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Numerical Investigation of Compound Choking Phenomena in Small Nozzles

Topic

With the advent of increasingly capable small spacecraft targeting higher and more varied orbits, collision

avoidance and de-orbiting requirements dictate the need for correspondingly capable and compact propul-

sion systems. Such propulsion systems present unique design challenges. Thruster nozzles targeting small

satellites in particular have to contend with significant viscous effects and operation near the transition re-

gion of turbulence. Small-scale fluid dynamics can significantly impact thruster performance and remain a

challenge due to the difficulty of characterising the flow field experimentally.

Figure 1: Density Gradient field, ILES simulation of straight choked nozzle performed at TUM

As the Reynolds number of small, converging nozzles is reduced, the pressure ratio Pb/P0 at which choking

is observed diverges from values predicted by isentropic theory. Moreover, this relationship is non-linear

and it has been suggested that both boundary layer transition and boundary layer development significantly

impact the choked condition [3]. Existing research suggests that boundary layer thinning near the exit of a

converging nozzle leads to the creation of an artificial, narrower throat upstream of a converging nozzle exit,

inducing supersonic exhaust conditions in small nozzles - a phenomenon known as compound choking [2].

However, a supersonic exhaust condition alone does not indicate improved performance, as viscous losses

lead to pressure and density loss in the throat [1].

In this investigation, 2D CFD methods will be validated against a reference experiment employing a straight

nozzle for a range outlet conditions and Reynolds numbers. Numerical predictions of viscous and turbulent

effects will be critically evaluated. Finally, optimal operating and design conditions for a small converging-

diverging nozzle will be established, with a real cold-gas propulsion system in view.

Page 1/2



Chair of Space Mobility and Propulsion (Prof. Manfletti)
TUM School of Engineering and Design
Technische Universität München

Tasks

• Familiarisation with literature on boundary layer and compressible flow

• Investigation of compound choking in a straight nozzle using 2D CFD

• Evaluation of existing turbulence modelling methods for predicting compound choking

• Performance prediction of a small converging-diverging nozzle operating across a range of conditions,

accounting for viscous and transition effects

• Documentation and presentation of results.

Your Profile

• Student in Aerospace or Mechanical Engineering.

• Experience with OpenFOAM or Ansys FLUENT desirable

• Interest in Fluid Dynamics

Contact

Tomas Mrazek

tomas.mrazek@tum.de

www.asg.ed.tum.de/spm
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