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3 

GROUND TESTS OF HIGH-SPEED RAMJET DEMONSTRATORS

sensor indications [1] and processing the 
pressure sensor indications showed a 
coincidence within the limits of not exceeding 
5...10 %. 

 

 
 

Figure 2. Experimental installation for the study of 
combustion processes in subsonic and supersonic quasi-

air flows on a dynamometric platform. Components in the 
generator of high-enthalpy quasi-air flow are fed through 

flexible hoses perpendicular to the axis of the model 
combustion chamber. 

 

 
 

Figure 3. Performance tests in a high-enthalpy oxidizing 
flow of a sharp leading edge using a cooled model 

combustion chamber made by 3D prototyping of a heat-
resistant alloy of the Inconel type 

 

The accuracy of the indirect calculation of the 
combustion efficiency coefficient according to 
the indications of the pressure sensors p for 
uncooled MCC increases with decreasing size 
of the flow path and increasing the exposed 
surface of MCC. 
It should also be noted that in the experimental 
studies the geometric dimensions of the MCC 
structures change due to thermal loading which 
also causes additional errors in the calculation 
of the combustion efficiency on the registered 
experimental data. However, in comparative 
studies of different ways of fuel supply 
influence on the efficiency of the working 
process in the MCC both methodological 
approaches can be used for comparative 
evaluation of the combustion efficiency. 
Stationary operation mode of cooled MCC 
allows to investigate various materials, elements 
and assemblies of high-speed ramjet 
demonstrators for performance in high-enthalpy 
oxidative flow. These can be either structural 
elements with sharp leading edges [8] (figure 3) 
or structural elements and assemblies of CC 
demonstrators. 
Also elements and components of technological 
test cell equipment, for example, screens of 
thermocouple combs and pressure are tested for 
efficiency in a stationary high-enthalpy 
oxidizing flow. After carrying out the necessary 
preliminary cycle of experimental studies on CP 
scheme it seems appropriate to further develop 
gas-dynamic and technological solutions in free 
jet tests. 
 
3 Altitude tests of high-speed ramjet 
demonstrators in free jet 
 
Development of elements and units of high-
speed ramjets and FV as well as their 
integration should be based on further testing 
both on the ground test cells and in flight i.e. it 
is necessary to carry out preliminary 
calculations for two working fluids: atmospheric 
air and quasi-air test cell flow to account for the 
possible differences in the thermophysical, 
thermodynamic and chemical properties of the 
working fluids. It should these differences be 
identified especially for the tests at М5. 
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of the LSM, heat fluxes and the temperature 
distribution over the thickness of the thermal 
protection in the heat-loaded points of the LSM, 
the air temperature in the LSM compartments, 
the flow parameters and the thickness of the 
boundary layer at the intake inlet of the LSM 
and the mass flow of air through the engine 
were estimated. 

 

 
Figure 8. Mass flowmeter device (MFD) fixed to the 

nozzle of experimental object. 
 

The state of the LSM elements (including 
thermal protection) and the performance of the 
measuring system elements were also assessed. 
The character of the flow on the external air 
intake of the engine (laminar with transition to 
turbulent at the first wedge) and directly before 
the entrance to the engine (turbulent) was 
determined. The thickness of the boundary layer 
before entering the engine was ~25 mm. 
Panels of thermal protection of LSM GLL-AP 
showed their performance and durability under 
the conditions of tests and prospects for further 
research to be used as thermal protection in 
flight tests. Significant destruction of the surface 
of the panels of the thermal protection, changes 
in the shape of the panels resulting in a 
perceptible change in the operation conditions 
or the aerodynamic characteristics of the LSM 
were not detected. 
In the range of «small» hypersonic Mach 
numbers during ground tests in conditions 
closed to full-scale when the fuel is supplied to 
the CC of the LSM GL-AP positive effective 
thrust was registered created by the model 
engine in integration with the experimental 
flight vehicle (figure 9). During the test the 

longitudinal force sensors (figure 9) firstly 
showed the resistance of the experimental 
object. After the fuel supply and the combustion 
process began the excess of the force generated 
by the demonstration engine in integration with 
the experimental flight vehicle over the 
resistance of the experimental object was 
registered (figure 9). 

 

 
 

Figure 9. Indication of longitudinal force sensors during 
altitude tests of the experimental object 

 
The tests confirm thrust effectiveness of ramjet 
integrated with the aircraft on «small» 
hypersonic Mach numbers. 
It should be noted that during the test with a 
long (more than ten seconds) warm-up of test 
objects their resistance can be reduced by 10% 
or more. It was also fixed that for intakes with 
narrow regime diapason the heating of walls can 
lead to either non-start or failure of intake run. 
Conducting altitude tests at hypersonic Mach 
numbers is a complex task in itself. The vacuum 
in the working part of test rig is provided by the 
work of the exhauster machines of altitude 
compressor station. The generator of high-
enthalpy air flow creates the necessary total 
parameters of the working gas corresponding to 
hypersonic flight speeds. The duration of the 
tests on the test rig depends on the simulated 
operating parameters, the air supply in the 
balloon battery and the thermal condition of the 
experimental object [3]. Before the testing of 
certain experimental objects at the large test rig 
in CIAM it is possible to conduct experimental 
studies of test rig characteristics on scale model 
of test rig (figure 10) in the laboratory of 
hypersonic and plasma technologies of MIPT. 
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in free jet it is advisable to use of scanning 
pressure combs and special mass flowmeter 
device attached to the nozzle of the test object 
as diagnostic matter of flow interacting with the 
test object. Prior to the testing of high-speed 
ramjet demonstrators, it is desirable to diagnose 
the flow at the outlet of the ADN with the help 
of a scanning system for measuring pressure and 
temperature fields. 
The flow path of the test rig is preliminary 
selected by means of computational studies 
using high-level computing programs (CFD) 
and then experimentally is investigated on a 
scale model of test rig to confirm start-up and 
performance of test rig duct at different modes 
when loading the working part by the 
experimental objects. 
In the range of «small» hypersonic Mach 
numbers (5<М<7…8) during ground tests 
under conditions as close to real as possible 
when fuel was supplied to the CC of the 
demonstrator a positive effective thrust was 
registered and created by the model engine in 
integration with the experimental FV. 
It is registered that in the process of tests at long 
time (more than ten seconds) warming-up of test 
object its aerodynamic drag can decrease by 
10% and more. It is fixed that for air intakes 
with narrow regime diapason the heating of 
walls can lead to either non-start or failure of 
intake run. 
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