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ByWilliamP.CookandRichsrdG.Koch 

Aninvestlgationwas conductedtitha single cc&u&or fKana 
British Rolls-Royce ETene turboj8t engine to detemiine the altituae 
perfomance characteristics of m-F-58 fuels. Three fuel blends 
comfoming to AX-F-58 speoificationa were prepared in order to deter- 
lUinSth8 bfh8IlC8 Of fb8lboiliQj tersrp8ratureS aILdSl?QIbZ&tiC Content 
on cc&u&ion efficiencies and altitude operational limits. Ths per- 
formance of the three AX-F-58 fuelswas cmaredinthe range ofalti- 
tudss from Bea 1eI?81to 65,000 feet, engine sgeeds frcrm'40- to loo- 
percent normal rated, and flight Mach nWbers of 0.0 and 0.6. SW 
infomation was oNaWed for AN-F-32 fuel at a flight Mach nw&er of 0.0. 

The sltittld8 op8ratlonFiL1imits of the three AX-F-58 fuslewe~ 
the 8ame at rated apeed SnB flight Machnmibers of 0.0 and 0.6. The 
high-mcmatic Am-F-58 fuel gave sltitub limits helm those of the 
base-stock and high-md point AH-F-58 fnele at louer engine speeds, 
betiq about 10,000 feet (fl9ght Mach nuder, 0.0) and 5000 feet 
(flight Mach nu&er, 0.6) lower at 70-percent IID~IKL rated engine 
speed. The altitude operatim&. limit8 of AR-F-32 fuel were about 
the same aathose forthebaee-etockandhigh-enb-pointAH-FJ8 fuels 
at a flight Mach nmber of 0.0. 

The ccgnbuetion efficiencies with the four fuels ranged f&m 54.5 
to100 percentwiththe higherefficiencies ocoumingatlmaltitudes 
landhigh0nginsap88ds. Although the matter of data was lmge, ame 
Udication existed that cc&m&ion efficiencies with the hi&-aromatic 
fueldecreasedmore rapiwthanthe other fuels as the engine speed 
wae d.ecreased and as the altitude was increased. 

Carbon deposition durb.Ig operationwith the three Am-F-58 fuels 
was slight. 
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IWJZWDUCTION 

The potential availability of AH-F-32 fuel for jet-propulsion 
en&n8e 16 relatively 8md.l bwause of kbitatiOn8 in boiling muge slid 
con@oeition. Inorder tolncrea88 the potential SLlpply of fuel for Jet- 
propuleion enginee, Are1 AN-FGFJ, which ha~ wider epecifiuatiou Unite, 
haB been proposed.. A ccmpreheasive pro&mm w&a undertaken at the EACA 
Iiewie laboratory to detelmins the perfo- charact8ristios of fuelt3 
uoufm to Am-F-58 Sp8cifioatiou in current tlZZ?bOjet 8ngineS and 
SiD&8 Ccpnbuetore fX'Olli the88 8@.Il8S. III th8 6ingl8-Cd3UStO~ inveSti- 
gatlous, epecial attention was given to the influ8nce of phyrdcd. prop- 
erties of AN-F-!38 fusl oncombu&z~perfomauc 8 in order to aetenlllne 
whether the limitations on phyeical propertiee in the sp80ification 
required r8vieion. 

.The effeats ofboiliug-tmnperature range andarmatic hydrocarlxm 
concentration within AR-F-58 specification on altitude performance ina 
KtIl&8 ccmbufitor frapn a British Rolls-Royce x8IX turboJet engine are 
preeented. Ccmbuetion 8ffiCieuCieEi and altitude Op8XVLtiOti litUit8 WeI’ 
det8rmined. in the v of altitudes fmrm 888 18Ve1 to 65,000 feet, 
en&n8 speeds from 40 to 100 percent normal rated, and flight Mach 
numbera of 0.0 and 0.6 for three AN-F-58 fuels. 

CoQmrieon of the perfonmrmee of AN-E-58 fuel6 and AR-F-32 fuel 
wasmade atafl.ightMachnumberof0.0. Comparlsonofthe carbon 
d8position of the t&Z%8 AR-F-58 fuele at one altitude condition w&B 
also made. 

sp8CifiCationS rZld tirS86 for the fuelI uSed iIl this investi- 
gation are pr8wnii8d in tab18 I. 

Three fuels conforming to AN-F-58 Specification W8r8 USed. The 
first of these (NACA fuel 48-249) wa8 a uniform ~nixture fkam Seve.tYd 
tank-car lots of AN-F-58 fuel a~ received flroan the supplier. For 
pmOS8El Of this inveSti@tioXl, this fll&vith aboil@ FaDge fraan 
llO" to 560' F and au erratic hydrocarbon content of 19 percent wae 
considered a base stock. A aecondAN-F-58 ruSl(lWCA fkel48458)wae 
plY3palF8d by blending 92 perCent of the b-8 stock with 8 perC8nt Of a 
nmber 3 f-1.101 oil. Th8 reSultin@;blendhadaboiling~8 fZ%mllo' 
to590°Faudan eromatic hydrooarbon content of 19 percent. !Fhls 
blend iS heZ'einaf%er identified aS the high-end-point fuel. CCVQU- 
isoner of the08 fuel8 (NACA fuel8 48-249 and 48-258) Were intended to 
indicate the effect of fuel boiling 3?ange on turboJet-engine perfozmance. 
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A third AH-F&8 fuel (RACA fuel 48-279) was prepared by blending 
79 percent of the base stock with 13 percent of redistilled hydroformate 
botto?ns md8percentofnumbm 3fUeloil. The reaultiugfUelblend, 
which boiled between llo" and 590' F and. contained 29 percent Of 
euvrmatica, approaches the AR-F-58 specification limits of final boil- 
temgeratjuz-8 and armatic content. ?!hia blend is hereinafter identified 
asthehigh-arcm tic fuel. Comp~r&xm~ofthia fuel(XACA fuel 48-279) 
WithRACA fU8148-258 Were intendedto indiCd8 th8 iIlflUenC8 Of 
aromatic content on turboj8t-engine perfomlfmce. !I%8 addition of the 
hydrofomatebottma,hcmeVer f iacreaaed the boiling tsaap8ratureS 
throughout most of the distillation -8 (cf. WA fuels 48-258 and 
h8-279, table I) and therefore aIIy ipflueIlC8 this fuel w haV8 On 
turbojet-engine perfommnc 8 IlEJ IlOt be due SO18ly t0 somatic content. 

Baamuch aa the silica-gel detemination for axcmwtiic content 
(table I) is conaideredmorce reliable than A.5d.M. detemiuatiom 
for AR-F-58 fuels, all amaaatic conc8ntrationS r8f8medtoW8r8made 
by the SiliCPg81 method.. 

. A photograph of the British Rolls-Royce Neue ccpnbuatOr in&&k- 
tionis shown in figure 1. ~Ccga'tPuetorpartSb8~88nth8 coDn8cting 
air pip8 and th8 diSCm8 DO2210 8X8 produCtiOn p& obtain88 fkOan 
the manufacturer. 

Th8 COlIlp18t8 eXp8rimsntetlS8tlq!ia ahgga in figure 2. cyan- 
bustion air flow was measured by a thin-plate orifice and was con- 
trolledbyt#obutterflyValV8S etreelLofth8 mifiC8. The 
COmbU&Or-inlet pressure was adjUSted by poSitiODkg a butterfly VSlV8 
dameiX8~Ofth8 C&X&Orandth8 inlettermg8r&UX8WaS controlled 
by a gasoline-fired preheater. Exhaust gases were cooled by a water 
Sp~dOWIlStr81%UOfth8 COll&UStOrSILd~S8diIlto th8 hbOZ%m 
exhaust facilities. 

The CC%llbUStOr-inlet total r8SSlU?8 and temperature W8Z’8 measured 
in th8 12-inch pip8 atpl83l8 A fig. 2) M US8 Of tW0 Of the t&88- 
pointpr8aaur8rak8s EmdtWo of the two-junctionimn-conStmtan 
th8mOCOUp18 rakeS il&lStrated in figure 3. The t~t%.tl=% Of the 
exhauStgaeeSwasmeamredby six, five-juuctionchrmel-alumslthe?mo- 
GOI.@ I’&88 (fig. 3), With th8rJB.00 ouple jmctions located at centers 
Of 8qti S?28SS in th8 OUtl8t Of th8 CCEtibUStOr at plgLne B Of figure 2. 
The CCmbustor-outlet pr8SSUre rakes and CcPnbUStOr Static ColmeCtiOIls 
evident in figure 1 Were IlOt used in this inV8StigatiOn. 

. 
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Ccmbustor-performance determinations were conducted at efmul.ated 
altitude8 ranging from sea level to 65,000 feet (or at as high a 
simulated altitude as the laboratory services permitted), at simulated 
engine rotor speeds from 40 to 100 percent of normal rated speed, and 
at simulated flight Mach numbers of 0.0 and 0.6. 

The combustor-inlet-air conditions and the required combustor- 
outlet temperature for each altitude and engine speed taken from 
early engine performance data obtained from the NACA Lewis laboratory 
are shown by the solid curve8 In figure 4. Further analysis of the 
experimental data and experimental investigation8 with the engine in 
an fnvestigatlon Independent of the one reported herein revealed 
errors in these engine performance data. The correct data are shown 
by the dashed curve8 in figure 4. The errors wore not discovered 
until thie investigation was caplete and therefore the data frcan the 
solid curves were used. Although the early data used are not 
precisely correct for the Nene engine, their use et111 permits a valid 
besfs for ccmparfng the performanc e czf the several fuel8 studied. The 
values at various engine speeds and altitude8 eimulated in the eingle- 
ccanbustor investigations were derived frcm the corrected data by using 
the temperature and pressure ratios for standard atmospheric conditions. 
The conditions for a flight Mach number of 0.6 were calculated by using 
the equations for the ideal pressure and temperature changes required 
to accelerate air at rest to any given Mach number, as shown in 
reference 1. 

In order to determine the altitude operating limita and the combus- 
tion efficiencies at various simulated flight conditions, air flow, 
inlet pressure, and inlet temmrature were adjusted to the required 
values derived from figure 4. The fuel flow was adjusted to obtain the 
combustor-outlet temperature required at the simulated flight conditions 
and data were recorded. The combustion efficiency u8ed herein is defined 
as the ratio of the actual enthalpy rice through the combustor to the 
heating value of the fuel supplied. 

Carbon-depcsition determinations were mceded by a removal of all 
carbon frtxn the combustor. The combustor was then aseembled in the setup 
and conditions of air flow, inlet pressure, and inlet and outlet temper- 
ature were adjusted to elmulate go-percent rated engine speed at an 
altitude of 35,000 feet. After operating for 6 hours, the combustor wss 
agafn dismantled and Inspected for carbon deposits. 

DISCUSSION CB RESULTS 

Altitude Operation Limits 
The altitude operational limits of most combustors (reference8 2 

to 4) are generally caused by the ccmbustors failing to give a 

. 
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sufficiently high value of tRanperature rise. The Britieh Rolls-Rogce Hens 
CCUDbU&Or 16 quite different in this respect. The altitude lhite with 
this cc&u&or result fra it6 inability to give sufficiently low ~d.wS 
of temperature rise; that 58, at cez-baln altitude engine speeds it is 
possible to run the ccpabuator if the teqperature is above the requirea 
value butblow-outwilloccurifthe fuel flow Ss decreaeedinan 
attempt to attain the required temIperatuze. The position of the alti- 
tude Unit at a given engine 8peed generally ie e8tfmated between two 
eqperimentdpointer, one atwhichthe ~~uiI%d~rat~e rise i~ 
obtained and one at which the regaired temperature rise i8 not obtained. 
Because of lJJuitation8 in the exhaust facilities, it was iIqpossible to 
bracket the operationdUmit8 atdlengine speeds; inecme cases the 
operational limits were therefore estimated from value8 of temperature 
rise obtainedonlybelawthe operationallimlt. Furthermore, altitude 
operationallimits are difficultto determine expedment8lQtowithin 
lees than 2COO feet because of the erratic performenc 8 of the ctitor 
at conditions near the altitdie Unit. For these reason6 the altitude 
Units inciuaea hereinmustnecesearilybe cansideredapproximati~. 

The operating condition6 at which data were obtained in the invee- 
tigation of the four fusle are shown in figares 5 an& 6 plotted on 
COOrdinateS Of dTdf.atea altitude and percent Of nom rated Speed for 
fli&t Mach amber8 of 0.0 and 0.6, respectively. The acdxdion effi- 
ciencies, which are di8CII68ed in a SubS~uent section, axe indicated 
nertto each operating point. The curves shown in these figures 
represent the altitud.e Umite of operatiapl with each of the fuela. 

The altitude operationallimite of the four fuels at a flightMach 
nmber of 0.0 are plotted In figure ?(a]. This plot 8how8 that at lOO- 
pementratedengine SpWdths thL%m-F-58 fbd&hme the 8Z3me dti- 
tnde limits, which s-hat exceed that of Am-F-32 fusl. At 700 an& 8% 
percentrxxxnalratedengine speeds , the altitude operational limits of 
the base-Stock an& the high-end-point AN-F-58 fuel6 (NACA fuels 48-249 
and M-258) are approrimately the fame a~ for AH-F-32 fuel (NACA fusl 
48406). The ld,gh-ararma tic-content APQ-F-58 fuel (IWA fuel 48-279) had 
altitude limIt8 that fell below the limits for the other fuels at 70- 
percent normal mt43a engine speed by appro%Qnately 10,000 feet. 

The dtitude operational limit8 of the three AN-F-58 fuele at a 
flight Mach rmrmber of 0.6 are plotted in figure 7(b). Again the alti- 
tude 0 
fuels 'i 

erationd MtS of the ba8e-stock and high-end-point AX-F-58 
IUCA fUl8 48-249 a&48-258)are appmx&na tidy eqtivalent 

throughout the altitud3 end engine-speed range invest tea. The 
altitude operational limits of the high-armtic fuel '$" XACA fuel 
48-~9)againshoWatendenCyto dropbelaw those of the Othe ftd-8 
at law engine speeds (&out 5000 ft at 70-percat nOrmaL rated 
engine speed. 
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Combustion Efficiencies 

Canbu8tion efficiencs~ with the Rritiah Roll&+Royce !&e 
CcaDbustor wae quite Beneitive to oombu8tor tmgerature rice, 

particuJml.yatlowengine speede. Accardin&y,dMficultywm 
0=0uett-9a inreproducing canbu8tlon-efflciencydatawitMn4or 
5 percent~cha8theoa&u8tm-outlettemrperature couldnot 
be eet at the required value (the camlnmtor-outlet temperature is 
the average of 30 themocouple iadioation8 and haa to be estimated 
during runs) and often differed tiun thi8 value by a8 much a.8 50° F. 

The combustion efficlencie8 ii8t8a beside the data points in 
figure8 5and 6 rangefrom54.5to 1OOpercent. Foremeof m- 
parimm, these datah&vebeencroee-plottedinfigure 8 to show 
the variationofccsnbuetionefficiency~thaltitude for the four 
fIael8 at 709 and 100~percent engine SpEd. Although the matter 
of data is large, there i8 BCSPB indication that ccmbu8tlon effi- 
oienoies with the hi& -arcmatio fuel (NACA fuel 48-279) deoreaee 
more rapidly thanefficienciee with the other fuele a8 the engine 
speed is decreased and a.8 the altitude is increased. In ge==alt 
the ccmbufstion effiaienciea vary with 8iniuZated altitude and engine 
fQeea%IIthe SamS~ aswithotherga8-turbineccmibmtom(foa. 
example, reference8 2 to 4); that 16, the efficiencies demeaee 
with increase in altitude or with decrease in engine speed. 

Carbon Depoeltion 

%8pectionof the ccmmtor liner after operation for 6 houra 
at the 8peciIied conditione with the ba8e-stock AN-P-58 (NACA Axe1 
48-249) revealed a Sooty di8COlOratiOn &?Dound the Bwirl varms and 
131882 the inletendofthe flame tube andathinfilmofcarbon 
baked on the end of the 8pray nozzle. 

6- deposit8 occurredwith the high-end-point fuel (I?ACA 
fuel 48-258). In addition, a ribbon cxP carbon about l/16 Inch deep 
and wide w&B deposited in the shape of scallop8 running between 
the ZrpStrem air holes. 

Withthe high-aramtic Axsl (EACA -146-279) the deposita 
were veryeimilarto thosewith the high-end-point fuel (HACA 
fuel 4802Ei8) exuept that in addition, three spot8 of carbon 
aboutli inuheslong by I./2 inchwide andhaving a depth of about 
l/64 ta l/32 inch were baked on the UpstI'eam wall of the flame 
tube above the air holes. 
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Thus, although the emount of carbon deposited in the ombustor 
increaseda thevolatility de-ets8aand=the arcnaatic hydm- 
cezboncm%entincreaeed, inno casem8 the amount of carbonpro- 
nounced. 

The results obtained in an inveetigation of a single Britieh 
Rolls-Royce Nene cc&u&or with three AN-F-58 fuels and one 
Am-F-32 fuel at various dmlated altitudes, engine speeds, and 
at simulated flight Mach numbera of 0.0 and 0.6 am ermmarized 
as follm: 

1. At both flight Mach nuhnbers, the altitude operational 
l&nits of the threeAN=F-58 fuelswere the 8ame at rated speed. The 
high--tic fuel gave altitude limit8 below those of the other 
fuels at lower engine speeds , bea about 10,000 feet (Mach nmber, 
0.0) and 5000 feet (Mach number, 0.6) lower at 70-percent nomd. 
333t%a SpMd. The altitude operational limite of AN-F-32 fuel were 
about the 8eme a.8 -l;ho8e for the ba8e-stock and high-end-point 
AN-F-58 fuel8 at a flight Mach number of 0.0. 

2. The ccdnmtion efficiencies with the four fuele ranged 
f&m 54.5 to 100 percent with the higher efficiencies occurrIng at 
low altitudes andhi& engine qeeds. Although the soatter of data 
was large, there waa a- Indication that cnnbustion efficiencies 
with the high- arcma.tic fueldecreaeedmore rapidlythanthe other 
fuels as the engine speed was decreased ma a8 the edtitude was 
increased. 

3. The quantity of carbon depO8iba fWm any of the fuels was 
slight. The amountofcarbonincrea8edwithincremse inboiUng 
range andwithincrease in arcxaatic oontent of the fuel. 

~isFl~tPropulaionLaboratorg, 
National Advisory Ccmittee for Aeronautice, 

Cleveland, Ohio. k 
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8pedfloationa A-a-6 
AN-B-58 m-F-32 AH-F+8 m-x-32 

mcAnle1 48-249 489a8 48-279 48-306 

A.S.T.M. dlatillation 
D 86-G,?? 
ExLttal boiling poaat 
Peroentage ev&porab& ---B-mmsm-s- BL----sws 110 112 XL0 336 

5 --m-----s--- -L-------- 135 137 l33 349 
10 m--s-s--m--- 4LO(mEu.) l57 157 164 355 
20 ------w---w- -L-w--w--- 192 16a 2x5 360 
30 -------Bs--m -c-------m 230 273 365 
40 a-w---m--w-- mm-w-w--s- 272 z 327 370 
50 m---w------m -c-w-s---- 94 332 370 37s 
60 -----------m --------s- 351 373 407 382. 
70 -------c---m ---s-m-s-- 388 437 367 
so m-Is------s- s--s--sB-- 427 E 464 394 
90 425(min.) 4wnEu. 473 500 5ol 805 

Final bow pint =(*.I 572(mar. I 560 590 560 446 
Ree~due, (percent) 1.5(maX.) l.S(Iue&) 1.0 1.0 1.0 1.0 
Lagsa (percent) 1.5(max.) l.S(nuz.) 1.0 1.0 1.0 1.0 

Brsezlng polnta (oa) -76(1~sx.) -76(msx.) c-76 < -16 c-76 -a---s- 
A.ranatics, (peroent 

bY volume) 
A.S.T.M. D-875-46T N=.) w=.l 17 26 mIm-w-- 
Silica el 

'f 
-~-I-~-~-~~~ -~-~~~~~-~ 19 

z 
29 15 

viscosity, centletokes 
at -400 F) 10.0(lils.) 

lyj~.; . . 
2.67 2.64 4.26 -s--w- 

Brailine Mm!ber 14.o(mEu.) 13.8 13.3 12.4 .------ 
Beia vapor preeeure 

(lb/w in.1 5-7 ~~~--~-~~ 5.4 5.1 4.8 -L-w--- 
H&lmgen-oerbon r&Lo -e-----mm-a- w-I-I----L 0.163 0.161 0 .Eio 

(Bt&) 18mNmin.l 
o.lqa 

---------- 18,640 18,690 18,480 18,530 
8pecifio@?atity ---w-----m-- Mwm-w-s--- 0.769 0.775 0.606 0.83L 

Ac:~iY 2c.0(mRx.) 8.O(m~.) 2.9 12.4 --m-w- 0 
8-a b-~t 
Fl%F;%; (9) 0.5O(mar.) 0 .zv(mEu.) 0.03 0.04 0.64 0.02 

~~~~~~~--~- ~O(nlfn.) ------ m--m- --..a-- -----m- 

Air-jet ret3idue 
bug/l~ ml) lO.O(mar.) -L-L------ 3 5 8 1 



. 
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Figure 1. - Single ocdbustor irmestQateU. 
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!ho-Junction 
thermocouple 
rake 

P 

Thee-point 
pressure 
rake 

FQllre 3. - Temperature- and pressure-maeuring devices. 
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Early data 1 E i- 
1 1 --- ReceGt datd 

$91600 
a-7 l-t 

30 40 50 60 70 80 90 106 30 40 50 60 70 80 90 10 
Corrected engine speed, percent normal rated 

Figure 4. - Single-combustor experimental conditions. 

IO 
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50 60 70 80 90 100 
Engine speed, percent normal rated . 

(a) Fuel, AN-F-32 (NAcA fuel 48-305). 

Figure 5. - Altitude operat%onal limits and combustion efflcienciea of 
single combustor at flight Mach nvunber of 0.0. Values of combustion 
efficiency In percent are given beside data points. 
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0 Required temperature rise obtained 
,v Required temperature rise unobtainable 

m - 

Altitude operational limit 

40 
c 

f 3 30 

20 .I 
66.3 75.1 87.9 

70 80 90 100 50 50 60 60 
Engine speed, percent normal rated Engine speed, percent normal rated 

(b) Fuel, AR-F-58 (NACA fuel 48-249). (b) Fuel, AR-F-58 (NACA fuel 48-249). 

Figure 5. - Continued. Altitude operational limits and combustion 
efficiencies of single combustor at flight Mach number of 0.0. Values 
of combustion efficiency in percent are given beside data pofnts. 



t8 w NACA Ftt.4 E9W8 

I 

3 

64.6 94.2 

20 

10 \I 
87.6 

0 #. 
90.2 pE&7 

40 50 60 70 80 90 100 
Engine speed, percent normal rated 

(c) Fuel, AN-F-58 (NACA fuel 48-258). 

Figure 5. - Continued. Altitude operational limits and combustion 
efficiencies of single combustor at flight Mach number of 0.0. Values 
of combustion efficiency in percent are given beside data points. 

. . 
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. m-T-T-r 
- 

70 

60 

20 
87.8 

10 I. 
77.0 

0 i .I 

88.7 - 
40 50 60 70 80 so 100 

Eagtne speed, percent normal rated 
(d) Fuel, m-F-58 (IJACA fuel 48-279). 

Figure 5. - Concluded. Altitude operational limits and combustion 
efficiencies of single combustor at flight Mach number of 0.0. Values 
of combustion efffciencg in percent are given beside data points. 
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40 so 60 70 80 90 loo 
Engine speed, percent normal rated 

(a) Fuel, AH-F-58 (ITACA fuel 48-249). 

Figure 6. - Altitude operational limits and combustion efficiencies of 
single combustor at fliefit Mach number of 0.6. Values of combustion 
efficiency In percent are given beside data points. 

. 
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70 

60 

so 

40 

30 

20 

10 

0 

#. 
.I 

82.5 99.7 

88.3 

100 -=-is57 
40 50 60 70 80 90 100 

&gine speed, percent normal rated 
(b) Fuel, AN-F-58 (PJACA fuel 48-258). 

Figure 6. - Continued. Altitude operational limits and combustion 
efficienciee of single ccmbustor at flight Mach number of 0.6. Value 
of combustion efficiency in percent are given beside data points. 

S 
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40 40 50 50 60 60 70 70 80 80 90 90 100 100 
Engine speed, percent normal rated Engine speed, percent normal rated 

(0) Fuel, AN-F-58 (NACA fuel 46-279). (0) Fuel, AN-F-58 (NACA fuel 46-279). 

60 

Figure 6. - Concluded. Altitude operational limits and combustion 
efficiencies of single combusttor at flight Mach number of 0.6. Values 
of ccmbustion efficiency in percent are given beside data pointa. 

c 
_- 

. 
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---- AN-F-68 48-249 110-660 
-- AN-F-58 48-258 110-590 
-mm AN-F-58 48-279 110-590 

-F-32 48-306 336-446 

(a) Flight Mach nwnber, 0.0. 
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(b) Flight Mach number, 0.6. 

Figure 7. - Comparison of altitude operational lim its of various 
fuels In single combustor . 
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Pi@mB. - Effect of altftudr 011 ombustfon effiolenoy r0r Ma-cd fuela and M-F-33 fuel ln ringlc oW3urtor. 
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