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 Hartmann-Sprenger tube is a device in which an under-expanded jet enters a closed-end tube which is 
placed in a specific distance from the nozzle. By producing an intensive heat inside the tube in some 
specific modes of operation, the device could be used for some important engineering applications such 
as acoustic igniters. In present study, thermal performances of a set of six different case studies with 
conical tubes and different physical specifications are investigated. The variable parameters are the pipe 
material, the pipe length, the gap distance and the end wall condition which could be closed or 
perforated. The experimental tests in conjunction with numerical analysis are performed to evaluate the 
effect of changes in physical parameters on temperature rise inside the tube. The oscillatory flow with 
strong shock waves is the major reason of temperature rise inside the tube. As the gap distance changes, 
no oscillatory flow and no sensible temperature rise could be observed. Existence of a tiny hole on the 
tube end wall reduces the temperature rise, as the shorter tube does. The frequency of oscillations is 
near the tube resonance frequency for longer tubes. Tubes that are made of materials with lower thermal 
conductivity could produce higher temperatures. 
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Fig. 1 Schematic view of Hartmann-Sprenger resonance tube 
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1 High Frequency Actuators 
2 Jet Regurgitant Mode 
3 Jet Screech Mode 
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Table 1 Major properties of the studied cases 

 
 

)mm( ) mm( )mm( 

1  48 13.5 - 
2  48 13.5 - 
3  48 13.5 0.4 
4  48 20.5 - 
5  48 9 - 
6  38 13.5 - 
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Table 2 Physical specification of numerical and experimental cases 

   
Dn 5 )mm( 

D 6.3 )mm( 
d 1.4 )mm( 

 7.5 - 
  - 

 11 - 
 300 )K( 

 300 )K( 
PTFE 0.25 )W/m.K( 
Steel 16 )W/m.K( 

 1 )mm( 

2 Random incidence microphone-model: PCB-HT378C20 
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Fig. 2 Schematic view of Hartmann-Sprenger device test stand 
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Fig. 3 Flow domain of numerical model  
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Table 3 Boundary conditions of numerical model 
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Table 4 Mesh specifications within calculation domain 
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Fig. 4 Locations of selected points (P1 to P4) along the tube axis 

4 ) P1 P4 ( 

5 xp/L   
Table 5 Ratio of xp/L for the selected points along the tube axis 

 xp/L 
P1 0.32 
P2 0.65 
P3 0.99 
P4 1.04 

1 Fast Fourier Transform (FFT) 

  
Fig. 5 Numerical results for pressure data at the point near the end wall 
(P3) vs. time 
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Fig. 6 FFT analysis of pressure data at the point near the end wall (P3) 
in case 1 
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Fig. 7 Numerical results for temperature data at point P3 
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Fig.  8 Numerical results of temperature data vs. time for the extracted 
gas at point P4 for case 3 
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Table 6 Numerical and experimental data for gas temperature near the 
end wall for case 1 to 6 

 
)   P3( 

  (%)  

1 770 731 5.2 
2 440 412 6.4 
3 470 433 7.9 
4 *330  318 3.6 
5 *350 332 5.1 
6 590 556 5.8 

*  40  

7 FFT 
  

Table 7 Numerical and experimental data for dominant frequency of 
the oscillatory flow in studied cases 

 
)  

  (%)  

1 3208 3172 1.12 
2 3208 3170 1.18 
3 2960 2920 1.35 
6 8192 7760 5.3 
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Fig. 9 Comparison of temperature rise behavior along the tube axis in 
case 1, 2 and 3 
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Fig. 10 Axial velocity vectors inside the tube during cycle change  
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Fig. 11 Arrangement of velocity vectors at inlet section during the 
shock entrance to exit cycle 
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Fig. 12 Temperature-entropy diagram of the process inside the tube: (a) 
Theoretical explanation of Brocher and Maresca [27] (b) simulation 
data for case 1, 2 and 6 
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