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Master Thesis 
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Å Master Thesis at Technische Universität Berlin 

- Supervision by the ñFachgebiet f¿r Experimentelle Strºmungsmechanikñ 

- Investigation of thermoacoustics in combustion systems by Jun.-Prof. Dr. J. 

P. Moeck 

- Determine Flame Transfer Functions (FTF) amongst other things 

 

Å Content of the Master Thesis 

- ñDetermination of Heat Transfer Functions with 3D CFD and their application 

on 1D CFDò 

- Simulation of thermoacoustics in a Rijke Tube with ANSYS CFX 

- Finding a model to represent the effects of heated wires in a fluctuating flow 

- Determination of a simple mathematical model 

- Simulate a Transfer Function for the heated wires, from the idea of FTFs   

 

Å Thesis was written in cooperation with CFX Berlin 
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The Rijke Tube 

Å Singing Tube (19th century) 

- Pipe with a compact heat source in it which 

generates an audible sound 

- Heat source inducts convective flow 

followed by an acoustic disturbance  

- Reflection at the pipe ends leads to an 

acoustic oscillation 

- Acoustics disturbs heat source, fluctuating 

heat source disturbs acoustics again 

- Feedback loop 

- Standing wave at the pipes resonance 

frequency self excites 

- 0.4 m long pipe  ͯ500 Hz 

 

ᵼ Thermoacoustic resonator 
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Motivation 
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Å Reduction of the simulation time of thermoacoustics 

 

- Simulation of thermoacoustic effects could replace cost 

intensive experiments 

 

- Reduce complex 3D physical problem into 1D mathematical 

model 

 

- Modeling the heat release rate in a fluctuating stream 

 

ᵼ No wires needed to be simulated 

 

 ᵼ Lesser mesh elements needed 

 

  ᵼ Less computational power needed 
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Å Geometry 

- A section of 6° of a vertical pipe 

- Length: 0.4 m,  Diameter: 0.035 m 

- Ambient volumes at the top and bottom with a radius of 0.1 m 

- 5 heated wires at ¼ of the pipe length with a diam. of 1.5 mm 

 

Å Fluid domain setup 

- Compressible air from ANSYS CFX database 

- Heat transfer model: Total energy 

- Turbulence model: (none) laminar 

- Buoyancy model 

Á Buoyant 

Á Gravity Y Dirn.: -g 

Á Ref. density: ʍ ὖ Ͻ
Ͻ

 

Rijke Tube in ANSYS CFX 

Slide 5 B.Sc. Dennis Paschke 



36. CADFEM ANSYS Simulation Conference  
October  10 ï 12, 2018, Congress  Center Leipzig  

Å Boundary conditions 

- Pipe wall: Default Ăno slipñ Wall 

- Symmetry planes: Symmetry condition 

- Ambient volumes surfaces: Opening condition 

Á At ambient pressure: 1 atm 

Á Opening temperature: 300 K 

- Wires surfaces 

ÁĂNo slipñ Wall 

Á Fixed temperature: 1300 K, 1800K and 2300 K 

 

Å Solver setup 

- Default settings 

- MAX residual < ρπ  

Rijke Tube ANSYS CFX 
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Simulating the Rijke Tube 

Å Steady-state simulation with 1300 K wire temperature 

- Velocity: ὺ πȢυ ÍȾÓ, ὺ πȢχυ ÍȾÓ 

- Temperature: Ὕ σππ +ȟὝ τφτ + 

- Mass flow rate: ά ωȢςυϽρπ ËÇȾÓ  
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Transient Setup in ANSYS CFX 

Å Solver Setup 

- Default settings 

- Coefficient Loops: min. 2, max.15 

- Max Residual: ρπ  

 

Å Calculation of the time step size 

- Resonance frequency Ὢ was calculated considering the temperature jump 

through the heat source beforehand  

- Ўὸ  Ͻ  

- Ўὸ σψ ʈί  for all simulations  

 

 

 

 

 

 

 

 

Parameter Value Unit 

Ў╣  300 1000 1500 2000 K 

Ὢ  434 489 511 529 Hz 

Ўὸ - 46 41 38 µs 
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Transient Simulation of the Rijke Tube 

Å Start from Ambient Conditions with 1300 K wire temperature 
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Transient Simulation of the Rijke Tube 

Å Start from steady-state solution 

- Wire temperature of 1300 K 

- Oscillation starts immediately 

- Limit cycle is reached 1 s earlier 

- ANSYS CFX can represent thermoacoustic oscillations 

- 3 s simulated time ᵼ 3 day real time at 4 CPU Cores 

Slide 10 B.Sc. Dennis Paschke 

Start from ambient conditions Start with steady-state solution 
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Transient Simulation of the Rijke Tube 

Å Also instable at higher temperatures 

- Higher mean flow velocities and heat release rates 

- Higher amplitudes 

- Limit cycle is formed faster 

- Enough energy input to stimulate more frequencies 
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1800 K wire temperature 2300 K wire temperature 

Temp. 1st harm. 

1000 K 482 Hz 

1500 K 501 Hz 

2300 K 516 Hz 
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A Simple Heat Transfer Approximation 

Å Reduce a complex 3D instability effect to an approximated 1D mathematical 

context 

- Context: ὗὸ ͯ ὺὸ 

Áὗὸ) is the heat release rate over the wires 

Áὺὸ is the velocity straight before the wires in pipe-axis direction 

 

- Decomposition of ὗȡ ὗὸ ὗὸ ὗ ὸ 

- Decomposition of ὺȡὺὸ ὺὸ ὺ ὸ 

Áὗὸ ͯ ὺὸ 

Áὗ ὸ ͯ ὺᴂὸ † 

Á† ï time delay between ὗᴂ and ὺ 

 

- Model: ὗὸ ὊρϽὺὸ ὊςϽὺ ὸ † 

ÁὊρ   

ÁὊς   
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Ⱳ 

1300 K 



36. CADFEM ANSYS Simulation Conference  
October  10 ï 12, 2018, Congress  Center Leipzig  

F1, F2 and Ⱳ Determination 

Å Time development was observed 

- Stable mean at the beginning (low amplitudes of  

ὺᴂ and ὗᴂ) 

- Small change when fluctuation amplitudes grow 

bigger, due to a mean shift of ὗ 

- Stable mean at the limit cycle 

- F1 and F2 are calculated by taking the mean at 

limit cycle part 

- Ⱳ is calculated via phase angle between ὺᴂ and ὗᴂ 

 
1300 K 1800 K 2300 K 
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1300 K 

Ⱳ = 244 µs Ⱳ = 229 µs Ⱳ  = 221 µs 
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ANSYS CFX Model without Wires 

Å Wires are replaced by Subdomain 

- Isotropic Loss Model with ὑ  set (flow resistance through wires) 

- Total heat source term activated 

- Source: ὗὸ ὊρϽὺ ὸ ὊςϽὺ ὸ † 

- ὺ  - area average at plane below the wires 

- Source defined via User Fortran routine 

 

 

Å User Fortran Routine 

- Routine stores ὺ  for 20 periods 

- Calculates ὺ , ὺᴂ , ὗ and ὗᴂ 

- Returns: ὗὸ ὗ ὗᴂ 

 

ᵼ ὗὸ ὊρϽὺ ὸ ὊςϽὺ ὸ †  

  

     

 

Subdomain 

Heat Input: ὗὸ 
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areaAve(ὺ ὸ  


