RPAR(KK+2), the gas temperature TEMP (K) at this point 
C RPAR(KK+3), the ambient temperature TINF (K) 
C RPAR(KK+4), the pressure P (atm) at this gridpoint 
C KSYM(*) - SPECIES NAMES 
C 
C LOCAL 
C ABSP - PLANCK MEAN ABSORPTION COEFFICIENT OF THE GAS MIXTURE [1/cm] 
C SIGMA - STEFAN-BOLTZMANN CONSTANT [cal/sec/cm2/K4] 
C XCO2 - MOLE FRACTION OF CO2 [-] 
C XH2O - MOLE FRACTION OF H2O [-] 
C IFRESH - CALL FLAG; 0 = FIRST CALL 
C ICO2 - INDEX OF SPECIES CO2; 0 = NOT DEFINED IN CURRENT CHEMISTRY 
C IH2O - INDEX OF SPECIES H2O; 0 = NOT DEFINED IN CURRENT CHEMISTRY 
C T4 - T^4 [K4] 
C TINF4 - TINF^4 [K4] 
C 
DIMENSION IPAR(LIPAR), RPAR(LRPAR) 
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CHARACTER KSYM(*)*(*) 
C local variables 
SAVE IFRESH, KK, IH2O, ICO2, TINF, TINF4 
DATA IFRESH /0/ 
C 
C for the call first call to this function, set up required 
C constants and save them for future calls 
IF (IFRESH .EQ. 0) THEN 
C find the indices of H2O & CO2 which will be needed 
C when calculating the radiant absorptivity of the 
C gas mixture 
KK = IPAR(2) 
CALL CKCOMP (‘CO2 ‘, KSYM, KK, ICO2) 
CALL CKCOMP (‘H2O ‘, KSYM, KK, IH2O) 
TINF = RPAR(KK+3) 
TINF4 = TINF * TINF * TINF * TINF 
C set the call flag to a non-zero number 
IFRESH = 1 
ENDIF 
C 
C find the mole fraction of CO2 in the gas mixture 
IF (ICO2 .EQ. 0) THEN 
C if there is no CO2 defined in the gas mixture, 
C set the CO2 mole fraction to zero 
XCO2 = ZERO 
ELSE 
XCO2 = MAX(ZERO, RPAR(ICO2)) 
ENDIF 
C 
C find the mole fraction of H2O in the gas mixture 
IF (IH2O .EQ. 0) THEN 
C if there is no H2O defined in the gas mixture, 
C set the H2O mole fraction to zero 
XH2O = ZERO 
ELSE 
XH2O = MAX(ZERO, RPAR(IH2O)) 
ENDIF 
C 
C compute the radiant absorptivity of the gas mixture 
C by using the empirical formula of KUZNETSOV and SABEL’NIKOV 
C in “TURBULENCE AND COMBUSTION”. The subroutine ABSCOE can be 
C replaced if different gas absorptivity model is employed. 
TEMP = RPAR(KK+2) 
P = RPAR(KK+4) 
C Energy conversion factor [erg/cal] 
CALERG = RPAR(KK+5) 
CALL ABSCOE (TEMP, P, XH2O, XCO2, ABSP) 
C 
C compute gas radiant heat loss using optically thin limit model. 
C The radiative heat loss model can be replaced by other models. 
T4 = TEMP * TEMP * TEMP * TEMP 
C 
C heat loss to environment. Unit [erg/sec/cm**3] 
QFUN = 4.0 * ABSP * SIGMA * (T4 - TINF4) * CALERG 
RETURN 
END 
C 
SUBROUTINE ABSCOE (T, P, XH2O, XCO2, ABSP) 
C/////////////////////////////////////////////////////////// 
C 
C Calculate the Planck mean absorption coefficients 
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C of H2O and CO2 containing gas mixture 
C by using the empirical formula 
C 
C/////////////////////////////////////////////////////////// 
C*****precision > double 
IMPLICIT DOUBLE PRECISION (A-H, O-Z), INTEGER (I-N) 
C*****END precision > double 
C*****precision > single 
C IMPLICIT REAL (A-H, O-Z), INTEGER (I-N) 
C******END precision > single 
C input variables 
C T - Temperature of the gas mixture [K] 
C P - Pressure of the gas mixture [atm] 
C XH2O - H2O mole fraction in the gas mixture [-] 
C XCO2 - CO2 mole fraction in the gas mixture [-] 
C output variables 
C ABSP - Planck mean absorption coefficient of the gas mixture [1/cm] 
C 
C KUZNETSOV and SABEL’NIKOV in “TURBULENCE AND COMBUSTION” 
C 
C Unit [1/(m-atm)] 
PKH2O = 1.10263E7 *(2.0E-7 - 6.4E-11*T) 
PKCO2 = 1.10263E7 *(4.6E-7 - 1.3E-10*T) 
ABSP = PKH2O*XH2O + PKCO2*XCO2 
C Convert the unit of ABSP from [1/(m-atm)] TO [1/cm] 
ABSP = ABSP*P/1.E2 
RETURN 
END 

 


