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On the Combustion and Unstart Processes of a Scramjet Engine Model

by
Tetsuji SUNAMI, Noboru SAKURANAKA, Takashi SHIMURA and Masatoshi KODERA ™

ABSTRACT

Main purpose of this experimental and numerical study is to reveal a transition mechanism between two typical combustion modes called ‘weak-combustion’ and
‘intensive-combustion’ which have been observed in the engine firing tests at Mach 4, 6 and 8 conditions using RJTF (Ramjet Engine Test Facility). For this
purpose, flow structures in the combustor and their changes during the transition of combustion mode are investigated by means of cold flow tests as well as
numerical simulations in which combustion pressure is simulated using flow-plug set in the engine nozzle. Based on these results as well as the firing test results,
it is revealed 1) that self-ignition in the core-flow is impossible; ignition is possible only within the narrow regions of the boundary layer and the strut wake,
2) that combustion in the weak mode occurs within the attached and slightly separated boundary layer at the downstream part of the combustor and the
combustion is kinetically controlled, 3) that combustion in the intensive mode mainly occurs within the largely separated boundary layer and re-circulation area
and 4) that transition from ‘weak mode’ to ‘intensive mode’ is the consequence of mutual interaction between enhancement of fuel/air mixing and combustion
within the boundary layer and the growth of the boundary layer separation area due to the combustion. Such combustion characteristics are due to the fact that
in the present engine fuel/air mixing and principal combustion supporting the engine thrust strongly depend on the occurence of large scale boundary layer
separation and on the turbulent mixing as well as subsonic combustion within the separated boundary layer. The dependence of mixing and combustion on the
boundary layer separation results in the early transition into inlet unstart. For improvement of engine performance, it is indeed important to carry out efficient
supersonic mixing, ignition and combustion control in supersonic core-flow in the combustor.
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