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INTRODUCTION

An AVRO Orenda Mk 2 Jet engine was sub jected to
six mccelerations of varying rates to find the permissible
rate of acceleration for normal operation and to determine
the results of exceeding this rate. Because the installation
was not intended for recording transient information, measure-
ménts of the engine temperatures, speeds and pressures were
made by observers on each instrument, who noted the reading
at Intervals ecalled out by a separate observer. The
Instrumentation was of the standard variety, and would be
likely to 18z a rapid change of the property belng measured.
Qualitatively, however, the results were quite informative,
and the conclusions drawn should be valid, at least for the
sea level static conditlon, and probably for low speed flight
at low altitude.

ENGINE AND TEST EQUIFPMENT

The engline wes & production Mk 2 Orenda, fitted with
an afterburner pipe consisting of four feet of standard Jjet
pipe, a 9° diffuser, a six foot section of 264 in. dlameter
plpe, and a standard srea propelling nozzle. No flame holder
was fitted, and this exhsust duct had the same effect on the
englne performance ass the production jet pipe.

The Instrumentation used included turbine outlet
thermocouples located four.inches downstream of the turbine,
Jet plpe thermocouples in the diffuser section, a standard
englne tachometer, mercury manome ters measuring compressor
elghth stage and delivery pressures, and a hot wire anemometer
located just behind the first cocmpressor rotor, which displayed

the Instantansocus air velocity at that point on an oscllloscope.

This last instrument had been used to obtain infor-
mation on stall patterms in the Orenda compressor under normal
operating conditions. .When ruming steadily at 1dling speed,
up to six stall regions sre usually present, rotating at half
engine speed around the compressor. This number drops to one
stall reglion at 5500 rpm, and no stalls are normally present
above 5600 rpm. An oscilllograph showing a normal stall region
1s shown in Flg. 1, the jog in the trace representing a drop

;2 alr veloelty at the probe as the stall reglon rotates past




NATIONAL AERONAUTICAL ESTABLISHMENT pno  NAE=ENG=3Z0

3

PAGE

LABORATORY MEMORANDUM

-

i

oF

4

DESCRIPTION OF TESTS AND RESULTS

All the accelerations were atarted from a steady

engine speed of 5350 rpm and the throttle was advanced
2teadily to the maximum setting in wvarious (noted) times.

Acealsration 1. Throttle advanced In 5 seconds

Acceleration normal

Turbine outlet temperature (T.0.T.) from 480°C to 750°C
in 10 sec. - no appreciable overshoot.

Jet plpe tempersture (J.P.T.) to 700°C in 13 sec.

RPM and pressures normal

Stalls disappeasred from compressor after 3 secs.

Acceleration 2. Throttle advanced in about 3 seconds

Acceleration normal

T.0.T. to 760°C in 5 seon.
J.P.T, to 700°C in 10 sec.
RPY and pressurea normal
Stalls disappeared in 24 secs.

Acceleration 3.

Throttle edvanced in less than 1 second, surge held
for 7 seconds and throttle retarded to a spead of
4800 rpm.

Compressor surged in 1% seconds, surge not violent
but sccompanied by rumbling sound.

Exhaust jet filled with dense yellow-white flames.

T.0.T. to 1150°C in 3 sees.

J.P.T. to 1100°C in 5 secs.

Compressor pressure ratio approx. 2 1/4, fluctuating +1/3

RPM not noted, but steady, approx. 6000 i

Violent stalls in compressor. These were still
present after seven seconds in surge, and for about
15 seconds subsequently at about 4800 rpm, after
which the stalls were swallowed.

The surge was easily stopped by throttling back.

Aceceleration 4.

Throttle madvanced in 2 seconds.

Compressor surged in 3 secs., and throttle was -
immediately retarded. Surge stopped. '

Flames as in Accelerstion 3.

Maxlmum readings:- T.0.T. 750°C, J.P.T. 850°c,
Press., ratio 2 1/2, fluctuating.
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Acceleration 5.

This repeated acceleration 3, for the purpocse of
photographing oscilloscope traces of stalls. Flg. 2 is the
trace obtained while throttling back. The trace shows one
falrly violent stall region, with more mild stalls in the
rest of the circumference. This surge was maintained for
one second before throttling baeck.

Leceleration 6.

This repeated acceleration 4, the surge being
malntained for two seconds. Figure 3 shows the oscilloscope
trace whlle accelerating, and it can be seen that the air
flow alternates between a violent stall and above normal
veloclties. No reverse flow can be detected, however.
Figure 4 1s the trace obtalned while decelerating.

At the end of the test, the exhaust duet was removed and the
turbine visuaslly examined. No damage could be found.

CONCLUSI ONS

1) In order to obtain a surge in the compressor on the
test-bed, starting at a speed of 5300 rpm, the throttle must be
advanced to fully open in less than 3 aseconds.

2) The engine will not unsurge if the throttle is left
advanced, at least nc sign of unsurging is observed after 7 secondg.

3) Te englne unsurges readily by retarding the throttle,
However 1t takes up to 15 seconds for the stalls in the compressor
to be swallowed.

4) The temperatures in the turbine and jet-pipe cer-
talnly exceed 12009%C during such a surge, and prnhablg reach
near stolchiometric flame temperatures, or sbout 1800°C.

5) It 1s estimated that s turbine blade would take
about 15 seconds to aecquire 90% of the increase in gas tempera-
ture, so that a surge maintained for that period or longer could
be expected to seriously demage the turbinee.
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