
Numerical Simulation 
Nozzle flow simulations are carried out for unsteady, axisymmetric 
compressible flow using COMSOL. The flow is driven by an initial pressure 
condition that is representative of the experimental condition upon rupture 
of the diaphragm. No-slip, thermally insulated boundary conditions are 
prescribed at all boundaries, except for the symmetry axis.  
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Undergraduate Advanced Laboratory Studies on Supersonic Nozzle Flow 

Abstract 
Undergraduate studies are carried out in the advanced laboratory to examine the supersonic flow from an 
axisymmetric converging-diverging nozzle. Flow is initiated by the rupture of a diaphragm and exits from a 
small nozzle (with a 3/8” exit diameter) into standard atmospheric conditions from a one gallon tank.  
COMSOL simulations are carried out for the nozzle and comparisons are made to experiments based on 
high-speed video shadowgraph imaging and dual-beam interferometry. 
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Experimental Apparatus 
The nozzle flow apparatus is  constructed using a 1-gallon air pressure tank 
and a converging-diverging nozzle. A Mylar diaphragm is secured in a rupture 
disk holder that mates the tank to the nozzle. The diaphragm ruptures at tank 
gage pressures of approximately 65 psi, initiating the flow through the nozzle. 
The nozzle is designed with a throat to exit area ratio of 0.71, resulting in a 
Mach 1.8 exit flow condition. 

Heterodyne Interferometry 
Dual-beam heterodyne interferometer measurements detect changes in air 
density due to shock features through the resultant change in refractive 
index.  An acousto-optic modulator frequency-shifts the stabilized He-Ne 
laser light used in the interferometer arms.  When the frequency shifted light 
is recombined with original incident laser light, the phase change data from 
shocks is encoded in 80MHz beats on twin photodetectors.  An RF mixer and 
LABVIEW VI decode and extract total phase shifts as a function of time from 
the interferometer output.   
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Comparison between COMSOL simulation and heterodyne interferometer data. 

High-speed video shadowgraph imaging 
High-speed video shadowgraph imaging is utilized to study the initial flow 
from the nozzle. Light from a 400 mW 532 nm laser passes through an 
objective lens and spatial filter as shown below. The diverging beam passes 
through the nozzle exit flow region and is projected on a frosted glass window 
for imaging.   

The shadowgraph projection is recorded at 100,000 frames/second with a 
0.04 s shutter using a NAC Memrecam HX-3 digital high-speed video 
camera. Frame resolutions of approximately 200x200 pixels are achieved at 
these settings. 

Shadowgraph imaging sequence of the initial shock wave and nozzle flow. 

Shadowgraph imaging setup. 

Nozzle flow apparatus: Pressure tank and nozzle (left); rupture disk holder and membrane (right). 

COMSOL simulation: Axisymmetric model and initial conditions (left); density gradient field at 10 s intervals 
(right). The frames are synchronized with the shadowgraph image sequence for comparison. 

Interferometer measurements of total phase shift detected at various 
distances (10 mm, 15mm, and 20mm) from the nozzle exit are shown in the 
figure below. The first peak on the graph corresponds to the initial shock 
wave, and is followed by a decrease in phase, signifying the low pressure 
region following the shock. The dashed lines correspond to the predicted 
phase shift from the COMSOL simulation, which are evaluated by integration 
through the computed density field. 


