Introduction

1., In tac last lesson we denli with the turbine aascoblics, their build-up
and wetion nnd i-l: wris gean thob tueir efficicnoy wons cependent anong other
things on the tenperature drop sercss the turbipe, and the degree of hoat the
turbine could withstand, Up to tho present the patcrisls and desigm of the
sooling syataens perndt turbine opevating temperaturcs of seocwhere in the
reglon of 920°C, This high toopernture brings about high stresses om the
blzdes; another considerition 4o be tzken into aceount is Centrifugsl Loadings,

2, At the high rpn neceascxy for efioclent cperntion, wvery high loads are
inposed on the blades, not only on their sttachment to the disc, but on the
blade itself. Due to ths mass of the bBladea., We lmow 211 netods hove oo certain
1irdd ang when the load is romoved it will return to its formor size. This
shility of the motal tu rsturn to its originsl size is dependent on the anount
of the lead, the rpm and the tenperature. I the rpos and temperaturcs ore low
then tho natorind will rotain its ’*1:‘,31:"'0:“;"-" for o vory long tine, if hiovever
the rpn and tenperature, particularly the tomperature, are inereased, then 'I:'*le
onterizl will eventunlly frocturc

3. Iiow if' we consider the condition z turbine in = ;}eu sngine is D};“r:ting
under, we will see thet both the tenperature and rpo vory conaiderably, The
tuoserature is in direct rolation 4o the fucl burnt, ie, JFT.

Lirite

L, The 2 oedr considerstions ore, of course, the ”1“‘.1!'1‘t of lozd and the
tenperaturs, beenuse both howve ohwilous lirdta, whiek e be axecoeded with bad
engine handling. The oaxdrun JPP eim be cxceeded, Tor instmmee, during =z
"Conpressor Stall" eonditicon, whils the arount of lued con be cxceeded Ly
exceacing the maxi-wun rpr.

Crosn

5. The inability of the turbing bimles to return Exft}tl}" to their original
sizo is terrmod "Turbine Blede CGreep', or thoe amount the blades vill slongate
in o given time, undcr certoin toperatures and lood, This creep cocurs in

i
3 phazes, Primcry, Sccondayy, =nd Tertiory.

I.

£. The Prismry phose inkes pluee in the first fow hours of running and is
ot oo Talrly high rate,

Iy

7« The Jecondory f_ﬂl?:_-.":. is ot ¢ .ach reduced rato, while the Tertinry phase
is ggndn 2t o very rapid rote, and =30e short tine durdng the Tertiary phase
the hlado will fracture,

8. It follows, thorefors, thel umdar no eireunstonccs nust o turbine nssenbly
Yo nllowed to enter tho Tertiory phase, and to ensure conplete safedy 1t 1s
necessary to limlt the runrdng tine to sovie portion of the SscomGary phinscs

U Fron what hos been sa3d 45 follows that engine licdiiaticons
slrictly adhered 4o rmd ary inercesoscs beyvond the licdds lzid downomu
r-ap:rtcfi and the engine checlked,

MB: The life of the Viper cnginecs nre: B0 hours for the 102, nnd
490 hours for the 202,




10, Croop life is offaeted Wy:

&e Tompornturc,

Ve Tine at thetl tegorature,
ce lond rpm.

d. lUaterial qu-litics,

11, Tho o=terial 4s usurlly fixed early in the dosipn state «nd rpn haa
already bown mentionad, The recadning villainas sre therefors, tonperature
and ti=a,
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12, Tre srsph showa = plot of turbime crcep Life asvizst torperture, and

it e~n be seon thet continuous I".-E—nf., 2t tkto-off tu..tpar ture would glvo &
um*p 1ifo of 220 hours nnd at 775 five z oreep 1lifc of 2bout 15 hours,
A single BYCT=LREPCIN Uy bo 7907 r ..ua;s the orcep lifc to o fev :dnutes and
reduction to 7007 inore ses the crodp life to over 1,000 hours,

13, In tois context onpine "1ifo" 4z gquite difforcnt frop "erecp 1if” beonuse
the onplne rotinegs will bs suck that not more than cbout T of the crcop life
will be used botueen overhauls, n ~ lorge percontogo aof the total flying tiw
will be spent at reletively loy toperatures, In the exvizle shown tho Viper
in the JF is gxpected to achieve n Jile of over 1,000 hours.

1. If v now cxomdne, 9 an exnople, the JP ¥k B Uidiationa:
Esuor Retdnz  RIM e JFT Iioe Lids (per flight)
Teko=off 100 735 20 mins

15. Tho provicus praph has shosm thnt tho eritical factoye 2re 1iro and
terpernivre, 8o what dvea 20 ‘dng por flight nomn? Flishts of 20 dns ot
T0 ané § o ising far a sorenmdng dive and lnnﬂinp aontinusualy would net ba
"poral" ag B ot the _ﬂt'*l 1i{s would be at toke-offT pomer.
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