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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

DE-ICING OF AN AIRCRAFT-ENGINE INDUCTION SYSTEM

By Henry A. Essex
SUMMARY

A program of tests on engine'induction system de-icing by
means of de-icing fluids and by heated air has been conducted in
a special laboratory at the National Bureau of Standards. The
induction system tested consisted of a simulated air scocp, a
Holley 1375-f carburetor, a carburetor adapter, and a Wright
B~-1820, G-200 supercharger rear section, The de-icing fluid in-
jection devices used included the standard Holley alcohol vent
ring (Holley part No, 2383), a modified Holley vent ring (Holley
pert No. 3089), a set of four standard Army nozzles (part Nos.
AN4023 and ANNYO2L), and 2 set of modified Army nozzles which were
similar to the standard nozzles except for larger exit orifices.
The de-icing fluids tested were Sclox D-I, isoprcpyl alcohol,
anhydrous ethyl a2lcohol, S.D.30, and Shellscol, In most of the
tests refrigeration icing was produced by maintaining the car-
buretor-air temperature at 40% ¥ while spraying free water into
the air stream at 2 rate of 250 grams per minute,

It was found in the fluid de-icing tests made with the
original Holley alcohcl vent ring that it wes necessary to in-
ject de-icing fluid intc the carburetor at a rate of at least
60 pounds per hour in order to ~ttain repid recovery of air flow
end fuel-air ratic, This Holley ring, beceuse of its poor fluid
distribution, was found tc be en unsetisfactery de-icing fluid

.injection device at leower fluid-flow rates, However, =t fluid-

flow rates of 60 pounds per hour and 2bove, rapid recovery wes
obtained.

In some of the tests distribution of dec-icing fluid over the
surfaces of the carburctor was poor, and ice formed again after
rccovery of initial sir flow in spite of continued injection of
the de-icing fluide This phenomecnon, reforred to 2s re-ieing,
occurred in the de~icing tests made with the original Holley ring
2t fluid-flow rates below 50 pounds per hour. In a scries of
ice~prevention tecsts using Solox D-I, a nininua fluid flow rate
of 50 pounds per hour was rcquired to proveat icc from forming
in the earburctor and adnpter,




“he modified Holley ring, the crifices »f which are fewer
in number and smaller in dizmeter than those of the originel
type, and also the Army alcohol nozzles, were found to have much
better distribution characteristics at low flow rates than the
originel Holley ring and, as a result, apparently eliminated the
cccurrence of re-icing.

The time necessary to restore operable fuel~air ratio
(0.665) from the extremely lean ratios accompenying refrigeration
icing was usually 13 to 2} times that necessary to restore cruis-
ing air flow when either of the Holley vent rings was used as a
iluid injection device with Solox D-I,

When used with isopropyl slcohol, the standard Army nozzles
were superior in de-icing effectiveness to other fluid combina-
tions at de-icing fluid flow rates of 30 to 40 pounds per hour,
initial air flow being restored more ranidly end operable fuel-
air ratio being restorsd in periods no longer than those attained
with the other fluid systems., A%t higher rates of injection the
Army nozzles were about eoual to other systems,

Results of several of the tasts indicated thet, to make
the most effective use of a de-icing fluid, it should be injected
into the induction system just upstream of and as close as
possible to the ice formation to be removed, For removal of ice
from the adepter it was found that the de-icing fluid spray should
cover evenly and completely all exposed surfaces of the carburetor,
The results indicated that to comply with these requirements
supplementary fluid injection systems should be vrovided for de-
icing of other parts of an induction system where ice might be
expected to. eccumulate,

Manipulation of the thrcttle during the first few seconds
of fluid de-icing was found ts hasten recovery to initial air
flow rate but did not appear tec have a noticeable effect on re-
covery of operable fuel=-air ratio,

It was found that the amount of fluid necessary to remove
jce from the induction system was a function of the rate of air
flow to be recovered and some inverse function of carburetor eir
temperature, The amount of fluid required was substantially
independent of the rate of fluid injection at flow rates ranging
from 30 to 80 pcunds per hour for any given method of injection,
elthough re~icing occured at scme of the lower flow rates.




Results of several tests made to investigate the removal
of impact ice formed at 2 carburetor-air temperature of 25° F
indicated thrt saturated carburetor air at a temperature of 85° F
was slightly superior to Solox D-I fluid sprayed into the air
stream through the modified Holley vent ring at 80 pounds per
hour., The data s2lso indicated that isopropyl =lcohol injected
just ahead of the carburetor through the strnderd Army nozzles
at a flow rate of 42 pounds per hour was almost as effective a
de-icing sgent =s either of the other two systems, When the
original Holley vent ring was used with Solox D-I, it was not
possible to attain adequete removal of impact ice at de-icing
fluid~flow rates of either 60 or 80 pounds per hour.

Isopropyl alcohol proved superior to Solox D-I in display-
ing less tendency toward re-icing and greater effectiveness in
the prevention of ice formations, It appeared from the results
of this program that desireble characteristics of an effective
de~icing fluid should include low vapor pressure, low latent heat
of vaporization, and a large fusion temperrture depression,

All of the de~icing fluids except Solox D-I had a slight
corrosive effect on aluminum alloy., The S.D.30 fluid, which con=-
tained no inhibitor, also exhibited 2 corrosive effect on breoss
and copper.

It was not possible to draw quantitetive conclusions from
the results of the heat de-~icing tests because of unforeseen
Gifficulties experienced in controlling the temperature and
humidity of the intake air, and because the laboratory apparatus
failed to simulate adequately an aircraft installation. The
data indicated, however, that a reasonable amount of heat added
to the carburetor air stream can be as effective in the restoration
of air flow and operable fuel-zir ratio as any of the fluid de-
icing combinations that were tested, Heated air in the presence
of free water was effective as a de-icing agent when sufficient
heat was supplied to vaporize the water and raise the temperature
of the moist air above limits of icing (80° F for this induction
system),

INTRODUCTION

The object of the tests described in this report was to
investigate the effectiveness of fluid and heat de-icing equipment
currently used with engine induction systems and also to determine
optimum values for de-icing fluid flow rates and hecat input to
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attain rapid recovery of engine power after an appreciable per-
centage of power has becen lost as a result of ice formation, A
vange of engine-operating conditions and various simulated weather
conditions were covercd in order that the results of this work
would find broad application,

These tests represent a portion of a research program on
induction-system icing conducted at the National Bureau of
Standards under NACA sponsorship, An investigation of the icing
characteristics of the engine induction system used in the present
orozram has been made. The results of this work are described
in reference 1., This research project is being financed jointly
by the Army, the Navy, and the National Advisory Committee for
Aeronautics., Support also has been rcceived frem the Civil
Aercnautics Administration,

EQUIPMENT

The engine induction system used for the tests described
in this report consisted of a 90 pipe bend simulating an air
scoop, Holley 1375~F carburetor, a carburetor adapter, and a
Wright R-1820, G-200 supercherger rear section, The tests were
conducted in an altitude laboratory at the National 3ureau of
Stendards. The various parts of this laboratory induction system
test installstion and alsc the methcd of cperating this apparatus
to produce ice formations in the lnduction system are described
in detail in refercnce 1, The fuel used in the tests was a white
unleaded gasoline of 73 cctane rating with distillaticn charscter-
istics similar to those of currently used aviation fuels, The
induction system test apperatus and details of the induction
system pertinent tc the present tests are shown in figures 1 to D

For the present program this apparatus is unchanged except
for the provisicn of Army alcohel-injection nozzles, de-icing
£luid pressure tenk, and a slight rearrangement of the apparatus
necessary for introducing heated air into the inducticn system.

Several alcohol-injection devices were tested in the program,
including a standard Holley vent ring (part Nc,A2383), modified
Eclley ring (part No, A3089), a set of four standard Army nozzles
(ANLO23 and ANUO2Y), and » set of four slightly modified Army
nozzles, .The standard Holley ring is an aluminum-alley casting
which has the same inner dimensions as the interior walls of the
carburetor and is installed just above the threttle body.



De-icing fluid enters this hollow rectangular ring through one
passage and is injected intc the air stream through 186 orifices

of 0.031-inch diameter, fowr orifices being located on each side
of the ring. The modified Holley vent ring is similar in general
dimensions to the standard type, but has eight orifices 0.Cl6 inch
in diameter, which are drilled into the ring so that the fluid is
ejected from them at an upward angle of 40°, four of the orifices
being located on each of two opposite sides of the ring. The
alcohol spray is directed across the carburetor normal to the

axis of the throttles.

The set of four Army nozzles, which have orifices of 0,020-
inch diemeter, was installed in the walls of the air-intake duct
2 inches above the carburetor, with twe of the nozzles located
on each of two opposite sides, The modified Army nozzles, which
were used in several or the tests, are similar to the standard
nozzles except that they have 0.0225-inch-diameter orifices. The
nozzle location 2 inches above the carburetor, which was used
throughout most of the tests cn the Army nozzles, represents a
typical service installation, During one series of tests a set
of standard Army nozzles was mounted in the elbow of the air
scoop, a8 shown in figures 1 to 3, in order to determine the
relative efficiency of the nozzles for another service instal-
lation,

For forcing the de-icing fluid into the carburetor through
the Holley ring, a standard electrically driven de-~icing Tfluid
Pump was employed, rate of flow being controlled by a rhecstat
and a bypass valve, In the tests made with the Army nozzles,
it was necessary to force de-icing fluid into the induction
system under higher pressure than that required with the Hclley
ring. For this purpose a sealed tank containing the de-icing
fluid was employed. The de-icing fluid was supplied under a
Pressure which could be varied between S and 10C pounds per square
inch by means of air pressure supplied through an adjustable pres-
sure rcgulator valve, Rate of flow through the standard Army
nozzles was controlled by fluid pressure.

The de-icing fluids tested included Solox D-I, isopropyl
alcohol, anhydrous ethyl alcohol, S.D.30, and Shellacol, Solox
D-I consists of a mixture of 90 percent ethyl and 10 percent
methyl alcohcl to which is added a corrosicon inhibitor and one
gallon of gasoline per 100 gallons of mixturs. Ths isopropyl
alcohol used is a liquid of 98 percent commercial purity. 8S.D.30
is a mixture of 90 percent ethyl and 10 percent methyl alcohol
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which contains no corrosion inhibitcr or further denaturing
material, The physical properties of S,D.30 are similar to
those of Solox D-I, The specific gravity of each of the above
fluids is 0.789 at a temperature of 20° C. Shellacol consists
of ethyl alcohol denstured with methyl alcohol, ethyl acetate,
methyl isobutyl, ketone, and aviation gasoline, The specific
grgvity of this vproduct is 0.8C to 0.82 at a temperature of

15 Ts

Rate of flow of de-~icing fluid into the induction system
was measured by a rotameter. Because of the different flow
characteristics of the fluids tested it was found necessary to
calibrate the rotameter for each fluid in order to insure accurate
measurements,

Por the heat de-icing tests, the inteke sir was heated by
sassing it through six tanks of steam coils, as shown in figure
1, BRate of flow of heated air was controlled by a thermo-
statically operated butterfly valve which bled heated air from
the alternate air source into the main air duct to be mixed with
the cold air, With this eguipmunt it was found possible to raise
the temperature of the air to 150° F at an air-flow rate of 5000
pounds per hour if no free water were present, The temperature
of the intake air was measured by a pressure-bulb thermometer
installed in the intake duct near the mouth of the air scoop,
and to this thermometer was connected a thermostat which, in turn,
regulated the operation of the butterfly hot-air valve. A special
window, shown in figure 1, was built into the air-scoop elbow
in order to prermit observation of the formation of ice and its
removal,

A twelve~point recording potentiometer with a range of o=
to L400° F was employed to measure the temperature of the intake
air, the air temperature at the steam heating coils, and the
engine-compartment temperature during the heat de-icing tests.
Bight elements of this instrument were conmected tec the carburetor
air temperature thermoccuple, and in this way the air tempersture
was measured every 4 seconds.

The carburetor used in this resesrch program was not

equipped with a means of ccmplete compensation fer changes in

the fucl-air mixture due t¢ changes in altitude or in air temper-
ature, The latter factor was considered impnrtant in connection
with this program in view of the heat de-icing tests that are in-
cluded, Several tests were made therefore to determine the change
in initial fuel-air ratic resulting from increases in carburetor
2ir temperature, This calibraticn curve is shown in figure 4,




TEST PROCEDURE

In most of the de-icing tests the carburetor-air tempera—
ture was set at 40° F, and the ice which formed in the induction
system was the refrigeration or fuel-evaporation tyve. A
typical ice formation of this tyve is shown in figure 5., Sev-
eral tests were also made at 25° F carburetor-air temperature
to investigete removal of impact ice by means of de-icing fluid
and by application of heat, An impact ice formation is seen
in figure 6, The effect of ice forming in the system on the air-
flow rate and the mixture retio under these two conditions be-
fore the de-icing process was started is shown in figure 7.

The Holley vent ring was chosen as the standard for comparing
the effectiveness of the various de-icing fluid injection de-
vices,

The method of forming refrigeration ice in the induction
system was in all cases similar to that employed during the
program of icing tests made on this induction system described
in reference 1. The initial rate of air flow in most of the
tests was set at L4OO0 pounds per hour, the mixture ratio at
0,070, and the carburetor-zir temperature of 40° ¥, After these
conditions had been established in each test, free water was
introduced into the air stream at a rate of 250 grams per minute,
When sufficient ice had formed as a result of these conditions
to reduce the air flow rate to 2000 pounds per hour, which is
A0 percent of the initial rate, the de-icing process, emoloying
either a de-icing fluid or heated zir, was started., In most
of these tests the fuel-air ratio fell below the minimum operable
velue, which was considered to be 0.065, The test was then con-
tinued until all ice was observed to be removed from the induction
system, until the air flow had stabilized, or until definite
evidence of re-icing was disvlayed,

Re~icing can be described as the formation of ice in the
carburetor after initial recovery of air flow, the ice forming
in spite of the continued injection of de-icing fluid, Re-icing
was rranifested by a drop in air flow and by enrichuent of the
nixture,

Visual observations of all impeortant variables, including
rate of air flow, fuel flow, end air temperature, were made at
intervals of 6 seconds during the first 2 minutes of the de-
icing period in cach test. The interval between measurements




was then lengthencd to 12 seconds for the next minute and, aiter
this critical portion of the de~icing process, the data were
recorded at longer intervals.

During most of the tests the water spray was continued
throughout the de-icing period. This procedure represents the
situation in which flight through icing conditions is continued
while alcohol or heated air is being applied to remove the ice
formation, Tests were also made in which the water spray was
turned off at the beginning of the de-icing period in order to
simulate the conditions of de~icing without further rain ingestion
inte the induction system.

The free water ingestion rate of 250 grams per minute was
held censtant during the test and is egquivalent to 2 rain density
of 10 grams per cubic meter within the air scoop at cruising
cower at sea~level pressure and Uc® P cerburetor-alr temperature,
Bate of water ingestion inte en induction system in flight is
primarily a function of airplane speed, dimensions of the air
scoop, and outside rain density, The latter may be only a fraction
of the rain density within the air scoop, owing to the ramming
effect, The total amount of water ingested also may be affected
by the application of cardbureter heat, since heat increases the
capacity of air to carry water as vapor, Details of the cperat-
ing conditions and also of the results obtained during each test
are contained in table I,

DISCUSSION OF TESTS AND RESULTS

The results of the de-icing tests described in this report
are presented in table I and in the accompanying charts., As
shown in the table, the test program was divided for conveniecs
into various series of tests, A to N, according to the various
specified conditicns, The alcchol de-icing tests are included
in series A to L. The other two series are the heat de-icing
tests,

Although it 1s believed that the results of this investiga—-
tion will be of general value, it 1s necessary to pcint out that
the data containcd in the report should be aoplied with scme
ceution, especially in ccnnecticon with the operation of induction
systems other tkan the type tested in this program., Both icing
and de-icing gre influenced tc a certain extent by the design
and flow characteristics of different engine induction systems,




Ice formations are also not always identical in nature for
similar icing conditions in the same inductirn system, This can
be seen by comparing the results given in the rcport of tests
made atsubstentially identical conditions, Another factor to

be considered in applying the results of this investigation is
that the icing which occurred in these tests was much more severe
than would be normally cxpected in flight at the temoperatures
investigated. An experienced nilot would be expected to become
aware of the ice formation and tec teke prctective measures
before the engine power is reduced by 50 percent, the level
reached in the laboratory tests. Because of this latter fector,
the results contained in this report are believed to be some-=
what conservative,

No tests were made to investigete the effect of icing on
mixture distribution to the individual engine cylinders; how-
ever, experience hzs shown that obstructions in the a1r passege
ceusing flow diversions affect distribution.

In most of the fluid de~icing tests Solox D-I, injected
into the carburetor through the original-type Holley alcohol
vent ring, was employed, This combination was therefore chosen
as a standard for comparing the effectiveness of other fluid
injection devices and fluids,

Fluid De~Icing Tests

Recovery of emergency oower — Holley ring.- It was the
object of the first group of tests (Series A) to determine the
time required to attain the air-flow rate corresponding to
emergency engine power (7000 1b/hr) by the injection of de-
icing fluid at various rates of flow through a Holley vent ring
after sufficient ice had formed in the induction system to re-
duce the air flow to 2000 pounds per hour, The initial rate
of air flow was set at 4000 pounds per hour, as in almost all
of the tests of the program. At the beginning of the de-icing
period in each test of this series the throttle was opened wide,
The mixture setting was left unchanged when the throttle was .
opened, although in flight the mixture ratio would have been
increased by 0,015,

The results of the tests of series A are shown in figures
g and 9. It was found that 90 percent (6300 1b/hr) of the air-
flow rate necessary for emergency power could be restored in
11 minutes with de-icing fluid sprayed into the carburetor at a
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rate of 60 pounds per hour and in 1 minute for a de-icing
fluid rate of 90 pounds per hour, The time required to re-,
cover a fuel-air ratio of 0,080 was about equivalent to

that for recovery of 90 percent alr-flow rate.

Recovery of cruising power — Holley ring. - The tests
of series B were made to determine the time necessary to
recover cruising rate of air flow (4000 1b/hr), by the
injection of Solox D~I and isopropyl alcohol through the
Holley vent ring after 50 percent of the initial air-flow
r3te had been lost because of the formation of ice. In
this group of tests the usual procedure of continuing the
water spray dvring the de-icing as well as the icing period
of the tests was followed. The throttle was held fixed at
the initial cruising settinz throughout the tests.

The results of these tests are shown in figures 10 to
12, It was found that with Solox D-I 90 percent of the
initial cruising air flow rate was restored in a period
of 33 scconds at a de-icing fluid flow rate of 60 pounds
per hour and in 15 seconds at a de-icing fluid flow rate
of 80 pounds per hour, The time required to recover mini-
mum operable fuel-air ratio (0.065) was almost twice that
required for 90 percent recovery of initial air flow in
these tests, The rates of air-flow recovery attained with
the injection of isopropyl alcoiol at rates of 40 pounds
per hour and above were equivalent to those attained with
Solox D-I at equal flow rates. Isopropyl alcohol was in-
ferior to Solox D-I, howcver, in recovery of operable
fuel—-air ratio at all fluid-flow rates.

It was found in the tests of series B that re-icing
occurred during the injection of de-icing fluid at flow
rates up to 50 pounds per hour. In the case of Solox D-I
the re-icing was sufficiently severe to reduce the air-
flow rate to 3300 pounds per hour and to enrich the mix-
ture ratio to 0.094 at a de-icing fluid flow rate of 4o
pounds per hour, This re-icing occurred after the cruis-
ing air-flow rate, 4000 pounds per hour, had been restorcd.
As showvn in figure 10, only a very slight amount of re-
icing occurred in the isopropyl tests of this series at
fluid-flow rates above 20 pounds per hour.

The enrichment of the mixture during re-icing was
caused by the formation of ice on the throttles and in the
venturi taroate This resulted from the throttling action
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of the ice in the venturi vhich reduced the air flow but
maintained high alr velocities and therefore low pressures
in the vicinity of the fuel nozzles, Since the fuel-flow
rate was controlled by the difference between a metered
fuel pressure and the venturi suction, the fuel-flow rate
was thercfore maintained or increased by re-icing.

It was deteormined by visual observations made through
the window in the air-scoop clbow that the re-icing phenome
enon was caused to a large extent by the nonuniform spray
of de~icing fluid made by the Holley vent ring, Very
little de-icing fluid wns obscrved to flow through the
orifices located at the corner of the Hollecy ring farthest
from tho do-icing fluid intake linc to the vent ring,
especially at low ratecs of de-icing fluid flowe Below
this starved corner of the Eolley ring ice formed in the
carburetor venturis and in some cascs above thc throttlcss
Thesc icc formations were acccleretcd by the reduction of
carburctor-air tempcrature causcd by the evaporation of
de=icing fluids

The superiority of isopropyl alcohol in preventing the
occurrence of re~icing was attributed to the differcnces
between thec vhysical propertics of isopropyl and Solox D-I.
Isopropyl alcohol has z lower vapor prossurc and, as a
result, a smaller pcrcentage of this fluid evaporates during
the de-icing orocess then cccurs with Solox D-I. Becausc
its latent hcat of vaporization is also less than that of
the cthyl or mcthyl alcohol, thc same amount of isopropyl
in evaporating has 2 lesscr refrigcrating effect.

De-Icing without Water Ingestion - Holley Ring

During thc next group of tests (scrics C), in contrast
to most of the tests of this progrom, the wnter spray was
turncd off at thc start of the de~icing period in order to
represcnt the situation of changing over to an altcrnate air
intake by mcans of which watcr ingestion could be climinated
during the de~icing., Otherwisc the test conditions of this
series werc similar to thosc of the preceding seriess. Solox
D-I was used as the de—-icing fluid,.

In the tests involving dc-icing fluid flow rates above
40 pounds per hour, the diffcrence in time for recovery of
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air-flow rate and fuel=air ratio betwcen the dry and thc wodb
air conditions was nocgligibles It was also noted that there
wvas no tendency toward ro-icing in thesc tests, This would
be expected since the ecause of the iclng was substantially
eliminated when the water was turncd off. Thc rcsults of
these tests arc shown in figures 13 and 1U,

Becavsec with an alternate air-intake system a moderate
increase in carburetor-air temperature can be expccted, two
tests wore included in this series in which the air tempera—
ture was sct at 50° F and at 700 F, respectively, rather
than at the usual value of 40° P, It was found, however,
that the amount of heat added to the intake air by these
tomperature rises was insufficient to cause an appreciable
roduction in the time required for rccovery of the initial
rate of air flow.

Standard Army alcohol nozzles - cruising power. - Sev-
eral de-icing tests (series D) were made with the standard
and the modified tyoes of Army alcohol nozzles, using
Solox D-I, in icing conditions similar to those of series
B, In cach of these tests the alcohol-injection nozzles
were installed in their usual location in the walls of the
air-intake duct 2 inches above the carburetor.

The rosults of thesc tests (figse 15 and 16) showcd
that with both types of nozzlcs the time rcquired for 90
percent rccovery of initial cruising air flow was somewhat
longer than thet requircd with the Holley ring for equel
rates of do-icing fluid flow., The timc recquirecd for ree
¢overy of operable fuel-air ratio vericd from about 25
times the period for 90-percent air-flow recovery at a
de-icing fluid injection rate of €0 pounds per hour to about
three times the air-flow-recovery pcriod at a 30-pounds-
per-hour injection rate., Very little difference could
be dotected between the relative do-icing effectiveness of
the two btypes of Army nozzles using Solox D-I. wo tendency
of ro~icing was observed in any of the tests of this group.
This wns attributed to the esccllent de-icing fluid spray
patterns produccd with the Army nozzles. The spray com-
pletely covercd the carburctor surfaces at all rates of
fluid flow tested.

From figure 16 it can be seccn that at de-icing fluid
flow rates above 30 pounds per hour no appreciable decrease




in time of air-flow-rate recovery was produced. Increased
fluid-injection rates required higher fluid pressures which
produced greater atomization and penetration of the SpPrayse
These factors probably improved fluid distribution, dut
this was morec tlan offset by the accclerated fluid evapora—
tion 2lso resulting from increascd atomization and penctra-
tions Wien 2 loss volatile fluid such as isopropyl alcohol
was used, this offect was not ap)arent.

Flow of de-icing fluid through the standard Army noz-
zlos is controlled by fluid prcssure. It was noted in
general in the tests of this program made on the standard
Army nozzles that at tho de~icing fluid pressures gencrally
used in airplane installations, 10 to 20 pounds per square
inch, that the rates of recovery of air flow attaincd wore
very little different. Tests with the modificd Army noz-
zles, which arc similar to the standerd type ecxcept for
slightly larger orifices, werc included in this program in
order to investigate thc higher rates of alcohol flow for
a comparison with the two types of Holley vent rings. It
should be noted that alcohol prossurecs sbove 20 pounds per
square inch are not usually aveilablc in aircraft fluid
de-icing installations,

In the tests of series E the do-icing effcctivencss
of the standard- and the modificd-type Army nozzlecs with
isopropyl alcohol inrestering cruisirg power was investi-
gated. The resulds are shown in figurcs 17 to 20.

It was found that the modifiecd Army nozzlecs with iso-
propyl alcolhol were about cqual in recovery of cruising
air-flow rate to the Holley alcolol vent ring with Solox
D-I but were considerably inferior in fuel-air-ratio ro-
coverys. The data indicated thet the standard Army nozzles
were cqually as effcctive a de-icinz agont as the Hollcy
vent ring with Solox D-I in recovery of both cruising air
flow and opcrable fuel-air ratio ot de-icing fluid injoce-
tion rates of 40 pounds per hour or more. At flow rates
lower than this, or in the range in which the Arny nozzles
are usually operated, they wcre somewhat superior to other
fluid systems tested in air-flow rccovery, 90 p.rcent of
cruising air flow rate being restored in 36 scconds at a
de-icing fluid flow ratec of 30 vounds per hour.
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Several tests were made to determine the effective~
ness of the standard Army alcohecl nozzles when installed
in the elbow of the air scoop, as shown in figures 1 to 3.
It was found that ice was rcmoved from the induction sys-
tem at a much slower rate than when the Army nozzles were
installed at their usual locationy as shown in the con-
trast in the slopes of the air-flow curves in figures 16
and 19, This difference in effectiveness is somevhat more
evident in figure PD.

It was observed that tlie poor performance of the Army
nozzles when installed in the air-scoop elbow was the re~
sult of nonuniform distribution of the de-icing fluid at
the carburetor. A part of the de-icing fluid was carried
by its own inertia to the recar side of the air-scoop elbow
while another portion flowed along the tottom of the air
scoope Thus only a suall percentage of the de-icing fluid
passed through the coenter of the carburetor, and that por-

tion flowing along the scoop walls was considerably dilutedes

During one test made with the standard Army nozzles at the
alternate location in thec air-scoop clbow, thc water spray
was turned off at the start of the dc-icing poriods

Stopping ingestion of water in the air stream had 1it—
tle immediate offcet on the air-flow recovery since the
water remaining on the walls of the scoop and the duct con-
tinued to be swept through the carburetor. When most of
this residual water had becn ingested, the de-icing fluid
became morc effectives This was evidenced by the sudden
rise in air flow in run 37A aftor a period of 2% minutess

Modified Holley ring — cruising power. - Because of
the poor do-icing fluid spray distributions at low fluid-
flow rates obtained with the standard Holley ring, result-
ing in re-icing, the modified Holley alcohol vent ring was
procured and testeds These tostsy series F, were made
under the usual conditions of series B, with Solox D-I usecd
as the de-icing fluid.

The results, shown in figures 21 and 22, indicated
very little difference in de-icing cffectiveness, as meas-
ured by rate of rccovery of cruising air flow and operable
fuel-air ratio, between the two types of Holley vent ringse
With the modified Holley ring, howcver, a much more uni-
form spray of de-icing fluid was obtained, covering the
various surfaces of the carburetor with fluid at all rates

.~
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of flowe As a result of this good spray pattern, re-icing
was apparently eliminateda

Eefect of throttle opening on de-icing. - The object
of the next group of tests (serics G) was to investigate
the effectiveness of fluid de-icing at various throttle
opcnings which produced ice-freec air flow rates from 500%
to 7000 pounds per hour, reproscnting a range from idling
up to cmergency enginc pOweTs The standard Holley alcohol
vent ring with Solox D1 ves employed. In each test the
mixturc ratio was sct at a value vhich would produce sat-
isfactory cngine operation at the corresponding air-flow
rates The de~icing fluid was injected into the air stream
at two rates of flow, 40 and 60 pounds per hour, for each
of the four throttle openingss

The results of this group of tests, (fig. 23) showed
that with de-icing fluid injeccted into *he carburetor at
60 pounds per lhour the time required to attain 90-percent
recovery of the initial rate of air flow was equal (aboub
18 sec) at air-flow rates of 500, 2000, and 4000 pounds
per hour, The recovery time was somewhat longer at each
ratec of air flow for the tests in which de-icing fluid was
injected at 4O pounds per houre In the two full-throttlec
tests, howover, the time requircd to restorc 90 percent of
the initial air flow ratc was considerably longer - 1.3
ond leol minutes for de-icing fluid flow rates of 40 and
60 pounds per hour, recspoctivelys This difference result-
ed from the fact that more ice must be removed from the
adapter at full throttle to provide the passage area neces—
sary for the higher flow rates. In the two tests started

*In the tests performed at 500 and 2000 1lb/hr initial air
flow rates, the carburetor menufacturer's propeller-load
ecurve was used for en air-flow calibration. This was done
by setting the throttle angle and carburetor pressurc drop
to give the desired air flow value as determined from the
curve., As the icing proceeded, the carburetor prossure
drops were recorded and referrcd to the curve to find the
corresponding air flows. The fact that the increase in
throttle drop was due to ice formation rather than to
throttle closing was a source of error; however, it was
assumed that the readings made in this manner werc within
the accuracy of the test datas
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at 500-pounds-per-hour sir-flow rate, engine-idling conditions,
the mixture wes very rich at the start of the de-icing but
became less rich as the do-icing procecded. The mixture ratio
remained richer than the initial valuve even after it could be
scen that most of the ice had been removeds This condition
wo.s the result of ice foraming in the venturis, affecting the
flow of fuels

Effect of throtitle manioulations = Several exploratory
tests were included in the program (serics H) to investigate
the cffect of variocus throttle maninuletions on the de-icing
effectivencss of Solox D~I sprayed into the carburetor through
the standard Holley vent ring., These tests were made under
the icing conditicns of serieg B, The rate of de-icing fluid flow
was set at 60 pounds per hour for euch test.

The rosult of one of theose tests (run 50, fig. 24)
showed that the technique of repeatedly closing and opening
the throttle to cruising setting at a rate of about 1 cycle
per second for the first 10 seconds after the sbtart of the
de~icing period produced 90-pcrecnt recovery of the oruising
air flow rate in a period of 6 secouds, a morc repid ro-
covery rate than achieved in eny other fluid de~icing test
in this programe The drta also indicated that the air flow
can be restored more quickly by opening the throttle wide
at the start of the fluid de-icing period than by opening
it in sevepal steps. The rapid recovery of initial air-flow
rate achieved by manipulation of the throttle appearcd to be
due to the loosening of the ice by the pressure surges of the
aire It was observed that ice did not form dircctly on tle
throttle during any of these testse Rccovery of operable
fuel-air ratio did not appcar to be improved by throttle menip-
ulation.

The beneficial effcct of throttle manipulation can also
be seen in the results of the tests of series A (figss 8 and
9) in which the throttle was opened wide at the start of the
de~icing period of each teoste In analyzing these data it was
found desirable to plot curves in figure 9 to show recovery
of air flow and fuel-air ratio for cruising and also for full
nower, These data indicated that recovery of both cruising
air flow and opereble fuel-air rotio was accomplished more
rapidly by opening the throttle than by lcaving it fixed as
in series Be
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It must be pointed out that the data obtained thus far
on the offcct of throttle manipulation were insufficient for
a thorough snalysise A more complete investigation of the
effect of throttle menipulation on nlcohol de~icing effective-
ness appears dcsirables.

Comparison of de-icing fluidss, -~ Several tests werc
made to determine the relative effectiveness of various de-
icing fluids when injected into the éarburetor by the stand-
ard Army nozzles (series I). Thc teosts were made under the
usual icing conditions of serics Bs De~icing fluids tested
included ethyl alcohol, Shellacol, and S,Ds30.

Because a total of only five tests were conducted in
this series, including a single test with Shellacol and two
with each of the cther fluids, it was not possible to meoke
definite conclusions from the results, The data indicated
tentatively that air-flow-reccovery rates obtained with
ethyl alcohol and with S.D.30 werc roughly in the same range
as thosc obtained with Solox D-I and isopropyl alcohol in-
jected through the Army nozzlese Recovery of opcrable fuel-
air ratio with these fluids was slower, however. On the
basis of one test, Shellacol appearcd slightly supcrior in
de~icing effectiveness to the other fluidss

De-icing with veporized alcohole - Two tests (scries J)
were made to investigate the cffectiveness of vaporized iso-
propyl alcohol as a de-icing agente One of these tests was
nade under the usual icing COudltlonS of series B, while in
the second test thc wator spray was turned off at the start
of the de-icing perlod. The alcohol was heated to a tcmpera-
ture of about 110° P and then sprayed into the air-intake
duct at a point a short distance downstream from the hot air
supply ducts

The results of these two tosts (fige 26) showed that
vaporized alcohol is a far less effective de-icing agent
than liquid alcohol, a time pcriod of 2 minutes being required
to restore 90 percent of the cruising air flow ratc in both
cases. A quantity of 0498 pound of vaporized isopropyl alcolol
was required to produce 90-pcrcent air-flow recovery with in-
jection of frece water continuing through the test and 1.20
pounds to produce the same recovery when the water wns shut
offe This can bec contrasted vith aversge values of 0436
pound and O.41 pound of liquid isopropyl alcchol required to
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produce 90-percent air-flow recovery under the same conditionse
The rate of flow of vrporized nlcohol wns directly proporticnal
to the rate of air flows Thus, in figure 26 it can be seen
that the rate of alcohol flow in onc test ranged from 20 pounds
per hour at the stert of the de-icing period to 40 pounds per
hour at the end, In the other test the alcohol=flow rate was
somewhat higher,

The evoporntion of the do-icing fluid tcnded to roduce

the carburetor-air temperature, but becoause the alcohol was
introduced into the intake duct upstrcam from the pressure-
buldb thermomcteor which thermostatically regulated the flow of
heated air into the intake duct, heat wns added to the air to
maintain the set tempereturc. &his heat input assisted some-~

what in the removal of the ice formations, making the perfori-
ance of the alcohol vapor appear somcwhat better than otherwise
would have been possible,

Anti-icing effectiveness of de-icing fluidse - The tests
of series K were perforued to detormine the offectivencss of
isopropyl alcohol ond Solox D-I in preventing the formation
of ice. The de-icing flulds were injected into the carburctor
through the standard Eolley vent ring at various ratcs of flow
and were turned on with the water spray at the beginning of
each tests The tests wore made at cruising air-flov rate of
4000 pounds per hour and at the wsual 40° F carburetor-air
temperaturecs

It was found in the results of these tests (fige 27)
that, with Solox DI, 2 de-icing fluid flow ratc of at least
50 to 60 pounds per hour was required in order to prevent
the formation of ice., Isopropyl alcolwol proved superior as
an anti-icing agent, an alcohol-flow rate of 30 pounds per
hour holding the air flow n~lmost constnntly to its initial
rates The greater cffectivencss of isopropyl was attributed
to its lowor vapor pressure and letont heat of vaporization,
wiich were pointed out as the causes for its sapericrity over
Solox D~I in preventing the occurrence of re-icing at low
rates of de-icing fluid flow in the de-icing tests. The ice
formations which occurred during tlie anti-icing tests were
similar to.the formations referrcd to as re-icing. Enrich-
nent of the mixture, charncteristic of all runs during which
ice forned, was caused by ice forming in the venturi throats
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Removal of impact icings = Removal of impact-icc formo-
tions from the induction systan by thé introduction of do-icing
fluids into thc carburetor through various injection devices
was investigated in several tests under series Les The usual
proccdure of forming ice was followed, except that the carbu-
retor-alr temperature was held at 25° F instoad of at Lo° F,
The impact ice which resulted forned over the throttle and
bridgced across the earburetor venturise

The results of these testsy, shown in figure 28, indicated
that, with Solox D-TI injocted into the carburetor at a flow
ratc of 80 pounds per houry, the modified Holloy ring, owing
to its better distribution characteoristics, was considerably
superior to the standard Holley ring in removing impact icos
The initial air-flow rate and orer~ble fuel-air ratio were
not recovered under these conditions with the standard Hollcoy
rings This was attributed to poor distribution of do-icing
fluid whick appearcd espeelally critical under iapact-icing
conditionss

In onc test of this sroup, heatod air (tompe raised
from 25° to 85° F) was substituted for alecohol ~s thc dc-
icing agent, The result was = slightly norc rapid renovel
of the inpact~icc formation than with de-icing fluid injcctcd
2t o rate of 80 pounds por hour through tlic nodificd Holley
vent ring, 90 percent of the initinl cruising flow r-~tec being
restored in a poriod of 48 sceconds, It was found in onc tost
nade with Army nozzles using isopropyl alcolol injccted nt =
flow rate of 40 pounds por hour (20 1b/sq in. presse) thot
the impact-ice formation was renoved alnost as rapidly as
with an 80-pounde=per-hour flow rate of Solox D-T injceted
into the carburetor tirough the modificd Holley vent ring,

It is plained to conduct additional tests on thc ro-
noval of impact ice from induction sytens in order to inves—
tigate de~icing at lower carburctorenir temperatures and to
reproduce the formation of snow in the induction systecms,

In these tests it is expected that o wider range of varisbles
will be investigated than was possible in the present bricf
seriess

Acount of fluid requircd for de-icings = In analyzing
the results of the de-icins tests, table II and several
charts (figs. 29 to 32) were preparcd to determing trc amount
of fluid required to restorc the initial rate c¢f air flow
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under various tcst conditionse Thesc datn showed that the
anount of fluid required is a function of the rate of 2ir flow
that rmust bec restored. On the basis of two impact-icing tests
nade at 25° carburctor air temperature (runs 67 and 70) in
which almost completc recovery of air-flow rate and fuel-air
ratio were attained, it appears that the recovery tinme is sone
inverse function of the carburctor-~air tenperature., It was
found that the anount of do-icing fluid required was substen-
tially indepondent of the rate of injection for any given
nethod at de-icing fluid flow rates of 30 to 30 pounds por
hour, although re-icing may occur ~t the lower flowse

In order to restore 90 percent of the cruising air-flow
rate under the usual test conditions with water continuing to
flow through the induction systen during the de-icing process,
an average of about one-hr1lf pound of alcohol was re~uiredes
It appears desircblc to conduct additional tests to determine
nore thoroughly the snount of aleohol required to restero
initial power at various =ir teupernturcs and air-flow rntes.
The nethod and rate of de-icing fluid injoction appenrs to be
of importonce in recovery of fucl=-nir ratio. In the najority
of the tests (scries B to F) rccovery of operable fuecl-air
ratio required 1} to 25 tinmcs that required for nir-flow re-
COVery.

Corrosive effoct of dc-icing fluids. - As o result of the
clogging of the small orificos of the stnndard Army nozzles
by deposits obscrved during sone of tihe de-icing tests, a
brief laboratory study wes made to determine the possible
corrosive offect of various do-icing fluids on certain netals.
In theso tests strips of polished brnss, copper, and 178-T
eluninun =lloy were suspended in the de-icing fluids which
werc contained in tost tubess The various test specimens ro-
nained partially immersed in the fluids for a period of about
3 weckse Nonc of the fluids oxcopt SeDe30 wes found to have
any corrosive cffects on citihor copper or brasse This fluid,
wvhich does not contain a corrosion inmiibitor, coused blackening
of the copper specimen and iridesccncce of the brass specinen
after o period of 2 or 3 days' immersion. All of the fluids
cxcept Solox DI had a slight corrosive offect on aluminun
alloy in the presence of coppere
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Heat De-~Icing Tests

Two groups of tosts (scries M and N) werc made to inves-
tigate the use of heated air for the reuoval of refrigeration
ice from the induction system. The icing conditions of these
tests were similar to thosc of nost of the alcohol de-icing
tests, with the throttlc held fixed ot the cruising air flow
rate and the carburctor-air temperaturc set at 4C° F. In the
first group of tests the water spray was turned off at the
start of the de-icing period, while in the second group of
tests the water spray was left on tlhroughout the tests. The
results of the tests aro shown in figures 33 and 3Y.

Study of the data indicated that aquantitative conclusions
fron the results of these tests were not warranted because of
uiforesecen difficulties experienced in controlling tre tempora-
ture and hunidity of the carburctor air. The tost setup also
failed to simulate adequatcly =n actual aircraft installation.

In interpreting these data it should be noted that tho
heated air tenpcratures varied considerably from the initial
values during the period when the nojor portion of the do-
icing was occurring. These tcaperature variations were at-
tributed to the inherent lag of the epparatus and instruaents,
and also to the large proportion of the heat which was used
in cvaporating woter present in the air rather than in roising
the =2ir tenperature. An irdication of tho tomperaturc loss
due to water eveporation moy be seen in figure 35, a record
teken during one of the tests of carburetor air terperature
and the temperature in a dry portion of the intake duct up=
stream from the point of water injcction,

During sonme of the heat do~icing tests nade at the highoer
rangcs of tenperature, 95° to 140° F, the fuel-air ratio be-
cane slightly enriched.s This cnrichment resulted fron tlic
fact that in being heated the density of the air was decrcased
and full rccovery of mass air flow was prevented becausc the
carburctor was only partially compensated for teuporaturec
changese

The tests denonstrated the fact that heated air carry-
ing sufficient heat as temperaturc rise, or temperaturc rise
plus additional hunidity, can bc fully as effective in re-
storing fuelwair ratio and =2ir flow as any of the de-icing
fluid systens testeds When freec weter was allowed to flow




into the induction system during the heated-air de-icing tests,
the available temperature rise wes much lower. It was found,
howover, thet effective de-icing wns accouplished in spitc of
the free water present and the limited tenperature rise, pro-
vided enough heat wns supplied to raise the carburetor~air
tomperature above the limits of icing (80° ¥F) for the induction
systen. (See curve of liniting icing conditions, refcrence le)

CONCLUSIONS

Because of the differences in icing characteristics of
various types of engine induction systens, the following con-
clusions are considercd directl; applicable only to the in-
duction systen tested and for the tameratures of these
testss Much of the data contained in %his report, however,
are expected to be of general valuce

1. A de-icing fluid flow rate of at least 60 pounds
per hour of either Sclox D-I or isopropyl alcohol injected
into the carburctor by either the standard or the modified
Holley alcohol vent ring was required to attain ropid re-
covery of cruising air flow aftcr the 2ir flow was reduced
by B0 percent because of the formntion of ice in the induc-
tion systone The tine to rocover opeoreble fuel-air ratio
(0s065 at cruising air flow) wns in general 1} to 2% times
that neccessary for the resteration of §0-percent initial air-
flow rate. Recovery of fueleair rotio was somewhat longer
with iscpropyl alcohol,

2¢ The results indieated thnt no improvenent in de-
icing cffcctiveness was gained by stopping the ingestion of
free water into the induction system at the start of the dew
icing process, but the possibility of re-icing was apparent-
ly elininatods

3» It was observed that an offective de-icing fluid in-
jection device should distribute the fluid in the induction
systen so that all parts of the region wherc ice has formed,
including the throttle and other carburetor surfaces, are
coupletely washed by the fluid in order to ecliminate the ice
and to prevent re-icinge.

Y4, De-icing fluid should be injected as closely upstrean
as possible to the region to be de-iced in order to reduce
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fluid evaporation and dilution by water on the walls of the in-
duction systen and in the alr streans To comply with this re-
quircnent, supplementary systems nay be needed for parts of

the induction system other than the carburetor.

Be It was concluded from a few exploratoery tests that
manipulation of thec carburetor throttles during the first few
seconds of fluid de-icing apparcntly resulted in nore rapid
elinination of large ice formations from the induction systenm
than would be possible with the throttle held fixed.

6s The anount of de-icing fluid required to restore
initial air flow and opernble fuecl-sir ratio increased with
increasc in the rate of air flow that rmust be recovered and
wa.s probably sorie inverse functiocn of carburctor-air tempera-
turce Jor o given method of fluid injection the anount of
de=icing fluid required to attain reccovery of the air flow
was substantially independent of the rate of de-icing fluid
flow in the flow range of 30 to &0 pounds.per hour,

7« The standard Holley alcohol vent ring, because of
poor de-icing fluid distribution at injection rates of less
than 50 pounds per hour of Solox D-I, pernittcd considerable
re~icinge Re-icing was noticeably rcduced by substituting
isopropyl alcohol for Solox D-I. The use of the modified
Holley vent ring or the standerdi Army nozzles, injcction de-
vices which have better distribution characteristics, appar-
ently elininated re-icinge

8« In order to prevent the formation of serious refri:a-
eration icc with free watcr flowinz thrcugh the carburctor -t
o rate of 250 grons per mimite, it was necessary to inject
Solox D-I at a rate of 50 pounds per hour or isopropyl alcchol
at a rate of 30 pounds per hour into the induction systens
These d~ta indicated the superiority of iscpropyl alcoliol
over Solox D-I as an anti-icing agonte The elimination of
ro-icing by the use of the modificd Holley ring and the stond-
ard Arny nozzlcs indic~ted that thesc devices would have
better anti-icing quality than tho standard Holley ringe

9« Wion uscd with iscpropyl slcohol, the standard Arny
nozzles werc supcrior in de-icing cffectiveness to othoer
fluid combinations at do-icing fluid flow ratcs of 30 to 40
pounds per hour, initinl air flow being restored more rapidly
and operable fucl-zir ratio being restored in periods no longer
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than thoge attained with the other fluid.systems., At higher
fluid flow rates the standard Army nozzles with isopropyl
alcohol were equal in de-icing effectiveness to other fluid
gystems,

10, It was found that a de-icing fluid, to be most effective,
should have a low vapor pressure, a low latent heat of vaporiza-
tion, and a large freezing point depression. Isopropyl alcohol
proved superior to Solox D-I in reducing the occurrence of re-icing
and was a better anti-icing agent because of its superiority in
the first two qualities.

11. It was tentatively determined that $.D.30 and ethyl
alcohel were rcughly equivaelent to Solox D-I and isopropyl
alcohel in air flow recovery but were inferior in restoring
operable fusl-air ratio. On the basis of a single test, Shellacol
appeared slightly superior to the other fluids.

12. All of the de-icing flnids tested except Solox D-I
showed a slight coxrosive effect on aluminum alloy. The S.D.30
fluid, which does not contein a corrosion inhibitor, also had a
8light corrcsive effect on brass and copper.

13. Because of unforesscen difficulties experienced with the
equipment, it was not possible to draw quantitative conclusions
from the heat de-icing tests, The data indicated, however, that
heated air properly applied was fully as effective in restoring
air flow and operable fusl-air ratio as any of the fluid de-
icing systems tested.

14, It was found that heated air in the presence of free
water provided effective restoration of air flow and operable
fuel-air ratio if enough heat was imparted to the saturated air
to raise the temperature above the temperature limit of icing
for the induction system (80° F).

National Bureau of Standards,
Washington, D. C.
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TABLE II.— AMOUNT OF ALCOHOL REQUIRED T0 RESTORE 90 PERCENT OF INITIAL AIR FLOW
UNDER VARIOUS TEST CONDITIONS

Alcohol Air De—icing Recovered Water Av. amount of
Series injection temp. fluid air flow injection alcohol used
devicel (0° F) (1b/hr) rate (1v)
(cc/min)
A HSRY 40 Solox D-I 6300 250 1.3
B HENHIS 40 Solox D-I 3600 250 ~15)(0]
HERY 40 Isopropyl 3600 250 55
C HE R 4Q Solox D-I 3600 0 .44
D M.A.N. 40 Solox D-I 3600 250 N2
A.N. 40 Solox D-I 3600 250 «53
A.N.E. 40 Isopropyl 3600 250 4.8
E M.A.N, 40 Isopropyl 3600 250 «59
A.N. 40 Isopropyl 3600 250 .39
F M.H.R. 40 Solox D-I 3600 250 .52
HioR e 40 Solox D-I 450 250 .40
G HoR 40 Solox D-I 1800 250 .25
HISR 40 Sclox D-I 3600 250 <41
HSRYe 40 Solox D-I 63C0 250 > 99
I A.N. 40 Ethyl 3600 250 .60
A.N., 40 S.D.30 3600 250 49
1 AN, 25 Isopropyl 3600 250 LG
M.H.R, 25 Solox D-I 3600 250 N33

1H.R., standard Holley vent ring; M.A.N,, modified Army nozzles; A.N.,
standard Army nozzles; A.N.E,, Army nozzles at scoop elbow; M.H.R,, modified
Holley vent ring.

ge



TABLE I.~ DE-ICING OF AN AIRCRAFT ENGINE INDUCTION SYSTEM BY MEANS OF DE-ICING FLUID AND BY HEATED AIR
HOLLEY CARBURETOR 1375-F WRIGHT 1820-G-200 INTERMEDIATE REAR SECTION
Icing De-icing =
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ries flgurds 8,9) )
S: 43 (5:500 5.707(5 250 )12 5 [ 2000(.038( 40 250 | Solox D-I| H.R. |10 - 3 20 1075 8 1.79 | .068|6950|.061 20 Slow fluctuating recovery;lean mixture,
2 40 | 4000|.07Q| 250 | 14.0 | 2000|.045| 40 250 | Solox D-I| H.R. [20 - 2 201 6.0 2.212 .069|6500(.077|20 Slow recovery never reaching full
emergen ower.
3 40 | 4000|.070| 250| 14.25) 2000|.047| 40 250 | Solox D-I| H.R. |30 - 2 13§ 1.5 1.5 .75 .080]7150|.068| 1.5 | Slow Smixqtluge Tecovery.
4 40 | 4000|.070( 250 14.3 [ 2000(.043| 40 250 | S8olox D-I| H.R. |40 - 2 13 .5 ol .33 - |7150| - 5 |Ice formation came out in one chunk.
5 40 | 4050|.069| 250 15.5 [ 2000 .048| 40 250 | Solox D-I| H.R. |50 - 2 16| 1.9 1.1 }1.5 .065|6840(.082| 6.0 |Moderate recovery.
6 40 | 4000!.070| 250 18.5 (2000 (.042| 40 250 | Solox D-I| H.R. |60 - 2 14 .4 - .4 - 7040|.082|13 Very rapid recovery.
7 40 | 4000|.070| 250 | 17.3 [ 2000.041| 40 250 | Solox D-I| H.R. |70 - 2 13| 1.3 .4 1.4 | .075(7080|.080( 3 Rapid recovery.
8 40 | 4000|.070| 250 | 17.75( 2000 |.037| 40 250 | Ssolox D-If H.R. |80 - 2 18| 1.2 .51]1.6 .084|7140|.085(10 Rapid recovery.
9 40 4050(.069 | 350 | 15.0 | 2000|.037| 40 250 | Solox D-I| H.R. |90 - 2 16§ 1.0 .6 11.5 .079|7150(.092(10 Rapid recovery.
11 40 | 4000(.071( 250| 15 2000 | .045| 40 250 = - 0 - 2 el - = - - - - - Continued icing until flow dropped to
ZeTo.
4-A| 40| 4000(.070( 250 | 15 2000 | .040{ 40 250 | Bolox D-I| H.R. |40 2 20§ 3.2 1.6 | 2.2 |.087|7600(.078/17.45 Lm‘?e chunk of ice remaining on nozzle
delayed recovery.
geries B |(See Y/gures /Q,i1,/2)
12 40 | 4050|.071| 250 | 16.5 || 2000 |.033| 40 250 | Solox D-I| H.R. (10 - 1 23 [14.5 |[[17 2.33 | .039(3800(.0867(17 Very slow recovery of air flow and
mixture.
13 40 3940(.072 | 250 | 15.5 [ 1980 |.038( 40 250 | Solox D-I| H.R. [20 - 1 21§ 1.6 .3 .50 | .056|3940|.067( 3.0 Rg—icing do:‘n :o 2600 1b/hr flow.
ce in venturi.
14 40 3980(.070 | 250 | 16.75{ 1960 L 40 350 | Solox D-I| H.R. |30 - 1 20| 1.0 1.08f .50 | .080}3900)|.003) 1.5 Re-icing to 3000 lb/hr. Venturi ice.
15 40 3980(.073 | 250 [ 15.5 | 1960 |.049| 40 250 | Solox D-I| H.R. |40 - 1 22 .75l 1.35] .50 | .059|3980|.070| 1.66(Re-icing to 3290 1lb/hr. Air flow.
16 40 3940(.071| 250 | 16.0 {1960 | L . | 40 250 | Solox D-I| H.R. |50 - 1 20 .58 1.0 .49 | .056(3940(.071| 2.5 |Slight re-icing.
15/ 40 3940(.071 | 250 | 20.5 {1960 L 40 250 | Solox D-I| H.R. (60 - il 14 .58 .83l .58 | .058|3900|.069( 2.0 |No visible ice remained in induction
system.
18 40 4020|.070 | 250 | 18.0 1960 |.056| 40 250 | Solox D-I| HR. |80 = 1 12 .35 .83f .33 | .048|3940|.089| 1.42|No visible ice remaining in induction
system.
13-A | 40 | 3950(.070 [ 250 | 24 2000 |.041| 40 250 | Isopropyl| H.R. [20 - 1 22| 4.2 8.8 | 1.4 .056(3850(.062| 4.5 |slow recovery, re-icing to
3300 1b/nr air flow.
14-A { 40 | 4000(.067 | 250 | 21.5 2000 |.048|40 250 | Isopropyl| H.R. (30 - 2 32] 2.0 7 1.0 .054 (3950 |.065|14 Slow recovery, slight re-icing.
15-A | 40 | 4000(.070 | 250 | 19.0 2000 | L 40 250 | Isopropyl| H.R. (40 - 1 13 7 5.2 .47 | .045|3950(.063| 2.2 [Slight re-icing.
16-A | 40 | 4000|.070 | 250 | 14.5 {2000 | L |40 250 | Isopropyl| H.R. |50 - 1k 11 .5 ‘53] .42 | .064|3970(.070| 1.8 |Rapid recovery, slight re-icing.
17-4 | 40 | 4000|.072 | 250 | 14.0 |2000 | L |40 | 250 | Isopropyl| H.R. |60 s |t 7] .3 || 1.4 | .3 [.055|3920|.071 4.0 Rapidlrecovery, ice remaining on
nozzle bar
Series C ((See frguhes /3,/4) )
19 40 | 4000}.063 | 250 | 33 20001.038140 ¢} - = Q - 1 4 - = - = = = - Flow dropped off to zero.
20 40 4000|.069 | 250 | 18.5 11800 40 0 | Solox D-I| H.R. |20 - 1 20 .7 |14 .47 | .054|3900(.064|10 Large chunk remaining in adapter.
3l 40 | 4000(.070 | 250 | 31 2000 (.037( 40 0 | Solox D-I| H.R. |30 - ek 14 +9 3.2 .45 | .052|3950|.068| 3.5 |Moderate but complete recovery. '
22 40 | 4050|.069 | 250 | 14.5 2000 L 40 0 | Solox D-I| H.R. |40 - 1 10 .8 156 .53 | .051|4000(.068| 2.4 |Large diminishing chunk left in
adapter.
23 40 4050 |.069 | @50 | 15.5 (2000 | L 40 0 | solox D-I| H.R. |60 - 1 5 .5 1.4 S .055/4000(.069| 2.6 |Adapter cleared completely of ice.
24 40 40507.070 | 250 | 15.5 |2000 40 0 | Solox D-I| H.R. |50 - 1 5 .4 1.2 .33 | .032|4000|.071( 3.5 |Adapter cleared of ?ce.
35 40 4000|.070 | 250 | 13.5 [[2000 | .040 40 0 | Solox D-I| H.R. |70 - 1 4 &5 .6 .47 | .062)|4000(.070| 1.4 |Adapter cleared of ice.
26 40 4030).072 | 250 | 19 2000| L 50 O | Solox D-I| H.R. |60 - 1 \? .4 i 4 .056(40801.071! 4.0 |complete recovery.
27 40 4100{.071 | 250 | 21.3 [2000| L 70 0 | Solox D-I| H.R. |60 - 1 5 .4 .8 .4 .057(4080|.072| 2.2 |Complete recovery.
8eries D | (See |Ffrgufes/5./6)
28 40 400Q, .085 | 250 | 231 2000 |.035| 40 250 | Solox D-I|M.A.N.[20 - 1 23| 6.0 - 2.0 .057|3850|.064|15 Slow recovery.
29 40 4000|.070 | 250 | 16.5 |2000.038|40 250 | Solox D-I|M.A.N.| 40 - 1 18 .9 4.0 .6 .054|3980|.070|12 Moderate recovery.
30 40 4000|.070 | 250 | 22.75(2000|.L 40 250 | Solox D-I(M.A.N.[60 - ik 15| 1.0 2.4 | 1.0 .056|3950|.070| 4 Moderate recovery.
31 40 | 4000|.071 | 3850 | 20.25| 2000 |.040| 40 250 | Solox D-I| A.N.|29 10 x: 16 .9 A3 .43 | .054|4030|.069|14 Moderate recovery, ice completely gone.
33 40 4000/ .068 | 250 | 20.25{2000(.051{40 250 | Solox D-I A:N.[37 20 1 164 1.0 7.0 .62 | .052|3990|.067|14 Ice completely removed.
Series E | (5ce |figuites /7,/8,/9{20)
33 40 4000|.070 | @50 | 29.5 [[2000( L 40 250 | Isopropyl|M.A.N.| 20 - T 30| 1.7 - .57 | .054(3880(.061(14 Slow incomplete recovery.
34 40 4000|.069 | 250 | 23.3 | 2000 |.038| 40 250 | Isopropyl|M.A.N.|40 - 1 18 .9 |10 A 054|3940(.065(12 ¥oderdate recovery, ice left in adapter.
35 40 | 4000|.070| 250 23.3 {2000 |.038|40 250 | Isopropyl|M.A.N.|60 - 1 16 .6 2.0 .6 .C59|3930(.069( 7 Moderate recovery, ice left in adapter.
36 40 4000|.071 | 250 | 18.3 [2000| L 40 250 | Isopropyl|A.N.E.| 27 10 3 22 18 - 6.6 .053|3700(.057 (20 Slow incomplete recovery.

37 40 4020|.070 | 350 | 17.6 {2000 L 40 250 | Isopropyl| A.N.E.| 36 20 X 20| 3.8 |11 2.98 | .054|3970|.071|18 Slow recovery. Ice left in adapter.
37-A | 40 4030/.070| 250 | 38.5 {2000 | L 40 O | Isopropyl| A.N.E. |44 20 1 15| 2.8 4.5 | 2.05 055(4000 |.0€5 |14 Slow recovery. Ice gone after 15 min.
38 40 4000(.069 | 250 | 19.5 {2000 |.052|40 250 | Isopropyl A.N.| 30 10 1Y 10 .6 .5 .3 066|3900|.071] S Rapid recovery. Ice left in adapter.
38-4 | 40 | 4c00|.070| 250 | 29.5 2000 |.038|40 250 | Isopropyl| A.N.[31.5| 10 ! 22 .3 [[11.0 .16 | - |3980|.064| 9 Rapid recovery. Ice in adapter. .
39 40 | 4020(.070| 250 | 15.0 {2000 | L |40 250 | Isopropyl| A.N.|40.5[ 20 ok 10 <5 .93| .34 | .061|3980(.071| 5 Rapid recovery. Ice left in adapter.

39-A 40 4000 |.069 | 250 | 22.5 {2000 |.043|40 250 | Isopropyl A.N.[43 20 5 4 10 1.1 2.3 .79 057(3950|.067| 2.4 |Slow recovery.
39-A'| 40 4000 (.071 | 250 | 28 2000 |.036 |40 250 | Isopropyl A.N.[40.5] 20 3 20 .5 1.5 .34 06313950 |.069| 8 Rapid recover. Ice in adapter.
40 40°| 4000|.07Q| 250 | 16.5 |2000| L |40 250 | Isopropyl| A.N.|62 40 0k 10 .4 .6 .41 | .049|3900(.070| 2.8 |Rapid recovery. Ice left in adapter.
41 40 4000/.070 | 250 | 11.5 J2000| L 40 0 | Isopropyl A.N.[40.5] 20 ) § 2 .6 .9 .41 057 (3950 (.070( 1 Rapid recovery. Ice left in adapter.
Series T | (sece|figutes2/,22) | = 5
42 40 | 4000(.070| 250 20 2000| L |40 350 | Solox D-I|M.H.R.|30 - 1 10 1.4 1.9 .7 .058|3950|.071| 5 Moderate recovery. No re-icing.
43 40 4000|.070 | 250 | 15 2000| L 40 250 | Solox D-I|M.H.R.[80 13 1 7 .2 4 .26 | .050/.3950(.067 .8 |[Very rapid recovery.
44 40 4000/ .070 | 250 | 18.75|2000| L 40 250 | Solox D-1|M.H.R.|60 8 1 10 .6 8 .6 .056/3950|.068| 1.0 |Rapid recovery. No re-icing.
1, nixture lean beyond operating range; R, mixture rich beyond operating range.

2y.R. , Holley ring; A.N., standard Army Air Forces nozzles; M.A.N., modified Army Air Forces nozzles; A.N.E.

M.H.R., modified Holley ring; W.S.N., medium water spray nozzle.

standard Army

Air Forces nozeles at scoop elbow;
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TABLE I.- (concluded)

W-45

Ome i

Throttle opened wide at start of de-icing.

De-icing fluid turned on; throttle left at original setting until air flow had recovered to 3500 1b/hr; when air flow had recovered to 3500 1b/hr the
throttle was opened wide.

De-icing fluid turned on; throttle closed and reopened to cruising several times in first 10 sec,.
De-icing fluid turned on; throttle completely closed for first 10 sec. and then reopened to cruisi
De-icing fluid turned on; throttle opened in successive ateps at 5 mec. intervals from 22° to 37°

%8°

eition.
to 50°,
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Series G e 2
45 40 .2 .240 Solox D-I H.R.| 40 - 1 6 .3 127( 510(.116 Mixture went rich. Rapid recovery.
45-A | 40 .5 .330 Solox D-I H.R.| 60 - 3 5 & 122| 450].122 Mixture went rich. Rapid recovery.
46 40 .088 Solox D-I H.R.| 40 - 1 15 .3 071]1930(.073 Throttling ice, rich mixture, re-icing.
46-A | 40 59, .082 Solox D-I H.R.| 60 - 1 10 3 .088]2000 |.069 Throttling ice, rich mixture, re-icing.
47 40 .0 .037 Solox D-I H.R.| 40 - 1 14 .8 .067|3870(.069 Re-icing to 3650 1b/hr air flow.
47-A | 40 .2 L Solox D-I| H.R.[60 - il 20 .3 .057|3950(.069 Rapid recovery, slight re-icing.
48 40 .5 L Solox D-I| H.R.[40 - X 111 1.3 .097|86770|.088 Ice remaining in sdapter.
40 .080 8olox D-I H.R.| 60 - Y TE) 1L .093| 7060 | .092 Slight ice formation in adapter.
Series H
40 038 Solox D-I H.R.| 60 - 3 10§ 1.0 073]7140/.073 Rapid recovery of air flow and F/A.
40 L Solox D-I H.R.| 60 - 4 10 i - |4000(.069 Fluctuation of air flow after 90%
recovery. Slight re-icing.
40 L Solox D-I| H.R.|60 - 5 10 .3 .037]|4420|.069 Throttle reopened to more open posi-
tion. Slight re-icing.
40 L Solox D-I H.R.| 60 - 8 6f2.2 |1.5 .063]|7060|.079 Gradual recovery.
Series I
40 .038 Ethyl A.N.| 46 20 3 16 .8 |3.5 .053|3970|.066 ¥oderate recovery. Ice left in adapter.
‘40 .038 Ethyl A.N.| 35 10 1 20 1.0 |€.0 .054| 3950 .065 Moderate recovery. Ice left in adapter.
40 L $.D.30 A.N.|29 10 1 16§ 1.1 j4.0 .057]3980|.070 Moderate recovery, Ice in adapter.
40 .039 §.D.30 A.N.| 44 20 1 16 .6 2.2 .05813240/.071 Complete recovery.
40 .037 Shellacol A.N.| 42 20 3 7 .4 |1.0 .055]3980| .069 Rapid recovery.
J
40 L Isopropyl|W.S.N. - 1 6 2.0 J4.0 .047| 3950 .065 8low recovery of air flow and mixture
ice in adapter.
40 L Isopropyl|W.S.N. 1 71 2.2 .054| 4000 .086 8low recovery.
Series K
052 Solox D-I H.R.| 10 - 1 30 Minimum air flow 2150 1lb/hr at 30 min.
Throttle frozen stuck.
.071 Solox D-I H.R.| 20 - 1 14 Minimum air flow 2000 1b/hr. Throttle
stuck.
.068 Solox D-I H.R. - a5 30 Minimum air flow 3000 1b/hr at 18 min.
070 Solox D-I H.R. - 1 30 Minimum air flow 3200 1b/hr at 26 min.
.068 Solox D-I H.R. - 1 30 Minimum air flow 3870 1b/hr at 16 min.
.070 Solox D-I H.R. - 3 20 No icing.
071 Solox D-I| H.R. - 1 20 Fluctuations, no apparent icing.
073 Isopropyl H.R. - 1 30 Minimum air flow 3400 1b/hr at 30 min.
073 Isopropyl| H.R. - ] 32 Minimum air flow 3850 1lb/hr at 20 min.
es L
25 136 Isopropyl| A.N.| 42 20 :L 10§ 1.8 R 070(3e80}.070| 9 Mixture went rich on icing.
25 R Solox D-I( H.R.[60 - it 10 - R - |2850f.102( 9 Very incomplete recovery.
25 159 Solox D-I H 80 - 1 10 - R - 2740(.104 .8 |Very incomplete recovery.
25 R Solox D-I|M.H. 80 12 3 1 7] 1.0 R .075/4100(.074| 5 Moderate recovery.
25 193 - - - - 1 5 .8 R .077|39001.073| 1.1 |Rapid and complete recovery.
Series M
40 .042 - - - - % 3 - - - - - Air flow fell off to zero.
40 043 - - - - 3% 10| 3.5 | 5.0 - .064(3810(.065 (10 Slow recovery, ice remaining in adapter.
40 042 - - - - 1 8] 1.3 |3.7] - .055(3800|.065| 3 Slight re-icing. Ice in adapter.
40 039 - - - - 1 of 3.0 |4.0 - .061|3800|.085| & Ice remaining in adapter.
40 .041 - - - - 1 10 .4 .7 - .0587|3860|.069| 4 Lump of ice left in adapter.
40 L - - - = 1 10 .9 .9 - 065/3850}.065| .9 |Moderate recovery.
40 L - - - - 1 6 .3 - - 0583810} .066 .6 |Rapid recovery.
40 L - - - - 1 5 .4 .5 - .0583800].072 .8 |Rapid recovery.
40 L - - N - 1 6 4 A/ - .049|3820|.069 .8 |Rapid recovery.
Series N
40 042 - - - - 1 [1.86 - - - - Continued icing until air flow dropped
to zero.
40 .040 - - - - 1 1.0 .6 11.45] - .060(3920/.066 Re-icing to 3180 1lb/hr air flow.
40 2000( .040 - - - - 1 10 .8 12.7 - .059|3900(.070 Slow but complete recovery.
40 .037 - - - - ¥ 04 .7 j1.8 - .059(3900 | .068 Complete recov.ury.
40 L - - - - 2L 6 Sy ¢ .94 - .056(3880/.068 Complete recovery.
40 .056 - - - - 1 6 .3 B - 050|3780|.07% Rapid complete recovery.
31 _ Throttle left at original setting de-icing.

and 50° to wide open. 4R _ Mixture went rich.
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NACA Fig. 2

W-45

! Figure 2.- Carburetor and air scoop showing observation win-
dow and Army nozzle locations.
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NACA Fig. 5

Figure 5.~ Typical refrigeration ice formation in carburetor
adapter.
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Figure 6.- Impact ice formation on fuel nozzle bar and in
low temperature operation.
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W-45

. NACA

Air flow, lb/hr

Fuel/air ratio
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Figure 17

.- Typical icing curves.
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NACA Fig. 8a
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NACA Fig. 8b
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NACA Fig. 9
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NACA Fig. 10

6000 ;
5000
=
x=
S
o)
=t Initial
o _value
W 4000
v ~
z P Ly —o—
< e 7Q< o
5 Xxxx%++¥ F x$$\$é;ﬂ:;;g._=5~_ 1 L
: [ TSR e el
3000 7 ( % \/]|
Ak \ T
7 at
/
el
/
2000
o Run 12, 10 1lb/hr, Solox D-I
+ n 15, 20 n 5 " n
X A 30 AR I v Test conditions
1000 o RIS SR A R ] "——— Carburetor air temperature, 40°F
<& ANlG, 50 e W o Water flow continued throughout test
A NSNS 60T, N 3 i De-icing fluid injected through
> g 80 gl o 2 Holley vent ring
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NACA FPig. 11
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NACA Fig, 12
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Figure 13b.- De-icing by means of fluid at cruising throttle - Series C.
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