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EFFECTS OF INIET ICING ON PERFORMANCE OF AXTAT~FLOW
TURBOJET ENGINE IN NATURAL ICING CONDITIONS

By Loren W. Acker and Kenneth S. Kleinknecht

SUMMARY

A £light investigation was conducted at the NACA Lewis labo-
ratory to study the effect of inlet lclng on the performance of an
exlal-flow turbojet engline. The range of meteorcloglical conditions
encountered included llquld-water contents fram 0.1 to 0.9 gram
per cublc meter, average water-droplet sizes from 10 to 27 mlcrons,
and smbient-air temperstures from 13° to 26° F. Stratus, or layer,
clouds were the only type of cloud structure encountered.

The greatest effeot of inlet icing on englne performance
occurred at a llguld-water content of 0.9 gram per cubic meter,
when the Jet thrust was reduced 26 percent and the tail-pipe
temperature was increased 160° F. The greatest rate of deteri-
oration in engine performance occurred within the initlal few
nminntes of flight in an icing condition. During prolonged flights
in an icing conditiom, inlet icing was characterized by a cyeclic
growth and shedding of lce accretlions. Ice accretlions on the
campressor-inlet guide vanes accounted for approximately one-half
of the total reduction in englne performence caused by inlet icing.
Large lce formations on several occasions broke away from the sur-
faces of the alr inlet and were swept through the engine, but did
not cause any structural damage to the compressor blades.

INTRODUCTION

The formation of lice on the inlets of axial-flow turbojet
engines has long been recognized as & hazard thet may produce
serious reductions in engine performance, A particularly criti-
cal ccmponent of the englne inlet in this respect 1s the gulde
vanes. The guide venes collect ice readily because of their thin
profile and because their large camber and close spacling present a
large exposed frontel area. In order to protect the turbojet englne
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against the lcing hazard in flight, consideration must also be
glven to the remaining components of the engine inlet: the front-
main-beering support struts, the dome-shaped accessory housing, and
the leadling-edge reglon of the engine cowling. In addition,
unpublished data Indicate that the passage of extraneous pileces of
lce through a turbojet engine mey cause structural damage to the
compressor blades.

A preliminary Investligatlon of the effect of licing on the
performance of an axlal-flow turbojet engine conducted in a wind
tunnel under severe icing conditions (reference 1) indicated that
excessive tall-plipe temperature ocourred after a few minutes of
operation.

A Flight investigation to determine the effect of natural
icing on the performance of an axlal~-flow turbojet engine was ini-
tliated at the NACA lewls laboratory in Januery 1948. Becauss of
the relatively late start, little data were obtained durlng this
firet winter. These data are presented In references 2 and 3.
During the winter of 1948-43, a more extensive program was conducted,
and performance data and inlet photographs from these investiga-
tione are presented herein. As a part of the present investiga-
tlon, heat was applied to all of the components of the engine inlet
except the gulde vanes iIn order to isolate the effect of iclng at
the guide vanes on engine performance.

APPARATUS AND INSTRUMENTATION

Two turbojet engines with 10- and ll-stage axlial-flow com-
pressors, respectively, were used in the investigation. The
engines were otherwise similar, both having an annular combustion
chamber and a two-stage turbine. The englne change was made when
the combustion chamher falled in the 1l0-stage-compressor englne.

The engine was mounted cn 2 strut under the wing and betwsen
the right inboard nacelle and the fuselage of a four-engine bomber-
type airplane (fig. 1). The engine installation is shown in detall

in figure 2.
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The turbojet englne was provided with electrical anti-lcing
boots on the Inlet lip, the starter-housing dome, and the four
front-vearing support struts. These boots were capable of pro-
ducing heat intenslties of 8 to 10 watts per square inch. Power
for the anti-iclng boots was furnlshed by a 110-volt altermating-
current auxlliary power plant.

In order to allow for a reasonable rise in tail-plpe temper-
ature as the engline inlet collected ice, a tall plpe of approxi-
mately 7 percent greater area than the standard tall pipe was used
for this investigation.

Instrumentation on the turbojet engine comsisted of pressure
tubes and thermocouples at the compressor outlet for determining
cambined compressor and cowling-inlet efficlency, and a pressure-
and-temperature survey reke at the tall-pipe outlet for determining
Jet thrust and air flow.

Amblent-alr temperature measurements were made by means of a
reslstance-type buldb thermometer mounted under the fuselage of the
alrplane. This temperature bulb was shielded to eliminate radi-
ation effects and direct impact of water droplets.

Values of ligquid-water content and average droplet dlameter
were calculated by the rotating-multicylinder method (reference 4).

The cylinders were %—: %: 1;];': and 3 inches in diameter.

Photographs of the engine inlet were obtained im flight with
an asrial camera body (fig. 3) fitted with a special lens and
ghutter assembly and an electronic flash unlt. The camera was
mounted on a movable tripod, which was anchored to the side of
the airplane fuselege approximately 3 feet ahead of the turbojet-
engine inlet. One leg of the tripod was a hydraulic cylinder and
was used to lower the camera below the englne inlet after a photo-
graph was obtained (fig. 3).

PROCEDURE

Data on meteorological conditions and the effect of icing
on engine performance obtained durlng this investlgation are pre-
sented in the form of time-history charts for each flight. Photo-
graphs of the engine inlet, taken periodically during the icing
encounters, are also included. The meteorological and engine-
performance data are summarized in table I. :
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The meteorological variables measured included lliquid-water
content, average droplet dlameter, and ambient-alr temperature.
All data were taken atb pressure altitudes from 2800 to 9300 feet,
and the engine-thrust date were corrected to a pressure altitude
of 6000 feet in order that a better comparison of the results
from the various flights could be made. The total flight time in
natural icing condlitlons during thies lnvestligation was approxi-
mately 8 hours. Data for only 5 hours are shown, however, because
of repetition of light lcing conditions at lignid-water contents
of 0.1 to 0.2 gram per cublc meter.

The flighits were made in stratus and stratocumulus clouds
because of thelr frequent occurrence in the Great Lakes reglon
of the United States, where the investlgation was conducted.
The dats do not Include iclng conditions in the cumulus-type
clouds where higher liquid-water contents are nown to exist over
relatively short horizontal distances. Durations of the icing
encounters ranged fram 35 to 100 minutes. In order to realize
flight durations in icing conditlons of this severity, the air-
plane was maneuvered through the icing clouds in various directioms.

Turbojet-engine performence paremeters measured during the
flights included rotatlonal speed, jJet thrust, tail-plpe temper-
ature, weight rate of alr flow, and combined efficlency of the
compressor and the inlet cowling. Data on the combined efficiency
weore not obtained for all flights.

The turbojet engine was operated at rotational speeds of 100-
and 92-percent rated speed, which correspond to take-off and
crulsing flight conditions, respectively. Ome flight was made
wlth the engine operating contlinuously at esach of these two englne
speeds and the remaining flights were made at alternatlng engine
gpeeds. During the alternate-speed flights, meteorological and
engine-performance date were obtained at intervals of approximstely
5 minutes. The engine inlet was photographed during the changes
in engine speed.

RESULTS AND DISCUSSION
During flights )} and 2, heat was appllied to all of the inlet

components except the guide vanes In order to lsoclete the effect
of gulde-vane icing on the engine performance. The heat intensity
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applied to the cowling lip, the starter dome, and the front-bearing
support struts was of the order of 8 to 10 watts per sauare inch.

Flight 1 was made in a relatively light icing condition; the
liguid-water content varied from approximately 0.l to 0.2 gram per
cubic meter at an ambient-alr temperature of 13° to 16° F, with an
average water-droplet size of 12 to 27 microns. The resulting ice
accretlons on the inlet gulde vanes caused maximum reductions of
approximately 7 and 6 percent in Jet thrust and 5 and 4 percent in
the engine air flow during a SO-minnte operation at 100~ and 92-
percent rated englne speed, respectively, (fig. 4). The effect of
inlet icing on tall-pipe temperature was negligible for both engine
apeeds.

A photograph of the engine inlet, taken approximately 25 min-
utes after encountering icing during flight 1, ie shown in fig-
ure 5. A very light lce formation is shown on the guide vanes and
no ice 1s visible on the first stages of the compressor stator
blades. Other parts of the engine inlet contained practically no
ice because of the slectric heating spplied to these components.

During the first part of flight 2, heat was again applied to
all of the components of the.engine inlet except the gulde vanes;

. whereas in the last part of the flight, no heat was employed. The

purpose of this flight was to evaluate further the loss in per-
formance due ‘to inlet-guide-vane icing in comparison with the per-
formance loss incurred by icling of the entire inlet under similar
icing conditions. During flight 2, the range of meteorologlcal
coniitions encountered were: liquid-water content from 0.1 to
0.5 gram per cubic meter; average droplet slze from 11 to 20
microng, and amblent-alr temperature from 22° to 26° F.

The data obtained from Plight 2 are shown in flgure 6. In
the first part of the f£light, during which lcing protection was
provided for all of the inlet components except the inlet gulde
vanes, maximum losses of 8 percent in Jet thrust, 6 and 4 percent in
air flow, and a 4- and 6-percent decrease in ccmpressor efficiency
occurred during 45 minutes of operation at 100~ and Sz-percent
reted speed, respectively, because of the restriction imposed by
ice on the guide vanes. Increase in engine tail-plpe temperature
due to the ice formations was negligible during this period at
both engine speeds.
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In the second part of flight 2, when no icing protection was
provided for the engine air inlet, a maximum reduction of 13 and
16 percent In Jet thrust, 9 and 10 percent in air flow, and 8 and
6 percent in combined compressor and inlet efficiency occurred
during 40 minutes of operation at 100- and 92~percent rated engine
gpeed, respectively. Accompenyling thls loss in engine performence
was a maximum teil-plpe-~temperature rise of 50° ® for both engline
speeda. '

Comparison of the results of the two phases of flight 2
(fig. 6) revealed that ice accretions on the compressor~inlet
gulde vanes accounted for about one-half the total reduction in
engine performance caused by ice on the air inlet. The range of
icing conditions remained sufficiently alike throughout the flight
to validate this comparison.

The smeries of photographs taken durlng the two parts of flight 2
are shown in figures 7 and 8, respectively. The time intervals at
which the photographs were taken are Indlicated for convenlence in
figure 6. Photographs from the firset part of the flight (fig. 7)
show the progress of the guide-vane ice formations from 11 to
35 minutes after the icing condition was encountered.

Photographs taken during the second part of the flight (fig. 8)
show the progress of the ice formations on the entire engine inlet,
when no heeting was applied to any of the components. The gulde-
vane lce formations were similar to those of the first part of the
flight., These formations, which appeared to be clear ice built-up,
became unstable and broke off in a continuing cycle. This cycle
of forming and shedding occurred several times during both parts
of £light 2, and was characteristic of all flights 1n the investi-~
gation. After 15 minutes of the mecond part of the flight had
elapsed, however, the formations on the lnlet lip and the starter
dome became lerge end the gulde-vane formations appeared to stabi-
lize. A large gunantity of the water droplets was probably sepa-
rated out of the sir stream by the large crater~like formations on
the inlet lip and the starter dome and collected on these formations
ahead of the gulde vanes.

During flights 3 to 5, in contrast to flights 1 end 2, ice
was permitted to form on a&ll components of the turbojet-engine alr
inlet. Flight 3 was made with the engine operating at 92-percent
rated speed, flight 4 at 100-percent rated speed, and flight S
. alternately at both speeds. During flight 3, the englne was oper-
ated for gbout 75 minutes. The liquid-water content varied fram
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approximately 0.4 to 0.9 gram per cubic meter, which was the high-
est value of liquid-water conmtent reached during the entire inves-
tigation. Water-droplet diameters ranged from 12 to 14 microns
and the amblent-air temperature from 17° to 22° F. The resulting
lce formations on the engine inlet caused a2 maximum reduction of
26 percent in thrust and a maximum increase of 160° F in tail-
plpe temperature after 70 minutes of operation in the icing con-
dition, as shown in flgure 9. Photographs of these ice Fformations
are shown In figure 10. During that part of the flight indicated
by the dashed sections of the curves in figure 9, the icing was
too Intermittent and light to permit reliasble measurements.

The reduction in englne thrust and the increase in tgil-pipe
temperature that occurred during flight 3 are understandable from
. examination of the large ice accretions on the front-bearing support
struts and the large loose pleces lodged on the Inlet guide vanes,
as shown in figure 10(a). Ice formations can be observed on the
Tirst-stage stator blades of the compressor. Further penetration
of Ice formatlons In the compressor are not detectable. Soon after
the photograph in figure 10(a) was taken, the large ice formations
shown began to break up and pass through the engine. A phobograph
taken 6 minutes later (fig. 10(b)}) shows that a large portion of
the ice formation had dlsappeared. The result was an increase in
engline thrust end a decrease ln tall-pipe temperature of approxi-
mately 50° F (fig. 9).

In £light 4, the turbojet engline was cperated at rated speed
for 35 minutes in an lcing condlilon In which the ligquld-water
content varied from 0.4 to 0.6 gram per cubic meter, with water-
droplet slzes of 11 to 16 microns and an ambient-air temperature
of about 25° F. After 22 minutes of operation in this icing con~
dition, the engine thrust was reduced approximately 18 percent,
the alr flow was decreased by 12 percent, and the tail-pipe temper-
ature was increased 20° F (fig. 11). Within 3% minutes after

entering the icing condltlion, the engine thrust was reduced 14 per-
cent and the rate of alr flow was reduced 2 percemt. This rapid
rete of reduction in engine performance during the flrst few min-
utes of exposure to the lcing clouds was attribubed to the fact
that during this Initial period no sheddlng occurred as in

Piight 2, which caused & steady growth of the lce formation. Fol-

lowing the initial 3%'-minute period, the process of shedding and

rebullding began and effectively reduced the rate of growth of
the lce. The rate of deterioration of engine performance was con-

gsequently reduced.
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The ice formations on the engine inlet after 22 minutes of
operation in the lcing condition of flight 4 is shown in figure 12,
The first-stage stator blades of the compressor had a light for-
mation of ice and one mecond-stage stator blade evidently had an
ice accretion at the blade root. TFurther penetration of lce for-
mations into the compressor 1s not vislble.

During flight S5, the engine was operated at 100~ and 92-
percent rated speed for 70 minutes in an icing condition in which
the liquld-water content varied from 0.1l to 0.5 gram per cubic
meter, wilth water-droplet sizes of 10 to 18 mlcrons and an amblent-
air temperature of 20° to 24C F. Operation in this icing condi-
tion resulted Iin a maximum reduction of 12 and 9 percent in englne
thrust, 7 and 5 percent ln alr flow, 9 and 5 percent in compressor
efficiency6 and tail-pipe temperature was increased a maximum of
40° and 10° F at 100- and 92-percent rated speed, respectively,
(fig. 13). Within the first minute in the icing encounter, the
englne thrust at rated speed was reduced approximately 10 percent
and the tall-pipe temperature increased 40° F. The initial losses
were equivalent to the maximum losses reached during the entire
70-minnte flight, thus illustrating again that the steady growth
of the ice formation during the first few minutes of exposure to
icing caused the greatest rate of reduction In engine performance.
A photograph teken after approximately 23 minutes of operation In
this icing condition (fig. 14) shows the typlcal ice formations
obtalned during the encounter.

After approximately 30 mlnutes of operatlon In the lclng
encounter of flight 5, the engine instantly swallowed about two-
thirds of the inlet-lip 1lce formeation and almost all the for-
metions on the other inlet camponents. A sudden dbut momentary
drop of approximately 1000 rpm in engine speed occurred. The
quantity of ice that passed through the engine is indicated by
a comparison of the two inlet photographs in figure 15, which
were taken 1 minute before and 1 minute after the incldent. Imme~
diately after the ice formations passed into the engine, the Jet
thrust and the air flow partly recovered and the tall-pipe temper-
ature was decreased 35° F. A close lnspection of the engine after
the flight revealed no demage to the compresgsor or stator blades.
On several other occasions, large quantitles of lce were observed
to pass into the sngine with approximately the same results.

Because of the type of airplane employed, flight speeds were
limited to the range of 165 to 205 miles per hour. At these speeds
and with the range of engine power investlgated, the inlet veloclty
ratio of the engine was of the order of 1.5, with the result that
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the liquid-water content and water-droplet sizes of the alr passirng
into the inlet closely approximated free-gtream conditions. At the
conelderably higher flight speeds associated with the operation of
turbojet-powered aircraft, however, the lnlet velocliy ratio would
be reduced to approximately 0.6 and thus effectively increase the

liquid-water content in the engine lnlet above that of free strean.

SUMMARY OF RESULIS

The following results were obtained with an axlal-flow
turbojet engine operating in netural icing conditlons for the
following range of meteorological conditlons encountered during
the flight investigation: ligquid-water content, 0.1 to 0.9 grem
per cublc meter; water-droplet gize, 10 to 27 mlicroms.

1. The ice accretlons that collected on the several components
of the air inlet of the turbojet engine with no anti-icing at the
inlet resulted in reductions of englne thrust ranging from 9 to

gercent and increases in tail-pipe temperature of from 0° to
160 . The effects of ice accretions on engine air flow and on
the combined efficiency of the compressor and inlet diffuser were
of approximately the same order of magnitude as the thrust losses.
The greatest effeot of icing on engine performance occurred at a
liquid-water content of 0.9 gram per cublc meter.

2. The investigation showed that the greatest rate of dete-
rioration in engine performance caused by inlet icing occurred in
the first few minutes of flight in an icing condition, the 'bhrust
of the engine being reduced as much as 14 percent within 3.2. minutes

of operation in icing conditions.

3. Phe accretlions of ice on the engine inlet, particularly
on the guide vanes and support struts, followed a continuous cycle
of building up and shedding.

4, During several of the flights, light ice accretions were
observed on blades of the first and second stators of the campressor.

5. The deta indicated that ice accretions on the inlet guide
vanes accounted for approximately one-half of the total reductlion
in engine performance caused by lce formations on the air-inlet
surfaces. .
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6. During several flights, unusually large ice formations omn
the several camponents of the engine Inlet broke away almost
instantaneously and were swept through the engine. On one occa-
gion, passage of the lce through the compressor resulted in a
momentary decrease in englne speed of approximately 1000 rpm.
Subseguent examinatlon of the engine revealed no evidence of
damage to the compressor stator or rotor blades. Further opera-
tional experience is considered necessary to fully evaluate the
importance of this aspect of the engine lcing problem.

Lewls Flight Propulsion Laboratory,
National Advisory Committee for Aeromautlics,
Cleveland, Chio.
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TABIE I - EFFECT OF ICING ON PERFORMANCE OF AXIAL-~FLCW TURBOJET ENGINE

Average

Flight| Liquid- Ambient~- | Duration | Engine | Thrust |Air-flow| Combined | Tail-pipe
water | droplet alr of icing | speed loags loes |oompresacyr |temperature
content siza |tempera- encounter Kpercen’ |(percent |(percent | and inlet rige
(g/cu m) |(microns)| ture (min) max.,) | max.) | max.) lefficiency (°F)
(oF) loss
(percent)
8y 0.1 -0,2]12 -27 |13 - 18 50 92 6 4 - 0
100 7. 5 - )
an W3~ 511l .17 |28 - 25 45 92 8 4 6 0
100 8 6 4 o]
2 | 1- .5|11-20]22-28 50 92 18 10 8 50
100 13 9 6 50
by | o4 - .9[12 - 14 |27 - 22 76 92 26 - - 160
4 | .4- .5|11-16 25 35 100 18 12 - 40
5 | ..~ .5/10~18 |20 - 24 70 92 9 5 5 10
100 12 7 9 40

88 to 10 wetts/sq., in. anti-icing current provided on inmlet lip,

bearing support strmtbs.

bFlight mede with engine baving 10-stage axrial-flow compressor.

gtarter dome, and front-
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Plgare 1. - Flight Installstion for investigation of foing of axial-flow turbojet engins.
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Plgure 5, - Camsre and mounting ussd for photographing turbojet-engine inlet in flight.
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during flight 1.
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C-25401
3-14-50

Figure 5. - Tce formation on compressor-inlet guide vanes during £light 1. Pime in

lolng, 25 minutes; llquid-water combtent, 0.1 to 0.2 gram
size, 12 %o 7 microns; ambient-air temperature, 13° to 16
6 percent.
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cublec meter; droplet
;5 loss in thrust,
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(a) Elapsed time in icing comditioms, 11 minutes.

Figure 7. - Ice formation on compressor-inlet guide vanes durlng flight 2, with anti-
icing. Liguid-water combtent, 0.3 to 0.5 gram per cubic meter; droplet size s 11 to 17
mlcrons; amblent-alr temperature > 22° %o 25° F; thrust loss, 8 percent.
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(b) Elapsed time in icing conditioms, 17 minntes.

Figure 7. - Continued. Toe formation on campresscr-inlet guide vanes during flighkt 2,
with anti-icing. Liquid-water content, 0.3 to 0.5 gram per cublc meter; droplet size,
11 to 17 microns; amblient-alr temperature, 22° to 25° ¥; thrust loss, 8 percent.
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(¢) Elapsed time in icing conditions, 24 minutes.

Figure 7. - Continued. Ice formation on compressor-inlet guide vanes duxring flight 2,
with anti-icing. Idquld-water content, 0.3 to 0.5 gram per cublc meter; droplet size,
11 to 17 microns; amblent-air temperature, 22° to 25° F; thrust loss, 8 percent.
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(d) Elapsed time in icing conditions, 35 minutes.

Figure 7. - Concluded. Ice formetion on compressor-inlet gulde venes during f1ight 2,
with enti-lcing. Iiquid-water comtent, 0.3 to 0.5 gram per cuwbic meter; droplet size,
11 to 17 microns; amblent-air temperature, 22° to 25° F; thrust loss, 8 percent.
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(2) Elapsed time in icing conditlons, 5 minutes.

.Figure 8. - Ice formetion on turbojst-englne inlet during Flight 2, without anti-icing.
Iiquid-water content, 0.1 to 0.5 gram per cubic meter; droplet slze, 1l to 20 microms;
ambient-air temperature, 22° 40 26° F; thrust loss, 13 to 16 percent.
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(b) Elapsed %ime in icing conditions, 9 minutes.

Figure 8. - Continned. Ice formatlion on turbojet-~engine inlet during flight 2, without
anti-icing. Liguid-water content, 0.1 to 0.5 gram per cubic meter; droplet size, 11 to
20 microns; ambient-air temperature, 22° to 26° F; thrust loss, 13 to 16 percent.
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(¢) Elapsed time in loing conditions, 15 minutes.

Figure 8. - Continued. Ice formation on turboJjet-engine inlet during flight 2, without
anti-lcing. Liquid-water ocontent, 0.1 to 0.5 gram per cubioc meter; droplet silze, 11 to
20 microns; ambient-air temperature, 22° to 26° F; thrust loss, 13 to 16 percent.
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(d) Elapsed time in icing conditions, 28 minutes.

Figure 8. - Contimned. Ice formation on turbojet-engine inlet during flight 2, without
anti-icing. Ligunid-water comtent, 0.1 to 0.5 gram per cublc meter; droplet size, 1l to
20 microns; ambient-air temperabure, 22° to 26° F; thrust loss, 13 to 16 percent.


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

THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPACE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM


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

NACA RM E50CI5 : 41

C- 25410
3-14-50

(e) Elapsed time In icing conditioms, 39 minutes.

Figure 8. - Continued. Ice formation on turbojet-engine inlet during flight 2, without
anti-icing. Liguid-water content, 0.1 to 0.5 gm per cublic meter; droplet size, 11 to
20 microns; ambient-elir temperaturs, 22° to 28° F; thrust loss, 13 to 16 percent.
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(f) Blapsed time in icing conditions, 47 minutes.
Figure 8. - Concluded. Ice formetion on turbojet-engine inlet during flight 2, without
enti-icing. ILiquid-water content, 0.1 to 0.5 gram per cubic meter; droplet size, 11 to
20 microns; ambient-air temperature, 229 to 26° F; thrust loss, 13 to 16 percent.
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Figure 9. - Time history of flight data obtained in icing condition

during flight 3 at 92-percent rated englne speed.

Amblent-alr

temperature, 17° to 22° F; droplet size, 12 to 14 microns; indi-
caeted alirspeed, 173 to 185 miles per hour; pressure sltitude, 4600
to 5900 feet.
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(a) Elapsed time in icing conditions, 70 minwntes.

Figure 10. - Ice formation on turbojet-engine inlet durlng flight 3 at S2-percent rated
speed. Liquid-water content, 0.4 to°0.9 grem per cubic meter; droplet slze, 12 to 14
microns; ambient-eir temperature, 17 to 22° ¥; thrust loss, 26 percent.
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(b) Elapsed time in icing conditioms, 76 minutes.

Figure 10. - Concluded. Ice formation on turbolet-engine Inlet during flight 3 at 92-
percent rated engine speed. Liguid-water content, 0.4 to 0.9 gram per cubic meter;
droplet size, 12 to 14 mlicroms; ambilent-alir temperature, 17° to 22° F; thrust loss,

26 percent.
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Figure 1ll. - Time hilstory of flight data obtained in icing condition
during flight 4 at rated engine speed. Ambient-air temperature,
25° F; droplet size, 12 to 16 microns; indicated alrspeed, 165 to
180 miles per hour; pressure altitude, 2800 to 5000 feet.


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

THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPACE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM


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

NACA RM EBOCI5 53

C-25399
-14-50

Figure 12. - Ice formations on turbojet-engine inlet at rated speed during Flight 4.
Time in lecing, 22 minutes; liquid-water content, O. 4 to 0.6 gram per cubilc meter; drop
gize, 11 to 16 microns; amblent-alr 'bengpera.ture, 25° F; loss in thrust, 18 percent.
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Figure 13. - Time history of flight data obtalned in icing condition
during flight 5. Ambient-air temperature, 20° to 24° F; droplet
size, 10 to 18 microns; indicated alrspeed, 175 to 180 miles per
hour; pressure altitude, 4200 to 4500 feet. '


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

THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPACE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM


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

1276

NACA RM E50CI5 57

C-25400
3-14-50

Figure 14. - Ice formation on turbojet-engine inlet during flight 5. Time In lcing, 23
liquid-water content, 0.1 to 0.5 gram per cubic meter; droplet slze, 10 to 8

minutes;
nicrons; amblent-air temperature, 20° to 24° F; thrust loss, 9 to 12 percent.
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(a) 1 minute before ice formations passed Into engine.

Figure 15, - Ice formatlons on turbojet-engine inlet after approximetely 30 minuies of
operation in icing conmdition of flight 5.
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(v) 1 minute after ice formetions passed into engine.

Figure 15. - Concluded. Ice formetions on turbojet-engine inlet efter approximately
30 minutes of operatlion in icing condition of flight 5.
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