
NRC Publications Arc! 

Archives des publications du CNRC 

Acceleration tests on Orenda 2 jet en: 
Millar, D. A. J. 

For the publisher's version, please access the DOI link below./ Pour consulter la version de l'éditeur, utilisez le lien 
DOI ci-dessous. 

Publisher's version / Version de I 
https://doi.org/10.4224/40003858 
Laboratory Memorandum (National Research Council Canada. National 
Aeronautical Establishment. Engine Laboratory); no. NAE-ENG-30, 1954-11-04 

NRC Publications Archive Record / Notice des Archives des publications du CNRC : 
https:/Inrc-publications.canada.ca/englviewlobject/?id=2aadd041-5f0f-443f-bec-b585808ec1a4 
https //publications-cnrc.canada.ca/fra/voir/objet/7id=2aadd04 1-5f0f-443f-b3ec-b585808ec1a4 

‘Access and use of this website and the material on it are subject to the Terms and Conditions set forth at 
hitpsJ/nre-publications.canada.ca/eng/copyright 
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L'accès à ce site Web et utilisation de son contenu sont assujettis aux conditions présentées dans le site 
hitpsJ/publications-enre.canada caffra/droits 
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D'UTILISER CE SITE WEB. 

Questions? Contact the NRC Publications Archive team at 
PublicationsArchive-ArchivesPublications@nrc-cnre.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information, 

Vous avez des questions? Nous pouvons vous aider, Pour communiquer directement avec un auteur, consultez 
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous 
n'arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nre-cnrc.gc.ca 

- 
Πο ο Gone Canada



We NATIONAL AERONAUTICAL ESTABLISHMENT | no NABENGSO 
OTTAWA. CANADA 

Fue ⊽ ⊳≖⋀⊠⋍↓∘⋝∙ LABORATORY MEMORANDUM. 
Preranco ay DATM corv no 6 
cuecneo ey DATM Section Engine Laboratory osre# November 54 

DECLASSIFIED 
DECLASSIFIE 

suesect ACCELERATION TESTS ON ORENDA 2 JET ENGINE 

pacrancoey DA J MILLAR 

issucoro Internal 
RCAF 

THIS MEMORANDUM IS ISSUED TO FURNISH INFORMATION 
IN ADVANCE OF À REPORT. IT 1S PRELIMINARY IN CHARACTER, HAS NOT RECEIVED THE CAREFUL EDITING OF A REPORT. AND 



NATIONAL AERONAUTICAL ESTABLISHMENT νο. NAE-ENG~30 

2 4 
LABORATORY MEMORANDUM 

INTRODUCTION 

An AVRO Orenda Mk 2 jet engine was subjected to 
six socelerations 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- 
ments of the engine temperatures, speeds and pressures were made by observers on each instrument, who noted the reading 
at intervals called ot by a separate observer. The instrumentation was of the standard variety, and would be likely to laz a rapid change of the property being measured. Qualitatively, however, the results were quite informative, and the conclusions drawn should be valid, at least for the 
sea level static condition, and probably for low speed flight at low altitude. 

ENGINE AND TEST EQUIPMENT 

The engine was a production kk 2 Orenda, fitted with an afterburner pipe consisting of four feet of standard jet pipe, a 9° diffuser, a six foot section of 264 in. diameter pipe, and a standard area propelling nozzle. No flame holder | was fitted, and this exhaust duct had the same effect on the engine performance as the production jet pipi 

The instrumentation used included turbine outlet thermocouples located four. inches downstream of the turbine, jet pipe thermocouples in the diffuser section, a standard engine tachometer, mercury manometers measuring compressor eighth stage and delivery pressures, and a hot wire anemoneter jocated Just behind the first compressor rotor, which displayed the instantaneous air velocity at that point on an oscilloscope. 
This last instrument had been used to obtain infor- mation on stall patterns in the Orenda com operating conditions. .When ruming st: up to six stall regions are usually pres engine speed around the compressor. 

is shown in Fig. 1, the jog in the tr, Ba air velocity at the probe as th, 
ace representing a drop Stall region rotates past 
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Acceleration 4. 

DESCRIPTION OF TESTS AND RESULTS 

All the accelerations were started from a steady 
engine speed of 5350 rpm and the throttle was advanced 
steadily to the maximum setting in various (noted) times. 

Acceleration 1. Throttle advanced in 5 seconds 

Accelerstion normal 
Turbine outlet temperature (T.0.T.) from 480°C to 750°C 

in 10 sec. - no appreciable overshoot. 
Jet pipe temperature (J.P.T.) to 700°C in 13 sec. 
RPM and pressures normal 
Stalls disappeared from compressor after 3 secs. 

Acceleration 2. Throttle advanced in about 3 seconds 

Acceleration normal 
7.0.7. to 750°C in 5 seo. 
J.P.T. to 700°C in 10 sec. 
RPM and pressures normal 
Stalls disappeared in 24 secs. 

Acceleration 3, 

Throttle advanced in less than 1 second, surge held for 7 seconds and throttle retarded to a speed of 4800 rpm. 
Compressor surged in 14 seconds, surge not violent 
but sccompanied by rumbling sound 

Exhaust jet filled with dense yellow-= 
T.0.T. to 1150°C in 3 secs. 
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 4 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. 

mite flam 

Throttle advanced in 2 seconds. 
Compressor surged in 3 secs., and throttle w 

immediately retarded. Surge stopped. 
Flames as in Acceleration 3. 
Waximum readings:- T.0.T. 750°C, J.P.T. 850°C, Press. ratio 21/2, fluctuating. 



Acceleration 5. 

This repeated acceleration 3, for the purpose of 
photographing oscilloscope traces of stalls. Fig. 2 is the 4 
trace obtained while throttling back. The trace shows one | 

− feirly violent stall region, with more mild stalls in the i 
rest of the circumference. This surge was maintained for 
one second before throttling back. 

− Acceleration 6. 

This repeated acceleration 4, the surge being 
À maintained for two seconds. Figure 3 shows the oscilloscope 

trace while accelerating, and 1t can be seen that the air 
flow alternotes between a violent stall and above normal 

− velocities. No reverse flow can be detected, however. 
Figure 4 1s the trace obtained while decelerating. 

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

CONCLUSIONS 

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 seconds. 

2) The engine will not unsurge if the throttle is left 
advanced, at least no sign of unsurging is observed after 7 a 

3) The engine ünsurges readily by retarding the throttle 
However it takes up to 15 seconds for the stalls in the compressor 7 to be swallowed. 

4) the temperatures in the turbine and jet-pipe cer- 
tainly exceed 1200°C during such a surge, and probably reach 
near stoichiometric flame temperatures, or about 180030. 

5) It is estimated that a turbine blade would take 
about 15 seconds to acquire 90% of the nor in gas tempera- 
ture, so that a surge maintained for that period or longer could 
de expected to seriously damage the turbine. 
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