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NATIONAL ADVISCRY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REFORT

ICING TESTS OF AIRCRAFT-ENGINE INDUCTION SYSTEMS

By Leo B, Kimball :
SUMMARY

A comprehensive program of icing tests has been
conducted on an aircraft-engine induction system con-
sisting of a Wright R-1820, G-200 blower section, Holley
1375-F carburetor and adapter, and specially built air
SCOO0D, It was the objeect of this research program %o
determine the effect of 2 number of possible factors on
icing of engine-induction systems. These factors included
carburetor-air temverature, air-moisture content, water-
droplet size, throttle opening, mixture ratio, rate of
air flow, sltitude, and others.

Both fuel evaporation icing and throttle icing were
congidered in this investigation. No tests were made on
impact icing, however. It was found that two of the fac-
tors, carburetor—-air temperature and amount of free water
present in the intake air, had the major effect on icing
in the induction system tested.

The rate of ice formation increased rapidly with
increase in rate of air flow at constant moisture content,
and it is therefore concluded that the rate of icing.is a
function of the mass flow. of free water through the in-
duction system. Throttle icing was critical at tempera-
tures near the freezing point of water but diminished te
a negligible degree at a carturetor-air temperature of
40° F or above,

When there was no free moisture present and the
relative humidity of intake air was 100 percent or less,
ice formed in the induction system at such a slight rate
that neither the rate of air flow nor the mixture ratio
was seriously affected. With free moisture present, ‘ice
formed in the inductior system to a sufficient degree to
affect both the rate of air flow.and the mixture ratio
at carburetor-air temperatures up to 60° F, Ice did not
form under any conditions when the carburetor-air temper-
ature wae 800 F or above. '



From the results of this research program it is con-
¢luded that induction-system air scoops should be desighed
to prevent as much water as pogssible from entering the car-
buretor., A Dbrief study has been oconducted on this probd-
lem. The interior passages of induction systems should
be free from protuberances on which ice can adhere,

The investigation described in this report was con-
ducted at the National Bureau of Standards in a special
laboratory provided with air blowers and refrigeration
equipment. ‘

INTRODUCTION

The program of tests described in this report was
designed to determine the effect of a number of factors
on induction-system icing, with the view of obtaining data
which would serve as a guide for safe winter operation of
airplanes and which might also lead to the design of im-
proved induction systems from the icing standpoint, '

Tests also have been made on methods of eliminating
ice formations in induction systems by means of the in-
jJection of alcohol into the intake air and by preheating
the air, This research is continuing and it is planned
to issue further reports with results of the de-icing
tests.

The present report is limited to a description of
the icing tests and a brief study c¢f the possidbility of
preventing, by design modifications, the ingestion of
rain into induction systems. There is also included a
brief appendix descridbing tests made on several induction-
system ice-warning indicators,

The NACA induction-system icing program at the
National Bureau of Standards was initiated in January 1941,
The project is financed jointly by the Army, the Navy, and
the National Advisory Committee for Aeronautics, Support
has also been received from the Civil Aeronavtice Adminis-
tration,

Acknowledgment is due to several manufacturers of
aircraft and equipment who have supplied engineering
personnel and apparatus, and also to several commercial
air lines who have furnished eaquipment and flight-test
data on induction-system icing,
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APPARATUS AND METHOD OF OPERATION

The icing tests were carried out in an altitude lab-
oratory at the Mational Bureau of Standards. This labo-
ratory is equipped with refrigeration machinery located
in a separate building, consisting of two 25-ton compres-
sors, condensers, receivers, and steam-heating units. It
was possible to vary the temperature and humidity of the
carburetor intake air within wide limits., Two electri-
cally driven Nash exhausters, located at the end of the
exhaust air duct, draw the combustion mixture through the
induction systom,

The testes described in this report were made in an
induction system consisting of a specially built air
scoop and a Holley 1375-F carburetor and adapter mounted
on a Wright R-1820, G-200 engine, The laboratory induc-
tion-system installation was designed to simulate the
conditions of flight as closely as possible. The testing
apparatus is shown gschematically in figure 1. A second
schematic sketch, figure 2, has been prepared to show
important details of the induction-system installation,

A photograph showing much of the equipment in the alti-
tude chamber is given in figure 3,

A glass window was built into the rear wall of the
carburetor adapter and a small electric light placed in-
side the adapter. By means of these devices it was pos-
sible to observe the ice as it formed in the induction
system.* The vigsual observations of icing proved to be
of considerable assistance in analyzing much of the data
obtained.

Referring to figure 1, air was drawn into the cold
room across the refrigeration coils and through the in-
take duct, which contains a straightening grid and water-
spray nozzles, and thence through the air scoop into the
induction system. The air flow was measured by means of
either of two interchangeable flat-plate orifices located
in the intake duct as.shown in figure 1. The larger
orifice was used on all wide-open-throttle runs, while
the smaller orifice was used for the part-throttle runs.

*Later in the program a glass window was installed in the
alr scoop, so that ice forming around the fuel nozzle bar
could be seen.



The orifices were made according to A,S.M.E., standards,
and were considered accurate within 1 percent. The ori-
fice differential pressure was indicated by a water ma-
nometer and also by a differential pressure recorder. By
means of the latter instrument it was possible to record.
quite accurately the complex changes of the air flow
during the icing process. Figure 4, a typical chart from
this pressure recorder, illustrates the rapid drop in air
flow from the cruising rate of 4000 pounds per hour under
severe icing conditions. The various fluctuations in the
air-flow curve were caused by ice formations breaking off
and re-forming. The initial rate of air flow was con-
trolled by bleeding additional air into the outlet duct,
thus adjusting the pressure drop across the induction
system to a value corresponding to the desired rate of
alr flow under ice-~free conditions.

v - The temperature of the intake air was automatically
controlled by a Brown instrument to an indicated accuracy

of £1/4° F. The air temperature was indicated by two cal-
ibrated glass thermometers and reccrded by a four-pen re-
corder. As a further check on the accuracy of air-

temperature measurements, a thermocouple was placed be-
tween the two glass thermometers in the alr scoop and
connected to one of the 12-point recording potentiometers
which are shown in figure o,

CGasoline was supplied into the carburetor by a =pe-

¢cial fuel pump driven by a 1/2—horsepower electric motor.
It was possidble to pump fuel into the carburetor at rates
up to 1600 pounds per hour: The gasoline flow was regu-
lated by a combination of two methods. One of these con-
sisted of bypassing a portion of the fuel back tc the
supply tanks by means of a manually operated valve. The
fuel flow was further regulated by adjusting a pressure
valve at the carburetor., For measurement of the rate of
gagsoline flow, one of three calibrated rotameters of var-
ious capacities was used. These instruments are shown in
figure 5 at the left of the recording potentiometers.
The rate of fuel flow was also indicated and recorded on
a differential recording flowmeter. The temperature of
the fuel was measured in the pipe lcading to the carbu-
retor and was recorded on a chart.

The throttle opening was regulated either at the
carburetor or by a control handle at the observation
station, The latter control is shown in the lower right-
hand corner of figure 5. :



The humidity of the intake air was regulated up to
the saturation pocint by ingjection of steam into the in-
take air duct a short distance downstream from the cold
room, & nozzle bar, located downstream from the straight-
ening grid, was employed to add free water above satura-
tion to the air in order to simulate rain ingestion,
Three types of nozzle bars were used for producing water
droplets of variocus sizes. The small nozzles produced a
droplet estimated at about F0-50 microns in diameter; the
medium-size nozzles prcduced water droplets about 1 milli-
meter in size; the large nozzle rroduced droplets of
about 3-millimeter diameter. The zrid in the air duct on
the upstream side of the water nozzles was installed to
straighten the flow of air around the nozzles and t0 re-
duce stratification, The absolute moisture content of
the intake air was measured by first heating an air
sample, which was bypassed through the measuring unit,
until all the water in susvension was vaporized and then
measuring the relative humidity of the air at the ele-
vated temperature by means of wet and dry bulb thermom-
eters, ‘

Water ingestion into the intake air was measured by
either ¢f two rotameters, depending on the rate of in-
gestion., For most tests it was found that the tempera-
ture of the ingested water could be maintained reasonably
close to .that of the intake alr by passing the water
through a coil of tubing wound around the outlet duct
leading from the engine blower section, a= shown in the
left side of figure 3. For some tests involving high
values of rain density it was found necessary to employ
an ice bath for this purpece,

Provisions were made to heat the engine blower sec-
tion by means of steam in order to simulate flight con-
ditions., It was also decided to direct against the car-
buretor adapter an air stream to simulsaste velocity and
temperature (100° F) that would exist within an engine
cowling during flight. This condition was attained by
means of an electric fan mounted behind the bank of steam
coils, as shown in the left side of figure 3.

The temperatures of the metal passages at various
points in the inducticn system were measured by means of
thermccouples. The locations of a number of these thermo-
couples are indicated in figure 2 and also in figure 7,
which shows the intericr of the engine blower section,

The metal temperatures were recorded by 12-point record-
ing potenticmeters.



The temperature of the mixture was measured by means
of a thermocouple mounted in the rear wall of the carbu-
retor adapter and extending into the mixture stream.

The effect of altitude was simulated by the opera-
tion of the slide valve in the air-intake duct. Altitude
was measured by means of a static tube located in the in-
take duct on the downstream side of the slide valve,
During each altitude test run the gasoline pressure was
ad justed in order to maintain the same differential be-
tween the fuel diaphragm chamber and the air entrance to0
the carburetor that would occur at sea level,

With the thought that vidbration of an airplane engine
in operation might affect the tendency of ice particles
in an’ induction system to te shaken loose, a fairly large
air vibratcr was attached tc the engine blower section,
Several icing tests were made to ascertain the effect of
such vibration on the icing tendency. No measurable ef-
fect of this vibration on the rate of ice formation could
be detected from the results of these tests. It was
therefore decided not to include the effect of vibration
in the testing program either as an icing factor or as a
constant test condition,

The fuel used in this research program was taken
from a special supply of 50,000 gallons of 73-cctane,
nonleaded fuel in order to remove any possible error
which might result from the use of different fuels. The
volatility of the gasoline was so0 selected to match as
nearly as practicable those of the aircraft fuels now in
use. A sample distillation of the gascline employed is

‘as follows:

Distillation ‘ Deg ¥
First drop . . . . . . . . . . . . . .+ . . . . . . 1l14.8
8 percent distilled . . . . . . . . . . . . . . . 140.0
10 percent distilled . . . . . . . . . . . . . . , l4b.4
15 percent distilled . . . . . . . . . . . . . . . l49,0
20 percent distilleda . . . . . . . . . . . . . . ., 154.4
30 percent distilled . . . . . . . . . . ... . . . 163.4
40 percent distilled . . . . . . . . . . ., . . . l74.2
50 percent distilled . . . . . . . . . . . . . . . 183.3
60 percent distilled . . . . . . + .+ .+ « .+ . . . . l92.2
70 percent distilled . . . . . . . . . . . . . . . 201.2
80 percent distilled . . . . . . . . . . . . . . . 212.0
90 percent digtilled . . . . . . . . . . . . . . . 228,0
96 percent distilled . . . . . . . . . . . . . . . 242.0

End point . . . . . . . . . . . . . . . . . <. . 263.0



Distillation (Cont.) Deg F
Recovery, percent . . . . . . . . . . . . . . .-. 98.1
Residuvue, vpercent T .9
Loss, percent . . . . . . . . . . . . . . . . .. 1.0
Barometric pressure, millimeters . . . . . . . . 755
Vapor pressure, pounds per sguare inch . . . . . 6.8

TESTS AND PROCEDURE

In beginning each test run the air flow was first
‘ad justed to the desired rate at the proper throttle angle
and carbdburetor pressure drop. When the air temperature
had stabilized, fuel was introduced into the air stream
at the carburetor. The rate of fuel flow was set by
means of the mixture control to give the required fuel-
air ratio. Moisture was then added to the intake air in
order to reach the desired reTatlve humidity or rate of
rain ingestion.

The recording instruments were started during each
run with the injection of gasoline, and timing was accom-
plished with a stop watch. Observed readings were taken
at short-time intervals, according to the rate of fluc--
tuation of the air and gasoline flows. When the air flow
had either dropped to some predetermined value .or had
remalned unchanged during a reasonable period of time the
run was concluded, The carburetor was then immediately
removed for examination of the ice formation. ‘Photographs
were taken of the ice formed in the induction system dur-
ing a number of runs.

As each test run progressed, the presence of ice in
the induction system could be detected by the irregulari-
ties in the curves of air flow and fuel flow on the re-
cording charts caused by small pieces of ice continually
breaking off and re-forming.

In an effort to explore thoroughly the effect of
each factor on icing, a great number of test runs over a
wide range of conditions were made. Of these tests, 100
are recorded in table II, The tendency toward icing pro-
duced in most of these runs is shown in the wvarious
charts.



The cardburetor-air temperature was varied from
32.5° F to 90° F, The moisture content of the air was
varied from 75-percent relative humidity up to saturation
plus 100~grams-per-cubic-meter rain density. The rates
of air flow explored ranged from 2000 to 10,000 pounds
per hour, the throttle opening from 15° to 73°, and the
mixture ratio from CG.080 to 0,120. Tests were made at
pressure altitudes from sea level up to 20,000 feet. The
operating limits of the mixture ratio for the Wright R-1820
engine were assumed to be from 0,050 to 0.130, ¥o con-
sideration was given in the program to the effect of
icing on the mixture distribution since the tests were
not made on a complete engine.

DISCUSSION OF RESULTS

Ice which forms in an engine-induction system can be
classified under three general types:

1, Atmospheric impact ice -~ forms on and ahead of

the throttle at temperatures below the freewing point of
water due to the ingestion of snow, sleet, or supercooled
water particles which freeze on impact.

2. Throttling ice - forms around the throttle as a

result ¢f the change in kinetic energy of the air caused
by passing through this high-velocity section of the car-
buretor,

3. Refrigeration ice - forms at and below the fuel

nozzles as a result of cooling the intake air and ingested
water by the evaporation of the fuel.

This third type of ice, also known as fuel ice, is
encountered more frecouently in flight than either of the
other types since it forms at outside air temperatures
considerably above 3329 F, For this reason almost the
entire program of tests was devoted to a study of refrig-
eration icing. Thus far no tests have been made on
impact icing at the National Bureau of Standards. Inpact-
icing tests have been made by another agency, however,
(See reference 1.)



It appears from comparing the results obtaimed in
this investigation with icing tests made in other labora-
tories that the ranges of conditions effecting icing vary
somewhat ip induction systems made by 'different manufac-
turers. In view of this condition, it is believed that
the data contained in this report should be of value in
the operation of the induetion system tested but should be
appiied with some reserve in connection with other types.
In-goneral, howover, the manner in which ice formed in
the induction system tested and the relative offect of var-
ious .factors on the icing tendency should be similar in
the induction system of any modern aircraft cnginc.

Two factors, carburctor-air temperaturo and amount of
frece water in the intake air, were found to have a predom-
inant c¢ffcct on icing.* K1l other factors considercd had
a very minor cffect. It is possitle, however, that some
of the icing facters described in this report as minor
might have a morc appreciable offect on the icing tendency
during borderline icing conditions. The two sets of major
and minor factors which influence the occurrence of ice
can bec grouped ss follows:

‘ Major Icing Factors

(1) Carburctor-air temperature

(2) Moisturo content of air

Yinor Icing Factors
(1) Ratc of air flow
(2) Throttle opecning
(3) Droplot sige
(4) Fucl-air ratio
(5) &Lltitude
{(6) Metal temperatures of cngine blower section

(7) Fuel temperature

* . s

F1g.08, a view of the carburetor adapter after run 9, made
at 40° F carburetor-sir temp. and rain density of 1C grams/m>,
shows the large amount of icec formed within A periocd of 20
min. '
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The results showed that with free water present in
the air when the carburetor-air temperature is near the
freezing point, refrigeration ice forms very rapidly in
the induction system., Figures 15 and 16 indicate that
the zone of dangerous icing extends above 50° F and that
the rate of icing is progressively lessened as higher
carburetor-air temperatures are reached. At 32.5° F car-
buretor-air temperature and rain density of 10 grams per
cubic meter, the air flow was reduced from 4000 to 3000
pounds per hour within 2 minutes, At 50° F under similar
conditions, the air flow was reduced from 4000 to 3000
pounds per hour in 30 minutes. At temperatures above
50° F, the rate of air flow through the induction system
was not noticeably affected even though the rain density
of the intake air was maintained at 10 grams per cubic

meter. luctuations in the mixture ratio due to the pres-
ence of ice were observed at temperatures up to 700 F,
however. An examination of the carburetor adapter at the

conclusion of a test run made under similar conditions at
carburetor-air temperature of 80° P revealed that no ice
remained in the induction system. It is possidble, of
course, that small amounts of ice formed in the adapter
at this temperature and were later broken off and carried
through the system,

With increase in moisture content of the intake air
above the saturation pocint, refrigeration ice formed very
rapidly in the induction systemn. Somewhat in contrast to
the results of previous investigations, it was found that
at a moisture content of 100 percent relative humidity or
less, the rate of ice accretion was very small and the
rate of air flow remained almost constant for periods as
long as 30 minutes. It was observed that ice formed and
periodically vas broken away from the walls of the car-
buretor adapter during many of these tests. This action
was attributed to the fact that the ice insulated the
walls from the colder mixture stream and because the
adapter walls were heated from the cutside to a certain
extent by a flow of warm air from the fan previously de-
scribed,” With increase of moisture content adbove satura-
tion, ice formed progressively faster. At 30-grams-per-
cubic-meter rain density, it was szen that the rate of
air flow was reduced from 4000 to 3000 pounds per hour in
3.5 minutes. When the rain density was increased to the
extreme of 100 grams per cubic meter, however, the rate
of air flow did not fluctuate from the original cruising
power, indicating that the ice forming in the induétion
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system was being washed off the walls of the passages by
the great volume of water, Results of tests made to de-
termine the effect of moisture content of the air on ths
icing tendency are given in figures 17 to 20,

A series of tests was made at a throttle opening of
20°  in which the rate of air flow was varied between
2000 and 4000 pounds per hour, The results (figs. 24 and
25) indicated very little difference in icing tendency
and a low rate of ice accretion. .In another series of
tests made at full-throttle ovening (figs. 22 and 23) the
air flow was varied from 6000 to 10,000 pounds per hour,
Refrigeration ice formed very rapidly in the induction
system during these latter tests. When the data of both
groups of tests were compared together and with other re-
sults (figs. 26 to 31) it was evident, however, that as
the rate of air flow was increased with constant rain
~density, the rate of ice accretion increased quite rap-
idl¥y. It can Ye concluded that the rate of ice formation
is a function of the total amount of water entering the
induction system in-.a given period of time,

The results of tests made over a wide range of throt-
tle opening revealed that the amount of throttle opening
“had no appreciable effect on the rate of ice formation,
The data of these tests are given in figures 26 to 31.

In order to determine the possible effect of varying
the mixture ratio on the rate of ice formation, tests
were made at cruising power and also at full throttle.
The results of these tests (figs. 32 and 33) showed, how-
ever, that the mixture ratio had little or no effect on
the rate of icing.

Ag might be expected, a general examination of all
the test data showed that as ice formed in the induction
system during each test, the fuel-air ratio was changed.
It was noted that below 40° F carburetor-air temperature,
the mixture ratio became quite rich and that at 40° F or
more the mixture ratio usually became lean. These effects
were caused to a great extent by ice formations on the
fuel nozzle bar. In the case of the higher range of tem-
peratures, ice formed on the nozzle bar on the lower side
of the fuel-injection holes, thereby reducing the suction
at that point and causing the mixture to become lean. At
lower temperatures, however, ice formed higher in the in-
duction system and often on the nozzle bar above the fuel
holes, thereby increasing the suction of the air through
the carburetor venturi, enriching the mixture.
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) During most of the tests the water introduced into
the intake air was the medium-droplet size of about 1-
millimeter diameter. A few tests were made with smaller
water droplets {about 30 to 50 microns in diam.) in order
to determine the possible effect of water-droplet size on
the icing tendency. The small amount of data obtained,
however, was not considered sufficient on which to base a
conclusion on the effect of water-droplst size. ’

In a number of the tests it was found that water
particles of colloidal proportions were contained in the
air to the extent of 1 or 2 grams per cubic meter at a
humidity of less than 100 percent. In these instances no
wetting action was observed on the metal surfaces of the
air scoop, indicating that the water particles were less
than 0.1 micron in diameter.

Very 1little difference in the rate of ice formation
was found in a comparison of tests made at various pres-
sure altitudes. These data are given in figures 34 to 36,
it is interesting to note in passing that the air-flow
curves of runs 52 and 159, made at different temperatures
and altitudes, were almost identical,

A series of icing tests was made under propeller
load curve conditions.. In the first group of runs, in
which the rain density was held at 5 grams per cubic
meter, the time during which the air flow remained equal
to the initial rate increased somewhat with decreasing
initial air flow and throttle opening. In each run of
the second group, in which the rain density wvas maintained
equal to that of run T-1, the air-flow rate remained ap-
proximately at the initial rate for substantially equal
time periods, apparently as a result of the constant rate
of water ingestion. In all of the tests, however, (figs.
37 and 38) the air flow dropped at about equal rate, The
results of these tests indicate that variation of propel-
ler load curve conditions has little effect on severity
of icing. However, the results do supply further evidence
of the critical effect of water ingestion,

Tests at constant rain density of 10 grams per cubic
meter with no fuel flowing into the carburetor were made
in order to determine the severity of throttle icing in
the induction system.. The carburetor-air temperature was
varied from 33°% to 41° F in these tests. Results are
shown in figure 39. At 33° and 35° F, throttle ice formed
so rapidly that the rate of air flow was reduced from
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4000 to 2000 pounds per hour in slightly more than 4 min-

utes. The range of carburetor-air temperatures in which
rapid throttle icing occurred was found to be quite nar-
row, however. At 39%° F, or above, the air flow was very

slightly affected by the formation of throttle ice,

Typical temperatures of various parts of the mstal
passages measured by means of thermocouples are given in
table I, Early in the program some tests were made in
which the engine blower section was heated by means of a
steam Jet over a raunge of itemperatures from 40° F up to
290° F, It was found, however, that in this range the
temperature of the carburetor-adapter walls varied only
from 8° to 10%° P, or a change of 2° F,

It was noticed during some tests in which heated air
was not applied to the carburetor adapter, that frost
quickly formed on the outside metal walls., As each of
these tests proceeded and ice formed within the adapter,
the frost gradually melted, This effect can be seen in
figures 9 and 10, Melting of the frost was caused by the
fermation of ice within the adapter which insulated the
metal walls from the colder mixture.

Examination of the carburetor adapter after many of
the test runs showed that the ice within the adapter was
melted away from the metal walls and was sufficiently
loose so that it could be easily removed.* It was evi-
dent that the loosened ice would have passed on through
the induction system except that it was prevented from
doing so by the irregular shape of the adapter and blower
section and by the various protuberances within the induc-
tion system, In view of this phenomenon a special bulle-
tin (reference 3) was prepared., This bulletin contained
a recommendation that induction systems should be designed
s0 that all protuberances are eliminated.

No tests were made to determine the effect of heating
the carburetor adapter on the rate of ice formation., It
was apparent from the effects described above, however,
that the application of heat to the walls of those por-
tions of an induction system in which ice usually forms
would decrease the icing tendency,

*This effect is illustrated in fig. 11, a photograph of
carburetor adapter taken after test run 16.
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The temperature of the mixture ranged from 40° F at
carburetor-air temperature of 80° F down to 2° F at
22,5% F carburetor-air temperature. Most of the mixture
temperature values were below 32° F, It can be seen from
figure 40 that the lowest mixture temperature occurred
with the most rapid rate of icing. The mixture tempera-
tures fluctuated considerably during the tests and it was
therefore not possible to maintain consistently accurate
values. These fluctuations in the mixture temperatures
were caused by ice forming around the thermocouple bulb
and thus insulating it from the mixture stream, A special
bulletin (reference 4) has been published to describe this
effect, In figure 21l it will be noted that as ice formed
in the adarter, the temperatures of the metal walls and
the combustion mixture bdoth approached 32° F, the mirture
being at a slightly lower value.

In general, it was noted in observations made through
the glass window of the carburetor adapter that in almost
all of the tests made at a high air-moisture content, a
considerable quantity of ice formed within the adapter
before any appreciable reduction in-the air flow could bhe

“measured, The air flcw then dropped very rapidly, indicat-

ing that if this condition was experienced in flight the
engine power would be congiderably reduced due to ice in
the induction system before the pilot had sufficient
warning tc take preventive measures,

A number of additional tests were made to establish
the outer limits of the atmospheric conditions under
which ice formed in the induction system tested. The
results of these tests of borderline conditions are given
in figure 41, The range of conditions under which the air
flow was affected by ice is represented by the double-
shaded portion of the chart. Under all conditions out-
side of the outer curve no ice was encountered. The
intermediate area between the outer. curve and the inner
double-shaded portion indicates the range of conditions
in which ice was formed in the induction system dbut did
not affect the air flow or fuel flow,

The conditions under which ice formed in the induc-
tion system were determined by making visual observations
through the glass windows of the fuel nozzle bar and the

interior of the adapter. Fluctuations of less than 2
percent in the air flow and fuel flow were considered as
not being detrimental t0 engine eperation. TFluctuations

greater than 2 percent are indicated in figure 41 Dy
crosses in the lower area,
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As a result of the basic conclusion that rate of ice
accretion is a direct function of the total amount of
water ingested with the intaks air, a brief theoretical
study has been made to investigate possible methods of
preventing rain from entering induction systems. It is
evident that this can be accomplished if, in the design
of intake passages, advantage is taken of the inertia of
water particles.

An analytical study of the paths of water particles
.of different sizes in an air stream disturbed by the vres-
ence 0f a circular cylinder is contained in reference 5.
It was found that at a velocity of 200 miles per hour the
area against which droplets imvinged decreased with de-
crease in droplet size. The report indicates that water
particles, 10 microns in diame%ter, or smaller, will fol-
low the path ¢f an air stream regariless of any change

in direction, that the paths of particles 10 to 1000
microns in diameter will vary in proportion to their size,
while droplets of 1 t0o 5 millimeters in size have suffi-
cient inertia that they can be separated from an air
stream of curved path. In reference 2 it is shown that
droplets of l-millimeter diameter can be expected with a
rain density of 0,27 gram per cubic meter, droplets of 2-
millimeter diameter would occur with rain density of 2
grams per cubic meter, and that 3-millimeter droplets
would be found in a rain density of 5.4 grams per cubic
meter.  This indicates that in the range of average rain-
fall, water droplets have sufficient mass so that they
can be separated from an air stream because of their
inertia,

It has been found in other investigations that water
particles, by virtue of their inertia, can be separated
from the intake air in an air scoop containing a plenum
chamber and rain itrap. Separation of water droplets can
also be accomplished by greatly changing the path of the’
intake air. Figures 12, 13, and 14 illustrate various
rossible design apvlications of this theory. The first
0f these is a rotatable air scocop which can be reversed
in position during rainfall, The other two sketches il-
lustrate how the inertia separation principle, together
with provisions for preheating the intake air, might be
applied to intake systems incorporated within engine
cowlings, In the system shown in figure 13, the cocld-air
valve O is closed during precipitation and air is ad-
mitted through the alternate intake D, 1In the design
represented by figure 14, the flapper valve C at the
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lip of the cowl inlet is turaed to the vertical position
during precipitation so that the air is forced around a
90° furn ip enteving the intake system., This design has
the advantage that a portion of the dynamic ram cf the
intake air is retained during the operation of the alter-
nate inlet.

RECOIIMENDATIONS

In view of the critical effect of total rate of rain
ingestion on induction-system icing, it is evident that
the intake passages of an aircraft engine should be de-
signed so that water is prevented as much as possibdle
from entering the carburetor with .the intake air,

In the design of induction systems all possible pro-
tuberances should be eliminated,. Interior surfaces, if
possible, should also have a slight draft in the down-
stream direction and should be designed so that ice can-
n2t be retained by the shape of the induciion passages.
It i¢ evident that in an induciion system having such
features, ice would form only to a slight extent, would
then be melted away from the walls due to its own insu-~-
lating effect, and would then pass on through the system.

Based on observations made during this research pro-
gramw, it appearsz that by the apolication of hsat to the
carburetor adapter, icing could be still further mini-
mized. Tegts to investigate this effect mere thoroughly
are recommended,

From the tests made during this research program it
is evident that throttle icing should be considered in
the design of carburetors,

Fuel nozzle bars, throttles, and other exposed ele-
ments of carburetors should be designed so that a minimum
amount of ice will form on them,

In view of the observation made during many of the
icing tests that the air flow was not affected until a
quite large amount of ice had formed in the carbureter
adapter, it appears that the development of a derendable
instrument to indicate the presence of ice in induction
systems is desirable.
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CONCLUSIONS

The following conclusions should be considered in
their entirety only in connection with the induction sys-
tem tested.

1. Two factors, carburetor-air temperature and mois-
ture content of the intake air, were found to be the major
causes o0f induction-system icing. All other factors con-
sidered had a minor or negligible effect on the rate of
ice formation for the range of conditions investigated
when each of these factors was varied independently with
the others held constant,

2., With free moisture present in the intake air,
ice formed rapidly in-the induction system at carburetor-
air temperatures up to 50° F, The mixture ratio was af-
fected by the formation of ice at temperatures up to 70° F,

3. Ice did not form in the induction system tested
under any conditions at a carburetor-air temperature of
80° F or above.

4, The rate of ice accretion at an air-moisture con-
tent of 10C-percent relative humidity or less, with no
free moisture present in the air, was so slight that
neither the rate of air flow nor the mixiure ratio was
affected.

5. With constant rain density, the rate of icing
was increased in proportion to0 incrzase in rate of air
flow, From these tests it is concluded that the rate of
icing is a funcition of the total mass flow of rain per
hour through the induction system.

6, Trom the data obtained in this investigation, it
is recommended that air scoops ¢f engine-induction sys-
tems be designed t0 prevent as much water as possidle
from entering the carburetor,

: 7. The interior passages of induction systems
should be free from protuberances on which ice can adhere
and should also, if possible, have a slight draft in the
downgtream direction.
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8., The development ¢f a dependable ice-warning in-
dicator for induction systems is - desirable,

National Bureau of Standards,
Washington, D. C.

APPENDIX I

TESTS OF ICE~WARNING INDICATORS

From the icing tests described in this report, it
has been concluded that the development of a dependable
ice~warning indicator for induction systems 1s desirabdble,
It has been pointed out that during almost all of the
tests in which ice.formed in the induction system, the
rate of air flow, usually taken as an index of the pres-
ence of ice, remained almost constant until a large
amount of ice had formed in the carburetor adapter. This
phenomenon was noted by means of visual observations
through the glass window in the rear wall of the adapter.
In view of this condition, and also as a result of re-
quests from the military services and commercial air-line
operators, a number of tests have been made in the Wright
G~200 inducticn-system installation at the National Bureau
cf Standards in an effort to develop a satisfactory ice-
warning indicator for general use., -

One of the chief difficulties in indicating the
pPresence o0f ice in an inducticn system results from the
tendency of ice to form at different locations, according
to the atmospheric conditions encountered. In the NACA
induction-system icing investigation and in tests made
by other agencies, it has been found that impact ice
forme in the air scoop and in the duct leading to the
carburetor; throttle ice, by definition, forms in the
vicinity of the carburetor throttle: while refrigeration
of fuel-evaporation ice forms on the downstream side of
the gasoline-spray nozzles, usually in the carburetor
adapter. It was also noticed during the ‘icing tests that
at different values of the carburetor-air temperature,
ice formed in different lccations for each of the three
types of ice. It is evident that an effective ice-warning
indicator should be capable of detecting ice in the induc-
tion system regardless of the point where ice forms.
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The ice-warning indicators which were tested are
listed as follows: ‘

(1) Anemometer type ice-warning indicator
(2) Cunninghan ice-warning indicator

(3) Muter ice-warning indicator

(4) American Airlines ice-warning indicator

(5) National Bureau of Standards ice-warning
indicator .

All of these instruments with the exception of the ane-
mometer type are described 'in reference 6, °

The anemometer unit was installed in the carburetor
adapter and mounted on the shaft of a small generator,
The flow of air through the induction system caused the
rctor to revolve and the resulting electric-current gen-
erator was indicated on an ammetier. As ice formed on the
retor, its speed decreased until it finally stopped be-
cause of being frozen so0lidly in the adapter. This device
indicated the presence of ice but was considered unsatis-
factory because it was subject to frequent repair result-
ing from damage to the rotor unit by ice and because the
rotor in itself greatly increased the formation of ice in
the induction system. It became evident in the tests of .
thig device and in the program of icing tests that all
possible obstructions should be eliminated from the
interior of an induction system in order to reduce ice
accretion,

A number of tests were made on several versions of
the Cunningham instrument. When first tested, this de-
vice, which indicates the change in a pressure differen-
tial in an induction system due to ice accretion, responded
only to localized ice formations and for this reason was
operative only through a limited range. As the instru-
ment was developed further it was found possible to ad-
Just the sensitivity. It appears that in any further
development of this device the range of indication must
be further extended so that it will be more effective in
varying conditions. In this way the location of the
units in the induction system will not be so critical,
One advantage of the Cunningham indicator is its light
weight., several ounces per unit, indicating that several
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of these instruments might be installed within an induc-
tion system to indicate the presence of ice at any of
several points where it might occur.

The Muter photoeleciric cell-type indicator, which
was mountved -in the- carburetor adapter, was found to be
satisfaotory in warning of the presence of ice. 3By re-
cessing both the photoelectric cell and the light source
in opposite walls of the adapter, the.sensitivity of in-
d¢ication could be regulated., It was found that ice par-
ticles formed in thess ftwo recesses of the walls regard-
less of the other points where refrigeration ice was de-
posited, As ice formed, the reading of the milliammeter
gradually increased to a full-scale deflection, indicat-
ing that the adapter was being filled with ice. Thi's
full-scale reading was usually reached several minutes
before any change could be noticed in the rate of air
flow.

The American Airlines instrument is a photoelectric
cell-type indicator similar to the Muter ice-warning in-
dicator, with the principal diiference being that the
photoelectric cell hes a grezter output arnd the current
is read directly on a microammeter. This iandicatocr was
considered satisfactory on the basis of the limited tests
made. One possible difficulty in the use of this instru-
ment 1s that the sensitive microammeter might not be
capable of withstanding the engine vibration to which it
would be subjected,

The ice-warning indicator developed by members of
the gstaff of the Naticnal RBureau of Standards, a hodified
photoelectric type, was found to provide satisfactory in-
dication of the presence of ice during the few tests
made on this instrument. The design of this ice-warning
indicator has been turned over to an equipment manufac-
turer for possible commercial development.
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NACA Figs. 3,4,5,6

Figure 3.- General view of induction

system icing testing appara-
tus, (showing cold and hot air intake . 4.+ Triioal Pacotded i flow
ducts, carburetor, engine blower section, Figure . 178

hart.
and outlet duct.) cnar

Figure 5.- Recording potentiometers,

manometers, mixture and
throttle manual controls, and gasoline
rotameters.

Figure 6.- Straightening grid in inlet
air duct.
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Figure 15,~ Effect of varying carburetor-air temperature with initial moisture content
100 percent R.H. +10g/m3.



RACA . Fig. 16

)
X
X 50
N ,
A2
0
\ﬁfuzu %0
3
N300
N
A -
: :Eeooo
1000 Eeu //'orn' en75
//c//c"_y Cord. -/3 75~
10 , W}'C'y//f G200 B/owerSector
9, 44
N Et. [ 0 o
d o=, e Y N
Coe
N
.04
Afiye/7c/:
02 o Run™/2a, 60°F CarbAir Tonp
. oRurr ¥ 126, &5F Carb:Air Temp
500 _ - xRur * 12, 70FCarbAir Temp
v Run™ /2o, 25FCarb:AirTemp
\ %00 +Run*® /2€, BOF Cara-Air Ternp
N 3
& 300 o P
N ~— T
X 200
0
~
AN
‘g /00
LS
0
) 70 20 30 <40 30 &0

Tomre “MineFes

Figure 16.~ Variation o§ carburetor-air temperature with moisture content 100 percent
R.H. +10g/m” and 31.5° throttle angle.



500

R

&
N

,fbe/ff7bﬂc‘lés/6%h
S 8

Q

0%

Pig. 17

: 0
) =B

ﬁ__qa?'omcrzi":
//o//c’j/ Corb -/375F -

- Wrxy b1 G -D0LB/owerSecte

ﬁj\aﬁ ' a kxﬁﬁ\@

o :
e

Le__yena’:
. /?4//7‘/3, 75 2% Fel Mum

. X/‘?uﬂ'/‘f, 100 Yo/Pe! Hum,
QRur ™15, 1002 +5G/ rrr 3

& Rur16,/00% + 109/

A Rur 17,1008 +209/im?
v Rur ™18, 100%+309./m |

o

—te |

/0 20 S0

£0 S0 60

Fimre - Minuvles
Figure 17.- Effect of rain ingestion at 40°F C.A.T., and 31.5° throttle angle.



o

NACA ' ' Fig. 18

600(?
X
& S000
~8\
~ q600. s e
N (o
Q 3000 H
S
T\ 2000 : )\‘L \\ \ 4
| X
1000 > Equijorment:
. ] fHolley Carburefor; /(375 F
7] / . Wright G-200 Rear Sectron,
R o
@ A
.06 \ '
A
AN .
a2
T—~Legend:- t
@ RunNo./Ba ,Mosslure Content 32 g/m®
400 B Run No. /184 , Moisture Content 429/07" —
: X fun No. I8¢ , Morsture Confernt S57g/m*
N\ & Run No. /80 , Moisture Content 70gfmr’
N, 300 v Run No./Be, Mossture Conternt 8Og/m’
- & Run No. /8, Moristure Content 90 g/im®
; 200 + Run No. 18g, Morsture Confent ((0g/m.
N
Ny 109
v
Q
: o
(@) - 0 20 30 . 40 S0 60
Twre,~ Minutes ‘

Figure 18.— Effect of extremé rain ingestion at 40°F C.A.T., and 33° throttle angle.



NACA

or

Pig. 19
8000
. S0
\
N
Q #000
Y i‘ !
S N . S W
AN i’ \ i
Q
X cov0
w 7’
1000 - 1594/00/773177?
Ho//c:y Coréd -/375 F
Jo Wr/.'y/lf G -200Blower Sectic
o 7! 4.__.'.0/(
*: .0&44
o (
N\
L\
OA
chcﬂd': .
o Rur #20, 7002 RPel Heumr.
o Rum 2/ ,/00%+59/rmr®
/P ur #22,/00%-*/0_9//773
BRun®23,/00%+20 947 3
\$00
S |
9
X300 —
R o o e
3200 T
N
LN
\/00
3
\ (2

o /0 29 30 - 40 S0 -17
. Jime -~ Minules .
Figure 19.- Effect or rain ingestion at 35°F C.A.T., and 20° throttle angle.



Fuel Flow ~1bs/hr
N [ A
§ 8§ 8§ &

8

Fig. 20

™ RS
= o,
5000 13 \ ‘ N\\
2000 X \*
T Equipmearit .
1000 ' ) Holley Carburetor,/375-F
: ' Wright /520-G-200 Blower Sectron
10
9 O ——% & P9
\\ “4 ~
S '&:\Tk*—*\
& 06 X \, : /egend
X { \\L‘ s O Rurr No./36, 1007, Rel Hum:
o S +Rurr No. /37,1007, Rel HomsJg/m”
X Rur No./38, /007, Rel. Hurn+/lg/ri°
'. ) &) Ve, ? ‘F
A M\
YT
L' 3
v

o V/ 20 30 40 o S0 60
7ime - Minutes |
Figure 30.— Effect of rain ingestion at 40°p C.A.T., and 31° throttle angle.



WwW-87

NACA . Fig. 21

5000
§¢ooo q e,
Y3000 $0 /)\( )\G\
N ¥
N
] 2000 b
/000 40
L
s o099
oo —>F frogact:
Q N4 L f
- (i i
g & o0~
%ﬂv

Leyend:

--G--- Adaprer Temperatvre ——|
—o0—Mixfure Temperarere

S

-/0
) P 8 2 5 2o 2
 Time, Minutes
frgure.21. - Varration of Mixture and Adaprer Temperatures
During feing, Rurn No. /38



NACA o Fig. 22

Jaooa r\
oo \\.A’\
[775] \/,\
oo S |\
6000 \Q \
S\
isow \x
; N
i.?ﬁﬂ? ‘ \\h
X \\
0N \ \
%Eom ' v
/2 —s < Lovipment:
:>¥£> folley Carb - 1375 F
/0 ‘v\ Wrig h? G-200BlowerSecto
AN
N <
@ g \
06
N
W w
Legend:
oo « Rur™ 25 10000 1bfhr ir Fiom
O Rurr™ 26,8000 /b/hr AirF7ond

xRPurn® 27,6000/ Air Flow

2

1000 — \/
X 600 T \
j§ ‘tkﬁa—a‘x>\\
N o0 <
b 3 Tx \x\
R 0o AN B
: W
Jao L
o

20 30 4o 50 6o
77/7;5 - M/‘ﬂ(/fe-f .

Figure 22.- Icing at various inttial rates_of air flow at 35°F C.A.T.. moisture
content 100-pergent R.H.+ 5g/m3 and 73° throttle angle.



w-9%97

KACA . _ . Fig. 33

@
3
4

]
>

éfs,Cév"

g

\
%
f//
//

Arr Flow;
3
A
oy

g

Holley Carburefor /375-F
“Wrs 9/);‘ G-200 Rear Sect/on |

t\ | Equipment
)

Legend .
ORurn M. 254, 40% Carburefor Arr Temp.
XRun No.26 A,40°F Carburefor Arr Temp.
BRwn Na.27A, 40% Carbuwrelor Air Temp.

Fuel Flow - /bs/#r:
)

3 8

T

b

0 0 20 30 40 &0 &0

Time - tdinvies
Figure 33,~ Icing at various_initial rates of airflow at 40°F C.A.T., moisture content
. 100% R.H. + 5g/m%, and 73° throttle angle.




NACA Fig. 24

6000 ‘
5600
é
o 4000 CEDOQOHOC
X!
é 3000 ot ﬂ*&%?—‘-@ﬂ: 3
s 200 ‘ : :
g g0 Lquporner’:
Holley Carburetcr /375 F
1000 4 Wright /820-G-200 Blower Seciian’]
/
Q
N L
N Silia: SSUL s L P e S
& - _O-Q\G- o0 O~-0
.04 . ) 1
‘ Legernd .
© Run No.32,400Q ths/br A Flaw ___|
+ Run No. 33, 3000 /s/hr A Flow
500
& 200 -
3
N
. 300 —
P geod, B
W 200 [T S P e e TG o' .
N o \ 523l%;+—4~+—+-+—4_+
l% -0 O 3
100
o :
o) 20 Y7, 60 80 00 20

Time, VMirvres

Figure 24.- Effect of varying mitigl rate of air flow at 40°F C.A.T., moisture content
100 percent R.H. + 5g/m° and 20° throttle angle

..



NACA ' Fig. 25

6000

3 8

Ar

b/

3000 - - . : - Ll Do O - _—

w, /.

n
:
L
!
|
}

Air Flo

3

Lovyorren?

srolley Carburesor /375 -F

10 Worrolt /820-6-200B/cwer Seclran
9
3
& cs
%‘**‘% 4+ + g ;J
Y 06 o OB J/G\Y-(ﬂ
. J
3 ‘ \(\x A
k Q Q O™ )’OO
04 S
Legend.
O Run Mo. 35, 3000 16/ br Frr Flow
300 + ARuvrr No. 36, 2000 /,é/éf: A Flow
. 400
Q
.
<€ 300 :
y A
N -t —— 1 -O\QDJ 0
5 /00 : Co ° oo
]

30 40 50 &0 70 80 90
Time , Minvtes

Figure 25.- Effect of varying initial rate of air flow at 40°F C.A.T. , molgture content
100 percent R.H.+ 5g/m® and 150 throttle angle.



percent R.H. + 5

NACA Flg. 36
\ 6000 &,
X
3 i
N o
h
%4000 x}—“—-\&@
N : %
O\ 4
\ 300 -
~
AN
2000 Eouipmen?s .
’ //o//g_y Corb.-/375 F!
/2 Wr{y/r?" Groolower Seciion
Q7
N
5
08
&
04
L Cocrsz o
800 s Furm ‘:38, Full mraﬂ‘_é -73°
&\:\ oRurn*39, 85° Thratt/=
%500 ] xPUﬂ’fO,Joo ”
\” \\\ aRun"$/ ,35°
400 AN
N g ¥\
i -
370 N
$ =
N\ 200 \o\:
N
L\ 160
o
0 /0 20 30 *0 -3¢ 60
Time -Minu’es .
Figure 36. Effect of varyi ghrottle angle at 35°F C.A.T., and moisture content 100"
g/mY .



w27

?ACA Fig. 37
7000 2
\Am -
R
\ 1
9 35000
9 N
X A
%4000 \ v
§ I\
.&jzvo \ X
ALY \-
2000
1000 /2 _ i R Ea(//ﬁ/ﬂ eﬂif'-
/3\#\ . Holley Corb - /375 F
/O - Wr{y/v/’ G-200B/ower Sect |
0
N \
%ﬁ 08 \ 3
<
§-06 \\\
700 O#
i V4 coernd:
&0 o Rurn®38 a, fall 7hrotie-73"]
t ‘ G/Fb/7”i39<7, 85 TTHhro7/e
%Sw \ xﬁ(/ﬂ#40 <, 50° i pR—
3 \\ aRun®2s 0, 39°
\3400 \"'\
: \
L\:‘”O \ |
v L\& '
Y200 :
Q \\f\ |
100 - \
o ' '

(o) /0 20 30 20 Y7 60'
Jirme -Minvies

Figure 27.- Effect of varying throgtle angle at 35°F C.A.T., and moisture content
100 percent R.H.+ 5g/m®. :



Ou-?;v‘

* NACA : . Fig. 38

8000 ?5353:
k
N s .
g \\\\1 ool
N ga00 “f
\ K
Q“Jaoo tK
A\ -\
<2o00
1000 EouipmrenT:
//o//c:y Corb.-/375 F
./oﬁm \gA 1 r@/ﬂ“ G2oo Blower Sec’ _
;g-c" A\ \ﬁa—m
ol [,
@ \%\%’_E\m'ﬂ
§'Oé B
R
ot}
qu ernd:
800 o« Rurn™386 2 fol) Throlte-73°
o Ru®396,65° THhro/t/e
%500 xRun®40b ,50° 7
N aRun"9/6 ,35°
P00
N
3300
Q
N\ 200
S
L,\/00
0
o /0 y<fo] 30 . Lo SO &0

Tirmre ~-Mirrwes

Figure 38.- Erfect of garying ‘throttle angle at 40°F C.A.T., and moisture content 100 7
R.H. +58/m . :

i



w-77

NACA Fig. 39

Air Flow -L%éd//q/‘
g 8§ ¥ 38
A
,,//GQXQA"&
D

§

RS
2000
./{5
J060 /2 / Eoviomens: _
f\ f A/o//c:y Cord. - /375 F
,0}_%¢\ - Wrigh7 G200 Blower Sect |
3 \"\ALQ‘ 5
5o \
¥ % \
805 X 06 -
N [ \
o ok |
\\\\/3 x Le jeﬂd:
£00 NG \ « Rur™38¢,Foll Throiite -73°.
. /‘\ Gﬁaunyj?c,éé'ofﬁfo#/c
%500 P xBPur ”40c, So° “ _
\ " L © ”
3 \ BRun#c,38°
N0 a\v oy '
L
: R
N -
L o0 \
R 3
/00 %
o

o

(o] /0 L0 30 <20 Y2 &0
Timre -/Minv7es

Figure 39.— Eftect of varyi Ehrottle angle at 40°F C.A.T., and moisture content 100
percent R.H. +5g/m°,



NACA rig. 30
6000
Ja00
5\
X
3> om0
~N
£ 3000 Somemdmodb o
S b MM L
A
g 2000 "
_ £ U/,O/Aeﬂf:
1000 /‘/o//ey c*afwmm /375 -F
. Wright /1820 -G -~200 Blower Secron
A0
R
N
Q. £
[k +. - . . 00000
J 2 ¥ N
\ N —— ¥
N\
Of I
Legend:
© Run No. 42, 50° Thrattfe Aﬂg/e
+/?un/%7¢3 3T *Throttle Arig,
X RunMNo.24, 25 Throttle Ary/e
500  Run /VafJ'ZO Throfrle Apgle
) ® Run Ned6, /5° Throrfe Any/e
é 400
>
g 300
§‘ x |+ +
N
$ 200 7 ey
N :
) ™
d /00
N
17

0 20 g0 680
7'/'/77& - Minutes

100 percent R.H.+ 5g/m

Q0 /00 120

Figure 30.- Effect of varying throgtle a.ngle at 40°F C.A.T., and moisture content



w-= 27

NACA

Fig, 31

Figure 31.-— Effect of var
*  percent +5g/m

Time ~-MirnyTes
ging throttle a.ngle at 40°F C. A.Te.y and moieture cortent 100

6000
$000
\
%
Y 4000
) T =Ll —— :
N o ; .\ksi . 80
; 300 T~ ~& ‘EJ:,,, X x— T ——x 7
> \ \QN N, J
8 <ebolo )
\2m \G EN-G‘(J\*.
!‘\ 75, ?7//7‘k
/000 f@c//ﬁmeﬂf: -
//o//ey Carb. -/375F
Y Wrigh? G-200B/orver Sect]
- .0
N ‘0‘1 .
X 06| o ot \t; x
. \: X o =~ = s X
% g — BK-SQ__E’A_QXE({_—_E
124 ;
[cyeno/: ‘
400 cRun™42a 50°ThHrolt/e.
oRun"430 35° |
00 XxRun®s40 25°
K aRurr4s5a 22°
oo
)
3,
N300 - : :
- \% . ! .§$= '\O-—G\K@
L,\ 200 o= e
N B ] \Jf‘
L§/00 e o—e—ox |
o
o] /o 2 Jo <o S50 60



NACA

g

}

Air Flow-Lbs /Hr-
3 ¥

§ :

Fig. 323

EEaN
1\ /

o

Q

N

S

' F7A4 Ro7io
S

£ ouiprrent:
%//ey Cord. -7375 F~
Wr/'j At GeooBlowei~Sect:
: X 4k\\\%’_,4
04
Lcy ernd

N

*Rurn™51 , 060 FA R7ro ]
o TSR, 080 » *
X Rurn®53, 090 » #

Tirmre -Mrinv7es

40 S0 60

Figure 32.— Effect of varying fuel-air ratio at 40%F C.A.T., moisture content 100 per-

cent R.H. +5g/m3, and 31° throttle angle.



.~

NACA

‘\i"ig. 33
8000
.oX
X
N
N
N
X 4000
R
- Xswo
X
2000
/2 —t Eovipmen?: _
_ 2: . : ' tolley Cord. - 1375 F
B i =\ ' Wrigh? G-200 Blower Sect
R
Sos
N
Qos
wo - '
Clﬁﬁ*ik\ : Aﬁcg;c?r7c/ .
N 1 x/?un”s.s’, s05 0 e |
\ 500 \ Q\ - " o RunTS6 , 15 o v _]
<7
3 NEE
3300 1\
S N
3 \ %
lK/00
0.
o /0 2o . 3o - %0 50 60

Jirmre -Minvies

) rtgure 33.- Effect of varyin §

uel-air ratio at 35°F ¢.a.T., misture content 100
percent R.H.+ 5g w® and 73° throttle angle.

3&

© g



HACA Fig. 34
{ S0
SS
]
N #00 —0—
S
\.1 \x—x\,{ -o—-o\;\\\
S MYK_
k 3000 - x —\r‘
R T
1S N T
%26‘.’» \x
1000 /2 /x
/0 4
p
o /
INEZ] /
g N 5 Pl
QO > h— \X\j\x—_’(/x
55\06 e o :' \.\________\.\\
L egernrd:
* Run”60,Scoleyve) __|
oRurn™ &/, /0,000 Fr
k_,).oo xRun®é2,20000Fr —
N
S 400 Lovipmen?: —
3 /‘/o/‘/cfy Cord. -/375F
' Wrioh? G-200 Blower Sect)
N * %‘\ "'\ .
LK 200 R \‘\; \s&—--x—x-—-xtT_L
\’J No \\' ~—
Q00
o
O /0 20 I¢ 7 Y7 60

R.H. +5

Tirrr= -Minrvles
Figure 34.— Effect of varying altituae with 35%F C.aA.

g/m3, and 73° throttle angle.

T.y moisture content 100 percent



w-yp

HACA

,4/;; /‘/o(uw-zia.//;&r
g8 8 § §

g

A Rotro

/"ée/ /‘70w(:466///rr ¢
S 8 § ¥ 8

Q

Pig. 35

£ m///'om w7

Ho//gy Corb. - 73 75F

/0 Wrigh? G-2005/0 wer5ec7_‘
'cu . t
—_ M\o/c’/ax - 5
06 T — el s
,01!
Legerd
02 _ ® Rurr #600,5cdl._evé/_
oRun® 2o ,80,000'/“75'. —
B ‘%\ T T
.
\‘\\.&_ .
70 20 30 40 50 80

o

. Jrmre -Minules

'Figure- 35.— Rffect of vgrying altitude with 40OF C.A.T., moisture content 100 percent

B. H.+5g/m°, and 73° throttle angle.



w -7 7

EACA : ' Fig. 36

3200
X
N
5 TN @ <9
)
~ \)\?\\‘ \
' 3000 ~C . \ .
3 T N
R 2o B P s et S
BN o
S(ﬁﬂﬂ9
Fou{pmcnf;
/0 Holley Corb -/375F |
Wr/_'ylyf' Go0B/ower Sect
E 08—
I e s -l —_ ,
X T Y
K
04
Ae_yeﬁo/:
- e Rurn/s8 ySee Leve/ ]
‘ O Runr59 , 10,000 FF o/t
500
{
X
N\ 00
v
~0
\ﬂ 300
\% - M\. e~ “\<
S a0 ~ —— N
N \G\-ENNM“
Q wo :
o
o ~ Jo 20 30 %0 50 &0

Time-Minves

Figure 36.— Effect of varying altitude with 40°F ©. A.T., moisture content 100 percent
: R.H. + 5g/m3, and 35° throttle angle.



w=-327

NACA

R

A/');‘,/‘7ow ~-Lb6s/
8

3
3

- S00

3 8 8§ 8

fuel Flow -Lés/ Hr

o

A Rolro

Fig. 37
<T
-
ol N\
\ [}
x\x—x*-x__\_\ \\
1 OOy — o —e—o—— L d ]
TR iy
£ Quiprrrer7:
/Vo//c_‘y Corb. -/375 F
v, Wrioh? G2o08/ow er Sect:
08
T i ,
o B \m-_
06 LaaN —EO—r—n _— .
AN =X L o) S
.61'
Z@y eno/ :
CRern® 771, 325 THhrottte, _
6000 /by
0w 72 , 29 Throttle, _|
5000 16/t
RN Xurn™T-3 y 15 Throlife
<H:;"\\ N 2000 /bt
x;,‘ Y ARun™® T2 /6.5 Throttle |
3000 /6/4
\u,,*xv\ ] 0 16/ by
Ik o ol \ S — ]
i J‘m\ﬁ-ﬁ\ﬂlﬂ
o /0 20 J0 “Oo SO0 &0
Time -Minvies . '

Figure 37.— Effect of propeller load curve conditions at 40°F C.A.T., and moisture con-—
) .tent 100 percent R.H. +5g/m°,



NACA Fig. 38 *

8049 -
3 ™
90 F000
N \\\
t
3 3000 x -
3 X
\ A\
& 2000 5
AN .
000 Eouprirern?t —
Ho//ey Cord. - 1375 F
SO WI‘/j/?f G 'EO_D_B/OWC’/‘ Jecs pu
g ;08
d ’é‘:’;
- Sos =8
X | X
2N '
O0¢ -
JZCZ?cv7c/E
o Rurr # 7 o, 5000/6/&/3 Z5Throttle
0 Ruir® 7-2a, S000hr275 Throttie
(R 772 cr; 300016717 Throttt
00 * /ga 7o Roel. Hurn.+ /09%3 e
L .
:l:ﬁkﬂ9 \\*-—
§g <M\\
N300 =2
% N
N -
L\\eoq .
L . \ \%
Qo0 2
x
o
(o] /o 20 : 0 ) S0 80

Trme -Minu7es

Figure 38.- Effect of propeller load curve_conditions at 40°F C.A.T., and moisture
content 100 percent R.H.+ 5g/mS.



NACA Fig. 39
€000
7000
Legend:
@ RunNo. (60, 33°F Carburetor A Temp., 245 Throttie Argle
+RmMb. 16/, 35F Carburetsr Air Temp.,2L3 Throttle Angle
x RunNe. 162, 37F Carburetor Air Temp. ,2/.5° Throttle Armgle
6000 p RunNo. 163, 36% Carburetor Air Temp. ,2/5 Throttle Angle
oRunM. 164, 38F CarburetorAir Temp., 2L Throttie Ang/le
oRun kb 45, 38'F Carburetor AirTemp, /6° Throttfe Angte
¥ Runio. keb; 3FF Carboretor Air Tamp 88 Throttle Angfe
w8161, 4O F Carbyrelor Air Temp. 2/ S Thrott/e Argle
g000 Q Bns./68, 4/ F Carburetor Ajr Temp ,2l8° Throtle Amie
. V N, x X
4000 Yo% < \ % s e < >
d‘d ;__—-——l'\g/q L4 —P— v -
& O b o0 .
_
¥
Y 3000
9o
N
<.,
A\
~
X
2000

/000
X o

2

4

6 8 /0 / <L /6 ’8 20 zc2 P-4
Tmes, Min, .

Figure 39.-Etfect of Fhrotile icing on air flow af mossture

content 100 percent RH.+ 103/m?.



Air Flow, lbs/br

Mixture Tempercture, Degrees F

8
3

2000

1000

Fig. 40

1

N e
LQ@&! N

Legena -
~= Run Mo.7, 32.5 °F. Card Air Temn

O Run Ne8, 35 F.Carb. Air Temp
+ Run Ne.9,40°F. Carb -Air Temp

X Rupn No.IO4S F,.Carb-Arr Temp.
@ Run Mo./IWSOF, Carb-Air Temp.

ARyn No./2 ,55°F. Carb-Air Temp.

/0 20 30 40 © S0 60
Time, Minutes

Fiqure 40.= Wixtore lemperature floctvations durjng leing
atl moisture content of /00/aercenf R.H. +/0_9/m3.



Lu-?;

NACA

{1
N
ey §
I
b’u§ "g
'
e ¥
\Jg& 3
Ex 2%
sﬁ@
RAENY
xoaé

Operation

‘BZ2 Region of Observed /cing

T

1

I

I

1

Fig. 4l

o

Q
5
&3
v 4
LN
>38
3}9
B33y
Iey
Yo
-O .
i85
83
£y
JS3%
"’2\\'3
£e
£ 48
R &
3

80

gt SPAEIC ‘24N DAPHUIB] It - SOYPANGLDD




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59



