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NACA RM No. E8L24

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM
ALTTTUDE PERFORMANCE OF AN- B- 58 FUELS

IN 533- A- 21 SINGLE COMEUSTOR
By Ral ph T. Dittrich and Joseph L. Jackson

SUMMARY

An investigation was oconducted in a single combustor from a
4600-pound ~thruast t ur boj et engine t 0 determine t he al titude per-
f ormance characteristics of AH B-58 fuel. Three fuel blends
conforming to the AA-F-56 specification were prepared in order to
determine the influence of fuel boiling tenperature8 and aromatic
content on altitude performance. The performence of the three
AH F-58 fuels were compared with the performance of AHF-32 fuel in
t he range of altitudes from 5,000 to 60,000 feet, englne speeds from-
50- percent normal rated speed t0 military rated speed,and flight
Mach nunber8 of 0.0 and O. 6.

The combustion efficlencies of three AN-F-58 fuels and
AX-F-32 fuel were approximately equal up to altitude8 of about
50,000 feet. At higher altitude8 some differences occurred. At an
altitude of 60,000 feet, 90-percent normel rated engi ne speed, and
a flight Mich mumber of 0.6, a maximum af | { hNEL | Ca[1 difference smong
the fuel 8 of 14 percent occurred. The effect8 of fuel bolling
t enperat ure, a8 represented by a comparison of two AX- F-58 fuels
differing in final boiling temperature by 30° F (560° to 590° F),
on combustion efficiency were found to be negligible even at the
hi gh altitudes. At the high-altitude condition, t he combustion
efficiency of a hi & end-point, high-sramatic M F-58 fuel Wwas greater
thau that of the high-end-point,low-aramstic AN-F-58 fuel, the
differences bei ng more marked at a flight Mach number of 0.6 than
at a flight Mach numbex of 0.0. These differences cannot be
attributed solely to a change i n aromatic content inasmuch as the
boiling tenperature8 in the niddl e distilletion range of the two
fuels also differ.

Al't hough the altitude-operational-linit data are rather
inconclusive, t he operabl e speed range apparently tend8 to increase
a8 the fuel bolling temperatures inthe middl e of the distillation
range are increased.
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INTRODUCTION

The potential availability of AN-F-32 fuel for jet-propulsion
engines is relatively smell because oOf linmitation8 in boiling tem=-
peratures and composition. Im order to increase the potential supply
of fuel for jet-propulsion engines, AN-F-58, which ha8 wi der speci-
fication limits, ha8 been proposed. A comprehensive program wae
undertaken at the NACA Lewis | aboratory to determ ne the performance
characteristics of fuels conforming to AN F-58 specification in
current turbojet engine8 and single combustors from these engines.

In the single-combustor investigations, special attention was
given to the influence of physicel propertie of AN-F-58 fuel on
combustor performence in order to determine whether the linitation8
on physical properties in the proposed aspecification are too |iberal
or too restrictive. The effect8 of boiling tenperature and arcmatic
concentration within AN-F-58 specification on altitude performance
in a gsingle combustor from a 4600-pound-thruset t urboj et engine are
presented. Combustionefficiencies and altitude operational [imt8
were determned in the range of altitude8 from 5,000 to 60, 000 feet,
engi ne gpeeds froms0-to 104-percent (M litary rating) normal rated
speed, and flight Mach numbers of 0.0 and 0. 6.

Comperisons of AN-F-58 fuel8 with an AN-F-32 fuel were also
made at these conditions.

FUELS

Specifications and amalyses for the AN-F-58 fuel 8 and the
AN-F-32 fuel used in this investigation are presented in table I.

Three fuels conforming to AN F- 58 specification were used. The
first Of these (NACA fuel nunber 48-249) was a Uniform mixture O
geveral tank-car | ot8 of AN-F-58 a8 received from the supplier. For
purposes (X this investigation, this fuel, whi ch boil ed between
110° and 560° F end cont ai ned 19-percent aromatics,wasconsidered a
bage stock. A second AN-F-58 fuel (NACA fuel number 46-258) was
prepared by bl endi ng 92 percent of the base stock with 8 percent of ,
a number 3 fuel oil. The resulting blend boiled between 110°
and 590° F and contained 19-percent aromatics.Thisbl end is herei n-
after identified a8 the hi gh-end-poi nt fuel. Comparisona of these
two fuels (NACA fuel numbers 48-249 and 48-258) were intended to
indicate the effect of boiling tenperature on turbojet-engine per-

f or mance.
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A third AR-F-58 fuel (NACA fuel number 46-279) was prepared by
bl endi ng 79 percent of the base stock W th 13-percent redistilled
hydroformate bottoms and 8-percent number 3 fuel oil. The resulting
fuel blepd, whi ch boil ed between 110° and 590° F and contained
29-percent arocmatics, approach88 the AH B-58 specification limits
of final bolling temperature and aramatic content. This blend is
hereinafter identified a8 the high-aramatic fuel. Comparisemns Of
this fuel (NACA fuel number 48-279) with NACA fuel number 48-258
were intended to indicate the influence Of aronmtic content on
turboj et -engi ne performance. The addition of the hydroformate
bottoms, however, increased the boiling temperatures throughout most
of the distillation range (of. NACA fuel numbers 46-258 and 48-279,
table 1) and therefore any influence this fuel may have on turbojet-
engi ne performance nay not be due solely t0 aromatic content.

Inasmuch a8 the silica-gel determination fOor arometic content
(tabl8 1) is coneidered nore reliable than A S. T.W determni nations
for AR-F-58 fuels, al| arcmatic concentrations referred to will be
by the silica-gel net hod.

APPARATUS

A single-combustor assembly Of 8 553-A-21 engi ne was connected
to the laboratory air-supply and exheust facilities (fig. 1) and
was equipped with t he necesssry instrumentation to give total-
pressure and tenperature readi ng8 both upstream and downstream of
t he combustor (figs. 2 and 3). The downstream temperature measure-
ments were obtai ned from 18 chromel-alumel thermocouples connected
in parallel, thereby giving an instantaneous average exhaust-geas-
tenperature reading. These thermocouples were located in a pl ane
approxi mately 28 inches froam t he fuel nozzle, a position approxi-
matel y equivalent-to the turbine intet of the engine. The fuel flow
wes neasured by a f lowmeter, which wa8 calibrated far each fuel.

PROCEIURE

The operating conditions simmlated engi ne operation over a
range of engi ne speeds from S50-percent nornmal rated speed to nmilitary
rated speed, altitude8 from 5,000 to 60,000 feet, and at flight Mch
nunber8 of 0.0 and 0.6. Combustor-inlet air flow, pressures, and
t enper at ure8 and combustor-outlet gas tenperatures (fig. 4) were
calculated from t he engi ne menufacturer's basic performance curves
for a 533-A-23 engine.
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The operation of the cambustor consigsted O adjusting the inlet
air flow, pressure, and tenperature for a specific condition and,
after initiating combustion, the fuel flow was adjusted until the
requi red combustor-outlet tenperature was obtained. After sufficient
time was allowed for the combustor and instrumentation to reach
equilibrium all pertinent data were recorded. If the required
combustor-outlet gas tenperature could not be attained, the condition
was considered to be beyond the operational linmt.

The combustor was disassembled and cleaned for each series of
runs. (A serles consisted of all altitude and engine-speed condi-
tione for me fuel at one Mach nunber.)

Combustion efficlency is defined a8 the ratio of the enthalpy
rise across t he combustor to the heating value Of the fuel supplied
and was cal cul ated by the nmet hod described in reference 1

DI SCUSSI ON OF RESULTS

The data obtained in the investlgation of the four fuel 8 are
shown in figure 5 a8 plote f combustlon efficlency against englne
gpeed at various altitude8 and flight Mach nunber8 of 0.0 and 0. 6.
The altitude operational |init8 encountered for the four fuels are
indicated on the figure.

The reproducibility of the data a8 shown by the duplicate data
pointe In figure 5 was generally within 2 percent. At certaln
operating conditions, the reproducibility was poorer, especlally at
50~ and 60-percent normal rated engine speseds at altitudes of
30, 000 and 40,000 feet.

Conmbust i on_efficiency. - For ease of comparison, data from the
faired curves in figure 5 have been replotted in figure 6 to show
t he variation of combustion efficiency with altitude for the four
fuel 8 at two engi ne speeds.

At 90-percent nornal rated engine speed end at both flight Mch
numbers, t he differences i n combustion efficiency Of the four fuel 8
at altitude8 bel ow 55,000 feet were about equal to or within the
[imt8 of reproducibllity of the data. At this speed and at an
altitude of 60,000 feet, the maxi num arithmetical difference8 in
combustion efficlency among the four fuel 8 were about 10 percent at
a flight Mach nunber of 0.0 end 14 percent at a flight Mach
nunmber of 0. 6.

9L0T
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At | ow engine speed and Machk number 0f 0.0 (fig. 6(a)), the
arithmetical difference8 among the four fuel 8 were negligible. At
| ow engi ne speed end Mach number of 0.6 (fig. 6(b)), however, the
maximum arithmeticel differences i N combustion efficiency were about
7 percent at altitude8 of 40,000 and 50,000 feet amd about 3 percent
at low altitude.

At the high-altitude conditions where differences do occur
(fig. 6) the ccmbustion efficiency for the base stock AX-F-58 fuel
(48-249) end for the high-end-point AN-F-58 bl end (48-258) were
approximtely equal. The conclusion is therefore drawn that under
t hese conditione of operatiom the variation in boiling tenperature8
represented by these two fuel 8 ha8 anegligible effect on combustion
efficlency.

At the high-altitude conditions, t he combustion efficiemcy Of
t he hi gh-end-poi nt, high-sromatic AH F-58 blend (46-279) was greater
than that of the high-end-point,low--tic AN-F-58 blend (48-258),
the differences being more marked at a flight Mach nugmbex of 0.6
than at a flight Mach number of 0.0. The88 differences camnot be
attributed solely to achangein aromatic content insasmuch a8 the
hoiling t enperature8 in the niddle distillation range of the two
fuel 8 also differ. At altitude8 |ower than 60,000 feet, the combug-
ti on efficienciesofthe high-aromatle blend, in general, temdto be

| ower than the combustion efficiencles for t he ot her fuel 8 Investigated.

At the high-altitude condition8 (fig. 8), the combustion
efficlencies of AN-F-32 fuel (48-308) were, In general, about the
same a8 those for the high-arometlc AH F-56 fuel (U 279).

Al titude operaticnal limits. - The engine speeds at which
altitude operational limits were encountered for the four fuel 8
(fig. 5) are summarized in table IT with the minlmum engi ne speeds
i nvesti gated when no limite were reached.

No mi ni num oper abl e speed limits were found for the four fuel8
at altitudes investigated bel ow 50,000 feet at a flight Mach nunber
of 0.0. In these cases, engi ne speeds down to 50 percent of normal
rated speed were simmlated. At an altitude of 50,000 feet, limlting
speeds were encountered for the four fuel8 in the range of engine
speeds from 53 to 58 percent of normal rated speed and at
60, 000 feet Trom 62 1080 percent of normal rated speed.

At a flight Mach number of 0.6 (table 1), mintmam operable
gpeeds were not encountered for the four fuel8 at altitude8
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investigated bel ow 60,000 feet. The minimum operable aspeeds for
the four fuel8 at 60,000 feetvaried between 60 and 66 percent of

normal r at ed speed.

When t he base stock AX-F-56 fuel (RACA fuel number 48-249) is
compared with the high-end-point AN-F-58 fuel (NACA fuel
number 48-256) at a flight Mach nunber of 0.0 and altitude8 of
50, 000 and 60, 000 feet, it is seen that increasing t he fuel boiling
temperatures has extended t he oper abl e speed range. That is, the
m ni mum oper abl e speed has been reduced from 58 percent t 0 53 per-
cent of normal rated and from 80 percent to 76 percent of normal
rated epeed at altitude8 of 50,000 feet and 60, 000 feet, respec=
tively. At a flight Mach number of 0.6 and altitude of 60,000 feet,
t he operabl e speed ranges of these two fuels are the same.

The hi gh-end-point AHF-58 fuel (NACA fuel nunber 46-258) and
t he high-aromatic AN-F-58 fuel (NACA fuel nunber 46-279, table I1)
at an altitude of 50,000 feet and a flight Mach nunber of 0.0 had
t he same oper abl e speed ranges. At au altitude of 60,000 feet and
at bot h £light Mach numbers, t he high-aromatic f uel had slightly
Wi der operabl e speed ranges. Inasmuch as the boiling tenperature8
in the mddl e éistillation range (tablel) of the two fuels
(NACA fuel numbers 48-258 and 48-279) differ, the preceding effect
on altitude | i Nt canmot be attributed solely to t he influence (f
arocmatic content .

At au altitude of 60,000 feet,the AN-F-32 fuel (NACA fuel
nunber 48-306) had wi der operabl e speed range8 than the
AH F-58 fuels.

Al though the data for the four fuels in table Il are rather
inconclusive, t he operabl e speed range apparently tend8 to increase
a8 the fuel boiling tenmperature8 in the mddle of the distillation
range are increased. (See table |.)

SUMMARY OF RESULTS

From an investigation of t he effects of fuel properties on
altitude pexrformance i n a Si ngl e combustor from a 4600-pound-thrust
turboj et engine, t he following results were obtai ned at simnlated
engine conditions of 5,000 to 60,000 foot altitude, 50-percent normal
rated speed to nilitary rated speed, and flight Mach nunber8 of 0.0

and 0. 6:

9L0T
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1. The combustion efficiencies OO three AN F-56 fuels and
AN-F-32 fuel were approximately equal up to altitudes of about
50,000 feet. At higher altitude8 some difference8 ocourred; atan
altitude of 60,000 feet, 90-percent normal rated engine speed, and
a flight Mach aumber of 0.6, a meximum arithmetical difference of
14 percent occurred anong the fuels.

2. The effect8 of fuel boiling tenperature, a8 represented by
comparison of two AN-F-58 fuel 8 differing in final boiling tenpera-
ture by 30° F (560° to 590° F), on combustion efficiency were found
to be negligible even at the high altitudes.

3. At the high-altitude conditions, t he cambustion efficlency
of a high-end-point, high-aromatic AN-F-58 fuel was greater than
t hat of ahi gh- end- poi nt, | ow-aromatic AN-F-56 fuel, the differences
being nore marked at a flight Mach nuwber of 0.6 than at a Mach
nunber of 0.0. These differences cannot be attributed solely to a
change i N aromatic content inasmunch as the boiling temperatures in
the mddl e distillation range of the two fuels al 80 differ.

4. Although the altitude-operational-limit data are rather

inconclusive, t he operabl e speed range apparent|y temds to increase
a8 the fuel boiling temperatures in the mddle of the distillation

range are increased.

Lewis Flight Propulsion ILaboratory,
Nati onal Advi sory Committee for Aeronautles,
Cleveland, Chio.
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TABLE I - SPECIFICATIONS AND ANALYSIS OF FUELS USED

8petermined by modified nethod of reference 2.

Specifications Analvysis
) | AN-F-58 AN-F-32 AN-F-58 AN-F-32
NACA fuel 48-24948-258 |48-279 |48-306
AeSTeM. distillation
D 86-46, op
Initisl boiling point| —cecmcceccae jomcmcmaccca. 110 110 110 336
Percentage evaporated
5 -———— 1355 137 133 350
10 | ememmeeeeaa- 410 (max.) 157| 157 14| 356
20 - - 192 le8 215 360
30 | eeeercceans eecceccaeceaa 230 248 273 365
40 | esecccmamces |cecccccemaa- 272 291 327 370
50 | ececcecsccs |ecccacdcacncaa 314 332 370 375
60 | eeececsmncce |ceecccncaea- 351 373 407 380
70 ] emeeemamees |eccmceeccaea 388| 410] 437| 387
80 | cmmmemmmaa g _____________ 427  450| 464 394
90 425 { min, 490 {max. 473 500 501 405
Final boiling point 600 {nax. 572 ?max. 560 590 590 446
Resi due, (percent) 1.5 ( max.) 1.5 (max. 1.0 1.0 1.0 1.0
Loss, (percent) 1.5 (max.) 1.5 (mar.) 1.0 1.0 1.0 1.0
Freezing point, °F -76 (mar.) -76 (max.) C- 76| CG76| <-76|~~==m-x
Accelegrated y
(HIG?IIOO ml 20 (max.) 8.0 (max.) 2.9 12.4| 17.3 0.0
Adr-iet residue,
(mg/100 m1) 10 (mar.) 5 (mex.) 2.6] 4.8 8.0 1.0
Sulfur, (percent by
weight) 0.50 (max.) 0.20 (mar.) 0.03| 0.04| 0.04| 0.02
Aromatics, (percent by
volume) AST.M
D-875-46T 30 (max.) 20 (max.) 17 17 26 |-----
Silica gel® = | commemcmeee |ccmccmecone- 19 19 29 15
Specificgravity | ----------- 0.850 (max.) | 0.769| 0.775| 0.806] 0.831
V i scosi tg__.(ce:rtistokes
at - 40 ~ 10. 0 (max.) 2.67| 2.94| 4.26 |eceme=
Bromine number ;ﬁ-g%m-; 3.0 (max.) 13.8| 13.3| 12.4|------
elA wenor Nressure, «0 (max.
® (1b/8q 1n.) 5-7 |eammcocam——= 54 5.1 4.8|ecaaea
Hydrogen-carbonati 0 | ceccccccea- m--S--W- 0.163] 0.161 | 0.150 | 0.154
N ef _heat of combustion %8. 20
(B‘cuﬁb) P I P 18,640 |18, 690 |18, 480 |18, 530
Hydrocarbon analyses
é ercent by volume)
gngle r:Lyng -tics 15.0| 15.2| 14.8|--m==-
Fused ring aromatics 3.0 4.1 12.8)-----
Unfused two-ring
aromatics 0.5 1.5 1.4 Jaeamem
oglefin 7.1 6.2 5.3 |ecmaan
1 -
N parart tn rizg 15.7 16.7| 14.3 foecem-
Noneromatlic paraffin
and paraffin side
chain 58.7] 58.3| 51.4|-----
~MA
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TABLE II -~ ALTTTUDE LIMITS AS DETERMINED BY
MINIMUM OPERABLE ENGINE SPEED

Engi ne speed
(percent normal rat ed)
NACA fuel AN-F-58 AN- F- 32!
umber —> 48-249 | 48-258 |48-279 | 48-306
Altitude 50-percent distillation temperature, °F
(£t) ¢ 34 | 332 | 370 375
Flight Mach nunber, 0.0
40, 000 as50 850 250 850
50, 000 58 53 53 53
60, 000 80 76 71 62
Flight Mach nunber, 0.6
50, 000 a50 as50 as50 "50
60, 000 66 68 63 60

a . .
No |imt, minimum engine speed Investligated. v
R
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KTEEade 0
(rs)
=] £0, 000
= 50,000
-'-"""'5 -]
-
S 1 ———] 40, 000
~ N 1
Ey ] 1,6
b —-—_] 30,000
e D
"~ —'--.,_.\ = P |
L P L] | S ——— 2.‘
Y L1 20,000
[ L. [ ]
T - N
1800 nSH . <1 -] 3.2
1500 S s -
o) el
= P =1 10,000 -
1400 N = — 4.0
]
[ e
1300 N <5, 000 ] ’
1200 3 ' - 8
= ik
1100 L [9ea level!l | Tl Sy
.
~ Tl .
1000
1739
Sea level < ]
900 4 5,000 b ™
\ \‘10,000 AT ]
600 \ A T
- Loy -J-*
700 oo E
et 1Tt -
=== L+ =41 2o, 000
500 e gL e 50, 000 +
MBS T gt 36,000 and over | X
5,000 8,000 7,000 8,000 2, 000 10,000 11, 000 18, 000

Engine spaed, rpm

(a) Outlet temperatire and alr flow, Flight Mash nuwber, 0. 6.

Figure 4. - Continued.

Control chert for slngle cambuator inveatigated,

Alr flow, 1b/sec

9l

"ON MY VIVN

¥Z183




smpera °F

Combustor~ inlet t

=
3
O
I
X
640 Altitude =
{£5) o z
80, 000 o
560 50, 000 m
40, 000 03]
= - 1 80 G
e 30, D00 — . - A
480 o =1 - =
= 20, 000 = Lt
e o ] | - - | 40 ‘
=
[ S [ ] — [ [~ P 80 '2
B 000 s 1 - -1 g
320 _ = Sen - L] = P
) - ™ 1
Tk ZEPEERN P 0 "
-1} “1-—' L~ - [~y - |-~ o
B, L™ e g
840 i 2
- | B 41 L »
- gl 0, 000 [ 1A A LT - 2
- <4 = 100
- "1 20,000 L a
160 = 5 = - ~< é
F. 1B0 ¢
il 7~ 80, 000
& - [ Lae'ooo and over a 9 'g
: ) L) - 2
— P 140 §
b H o
1
o =]
<] 160
180
5,000 6,060 7,000 8,000 9,000 10, 000 11, 000 18, 000
Engine epeed, rpm W
(d) Inlet towperature and pressurs, Flight Nach mumbap, 0. 6.

Flgure 4. ~ Conoluded. Control chert for single combustor investigated,

Lt



NACA RM No. EBL24

100 - -
o e
//o X/,’A/ A"v‘—(./v
20 ] . < ) —
7 X z ’/// // B/
80 7/ Le , y /7 ya
1 4 4 // /
oL &/ y /A -
o+ 70 ,/ /Z / 7/ Vi > // f
g o / // ‘r/
g / /4‘ . 4 / 7
] A S 4
a
/ / /
5 60 & /7 \x/ A /
5 | A -/ / /, / /
.g 4/ / /£ 3 A
4 7 /, f
e 60 V_7V // " / /
g VZ 7 7
g %/ /
- / .//Ef 1/
3 7 s
: / 1
[ 40 /Y / l _
Y/
s ,/
- 3 "I—Required turbine-inlet
, ){ Y ‘temperature unattalnec
30 —r £
) RV Flight  Altitude
/ /1 % Mach (£t}
L v a number
4 /
d P 0.0 |
20 - —o— | ——q—— 5,000
5 |« —— | —-&-—20,000
—A— | ——8-—30,000
' T | Ege
-~ - == -
ol | | | . ‘ -~ ~60,000
5, 000 6,000 7,000 g, 000 9,000 10,000 11,000 12,00
| i Eng.‘lrne speed, pm I f |
50 60 70 80 g0 100 Military
rated

Engine spsed, percent normal rated
(a) Puel, AN-F=58 (NACA fuel number 48-248).

Figure 5. ~ Effect of flilght Mach number on combustion efficiency at various
altitudes with engine speed for four fuels in single combustore.



NACA RM No. EgL24
100
—o e =
=
L ' g -~ L~
90 Qe ,,»':::;‘ ’//"i;:://, /i::j Il
L “ -
1 }, K// A / //B
e . d I 7 L 4 —+
A // Vs P VaRE 44 j rd
80 rd L A 7 ' | 4
r V- VD4 .
//gf // />/
/
s 170 °/ // //f
8
2 el
[}
-4 a VS /
5 oo &1 | A
/A
[
E s
o
g e 4
3 L
g 7% 7 y
5 't A /
(&) 40 / P Vi s A
7 %
y k/' ﬁ(
// /, Required turbine-inlet
50 / temperature unattained
/ [ Flight  Altitude
|| // ;\&V nl'g:glzr (ft) |
| | | | [ 1 '
4 | e | I | A —222— ¢ 000
20 — 7 2
j, } | | —— | ——&~—20,000
W ~&— | —~&—~—30,000
< — ——40, 000
—— | ——R——50,000
—_—— - - =650, 000
10 S ?
5,000 6,000 7,000 aiagca 132000 10,000 11,000 12,000
1 | Bng Pe speed, er | |
50 60 70 80 Q0 100 Militexry

rated

Engine speed, percent normal rated
(b) Fuel, AN-F-58 (NACA fuel number 48-258}.

Figure 5. = Continued. Effect of flight Mach number

on combustlon efficlency

at varlious altitudes with engine speed for four fuels in single combustor.



20

NACA RM No. E8L24

100
ZeN 'j—ﬂ
- o~
— —~ |
20 ‘/o /‘P‘/j/A // A———:
— g
o O] e e / |~ R
A ,,// — //}-‘/'///b//{>
/’ K. /] e
80 yay. ’// /',/ ,v/'// p 4‘//:\
(/ / l/ 4 / / R/ /’/ 5
= ,/ / - /// / ’/ A
/ / / / /
70 ,/ VA /f ,4/ A A 7
g 1 R AN/
3 // PaERvAYS . anva)
[} * /
=1 / /
g e gé/( AL
o , 4
g / /7 / /
> /4 // / A,
o 1= F/ /
& / 4
o 50 4 /f // l/
8 2~V : /E / /
% v//" v f v /' 7/
3 X / //
§ 4 2 /
S 7 }
4
‘Lo /
/ Required turbine-inlet
/ // - temperature unattained
%0 Xl Fligat  Altitude
k/ P, Mach (rt)
number
/s
P d 0,0 Ce.6 5. 000
20 N —o— [—=a——5»
—£— - -~ 20, 000
* —A _Q——so:ooo
— ——x~—40, 000
—>— | ——x-—50,000
10 —— - < — 60, 000
5,000 6,000 7,000 8, 000 9, 000 10,000 11, 000 12,000
v Engiwixe speed, r?m g I \
50 80 70 80 g0 100 Military
rated

Flgure 5. - Contlnued,

Engine speed, percent normal rated
(c)} Fuel, AN-F-58 (NACA fuel number 48-279).

Effect of flight Mach number on combustion efficlency

at various altitudes with engine speed for four fuels in single combustore.



NACA RM No. EBL24
100
e ] e
00 ’9’//0‘ L |,
o— —a - - T s
= /’,<z — /,//’ /Z%
A 4 g - LA
sl L A G LT
. c 1 X AN
ﬁ/ /(// i 72N -
g T / A L7
& wo eantll // % // // // // /% //
& /
Ry // //// /4 y // /'/ //
S r, 4
/
"g 60 6./ % a d / //‘/ £ /
ol
o 4 l/ 1/
8 [ 1/ / /
3 s 7 /] X a4
LA A a
5 / Vi
L A ! ' uired turbine-inlet
/ /Y PR .
0 7 é r Flight Altitude
* Kach (re
),,/ /f nu:aubor !
[ +0 0
WA ST
—— | ——&--20,000
A l/ —A— | —-Ac-—30,000
AV —— — —A~-40,000
| N T‘ —— | ——Rx-—50,000
| —— ——4--60,000
20 - \
5,000 6,000 7,000 8, 000 9,000 10,000 11,000 12,000
i Engine speed, rpm
50 60 70 80 90 100 Military
rated

Figure 5. — Concluded.

Engine speed, percent normal rated
(@) Fuel, AN-F-32 (NACA fuel number 48-306).

Effect of flight Mach number on combustion efflciency

et various altitudes with englne speed for four fuels in single combustor,

21



22

100

90

70

60

Combustion efficlency, percent

80

40

30

NACA RM No. EBL24

V,
2

L

R
&t\ 90=-percent normal rated
\\\ engine speed
" o~ ‘N
N N

//C
v

N

normal

60=-percent
\r rated engine speed

N .
\\\\
AN N
N 0\
\\
\
I\
Q§§;
N
\
)
\\
Fuel NAOA Boiling (Arcmatics ;1\
fuel range percent by
number (°F) volume ) \\
- - 4 AN-F-58 48-258 112-590
—-———-A AN-F=58 48=-279 110-590 29
——0 AR-F-32 48-306 336-446 }@
——-—0 AN-F=58 48~249 110-560 19
| 10 20 30 40 50 60x10°

Altitude, Tt
(a) Flight Mach number, 0.0.

Flgure 6, = Varlation of combustion efficiency at 60~ and 90-percent
normal rated engine speed with altitude for single combustor at
two £flight Mach numbers.



NACA RM No. EglL24 23

A
100 =
O~
90-percent normal rated B
engine speed
20 —
~
\\
N NN
~
\:\ \:"
80 NANY AN
\ \\ <
\\\\\\ ~
‘\, \A o« \
LN N .
.E'l ~ AN
g N N
& 70 S N
a ‘\Q\Go-percent normal \\\
= \\\ N rated engine speed \\\“
g AR '\
Q
g BN\ \i
© 60 \
o AN N\
¢ NN ’
c \ i
g N
S ! \\‘\ \(3
3 50 \3“\ AN
2 NN
A\
S \\\\
N
N
40 AN T
Fuel NACA Bolling Aromatios
fuel <range (percent by
number (°F) volume} q
—~——-—0 AN-F-58 48-249 110-560 19 N
30| ———¢ AN-F-58 48-258 112-590 19 I N\
~———~A AN-F-58 48-279 110-590 29 I N
——————0 AN-F=32 48-306 336-446 15 \
20
0 10 20 30 40 50 60x10%

Altitude, ft
(b} Flight Mach number, 0.6.

Pigure 6. = Concluded. Varlation of combustion efficliency at 60-
and 90-percent normal rated engine speed wlth altitude for single
combustor at two flight Mach numbers,.



-~ M- -y,

v

] ; “‘

-




