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1 Introduction 

This report specified in detail the design and design criteria for a continuous horizontal hot gas duct 
(based on report [1]). The design is based on the GTMHR reactor design (helium turbine as heat 
sink in a one loop plant.) Special data come from Mr. Alan Gerber, FANP SAS (Attachment 1). 

The review of the preliminary design for the mechanical design was carried out by EA (Attachment 
2). In addition further Finite Element-analyses were carried out by FANP GmbH (Attachment 3) 
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2 Design Conditions 

2.1 Normal Working Conditions 

Normal working conditions are fixed by FANP SAS (see attachment 1). Therefore we have the 
following data: 

Hot gas side: 

Helium inlet temperature: 850 °C 
Helium outlet temperature: 848.4 °C 
Helium pressure: 70.8 bar 
Helium mass flow: 316.19 kg/s 

Cold gas side: 

Helium inlet temperature: 487.9 °C 
Helium outlet temperature: 487.8 °C 
Helium pressure: 71.6 bar 
Helium mass flow: 318.2 kg/s 

2.2 Transient Working Conditions 

Starting with the normal operating conditions, the following transient conditions are defined: 1) 

Hot gas side: 

Helium inlet temperature: starting at 850 °C  ending at 850 °C in 8.83 s 
Helium outlet temperature: starting at 848,4 °C  ending at 848,4 °C in 8.83 s 
Helium pressure: starting at 70.8 bar  ending at 1.6 bar in 7 s 
Helium mass flow: starting at 316.19 kg/s  ending at 0 kg/s in 7 s 

Cold gas side: 

Helium inlet temperature: starting at 487.9 °C  ending at 284.81 °C in 8.83 s 
Helium outlet temperature: starting at 487.8 °C  ending at 284.71 °C in 8.83 s 
Helium pressure: starting at 71.6 bar  ending at 1.6 bar in 7 s 
Helium mass flow: starting at 318.2 kg/s  ending at 0 kg/s in 7 s 

 

 

 

1) FANP GmbH has interpreted the transient conditions from attachment 2, chapter 3.3.2, as a turbine rupture and a depressurization 
    of the primary loop. The Ref. 3 from attachment 2 is not available to FANP GmbH. 
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2.3 Geometric Data 

Geometric data are set by FANP SAS (see attachment 1). Therefore the following data are used: 

Cold gas duct inner diameter: 2,300 mm 
Hot gas duct outer diameter: 1,700 mm 
Hot gas duct inner diameter: 1,450 mm 
Hot gas duct wall thickness: 25 mm (support wall thickness) 

2.4 Material data 

Material data are set by FANP SAS (see attachment 1). Therefore the following data are used: 

Metal alloy 1.4876 (X10NiCrAlTi32-21 or X10NiCrAlTi32-20) 

This material is used for all metal structure inside the hot gas duct except the support tube. 

Metal alloy 1.4571 (X6CrNiMoTi17-12-2) 

This material was chosen primarily for the support tube of the hot gas duct. 

Insulation material 

All insulation areas are filled with fibre mats, containing min. 95% Al2O3 and approx. 5% SiO2 
ceramic materials. This fibre material is manufactured in mat form and is delivered in pad form. 
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3 Design of the continuous hot gas duct 

FANP GmbH produced a draft for a hot gas duct module using the geometric data given above and 
the mechanical design module common in the nuclear industry. 

 

This design was developed based on the experience FANP GmbH had gained from previous HTR-
projects and was characterized by the following points: 

 Shop fabrication from assembly modules 
 All welds within the module were already tested by X ray or Ultra Sonic method in the 

factory. 
 Only two site welds required between the modules on site. 
 Site welds can be tested by Ultra Sound. 
 All components are optimized for stress-loading.  
 All welds are outside of the high-load areas and can be fully tested. 

Further details can be found in attachment 1. 

Layout for the hot 
gas duct design 
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3.1 Structural analysis by EA 
 

The report (attachment 2) was checked regarding content on the following points: 

a) Input data used ( Geometry, loading, materials) 
b) Methods and verification procedures 
c) Results and conclusions 
d) Variants A, B and C 
 

3.1.1 Input data used (Geometry, loading, materials) 

With regards to geometry, the essential main dimensions, named in 2.3 were given in the text. On 
the basis of the reference of the FANP report ZFY116-0600191597 it is assumed that the Finite 
Element-Model was taken from the structure of the engineering drawing.  

The following corrections � basis for a more detailed investigation - are necessary regarding the 
technological properties used on page 3-1: 

 The data on specific heat, Cp, is given in KJ/kgK not in J/kgK. 

 The data for E-Module E are given in Pa not in MPa. 

On the basis of this necessary information about consistency of units in the FEM calculations, 
these corrections can matter whereby the specific material heat is not relevant for the static 
calculations.  But these variables definitely matter for the transient analysis on heat transfer. 

On the basis of the high stresses included (see page 4-3) it is assumed that the non-linearity in the 
behavior of the material remains unconsidered. It is therefore also assumed that an elastic 
behavior was used, since there was no indication that a plastic deformation (strain) was 
undertaken. 

3.1.2 Methods and verification procedures 

As a reference to the applied standard, only the ASME II Dev. 1-NH is on page 4-3. There are no 
references to be found on the generally accepted approach of primary and secondary diaphragm 
and bending stresses. There is a reference to an acceptable secondary stress of 2Rp0,2 on 
page 4-3. This stress limit has to be investigated in further work. It is also valuable to confirm in the 
report to what extent time-dependant temperature methods are considered. For the component 
being tested it is necessary to conduct a verification analysis for expansion with time and 
temperature dependant limits in accordance with KTA 3221. This means limits of stress and 
expansion with time and temperature dependant limits under detailed examination of fatigue levels 
and classification of stress and binding as well as a relax action and creep. 
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3.1.3 Results and conclusions 

The conclusions on pages 4-3 to 4-5 (4-7) have need further work, so that the chosen construction 
for the design input satisfies the requirements of a preliminary optimized design. FANP GmbH has 
therefore decided to confirm the design using the data available at the present time with its own 
FEM analysis. 

3.1.4 Variants A, B and C 

In the report attachment 2, the reference solution A is considered according to ZFY116-
0600191597 of the FANP GmbH with FEM-Analysis and also thermosleeves created by EA in an 
S-curve-form (type B) or a stair-form (type C) and additional variations.  

These EA designs were not included by FANP GmbH in its own considerations for the following 
reasons: 

 Both the type B and the type C include welds which are not acceptable as primary system 
components in the German nuclear industry. 

 None of the chosen welds can be tested for accuracy by an X-ray or an Ultra Sonic-test. 

 The installation of individual hot gas duct components as shown in the FANP GmbH drawings is 
not possible for the selected thermosleeve-forms without a gap in the insulated area. 

3.1.5 Filter type A and B 

In chapter 5.2.1 of appendix 2, it is assumed that ceramic rings are placed between the perforated 
piping and the flow duct. This assumption leads to unavoidable consequences during 
depressurization events. 

In the design FANP GmbH used round spacers between both metal sheets. A larger flow cross 
section ensures the outflow of the helium gas that penetrated the insulation from the insulation 
space in the drainage column and from the draining column in the free flow cross section.  

The filter for the pressure relief of the isolated area which is shown in FIGURE E of appendix 2 
does not fulfill the following tasks, which are believed to be mandatory: 

 Minimization of the pressure difference between the drainage gap and the free flow cross 
section  

 Stress-strain compensation of different stresses between the liner tube and the support 
pipe due to the tendency for helium friction welding when movement occurs. 

 Low flow velocity within the isolated area through pressure relief. 

 The design does not comply with German nuclear regulations. 
 
The installation of this device as well as the installation of the hot gas duct component between the 
L-Shape is not believed to be carried out (see positioning of the welds, support pipe and liner). 
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4 FEM analyses concerning continuous, horizontal hot gas duct 

The present design for the hot gas duct, especially the spacres between the inner liner and the 
support tube,   is evaluated for the operational conditions and on Accident Load Case. For the 
incident and accident conditions conclusions are made.  

The evaluation is based on the preliminary KTA 3221.1 and KTA 3221.2. The hot gas duct with 
operating conditions of 488°C at the support tube und 850°C at the inner liner is classified for 
Temperature category III. With respect to the classification the structural analyses include 
evaluation of primary and secondary strains and stresses and the consideration of elastic-plastic 
material behaviour together with the assessment of creep behaviour. The threshold values are 
time-temperature depending values. 

The evaluation is done by the FE-Method with the computer code ANSYS 7.1.  

Details see Work-Report NGPM5/2003/en/0285 from 30.12.2003 (attachment 3). 

With respect to the available information and made estimations it can concluded that the design 
resist the load for the normal operation (usage factor 0,11). Critical items are stress concentration 
with respect to material and geometrical discontinuities. Welds has to be minimized in principle and 
not considered here 

The investigated design for the hot gas duct seems to resist the defined loadings, but not all load 
cases were considered and material discontinuities were neglected. Furthermore it should be 
considered that welds have to be minimized and the geometrical design should preclude any 
stress concentration. A final statement and design optimization should include further load cases 
and the check if any further loads from boundary conditions has to be considered (e.g. seismic 
loads). 
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5 Conclusions 

Based on the continuous hot gas duct reference design (attachment 1), thermo mechanical 
calculations have been carried out for both the normal operating conditions and transients. In 
particular, the design of the continuous horizontal hot gas duct and the behavior of the thermal 
insulation were analyzed. 

This review took place with the current available data and took into account a normal operation as 
well as a general plant transient. At a later date additional analyses for loop calculations will have 
to be carried out. 

Taking into account the comments regarding EA as well as the additional analyses performed by 
FANP, the design is acceptable. The selected design can be retained for further development. 

However, FANP GmbH recommends the production of the support pipe out of the 1.4876 material 
because of planned high cold gas temperatures. As a result unacceptably high temperatures at the 
support pipe under accident conditions can be avoided and a structural integrity can be assured.  

In conclusion the following must be pointed out: 

The analyses carried out by FANP GmbH used estimates from earlier HTR-projects. The material 
data were taken from the KTA-regulations �draft� in Germany. 

Up to now no standards (HTR-L) or material data (HTR-M) concerning the functional design for 
components for a HTR has been specified. Therefore it cannot be ruled out that an upgrading of 
the chosen design will be necessary due to the application of a binding standard at a later date. 
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               
         
          
       

   



   

  

 

    

     

    

     

 




     

    

     

 

   

  

   

       

    

  


     

               
                
        

                
      



      
      
        



       

 

               
         
          
       

               

     

    



       

 

               
         
          
       

               

 

    

  

  



       

 

               
         
          
       

               

                
                  
   

                
                
             

                
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               
         
          
       

               

              
 

  

    

    

   

    

  

    

    

   

    

              

                
   

     

         

                
      

                 
                

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
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



                          
                   

   
     











   

       

  

 

 



      



           

            



 

  



   



   

      





      



                     







  

  

   

      

   

    

       

       

      
  

     

      

      

      

        

      

    
 

       

      

  

  

    

   



      



                     





    

 

  

   

  

    

   



      



                     



 

                

          
            
           

          
       
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                     



 

               
          

              
               
             
          


         
             
              
              
            
       


             
                
    
          
              
            
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

                     



 

    

              
    

            

           

        

       

     

  

 

               
            
  


























        

        

        

        



      



                     



 

             
          

            
                 
  



    

    

             
   

           
            
    

   

               
        

        

        
 

 

            
          



      



                     



  

  

   

    

  

  

   

    

 

           

           
    

              
    

     

                
              
             
    

           
               
         

              
              



      



                     



           

         

           
             
       

             
             
             
           

                
            
              

  

     

                
            
        
























               


 

 

 

      



      



                     



           

     





      

         

    

               
   
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
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

 

   

              
 

           
            

            


             
            
     

  

        

            
      

          

  

               
              
      

           
   

              

          



      



                     



  

             
               
          

           
  

              

          

     

 

             
 

             
 

           
   

         
   

  
  

               
         
               
  

            
     



      



                     





   

    


    

    


    

    


    

               
             
      

           
 

          
        

          
        

           
           
 

            
  

            
          

         
        

           
              
   



      



                     



            

           
             
        

 

           
            
 

            

          

  

            

          

        

                
             

             
    

          

       

                
           

          

          
           
          
           
          

            

           



      



                     



            
         
     

          
           
               
       

            
           
             
 

              
             
            
 

     

            


       

            

            
           
      

             
           
     

            
 



      



                     



   

       

       

               
             
 

     

             
            
  

         

        

        

       

               
                
             


    

       

                
     



      



                     



       

             
         

          

          
              
       

            
    

             

              
 

              
       

            
           
   



      



                     



 

     

            
            
         

           
             

         

               
           
 

  

             
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                     
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            
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            
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               
          
                
           
             
            

            
             
           
       

             
             



      



                     



         
     

             
             
           


            
            
    

 

            
          

       

            

     

              

            
        

            

          
      

                
             
       

         
    

             

          
      

                
              
     



      



                     



         
    

            
 

             

             
              
      

     

 

              
               
          

                
            
           
             
    

 

                 

               
            
         

             
              
           













      



                     



           
             
          

              
            
         

               
             
            
           
 



      



                     



 

           
             
            
  

 

             
               
 

               
              
  

                
           

            
             
          
      

              
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   

           
      

 

                 
        
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              
    
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 
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 

    

    

  

         

   



    



                     






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











































    



                     

















        

 

  

   

            
         
          

       



     

   



        

 

  

   

            
         
          

       

  

 

  
 
   
 
   
  

  
    
  
  
  
         
     
         

 
        

 
       
 

 

   

   

    





        

 

  

   

            
         
          

       

 

              
              
                
                 
 

                
                
              
             
           
                
             
           

 

 

                

 

                
            

                



        

 

  

   

            
         
          

       

            

        



        

 

  

   

            
         
          

       

        
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  

   

            
         
          

       

               
              
     

 


 


             

 

               
              

 

            
                  
               
       

 

          
              
            

 

 

                 
            
              
            
          

          
              
 

               
               
                

            
              
               



        

 

  

   

            
         
          

       

              
    

              
     



        

 

  

   

            
         
          

       

 

             
                
               
               
              
             
                 
      

   

   











        

 

  

   

            
         
          

       

 

             
            

              
              
              
             
             
                
 

 

 

              

 


 














  


                 
 

 


 






  



   



   



   

   
   
  
















  




  

   



        

 

  

   

            
         
          

       



 



            
                    
                
                 
                    
      

  

   

 

    

    



  

   

     

 



        

 

  

   

            
         
          

       

             
               
           

  
   

  

 

      
 

     
 



        

 

  

   

            
         
          

       

 


               
           


 

 

















    

    

  
 
 

    

    

    

 

    

    

    

    

    

    

   
 

    

    

    

    

    

    

   
 

    

       

            

                
              
              

                
      



        

 

  

   

            
         
          

       



 

                
                
               
             
           

            

             



        

 

  

   

            
         
          

       

 

              
             
            
              
         

 

             
            

 



 




  
  
  

     

              
             
              
             

            



        

 

  

   

            
         
          

       












  

  

  

  

  

  

  

        

                
                 
         

             
 
     
     
      

                 
               
          
               
                
          

               
                

      

        
 

 

    
        

            

        
        
    





        

 

  

   

            
         
          

       

          

                
 

         

    
          

                  
                 
    

     
     
     

             
              
 

 

                 
             
              
            
                
     








        

 

  

   

            
         
          

       

 

     
    
   
   
   

     
    
   
   
 

     
    
   
   
 

       

    

   

             
 

         

    

      

      

 

         
          
       
       
     
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            
         
          

       

         

  

      

     

     

     

     

     

     

     

     

    

       

  

      

     

     

     

     

     

     

     

     

    

        

  

      

     

     

     

     

     

     

     

     

    

        



        

 

  

   

            
         
          

       

         

  

      

     

     

     

     

     

     

     

     

    

       

  

      

     

     

     

     

     

     

     

     

    

        

  

      

     

     

     

     

     

     

     

     

    

        



        

 

  

   

            
         
          

       
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

       
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






















       



        

 

  

   

            
         
          

       

           



























       





















 



       



























        




        

 

  

   

            
         
          

       

           



























       




























       






 

 



















        



 

   
  



        

 

  

   

            
         
          

       

           



























       




























       





 
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