
Air Force Institute of Technology Air Force Institute of Technology 

AFIT Scholar AFIT Scholar 

Theses and Dissertations Student Graduate Works 

12-1994 

Investigation of Boundary Layer and Performance Effects of Investigation of Boundary Layer and Performance Effects of 

Transpiration Cooling through a Porous Plate in a Rocket Nozzle Transpiration Cooling through a Porous Plate in a Rocket Nozzle 

David N. Keener 

Follow this and additional works at: https://scholar.afit.edu/etd 

 Part of the Aerodynamics and Fluid Mechanics Commons 

Recommended Citation Recommended Citation 
Keener, David N., "Investigation of Boundary Layer and Performance Effects of Transpiration Cooling 
through a Porous Plate in a Rocket Nozzle" (1994). Theses and Dissertations. 6329. 
https://scholar.afit.edu/etd/6329 

This Thesis is brought to you for free and open access by the Student Graduate Works at AFIT Scholar. It has been 
accepted for inclusion in Theses and Dissertations by an authorized administrator of AFIT Scholar. For more 
information, please contact AFIT.ENWL.Repository@us.af.mil. 

https://scholar.afit.edu/
https://scholar.afit.edu/etd
https://scholar.afit.edu/graduate_works
https://scholar.afit.edu/etd?utm_source=scholar.afit.edu%2Fetd%2F6329&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/222?utm_source=scholar.afit.edu%2Fetd%2F6329&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.afit.edu/etd/6329?utm_source=scholar.afit.edu%2Fetd%2F6329&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:AFIT.ENWL.Repository@us.af.mil


     
     

        

 

      

 

      
       

            

     

  

     

     



 

 
       
       

    

 

 

 
 

 

 

     
     

        

 

       

 

   

      



 

     

     

        

 

          

       

  

     

     

      

    

    

  

      



 

     

     

        

 

          

       

  

     

     

      

    

    

  

      



 

                 

                

               

               

                

                    

                 

            

                

                  

                

                 

              

            

                 

        

                  

               

   



   

 

   

     

     

     

   

    

    
    
       
      
    

    

      
      

       

      
     

     
      

       
      
     

      
     

      
        
        

 



       
     

    
      

       
    

      
     

      

          

       

      

      

         

        

   

   

 



   

  

          

           

            

             

         

      

       

         

     

         

       

        

       

           

        

              

           

         

          

         

 



         

           

          

        

       

           

 



   

  

        

        

        

           

          

       

           

         

         

 



   

  

     

     

       

    

   

   

    

    

     

   

      

   

      

   

 
      

      

      

   

    

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 



       

           

    

     

      

       

     

       

    

    

    

  

     

    

         

       

      

     

     

   

      

     

 



     

        

       

       

      

      

      



 

 

             

             

              

             

             

       

             

               

               

               

               

               

               

              

               

              

                

              

       

 



     
     

        

  

  

            

             

            

              

               

               

             

              

               

                

 

             

            

                 

                  

                 



                  

           

              

                 

                

                  

              

                  

              

          

            

              

           

           

              

                 

              

            

              

             

  



             

                 

                

                

               

               

          

             

                

                

                 

                

                 

               

                  

                

              

                

          

              

               

               



                 

            

             

              

    

  

            

               

          

                

              

                

              

             

              

     

              

               

           

             

       



     

               

            

             

                

              

                

              

          

                

                

              

               

                

            

               

               

           

               

              

                

              



             

                

                

             

 

   

 

 

 

 

   
    

 

  

      

         

   

 

   

 

     
   

  

  
   

 
  

 

 

 

 

          



               

              

           

               

             

             

          

              

             

              

                

                

                 

               

            

                 

                

               

                

             

               

               



                

                

                

     

 

 

 

 

      
 

                  
    

       

      

 
 

 

 
 

         
      
     
     
     

    

 
           

 
         

            

                

               

               

    

             

                 

             

           

                  



              

            

                

  

              

                

               

             

   

 

            

        
      
    
       

 
 

   

   

  

            

               

              

                  

            

               

             



             

  

               

                

               

                 

               

              

                  

                  

    

             

               

              

              

             

              

               

     

 



    

               

               

               

            

             

              

                

                

                

              

              

                 

               

                 

       

  

              

            

               

                 

 



             

        

               

              

             

               

                

              

              

               

             

              

                

             

              

   

          

            

               

             

                 

               

 



            

               

           

            

                

              

  

        

  

     

       

    

    

     

     

             

               

              

 



  

             

             

                 

              

             

     

    

                

                  

             

               

               

              

 

             

             

              

             

               

            

 



           

               

            

               

 

           

               

             

                

       

     

          

      
 

                        
      

                      
 

 



             

              

          

                     
     

       

     

    

         

    

                   

                  

                

                

                 

             

                

               

                   

   

  

 



     

    

             

            

               

                

   

      
   

 

                  
          

   

    

     

             

               

               

 



             

           

               

     

        
         

         

         

                   

                  

                 

                 

                 

       

               

             

                 

              

                  

                

  

 



             
 

  
         

            
  

   

  
     

   
      

 
 

 

           

       

     

    

     

             

               

               

             

                

 



                  

     

             
       
   

   
  

         

     

     

       

   

   

                 

            

              

                     

   

  

    
 

               

    

 



     

            

                  

                    

               

    
           

          

            

 

 

   
      

  

 
   

 

   

    
    

 
 

             

                  

                

      
                         

     

           

   
 

     

 



 

  

   
 

 

   

        

         

               

                

                  

 
 

       
   

    

   
 

 

 

        

       

    

        

                 

                 

               

               

 



        

     

             

           

               

            

       

  

 

 

  

         

      

               

                 

           

              

            

                 

 



                  

              

            

     
   

              

                 

         

 



   

    

              

               

               

                 

                 

                

           

             

   

               

                

                    

                

          

              

                 

              

                

               

 



        
        

 
 

   
    

  

   
   

  

 
 

 
 

  
  

 
 
   

 
 

  
 

 

                                     
                                    

                                
                             

 
 

 
 

 
 

 

 
  

   

      
  

  

  
  

      

            

               

                

              

           

           

               

             

 



             

                 

                

         

        

 
      

     
     

      
     
   

    

                

              

                  

              

              

   

   

              

             

          

 



 

   

 

     

    

       

 



              

              

               

               

                 

       

                 

                 

                

                  

               

              

                   

 

              

               

                  

                 

     

                 

               

               

 



                   

                 

               

               

              

                 

                

       

             

                

               

              

         

 



    

               

                

          

         

               

        

               

            

                

                 

              

          

                

                   

                

                 

 

     

             

            

 



             

              

           

               

              

                

                

                

                

                

                

                

                 

                

    

             

              

            

     

             

                 

 



                 

                 

                

                    

               

                

                 

               

 
 

 
 

  

 
 

     

                   

                  

                

              

                

 



              

                  

           

         

                

                   

             

                   

              

                

 

 



        

  
                 

 
       

        
     

              
   

          
     

          
       
          

      

     

  

  

  

  

 

  

  

 

  

       

               

                   

                  

                 

 



    

       

         

         

                

                 

                 

                

                

           

         
    

           

          

            

                    

                

                  

                

               

                    

 



              

               

               

               

                   

                

     

                 

                

               

                 

                  

             

             

 

             

               

           

 



 

 

  

 

  
  

  

 

        

   

                

                 

                

                

                  

             

             

                  

                  

               

                

            

 



              

                 

                 

                     

                 

 



    

   

    

              

            

                

            

            

                

            

  

   
    

 
 

              

               

     

         
   

       

      

      

       

      
    

     
     

 



              

               

                 

               

  

                 

                   

                 

                 

               

                

        

              

                

                 

               

       

      

             

               

                  

 



 

 
 
 
 
 

  
  
 
  
  
  
  
  
 
 

 
 

  
 

 
 
  
  
  

 
 

 
 
  
   

 
 

 



                   

               

                  

             

             

             

                

                  

             

                 

            

      

             

                 

                  

             

              

              

              

                

 



                

    

               

                

                

      

           

     
  

      
 

      

   

 

 

 

  

 

 

      
   

 

 

  
 

 
 

  
    

    

           

 



                 

                 

                

                

                  

                      

                  

              

                 

                  

 

              

                

            

                  

                 

             

            

               

                 

                

              

 



              

               

                

     

                

              

              

  

     

               

               

                

     

              

                  

       

          

    
     

   

       
      

 



               

               

               

                 

                

               

               

 

    
  

 
 

  

  

 

 

 
 

 

 

 

 

                     
  

                 

        

               

               

                

                 

 



                

                

               

                   

                

 

          

               

               

               

              

               

                 

 



             

               

 

   

  

               

               

             

       

                

               

               

              

             

                

               

             

            

            

              

                

 



             

                

                 

        

       

       
          
          
          
          
          

           

    
    
    
    
    
    

    

              

               

              

                  

                

 



   

   

   

 

 
   

   

           

 



                

               

        

              

                

                 

               

               

  

         

       

        

        

        

        

        

               

                   

                

              

               

                  

 



               

                

                 

               

                 

                

            

 

 

 

  
  

 

         

              

              

                   

 



               

       

          

 

 

  
 

  
 

 

 

 

   

   

   

  

 

  

  

  

    

 

       

       

      
      

    
    

 

          

    

               

                 

               

              

                 

                 

                  

                  

 



                 

               

          

 

 

 

 

 
 
 

 

 
  

 

 

 

 

                              

       

 

 
 

  

      

 
    

  

  

          

  

 

   

   

      
                                                                                               

    
    

         

               

              

               

                   

 

 



                                                                                 

 
 

     
        

     
 

 

 

                                                         

 

  
                 

      
 

                                                                                               
    

    

         

  

    

             

                  

                

               

                 

               

               

  

 



                

                

               

                 

             

               

                

               

                    

                  

   

        

           

         

         

         

         

         

 



 

     
 
 

 

 
 
 
 

 

 

                                                                   

    
          

     

                              

    
     

                                                       

              
  

                  

       

          

  
 

 

 

 
 

     

 
  

    

                               
  

       

 



 

     
 
 

 
       

 
   

 

                     

 

      

     
      

                      

                     
  

                  

       

 

  

  

  

 

 
 
 

 
 
 
 

 

                

      

 

 

 

 

 
 

 
 

                           

                     
  

                  

       

 



 

  

  

 
 

 
 
 
  

  
 
 
 

 

                                                     

 

        

        

           

    
      

                                                          
                                             

  

       

                

                

              

                

                

                

               

              

 

 



 

  
 

 

 
 

 
 

  
 

 

 

 

 

 

 

 

       

       

        

  
  

          

 

 

 

 

  

 
  
 
  

 
  

 

 
 

 

  
  

        

 



              

              

                 

              

                  

    

   

              

                  

 

     

      

    

    

    

    

              

                 

   

 



             

               

                

               

                 

                

              

 

 

 

 

 
    
 

 

 

 

 

 
   

  

       

                

                  

                  

                 

 



                   

                  

                 

                  

               

                   

              

            

 

 

 

    

 

 
        

  

     

     
    

 

  
  

 

               

 



    

              

                

                 

                

           

                 

                

                 

              

                

               

     

            

               

                

              

             

              

             

              

                 

 



                

               

               

              

           

                  

               

                

              

               

               

              

   

                

                 

                

                 

               

                

                 

              

 



               

          

              

               

              

             

                

                

         

             

                 

              

              

                 

             

      

               

                

              

                

               

 



                

           

 



 

               
        

           
          

         
        
       

            

           

           

           

             
         

            
    

           
  

          
 

             
 

     

               
          

         

            
    

 



          

              
          

          
     

 



  

     

 



         

     
    
    

 
  

          

    
    

      

 

        
 

     

       

    

    

     
        

     
    

         

 

      

 



    

       
    

                                
    

       

  

          

                  
         

              

   

  

         

 

              
              

       

  



          

    
        
        
        

     

   
      

         
         
         
         
         
         
         
         

               
                
                
                
                

         
         
         
         
         
         
         
         

 

 



  

  

 



  

                    
      

         
   
     
   
     

   

   
    

        
       

       
      
    

        
        
      

    
  

     
  

       
      

      
    
        

       
      

    
     

       
    

     
    

      
       

       
       

      
      

       
  

      
      

 



  
        
        

        
     

  

               
    

         
        

          
           
     

    

                     
        
       

       

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

 



               

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



  

       
    
    

      

                  
        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



  
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

        

                   

             
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 



 
 
 

  
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          

             
   

            
       

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 



  

   
        
        

         
        
        
        
        
        
        
        

        
        
        
        
        
        
        
         
         
         
         
         

            

            

   

  
 

   
    
   
   
    
       

  
   
   

    

     

  
  
   

 



    
        

    
  

  
     
     
      

        
        
        

    
      

 

            
              
                
            

               
              
  

        
     

                                                             

  

  

 
 

 

  

   

 
 

     
 

 



       
           

  
 
   
       
 
   
 

 
 

 
 

  
   

 
 

   
    

    
   

    
    

        
  

 
 

        

              
     

   
 

  
 
    

       
        

      
       
    

       

 



        
      

       
   
   

      
 
   
 
   

 
   

   
    
  

   
   
  

   
   

 
 
 

            
         

  

              
           

     
   

 
     

     
 

 
   

            
       

 
   

       

 



   
 

 
 
  

   
  

   
          
       

 
    

   
 

       
 

 
     

        
 

       
 

     
   
 

       
   

 
     

         
       

 
     

   
 

       
   

 
 

 
 
  
  

     
   

 



 
 

 
 

 
   

           
   

   
    

             
           

 
      
      
  
   
   
       
       

 

 



  

  

 



     
     
     
    
      
     
     
     
     
      
      
  

              
                 

                  
 

 



  

 

 



         

            
   

             
      

              
         

         

                  
       

    

       

      

            

     

      

        

   

        

       

       

       

         

    

            

 



      

   

             

            

                
  

  

        

         

         

       

        

     

 



       

            
   

       

       

   

       

         

         

    

    

       

             

           

                
    

       

        

 



  

     

 



  

     
          

 
 

 
 

        

       

       

             

        

               

    
 

          

         

          

              

           

  

          

  

 



  

 

 

   

 

   

    

   

                 

         

    
                 

              

                    

                 

                

 



  

    

 



               

               

                

              

             

  

       

               

    

         

       

        

              

             

               

              

 



   

              

               

               

                 

                

                 

          

       

  

            

         

  

     

     

     

         

           

  

            

 



              

               

                 

       

    

      

       

     

              

                

                

      

 

 
 
 
 
 

 
 
    

 

 

      
       

    
 

   
   

 

  

 

  
 

   
   

               

 

        
   

 

 
 

   
   

   
 
 

 
 

  

         

 





   
  

   

                          
                          
                    

                       

          

  
        

  
   

      
       

     
  

     

   

      

        

   
  

 

        
   

   
  

    
    

   

   

      

   

     

                     
                  

                
                
               

  

   

      
      

     

    

   
   

     
  

 

     
   

 

     
  

  

    

 
       

     
 


	Investigation of Boundary Layer and Performance Effects of Transpiration Cooling through a Porous Plate in a Rocket Nozzle
	Recommended Citation

	tmp.1703868407.pdf.CS6Im

