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1. PURRWE. This advisory circular (AC) provides guidance material for
accept abl e nmeans of denmonstrattiingz conpliance with the requirenents of fart 33
of the Federal Aviation Regulations (FAR) telatfiwe to surge and

stall characteristics and thrust response of turbine engines. These

gui del i nes do not constitute a regulation and are therefore not

mandatory. Additionally, they are not necessarily the only nmeans of showi ng
cofplliance Wi th applicable airworthiness requirements. This

nmaterial applies to ?arge, high bypass ratio turbofan engines.

8~ RELATYD FA? SECTTOORS. Part 33, Sections 33.65 and 33.73 of the WR.

3. BACKGROUND. TWis AC, relating to engine certification substantiation
procedures, is intended to assist in establishing uniformity in the
certification process and in the pre-ecertiiffiicaitiion test planning by

defining certain terns and procedures which are in comon use throughout the
i ndustry.

4, DEFENIMIGQNE. The definitions are provided to give clarity in
understanding the intent of this AC

a~ Engine Surge: Surge is a response of the entire engine whit¢h is
characterized by large fluctuation in engine pressures with significant Xow
reduction or reversal in the comxessdi@n system

b. Engine Stall: Stall is a flow breakdown at one or nore conpressor
airfoils which can cover a wide variety of pressure disturbances producing
mld fluctuations or stable reduettfianss in emsine pressure and fl ow.

€. Engine Surge Margin: Surge margin is calculated from the
guantitative difference between the value of a sel ected engine paranmeter at
the normal steady-state operating line and the vallue of that parameter on the
verge of stall. This mmargin i s usualllly exwressed i n bPercemit of conpressor
pressure tatie at constant corrected flow  8ther parameters may be used as
loeng as they are clearly defined.
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S. DELATIOMSHI® TO ATRCRAFT CERTITICATION DPRACEDURTES.

& The current emtime and aircraft certification vosesines an?
the FAR have evol ved hased upon the exmeriesxe of past program By
application of the current procedures, the engine is usually
certificated pri®r to testing in the intended aircraft. This

provides the aircraft manufacturers with a pretested powerallant unon
which to base aircraft certification testing.

b. I n applying these nroocsbwes to a given airetraft//ens)iree
certification, chamres to the engine or aircraft may be required to
i mprove the engiime operating characteristics as part of the
certification of the aircraft/engine conbination. These changes, as
they affect the egyiine as certificated tnder Part 33 of the P4%, are
handl ed as engi neering changes to the endine tvme design with the
apxovadl of the Federal hidiation Manhh Séteddion (FAQ.. RV
application of these pbroeedures, any undesirable installed engine
operattiimg characteristics that beconme apparentt dutriimg the aircraft
certification process are addressed. CotreeXiiwe action is then
impl emented prior to issuance of the azlweraffit tvee certificate.

€0 The nmximuwm inlett pressure distortion for which it has been
denonsttraited t hat Whalle stresses are acceptable and operation is free
from hazardous surge should be included in the engine installation

manual as a basis for estaihlishiing compatiibilliityy of the airframe
inlet.

6. AMRDACH.

a. (Coals. Ry a conbination of tests or tests and anal yses, the
engi ne maactadrueer should show that the engine characteristics are
such tat the eggime Will start and ooerate free from hazardous surge
and with sufficient thrust response throughout the engine's operating
envellege. In addition, the engine should be earsble of withstanding
a surge at takeoff power, wthout structural failure, significant
overtenperature, flameout, damage sufficient to preclude recovery of
engi ne power, or damage that will |ead to subsequent failure.

b. Plans. ®?rier to theinitiation of engine surge and stall
certification testing, the ewine manufactuwresr should presemt the FAA
with a plan which outlifines his gypramch to denpnstrating cempliance
with the regulations. This plaa should describe the engine
confilgmraitii9m, engi ne operativgrequirenents, component and engiine
test facilities, test procedures and analyses. This pllan shoul d
address the determination of the starting capability and transient
response of the engiimez, including transient acceleration and
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decel eration characteristics bax® txth and wgtiklic engiine bhees acr
and power extraction. The plam ma% pnropose to use amahsess, sea

level tests or altitude tests. THe ewiime operatiing t &k iemenis
shoul d be based &h past experience kith simlar engiine tpReS,
irdluddihg: i nl et distortfiom and recovery effects, since the
performance characteristics off the engines are Prediieatted on the
efficient mat&iin® of inlett and engiine operating characteristics. In
satisfying the tateeff surge recovery requirement, ufnplanned surges
encountera during certification tesstdiqe and/ or surge experience bith
simlar hardware nmay be considered.

¢.. Anallwsess. OQuanttiittaitiinee eval uations of the estinated |evels
of surge margin and engine stability and response should be perforned
throughout the anticipated flight environment. A conputer nodel of
the engine may be used in this evaluation to augnent results obtained
by other prinary techniques, such as engi ne and/or commonent tests
and anal yses. However, brier to acceptance of conputer nodeling, the
appl i cant tillll be expected to present validation that the nodel has
been successfully used to prediiett actual test points. The eval uation
w311l nermellllw account for those factors which change engi ne conponent
surge lines and/or their operating lines, thus affecting engiine surge
margin and/or thrust response. ®or exanple, the evaluation will
normal |y consider (hut not he limted to) the effects of:

(1) Engine service deterioration.

(2) Maxiimuwm al | owabl e conbi nati ons of conpressor/turbine
matching due to build tolerances.

(3)) Maxinum alllewedhle conbi nations of rigging tol erances for
vari abl e geonetry, blleeds, and control functions.

(4) Maxiimum albowdHle conbi nation of shiitwe rates for variable
geonetiry bl eeds and control functions.

(5) Maem number.
(6) Altitude (Reynolds number effects).
(7) Inlet distortion effects.

(8) Ingestion dfeavy rainfall within the operating
envellome ( Ref erence AC 20-124)).

(9 Ingestion of runway water under takeoff and idle power
(Ref erence AC 20-124)).

WPy Power transients (slowto snap), such as ftoem flight
idle to maxi mum Bower..
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The above effects can occur both in isolatinmm and in comidimation.
Possible i nt eracti ons shoul d be recogni zed and aceountred for ia the
analysis. The rationale for including or exeluding anv factor in the

eval uation should be presented and nornmally supported by test or
operational experience.

d.. Conpliance Testdimg¥. Verification testing is required to
denonstrate conpliance. Since engi ne certtifftakitinh generallw
frecedes aircraft certification, any engine conpliance testing is
Aone usiing generalized condittions t hat eneonmass the awdticipmieost
aircraft environment. Selection of these conditions sheulld be based

on the engine manufacturer's past exeeriiemc® and paragraph kS€.,
Anallwses .

(1) To accamliisdh eytime comdliamee testing, including
transient operating characteristics, an ap3temtiaite conbi nation of

ground test, flight test, and/or the use of altitude test tacilitties
is acceptable.

(2) The objective of altitude testing is to deternine the

effects of the aircraft environment. The tesitihg Droeedwre shoul d
i ncl ude the folllovinag:

(i) A auantiitattiiwe determ nati on, by ground |evel
endjthe testing or preferably in an altitude test faeiilliitay, of the
conponent operating line levels and the transient operating
characteristics, includiim? accel eration and decel eration. The surge,

stall and flanmeeuit boundaries will normally be defined bytest or
test and anal ysi s.

(ii) The use of a conputer modell Hr other neans to
performa quantitative analysis of the operating characteristics
identiiffiiedl by the above testing and anal ysis over the conplete
operating envelope of the engine. As noted in paragrabh &cc.,
Anallyses,, validation of theconputer nodel willll be expkdesd.

(iii) The basis of this anallysiis shoul d be used to sel ect
altitude denonstration conditions. The $eobe of testing should
include the range of antietmatted aircraft altitude and engi ne bower
| ever transients. Insituations where the test facility precludes
testing under some of the desired conditions, analysis should be
performed to eval uate the engine epempitigig characteristics in the
antiiciimattesi ai rcraft environment. Mowewerr, analysis or conputer
nodkel 4z shoul d not be the exclusive nmethods ntesented for altitude
denmonstration durSmg basic engine certification.
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(3) The cavabiliiix of the eneiine to kithstand a rotatdiimg; staflll
and/or sutge, dePemiing On an amticbodwest instabiilliitty Ozlowrrencee dukiing
operatiiom 2it takeoff DoweY,, for a neriier® 6F tipe WitRh is$ tequiire? Fer 2
etew to take corrective actiiam, stdil b e sulbstantiate?. Me3A3stratio®,,
which may he base? on instabilities occurring #dutring the devel Obar3::
prograr, should i nclude the ability of the engiime to emA at rated takeefds
pPover tiithout excestling liwtits followine the rotatiing stalll sH/Qr sirge
and by examinmtiom of the actual bardwaree.

“ROBERT E. WHIZTINGTOX
Director, Pew England Region
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