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1. Abstract

The possibility of establishment of the continuously rotating detonation was first
demonstrated in early sixties of last century by Voitsekhovskii at all for the oxy-acetylene
mixture [1], but continuous detonative combustion for fuel-air mixtures was demonstrated
only at the end of XX Century [2]. Later many research on rotating detonation were
conducted for air mixtures with different gaseous fuels [3-7], but no conclusive results were
reported for liquid fuels-air mixtures. Only recently research on establishment of the
continuously rotating detonation for the mixture kerosene-air mixtures with addition of
gaseous hydrogen were conducted at the Warsaw University of Technology (WUT) and at the
Institute of Aviation (IoA) in Warsaw. In the paper development of continuously rotating
detonation in cylindrical chambers in WUT and in I0oA are described.

2. Research Facility

The experiments were conducted at two different facilities. In both cases experiments were
conducted for Jet-A fuel with addition of gaseous hydrogen with air, and the auxiliary
detonation tube was used as the initiator. At WUT facility (Fig.1), due to the tank based
supply system, duration of the experiment was limited to a part of the second (up to
0,6 s) while at 10A experiments were carried out using continuous flow of air and could last a
few seconds. Schematic diagram of the I0A facility is presented on Fig.2. In the I0A facility
air can be preheated to the temperature of about 100 °C, while the pressure was basically close
to atmospheric. In both cases research was carried for the different ratio of gaseous hydrogen
and Jet-A fuel.
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Fig.1. Picture of the research facility at the Warsaw University of Technology.
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Fig.2 Schematic diagram of the test stand at the Institute of Aviation: 1.Air inlet;
2. Hydrogen supply system; 3. Combustion chamber; 4. Jet-A supply system

3. Experimental Results

The main aim of the research was to evaluate condition under which continuously rotating
detonation could be established with minimum addition of gaseous hydrogen. In both cases
small addition of hydrogen to nearly stoichiometric Jet-A with air mixture resulted in
establishment of the continuously rotating detonation wave in both experimental chambers.
Typical experimental pressure measurements of the continuously rotating detonation wave are
presented on Fig.3 and on Fig.4.
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Fig.3. Variation of pressure as a function of time at WUT test chamber. Top pressure record
is the enlargement of the segment of the part of bottom record when both hydrogen and Jet-A
liquid fuel (from 0.17 to 0.35s) were supplied.
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Fig.4.Variation of lambda and pressure at 10A test chamber: a) Variation of lambda against
the time for hydrogen only (black line) and for total fuel added (hydrogen and Jet-A) — blue
line. Please note reference line for the stoichiometric composition and the time gate for
hydrogen valve opening; b) Variation of pressure against the time at 10A test chamber. Please
note indication of beginning and end of injection of hydrogen and Jet-A; ¢) Enlarged part of
the pressure record from (b) chart when both hydrogen and Jet-A liquid fuel was supplied.



For all tested mixture combinations stable rotating detonation was possible when hydrogen
equivalence ratio was close to 0,25 (Lambda about 4) and overall equivalence ratio close to
unity. Variation of lambda as a function of time for hydrogen and total fuel (hydrogen and Jet-
A) is shown on the Fig.4a. For this case lambda is slightly higher than one, so its means that
mixture composition is close to the stoichiometric concentration, but slightly on the lean site.

4. Summary and Conclusions

Research of the process of initiation of continuously rotating detonation in the
cylindrical chamber were conducted at the two different test stands. For both cases continuous
rotating detonation was achieved with relatively small addition of gaseous hydrogen to Jet-A
liquid fuel mixed with air. In all cases rotating detonation was stable, however for lean
hydrogen-air no detonation or “galloping rotating detonation” was only observed. Its seems
that in larger chamber (research test stand of the IoA —is 252 mm in diameter) less hydrogen
will be needed when initial pressure of the mixture will be increased to 2-4 bar. To
demonstrate this further research are necessary.
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