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  
          กก
 (solid 
propellant rocket) ก
ก
 - 
 Segment ก กกก
กกก (L) 
 กกก 
 
- 
กกก 1   ก
กก 
(initial thrust)  กก
 
ก กก
ก
กก 
ก ก
กก Erosive Burning  
ก   ก   
 
Abstract 
          The objective of this work is to present 
improvements to a computer program for 
calculation of internal ballistics of solid propellant 

rocket motors. Previous works have presented a 
program for propellant grains with inhibited sides 
and grain ends. The propellant grain was divided 
into segments to calculate combustion gas 
generation within the bore along the length of the 
propellant grain. This work involves modification of 
the program to include combustion at the grain 
ends, which allows combustion to occur in more 
than 1 direction, and increases initial thrust, which 
in turn, improves rocket launch effectiveness.  
Comparison was also made between calculation 
results and results from actual static test firings. 
The results were in agreement with slight difference 
due to details of the propellant grain dimensions 
and the erosive burning empirical model used. 
Keywords: Rocket motor, burning rate, propellant  
 
1.  
           
ก ก  

 ก ก (grain) 
กก
 กกก
 (nozzle) ก 
(thrust)  
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             
ก กกก ก 
  
ก ก 
   ก ก
กก 
ก 
       
กก 
 
          
 กกก 
ก (thrust profile) 
ก 

   กก 
Thrust Profile ก ก
 กก
   

   กก 
 กกก
กกก (internal burning) 
- กกก
ก-
กก  

               ก        ก 
 ก
ก  ก ก
ก SPP (Solid Performance Program) 
 ก
 
ก 
(iteration) กกก
ก [1] ก 
กกกก   

    ก 
กก ก
 กก
กกกก  iteration 
ก
กก กก CAD 

ก (ก) 
กกก
ก 
 ก ก 
(pressure profile)  thrust profile 
 - 
 segment กกกก
กก 
 กกก
กกก
กก [2]  
            ก
ก กก
กก- 
ก 
กก 

   Willcox  [3] กก
ก 
กก 
ก CAD  minimum distance 
function กก ก
กก Willcox  [3]  
กกก 1 
2  3  กกก
กก erosive burning 
กกกกก
กกก
กกกก [4]  

   ก Willcox ก
 กก
 ก
กก ก
กก    

   Shekhar [5] กก
ก ก- 
ก กก
กก (L/D)  ก 
(d/D)   ( )  1 
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             
ก กกก ก 
  
ก ก 
   ก ก
กก 
ก 
       
กก 
 
          
 กกก 
ก (thrust profile) 
ก 

   กก 
Thrust Profile ก ก
 กก
   

   กก 
 กกก
กกก (internal burning) 
- กกก
ก-
กก  

               ก        ก 
 ก
ก  ก ก
ก SPP (Solid Performance Program) 
 ก
 
ก 
(iteration) กกก
ก [1] ก 
กกกก   

    ก 
กก ก
 กก
กกกก  iteration 
ก
กก กก CAD 

ก (ก) 
กกก
ก 
 ก ก 
(pressure profile)  thrust profile 
 - 
 segment กกกก
กก 
 กกก
กกก
กก [2]  
            ก
ก กก
กก- 
ก 
กก 

   Willcox  [3] กก
ก 
กก 
ก CAD  minimum distance 
function กก ก
กก Willcox  [3]  
กกก 1 
2  3  กกก
กก erosive burning 
กกกกก
กกก
กกกก [4]  

   ก Willcox ก
 กก
 ก
กก ก
กก    

   Shekhar [5] กก
ก ก- 
ก กก
กก (L/D)  ก 
(d/D)   ( )  1 
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 1 ก ก- ก 

ก Shekar [5] 

           กกกก
-กก
ก 
ก
ก (1)  
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 
S          =  
d  = กก 
D  = กก 
w  = ก  

 =  
 

   กก
 ก
-  
ก- ก 

          ก
กก (Visual Basic Dot 
Net : VB.NET)  2 
 (pressure)  (thrust) 
  (pressure and thrust Profile) 
- 
กก 
ก 
กก   
กกกก 1  
ก
กก
 

 
 

 2 กกก 
 1.0 

 
2.กก 

    ก  ก
ก ก
  

m.
 Nozz  =  m.

 p 
 m.

 Nozz = กกกก Nozzle 
m.

 p = กกกกก 
กกกก Nozzle ก

 [3] 

*C

tP
NOZZm

Α
=              

   P  =   
 At =  Nozzle 
 C* = Characteristic Velocity  

     

(1) 

(2) 

(3) 
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          กกกกก
ก
 กก
ก (Pioberts Law)  ก
 กก  3 

 
 3 กก ก

กก 

     กกกกก
 ก 

m.
 p  =  ∫ ρ rb dA   

   ρ =   
 rb  =  
 A  =  

 
    กกก ก

ก   
    ก composite  

ก ก 
(Vielles Law) [6] ก (5)  4
  

rb = aPn  

   a =  Pre-exponential Factor ก
 
 n  = Pressure Exponent   

     
กกก
ก กกก 
erosive burning  

    Lenoir  Robillard [7]  
 erosive burning ก ก (heat 

flux) กกก 
 กก (turbulent 
flow)  

 
 4 ก 

          กก
กก erosive burning  Lenoir  
Robillard   ก 
ก erosive burning 
 ก  

rb = aPn + α G 0.8 D 0.2 exp (- βrb ρ / G)  

 
G =  ก  

Port  =  m.
  p  / Ap 

Ap =  Port 
D = Characteristic Dimension  Port  = 4 Ap/ S 
S  =  Port α   β 

  β = 53 ก
 SI 

          กก 
ก (4) ก
ก N  (segment)  
 5 

 5 กก Segment 
กกกกก 

(4) 

(5) 

(6) 
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          กกกกก
ก
 กก
ก (Pioberts Law)  ก
 กก  3 

 
 3 กก ก

กก 

     กกกกก
 ก 

m.
 p  =  ∫ ρ rb dA   

   ρ =   
 rb  =  
 A  =  

 
    กกก ก

ก   
    ก composite  

ก ก 
(Vielles Law) [6] ก (5)  4
  

rb = aPn  

   a =  Pre-exponential Factor ก
 
 n  = Pressure Exponent   

     
กกก
ก กกก 
erosive burning  

    Lenoir  Robillard [7]  
 erosive burning ก ก (heat 

flux) กกก 
 กก (turbulent 
flow)  

 
 4 ก 

          กก
กก erosive burning  Lenoir  
Robillard   ก 
ก erosive burning 
 ก  

rb = aPn + α G 0.8 D 0.2 exp (- βrb ρ / G)  

 
G =  ก  

Port  =  m.
  p  / Ap 

Ap =  Port 
D = Characteristic Dimension  Port  = 4 Ap/ S 
S  =  Port α   β 

  β = 53 ก
 SI 

          กก 
ก (4) ก
ก N  (segment)  
 5 

 5 กก Segment 
กกกกก 

(4) 

(5) 

(6) 
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         segment  i  ก
กกก port  segment  i  = ก
 segment  i ก segment  i -1 + ก
กกกก segment  i 

m.
 i = m.

 i -1+ m gen  i        

    กกกกก
 segment  i; 

m gen  i     = ρ rb(P, m.
 i) Ai   

    ก   port 
(Ap)   port (S)  
Segment กก
 segment  (ξ) ก 
Ap(ξ)  S(ξ)  ก
กก CAD ก
กกกก ก
กก Pioberts Law  

      (guess)  P 
กก segment  1 ก
กก  segment  1 ก
กกก 

m0
.
  = m.

 igniter (t)  
ก t ≤   Igniter ; 

m.
 igniter =  m igniter /  Igniter    

ก t >  Igniter; m.
 igniter =  0 

กกกก segment  1 
 Segment  2 

m.
 1 = m.

 0+ ρ rb1(P, (m.
 1 + m.

 0)/2)  A 1(ξ)     

กก กก segment  2 
 segment  3 

m.
 2 = m.

 1+ ρ rb2(P, (m.
 2+ m.

 1)/2)  A 2(ξ)    

  Segment  N  

m.
 N = m.

 p   

กกกกก
 

            P ก m.
 N = m.

 

p =  m.
 Nozz =  P At C* ก P 

ก  
     กก   P  

 P  ก (iterate) 
 P  ก P  กก
 convergence limit ก 

       P  
 F กก (13) 

F = CF P At   

   CF =   Thrust Coefficient 
         ก [2]  กก
ก  
  
   
 กก
 (internal burning) ก
 (port)   ก
- กก  ก
ก กก erosive 
burning   กก
 ก
- 
กก ก
กก segment ก 
กกก segment  
ก- ก
ก ก
กกก CAD  6
 กก
กก 
ก Pappus [5] ก
 centroid 
กก    
ก 
กกก ก
 -  
 segment  
segment - 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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 6  ก

   
 

3. กก 
          ก
  Shekhar [6] 
 7  1  

 
 7  

 Shekhar [5] 

 1   ก
 Shekhar [6] ก  

  
กก (D), mm 72 
ก (d), mm 40.5 
 (l), mm 46.5 
 ( ) 34 
 ( ), g/cc 1.58 
Characteristic velocity( ), m/s 1360 
 1,000 , 
mm/s 

10.47 

Burn rate exponent (n),  0.114 
Throat area (A) 25.517 

           

          ก
 Pappus  2  8 
 ก 
  4  
 2 กก
 Pappus 



 
(.) 




 

(.) 

 
Centroid 


(.) 





(.) 

 
Centroid 



(.) 




(.)2 

0.00 6.00 33.00 17.44 25.13 3997 

2.00 4.94 33.53 15.76 26.66 3680 

4.00 3.87 34.06 14.09 28.19 3324 

6.00 2.81 34.60 12.41 29.72 2928 

8.00 1.75 35.13 10.74 31.25 2494 

10.00 0.68 35.66 9.06 32.78 2020 

12.00 0 36.19 6.71 34.13 1438 

14.00 0 36.72 3.13 35.13 691 

15.75 0 0.00 0.00 36.13 0 

 
 8  

Shekhar ก  
 4  
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 6  ก

   
 

3. กก 
          ก
  Shekhar [6] 
 7  1  

 
 7  

 Shekhar [5] 

 1   ก
 Shekhar [6] ก  

  
กก (D), mm 72 
ก (d), mm 40.5 
 (l), mm 46.5 
 ( ) 34 
 ( ), g/cc 1.58 
Characteristic velocity( ), m/s 1360 
 1,000 , 
mm/s 

10.47 

Burn rate exponent (n),  0.114 
Throat area (A) 25.517 

           

          ก
 Pappus  2  8 
 ก 
  4  
 2 กก
 Pappus 



 
(.) 




 

(.) 

 
Centroid 


(.) 





(.) 

 
Centroid 



(.) 




(.)2 

0.00 6.00 33.00 17.44 25.13 3997 

2.00 4.94 33.53 15.76 26.66 3680 

4.00 3.87 34.06 14.09 28.19 3324 

6.00 2.81 34.60 12.41 29.72 2928 

8.00 1.75 35.13 10.74 31.25 2494 

10.00 0.68 35.66 9.06 32.78 2020 

12.00 0 36.19 6.71 34.13 1438 

14.00 0 36.72 3.13 35.13 691 

15.75 0 0.00 0.00 36.13 0 

 
 8  

Shekhar ก  
 4  
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             ก  Shekhar [6] 
กก  ก
ก  9 ก
กกก 
Shekhar กก 
ก ก
กก erosive burning 
 

 

 9 ก กก 
Shekhar [6] 

          ก  
กก 
ก 
   

 



Load cell



 

 10 กก 
 
 10 กก

ก ก
  11 
ก ก
กก

 กกก 
กก ก 
ก
กก Erosive Burning 

 
 11 ก (Pressure 

Profile)  ก 
 
 5.กกก 
          ก
(ก) กก ก 
 
 

6.ก 
          ก
กก
กกก กก
กก ก 
ก
กก erosive burning ก
กก
กกก
-   
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