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APPENDIX A 
 
GAMBIT JOURNAL FILE FOR GEOMETRY MODELLING AND GRID GENERATION 
 

Since geometric modelling and grid generation are the most time consuming and labour intensive 

processes in computational fluid dynamics based design systems, the GAMBIT journaling toolkit 

has been intensively used to replay model building for different computational fluid dynamics 

sessions. This appendix outlines the GAMBIT journal file procedures that are necessary to replay 

the geometry modelling, mesh generation and boundary condition for consecutive computational 

fluid dynamics simulations. This procedure is performed for every design suggested by the 

mathematical optimiser.   

 
/ Journal File for GAMBIT 2.2.30, Database 2.2.14, ntx86 BH04110220 
/ Identifier "default_id1772" 
/ File opened for write Thu Jan 27 10:04:58 2005. 
 
vertex create coordinates 0 0 0 
vertex create coordinates 0 27.75 0 
vertex create coordinates 0 34.8 -5 
vertex create coordinates 0 37.35 -16 
vertex create coordinates 0 37.35 -33 
vertex create coordinates 0 38.15 -33 
vertex create coordinates 0 38.15 -28.15 
vertex create coordinates 0 40.4 -28.5 
vertex create coordinates 0 40.4 -99 
vertex create coordinates 0 41.2 -99 
vertex create coordinates 0 41.2 -94.5 
vertex create coordinates 0 43.1 -94.5 
vertex create coordinates 0 43.1 -164 
vertex create coordinates 0 0 -164 
 
edge create straight "vertex.1" "vertex.2" "vertex.3" "vertex.4" "vertex.5"\ 
"vertex.6" "vertex.7" "vertex.8" "vertex.9" "vertex.10" "vertex.11" "vertex.12"\ 
"vertex.13" "vertex.14"  
 
face create revolve "edge.1" "edge.2" "edge.3" "edge.4" "edge.5" "edge.6"\ 
 "edge.7" "edge.8" "edge.9" "edge.10" "edge.11" "edge.12" "edge.13" dangle \ 
180 vector 0 0 1 origin 0 0 0 
   
vertex create coordinates 0 0 0 
vertex create coordinates -0.75 7.864318 0 
vertex create coordinates -4.015767 6.803206 0 
vertex create coordinates -7.551550 11.669794 0 
vertex create coordinates -0.75 13.879751 0 
 
edge create center2points "vertex.29" "vertex.31" "vertex.30" minarc arc 
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edge create center2points "vertex.29" "vertex.32" "vertex.33" minarc arc 
edge create straight "vertex.30" "vertex.33" 
edge create straight "vertex.31" "vertex.32" 
 
face create wireframe "edge.39" "edge.40" "edge.41" "edge.42" 
 
face cmove "face.14" multiple 4 dangle 36 vector 0 0 1 origin 0 0 0 
 
face split "face.1" connected face "face.14" 
face split "face.1" connected face "face.15" 
face split "face.1" connected face "face.16" 
face split "face.1" connected face "face.17" 
face split "face.1" connected face "face.18" 
 
edge create straight "vertex.9" "vertex.23" 
edge create straight "vertex.18" "vertex.5" 
 
vertex create coordinates 0 0 -164 
 
edge create straight "vertex.29" "vertex.70" 
edge split "edge.79" tolerance 1e-06 edge "edge.81" keeptool connected 
edge split "edge.13" tolerance 1e-06 edge "edge.81" keeptool connected 
edge split "edge.80" tolerance 1e-06 edge "edge.81" keeptool connected 
edge delete "edge.81" lowertopology 
 
vertex create coordinates 0 0 0 
 
edge create straight "vertex.80" "vertex.79" "vertex.73" "vertex.76" 
face create wireframe "edge.38" "edge.30" "edge.33" "edge.35" "edge.83" \ 
  "edge.90" "edge.85" real 
face create wireframe "edge.9" "edge.10" "edge.11" "edge.79" "edge.90" \ 
  "edge.13" "edge.12" real 
face create wireframe "edge.21" "edge.24" "edge.27" "edge.29" "edge.83" \ 
  "edge.89" "edge.80" real 
face create wireframe "edge.5" "edge.6" "edge.7" "edge.87" "edge.89" \ 
  "edge.79" "edge.8" real 
edge split "edge.1" vertex "vertex.80" connected 
face create wireframe "edge.16" "edge.18" "edge.20" "edge.80" "edge.88" \ 
  "edge.1" real 
face create wireframe "edge.88" "edge.87" "edge.4" "edge.3" "edge.2" \ 
  "edge.91" real 
 
face create wireframe "edge.83" "edge.28" "edge.79" real 
face create wireframe "edge.80" "edge.19" "edge.87" real 
 
$x5=-48.5 
 
edge create revolve "vertex.53" "vertex.57" "vertex.61" "vertex.64" \ 
  "vertex.67" height 10 angle $x5 vector 0 0 1 origin 0 0 0 
volume create rotate "face.14" onedge "edge.92" twist $x5 
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volume create rotate "face.15" onedge "edge.93" twist $x5 
volume create rotate "face.16" onedge "edge.94" twist $x5 
volume create rotate "face.17" onedge "edge.95" twist $x5 
volume create rotate "face.18" onedge "edge.96" twist $x5 
 
edge delete "edge.92" "edge.93" "edge.94" "edge.95" "edge.96" lowertopology 
 
 
undo begingroup 
edge picklink "edge.75" "edge.78" "edge.72" "edge.73" "edge.68" "edge.69" \ 
  "edge.65" "edge.64" "edge.62" "edge.59" 
edge mesh "edge.59" "edge.62" "edge.64" "edge.65" "edge.69" "edge.68" \ 
  "edge.73" "edge.72" "edge.78" "edge.75" successive ratio1 1 intervals 7 
undo endgroup 
undo begingroup 
edge picklink "edge.76" "edge.77" "edge.71" "edge.74" "edge.70" "edge.67" \ 
  "edge.66" "edge.63" "edge.61" "edge.60" 
edge mesh "edge.60" "edge.61" "edge.63" "edge.66" "edge.67" "edge.70" \ 
  "edge.74" "edge.71" "edge.77" "edge.76" successive ratio1 1 intervals 8 
undo endgroup 
undo begingroup 
edge picklink "edge.133" "edge.136" "edge.125" "edge.128" "edge.117" \ 
  "edge.120" "edge.109" "edge.112" "edge.101" "edge.104" 
edge mesh "edge.104" "edge.101" "edge.112" "edge.109" "edge.120" "edge.117" \ 
  "edge.128" "edge.125" "edge.136" "edge.133" successive ratio1 1 intervals 7 
undo endgroup 
undo begingroup 
edge picklink "edge.134" "edge.135" "edge.126" "edge.127" "edge.118" \ 
  "edge.119" "edge.110" "edge.111" "edge.102" "edge.103" 
edge mesh "edge.103" "edge.102" "edge.111" "edge.110" "edge.119" "edge.118" \ 
  "edge.127" "edge.126" "edge.135" "edge.134" successive ratio1 1 intervals 8 
undo endgroup 
undo begingroup 
edge picklink "edge.130" "edge.129" "edge.132" "edge.131" "edge.124" \ 
  "edge.122" "edge.123" "edge.116" "edge.121" "edge.115" "edge.114" \ 
  "edge.108" "edge.107" "edge.113" "edge.105" "edge.106" "edge.98" "edge.97" \ 
  "edge.100" "edge.99" 
edge mesh "edge.99" "edge.100" "edge.97" "edge.98" "edge.106" "edge.105" \ 
  "edge.113" "edge.107" "edge.108" "edge.114" "edge.115" "edge.121" \ 
  "edge.116" "edge.123" "edge.122" "edge.124" "edge.131" "edge.132" \ 
  "edge.129" "edge.130" successive ratio1 1 intervals 10 
undo endgroup 
undo begingroup 
volume mesh "volume.5" "volume.4" "volume.3" "volume.2" "volume.1" map \ 
  intervals 10 
 
volume create stitch "face.31" "face.28" "face.29" "face.4" "face.3" "face.2" \ 
  "face.1" "face.14" "face.15" "face.16" "face.17" "face.18" real 
volume create stitch "face.30" "face.26" "face.27" "face.8" "face.5" "face.6" \ 
  "face.7" "face.31" real 
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volume create stitch "face.9" "face.10" "face.11" "face.12" "face.13" \ 
  "face.24" "face.25" "face.30" real 
 
$x11=6 
$x21=2.5 
$d1=$x11-1 
$z1=$x11 
  
volume create height 60 radius1 $x21 radius3 $x21 offset 0 0 30 zaxis frustum 
volume move "volume.9" dangle 90 vector -1 0 0 origin 0 0 0 
volume move "volume.9" offset 0 0 -68.8 
volume move "volume.9" dangle (-180/($z1*2)) vector 0 0 -1 origin 0 0 0 
 
face split "face.8" connected face "face.58" 
volume delete "volume.9" lowertopology 
 
do para "$z1" init 1 incr (1) 
face cmove "face.60" multiple $d1 dangle (180/$z1) vector 0 0 1 origin 0 0 0 
enddo 
 
face split "face.8" connected face "face.61" 
face split "face.8" connected face "face.62" 
face split "face.8" connected face "face.63" 
face split "face.8" connected face "face.64" 
face split "face.8" connected face "face.65" 
 
$x1=4 
$x2=3.3 
$d=$x1-1 
$z=$x1 
 
volume create height 60 radius1 $x2 radius3 $x2 offset 0 0 30 zaxis frustum 
volume move "volume.9" dangle 90 vector -1 0 0 origin 0 0 0 
volume move "volume.9" offset 0 0 -44.1 
volume move "volume.9" dangle (-180/($z*2)) vector 0 0 -1 origin 0 0 0 
 
face split "face.8" connected face "face.72" 
volume delete "volume.9" lowertopology 
 
do para "$z" init 1 incr (1) 
face cmove "face.74" multiple $d dangle (180/$z) vector 0 0 1 origin 0 0 0 
enddo 
 
face split "face.8" connected face "face.75" 
face split "face.8" connected face "face.76" 
 
$x3=5 
$x4=6 
$dd=$x3-1 
$zd=$x3 

 
 
 



 A5

  
volume create height 60 radius1 $x4 radius3 $x4 offset 0 0 30 zaxis frustum 
volume move "volume.9" dangle 90 vector -1 0 0 origin 0 0 0 
volume move "volume.9" offset 0 0 -123.5 
volume move "volume.9" dangle (-180/($zd*2)) vector 0 0 -1 origin 0 0 0 
 
face split "face.12" connected face "face.80" 
volume delete "volume.9" lowertopology 
 
do para "$z" init 1 incr (1) 
face cmove "face.82" multiple $dd dangle (180/$zd) vector 0 0 1 origin 0 0 0 
enddo 
 
face split "face.12" connected face "face.83" 
face split "face.12" connected face "face.84" 
face split "face.12" connected face "face.85" 
face split "face.12" connected face "face.86" 
 
face link "face.24" "face.25" edges "edge.90" "edge.13" vertices "vertex.76" \ 
  "vertex.76" reverse periodic 
face link "face.26" "face.27" edges "edge.89" "edge.79" vertices "vertex.73" \ 
  "vertex.73" reverse periodic 
face link "face.28" "face.29" edges "edge.88" "edge.87" vertices "vertex.79" \ 
  "vertex.79" reverse periodic 
 
undo begingroup 
edge picklink "edge.4" 
edge mesh "edge.4" successive ratio1 1 intervals 20 
undo endgroup 
undo begingroup 
edge picklink "edge.3" 
edge mesh "edge.3" successive ratio1 1 intervals 10 
undo endgroup 
undo begingroup 
edge picklink "edge.2" 
edge mesh "edge.2" successive ratio1 1 intervals 8 
undo endgroup 
undo begingroup 
edge picklink "edge.91" 
edge mesh "edge.91" firstlength ratio1 1.387 intervals 35 
undo endgroup 
undo begingroup 
edge picklink "edge.17" "edge.15" "edge.14" 
edge mesh "edge.14" "edge.15" "edge.17" successive ratio1 1 intervals 70 
undo endgroup 
undo begingroup 
edge picklink "edge.25" "edge.26" "edge.19" "edge.22" 
edge mesh "edge.22" "edge.19" "edge.26" "edge.25" successive ratio1 1 \ 
  intervals 70 
undo endgroup 
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undo begingroup 
edge picklink "edge.27" 
edge mesh "edge.27" successive ratio1 1 intervals 2 
undo endgroup 
undo begingroup 
edge picklink "edge.21" 
edge mesh "edge.21" successive ratio1 1 intervals 1 
undo endgroup 
undo begingroup 
edge picklink "edge.88" 
edge mesh "edge.88" lastlength ratio1 1.189 intervals 45 
undo endgroup 
undo begingroup 
edge picklink "edge.80" 
edge mesh "edge.80" lastlength ratio1 1.684 intervals 25 
undo endgroup 
undo begingroup 
edge picklink "edge.24" 
edge mesh "edge.24" successive ratio1 1 intervals 5 
undo endgroup 
face mesh "face.2" map size 1 
face mesh "face.3" map size 1 
undo begingroup 
face mesh "face.2" map size 1 
face mesh "face.3" map size 1 
face mesh "face.4" map size 1 
face mesh "face.7" triangle size 1 
face mesh "face.6" pave size 1 
face mesh "face.31" triangle size 1 
face mesh "face.1" triangle size 1 
face mesh "face.28" triangle size 1 
volume mesh "volume.6" tetrahedral intervals 10 
 
edge picklink "edge.8" 
edge mesh "edge.8" successive ratio1 1.008 ratio2 1.008 intervals 50 
undo endgroup 
undo begingroup 
edge picklink "edge.30" 
edge mesh "edge.30" successive ratio1 1 intervals 1 
undo endgroup 
undo begingroup 
edge picklink "edge.33" 
edge mesh "edge.33" successive ratio1 1 intervals 5 
undo endgroup 
undo begingroup 
edge picklink "edge.35" 
edge mesh "edge.35" successive ratio1 1 intervals 2 
undo endgroup 
undo begingroup 
edge picklink "edge.89" 
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edge mesh "edge.89" successive ratio1 1.012 intervals 35 
undo endgroup 
undo begingroup 
edge picklink "edge.83" 
edge mesh "edge.83" firstlength ratio1 2.08 intervals 30 
undo endgroup 
undo begingroup 
edge picklink "edge.34" "edge.36" 
edge mesh "edge.36" "edge.34" successive ratio1 1.01 ratio2 1.01 intervals 70 
undo endgroup 
undo begingroup 
edge picklink "edge.28" "edge.31" 
edge mesh "edge.31" "edge.28" successive ratio1 1 intervals 70 
undo endgroup 
undo begingroup 
edge picklink "edge.38" 
edge mesh "edge.38" firstlength ratio1 2.278 intervals 40 
undo endgroup 
undo begingroup 
edge picklink "edge.90" 
edge mesh "edge.90" lastlength ratio1 2.08 intervals 35 
undo endgroup 
undo begingroup 
edge picklink "edge.85" 
edge mesh "edge.85" successive ratio1 1 intervals 30 
undo endgroup 
undo begingroup 
edge picklink "edge.37" 
edge mesh "edge.37" successive ratio1 1 intervals 60 
undo endgroup 
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APPENDIX B 
 
C++ PROGRAM FOR NUMERICAL INTEGRATION  
 
This Appendix shows a numerical integration technique that is used to derive the objective function 

for mathematical optimisation. The Trapezoidal Rule was implemented into a computer code using 

a C++ compiler for numerical integration of the curve generated by the combustor exit temperature 

profile. 

 
#include <stdio.h>  // Functions for performing input and output 
#include <math.h>  // Mathematical functions (such as abs()) 
 
double *Tvalues;  // Vector of T values read from file 
double *xvalues;  // Vector of x values read from file 
 
int count = 0;   // Number of readings to read from input file 
char inputfname[80];  // Name of the input file 
char outputfname[80];  // Name of the output file 
double interval = 0.0;  // Interval over which to integrate 
double Ti = 0.0;  // Ideal temperature 
double Xn = 0.0;  // Domain of ideal temperature 
 
 
/* 
 * This function calculates the integral of the 
 * curve defined by the x and T values read from the file. 
 * The integral is calculated using the traditional trapezoidal 
 * method. 
 */ 
double integral(int n, double h) { 
 double result = 0.0;  // The variable in which the integral is saved 
 int i;  // The current index in the Tvalues vector 
  
 result = result + Tvalues[0];  // f(a) 
 result = result + Tvalues[n - 1]; // f(b) 
  
 // sum_of(2 * f(a + kh)) 
 for (i = 1; i < n; i++) 
  result = result + 2.0 * Tvalues[i]; 
  
 return result * (h / 2.0); 
} 
 
/* 
 * This function reads x and T values from a CFD-format file.  The header 
 * and footer information should be removed from the file before running 
 * the program. 
 */ 
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void getValuesFromFile(void) { 
 FILE *f = 0; 
 double T = 0.0; 
 double x = 0.0; 
 int index = 1; 
 int i = 0; 
 char s[256]; 
  
 f = fopen(inputfname, "r"); 
 if (!f) { 
  printf("Couldn't open file %s!", inputfname); 
  exit(0); 
 } 
 
 // Skip first 4 lines of input file 
 
 for (i = 0; i < 3; i++) 
  fscanf(f, "%[^\n]\n", s); 
  
 // Read count - 1 lines (x, y values) from input file. 
 // We use count - 1 because count was incremented in 
 // getSettingsFromFile to accommodate extra f(a) value 
 for (i = 0; i < (count - 1); i++) {   
  fscanf(f, "%le\t%le", &x, &T); 
  Tvalues[index] = T; 
  xvalues[index] = x; 
  index++; 
 } 
 fclose(f); 
  
 // Insert extra f(a) value, where f(a) = f(h) 
 Tvalues[0] = Tvalues[1]; 
 xvalues[0] = 0.0; 
} 
 
/* 
 * This function reads six configuration settings from a file 
 * called settings.txt.  These six configurations settings are 
 * the name of the input file, the name of the file to which 
 * output should be directed, a count of how many readings 
 * should/can be read from the input file, the size of the 
 * interval over which to integrate (h), the ideal temperature 
 * (Ti), and the domain over which this ideal temperature should 
 * occur (Xn).  The settings.txt file must list these settings 
 * in the given order, preferably separated by new lines. 
 */ 
void getSettingsFromFile(void) { 
 FILE *f = fopen("settings.txt", "r"); 
 if (!f) { 
  printf("Couldn't open file settings.txt!"); 
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  exit(0); 
 } 
  
 fscanf(f, "%s", inputfname); 
 fscanf(f, "%s", outputfname); 
 fscanf(f, "%d", &count); 
 count++; 
  
 fscanf(f, "%le", &interval); 
  
 fscanf(f, "%le", &Ti); 
 fscanf(f, "%le", &Xn); 
 fclose(f); 
} 
 
/* 
 * This methods sorts (in numerical order) the two n-dimensional double 
 * arrays that are passed to it as parameters.  The a-array is sorted 
 * in numerical order, while the b-array is adjusted to remain in sync 
 * with the a-array.  In other words, assume that before running this 
 * method, a value x was at index i in array a, and some value y was  
 * also at index i, but in array b.  After running the method, assume 
 * value x was moved to index j in array a.  Therefore, value y will 
 * now be at index j in array b. 
 */ 
void selectionSort(double *a, double *b, int n) { 
 double temp; 
 int chosen; 
 int leftmost; 
 int j; 
  
 for (leftmost = 0; leftmost < n - 1; leftmost++) { 
  chosen = leftmost; 
  for (j = leftmost + 1; j < n; j++) 
   if (a[j] < a[chosen]) 
    chosen = j; 
  temp = a[chosen]; 
  a[chosen] = a[leftmost]; 
  a[leftmost] = temp; 
   
  temp = b[chosen]; 
  b[chosen] = b[leftmost]; 
  b[leftmost] = temp; 
 } 
} 
 
void main(void) { 
 double integ = 0.0; 
 double idealArea = 0.0; 
 FILE *f = 0; 
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 // Read the configuration settings 
 getSettingsFromFile(); 
 
 // Allocate memory space for the arrays containing the T 
 // and x values 
 Tvalues = (double *) malloc(sizeof(double) * count); 
 xvalues = (double *) malloc(sizeof(double) * count); 
 
 // Read the T and x values from the input file 
 getValuesFromFile();  
  
 // Sort the T and x values, according to x 
 selectionSort(xvalues, Tvalues, count); 
 
 // Find the area under the curve defined by the T values 
 // read from the input file 
 integ = integral(count, interval); 
  
 // Calculate the ideal area 
 idealArea = Ti * Xn; 
 
 // Open the output file and write the absolute value of the 
 // difference between the ideal area and the curve area to 
 // it 
 f = fopen(outputfname, "w"); 
 fprintf(f, "%f", (fabs(idealArea - integ))); 
 fclose(f); 
  
 // Deallocate the memory we allocated above for the T and x 
 // values 
 free(Tvalues); 
 free(xvalues); 
} 
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