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1. PURPOSE, This advisory circular (AC) provides guidance material for 
accepta~le means of de~onstrating comoliance with the requirements of Part 33 
of the Federal Aviation Regulations (FAR) relative to surge and 
stall characteristics and thrust response of turbine engines. These 
guidelines do not constitute a regulation and are therefore not 
mandatory. Ad<litionally, they are not necessarily the only means o: showing 
co'!lnliance with applicable airworthiness requiremeT'lts. This 
material applies to J.arge, high bypass ratio turbofan engines. 

2. RELAT-C:D FA"". SECTI0"!S. !'art 33, Sections 33 • .C.5 and 13.73 of the ?AR, 

3. RACKGROUND, T~is AC, relating to engine certification substantiation 
orocenures, is intended to assist in establishing tmiformitv in the 
certification process ann in the pre-certification test nlanning by 
defining certain terms and procedures which are in common use throughout the 
industry. 

4. DEFINITIONS. The definitions are provided to give clarity in 

understanding the intent of this AC. 


a. En~ine Surge: Surge is a response of the entire engine which is 
characterized by large fluctuation in engine pressures ~~th significant ~low 
reduction or reversal in the comuression system. 

b. En~ine Stall: Stall is a flow ~reakdo'-ll at one or ~ore compressor 

airfoils which can cover a wide variety of pressure disturbances producing 

mild fluctuations or stable reductions in en~ine pressure and flow. 


c. Engine Surge Margin: Surge margin is calculated from the 
quantitative di~ference between the value of a selected engine parameter at 
the normal steady-state opera ting line and the varue of that parameter on the 
verge of stall. This margin is usually expressed in percent of compressor 
pressure ratio at constant corrected flow. Other parameters may be used as 
lo~g as t~ey are clearly defined. 
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a. The curre'1t en~ine and aircrRft certification nroce~ures an~ 
the FAR have evolve<l hased upon the experie~ce of pas~ programs. ~v 

application of the current procedures, t~e en~i~e is usually 
certificated prior to testing in the bte'1ded aircraft. This 
provides the aircraft manufacturers with a pretested powerplant uno~ 
which to base aircraft certification testing. 

b. In applying these nrocedures to a ~ive<1 aircraft/e,~ine 
certification, changes to the engine or aircraft may be renuired to 
i~prove the engine ooerating characteristics as part of the 
certification of the aircraft/engine co~~ination. These changes, as 
they affect the eno,ine as certificated nnrier ?art '33 o~ t'he ::'A..~, are 
handled as engineering changes to t,e e'1gine tyoe riesig~ with the 
ap-::,roval of the Federal A.viation AriT"flin Lstration (FAA). 'Rv 

application of these nrocedures, any un~esirable install~d engine 
operA.tin1; characteristics that become ann.;rent during the aircraft 
certification process are addressed, ~orrective action is then 
implemented prior to issuance of the aircraft tvoe certificate. 

c. The maximum inlet pressure distortion for which it has ~een 
demonstrated that hlade stresses are accepta>ile and operation is free 
from hazat"dous surge should be incl1Jded in the en;,;ine installation 
manual as a ba~is for establishin~ comnat{bility of the airframe 
il'llet. 

6. A'?PROACH. 

a. Goals, ~ya com~ination ot tests or tests and analyses, the 
engine manufacturer should show that the engine characteristics are 
sue~ t~at the e~gine will start and ooerate free from hazardous surge 
and wit~ sufficient thrust response throughout the engine's operating 
envelo~e. In addition, the e~gine should he capable of withstanding 
a surge at takeoff power, without structural failure, significant 
overtemperature, flameout, damage sufficient to preclude recovery of 
engine power, or damage that will lead to subsequent failure, 

b. ~lans. ~rior to the initiation of engine surge and stall 
certification testing, the enr,ine ~anufacturer should present the ~AA 
with a ?lan which outlines his approach to demonstrating compliance 
with the rep,;ulations. This plan should <iescribe the engine 
configuration, engine operating requirements, component and engine 
test f~cilities, test procedures and analyses. This plan should 
adnress the <letermination of the ~tarting capability and transient 
response of the engine, including transient acceleration anrl 
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deceleration charact'=ristics bo:h "t,.'ith and tdthont engine bleef. a"
and power extraction. The Dlan may procose to use analyses, sea 
level tests or altitude tests. The enrine operating requirements 
should be based on oast experience ~~th similar en~ine tvnes, 
includi11g inlet di storUon and recovery effects, since the 
performance characteristics of the engines are oredicated on the 
efficient matchin~ o: inlet and engine operating characteristics. In 
satisfying: the takeoff surge recovery requirement, unplannen surges 
encountered during certification testing and/or surge experience ~~th 
similar hardware may be considered. 

c. Analyses. Quantitative evaluations of the estimated levels 
of surge margin and engine stability and response should be oerformerl 
throughout the anticipated flight environ~ent. A computer model of 
the engine may be used in this evaluation to augment results obtained 
by other primary techniques, such as engine and/or comnonent tests 
and analyses. However, prior to acceptance of computer ~oneling, the 
anplicant will be expected to present validation that the monel has 
been success:ully used to predict actual test points. The evalua:ion 
~~11 normally account for those factors which change engine component 
surge lines and/or their operating lines, thus affecting en~ine surge 
margin and/or thrust response. ~or example, the evaluation M~ll 
normally consider (hut not be limited to) the effects of: 

(1) Engine service rleterioration. 

(2) :Maximum allowable combinatio7is of compressor /turbine 
matching due to build tolerances. 

(3) ~aximum allowa~le combinations of rigging tolerances for 
v~riable ~eometry, hleeds, and control functions. 

( 4) Maximum a1.lowable combination of slue rates for variable 
geo~etry blee~s and control functions. 

(5) Mac~ number. 

(6) Altitude (Reynolds number effects). 

(7) Inlet distortion effects. 

(8) Ingestion of heavy rainfall within the ooerating 

envelooe (Reference Ar 20-124). 


(9) Ingestion of runway water under takeoff and idle Power 
(Reference AC 20-124). 

(10) Power transie~ts (slo~ to snap), such as fro~ flight 

idle to maximum ~ower. 


Par 6 Par;e 3 



AC No. 33.~5-l 12/6/85 

The above effects can occur both in isolation and in combination. 
Possible interactions should be recognized and accounted for in the 
analysis. The rationale for including or excludin~ any factor in the 
evaluation shoul<l be presented and normally supnorted by test or 
onerational experience. 

d. Comnliance Testing. Verification testing is require<l to 
~e~onstrate compliance. Since engine certification generally 
nrecedes aircraft certification, any engine compliance testing is 
<lone usin~ generalized conditions that encomnass the anticipated 
aircraft environment. Selection of these conditions shoulrl be based 
on the engine manufacturer's past exoerience and paragraph ~.c., 
Analyses. 

(l) To acco~nlish engine cornnliance testin~, inclu<ling 
transient operating characteristics, an approoriate combination of 
ground test, flight test, and/or the use of altitude test facilities 
is acceotahle, 

(2) The objective of altitude testing is to determine the 
effects of t"le aircraft environment. '!'lie testi'lg oroce<lure should 
inclu<le the following: 

(i) A auantit~tive netermination, by ground level 
en~ine testing or pre;erahly i~ an altitu~e test facilitv, of the 
component operating line levels and the transient operating 
characteristics, includin~ acceleration and deceleration, The sur~e, 
stall and fla~eout boundari~s will normally be defined by test or 
test and analysis, 

(ii) ~he use of a computer model or other means to 

perform a quantitative analysis of the onerating characteristics 

i~entifien ~y the above testing and analysis over the complete 

operating envelope of the engine. As noted in paragraph 6.c., 

Analyses, validation of the computer model will be expected. 


(iii) T~e basis of t~is analysis should be used to select 
altitude deraonstration conditions. The scope of testing should 
include the range of a~ticioated aircraft altitude and engine bower 
lever transients. In situations where the test facility precludes 
testing undec some of the desired conditions, analysis should he 
performed to evaluate the engine cmer;itin~ c'haracteristics in the 
anticipated aircraft environme~t. However, analysis or computer 
modeling shoul'."l not be the exclusive i!lethods presented for altitude 
~e~onstr.~tion during basic engine certi~ication. 
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(3) The caoabili ty of the engine to ..i_ thstanc. a rota tins stall 
and/or surge, depen~ing o~ an anticipatea instability occurrence durin~ 
operatio", 2t t;:il:eoff Powe:-, for a '.")erior' o~ tir:ie ~ ,ich is recuirec ;:or c 
ere~ to ta~e corrective action, sh~uld be substantiate~. ne~onst:-atio~, 
..Thi ch may be basec on in sta:-iil i ties occurring during the develoome:1 t 
progra1c., sl-ioul<l inclune the ability of the enp;ine to run at rated ta'izeoff 
n~wer 1d thout exceedin~ limits follo\,.."in!? the rota tin~ stall anri/ or surge 
and bv examination of the actual hardware. 
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