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Blowdown Tunnel 

Shadowgraph Imaging 

Pressure Measurements 

MATLAB Modeling 

• Pressure difference drives 

sustained supersonic flow for     

approximately two seconds 

• Converging-diverging (CD) nozzle 

accelerates flow to the design 

Mach number 

• Allows study of  supersonic flow 

and the receding shock front 

• Apparatus is simple, flexible, 

consistent 

• Visualization of  compressible fluid 

flows 

• Changes in index of  refraction 

correspond to air density variations 

• High-speed video or pulsed laser 

photography 

• Transient pressure measurements 

using Kulite XTL piezoelectric 

pressure transducers placed   

along nozzle  

• LabVIEW interface collects, 

converts, and stores data 

• Comparison of  measurement 

with numerical model 

• Model assumes isentropic flow 

and normal shock relations 

• Nozzle design based on method 

of  characteristics with boundary 

layer correction 

• 2010 - Initial construction and testing - Sarah Kaiser, Laurel Bestland,                  
Andrew Zabel, Adam Banfield 

• Summer 2011 - HSV & ALPhA Immersion - Ben Heppner 
• Fall 2011 - MATLAB GUI and Isentropic Flow model - Jennifer Schommer  
• Spring 2012 - LabVIEW interface for Kulite PZs - Mark Madsen, Robbie Hoglund 
• Summer 2012 - SPS award - Heppner, Pengxue Her, and Mark Turner  

Student work on the blowdown tunnel   

A fall 2010 student project in the Bethel University (BU) PHY420 Fluid 
Mechanics course was directed towards the design, construction, and 
initial testing of a small supersonic blowdown tunnel. The blowdown 
tunnel consists of high and low pressure reservoirs connected by a 
converging-diverging nozzle that can sustain a supersonic flow for about 
two seconds. Since its initial design as a lab project in 2010, the 
blowdown tunnel has received a number of improvements that make it 
a useful platform for further open-ended student projects in BU 
advanced lab courses. The tunnel allows for a variety of studies 
involving high speed compressible flows.  Preliminary studies have 
utilized high-speed video (HSV) shadowgraph imaging and piezoelectric 
pressure measurements with a LabVIEW interface to examine and 
compare the flow with numerical results from a MATLAB generated 
model of the system. The preliminary student studies, along with the 
flexibility of the blowdown tunnel apparatus, provide upper level 
students with the opportunity to design a variety of supersonic flow 
experiments in BU advanced lab courses.  
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LabVIEW Interface: Voltage and pressure data Kulite XTL Measurement: Pressure vs. Time 

Mach 3 CD nozzle 


