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Abstract 
A jet engine nozzle is required to change its flow path area to adjust the thrust. To perform this 
behavior, engine nozzle consists of movable thin plates and joints. Then nozzle can change and 
maintain its configuration by actuators. Inside the nozzle, high temperature and pressure flow impinge 
on its surface. It may induce complicated stress and strain in the structural components. To predict the 
complex behavior of an engine nozzle under such high temperature and pressure, coupled analysis will 
be generally required between fluid and flexible multibody dynamics. 
In this paper, various components of the nozzle were modeled as flexible multibody elements. Then 
temperature and pressure on the nozzle wall were predicted by the steady-state flow analysis, 
especially for the two-dimensional nozzle. For the coupled analysis, the patent two-dimensional nozzle 
configurations [1] were selected.  
 

 
Figure 1: Two dimensional multibody configuration for the present patent nozzle 

 
For the present configuration, flow analysis was performed based on CFD. Unstructured meshes were 
applied. Stagnation boundary condition was adopted for the nozzle inlet, and nozzle surface was 
assumed as adiabatic wall. 
 

 
Figure 2: Unstructured meshes and boundary condition for the present simple nozzle 

 
In this paper, the one-way and both-way coupled analysis was performed. Figure 3 shows flowchart 
for both analyses. 



 

 
 

Figure 3: Flowchart of the both coupled analyses 
 
At first, one-way coupled analysis was performed. For the present nozzle configuration, rotation in the 
joints was restrained in order to maintain the nozzle shape. Heat conduction and thermal analysis was 
conducted by MSC.NASTRAN. Total strain results were obtained as a summation of the mechanical 
strain and thermal strain. For a both-way coupled analysis, structural deflection induced at the nozzle 
wall was delivered to flow analysis. Such both-way information exchange process was performed 
repeatedly. Figure 4 shows the total strain results of both-way coupled analysis. 
 

 

 
Figure 4: Total strain result of both-way coupled analysis [μ-strain] 

 
In the next step, torsional springs will be added instead of revolute joints to maintain the nozzle shape. 
The result will be compared with those predicted by using RecurDYN. And coupled analysis 
procedure will be extended for a three-dimensional nozzle configuration. 
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