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Fourier’s Law for the Heat Flux 

Monolithic TSI 
• Solving of the coupled nonlinear system simultaneously 

 

 

 

 

• Exact fulfilment of coupling condition 

• Good preconditioning strategy is required 

• Robust, efficient solution strategy based on block-Gauss Seidel preconditioning   

  combined with algebraic multigrid (AMG) for the approximation of diagonal blocks 

• Large linear block system of equations 

Materials for Thermo-Structure Interaction 

Isotropic, linear Fourier’s Law for the Heat Flux 

Loosely coupling of TFSI based on Dirichlet-Neumann partitioning [1] 
Step 1: Dirichlet values of the solid are 

            applied to the fluid 

Step 2: Fluid is advanced in time  

             (including subcycling) 

Step 3: Neumann loads of the fluid are 

            applied to the solid 

Step 4: TSI system is advanced in time 

Outlook – Thermo-Fluid-Structure Interaction 

Numerical Examples 

Partitioned TSI vs. Monolithic TSI 
• Partitioned TSI only applicable for specific choice of material parameters 

• Monolithic TSI applicable for the whole range of material parameters 

• Partitioned TSI much slower, even if acceleration techniques are considered 

Partitioned TSI 
• Default in literature for solving TSI problem 

• Individual fields may be treated by existing field-specific software packages 

• Loosely and strongly coupled partitioned algorithms 

   Drawbacks: loosely: only conditional stable, strongly: slow convergence 

Available time integration schemes for TSI: generalised-   , one-step-   scheme 

Fully 3D Rocket Configuration Including Cooling Channels 

Material Parameters 

Internally loaded Hollow Sphere 

 

 

 

 

 

 

 
 No convergence of partitioned TSI with full coupling and modified system 

 Solution times partitioned/monolithic TSI 434.2% 

• Geometrically linear analysis and thermoelastic material 

• Geometrically nonlinear analysis and thermoelastic material 

• Geometrically nonlinear analysis and 

• Small strain thermo-elasto-plastic material 

for copper  [4] 

• Thermoelastic material for nickel 

• Apply combined thermomechanical loading and one-step-   time integration scheme  Project Goals 

• Improved understanding of the complex problem of thermo-fluid-structure 

 interaction (TFSI) for the design of future rocket nozzles  

• Correct and precise prediction of mechanical and thermal loads acting on a rocket 

 nozzle during flight conditions 

• Development of a numerical model for TFSI [1] by coupling a complex turbulent 

 flow model including shock-boundary-layer interaction using LES [2] with the fully 

 coupled thermomechanical structure [3] 

Objective 

• Development of an overall 3D thermo-structure interaction (TSI) model enabling 

 the realistic complete thermomechanical coupling 

 In contrast to most literature, consider all coupling terms in the balance 

 equations for structure and thermo field 

• Development of a robust, highly efficient monolithic solution approach for TSI 

 based on block-Gauss Seidel preconditioning combined with algebraic multigrid 

 Solution times partitioned/monolithic TSI 141.25% 

• Additional modified system with                     (left), and                        (right) 

Thermomechanical Materials for the structure 

• Different temperature-dependent materials available  

• Additive split into mechanical and thermal parts 

 

• Thermoelastic materials with temperature-dependent Young‘s modulus 

 

• Thermo-elasto-plastic materials 

• Small strain thermo-elasto-plastic material with von Mises plasticity including 

mixed hardening and temperature dependency [4] 

• Small strain Robinson’s visco-plastic material [5] 


