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PRELIMINARY RESULTS OF NATURAL ICING OF AN

Cat

AXTAL-FLOW TURBOJET ENGINE
By Ioren W. Acker

SUMMARY

A £light investigation 1s belng conducted in matural lcing con-
ditions to determine the effect of lce formatlons on the performence
of an axial-flow turbolet engine. One fiight was mede in icing con-
ditions in which the icing rate varied from 5.1 to 2.1 inches per hour.
During a period of 45 mimutes in icing, the tail-plpe bemperature
increased from 761° to 10650 F and the Jet thrust decreased from 1234
to 910 pounds. Ice penstrated to the second-stage stator blades.

No general conclusions can be reached from these data because
the icing condition was relatively light.

INTRODUCTION

An investigation In naturs] icing conditlions is belng con-
ducted at the NACA Cleveland laboratory to determine the effect of
ice formation on the performence of an exial-flow turboJet engine.
Data presented wers obtained dvring one flight at an engine speed
of 9000 rpm. This engine speed was chosen because of the low-
operating tail-pipe temperature. Additiocnal date are belng obtalned
at higher engilne speeds and other iclng condiblons.

APPARATUS

The 24C-2 twrbojet engine was mounted on e four-engline bomber,
which was provided wlth antl-lcing equipment for the wings, the tail
surfaces, and the propellers. A genersl view of the installation 1s
shown in figure l. A close-up view of the engline installation is
shovn in figure 2. The turbojet engine used for this investlgation
hag a 10-stege axial-flow compressor, a two-stage turbine, and an
anmlar copmbustion chamber. The operating characterlistics of the

- engine are as follows:

UNCLASSIFIEL


http://www.abbottaerospace.com/technical-library

Security Classification of ThiswRepowrtrHes Beensdancebled

2 NACA RM No. ESC18
Mximmengine speod, YT « ¢« o« ¢ o ¢ « « o« o o ¢ s o« o« ¢ o 12,000
Crulsing engine gpeed; TTIL ¢ o « o ¢ o« ¢ o ¢« ¢ s o o « « ¢« 11,000
S'ba.‘bic-thl‘ust ratins, Pounﬁs ¢ & ©® ¢ ¢ o ¢ ® & & o & e O o o 2800
Mexinmm ta.il-PiPe te@mture, OF e'6 o o o & o & 8 o s ¢ e« o 1220

Instrumentation was provided at the compressor outlet for cal-
culation of compresscr efficlency and at the tail-pipe cutlet for
calculations of air flow and thrust. Interstage static pressures
wore provided to determine the pressure distribution through the
10~stage compressor.

RESULTS AND DISCUSSION

Photographs teken after the icing flight are shown in figure 3.
A front view of the lce formetion on the engine Inlet and the starter
housing is shown in figure 3(a). The degree of ice accumilation on
the engine inlet i1s indicated in figuwre 3(b). Ice accumilation on
the inlet gulde venes is shown in figure 3(c). Visual inspection
of the inlet indicated that ice had accumilated on the first-stage
stator blades (fig. 3(c)), the second-stage stetor blades, and the
first-stage rotor blades. The ice formation on the firest-stage
rotor blades was concentrated at the leading edge and was approxi-
metely 1/8 inch thick. The ice formation on the second-stage stator
blades wes also concentrated at the leading edge and was approxi-
mately 1/32 inch thick and rather sporadic.

Inspection of the compressor rotor and sztator blades revealed
no damage to elther from l1ce throw-off.

The effect of the ice formation on the engine thrust and tall-
pipe temperature i1s shown in figure 4 as & function of time in the
icing condition. The engine was operated at a speed of 9000 rpm in
an icing condition for spproximestely 1 hour. Engine data were
taken before the lcing cloud was entered and periodically during
the encounter with the lcing condition. At the end of 45 minutes,
the engine thrust had decreased from 1234 to 910 pounds, a reduction
of approximately 26 percent. After 45 minutes, the tall-pipe tem-
perature had reached its meximm rise from 761° to 1065° F. At
this point duwring the encounter, the tell-plipe temperature appeared
to stabilize. The greatest decrease in thrust and increase in
tall-pipe temperature appeared to occur in the first 15 mimmtes
of the encounter.

A time history of the icing conditions encountered l1s given in
figure 5, which shows the rate of icing, free-air temperature, drop


http://www.abbottaerospace.com/technical-library

Security Classification of Thiswdeparicrdiss=BeerreCancelled

FACA RM No. FE8C18

size, and liquid-water content. The icing rate varied from 5.1 to
2.1 inches per hour. The free-air temperature and the drop size
gshowed a gradusl increase during the encounter. The ligquid-water
content was highest during the first 15 mimutes, reaching a pesk
valus of 0.38 gram per cubic meter and decreasing to approximately
0.17 gram per cublc meter during the remaining 45 mimmtes.

No general conclusions can be reached from these data because
the icing conditions were relatively light and occurred at an
average free-stream temperature omly about 10° below the freezing
point. The conduction of heat through the englne parts and the
impact temperature rise on the rotor blades resulted in elevated
blade-surface temperatures and minimized the effect of icing on
englne performance. It 1s believed that at lower free-stream tem-
peratures the effect on engine performance would be more severee.
These data were obbtained at an englne speed of 9000 rpm and no
englne shutdown was required. If the engine had been operated at
a gpeed of 12,000 rpm, however, a reduction in englne speed would
have been mendatory.

SUMMARY OF RESULTS
The following results were obtalned with an axlal-flow turbo-
Jet engine from one icing encounter in netural lcing conditions
with an icing rate that verled from 5.1 to 2.1 Inches per howr:

1. The tail-pipe temperature increased from 761° to 1065° F
during an icing perlod of 45 minutes.

2. Te engine Jet thrust decreased fram 1234 to 910 pounds
during this same period.

3. Ice formations penetrated to the second-stage rotor blades.
Flight Propulsion Research Ieboratory,

National Advisory Committee for Aeronautics,
Cleveland, Chio.
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Figure 1. = Axiel~flow turbojet engine
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Flgure 2., = Close~up of mxisl-flow turbojet engine mounted on teat alr-
plane,
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(a) Front view of lce formatlon on engine inmlet and starter housing.

Figure 3. - Ice formation on axial-flow turbojet engine.

*ON WY VYIV¥N

81283



http://www.abbottaerospace.com/technical-library

Security Classification of ThiSwsP@_r-; grrrierders s BeerreCHreedsbad
CHNICAL LIBRARY

ABBOTTAEROSFACE.COM


http://www.abbottaerospace.com/technical-library

£
A

Security Classification of ThisgeRepnresHas Bearn -Cincelled

‘ ¥ ' -

(b) 8ide view of

(i
{

%
i

951,

lce formation on engine Inlet.

Figure 3. - Continued, Ice formaticn on axlal-flow turbojet engine.
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(c) Tce on inlet guide vanes (ice on starter housing removed).

Figure 3, - Concluded,

Ice formation on arial-flow turbojet engine.
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Flgure 4. — Effect of time in 1lcing condition on engine jet
thrust and tail-pipe temperature at engine speed of 9000 rpm.
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Figure 5, — Time history of lclng condition encountered.
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