
Flow Visualization of a Scramjet Inlet - Isolator Model in Supersonic Flow 

S. Seckin1, K.B. Yuceil2 

1Graduate Student, Dept. of Astronautical Engineering, Istanbul Technical University, 34469 Maslak, Istanbul, Turkey 
2Asst Prof., Dept. of Astronautical Engineering, Istanbul Technical University, 34469 Maslak, Istanbul, Turkey 

Abstract. Understanding the physical mechanisms and having insight to the complex flowfield involving 
unstart phenomena in supersonic inlets has gained considerable attention especially in the area of scramjet 
inlet/isolator aerothermodynamics. In this study, Schlieren visualization and computational analysis of shock 
wave structures in ramjet/scramjet inlet/isolator models in supersonic flow have been performed. Experiments 
were performed in the supersonic wind tunnel at the Trisonic Research Laboratory in Istanbul Technical 
University. The test section floor and the existing mechanism underneath have been modified to be able to 
mount the designed inlet/isolator model on the floor of the test section. The inlet/isolator model with a 12-
degree compression ramp is investigated at Mach 2 both computationally and experimentally. Computations 
were performed using Star-CCM+ software to investigate shock wave structures in and around the three 
dimensional inlet/isolator model as mounted on the test section floor as a guide for designing the experimental 
model. In the results, the effects of shock wave – boundary layer interactions with flow separations with were 
observed. Ensemble average of the density distributions on a series of planes from one side wall to the other 
from the CFD results agreed well with the Schlieren images obtained experimentally. The structure of the 
shock waves and angles obtained from the Schlieren images agree quite well with those obtained from the CFD 
results. The effects of lambda-shock formations which indicate possible boundary layer separations, reflections 
of shock waves, and shock wave – boundary layer interactions on inlet unstart phenomena have been 
discussed. In order to investigate inlet unstart mechanism further, different experimental setups have been 
suggested for future work. 

1 Introduction  

Developing reliable and affordable ramjet and scramjet 
propulsion technologies is vital for realizing routine 
supersonic and hypersonic transport. Ramjet/Scramjet 
engines are air-breathing engines that use the surrounding 
air as a working fluid. High Mach number air is first 
slowed down and compressed by the inlet/isolator prior to 
mixing with fuel and then sent to the combustor. Hot 
exhaust gases pass through a nozzle and produce thrust. 
Ramjet/Scramjet uses forward motion of the vehicle to 
compress incoming air at the inlet instead of a rotary 
compressor in conventional jet engines. Therefore, they 
have less moving parts and they are much lighter than 
turbine engines. 
 

In ramjet, air is slowed down to subsonic speeds by 
a system of shock waves in the inlet/isolator. Therefore, 
the combustion takes place at subsonic speeds. Hot 
combustion gases are accelerated through a convergent-
divergent nozzle to supersonic speeds. Inefficiencies 
regarding performance loses occur due to shock waves in 
the inlet/isolator. Also, thermal and mechanical loads 

increase on the combustion chamber walls. Because of 
these performance limitations, ramjet propulsion is not 
suitable speeds above Mach 5 [1].  

 
In scramjet (supersonic combustion ramjet), 

although the incoming flow is slowed down and 
compressed through the inlet, combustion process occurs 
supersonically. Therefore, the engine is less susceptible 
to total pressure losses than the ramjet due to weaker 
shock waves and is relatively more efficient for 
hypersonic flight. Also compared to rockets, which must 
carry their own oxidizer, scramjet engines are more 
efficient for a flight in the atmosphere [2]. Developing 
scramjet technologies will lead to vehicles with 
affordable and reusable air-breathing hypersonic engines 
such as cruise missiles; long range aircraft and space-
access vehicles for taking off and landing such as 
airliners [3]. 

 
In figure 1 a schematic of a scramjet is shown. 

Forebody provides the first compression of airflow. 
Shock waves in the inlet/isolator convert the dynamic 
pressure due to the velocity of incoming air into higher 
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