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A brief investigation of %b perfc#planc eofasb@Lecan-type 
cmibustor design& far a turbojet engine having a ndlitaxy rating of 
4OOOpouMs 45hrustatarotar speed of 77OOrpmandequippedtithan 
U.-stage &al-flow compresscrr d a single-sbge turIdm3 has been 
mpde. %e iwesti~tionwas conductedtoaetermbe: (a) the altitude 
operational 1Indts of the engine for two fuels (AN-F-32 sd A&F-28), 
(b) comifmstion efficiencies at vaHous simulated canditions of Etltitude 
snd engine speed, (c) cmibustor-outlet t emperature distributlcn for 
severalaltitudes atcanstsntengine speed,sdA (a) the cmibustm 
total-pressure drop. 

!lBe limits ~9% AN-F-32 fuel were fouzld to be approxbmtely 
60,000 feetforaengine speed of 6000 rpmazldaplp'oximately 
38,000 feet for 89 engine speed of 4dXKI rpm. !be results indicated 
that the altitde opem.tiomlUmitswifklAH-F-32 fuelarehigher 
merthe lsxgestpartof the engine-apeedrsnge thesuitihA&F-28 
fuel. A combustion eff'iclency of 95 percent was obtained at rate& 
ennlne speed(7600 rpn) anlanaltitude of 20,000 feetwfthAJ!J-F-32 

. A chezge In altitude from 20,000 to 60,000 feet &&owed a 
20-percent decrease in cmibustion efficiency tile the engine was 
operating at 7600 rpm; whereas, ataner@neL4peedof4IOOOqma 
chenge of altiimle from 10,000 to 40,000 feet showed a 52-percent 
decrease in ccmibustion efficiency. . 

!I!he cmibustion processes in jet-propUlsion engines a8 adversely 
affected by increased altitudes. For w given engine speed, there 

1 wlllbea certahaltitude abovewhich the en@newIllbecme limfted 
because of cdbustion dIfficulizLe8, tit is, the eq#ne will not 
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operateunder those conditions of en&ne speed&altitude that 
impose ccmibustim difficulties. Ilfie conibustm-desigu cbaxacteristics 
lsrgelydete22uine these limitationsforanygivenen@.ne. It is 
Werefare ofinteresttolmow, forartygivenengine, the altitudes 
at which the engine will be limited because of combustion difficulties 
over its entire spee&range. 

Thealtitude operational limits ofa sir&e can-type conibustor 
deslgn.edfcra turbojetenginehaxLngamilitaryratingof4OOCpourads 
i&rust at a rotor sped of 7700 rpm asd equipped with an ll-stage 
axtal-flow conagressor and a single-stage turbine were obtained at 
tie WLCAClevelfind laboratory. Ihe altitude operational limits of 
this coz&usta?? were obtained for two fuels, AN-F-32 and m-F-28. 
She conibustion efficiencies at various simulated canditions of altitude 
snd engine s-peed, the cmibustor-outlet temperature-distribution plots 
for seveml altitudes, ami a combustor pressure-drop correlation are 
also presented. 

The combustorrwas connected t-c the laboratory-air supply, as . 
d~tica.lly shown in figure 1. Air quantity and pressure were 
regulatedbyremote-controlvalves upstreamaDd downstreamof the 

.= 

conibustor. me desired inlet-air temperature was obtained by the . 
use cf an elecfric air preheater, which was automtlcally regulated 
tomainfzina constantinlet-air temperature. 

Ilbe co&ustar-inletsectionand the cm&u&m itselfwere fur- 
nishedbytheolanufacturer. Ilhe ccmibustor-outlet section, which was 
fabricatedat+he Cleveland laboratory,duplicates thatofa standexd 
conteqporasgengineusingacan-type conibustcr. Zkoobservation 
windows sxiallylocatedalongihe cozibustorlnadepossible thevisual 
observation of co&u&ion characteristics. 

!l%e nmiber a&l location of instruments at the instnnnentation 
planes showninfigurelare tabulatedas follows: 

Nmitmrofinstruments 
we of ins-t TxMmmsntation plane 

A B C D 
One-themocouple rake 2 m-w --- 3 
Three-tube total-pressure rake 3 S-M W-M m-w 
ITLve-tube total-pressure rake --- --- 7 --- 
Five-%& ermmouple rake m-w 7 w-w -mm 
Stfrtic-pressure orifice 1 111 

c~ction 



Allmeasurementswere takenatthe center of equslereas. Loca- 
tions of the points ofmeasummbentattherespecti~ inskumentation 
planesereshowuinfigure2andtheins kumntationdeteils sre shown 
in figure 3. lbmgera~swere indicstedbyse3s-balanc ing PO-M- 
cmeters; air flew was ?aeasured by A&.&E. squsre-edge orifices and 
fuel flow by a rotsmeter. AU.instmmentswerecalilmsted. IT0 
sttempt was made to correct the thermcouple readings for stagmtion 
effects. Aphotogrqh of the cc&mstmaud inf&mnentationis shoun 
infLgure4. 

Experiments were conducted cm the ccmbustior covering a range of 
aStied altitudes from 10,000 to 60,000 feet and simulated engine 
speedsfrcm3!500 to7600rpb' Cdustor inlet-air ccnditionswere 
nraintainedfor eachtititudesnd engine-speedpointselectedat 
values determined From an engine-performsnce imesti tionmade in 
the HLK.YLClevela&altitudewindtunuel (reference F 1atzerorem 
conaitions (fig. 5). !LherequiredoperatinSconditionsfromref~- 
encel, the actual testconditions,eud theresults obtained- 
listed in table I. Ateachaltitudesud engine-speedpointimes- 
ti@zed,anat~twasmade to obtainansverage cmibustor-outlet 
teqperature equal tc or gm8ter than that requirsd for ncmml engine 
operation at that point* Fcweach sinmlatedengine-speedpoint, 
there was an eltitude above which tie required c&bustm-outlet-gm 
temperature could not be obtained. ~ealtitude aperationalllmits 
were determined for both AR-F-28 end AN-F-32 fuels. me ccmibusticn 
efficiencies over the range of en@ne operational speeds anb altitudes 
were detemined with AH-F-32 fuel. 

%?he altitude operational limits obtained using AH-F-28 and 
AN-F-32 fuels are sham in fi@res 6 end 7, respectively, where alti- 
tudeis plottedagainstengine speed. The solid curves sepsxate the 
region where the ccmibustor-outlet temperatures obtainable were suffi- 
cient for normel operation of the can-type c&bus-&r m the re&on 
where either the conibustOr-outlet meratures obtainable were insuf- 
ficient for operation of the engine or where burner blow-out occurred. 
Mgure 7(b) includes lines of cons&t& c&bustioq efficiency. me 
constant temperature-rise efficiency lines were obtained by inter- 
polatingbetweenthe data points. Theeltitudeoperationallimits 
using Am-F-32 fuel were found to be approxima tely 60,000 feet for 
anengine speed of 6OOOrpnand approximately 38,OOOfeetforan 
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engins speed of 4ooo rpm (fig. 7). !Lheresultsindicatethatthe 
altitude operaticmal limltstithAI?-F-32 fuel arehigher over the 
largestpartcf tie en&x+speedrange thanwi-k,hAN-F-28fuel. The 
lmxinmm difference reaches Id,000 feet; however, as the rated engine 
speed. (76OOrpn)is apprcached,the difference inlimitsbetween~e 
two fuels is nearly eUminated.. 

!Lhe vsriatim of the conibustion efficiency with altitude for 
enxnge speeds cf 4000 and 7600 rpm using AN-F-32 fuel is shajn in fig- 

Ckmibustion efficiency is defined as the ratio of the measured 
tctal:~ture rise across the cc.ubbustor to the theoretical total- 

temperature rise across the cmibustor 
As@ - B) 

ATt 
(reference 2). A 

cat&u&ion efficiency of 95 percent was obtained at rated engine speed 
(7600 rpn) and an 8ltltude of 20,000 feet. A change of altitude from 
20,000 to 60,000 feet showed a ZO-percent decrease in combustion effi- 
ciency while the engine was operating at a speed of 7600 rpm; whereas, 
atananginsspeedof4000rpan.a~ofaltitude~am10,000to 
40,000 feet showed a 52-piwcent decrease in ccmibustion efficiency. 

Iihe effect of the variation of fuel-air ratio on oomhustor perfmm- 
auce at eui operating point chosen near the dead-band for AN-F-28 fuel 
is shown in figure 9. . 

!Che teslperature disizibution at instrumen~tion plane B-B (fig. 1) 
for a simulatedengIne speed of 76CO~andrepresentingtwo simulated 
altitudes (50,000 sad 55,000 ft) using AN-F-32 fuel Is shown in fig- 
ure 10. Three tempzature-distribution patterns taken at simulated 
altitudes of 20,000, 50,000, and 55,000 feet and at a simulated speed 

.- of 7600 rpsn using AI?-F-28 fuel are presented infigure IL 

It can be shown fkom the mrrmsntum equation for a constant cross- 
sectional-area co&u&or that the total-~essuredropacross the com- 
bustor expressed as a fmction of Qqpact pressure is a linear function 
of the ratio of inlet-to-outlet gas densities. The impact pressure 
waacalculatedattheinlet~ the c&bustprassmingthatthe inlet 
exeawasequaltothem.ximum cross-sectional ezea of the collibustor. 
Whenthe pressuredropisrelated to the rtmximm cross-sectional area 
of the conibustm, usef'ul c~isons canberaade~ththe pressure 
drop Inother c&u&or8 of different geometry. Figure12 shows total- 
pressure drop vessed as a fraction of *ct pressure AP/q plotted 
against inlet-to-outlet density ratio pA/pB. 
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3. 
W Bkomaninvesti*tianof i&eperfmm3.m 8 characteristics of a 

can-type coizibushr,thefoEhiingremltswere obtained: 

1. IIhe altitude operationallimltswithAlT-F-32 fuelwere forxlld 
tobeappro~~ly60,000feetf~ane~ speedof 6OCXJrpmand 
approximately38,OOOfeet foranengfns sped of4OOOrpm IIhe 
resultsindicatedthat4&ealtitude opera.tionallimitswi~AN-F-32 . 
fuel arehigher over the largest part& the engine-speedrange 
than with AN-F-28 fuel. 

2. A ccmbustion efficiency of 93 percent was obtained at rated 
- en&ne speed (7600 rpm) a&i an altitude of 20,000 feet with AN-F-32 

Achmge of altitude frcm20,COO to 60,OOOfeetshoweda 
2C-p&cent decrease in co&ustion efficiency while tie en@.ne was 
operaMngat76oorpm;whereas ,&anengineepgedof4000rpma 
chenge ofaltituaefk?omlo,OOO to4D,OOOfeetshuweaa52-percent 
decrease in conibustion efficiency. 

Flight PropulsionResearch Iabarebtccry, 
m.tionsA AaxLsory Cdttee for Aer~utics, 

Cleveland, Chio. 

I, Fleming, William A.: Altitude-Wind-Turmel IxmestigssB.tion of zb 
#OO-PouSl-Thrust Axial-Fluw Turbojet B@ne. I - Perfcmmnce 
and Wina~ng Dmg chsracteristics. xxARMxo.zFmO9,19#. 

2.Turner,L.Rlchsxd,andLord, Albert&: mvcQlarte 
far the Ccmputationof CcmibustionandMLxtureTangeraturesat 
Constant Ppessure. NICA T.H No. 1086, 1946. 
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sigure 1. - schel.lnt10 diagram ebowlng teet rig an& 1n8trtmerLtat1on poEi1t1one ueed la 
investigation of can-type combustcxr. 
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Plane A-A 
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Plane c-c 

0 Total-pressure tube 

B Thermocouple 
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static-prssaurs orlflc* 

Plan* 8-B 

. 

Plane Q-0 Plane Q-0 

Figure 2. - locatIon of instrument3 at severe1 instrumentatton planes. 
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FI ve-tube total -pressure 
rake 

Three-tube total-pressure 
rake 

Diameter 1” 

statrc-pressure ConnectIon 

NACA RM No. E8Fl7 
. 

. 

l 
Five-thermocouple rake 

One-thermocouple rake 

Figure .3. - instrumentation details. 
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Bigme 4. - Photograph of test rig, ahowing lnatnmmntatlon poeitfcgzs. 
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2 4 6 8x103 2 4% 6 

Eng5.n~ speed, rpm 
Figure 5. - Combustor Inlet-air conaltlona and required temperature rise. Nozzle 

diameter, 14 Inches; zero ram. (Data from Cleveland altitude-wind-tunnel 
investlgatlon, referenoe 1.1 
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7;1: 
- g;;;;de operational 

=,- Required oombustor- 
outlet temperature 
obtainable 
Required oombuetor- 
outlet temperature 

10,000 not obtainable 
No oombustloa obtainable 

0 
2000 4ooo 5000 6000 7000 

Wine speed, rpm 

Fl 
r 

r8 6. - Altitude oI;eratlonal limits for Can-type combustor usfng 
N-F-28 fuel. Zero ram. (Number8 refer. to run number8 in t8ble.I.) 

. 
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10 ) 000 

0 
2 

2 
Required oombuetor-outlet temperature obtainable 
Required aombustor-outlet temperature not 
obtainable 

V No oombuetion obtainable 
Altitude operatSona1 limit8 

Engine apeed, rpm 

(a) Rune. (Humbers refer to run nUmbetr8 in table I.) 

Flypre 7. - Altitude operational limits for can-type combustor usbg 
AN-F-32 fue 1. Zero ram. 
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60,000 

5fJ,- 

40,000 

30,~ 

20,000 

lO,oop 

0 

0 Required oombuetor-outlet temperature obtainable 
A FLequlred oombuetor-outlet temperature not obtainable 
V No oombuetlon obtainable 

- Altitude operational llslite 
--- Oombustion effloienoy 

1361, / . 
V/ 

f I I I I I I I I I I I 

WO 4000 5000 6000 7000 
Engine'epreed, rpm 

(b) Comhstion efficiencies. (Kumbers refer to combustion 
efficiencies. 1 

Fig-we 7, - Concluded. Al.titude operbtionftl limits for csn-type 
combutitor uainq AN-F-32 fuel. Zero rem. 
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Figure 8. - Effect of variation of altitude on oombustlon efficiency 
in can-type combustor using AN-F-32 fuel. Zero. ram. 
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.C 
Fuel-air ratio 

9. - Effect of variation of fuel-air ratlo on temperature 
nt operating condltions~near dead-band in can-type combustor. 

N-F-28; engine Speed, 6000 rpm; almulated altitude, 
---- -- 
Fuel, A 
50,000 feet. 
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(a) Simulated altitude, 55,000 feet. 
- 

(b) Simulated altitude, 50,000 feet. 

Figure 10: - Tempraturedietribution pattern at Instrumentation plane B-B in can-type 
combuetor ueI.ng NT-F-32 fuel. En@m speed, 7600 rpu. 
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(b) Simulated altitude, 50,000 feet. 

(c) Simulated altitude, 20,000 feet. 

Ffgure 11. - ~peratrucea~stributioapatternatinetrumentstion plema B-Blnoan-type 
ocanbu&or~lngAH-F-28 fuel. Engine speed, 76OOrp. 
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12. - Total-peaawe drop aoroas ten-type eombuatm axpraaed aa fFactlw of impact prsaaura plotted against 
lnle~to-outlet density ratio. N 


