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NATIONAL ADVISORY COMMITTEE FCR AERONAUTICS

RESEARCE MEMORANDUM

COMPARISON OF PERFORMANCE OF AN-F-58 AND AN-F-32 FUELS
' IN J33-A~23 TURBOJET ENGINE

By H. D. Wilsted and J. C. Armstrong

SUMMARY

As part of an extenslve evaluation program to determine the com-
parative performance of fuels conforming to specifications AN-F-58
and AN-F-32, an investigation was conducted in an altitnde chamber
using a 4800-pound-~thrust turbolet engine.

In comparison with the performence of AN-F-32 fuel, AN-F-58 had
the followlng cheracteristica:

(1) Equal performsnce with AN-F-32 fuel in terms of englne thrust
and fuel consumpbtlion

(2) Improved altitude starting characteristics
(3) less tendency for blow-out at low engine speeds

(4) Higher carbon-depositlon rate that, however, did not appear
detrimental to engine performance

(5) Contamination with iron oxide perticles. These particles
probebly were held In susvension because of rapild
bhandling of the fuel.

Within the limits of this investigetion, AN-F-58 fuel was essen-
tislly equal in performance and in some respects had Improved perform-
ance as campared with AN-F-32 fuel. The AN-F-58 fuel 1la therefore
consldersd satlsfactory for service flight tests in the engine used.

INTRODUCTION

The need of the armed Forces for a fuel avallable in greater
quantities then thet currently used for turbine-engine propelled

w
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aircraft led to the proposal of a new specification (designated AN-F-58), .
which has much wider limite than the AN-F-32 fuel specification.

Because of the compromises between fuel gquality and avallable gunantity

involved 1n extending the limlits of the specification, investigation of

the performance of the fuel in current turbojet englnes was considered

necessary.

Ag part of an extensive progrem to determine whether the new fuel
could be used wlthout detrimental effects and without decrsased perform-
ance, an Investigation was conducted at the NACA Lewls laboratory
uging a 4600-pound-thrust turbojet engine.

The investigation included comparisons of normal altitude per-
formance, altltude starting limits, low-speed operational limits,
and & qualitative cowparison of cerbon-deposition rates with AN-F-58
and AN-F-32 fuels.

FUEL SPECIFICATIONS

A comperison of speciflcations of-AN-F-58 and AN-F-32 fuels and
an analysis of the propertles of the AN-F-58 and the AN-F-32 fuels used.
in this Investigation are shown in table I.

The fuels used in the investigation are within the limits of the
regpective speclifications. _

APPARATUS
Power Plant

A J33-A-23 turbojet engine, which has 14 through-flow combustion
chambers, was used in this lnvestligatlon. The engine lncorporates a
aingle-stage, double-entry, centrifugal compressor 30.0 inches in
diameter driven by a single-stage turbine 26.43 inches in diameter.
The turbine-nozzle area 1is 123.1 sgquare Iinches and the Jet-nozzle area
is 285 squaxe inches. .

The military rating of the engine (reference 1) at static sea-level
conditions is 4600 pounds of thrust and a specific fuel consumptlon of
1.13 pounds of fuel per hour per pound of thrust at a rotor speed of

11,750 rpm.

The automatic fuel control used on the J33-A-23 engine performs
the same function as d1d the barometric control, the governor, and the '
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control valve on earlier model engines. The regulator so limits the
engine acceleration rate as to prevent excessive exhaust-gas temper-
atures and, in addition, the reguletor so limits the deceleration
rate that the combustion flames will not be extinguilshed. An emer-
gency fuel-control unit is provided (reference 1), however, which
allows bypaessing of the main auntomatic fuel-control regulator.

An antomatic-starting fuel control, which 1s also Incorporated

- in this engine, is designed to supply fuel only to the two combustilon

chambers equipped with spark plugs during the first 2 seconds of the
starting cycle after which fuel is supplied to all 14 combustors.
This procedure helps to prevent accumiletions of raw fuel in the
engine and resultant "hot" starts.

Altitude Test Chamber

The engine was Iinstalled in an altitude test chamber 10 feebt in
diameter and 60 feet long, on a thrust frame connected through link-
egeo to a balanced-pressure dlaphragm-type thrust indicator located
outside the test chamber. (See fig. 1.)

The ram-air pressure was conbtrolled by remote-controlled butter
Tly valves in the sir-supply line near the entrance to the altibtude
chamber. Air was supplied (elther refrigerated or unrefrigerated)
at temperatures near those reguired to simulate the varicus altitude
£light conditlons. Accurate control and adJustwment of alr temper-
stures was made by use of electrlc heaters in a bypass line lmmedi-
ately preceding the entrance to the altltude chamber. Tne ailr
entered the altltude chamber, passed through stralghtenling vanes,
and entered the engine cowling. The engine cowling was installed
to prevent circuletion of hot alr from the tall-pipe region directly
into the rear inlet of the compressor. The cowling therefore mixes
eny recirculeting air well upstream of the compressor inlets and
results in nearly equal temperatures at the two inlets.

The test section of the altitude chember was separated from the
exhaust portion by & bulkhead seal. The tall pipe passed through
the bulkhesd and a seal composed of three floatling asbestos rings
g0 installed as to allow axial movement requlred by englne expansion
and thrust mechanism and to ellow & reasonable amount of lateral
motlon to prevenrnt bhinding.

The engine Jet was discharged inbto the exhaust portion of the
test chamber in which the high-velocity gases entered a diffuser
located directly downstream of the Jet nozzle. The exhaust gases
passed from the diffuser dlrectly into the laboratory exhaust system.
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TInstrumentation

Total-pressure tubes and lron-constantan thermocouples were
equally spaced around the periphery of the compressor-inlet screens,
five each on the front screen and five each on the reer screen.
Control of ram pressure and ram temperatures was based on the
readinge of these pressure probes and thermocouples.

A bayonet-type, chromel-alumel thermocouple was instelled in
each combustor outlet and comnected to dlal-type indicators in order
that flame blow-ont in any of the combustors could be easlly detected.

Engine tell-plpe temperatures were measured by 14 chromel-slumel
thermocouples equally spaced about the periphery of the talil pipe
into which they protruded about 4 Inches. These thermocouples were
located Immediately downstream of the tail cone. A total~- and static-
pressure tube rake was also located in the tail plpe eabout 1 dlameter
downstream of the thermocouples. The altitude pressure was measured
by two statlc tubes located in the exhaust portion of the altitude
chamber near the bulkhead.

Tenmperature of fuel entering the englne was measured by & thermo-
couple 1in the fuel line. Fuel consumption was measured by & callbrated
variable-area corifice flowmeter, which allowed readings high on the
flow scale for any flow rete by changing the orifice setting.

PROCEDURE AND RESULTS

Altitude Performance

Altitude performance was determined by simulating various alii-
tudes and flight Mach numbers in the altitude chamber with the assump-
tion of 100-percent ram recovery at the compressor inlet. Simulated
flight condiliticns included flight Mach numbers of 0.25, 0.60, and 0.85
and altitudes from 5000 to 40,000 feet. The performance investlgation
was first made using AN-F-58 fuel end then repeated for the same condl-
tions using AN-F-32 fuel.

A comparison of the jet-thrust performence of the two fuels
investligated at various altitudes and flight Mach mumbers is shown in
figures 2 and 3, respectively. The date shown in these figures are
typlcal results for varying altitude and flight Mach mmmber. The
results obtalned with the two fuels show no appreciable difference in
thrust as would be expected provided that no englne deterioration
occurred during the runs and no burning occurred downstream of the
turbine. :

2501
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Fuel consumptlon in pounds per hour is shown in figures 4 end 5
for the same altlitudes and flight Mach numbers presented in figures 2
and 3, respectively. The data show no appreclable difference in fuel
consumption obtained with the two fuels and, inssmuch as thrust was
likewise unaffected, indlicate no difference in specific fuel consump-
tion or burner efficilency.

Indicated tall-pipe temperatures are shown in figures 6 epd 7
for various altitudes and flight Mach numbers, respectively. Although
a smell scatbter of data exists, there is no indication of & change in
engine operating temperatures when a change is made from one fuel to
the other.

Altitude Low-Speed Blow-Out Limits

The low-engline-speed blow-out limits were obtained at altibudes
as high as 680,000 feet. Conditions simleting desired altitudes and
flight Mach mumbers were malnteined in the altitude chamber; then with
the automatic speed regulator bypassed (inoperative), englne speed was
reduced very slowly untll one burner had blown out. In general, such
blow-out wag eeglly detected by observing the temperatures indilcated
by 14 thermocouples, one located. In each burner outlet. Blow-ocut was
Indicated when one of the gage readings dropped %o a relatively low
value. Engine fuel flow was then Increased and the low gage reading
would suddenly rise to approximate the other gage readings Indicating
a reignition thereby verifying the blow-out. At altitudes above
40,000 feet, however, burner temperature dld not markedly decrease.

At these conditions blow-out was detected by the rapid engine deceler-
atlon that accompanied blow-out and by feilure of the englne to accel-
exrate with increasse In fuel flow.

The low-speed blow-out limlts are shown in figure 8 for verious
£light Mach numbers and altitudes. As can be seen, AN-F-58 fuel was
superior to AN-F-32 fuel as blow-out occurred at 5 to 10 percent lower
engine speed at all altitudes and flight conditions, indlcating a
wider range of englne cperetion wlthout danger of blow-oub.

Idling Limits of Fuel-Metering Control

Engine idling limits as regulated by the fuel-metering control
were obtained using each fuel over a renge of simlated altlitudes and
at £light Mach nmubers of 0.25, 0.60, and 0.85. The throtile was
pleced in the 1dling position and engine speed allowed to stabllize
at the regulated idling limit. Results are shown in figure 9 in which
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it is seen that with AN-F-58 fuel the engine idling speed was

about 2 to 6 percent higher than the 1dling speed with AN-F-32 fuel. .

The change In 1dling speed 1s probably caused by the change in mass
flow through the fuel-metering control that results from use of
fuels of different density and viscoslity. The use of AN-F-58 fuel
wlll therefore require a change in the automatlc-fuel-metering
control if the same engine-gpeed range 1s to be retained at altitude.

Altitude Windmilling Starts

In order to obtaln the starting limits of the J33-A-23 engine,
ram pressure, btemperature, and altitude exhaust conditions were
established in the altitude chambert and engine windmilling speed
wvas allowed to stablliize before an attempt was made to start the
engine, Both fuels reached the engine at a temperature of approxi-
mately 60° F. Attempts to start were made at conditions representing
altitudes at lnbtervals of 5000 feet at flight Mach numbers of 0.25, "
0.40, 0.60, and 0.85., If the engine falled to start wlthin 30 sgec-
onds from the time ignitlon and fuel were supplied: to the eungine,

980T -

the attempt was considered a failure and a second attempt was mude .

at the same conditions. If the second attempt also falled, this
altltude was considered to be above the starting altitude limit of
the engine, Altitude conditions were then reduced S000 feet to the
last altitude at which a successeful start had been made. If the
engine agaln started at this condlition, this alitlitude was considered
the limiting altitude at which a windmilling start could be made.

Because of difficulties with the automatic-starting control,
which may have been due to lack of an adequate fuel-system filter,
only manual-throttle controlled sterts are reported. The manual
starts were made by allowing the engine speed to stabilize under
windmilling conditions; the ignition was then turned on and the
throttle momentarily opened to about the one-half open position and
then returned to the idling position. The burst of fuel supplied
by momentarily opening the throttle serves 4o supply sufficient
fuel under pressure to give a good spray, which allows comparatively
cool starts because the engine is not loaded wlth fuel. If the
engline did not start within 30 geconds, the throttle was closged and
the englne purged by blowing alr through the engine for approxi-
mately 5 minutes.

For both fuels, the altitude limit for windmilling starts
increased with increase in Mach number at the lower flight speeds
(fig. 10). Altitude limit was constant for AN-F-32 fuel above 2
Mach number of 0.60 and for AN-F-58 above a Mach number of 0.40. -
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At Mach numbers of 0.25 and 0.40, the altitude limit of AN-F-58 fuel
was 20,000 feet greater than that of the AN-F-32; at Mach numbers of
0.60 and higher it was 15,000 feet greater. The AN-F-58 fuel thus
exhlblts Improved performance over AN-F-32 fuel with respect to
altitude limit for windmilling starts.

Carbon-Depogition Rates

No investigation was made to determine carbon-deposition rates
of the two fuels but & qualitative comperison was made from data
obtained during the foregoing pexrt of the investigetion. Photo-
graphs of spark-plug carbon deposits were made at each inspection
of the spark plugs and photographs of the burner liner and dame
deposlits were made at the end of the investigation with each fuel.

The carbon deposita after approximately 14%' hours of operation with

AN-F-58 fuel ere shown in figure 1i(2). The carbon deposits on the
ceramic insulator, the spark-plug body, and the electrodes were soft
and easlly removed. Figure 11l(b) is a similar photograph of carbon
deposits after approximately 1l hours of operation with AN-F-32 fuel.

Theae deposits were much llighter than for the 14%"-hour operatlion
with the AN-F-58 fuel. . In order to provide a better comparlson, a
photograyh of the carbon deposits accumulasted during a run of

23?;’ hours with the AN-F-32 fuel is preasented in figure 11(c). The

carbon deposits agein are lighter than those obtained in figure li(a),
indicating a somewhat higher carbon-deposition rate for the AN-F-58.
Ignition fallure was not caused by spark:-plug contamination at any
time with either fuel.

Typical carbon deposits in the burner-liner inlet are shown in
figure 12, This typical deposit resulted from approximately 45% hours

of operation with AN-F-58 fuel., Simillar deposits, although not gulte
80 heavy, were obtained wlth the AN-F-32. Burner domes after opera-
tlon with elther fuel were covered wlth & light carbon deposit., In
general, the carbon-deposition rate was somewhat higher when using
AN-F-58 fuel but insofar as can he determined for limited periocds of
operation, these carbon formations were not detrimental to engine
operation or pexrformance.

Iron Oxide Contamination

During the part of the program using AN-F-58, a gradual deterior-
ation of the distribution of temperature from burner to burner
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occurred, that is, some burners were operating at higher tempera-
tures than others and the spread in temperature from burner to
burner appeared to be increasing. The fuel inJectors were there-
fore removed from the engine for examination snd the fuel-injector
filters were found to be coated heavily with a reddish-brown mate-
risl, which chemical analysls identified as iron oxide. A number
of the fuel inJectors eand the variastians in the coating of the
filters are shown in figure 13. One filter element-hasd accumu-
lated sufficient iron oxide to cause its collapse.

A complete examination of engine filters and fuel-system fil-
ters showed that two Tuel-system filters had removed only the
larger particles of iron oxide. The maein engine fuel filter
(50-micron spacing screen) had removed scme additional material;
the filters in the fuel lines in the sir adapters Just upstream of
the fuel-injector filters (50-micron size) were clean; and the
10-micron spacing filters in the fuel inJjectors had accumulated
conslderable material passed by all the larger filters.

Malfunctioning of the automatic-starting control previously
mentioned resulted from accumilation of iron oxide on 1its inlet
screen to the point at which the screen finally ruptured and .
dumped the residue into the control mechanism.

An exemination of AN-F-58 fuel samples taken during the inves-
tigation showed the same type particles as were found in the engine
filters. The iron oxide may have been picked up from tank cars,
storage tanks, or piping systems. This difficulty has not been
encountered with fuels previously used probebly because they had
remained in storage long enough Ffor the foreign particles to settle
out. Although this contamination is probably a result of rapid
handling of the fuel, it is of particular importance because in a
national emergency, fuels for turbine engines would regquire rapid
handling in much the same manmer as the AN-F-58 fuel used in this
investigation and precautions would have to be taken to remove any
possibility of-engine malfunctioning as a result of iron-oxide
contamination.

Inasmuch as aircraft using the engine investigated are cur-
rently equipped with lO-micron filters between alrcraft fuel
booster pumps and the inlet of the engine-driven fuel pump in
sccordance with the engine manufacturer's specifications (refer-
ence 1), Plight installations are in general protected from such
forelgn particles. If the aircraft filter becomes clogged, how-
ever, the fuel will be by-pessed around the filter through a safety
valve. The engine would then recelive unfiltered fuel.
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SUMMARY OF RESULTS

The results of the comparative altitude performance investigas-
tion of AN-F-58 and AN-F-32 fuels in the J33-A-23 turbojet engine
may be summarized as follows:

l. No appreciable change in engine thrust and fuel consumption
nor in ergine operating temperatures occurred when a change was
made from AN-F-32 to AN-F-58 fuel.

2. The AN-F-58 fuel allowed windmilling starts to at least
15,000-foot higher asltltudes than was posslible with AN-F-32 fuel.

3. Low-speed burner blow-out occurred at 5 to 10 percent lower
engine speed with AN-F-58 fuel than with AN-F-32 fuel, which indi-
cates a wider range of engine operation without danger of engine
blow-out. L

4, The idling control gave somewhat higher engine idling
speeds when using AN-F-58 fuel. Auvtomatic controls would therefore
require adjustment if a change in fuels were to be made in service.

S. Although carbon-deposition rates were slightly higher with
AN-F-58 fuel, nelther spark-plug fouling nor burner-liner carbon

deposits were considered troublesome for the periocds of operation

investigated (total time, 23% hr).

6. The AN-F-58 fuel contained iron oxide particles, wkich
probably were held in suspension because of rapid handling of the
fuel. These particles can cause malfunctioning of engine fuel
systems unless suitable protection is provided.

CONCLUSION

From the foregolng summary of performance and operational
parameters, it may be concluded that within the limits of this
investigation AN-F-58 is essentially equal in performance and 1n
some respects slightly exceeds AN-F-32 fuel in the turboJet engine
investigated. The AN-F-58 fuel is therefore considered satis-
factory for service flight investigations in the J33-A-23 turbo-
Jjet engine.

Lewilis Flight Propulslon Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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TABIE I - SPECIFICATIONS AND ANALYSES OF FUELS USED

Specificatlions Anslyses
AN-F-32 AN-F-58 AN-F-32 AN-PFP-58
NACA fuel 48-306 48-.24¢
A.S.T.M, distillation, D 86-40, °F
Initial bolling point |=ececcecmee|ceccacaaaoo 336 110
Percentage evaporated
s |eeecnncee [mmacee=- - 349 135
10 410(max, ) |~==emaeea 353 157
20 |ecceca=a - [rm—————— 380 198
30 |ececan=- - |m——————— - 365 230
40  |+eecccccas acccacaa- 370 272
so eeeceanes [camneaaaa 375 314
60  jeeeccccaee |eccnccaae 381 351
70 e Ll B el 387 388
e  |eeeeaaea - | ————— 394 427
90 490§max.g 425(min. ) 405 473
Fin=l bolling polnt 572(max.) |600(max.) 446 560
Residue, (percent) 1.5(max.) [1.5(max.) 1.0 1.0
Ioss, (percent) 1.5(max.) |{1.5(max.) 1.0 1.0
Freezing point, OF -76(max.) |-76(max. ) Below -76
Aromatics, (percent
by volume)
A.S.T.M, D-875-46T 20(max.)| 30(max.)|-ccm-eu- 17
Silica gel® = 000 Jeccccmeacemmmmeea 15 19
Viscosity, (centistokes 10.0 10.0
at -40° F) (max.) (max.) 2.67
Bromine number 3.0(max.) [14.0(max.) 15.8
Reld vapor pressure
(/sq in.) 00 |eemmmmaee- 5 to 7 5.4
Hydrogen~-carbon ratlo = =  |cecccemace|ecacacaaa. 0.154 0.183
Heat of combustion, 18,200
(Btu/1v) ——————— (min.)| 28,530 18,640
Specific gravity 0.850(max.)|=~=—==cau- 0.831 0.769
Flash point, ©F 110(min, )| =memmecna|  [eccamaaaa
Accelerated gum, {mg/100 20.0
ml) 8.0(max.) (max.) o] 2.9
Alr-Jet residue, 10.0
(mg/100 ml) 5.0(max.) (max.) 1 3
Sulfur, (percent by 0.20 0.50
welght) (max.) (max.) 0,02 0.03

SReference 2.

11
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Figure 2. - Jet thrust vsing AN-F-68 and AN-F-32 fuels

at various alt

itudes. Flight Mach number, 0.60.
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Tall-plpe temperature, °r

1800

“iiiéif’ Fuel
o AN-F-58
0 AN-F-32

RERNA /

£
S
RN
qu\\\

-~ a / /

1000 E{ﬂ

Flight Mach Flight Mach Flight Mach
number, 0.25 number, 0.60 number, 0.85

800 _
8,000 10,000 12,000 8,000 10,000 12,000 8,000 10,000 12,000

Engine speed, rpm

Figure 7. -~ Indicated tail-pipe temperature of AN-F-58 and AR-F-32 fuels
at various flight Mach numbera. Altitude, 30,000 feet.

o¢

FEMEZ Wd VOVN




NACA

Altitude, ft

RM E8K24
60,000 ;%
‘/
e Flight Mach
55,000 7 number
/r o 0.25
- o .60
e o .85
50,000 <]‘ ?V\ Fuel
— % AN-F-58
I \ - ———— AN-F-32
Ls5,000 A
\
Y
L \
Lo,000 =] £ 3
”\ !
! \ !
55’000 1 :
\ ! \ I
1
. | \ [
30,000 e B——o
‘ "
t
25,000 &—t = S
\ \ r \ i
\ I
\ ! {
) L,
20,000 7 S— o
oI
L
15,000 = ,
|1 ! !
HESA} <
10,000 od 5 &
0 2,000 L,000 6,000 8,000

Engline speed, rpm

Figure 8. - Low-speed blow-out limlts of
AN-F-58 and AN-F-32 fuels.

21



22

Altitude, ft

50,000

45,000

40,000

35,000

30,000

25,000

20,000

15,000

10,000

5,000

NACA RM EBKZ24-—

¢
; /
/
Flight Mach /
number 7
o 0.25 j///
O .60 Y
o .85 ]
Fuel I/
AN-F-58 74
— ——— AN-F-32 A/
s
V)
1
I
‘Q
/ 7!
~, -/ 85 4+
o9 &
S A o1
[T
B/ ‘/ &
t 7 ’ ~ 1
/a4 -
o -
/ I 2
Ffti &1
/ /9 / ®
¢ / S
o 7 w [
I | (/ =]
1 ]t } o |
ivay 3
o H
| o
l
Ji
!
|
1
NACA, Aly
2,000 h,EOO 6,000 8,000 10,000 12,000

Englne speed, rpm

Figure 9. - Idling limits of fuel-metering control
using AN-F-58 and AN-F-32 fuels.



NACA RM EBK24

Altitude, ft

23

35,000 '///) & e
_ - )
30,000 s//
Fuel
O AN-F-58
O AN-F-352
25,000
20,000 ////;: -
15,000 ///),
/
10,000 ‘ ://
35,0005 2 I X 5 10

Flight Mach number

Figure 10. - Maximum altitudes at which windmllling starts
were possible (using manual controls) with AN-F-58 and

AN-F-32 fuels.






1006

A
C-220413
8.15.48

(a) Operating tife, 14 hours; fusl, AN-F-58,

Flgure 11. - Sparkeplug carbon deposita.

WY YOVN

Yens3

torA






RACA RM EBKZ24

-y
=
_ - ‘p .
- - bl
- EE— ~T
_— - . R -
[ 5

- r— - - - —_ Pt

(b) Oporating time, 11 hours; fuel, AN-F-32.

Flgore 11.

Spark-plng carben depoeits.

- Contimed,.

27






¥EN83 WY VIVHN

INGHES

% |1||-| it

e o A
‘ B A
- - £.22128
: g B.24.48
e . I I

(o) Opereiting timo, 253 hours; fusl, AN-P-32.
Fignre 11. - Corcluded., Spark-plug carbon deposits,

6¢C






Lo

NACA RM EBK24

Figure 12. - Typlcal carbon deposits in

31

-

- NACA

i C-22044
8-132.48

burner liner from J33-A-23 turbolet engins oper-

eting time, 45% hours.






| | o L ' CITI

283 WY YIVN

L

e e+ A ————
LN -
- mime
T :
: .

[E M < TR - A

. :
A ,
M‘J'| : - ; C-22187
. el e e P f-26.48

Figure 13. - Foel inj)ectors showing iron cxide depoaits on injector-inlet filtera.

139




