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Research on control of intake/engine system
By

Takayuki Konnva®, Shujirou Sawar®, Tetsuya Saro”

Abstract : High acceleration and unstart of the intake are characteristics of the ATREX engine for
space plane. Studies about control of intake and supersonic air breathing engine model are
conducted experimentally to establish control sequences of the ATREX engine against these
phenomena and to extract the characteristics of control of the the ATREX engine.

A control test of an intake is conducted at ONERA S3MA supersonic wind tunnel to accomplish an
automatic operation of the intake under the high acceleration condition. The method of the detection
of the position of the terminal shock is established. As a result, we succeeded in controlling the
intake automatically and about 90% of the maximum total pressure recovery and mass capture ratio
are achieved without manual operation, The normal shock position could not be stable, because
there was unexpected disturbance caused by bleed holes of the cowl surface. 'Form change
operation' that is to start the inlet when the intake compression form changes from all external
compression to mixed compression is necessary. Mass capture ratio is used to detect the intake
unstart,

In order to study dynamic response of supersoitic air breathing engine and establish control logic
during intake unstart, restart control tests of a subscale engine model, that consists of axisymmetric
intake and turbojet engine are done at ISAS supersonic wind tunnel (Mach 3). Assuming the
condition that the combustion flame is blown out by unstarting, restart control sequences are set as

follows. First, after a wind tunnel is started, the core engine is ignited. Second, the intake is restarted
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while a rotational speed and a combustion gas lemperature of the core engine are controlled. Third,

after the restart of the intake, the intake spike position and the terminal shock position are
confrolled and intake total pressure recovery becomes the designed value (60%}. Tests are
successful and the engine thrust is recovered for approximately 30-40 seconds after the start up of
the engine. Sudden increase of the combustion gas temperature and rotational speed after unstart is
shown. "This phenomenon is inevitable for supersonic engines that apply turbojet cycle as a core
engine. To reduce sudden increase of the gas temperature, new sequence that is to close a fuel
comdrol valve after detection of the intake unstart is done, and an increase of the gas temperature is
reduced, Necessity of avoidance of the intake buzz is shown experimentally. To avoid the intake

buzz, 'huzz margin' control using the bypass door is proposed and succeeded,
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o AMTA U AT T ik

Outer diameter 130 [mm]
Total fength 2706 [mm]
170 {N] (Max.)
Thrust 7 (N] {ide)
Centrifugal,
Compressor One stage
. Axial,
Turbine One stage,
Reaction
Pressure ratio 4
. (.36 [kg/s] {Max.)
{
Alr flow rate 0.08 [kg/s] (IdI&
: 105000 {rpm] {(Max.}
Rotational speed 26000 [rom] %Idle)
Exhaust gas temperature 950 [K]

Fuel

Jet A-1
{Specific gravity = 0.81)

Fuel flow rate

6.1 [gfs] (Max.}
2.1 [gfs] {Idte)

Theoretical fuelfair ralio 0.07
ignition plug Glow plug
Combustor Annular

Fuel injection Vaporizer
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