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Charts	 for	 Un the Uu't, tuel 
conwtiofl, an& uther pez'toranc4 values et a turbojet enin 
tor trr iv*n set of operating OODCUtIofl$ end eoapon.nt otri-
ci.ncies. The erfeots at tho prisure Loassa in the l.t 
duct w ctbticn ehb.r, the vs'istion Sn th ph7sicsl 
prtiee ot the iJ $$ it pa*ss.s thrcu the •7e1. md Us 

tzs flow by the addition of fuel ire tno3i&d.d. 'fls 
principal p.rforra*nos charts ahoy the affects at the priaer 
,axibles sn corrootLn csrt* provide th effects of the 
s.eondery vsri*blea. 

aroen of the pertoranOo *.d op.rati*l ahtarscteri*tiOs 
be turbojet sntne are illustrated b a discuuion of 

gl typtoi3 asses. Xt ii hon for ez*npl. that alth 
'per unit mass rate at air nov increases vith Increased 
tar diechare tsnpai'ature, tor mIr&imun peoiio fuel 
4ioo, an optima cchuator outlet tep.rature exists 

eases ay be leeL then the limi.ti tpera$ure 
q s.otht.ip*ratur0 haracteriiti0i of present 

lbs influence of the charsct.nisti0s oX * 4ven 
end turbine on the peitorrnanoe of * ti4'bo jet ontas 
'these j,en cosononts is dttiau.sisd for the cues 

with a ent tu1 cc rcr end for w nino with 
' sressow. 

11?RCOT1O* 
'4nuaio stuttes have been endS of L.x'bojst 

qstions cv shirts for abtelning the on,in 
'ientd and in i'hlch pertorsno* tren.a are 

es 1, 2, a,and 4). A stwi c.( dui end 
ileting to turbo 3ot engines is given in 

b. pvpoe. of the present p.,., to 
a tutor indicative of the sniii 

n tsr* of the iortant dsaiç end



o.rstin parsts?s. 87 this .wa the sigin. p.rtoreanee 
rc)r a irv.n cut, t parasst.r's cr be tt*kjr eyclute4 d en ins tht is povidd into the degre. at she at per'or*aaos 
poa.bl. t ro.i ehan*. in the desi psrazet.rs, The 
prino 1. a1 p.rtorawso. ohart aont&tna only tbs important 
psz't.rs. Ts tftcct at tincr rcetci's ,n'o nt?'odzd 
tbrou6i a oofleCtiofl taetor 4L'iet in a a*pp1t.jy ahart. 

In OM*' to show e	 ot t	 r. iaportsnt a 
bica of th turbojet snui. aeveisi Uus,.rativ. aseos are dtsouas•4, The .tteets at oipreesar pressure ratio aa ocsabuator outLet to.raturs on the th.rust and sp.aiic 'uil 

s*zption are Ulustratsd as w.3l as the dSOXsase iz 
eoressor stfictency wl1th £norea*'tn pressure rato. The p.iisnse aharaotopi.tios a: typto3. oconents or tIi* 
turbojet an.ine, that a, a tuz"biae, • s.ntrifws). oesr.asar and an siUsi now corsa.or are iysn. The 1sf lu.n. or the sharsotoristias oC these 000aonts * the peatormanoe or the turbojet an1n canstrat.d tti.z.tro. ie £Uustr*t.4 tar an en;ino ',onttirnng a oantriAza.l crosser, and tar an •tIDftIC	 $*i*1 now oor*ssor 

d diar.* at the Jet-propulsl4an 4srio. dsr diseusatca is ehoi in tiiur. 2. Air is inducted into th. intak, at th anne an delivered o Ui. oiprss ear inlet. P't of the dynento pressur, at th. tree air atreen is converted into stetlo preaure at the ox.ssor Inlet bj the itrujn .oti c th. inlet duet. Tb. sip is twthar aotpi.sssd in passing 
throuh the eoiepr.aor anO La 4siierad to the ootin 
oaibar wrs fuel is injeeted end burned, TIii produets at ecbustion t}imn pass throuz the turbine flo*sJ.a end btckts an appp* tab]. dro1, in p..suze 040UZ'* 54 ftna1 ly si. 
discharged reaa'wsz'dly throut the @iaeherge nsale to jwovid. thrust. 

The variables stteeting the prtorasnce sac dividM into a p Lmaz' 'ou and a s.00ndaz'y poip. The variables at the priw'y 1rOup 51S IhOin on the pPinaipsl charts tar dstore11rg the ortoarice at the jet. z'oyt4lCion .tt, The variab3.cs at the secondary	 w shown on an ..uz&lLary ckart for 4.tsr. 
zsizdn a faotur	 uiilly olee to unttj. which s.so appears
as a wench]. on the pr'Lnotpal putarano. obsats. 

p.



The ppiamry 'o of srisb1es tholud.is 
(a) Orassor ettioi.no; T 

(b) CG.'seaor Iotsl-pmaur. ratio 

Cs) 8ursr stti.i.nsy i 
(4) ft*tto of oebustioaisohb, outlt total ttperat1u 

to fro atospb.rio tm.ratm. TI?. 
(.) ?*,ib$.*e .tri,isney nt 
Cr) ALrp3.an. looi$y V0 

(g) AIerj terat	 ? 
(i) l	 nos&l. velo.ity oo.ttlot.ot O	 ii 

iuclu4es lessee in the taU pipe tuUowing th twbthi 
The seeead group iaot4ss s 
(5) '*p in total prealurs .ozo.s the $e3t dusting osused 

by tpitjo and turbujezse Ap4 
(b)	 in tots. pressure across th. oosbua tion eb.r 

eauaed bl both the nechantoal obtristjcn at th 
bunspa end Uii	 utta increase of the gases during ocsbiastion	 (4) 

Cc) Ettot Of the ditt.rsxpc. between the $iyaieal proper. 
ties of hot *zaua$ gases during the expansion 
proecases and cold air ( 	 etts*t of cbings In 
specific heat of the gas during th. other proos sea 
is incladed in the principal 4)rts,) 

A thmrt is given tcia ibiah a facter E can be obtained corresponding to the valusa of the secondary group at varIsblee. This taatc? E appears in the psri.tez's on the principal 
partoraieuo. chaste. 

The siitieeno. of the syabol.s appeazing in the shwta 
and Sn the aubs.u.t dtsouaa1 ar. as tolloi,a z 
A	 ratio of sr. Iser pressure ratio p1/h to 

atessn• pressure ratio 
effective exhaust nozzle area, sq. ft.



, b, a	 raotors that sIaaure •.ats produ.as1 by ssoond&ry 
vszisWse 

ratio ct tip .p..d ot orsssei to blade speed 
(piteb line) •f turbine 

C ç	 velocity oo.rrieient o.t discbzrge osslo 
1	 net thrust, (ib) 

tt*]sir ratio 

lower b.ati.a vatu. t !uol, (Bt/lS) 

1	 LMOii*AiOsl	 .a[v*1e ot heit, 17 (tt-b/1tu) 

rat.4 t tho oozapratsor power per unit base rats 
o sir Slow to t. squss'. *1 the o-,r*asor 
tip poo, /W' 

K	 eu riita	 air rio. (mluAlIsS) 

p0	 atospario tr..'air static yressu., (ib/s Lt 
absolute) 

total pressure at eopzssor izil.t, (lb/sq ft 
sa.t.) 

total prcsrs at c	 .saoz' tt, (ib/oq ft 
absolute) 

p4	 total pressure at t'urbtrbe Si3st, (lb/sq. ft absolute) 

Apd	 drop in total pressure 	 Lil.t duct, (lb/ac It) 

OV51' a lll dro: in total pressure scrca combustion 
obaiiba&' d to L.ehautss] obstruction of the burners 
end aoantm increase t eases durinj ccabst1on, 
(ib/a tt 

static preasur. st turbia. outlet 

P.	 o.apr.aaos'ahstt horsepower input 

sta&csp.rio tlperature, (0R)



Ti	 oz.or4nl.t total t..r*tims, (ca) 
scsw.ssoe"oiitlst tot.i ta.perstuzl., (0j) 

oustioiib.	 *i.t total teu,.r*tia's (°) 
V0 sirplsz	 vel.oity, (ft/sea) 

axial oasnt of sss Velocity 	 t turbins diso1er., (t/ees) 
Jet veiociti, (ft/sea) 
izoeue in J•t ve.octt; due to stteet at tbg'blus.' loss reheat, (tt/ss) 

so,atici3 tV3'bine nassla Jet	 eloetty' sor..pos[Lng to idesi expsaaicc of 	 ss tre	 trbtn	 inlet total pressure an	 t..rstuze to turbine o.itlst •tatio pressure, (ft/sea) 
U turbine blade speed swured at turbine pitob line, 

(ft/see) 
U ecreamar tip ap.ed	 (ft/ass) 

weibt flow or fuel., (lb/hz') 

Y ratio at r* t.qstura rise to fr.-.ix a$..r&s tiratvr,	 Y0 /a J *p	 ? 
Z ratic of acr.ssar power per *ttt wa rat. at air tb. to snth*lpy of sir at te.rstur'. 

560 r/T a 
ratio at spssitis beats at air 
sorz'ection factor that sscowita for ower.aU effects produced by ss.*4ary vsr3sbls 

no $$*OP *ttiQiSAOy, 1.. ideal	 k in coopres sing sir sdtsbatisslly tram. eores sor inlet total t.izpertture Ie4 pr•esur	 to eor.asor outlet total preaon'. divided Vq the apr.ssor IbL&Ct pOWS, 
sampzeeaor stage .ttisi.nsy 
•tficl.ney of sam,ueti	 at tisi in s*abustion $bbsp

I 



-o - 
t.wbia. stttoiaay, i.e. turbine hsrt powur dlvi 

b7 the 14.l power ot the gsa jet aaMiu 
Misb&tieal3 tr turbine iDiot tots) proó.ure 
end tspor.Ltura to the turbin, outlet atatis 
pruur. la the kine tie pcwez' oor.spn43.n to 
the vsrsgo izisi. veloatty at the gee st the 
ta'bth. e&it, 

$ia'btne ottiot.noy, i.e. t'wn. shaft power divided 
by the 24.ai. power at the es jet .n4iAg 
ed.tsbaUas]ly from tuzW.n• iaJ•t tots) preai*s 
and tpersture to turbiza outlet steti. pr.asur., 

ö	 ratio at pr.n.ws to standard sea level pressure 
(ll6 lbs/sq tt) 1,e. a, =	 o	 p1/2U4 
at.. 

ratio of teaip.rstuz. to standard ass 3ev.) teiperat'o 
(5l*'R), i.e.	 = T /5l9 ,	 =	 ate. 

= [(r+yja 

. aqustioss from iah the shaz'ta are preparsd M 
iii td in aDp.ndiz £ and are derived in ref arenas 6. 

VI$OU86XQ OP CIWtT$ 

_____________ - The net thrust of the j.tpropui.$ica 
eat ct tb. fuel wsigbt is a.l.s ted, La 

the qustton

? = $CVj v,) 	 (1*)



- 

Esn the *rf.at of fuel w•iht is iuo3ud*d, Us* thrust is 
tvsn by

P(ViiiV0)	 ZMV,	 (ib) 

	

+	 d 

. net thrust horsepower thp is 4ven by 
thp	 V/55O	 (R) 

The oipr*ssor'shstt horsepower per alui p.r ss*ond at 
air is .xpi'eaead as

J	 T0 Z/UO 

5675 Z (T/5l)
	 () 

The ooprecaor'L*slst total t.Dp.zature is ebta'xi.d frass 

T1/T0 _l T	 (4) 

The fuel oonau*pUn per unit sas rats of air (low is 
ij' in t.rssa of the tual.'air ratio by the following relation 

11,UO t	 (5) 

by ecns of equations (1) to (5) and the curves of fi4ursa 
Q to 7 the pertorssnc. of th. turbojet engius and seas asic 
elated quantities of tnter.st San be readily dt.rained. The 
surv.a are iyen irs a fore which ahcs th• effects of the 
important vaxlab3si and enables either very accurate aoaputau 
tiona or rapid but less accurate Coaputetions to be asads. 

Curves for obtaining the flight Kash nub.r, th. values 
of 1, an4 the ccspressor u J,nlet_total pressure tar various 
values of the tacto V0 I5l9/'U are shown in fiur 2. The 
•o.pr.a.or. iil.t total t.aprstur. is obtained frca the value at 
I and equation (4). 

Th. quantity rj Z is plotted against the compressor total. 
pressur, ratio and t Sn tiure 5. The sreszor power (and 
hense us tiarbins power) is computed from equation () and the 
yslu. at Z. The attest of the variation in the specific heat of air 
op during oompresion is neglected in this plot, the error 
irstroduesd being l•.. than 1 percent for th. range of sompressor 
pzessn ratios sheen in figw'. sad for soapr.saor inlet 
1.40ratu2es up to C500 fi.



p	 ____ 

-

The vain. of (p,/p1 )	 plotted adist the teeter 

i1$

	

	 .	
( t4Y 3.s also Lvsn in figure 3. ft. actuil 

•ressz pzeesur. ratio a'i dvidsd by the quantity 
defines the vain, or the factor A used in rigur. 

4(.). The factor 6 accounts for ths effects of pressure 
losses in the inlet duit to the syat., pressure drop in th• 
ecbustion cthsaber, and the deviation fron the valu, at the 
spec 1.tic hsat of air at	 k or the specific bests of the 
$W$ during th. ixpansion through the turbin end the i*os ale. 
In a well d.siinsd 575 tea the valu.o of 6 is sI.oss to or 
sli*tly pester than unity, 

the 3att-hand act of_curves of figure 4(a) the 

jes"valøoity r.,	 ___ 
ot.ton of	 E	 end the psr.t.p A or 1/A for sero 

flib apsd. (ben °& is less than unity, the value *t /A 
is ued in reading values from ti. 4(a),) The jotsve3.6cLtV 
tstor can be obtAined tot' airplane velocities other than siro 
by moving horisontafly across the graph to the desired V•losity 
curv, on the rigltt-han4 set of curves and then reading the value 
on th. lower ebseissa. ft. thrust can then b aoaput.d from the 
value of V 4 end cation (1*) • La pr.vtouali nantionad, the value of L is found by divicLtn the eoi*presacr pressur. ratio 
Pp/Pt by th. Value o1 (p1/91 	 obtained from tiure 8 
corresponding to the values at the parwtars	 t' 6, T4. 

. and	 biag Invastigated, 

It is noted in figure 4(a) that for given values of 
T, and 

varies, then
?,)l 
the

it 6	 rini constant ma pjp1 or A 
'vaz'tatton of jet velocity wits p!.aziur. ratio 

aecure along the constant	 line.	 In this Ones,	 Yj 

has a sxia vain, whan A is ecuai to imity, abich oecura 
at a pressure ratio equal to	 Actually, however, 
tip a given unit as PJP] varies, the velu, of € changes 
elitly end h.nss shenss, with th. result that



	

baa a zi.a value for & value of 	 .what greater 
than	 It should also bO noted that 
is changed by thi change in 	 and this ncw value *uat b• used

in cc pttir the no value o A rhai p2/p1 is varied. In 
any event, the 'valu, or	 oorrespocdint to A a I is a close 
approiaaation to th. Jet velocity for szia thrust p.r unit 
•*a. rate or air now M tor a tvon et of values or 

and oopon.nt •tticleuciea. iilarly ror a case in which 
T varies with p2/pr ooustd.rcition or tiur.s 3 anc 4(a) sh 
that the wi,*u* value of	 occur. at a 'value of A somewhat 
dift•rent from unity. 

As an ixampi. of t uo or ftr.s 2, 3, and 4(a) ror a 
rapid aproziaata c,mputttion of the thrust per uitt aaa rate 
of air ilow, F/X, ctrneider.the following easel 

Discharge nossi. velocity coefficient, C, 
Compressor efficiency, , 	 0.88 
'hirbine efficiency,	 0.90 

	

inlet tanperatur., T4 Oft	 *000 
Atas.pkierio tamp.ratur•, To 0,1	 600 
A1rplarA. valicity, V 0 , ft/s.c	 733 
Compressor pressure ratio, p2/p1	 4 
Aasme f a	 theA fr th. above quantities 

V 3 V8l9/I 0 ft/s.c 
Y (from figure 2)	 0.08. 

3.08 

	

€ ?4/(l+!)	 258 

	

'2"'lr.t (froia	 ur. 3)	 b25 

lb	 1.53 

	

(from figure (a). tt/s.c	 *000 

V j , ft/sC.	 *ozo



?/M (eiatitn 1(a)), lb/( s]ugJ..e )	 iaa 
Subocquent earts and 4tseussion lntrodua. sorrecttens 

that psrait a high 4.groe of accuracy when dsir•d.. 
The losses in kinetic energy in the turbln passages 

appear as heat energy in the gas leaving the turbine. This 
energy will be termed turblns-1oss rshsat. It there is fur-. 
ther expansion of the gas In passing thragh the J.t ziossis 
(caused by a reduction in static pressure in passing fran the 
turbine exit to the Jet-n.sz1* exit), a conversion ef pert of 
the turbine-loss reheat to kinetic energy occurs in the jet. 
If, howev.r, the velocity at the turbine exit is •ubatsntially equal to the rinel jet velocity, no further expansion occurs 
and no kinetic energy is r.00v.rsd fion the turbine-loss 
reheat. Th. curve. of figure 4(a) correspond to this case. 
The ratio of the increase in jet velocity to the final jet vii.-ocity £Vj/Vj obtained when th. velocity at the turbine die-
charge V5 Is liii than the final j.t velocity is shown in 
fIgure 4(b). 

Ptgure 4(b) shove that	 0 when CyVg/Vj a 1 r' all value. of turbine efficiency. It 1. alsiotsd that 
AV 31k3 apprc*chea 0 as tw'btne efficiency appzos.cTk.s 1 far 
all values of CV5/v becausi the turbine-loss reheat approiches 
O with increase in turbine efficiency. 

It I. •vid.nt frost fttns 4(b) that, for a çIven turbine 
•ftioienoy, the smaller the ratio of C,Ye/Vj. the greater Is 
the recovery of turbine-loss reheat. )esreaee In turbine-. 
disaharge velocity V6 is obtaJ.ned by increase in annular area 
swept by the turbine buckets. aokst stress Is on. of the 
principal itaitatiris on bucket height and thus on bucket-snn.ulu.s aria. 

The Gompreesor-.outi.t total temperature T plotted against the fester ? (1 + Y + Z) is shown in figure 5. This curve Inoludes tFas variation In the specific heat of the 
sir during compression and was sutd using rsfer.nse t. 

The fuel-air ratio faoter r't Is plotted in figure 6 saInst T - ?, (th. rise In toti]. temperature in the 
combusttoiç chamber) for vsri*zs values of Tg. This, curves 
were constructed usiriç reference 8 based on (be latest avail.



able infoitton on spisif to heats of *fr sad exhaust-gas 
aixtur.s and are for a fu.]. having a lower heat fli value of 
18,900 tu per pcun4nd a hy'og.n'.c..rbon ratio of 0.185. 
Par fusis having other values of ii, th. value of f gives 
in figure 6 is corrected accurately by altipLyinic it by the 
factor 18,900/h. ml effect at the hydrogen-carbon ratio of 
the fuel on S is generally sash end for a range of hydrogen" 
carbon ratios troa .16 to 0.21. th. error du• to the deviation 
frea the va&lue of Q.185 ii less than one-half of 1 percent. 
Tb. fuel con.uwptton per unit aese rats of air flow is obtatxad 
froi the valu• of t sad .qation (6). 

Th. value of € • which takes osre of the effect of the 
secondary iraip of variables, is obtained froa rican 7. The 
quantity £ isgivenbytb. relation E.1-e-b,s, 
where a, b, and c are given in figure 7. The effect of the 
drop in total pressure across the inlet &ct 6d is shown 
in figure 7(e). The .rf.ct of the oven-.ehl drop in total 
pressure across the caabuetion chsab.r ap	 is introduced 
in fiar. 7(b). Rst.rencs 9, which disouss.e ooabusttx in a 
chaab.r of constant flow ease, is useful in evaluating the 
aoment -pre satire drop in the ccmbustion chsabsr. A cornet-
tian tar the diftsreocs betws.n the physical properties of the 
hot gases and the cold air, involved in the cputation of the 
expansion process.. throu,h the turbine and the jet nossle is 
gj• in riur', 7(o). Although 6 does not differ appreeiabl.y 
fros unity, a change in 	 of 1 percent in s	 cat.. way

introduce a chang. of several percent in th. thrust. 

In the discussion of the ehsrts, the •ft.ot of the weight 
of injected fuel was not wentloned. It is shown in appendix C 
of reterense 6 that the street of the wetit of fuel on the j.t 
velocity can be taken into account by using for the value of 

in the Charts the proact of the turbine efficiency end 

1	 2
(3. + 5). This t.ra eppsanan the factor 

in figure 3 used in finding 	 and in the factors 

and	 of figure 4(a). The value 

of	 d.teraii*d is then used in saatLon (ib) which takes 


into saoant the additi anal wei4at of fuel introduced. 

As an sza1e of the ace of these fi'ures, consider a 
•yst.a hevtn the tolls'ing perforwance and operating pars. 
aster It



•1*a. 

1. Cc*isoaor.ttiot.smy 
2. ?urbth.•tttot.ney	 ...•• . .. ... 
3. Combustien.ftL*iucy 1	 • • • • • • . , , • • • . 0.97 

4. Dtsobw.-cou1. ve]ooity ootttetat C, . • . . . o.s 
5. p17iYS1OStt7 V,, (ft/iso) . . . . . . . . . . 733 
6. Cr.ssor totst-pr.ssur. ntis pfp1 . • • . , . .	 6 
?. Aospiezja tr..sL static presrnws p0 (Sn, *g) • 20.9 
8, £spsSetespersturs To, (°It)........ 619 
0, Ccustion"sboz' outlet t*til t.spsrstar. T4 ,(°fl) 1060 
10. 'op in total pr..z'. sozoss inlet dict 

(in, *& . . . , , , , . . . . • . . . , . . . , . 0.6 
U. Drc in tot*l pros a we soroas oobus tion ohbz' 

Ap (2 .. *), (in. Mg) . , . . , . • . . . • • . • , • 	 a

]*.h, (i)tu/lb) •. ••, ,, .•••.••••. •.18,êOO 

La) 1.tsraLnatioçof I end tJttht	 nib' 
rr itansS and $ 
13. V0	 , (ft/s..) . • . . , . a a a a . • a a • a . 763 

Prcm itan 13 mud tigar. 0 
14.1 . . . ••.... .• . . . .....,... .0.088) 
16. Pligtt	 w-sr . . . . . . . . . . . . . • . . 0.666 

_r4t.1"%i1atiop Cf I $$%.4 o cr.sz 

Uiin itsas C an4 14, reM on figw'. 3 

38.	 Z •	 • . . . . • . . . . . . • . . . . .	 . . o.rao 

?rc Stan. 16 and 1 

17. 7 . . . . . . . . . . . . . . . . . . • . . . , . 0.908 

Usind itans 1? d 6 in eqatt& (3) tha oo*pi.as' povor per 
tatit sss rats of sir (low is 

...,,...,.,,,,	 53.65


rt 

?s tti$ 8, 14, and 1.7 

19. '1 (3. + y + I), (°E 	 . . . . . . . . . . . . . .	 3036



Usthe Lt.	 a &fl(i rigwre 5 
i0 

wa T2,	 • , • • • • a a • • •	 • * •	 .	 •	 ,	 •	 •	 •	 a 1,025 

F	 tt.ja E and 2 

23..	 1 4 -	 (°P)	 . . . . . . , •	 . • .	 .	 .	 .	 .	 .	 .	 . 

?ro* it.m 21 eM	 ansI ttgure 8 

2$. , tt	 , . . •ss*ee . .	 ..e••••. . 0.01.372 

UaLn	 1t,aa 22 end 3 

23.	 •	 •	 •	 •	 •	 .	 ,	 .	 . , .	 . . .	 .	 .	 .	 .	 .	 . ).03414 

Bin.. ths 1o.w besting valus at tbe tu.1 is •ca1 to 3e,00 
8tu pr pQUA4 (it	 12), it. £8 bee to b	 nii3ttplied y 
teeter	 eM the adjusted value is 

24.	 t	 •	 •	 •	 •	 •	 •	 •	 •	 .	 •	 .	 . . .	 . . .	 .	 .	 .	 .	 .	 . 0.01445 

From itasi 24 enc euation () 

2b.	 (lb/bj')/(alutjeee) • , . •	 •	 .	 .	 • 367$ 

(4) rtettc	 t tbe to4Qr E 

Prc. iteas 7, 1.0, aM 31 
2 1G. £pd/pQ . . . . . . . . * . . .	 . . .	 .	 .	 .	 .	 .	 . 0.017 
87. 8P(2.4)/Po , , • • • • , • , . . . .	 .	 .	 .	 .	 .	 . 0.30 

g10 frc	 it.s 14 and 1* 

$8 • ! + 1Z	 . . . . . . . a • . •	 . . .	 .	 .	 .	 •	 .	 • 0.812

Using it.xs 25, 25, end tt*re 7(a) 

a.. a a .,a•..e,. .........	 0.008 

U01n4 itsas 27, 28, and ttur* 7(b) 

30 •	 . . . . . . . . . . , . . . . . • . . . . . • 	 0.004 
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?ri tLØu. 2 and itsa 1$ 

Si..

	

	 a • a • • • . • . . • . . . a . . . . . .	 1.335 
p0 

ros* tt.iu 51, 8, an4 6 

p2 . . a e a a a a • a • a . . • . a a a . . a a a a 7.91 
Pt, 

sit*lt vhsn ua with itsa 9 1* tijuz* 7(s) i'sa 

33. •	 •	 a	 a	 a	 a	 a	 a	 a	 a	 • a	 a	 a	 a	 .	 a	 a	 a	 a	 a	 a	 a	 a	 .	 Sa 

Pr itsas 2, 3), and U 

34. *l.O($.CQ4+,ui33 a,,...	 a	 a	 a	 a	 a	 a. 

C.)	 *tsra&nat ion of and £ 

Uiin	 ttews 1, 2, 34, 9, 3, and 14 

3$. . a	 a	 a	 a	 •	 .	 .	 a...S	 .	 .	 a. 2.345 

Prsm ttsa 33 and f3r. 3 

U. .	 .	 .	 .	 . •	 a	 •	 .	 .	 .	 .	 .	 •	 .	 •	 •	 e	 •	 • 4.50 

?roa tt.as 6 sad 34 

37. k .	 .	 .	 ,	 ,	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 ,	 .	 .	 ,	 .	 .	 .	 .	 ,	 . 1.353

ffl stertinattono 1st vs1ocity1 nst truatpa 
rtof air fi	 anrothor prForr. uzwttt. 

Usine itema 1, 2, 84. 9, and S 

$8.	 . • . . . . . . . . . . • , • a. • • • •	 2.787 

?ra itas 38, 37, 13, sad ttrs 4(a) tha J.t.1octty fastor 

59. Y./ui[i.(tt/c) •.......a.a..	 18Q6 



and tv itaias &9, 1, 2 4, and B 
40. (tt/..) . . . . • . . . . . . . . , . * . . . 	 044 
'ru. net thrust per uatt asia rate at sir flew is ubtaine1 from 
tt.n* 40, , end astlon (1*) 

41.?/N,(]b)/(slug/p.e) .......,......13U 

The thrust boreopaver per *n.tt asia rat.. at air how La sal-' 
sislstd faa itiaa 41, i, and euation (1) 

4*. tbp/, (tp)/(s1ug/.a.) , . . . . . . . . . . . . 1741? 

Pras itsas $5 and 41 

41. 1/7, (lb/)n')/(1bthrust) . . . . . . . 	 . . . .1.278 
and from iteas U end 4$ 

'r/. (lb)/(thp'u"hr) . . . . . . . . 
t	 I 

Wrs acre accurate reivita are dastrsd, the calcialetlom. 
sri s4s taking into aecaznt the etteet at the v.kt of Cuel 
introduo.d Lad tJa •fest a' turbth,-'l,ss r.beL$. Tha effect 
at the f.1 om Jat wsløctty is bandl•d b)c using tot' the va1t 
of	 the product of the turblr .ttioi.aoy and (1 + t). 
This will now be done to the osa just srnsl4ere4. 

Prom items $4 and U 

'e't ' (riLy 	 . . . . . . • a • • a . • a a	 2.30$

Pr* flurs 3 the	 ,.poni1th 
45.	 2,/p1)r.f 0 a a a a a S • • a a a a • S a a . S	 4.81 

Prom items I and 4$ 

47. A. . . a . • . . . . . a . . .	 . . . . . . . .	 1.30 

iai1sr1 socawttng tsr tu.1 (low, item $ becomes 

48• ,,r1 Cy)	 a • a a • . a. . a • a. a • a •	 •	 2.8*? 0 



•o thmt tr ttaa, 47, 45, and 13, ii figure 4(a) 

___	 I	 __ 49. • (tta.o) . . . . . . . . . . . 18O 
\/c	 ' 

Again t*kinj izto aecount the attest of fusi by .dJustia the 
tsru 

50. V, (tt/s.c) • . . . . . . . . . . . . . .	 • . floes 

whiob dits taN itan 40 by 3 peroent 

Thè effect of r.hsat at; b. i.pwtant shen is 
cona1dsrb1y less than unity awt tlam v.3..tty- at turbin. di. 
ch&ro Is spprec.ab1Jr los. t	 the iina.l jot v3locity. Lot 
it be assu*.d In the euapl. b.in	 discussed that the tarbine 
is daa1ned to have a disoharge velocit7 Of 

81.	 V,	 (ft/see)	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 700 

l'hen fr* itsus 4, 80, and l 

52.	 C	 '1/1	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 • (,83 

?rts	 it.s 8, c,	 d 3'? 

,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 
0

4.16 

Yro	 rir. 4(b) aorrspon6ing to it**a 2, 52,	 nd 53 

54.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 

d troa it.	 80 end 54 

55.	 AV,	 (ft/sac) .	 .	 .	 . • .	 .	 .	 .	 .	 • ••	 .. 25 

U.in	 it... 66 sad *0 

64.	 Ooct.d	 V 3 . (ft/s..) . . . . . . . . . . . . . aoao 

Thus in this cas., r.bist piovid.. an additional 3. pro.nt 
incr.ae. In t1	 value of	 V. 

Th	 thrat p.	 unit aiss rats of air tlo	 is obtaind troa 
itezza 56,	 5, axA •qustion (3.b) 

57.	 P/)(,	 (1h%*/(.1u/s.o)	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 135'?
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ecuiptirad with 1311.	 ro the effects of fuel and r*Mat were

n.&.c tad. 

Pros o q &atiou (2) and it.*s 7 and 5 
58. thp1il, (tbp)/(s1g/seo) . . . . . . . . . . . . . 180$ 

sx,4 uain iteuis 28 end 57 

' 'r/' (1b,sr)/(1b) • • • • 

end it.* 2$ and 88 gi. 

80. W/thp, ( 1! fthp.shr) . . . . . . . a • •	 • . . . 0.926 

JP0PUL5I4flt1T PR?0RMAIK E 

Per the illuetretion or the p.rforui*nc. and ss øf the 
oharactartstica or the subject jet-propulsion syet., sv.ra1 
cases of tnterset ti1 be discussed. 

The to1lwtn paranetere are sssus&s 

CouipresaOr •frioi.ncy % . . . . . . . . . . . . .	 o.0 
Turbine efficiency t	 • . . . . . . . . . . . . a	 o.o 

Discbarg.-aaszl. velocity ca.ttici.nt C,, . . . . .	 0.9'? 
Cousttonaftic1enc7 !)g	 ..........•..	 0.91

ttin value of fuel h, (tu/lb) . . . . a • • • . lB,900 

	

a a a a • . a • . a a a • a a a a a a a a a a	 1.00 

These coprsssor an tvrbirs efficiencies re not unreason 
sb3 r high whon it is conidred tht in the 4sftaition or 
•fioten in this report t ocpr,saor sn the turbine are 
;rsdtød wIth the kineti. •nrg of tb aaes at the cipr.ssor 
and turlinc exits, we spa otiv.1. 

The wapted turbojet perforwtc. In this iUustrattve case 
includms the cartntbutin of the ful .si4it. 

The v11u1l of compn.nt eficiencism end E	 any iv.n 
turbojet enicin. vary sith altitude end t1iht speed. In the 
present ooutstione, the eamponent efficiencies nd	 were 
assuasd ootstant at the 'va).uas listed ) hence, the illustrative



swv.e represeat the perforianc. of a series of trbojet oaines having the ltst•d oharact.rist1s. (ne curve is tlso 4vsn for • cas. in whio)i the variation of 6 with cOmpressor pressure ratio ii *OmI idered. 
Whn 

fuel coneunptton per unit thrust 3nd the static thrust per 
iznit mass rate of air tb, pbottd against the compressor pr.sur. ratio for various vclu•a of the jas total teap.ratare at the oombu.tjon—ch,*ber eUt. It is noted that minimun 
specific tu.l cotisuaption occurs at a hther compressor	 7
pressure rati, than mazisna thrust p.r uzit ass rt.e f 
A our'v. for T4 a	 0fl where the variation in 6 pith L 
p2/p1 1. oonaid.red ii also shown in titre 9. 1c*' this curve, 
vti1em of Ap4/p0 0.04 &fld £P(2..4)/90 a 0.10 were oho..n ead 
ea.uaed to remain constant. (Por u ivon unit, however, 

will also vir with 2/Pi so that the dS1..rthatioa or 
the acta]. varjatjo in C with compressor pressure rstio becomes 
quit. sosplex.) It i. seen from fiiur. S that the value of 
compressor pxIssuz'* ratio tar a maximum value at P/U Is r.atsp for th. case whare C variss with pressure ratio than for the case wh.re 6 is assumed constantp arid that the pak YLl4O 
or P/U for the first case is slikitl1 hikter thati that for the second case. 

?igmr. 9(a) is a r.plot of tiure 8 in' ho coprsL,or 
pressure rat) a r.i consumption p.r. unit thrust plotted 
against thrust p.r unit mass rsto of air flow. (4*ilsr curye 
$2-. pr.s.ntsd in fi'ur.s 9(b) and 9(c) for other ao.2,instions of 
atmoe,her tenperatrs nd airplane velocity. A sccle of 
spoct:to ruel consumption in paws per thrust hara.poer-.hour 
is added on (thus. 9(b) and )(c) 

The *a'mt of sir henibad by a unit is limited y the 
diameter of the unit. When }*1h thrust per unit .ss rIta of sir flow rather than low specific Lu*2, aoneuaptin is the 
prlisary oeIdei'tLo, it is ap'aint frorn fire 9 th*t hi,ka ooustI .ca.s, disoPisris tea.p.ratur.. should be used. 
!ih thrust I. the iore taportnt conaicI•rtion In tsks-otf, abi&b, and aziaum'.apeed operation. 

The curves of tigure P show that, with no Limitation on
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coiirsssor prssurs ratie, higher thrust p.r unit pass rat. 02 
air flow and lover specific fuel conaaption can be obtained 
by incr.asinç the oombusticat.'chaabr outist tenperitur• until 
the velus 4ving aintiwa .p.aLic fuel consumptiop is reached. 
For figures 9(a), 9kb), and 9(c) this teapirst.r. is less than 
1460° 9, about 2210 B, and 1710U H, resp.cttv.ly. Further 
increase in t.vp.ratur. pernits an increase in thrust at the 
coat of increase in *ps31fic fuel consuaption. As the gas temp-
•rature at the coabusti,n-chaaer utet is increased, a larg• 
increase in oowpxssaor pressure ratli is r.uir.d to maintain 
rt.arly iainia* spcitio tu.] consiption, 

It the available compressor pressure ratio is liwited, 
the ooabuatjon . .ch*znber outlet temperature for minimum ip.cttic 
fuel consumption is very sensitive to the ether orat1ng 
oonUtions. For example, at a 1tmitir compressor pressure 
ratio of 4, minimum specific fue). consumption occurs at a 
tamp.ratur. below the towst values shown in tigr. 9. It 
the limiting compressor pressure ratio is 8, the combustion-
chber discharge temperature for minimum specific fuel eon-
sumption is still less than the Lowest tamperstur. sho*ain 
figure 9(0). for an atmospheric temperature of 412° R but 
approaches an intermediat, value of approximately 1710° R far 
an atmospheric temperature of 519 R (fig. 9(b)). The optimum 
combvst ion-gas teapezaturs is also very sensitiv, to the 
efficiencies of the components of the jst-propu]cion units. 

In figure 10(a) the specific fuel consumption and thi 
thrust per unit mass ret, of air flow are plotted against 
airplan. velocity (or the conditions listed In the fiiure 
t,r the. rol1owim c*s.s 

(a) Compressor pr.e€uze ratio chosen to give values of 
ksl 

(b) Compressor r.smar. ratti, ehosen to give minimum 
sp.cific fuel consumption 

It is noted that the spsotf is fuel consumption for ease (a) 
I. between l and 2 pire•nt higher than for ease (b) for 
airplane velocities between 3eU and 000 feet pu secondj the percentage	 in specific fuel consumption is greater 
at The lcmsr airplan, velocities and at the lower atmospheric 
temperature.. 

Th• thrust per unit mass rate of sir flow is between 21 
and 31 percent higher for case (a) than for sass (b) for air-



pl vlo.itL.s bstwsan O0 and 800 test per s.00adj th. 
greater percentage dUtsrsnes La thrust per usib we rats of 
sir t.ow occurs at the lower s3rplea v.looiti.s nd the lower 
asphoris tSwper*%UT.. 

Ptgiirs 10(b) shows the soapressor ps.saws ratios and the 
values of £ that are aaaosisted with the puforasuse values 
given in figure 10(a) • ft. large increase in required z.asur. 
ratio tro. the eootition of A * 1 to the condition o atntaaa 
specific fuel sonstaiptian is noted. 

in tiur.a 8, 9 and 10 it was sasiaiad that the epw.saor 
5ff ioi.o7 sias constant at 85 percent rersrdl.ss of pres 
cure ratio. As the desired pressur. ratio is increased, how." 
ever, it bocncs ncr.asing1 di fioult to 4eaigri the coapressor 
to asintain a high efficiency sad a reduction in eowpr.ssor 
efficiency asy be szpeet.d. ft. reduction in the obtaia.ba 
•aar.s.or ettLoLenc with Increase in pressw' ratic viU 
radus. the gains derived trva increase in preasux. ratio sad 
hence will reduce the valu, at thu optiai pressur, ratio. 

This condition U1 be illustrated by consideration of 
a turbojet engine equipped with * aultistag. axial flow ocw 
prasor eseb øtsgs at which providss a prossm' ratio of 1.25 
at an efficiency % of 88 percent. Th ,th.r parenetora o the 
tirboj.t engine are the se as or figure 9(b). Pigure U 
shows the aver-all attic lency of the oowprecaar, the thrust per 
unit assa rate of air flow, and sp..iric fuel eonsation of the 
englA. plotted against pressure ratio. lbs prsssure ratio is 
increased by adding stages to the coapressor. It i. noted 
that sough the efficiency per itag. was bald eons tent the 
ever *11 coaprassar efici.uoy decreases with increase in 
pressure ratio. At * pressure ratio of 5 the sospressor 
efficiency ii 85 percent, th• value uasd in the coaputatioD for 
figure 9, Dottid on figure 13. are curves t&Can tr r&gur. 
9(b) • Pox the range of ocabuator outlet tanperaturea TA $ho1 
the values of canpressor pressure ratios tar aax.tau, P/I sad 
nini* We/F arc lower for the case when th reduction in 
cpraaaor efficiency with increased pressure ratio is considered 
than those tar the ow of constant acupresser •ttiet.noy ct 
8* percent. This change in pressure r*tio is re prezwaaio.d 
at the higher vs]uss of T4. 

Pigure 11 pertains to the th*ress• in pressure ratio by an 
increase .n the niaib.r of stages. In a turboS.t engine with 
a given crpreasor an increase in pressure Patio is obtained 
by an increase in rotstioa.k speed ieh1 &t high rotationa1 
speeds, is usually secaupsialod by a r*iuction in sopr.esor
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•tticiv'.	 it c&a* wUl e discues•d in p•atr detail. 
later,

The street of the increase in g'easuro ratio on turbine 
etticienc7 iS a sore ep1ex matter nd eill not be crnsirt 
in i.tail here. An increu. in the nu*b.' of tiiZbifle staGes with 
* oonat.nt ez'.ssure rati end efficiency per stss wi.l re..1t 
in an increiso it over elI turbine effIciency, There will be 
a teniertc, however, to design for 1ncr.sed pressure ratio 
per stage In additioa to iriercaetn the nusber of staea when 
tneree,ed over all p.astire ratios are deeir.d, in order to 
•con,miss on the eta. and .ei'ht of tbe turbine, Op.ration 
at increased pre.re r*ti r p,r ataçe rtey reei].t r* eons 
pettietion In turbine efficiency par •tao Wh1k. na otfs•t 
gatni obtained frou the izuii'eaeed number of •tvjed. The not 
•teot c the ovtr—ell turbine efficiency will depend on the 
ct*tr,nire between pzur. ratio per stan. and nuab.z' of stages 
deci.d upon. 

The poIit. on the curves of tiurea 9 to 11 rolete to a 
series of turbojet engines in which th• conponente are cad 
tz prvid. the desired charactoristics at 59ch portt. It is 
or soac interest to •zaetrts over o variety of operatirt con 
ditttns the oh*ract.istio. at a turbojet #vvtne havir. a given 
turine and cipressr. 

The p.rforaan.s chareeberistics of the engine wUl depend 
on the psfornce charictoristics of the particu'ar copresaor, 
combustion chz*bar, an turbine ohos•n, heyor, the eeeenti1 
trends may be brought out by a consicrat ion of several. 
illustr*tive oases. The cheracteriotics of a typte.l trbne, 
s.ntr1ugal conpr,saor, Ld axis]. now coipressor viii be sh'wn 
followed by plota of the perfriaano. characteristics of two 
turbojet ençin.s ineorpratin these coopon.nts, the first engin 
utilizing the oentrtfuçs3. npssor and th. second uttlising 
the axial flow oinpre.aor. The characteristics of the coaponents 
to be discussed are puxsly il1ustrtivi and iire not to be 
interpreted as indicative or the best performance obtainable. 
Tb. discussion will be simplified by ne].eotin; the wet'bt of 
fuel ii considering th. turbine output and by asstatng that the 
pressure drop through the cou*uetor Is proportional to the 
coebuator inlet pressure. The •rroi's irttroctucsd by these 
siaplificat ions are sufficiently satill so as not to iniusno. 
the basic trends to be i1luvtrat.. In the emputation of the 
pert rtce or the tl1uatrtive turbojet engines the follwi,ng 
paraaet.ra are ssswied 

Discharge velocity coefficient C, . . . . . . . . . . . 0.97 
Co,ustion efficiency 'i . . . . . . . . . . . . . . ' . .98 
Reatingvalt.oftu.1 h,tu/1b • • ,	 18900 
E• • • • . . . . . . . . . . . . .

1.00
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'ire 12 thowa the p.rfonnc. ohztrast.rtstiss ,t a 
typical ain1• stan. turbine of low reactjn. me asia flow 
of çae thr'ugh the turbine ii present•ir figure 1.2(s) by a 

plot of	 /O4 against P/p55. The valuiss of the upper 
abscissa Yt/t, correspond tn to the s1ues of p4/p 	 are 
obtained tror the Yeloctt; ezatIo - 

fp r 	 T, 
V *2JT *	 T 1 -(-.-e P ' 

The viluea of the orctr*ts MVt/o4 are obtained by taking the 
product OtI1jjJO4 afld 	 AbOve ft PT.IlU **til) of 2.$ 
seroee the turbine the value of MtW/ö4 is conit't (i.e. 
choking occurs at the turbine nossl.). 

The trb1n. •tS.si.nay 1' & shown in tigu'. 12(b) is 
principally a tunotiort of the turbine blad. to theoretical turbine 
jet velocity u/V. and to a auch lesser extent a function of 
the pr.a*r. rat15 and flow Reynolds nuaber. The bled, speed 
u is measured along the blade pitch circumference. The tur',ths 
jet velocity V, is detirted as the theoretical jet velocity 
dev.lopd by a 4&$ expanding ideally throah the turbine noasle 
from turbin inlet total temperature and pressure to turbine 
discharge static pressure, Cv.a rsr	 are also sZwwn in 
tiiur. 12(b). The turbine •tfioi.ney v is defined as 

/ Turbine s%*ft power 
-	 1	 2 

tt 

where	 is the asia flow of gas throtigh the tw'bin and 

hence	 is thiS theoretical kinetic energy available 
for work. 

Tn this dstinitiGn the turbine is n* cr.dit•d with the 
kinetic energy corresponding to the avrag. axial velocity or 
the gas at the turbine exit. 

In compressor practic. it is convenient to defiM a 
quantity	 (called the slip fscto') as folleva

(6)



C priasor over 
rJt	 (7)


where U Is the oo*pressor tip speed anc * is the ss rt oC air flow throtr the ooaz,reaar. Th. quantity 
tor	 entriLu3al opreaso is uaull7 BSQ*t 1055 

than unity an&4 doea not yt appreeibl with aine In 
opertttir cLt tong. 

In a turbojet •nçiu. the epr.ssor 90W*? is equal to the turbin, power hence tro eq tloa (6) and (7) 
2	 l.2i 

S 
(The difference betw•en I	 has been neç1.ct.d). 
It b is defined as the ritIo of the comprssao ti p.ed U to tho turbte blia speed u an hence is * ontat 
for any given turbojet engine, equation (6) bocimes 

3
. 

is a fUnctiotl pr1.ws.1t13' r LL/, thO vluo f 
/v and	 sad	 are d.tersjn.cI by the val4a. of 

3.hsri	 is known the value Ot \jt/(L/) Is eya1ated

fror squiitinn (9), then uzin8 ttuo 12(b) the v1uei of 

ml	 are found. ior a cpreasor fer w'1cb 
is r*,er1- ocnstsnt (for •esip1e the centritual ca-ssor 
the trb me will ope'ate at neal constint bls to jet sesd 
ratiQ an hence nsar1.j cwtstmt turbine •ticjec r ove tce entire operittri range of the ntn*. 

!'tgtzre 13 shows the	 ventjora1 presentatj)n o ,orf,rmsnc curves for * typical centrItua1 coapr•ss'. he coprsssor 
press1e rstI P2/91' ailabatIc •fftoiency %, an.1 slip 
factor X, are plot.d against the nasa flew tacter 

for various values of th. tip speed f..otor 
By Increasing th. tip speed both the pressure rmtt and nass flw can be increased, the Co?presee? efficiency, however, d.or.asInv,, At a 'Lvsr tp a re ' d a z'riuetion in	 flow by throttjjg tk compressor outlet result. in an inoreasa In prea*ur• rAtio s.ncl •tticI*cy t! peek values, 5tal1irg of the compressor s000mp.jd by surging of the flow oscuis at 

excessive throttling at the positions indioat•d by t1 dot—dashed surge line.

(9)
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vr the Opsr'*ttn r'sne of th compreujr tb. a1ue of th e1tp ract.r )C w.s b.twe .80 and 1.00. The Corr,s-
poni2ing trbinc •ttici.ncj.. tathd from fiure 12(b) az equatIon (9) r. 1h.n p1t.d iL fiuri 13 for YuinLos VaI.s of	 . ?he talus of n is •ubgtitj1 gonatsnt ve.' t.he entire z'srz. of Operatjo La shown ir nw'. 13. 

1ott.d Inca repre..ntn constant ratio of turbi. ir1.t t coppe sor lulet t.a rature T4fl1 are also shown ii rire 13. these line, ar. Obtained as tallow.1 *ben the differ.DC, between	 an 1	 is ne1cted, 

p1	 a'4 

Let r r.prs sent the ratio of tbe cowbustor pr.asiu. drop to the obstor inlet pres*we, I... 

01'

p4 s 

bno.

a 1 -;	 tV 
p1 	 p1	 p4 

_____	 .,. 
- (l.r}	 fi	 54	 (10) 

Lt Igh rotor speed.. or the turbojet •nIne there ch3king 
of the tlw at the ttrb1n. nozzle QOcura, the v1ue of 
* v'/4 bSocNes oottnt. (Pot' *Xa.ple in the r.6tn of pr...uro rstlo p/p5, aov.	 fez' the turbine Shown Ira fig r'e 191.)), *he this valu• of L//o 4 is •bstjtut44 Into equatj	 (10) .n2 a Valh5 ii asuaed for r it is po.sible frthIs •cuatjo,t to cpute the value 4ft1 fox desIred design values of tyç/o1 and 2/P1. In the non.. hokIn s. th• value of	 l.a not a. easily dst.rnjnid and the *oz'.
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.nra1 sethod dssoribod in sppsMiz 3 aaj be used. 
vezy point in figure IJ is a posaibl• oprstfn point 

providd that th• turbojet snzine is squ.tppsd with s ver'isbl• 
area &taohergs nossl.. At any ivn rotativs speed and 
•oapr.aaor inlet t.ap.rstur. T, in.r.sslizg the obua toP 
eutlet t.perstur. T4 is equivalent to throtting the 
eonpzessor. Thic osue•s an tnazsase in oompressor pressure 
r&t.IIO Isud a4&stic etricianay until a p.sk va.o a reached. 
zcasstve oabustor outlet teatp•rsture will serry .p.rstioA 

past peak oonMttions to surgin. 
hez the srn1ns is provid.et with a tiz.d disehar. xw&s1• 

then for any iv.nlitt aac nuaber, op.rstioi at any on. tip 
speed factor	 is limited to one value ot T4/T	 Ptgs 
13 ahwa for en illustrative nos3.s apse A the lines of 
operation at Y * 0 and y : 0,1. (the isethed used to datuwin. 
tbsss lines is d•eerib•d i ipp.nótx C). Th the t.ou oX hlh 
rotatir. speeds the et velocity V 1 bocoa.s ssiø 
so that th.. 4ischare nosal. is ohobd and the curves 
IaT'ics yolue of T ure into a sinlo curve. For a ccmtant 
tisoharge nossie area at anj iven ].uo t Y wd ccz'.s.or 
inlet tcmp.rturs ?, U the a. bu.tJon eh&ier isarg. 
toaperature	 is redused th. eo.pressur tip	 ucorcases 
an	 ration at A rcduoec compressor pr.ss• retic aust be 
too sptod. 

Ptgure 14 shows the thrust taeos P/ j . the thrust p.r 
unit eae rate of sir flow tsctor £/I /, end the speoifl.c 
fuel cor.aumption factor L/' \/, or the turbojet onin* 
corrupondtn to the oon.iUns tow iz. tiurc l for yslues 
or Y of 0 and 0.1, (i.e. flight sob twmb.ra oX U and 
0.707 rssp.otiv.ly ). 

The thrust factor and thrust p.r unit asia rats ot air 
flow factor are seen to inoreaao prooia].y with iorcaso in 
T4/T. The thrust per unt mass rats of air flow tactcr for 
a constant T4/T1 remain a3nst c utsz1t or decreases with 
increase in u/\/' , Ths is a oons•u*noe cC th. reduction in 
ocpreesor offleisnOy *'Je cttts the cfact of incraaed 
pressure ratio Pa/Pt	 is increased. The thrust

factor, )ow.v.r, iuersaa.a .pr.ctabl' with U/\fi because 
of t!'e ettnri inerua• in the mass flow tsatcr. kv.ry point 
en tha fiu. 14 t * poasibls opestin point Lf the .ntno 
is provided with a vsrisbl• area dis.hsr8e ne gate. A Line or 
constant nos gie area is aloe shcwn in this Lipa..



26 = 

!h• Lowest value of the specific fuel oonaazption factor 
in figure 14 is obtained at aU/Jj of &bout 1550 ft/s.c and 
a	 of about 3. Iben operation Is limited, to the constant 
dL.charg. nozzi. eisa un. it is round that for 1' 0.1 (f3.. 
14(b)), the specific fuel oonsumtion factor is increasing as 
the value of TdT1 is d.cr.aaing to S (the minimum value of 
V/}flJj ocourrini at a ? /Ti of about 3.7). henc, the 
desirability of a variable area disehrc. noaslo is apparent. 

The oøouranee of minimum ' /PV 	 at an intermediate 
turbine inlet temperature was anticipated from rig. 9. Tha 
larg. reduction of compressor efficiency with increase in 
compressor tip speed at th# rango of 1iig 	 J/i/j (... fig. 13) 
resulted in the location of the p1nt of ua.inimum.speoific fuel 
consumption t&otor in the range of ir •rm.uitte tip Bpseda. 
or any given tip spoed factor it is noted in fiur. 13 that 


operation at ? /T1 of 5 occurs at a 3.ow.r p /p1 end lower 
than operatron at T4/T1 of 4. If la, specific fuel 

oonsption were the prinary objective of the design 1 then 
by ohooairg a turbine o smi.U.r noazi. area it would be 
postble to teove the lO3stio o.L the T4/T1 S un. in 
figure 13 to the position of Ui. Td s 4 lins and 
realize at T4/T1 3 an iaprovsment in specific ru.1 oon 
sumption resulting from the inereased pressure ratio an 
eo!Ipreasor efficiency. In this case operation at the high 
value& of TJT1 iul be displaced into the surge zone 'and 
some reduction in maximum thrwt o' thc .:ine will result. 
lience to obtain the ultimat. in both specific fuel consup-
tion sriU thrust from a i yen nine a vaiab10 turbine norale 
area as well as a variable area discharge noasle would be 
beneficial. 

Piurs 1.5 shows te performance oharaoteriaitics of a 
typical axial flow ocpr.ssor. Goaparlson of figures l and 
13 shows the diftrenoe in characteriattc bøtween thi axial 
flow and centrifu,al compressorz. At Mh tip speeds OO?*. 
tioD at any given tip speed is limited to a much narrower 
rane of mass flow for the axial flo. than for the centrifugal 
flow ccmpr.aaor, Hence, the turbtne ilow area must bs deined 
with greater accuracy for the axial ilow than ror the centri. 
fugal compressor to obtain a projier match of turbine and 
sc'mpreaeor eharactristica at Le .ign point. 

The curve of oompracsor efficiency for a tip speed factor 
or øao ft/sec is almost constant over this limited rang. of 
pressure ratios shown in figure 16 for this speed; that is over
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ths pressure istio rin. tro* 2.8 to ).4. Outside thi.a pressure 
ratio ran the *ffiot.ACy *y drop sharply. The .ap.a of 
these eury.a are very sensitiv, to the detz41s of the sea-
pr..aor destn an the blade .n1. s.ttSna, The axial flow 
ocapressor stuwO )51z loss ii errietenoy thon the centrixua1 
ociproaaor with increase in pr.sure ratio in the i'enj• snowu. 
The axial tlew or.sor has the adYsnte!e over Ui. Ltngle 
stse entrifus1 eowreaser in that it can ba d.ined tar 
any de.Lr.d pressur. z'atio by pr yining sufficient sta.s to 
insure good sta;e efici.neiee. ar the e.ntrLuEa1 ocprissot, 
*i increase ii pressure rstio is obtained by an mere.., in 
tip speed *Ad hence velocities at the taps1.l.r exit which Sr. 

LA the transonie and supersonic ranres are eventually involved. 
This gives ris, to the problem ef •ttieivzitly sorirting tbeae 
velocities into pr.ssurm in the &tCtua.r. 

The variatioi of the factor is tuoh reuter icr the 
axtal tiDy thin tar the e.ntri'tage.l corpressor. At the high 
tip ep.ada, however, the y srtation in K0 for the axial flow 
copz'easor is sutis1&ttlj 1iit.d in the tnt•restin . operating 
ra.e ma to ?ro,id.. nserly aomtsnt turbine sfticltnoi. The 
turbine •rriei.nci curve, in fiturs l w.zu obtained iron 
:iure 12 end eustioi (9) and rlte to it trbojat	 1ti 
inccrportttig the tubine and nz.tai how copreesor ahsrc*ot.rissd 
Dy the data in 1tursø 13 and 15 reape•tlu17. 

2. Lines of eon.tsnt T4/T3 for this ençj Inc wore sout.d 
in the nannir desczib.4 in aend.iz T frjn tJa ata of igr.s 
]2 and 15, The lines tea' an iUuatratie coastant nuz1s axes 

are also shown. 

Th thrust teeter, thrust paz' unIt nasa rats ct aim' :1*. 
factor 1 and ap.ciie fuel cnsum?tion rsotor,a. shown in 
£iuce 1% toi' the turbojet $Jifl* eorr.sponcin to the data of 
t1 4 uz. 15. The *lniausa valu.. at the specific Ail consumption 
factor La fl;iize 16 is obtained at a value of T 4/T1 of 3 
and occurs at the highest tip spOed factor shown. The iaet that 

.tfloi.n.y does not fitli off with increase in tip 
speed in the rants 5t3c pn contributes to the uccurano. aC 
minieim	 at the bii V/j, It should as not ed that 
the urves for the szi*) ilow ccapr.*sor do not cover as Uih 
a rsne of pressure ratios as the oirysa for the asntrifu.j 
co*pr.ssor, figures ] and 34.



Pigu,a 13 and 14 or 15 and 18 for a turbej•t .nine vith 
$ oonatsut diso1.r8. nossle area inioat. that 'or a constant (light soh nsbr (constant value of 1) the tsators 

ç/op ?/ii4j, 74/Ti, and	 each should plot as a 
single aurve aain.t V/ivaj, r.jardt.ss of tk sltitsda at 
operation (i... r*mzd1eas of ataosph.zie pressure end 
tsnp.r*tuze), This is found to be true in ?ractie. except 
for the apcitie tual. consption factor, IrA this oas•, the 
assumptjc g or * constant coabuatjo etticj.z*c7 and a given 
spec iris heat of gases during oesbl3atio.n for a given 
do not held in sotnal op.ration, 

The perfornance of the tic illustistive ttirbojet .niasa presented herein ar not Indieetj,ø of the bst er(ormsnes 
obtainable with this typ. ci sn.in b*a*us• no att.npt was 
ns.ds to pick cunponants or optia ehsract.ristjos. It was 
hoped, however, that the aiseuasion of these illustrative engines wotald provide seas insight into the mennep in *iioh the perfov n.e cbiz'set.rjatj.s of tho ceaponentg intlusne.d the pszfox'wano. or the sngin, and sons understanding of the 
basis ohazaet.rjstj.a and U*itatio.s of this typo of engine.
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&PP$DU A 

SQtATZOX8 P0k 'rn PIPORM*E FIGURES 

The •quation tmbira correspond to those i the dextys-
tion given in appindiz C, reference 8. 

Figure 2t
a 

a	
- rrr8Io \!Y 

Ta
	 (C6) 

- 
!' +Apd _
	 +	 '	 !i

	
(C70) 

	

Plight aob vaab.r	 - l[J c 519
	 (072) 

Figure 3:

p2	 tZ\r*..1
a —. a + p1 	 r-Y) (CS?) 

(C68) 
a 

pt 	 HrY 

PiLr• 4(a)$ 

V '1c'1t 519	 519
0 

Ti5-1 
Ta 

vhu.A' -A

Ta 

VtE 

+ ;€,	 +13 
(Ca?)



Ptgur 4(b)
a1 (CV 

Li. - 1[ I - 'V :	 -	
(C62) 3	 ?4	

L.-i ç! 01,1 

)igur. 5:

T2_ 2	 ?0(1+y+z)	 (C29) 

Ptgui's 6,

-	 (T4 

	

32.2 h	 (C27) 

whsr•	 1. detu'tn.d. tram rsfer•noe B 

PIgura '7(a)

£p	 '' - 
r 7 rrç-!	 (C43) 

Pigur '7(b), 

âp 2-4) (a -	 1	 1 b	 .2	 +	 z	 + y + i z,)	 (c45) 

Figur. 7(o), 

C--	 --1	 (C50) 

(r	 'p0 
1--

Y* 'L 
wher• 'va1u of	 *2' obtalnad from v.f•r.no 10.
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Symbols used is those equations in Mditit*i to those 
given in th pap.r ersi 

avera. specific heat at eexitant proasuz'a of the 
•xhsist sa.s diwing the expansion proc.... This 
t.z when usd with the toapsrsttwe ehans 
*eDoan3*3 the expansion. iv.. the shengo 
In anthalpy per m.tt wa. 
(Stu)/(slug)(°?) 

svirse spositis heat at eonatant pr.ssa'. of the 
asss durinj the eambustion process. This t•ria1 

when used with the t.ap.rstur. shanFde during 
oowbuation, is used to dteraina the tual 
oonsption. (tu)/(slug) (01) 

a	 spuILio heat of air at constant pr..s'. at a 
a 5]	 U, 7.73 (Stu)/(siu)(°F) 

speeifie heat cf sir at constuit pr'esswe at 
oe*pr.or oitlst total tpu*twe. It Li 
squel to the snthalpy per' unit as (zero enthalpy 
az'bitrori1 fixed at absolute soro te*p.ratur.) 
dtvidsd by the total tep.rstuz's. (U*i&)/(slug)(°?) 

$U O03*8t*flt Of zh**it rsa (ft.lt$/(s1u)(e?) 

a' sonatant of sir, (ft].b)/(a1ug)(OP) 

ideal work in S thsimodynaaie prosesa, tt,.lb/lb



- 

£?PUDIX B 

. Lollowing is a no..ur. for p1ottin lines of 
senatent T4/T1 sr compressor ohsrset.ristts curves iu,t 

3 rop . givsri tlzrbcj6t sntn.. 

qnatin (8)	 be written

(j3) 

tsn	 La s iiustd b.tw••n equations (10) and (U)

th.o results 

rç Lv'i	 $ (id.?)	
Xt Vt fi	 (12) e ôi.	 1 

Th* stathod of us1ric equation (12) to obtain the constant 
i	 T4/T1 tn.a iU be 11ustz'ets4 for Uie turbojet nine vith $ 

•*ntrifua1 eopr.øor. 
1. a pont o	 gure 1 at a value of U/'	 and 

Of P1/Pt for uhith the value of T4/T1. is d.sired. 

2. Read the eorr.epontifl values 01 sjç/o 1 , he, 
an approzisat. value of	 fro2 ftguz. 1. 

. Corrcspon.irg tu U. aproiast. value of fl pick 
an apozisiat. vaLue of	 from tiw's 12 an* compute an 
&pproxiaste value of u/V s tro* equation (i). 

4. Per * gLvo v*lui of r comput. the •ppreziaata value 
of tt/64 from equation (12). 

b. Read frois figure 1.2(a) the value v /J I correspond-
ing to the values Of	 and u/V1 pr.vieusly obtained

and from the s tim. read Vtvjo4. 

8. Coaput.. T4/T1 from equation (10). This is a first 
ai in moat eases is sufficiently aceu*at•. 

7. To •valuats a aseond sppDoziaati.n ci' TI?1 first 
compute a new v3a. ai u/V s from ths i4.ntit



U	 U/	 IT1 
ci 

SI, DtOr1ns & nov T2u. of 1 tro tigur. 12 
surr.spo4ia to tk nov valus of u/Yb md tha valu. ot 

(tha latter tester is aa•4 to tiud 

9. Mopsat steps (4), (5), and (6).
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The following is the sthod for locating the operating 
lines of a turbojet engine •qtipp.d with a constant exhaust 
ness].• area, such as are sbow in figure 15. 

The Jet V.1QOit1O*Ut s**iie4 - as 
' /0 

Y j C,	 UCpT5ul.P5 

where T is the total t.perstur. at turbine 4tsohrge, 
is the total pses.u'. at tubins discharge, 

(lb/sq, ft absolute) 

fr.s which	 -
/ 

'p0 
__ - C'2Je9	 L \P5; (15) 

The asia flow through the exhaust nossl. area is 
•xpres..d as	 - - 

/
p0	 '• 

Mt AP5	 RJo t' 1 

where	 is the stagnatiQa density t turbine discharge, 
(slugs/cu ft) 

Thus

2116 -	 \2JO	 1	 (14) 

This •quation is used iintil the critical pressure ratio Is 
reached. The value of the wias flow factor ronains constant 
thereafter as P/Ps beco*.s less than the orttic1 pr•saur• 
ratio. 

Prea energy considerations 

• T4	 'itYt 
2Jc
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frc vhtoh
* 

I" \ 

Th, jet veloc Ity taotor 
vi _ P _ ___ 

whtch wh. ueing the dfinition for ! (i.e siabols) 
and quatiozi (4) bsoozi 

v i 	 F	
!LTo:a530 TY	 (16) 

\'• 
?10 pro.ui'o for dterm.tning the dsin point noazie area 

and the locue of the constant nossl• r.a curve is outlined 
b..lov and illustrated tar the ca.. of a turbojet •npirii with a 
c.nti'ltugsl cosprassor op.ratini at Y : 0.1. 

.tsr.3ri*tio t d.a1j ross1• area 

1. Oorr.spondin to the doair•d design poirtt,ohoaen fro* 
a consideration of figuro. 13 and 14, r.a the values at 
U/ \/T, T41T1, * flj g1, cs and an approximate valus at n 
tro ti4ur. 1, sad the valus of P/Jr Vj fc* tiurs 14(b). 

2. Corresponding to thø spprozlaat. value of 1t ok 
an approximat. 'value of ' 	 trcm tj ure 12(b) arid cotpute an 
ipproximut. ValUe of u/Y from •qu.tion (a). 

3. Par a given valu, at the 'stto of coabuator prouur 
drop to cembustor inlet pressure, r, ecaput. the approximate 
value of L Vt/S4 from equation (12). 

4. Read Crow figure 12(a) the value of 
oozr.tponding to the values of utvt,/84 aDd u/Vs prevtoual 
obtained. 

. From Vt/ \/ , calsulit. e5/ 4 using quation (Ui). 

6 Calsulat. Vy' \/ using th. vslus eL 7/* 
sad T Sn •qnation (16).

(1 )
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7, Prc thi identity 

	

V I 	 __	
!.± '• 

	

\f95	 /G	 9 

calculate Vy'	 . Using this value in equation (13) 

determine 

6. Using th. value of p /p in equation (14) det.nin• the 

	

mass flow factor	 5 • If the value of pjp is less
B 

then the critical pa'seauzs ratio, then the sssi value of A r 
n05 

as occurs at the critical pressure ratio is used. 

9. Assuming a ram pressure loss, the value of p1/p is 

.valuat.d. 

10. A is then calculated from the identity 

_____	 /T4 

A -n
6: 

\A 65	 \P0 

Determination of constant area curve 

Once the design area has thus been found, the operational 
points of the engine with this contant exhaust nozzle area. 

have to be dctertsined at other rotatioral speeds. At any 
given u/	 the •xhaust nozzle areas recu.tred for several 
operating points are determined by the inithod just outlined. 
The operating point corresponding to the deign A at this 

given u/ / j , is then dstermind by interpolation. Phis


	

process is repeated for a au.tfiolent range of vilues of UI	 , 
and the line of constant A located. 

To obtain the operating line of constant A for another 
flight speed the procedure is repeated using the new value for Y. 

It is noted that the difference betwe.n X and	 was

neglected in this procedure.
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Figure 2.— Chart for determining Y, flight 1ach nwsbr, and compressor inlet 
total pressure for various airplane velocities and atmospheric temperatures.
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pressure ratio for various va'ues of	 cti-( ,)2 and 
If V 

the compressor pressure ratio for various values of V and 

Tic 2.	 --



L. 

:
+

C
 

2 

F
ig

.
 
4
a
	

M
A

C
A

 A
R

R
 N

O
. E

6E
14 

'S

0,

U
 

C
 

0
	

S
-. 

C
o

C
 

C
S

. 

-S
. 

C
.., 

C
C

. 
S

.0 
C

C
 

S. 

.0
S

.

q 
lii

Jo ' 

o
:
,
:
o

.
c
;
.



U-
I...... •• 

:: U...... U 
U...... 

iuur•auuu••u• 

UUUUUhUUUUUUU 

U.-.-

.09 

• 

.07 

.06 

• 0' 

• o 

•

C
2 3	 1l	 5	 6	 7	 9	 10 

Ti4. 

(b) Correction to jet velocity due to reheat in turbine. 

Figure 4 • - Concluded.



0 

iiiuuiiuiuuuu 

:miirniaummii 

U ii ii 

1 

1 

1 

1 

('Ji 
I. 

I. 

0. 

.-1 

0 

C 

0 

1. 
0 
U, 
C 

0. 
a 
0 
C)

0	 600	 700	 800	 900	 1000	 1100 1200	 1500 1400	 1500	 1600	 17(


(1 . Y + Z) 

Figure 5. - Chart for deter1.ning the COpr.550r it1et total temperature t02 various


	

values of the taotor	 (1 + Y . 2).



i !)	 !.iELEi L.tLd.LLLi.!:1'.	 :	 .,	 - 
•	 •::.., :..L ..:.	 I4	 .	 T4 .00

MATIONAL	 ,r . : rTt -	 :	 2eoo I TTE OA AERONAUr Ics	 •-tiii:	 -	 r	 r 

- _ __	 __ __ __ 

	

'	
6°°l 

..o0o	 H 

	

..... :4.. . .	 .4.: :.. :. .:f..	 :...,'	 2400 
-	

r r 

•	 •.•	 .	 . 

1± T 
•	 Hr •H.	 :7/ 

..........

- T F 

Figure 6. - Chart for determining the fuel—air ratio for 

various values of rise in total temperature across the 
Combust ion chamber and combustion chamber out let total 

temperature.	 I h	 18,900 Btu/ IbI



• 06 

.011. 
C

.02 

02	 4	 6	 8	 10 12 14 16 18 20 

P2/PO 
(c) Correction c. 

Pigure 7. — Chart for determining the factor €. 

.10 

• o 

.06 
a

• oh 

• 02 

0 

10 

.06 

b
.011. 

.02 

F' 

UIIIlIIIIIi1I'. IUIIHAIIHH1IUNIIII.-iIUUuIUi!1I -lu-I----
fl u--mflNluuIuur! 
•ii!flHUlUlHNhIUI 

I• __ • j,JJJuu!!I
U
0	 .2	 .4	 .	 .E	 1.0 1.2 1.4 1.6 1.0 

Y ^	 Z 
(b) Correction b. 



iu.mI•aI•IUllIII 

II 

iu•uauu 

iUfliUIURU•UM•SI 
pT.pg.pt.pgpc.

1.10 

1.0 

'-4

.90 

'-4 

p
.80 

4.

.70 

26C 

24C 

22( 

20 

18 

16 

14

4	 0	 0	 —---------------- -	 --
p2/p1 

Pigu?. 8. — Fuel rat. pCr unit thrust and thrust pr unit ss rat, of air rio. ror vsrtas 
co.res5Or presu7e attos sd oo,isistio —ehaSr discharge temperatures for illustrative 

0 ft/eec; ?,, 6190 R; q, 0.85; fl, 0.90k	 0.96; h, 18,900 Btu/lb; Cy, 0.91; 



N••UNU•UU••RI1UU••S iuu•m•uiuu•i•uui 

uiuu•uu•muuuuuu

-I

1. 

1. 

-4 

-V 

-4 
I) 

-4

1000	 1200	 1400	 1600	 1800	 2000	 2200	 2400	 2600 
P/N, (lb thrust)/(51ug3/Sec) 

(a) VO4 0 feet per second; T0, 519° ft. 

Pigure 9. - Co pressor pressure ratio and fuel rate per unit thrust for vartas thrusts per unit 

ss rate ot air t1. and cc	 stio,—chas*,er discharge teaparatLres for iliustratice case. 

0.8b1	 ,	 r' 0.96$ h, 18,900 BtU/lb$ C,, 0.91 $ f, 1.00.) 



•
uaaIImIIUIIUlURII • 

• uua.u.LIau.uUUaUUUI 

•

•iiiIUIIUUi!lUI. •RUUIiiIIUIiUU iAIUUiUli•UIAilN

'C 

0. 

.4 

•1 

•0 

I
'-I 
41 

g 

0. 

5 
0 

1 
4? 

U 

0 
4, 
0. 
U) 

5W	 •I	 -- - 
SIx, (lb thrust )/(slug$/$ec) 

(b)	 733 fe.t p.r &•C0Dd T, 519° II. 

?lgur. 9. - CObtUIed. 



•••uuuuuii•iiiuu• 
•••u•um•uaii•• 

................. 
• u•u•••ummuuuuii. 
••I•tiiIUU!1: iuuurnumuuuurii 
uiu•u•a••

'4 

.3 

I 0 
'3 
43 
U 

II 
)

.3 

'4 

0 
43 
0. 
a 

5
0 
0 

PjM. (lb tbrst)/(.ltge/sec) 
(c)	 753 feet per secd; ?. 412 R. 

?tre 9. - CaDc1zded. 



iILi•UUUUU•••••UU 
I.).thLJl 44J 4_ UUU 

iiIUUUUUUUUUUUUUUU 
iIu•uUUU•UuUUUmUU 
iUUUUUUUUUUUU 
I•%UUUUUUUUUUUU 
!IV1UUUUUUUUUU 

i1iUUUUUUUUU 
iIUUUUUUUUUUUUU•Uu 
IUUUUUUUUUUUUUUUUUU 

ITN-I (Tt3_UUUUUUU 
IIUUUUUUUUUUUUUU 
iIV1UUUUUUUUUUUUUU 
•iUUUU•UUUUUUU 
iUUUUUUUUU 
iUUUU•U•uUU 
IiUUUU•UUUU 
iUUNUUUUi

2. 

1. 

1.

1. 

a 

-4
1. 

C 
0

1. 

a

1. 
C 

a)

2 

2C 

1E a 

a 

I : 
12 

10
UU	 7XJ	 800	 900	 1000	 1100 

Airplane velocity. V0 . ( ft/icc) 

(a) Specific fuel c*a.uptton and thrust pr unit air t1o. at va-ious alrpne 
vel3citi... 

FIgure 10. — Pertoratance of jet—proou1son unit at conditions for mIniva spEcific fuel consumption 
and for pressure ratios giving A=1 for illustrative case. CT4. 1960° 8: 'lc 0.B; 'it. 0.90; 
'ir, 0.96; C,,.97; ii. 18.900 Btu,'lb; €. 1.00.) 



tiI[*UI 

• iuuuuu•uu•mmu•uuu 

i•iiuuu•u uuuuu

2 

6:.

4, 

4, 

4' 

3. 

3' 

3. 
4

3. 

3. 

2. 

2. 

2. 

2.

Airplane velocity. V0 . ri/sec 
(b) Cipressor pr.ssue ratios and A at various airplan, velocities. 

Figare 10.— Ccl&ded.



Iaiiiiiiiiiiiiiiiiiiii 

IRURUUUIU•IIUNUU

a 

'-4

p 

a 

,0 
'-4 

S..

2	 6	 10	 14	 18 

p2!p1 

Pgure 1].. - Compsrison of rrorance vith con8tant ,	 and with constant	 at various 

compressor pressure ratios. (V0	 '73,3 ft/ eec;	 5190 R; 
T)t	 0.90; r1 = 0.96; 

h	 18,900 8ti/1b; C,,	 0.91; € = 1.00). 



. 

C ( U 

0 V 

C
.-,'

I0 

. 
10 
0

 
-.4 
43 
10 

-4
 

.	
.1.) 

)
 
0
 

-4
 

4
)
1
0
 

,..4	
C) 

4.. 
II 0

 
-1

 

10 

U
 

o
 e 

- .4.) 

I. 
U

)

C
l) 

1
0
1
 C
.) 

'-4 

V
 

-4

o
a
/n

t
5
 l5

)
/R



,..	 rrrT ...	 ,.,. rrr rr	 r	 .... r	 I	 r,r 

-----------------

- 

---

p/p 

1 

--- = z-------

.80 ----- -----------

	

-	 ----k- -	 - 

_	 _	 _ LL LAJ 

.2	 .3	 •L.	 .5	 .6	 .7	 .8 

u/vt 

1 

.90 

4.) .80 

.70 

.70

(b) Efficiency characteri8t.CS. 

Figure 12. - Concluded. Craracteristics of a single stage turbine.



.3	 1.2	 1.6	 2.0 

I47/6, Slugs/Sec 

Figure 13. - Characteristics of a centrifugal compressor. 

1.( 

C)

.c 

. 
C)

3.' 

,-4	 Z 
Q.	 'I. 

0.

2. 

2. 

2.' 

1. 

1. - 
•1.

•u••uiuuuwiuruu 

• u•u uuiu••a•uiu

.3__V• 

.,	 I 1.0
C) 

9 

.8 



.1.) 
0 

-	 1.1 

!	 1. 

.0 

•	 1. 

22( 

U 
C 
C

14( 

t

34 

26 

2 

•

14 

10 

6

IIIMU1UBRRURUII

.8	 1.0	 1.2	

!_.., slugB/8ec 

(a) Y = 0; titght Mach No. = 0. 

Figure 14. — Perforaice or turbojet engine with centriTha1 C3mpreZ8Or. (. 0.96;

C. C 0.97; E' 1.00; h = 18,900 Btu/lb). 



uI•RauIIRRuua 
•ua aauuuauui

1.1 

18O( 

140< 

20(

.8	 1.0	 1.2	 1.4	 1.6	 1.8	 2.	 2.2 

S1ug3/5C 

cb) Y = O.1 f1iht ach No. • 0.707. 
FIgure 14. - Concluded. PerCortwnce of turboet eng1e with cetr1tuga1 eopre35or.	 = 0.96; 

= C.1; E 1.00; h = 18,900 Btu1b. 

•3 

là	 2.0 

-1 

I-. 

là 

là 

C..



.3	 .9 
S 

0 

C)

. 

3.11 

3.0 

2.6 

0.
C'J 

0.
2.2 

l.L.

ua•ivau•uauut

2o 

1 

.2	 .4-	 .6	 .3	 1.0	 1.2	 1.11	 1.6 

Myç/b 1 , slugs/sec 

Figure 15. - Cnaracterietics of an axial-flow compressor. 



1IIL 

• _ 
uiu•uiuuuuuuuuuuu

2. 

2.2 

4.) 

.	 2.0 
L

1.6 

0 
6 lbOO 
4.4) 

4-, a
1200 a a

600 

I 4-4 

It ,	 0C 
4..-

6.

2000 

1600 

a 1200 

80C 

4-4 

6.

0
.6	 .6	 1.0	 1.2	 1.6 

M1j	 s1us/3ec 

(b) Y = 0.1, f1i Macx r.umher = 0.707. 
Fure 16. - Concluded. FerfornCe of turbojet en.ne with axial coapreesor


(Yy	 0.96; C. = 0.97; E 1.00; h = 18,900 3tu/lb). 

/ 



UlNflhiIIIi1 

•

• ____

2. 

2.2 

•'

2.0 

1.6 

C)

i600 

rl 
0

12O0 
•3 
0

80O 

140C 

200C 

i60 

120( 

'

.6	 .8	 1.0	 1.2	 .'#	 i.o 

iiv' !5 1 , s1i8/5ec 

(b) y = 0.1,	 Q•707. 
Fire 16. - Concluded. PertorrriCe of turbojet engine with axtal corpra88or 


('1	 0.96; C = 0.97; E 1.00; h = 18,900 Btu/1b. 



I

xi

op


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64



