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NATTONAY. ADVISORY COMMITTEE FOR AERONAUTICS

TECHI{ICAL NOTE MO. 1134

DEVELOPMENT OF A PROTECTED AIR SCOOP FOR THE
REDUCTION OF IINDUCTION-SYSTEM ICING

By Twre von Glshn and Clark E. Renner : .

SUMMARY

Aerodynamic, rain, and icing tests were conducted in the NACA
icing research tunmnel on the standard carburetor air scoop of a large
twin-engine cargo airplane and on several under-cowling scoops LT

designed in an effort to eliminate the characteristic ram-presfurs ~ ~ T

loss accompanying impact icing of the standard scoop and the carbu-

retor screen., Tuft and static-pressure-distribution surveyswere™ ™~ -
mede on the lips of the scoops and total-pressure and static-pressure
readings were taken at ths carburetor top deck to determine ram-

pressure recovery and velocity distributions. Rates of water Inges-

tion were determined at three simulated flight and rain conditions.

Icing teste of the various scoops were made to determine the amount

of duct and carburetor-screen icing. : T

The aerodynemic surveys indicate that an under-cowling scoop
of the tywe lnvestigated in these tests cen achleve ram-nressure
recovery comparable with that of the standard scoop. The results
of the raln-ingestion tests indicate that the under-cowling-type
gcoop ingeste less than 5 percent of the free water in the air™”
entering the induction system as compared with the standard scoop.
The icing of the carburetor screen with the under-cowling scoop was
negligible; wherees with the standard scoop it was excessive.

INTRODUCTION

A Jarge twin-engine cargo airnlane was extensively used by the
India-China Divislon, China-Burma-India Alr Transport Commend, to -
transport war meteriel. Reports from nillote who have flown these
airplsnes over the Indie-Chins route during the monsoon season attrib-
ute the logs of meny alrplanes to induction-zystem icing. Instances
where l1ce on the heated-alr door prevented the pilot from using
heated alr have been reported. The constant use of alcohol or heatod
air proved not to be feasible for these conditions. Intermittent use
of heated alr for de-licing involves the hazard of prohibitive loss in
altitude resulting from decreased engine power. '
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Spimer fuel injection at the entrance to the supercharger, which
ig standard om the engine of this cargo alrplane, effectively reduces
fuel-evapcration icing in the carburetar and the supercharger inlet
elbow, as shown in a Pratt & Vhitney Aircraft report and ag demonstrated
in uwnpublished NACA laboratory data. This inductlon~system lcing prob-
lam ig therefore limited to impact icing of the scoop, duct, screen, end
carvuretor-alr metering parts and to throttlirg ioing dus to adlabatic
expansion in the carbwretor,. o '

Eliminstion of free weter from the irduction system is an effective
method of reducing the icing hazerd, narticularly when there 1s no toend-
ency toward fuel-evaporation cooling and wvhen parts below the carburetor
are maintained at tempereturas above JTreszing. A scoop-enirance deosign
for preventing the entry of rein by lnertla . soparation was propoged by
Willson H. Eunterr in a paper enbitled "Notes on Alrcraft Icing" given
at the National Aeronautic meebing of the Soclety of Aubomotive Englnesrs
at Wew York in March 1942 arnd by Kimball (reference 1). It way thought
that this deslgn could be used with little or no additional aesrodynaumio
losses. The case of a cargo sirplans operating et its service ceiling
through serious icing weather warranted attempts to adapt this nropossd
design to the airplane in oxrdeyr to reduce the icing hazard in the
induction systen.

Aerodynamic, rain, and fodny tesbs were conducted in the icing
research tunnsl of the HACA Olevelaupd laboratory on the standard
carburetor-air scoop and several exrerimental scoops, which wers
intended to separste the rein From the alr enbtering the scoop. The
criteria selected for the design of the experimental scoons are as
followa:

1. The rate of free-water ingestion must be reduced to a minimnm,

2. Ram recovery must be equal 4o or greater than that of the
standerd scoop under cruising conditions asbove critlicsl altituds.

3., The scoop should be automatic in ite operation, requiring no
attention from the pilot. _

APPARITUS AND INSTRUMENTATION

The upper half of an ensine cowling was installed in the 6- by
9~foot test gection of the icing research tunnel. Two other cenkter
sectlions were modified to accommodate two experimental scoops. A
rear fairing was provided back of the englne cowling to reduce the
blocking effect of the model and to provide an outlet for the
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gimulated engine cooling air. The cowling (figs. 1 and 2) was supported
by a cylindrical steel shell, whlch was attached to a hinged base plate
8 inches above tke tunnel floor. Flight angles of atback of 0°, 4°,

and 8° measured from the horizontal axis were simulated by lowering the
downstream end of the base plate., A wooden diummy engine, representing

the upper half of the nose section of the englne and equipped with
¢istributors and magneto, wae mounted on the base plate in proper rela-
tion to the cowling, Two orifice plates that could be remotely adjusted
to obtain the desired cooling-air flow through the engine compartment

were mounted behlnd the wooden nose section. Fimmed electric atrip
heaters were secured to the upstream orifice plate to prevent icing of

the orifice openinga. The orifice plates were calibrated against a
standard circular orifice attached to the opening in the rear fairing

of the model. . ST

Two total-pressure rakes and a static-pressure ring (fig. 1) were
located in an adapter at the junction of the inlet elbow and a water
genarator that replaced the carburetor. Exit ducts from the separator
to both sides of the cowling completed the test imduction aysten.
Charge-air flow through the inductlion system was regulated by hydrau-
lically controlled flaps located in the exit ducta. A 30-mesh screen
was placed at the geparstor-sir exits to improve the air flow in the
instrumented venturi sections, Static-pressure rings and total-
Tressure integrating rakes in the instrumented section of the exlt
ducta were used to measure the charge-alr mess flow. Water enbtering
the acoop was separated from the air by four layers of parallel wirés
mounted at an angle to the air stream in the separator. The water
wag then contilnuously draired into two Rraduates. The separator waas
calibrated by placing a water-spray jet of known capacity inside the T
duct and measuring the amount of water collected at assvsral values of
airaspeed and charge-air flow, This calibration showed the water
geparator to be at least 7S-percent efficient. The duct ailr-stream
temperature was measured by iron-constantan thermocouples installed
at the carburetor top deck and instrumented sections of the exit ductas.

For each rain condition, a survey of the water concemtration
ahead of the acoop inlet was made with the water-sampling rake shown
in figure 3. The water samples were collected in individual Hurettes
for periods 7 to 20 minutes in duratiom. . S S T

DESCRIEFTION OF SCOOPS

The four scoops tested were: (1) a stendard carburetor-air
scoop; (2) an experimental under-cowling scoop deaigned to protect
the duct from the direct ingestion of free Water, (3) a mod_fxcation
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of the under-cowling scoop; and (4) a combination of the standard and
under-~cowling scoops. The basic designs of The scoops are shcwn in
figure 4; the scoov profiles and the typlcal cross-gections are shown
In figure 5.

The ducet of the standard ascoop ham a crogs-sectional area of
approximately 70 square inches and extends baclkward 52 inches to a
100° elbow lending down to the carburetor top deck. A rotary-valve-
tyne door for admitting heated air 1s fitted fiush with the floor of

the duct ahkead of the elbow. Several'%~inch diameter holes are

provided ahead of the rubber seal at the upstream end of the heated-
air valve to drain the water that runs back on the duct floor. TFor
these tests the interior of the ducts, including the side members

of the heated-air valve, were sealed with sheet riubber csmented in
nlace in order that water and air leakazs wculd not influence the
regults, A vertical door, which admits f1lltered sir arnd which forms
the rear well of the duct elbow, was elsc cealed for thuse tests.

A removable transparent hatch was placed directly above the carbu-~
retor screen to permit observing and photographing acreen ice for-
mations. Only the forward 15.37 inches of the standard.-cowling
center gection was altered in prenaring the experimental scoops for
test,

As shown in figure 5, the under-cowllng scoop 1la designed to
nrotect the duct inlet from the direct ingestion of free water.
Water separation by the under-cowling scoop depends on the relatively
great inertia of the water droplets, which causes the droplets to
continue in substantially straight-liive paths whille tre charge air
curves sharply into the scoow. A theoretical analysis of the
inertia-separation nrincinle as anplied tp the under-cowling scoop
is presented in the appendix. The front lip of tire under-cowling
scoop is curved downward until the leading edge coincides with the
former positicn of the leading edge of the lower 1lip on the stendard
scoop. The rear lip is located as high and as far forward as pos-
gible to obtain the sherpest turn without reducinz the inlet area.

The object in the desiagn of the modified under-cowling scoop
was to increase the radius of curvature of the inlet passage by
filling in the concave rvear surface of the front 1lip of the original
under~cowling scoop. The rear lip wag cut back to maintaln an ade-
quate inlet ares. Because of the nmature of the construction of the
bapic under-cowling scoop, it was impossible during the time avall-
able for thege tegts to alter the outer contour of the front lip as
nermitted by the intermal changes; this change would be desirable,
however, to reduce the welght of the scoop inlet and to immove the
externzl Pairing. B . . .
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A 8coop lncorporating the features of both the standard and
under-~cowling scoops (fig. S(e)) wss also designed and tested. A
gscreen was nlaced over the ram inlet of the standard scoop so that
nreggure differences caused by the icing of thls screen would tend
to onen a door hinged a short digtance back from the leading edze
of the lower 1lip on the duct floor., The door was designsd to block
automatically the entire ram opneningz and form the outer wall of an
inlet elbdw of an under—COﬁllng intake similar to the basic design

teated. T

SYMBOLS

The following symhols are used in the report:

-

Ha, average total pressure at carburetor top deck, inches of water

"y total pressure of free air stream, inches of water

L crogg- sectional fore- and-aft wildth of carbursetor top deck,
inche

1 distance from forwaerd wall at top deck to total-pressure-

rake tubes, inches

D local static pressurs on scoop surface, inchea of water
Dy test section free-etreoam statio pressure, inchea of water
D-o1 ———— -

£ pregaure coerficient 1l - —————l\

1/

L

% temperature in tunnel test section, °F
v indicated airspeed, miles per hour
¥a local indicated velocity of air stream at top deck averaged

for two rakes for each station value of 1, feet per second

average indicated velocity of ailr stream at top deck based on
distribution of V5, <feet per second

5

Vi indicated free-stream velocity in tunnel, feet per geccnd

124 charge-air flow, nounds per hour
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W cooling-air flow, pounds per gecond

¢, angle of atteck from horizontal axls, degrees

DESCRTPTTON QF TESTS

Studies with wool streamers were wade to determine the nature
of the air flow from a reglon approximatqly 3 feet upstream of the
front of the model in a veriilcal plane passing through the center
of the model. Tuft observations for the under-cowling scoops were
made from a window in the top of the tunnel test section using a
mirror mounted on the model,

The test conditions for aerodynamic and simulated-irain tests
ares listed in the following tabvle:

Flight Approx- | Angle of | Charge-air | Cooling-
condltion imate attaclk flow alr flow
alrspeed o “Wo ¥e
v (deg) (1b /hr) (1b/sec)
(mph) (a)
Eigh spesd 200 o 12,900 42
Crulsing 160 4 7,000 26
8

Steep climb} 180 ! 12,000 42

&0ne-half of these values were used For the half-
engine model. '

In order to determine the aerodymamic characteristics of the
scoops, pressure distributlons around the scoop lips were obtalned
using pressure belts described in referemce 2 and shown in figure 6.
Total-pressure surveys made at the carburstor top deck were photo-
graphlcally recoréded from a multlitube maronmeter.

The free-water ingestion characterlstics of the scoops were
determined in simulated-rain testsz with nominal water concemtrations
of 0, 3, 6, and 9 grans per cublc meter at the three baslc flight
conditions. The modlfied under-cowling scoop was tested only under
the cruising-flight condition. o T

The water-droplet dlameter was determined by measuring samples
cauzht in castor oil in still alr beneath the spray nozzlss. Micro-
scopic measurements of diameter were converted to drop volume and
the total volume of each size range was plotted againet droplet size.

re
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The effect of the relatively few large drops was predominent in
locating the peak of the curve, or "volume maximum,” at 85- to
120-microns dlameter for spray conditions corresponding to water
concentrations of 2.0 to 11.5 geams per cublc meter, respectively.
A reduction in droplet size caused by the acceleration forces in’
the tunnel conmtraction section has been observed but has not yet
bean quantitatively measured. The actual droplet sizes probably
were amaller than indicated by measurements in still air. N

Icing tests wore made on the standard and under-cowling scoops
for the same basic flight conditions at angles of attack of 0° and

8° and at test-section free-stream temperature of 15° and 25° F with

an average water concentration of 2 to 4 grams per cubic meter. The
modified under-cowling scoop was tested only at an angle of attack

of 4°. Variation of water content with temperature due to freezing
of some of the water in the air at 15° F may have resulted in lower

icing rates but this variation could not be determined. Photo-
graphs of the scoops were taken every 2 minutes during each rum,
the duration of which varied from to 10 to 20 minutes; at the end
of each run, the cerburetor screen aud the scoop entrance were '
photographed.

TEST RESULTS

Aerodynamic Tests

FPlow studies. - Surveys around the standard scoop, made with a
wool tuft, indicated flow sevaration from the inside of the lower

lip. Wool tufts L% inches long fastened on the inside qfuyhe_under— )

cowling scoop indicated separation on the under side of the front
1ip and the sides of the scoop. The surface aréa on which separa-
tlon occurred was decreased by modifying the under-cowling scoop.

Statlc-pressure distributions. - Pressure distributions are
presented in terms of the pressure coefficlent B along the scoop
surfaces and are shown in figure 7 for two flight conditions used
in the investigation of the standard scoop. The pressure distribu-
tion over the lins of the standard scoop shows a high negative
nressure on the top surface of the upper lip with a positive pres-
sure on the lower swface; whereas the lower-lip survey shows s
pogitive pressure on both surfaces. The stagnation point on esch
lip was located near the leading edge on the lower sipface., For
the assumed f£light conditions only slight variations in pressure
distribution occurred for changes in angle of attack, charge-air

7
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flow, and cooling-air flow. An increase in the charge-air flow from e
7000 to 12,000 pounds per hour, while the angle of attack, alrspeed,

angd. proportionate cooling-air flow were maintained consrant decreaged

all of ths pressures on.the upper and the lower lips except at the

stagnation points.

On the under-cowling scoop, positive pressure exlsted on the
oubter surface of the front 1ip near the leadingy edge and all along
the 1nmer surface (fig. 8(a))}. The exact distridution of pressures
around the leading edge of the lips is uncertain because of the

%~1nch gpacling of the pressure stationa., The modifisd uﬁderfcowllng

scoop was deslgned and tested in an effort to lmprove the pressuro
dlstrivution of the under-cowling scoop by moving the stagnation
point nearer the leading edge of the froat lip. Favorable pressure
gradients existed along the outer surface of the scoop and the stag-
nation points were at the leading edges of both lips (fig. 8(b)).

Carburetor top-deck measursments. - Typical velocity distiibu-
tions acroas the top deck are showvn in figure 3 for the standard
and under-cowling scoops. Under the geveral test conditions for any "
one scoop, the velocity and the total-pressure distributions ait the
top deck were simllar. As illustrated in figure 3, the distribu-~
tlong are more uniform for the wnder-cowling scoop than for the L4
gtandard scoop, nrobably hecause flow eevaration occurs on the lower
1ip of the standerd scoop and not on the lower lip of the under-
cowling scoop.

The percentage total or ram-pressure recovery was calculaved as

! Hp - Hgy '
{1 - ——= ) 100, where Hg, vas obtained by integraticn of the
. 1 / ’

total-pregaure distributions shown in figure 10. 3y extrapolation,
the under-cowling Scoop had greater ram-pressure recovery at am angle
of attack of 0° and & charge-alr flow of 7000 pounds per hour and a
congiderably smaller recovery at 123,000 pounds per nour than the
standard scoop for the sawme condit*ons. ‘At an angle of attack of 40
the ram-pressure recovery for the under-cowling scoop wasg slightly
higher than for the stendsard scoop at charge-air flows below
10,000 pounds per hour but the logses were higher for the under-
cowling scoop at greater air flows., Ram-pressaure recoveries for the
modified under-cowling scoor at these sawe conditlons are also showm
an figure 10(b). The modified under-cowling scoop demonstrated
higher recovery than the other scooms at an angle of attack of 4° L
for the condition used in these tests. For en angle of attack of 8°
(fig. 10(c)), the ram-pressure vecovery far the under-cowling scoop

8
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wes consideraebly higher than for tke etandard scoop. The recovery
for the scoops generally decreased wlth sn increase in charge-air
flow. The effects of angle of attack on the relative performences
of the standard and under-cowling scoops are compared in figure 11
at an sirspeed of 160 miles per hour for the two values of charge-
alr flow, The ram-pressure recovery for both scoops at angles of
attack of 4° and 8° are lower for charge-air flow of 12,000 than
for TO00 pounds per hour. For the standard scoop at an angle of
attack of 0°, this relation is reversed and for the under-cowling -
gcoop the ram-pressure recovery at 12,000 pounds per bour is
approximately one-nslf that at 7000 pounds per hour.

H

the three scoops for the three basic flight conditions is presente&
in the following table:

5y - Ey -
The comparsative ram-pressure recovery - ———————-) 100 of
1

Scoop  IAngle of |Approx- |Charge- |Cooling- |Ram-
attack imate gir flowjair flow|pressure
o airspeed)  w W, . |recovery T
Standard 0] 200 11,900 42 T5.5
4 160 7,200 26 76.0
8 160 11,800 40 35.3 T
Under- 0 180 12,000 42 48.3 o
cowling 4 160 9,000 | 26 7.2
8 160 11,600 37 63.5
Modified 4 180 8,000 25 : 91.4
under-
cowling

From aerodynamic congiderations for high-speed level flight,
the standard scoop is more setisfactory than the under-cowling
scoop. For steep climb at sea level or cruise at ceiling conditions,
the under-cowling scoop hes greater ram-pressure recovery than the
standard scoop. Furthermore, the ram-pressure recovery for the mod-
ified under-cowling scoop at cruising conditions is higher than for
either of the other scoops. The aerodynamic performance of the mod-
ified under~cowling scoop based on the results obTainsd at an angle
of attack of 4° wlll probably compare Ffavorably with the standard
gcoop for high~speed level flight and be still better for climb
conditions.
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Raln Tests

The gcoops were tested under rain conditiorns that actuaslly
varied from an averasge free-webter concentration of 2.0 to 11.5 grams
vexr cublc meter. As shown in figure 12, large amounts o water were
ingested by the standard scoop in direct proportion to the free
water 1n the sir etream for the three basic Pflight conditlons. The
modified under-cowling scocp ingested sbout 5 percent of the water
collected by the stendard scoop. No measurable amount of water was
collected with the under-cowling scoop, which indicetes its excel-
lent inertia separating qualities. ' '

Characteristic spray profile distributions in relation toc the
gbandard and under-cowling tyms Bcoops are shown in figure 13. The
effective drop size obtalned during these teets was probasbly lerger
than exists in most clouds bubt coanpiderably smaller than rain drops.

Tcing Tests

Typlcel locations and prcfiles of the Ice formations on each
of the scoops for similar test conditicns are shown in figure 14.

Standerd scoop at 25° F. = Heavy accumulations of slushy glagze
ice formed on the inlet lipas of the sisndard scoop at a test-sectlon
temperature of 25° F (fig. 15). Heavy formations occurved in the
duct with a thickress of as much as 1.25 Inckes along tha celling
and flcor of the duct as far tack as the elbow. High ridges of ice
collected at the top gurface of the lower lip snd iclng of the car-
buretor screen coccurred under all conditions. Ice alwaye foirmed
flrst on the rear and ths sides of the screen, gradually closing
the screen openlng until only & small portion on the forward side
renained open. At an increased angle of ettack, more ice formed on
the celling of the duct due to the greater area directly exposed ta
weter-droplet imvingement. The required air flow through the car-
buretor duct wae maintalned as long as possibls by graduslly open-
ing the charge-air outlet flaps. Severe iwpact icing up to 1 inch
thick formed on the flltered-air door.

Starderd gcoop &t 15° F. ~ As shown in figure 16, heavy rime
jce formed on the lips of the standard scoon at 15° F. Ice formed
up to 0.25 inch thick on the inside of tha duct es far back zs the
elbow increasing in severity with an incresse in angle of abtack.
Tmpact lce formed on the filltered-air door to a thickness of 0.25

10
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to 0.37 inch. Some icing was observed on the carburetor acreen.
Photographs (fig. 17) sbowing the rogreseive formation of ice on
the scoop were taken at Z2-minute intervals throuvgh a tunnel obser—
vation window, - . . =

Under-cowling scoop at 25° F. - When the under-cowling scodd -
waa tested under the msame conditione as the standard scoop, heavy
clear ice accumulated on the outer surface of the front lip at a
temperature of 25° F, ae shown in figure 18. The first 6 %o o
8 inches from the leading edge on the inner murface of the front T
lip were free of ice under all test conditions. From this polnt
rearvard, medium deposits of ice collected as far as the firet access
hatch, At times lce asccumulations were observed for a short distance,
occurring as a result of secondary inertis separation of the residusl
water droplets as the glir turned into the horizontal part of the duct.
As the angle of attack is increased, the curvature for inertia sep-
aration of water is reduced, exposing more of the duct ceiling to
weter impingement. Slightly larger areas of duct icing occurred as
the angle of attack of the medel was increased. No ice formed on
the filtered-air door, heated-zir door, cerburetor screen, or floor
of the duct., Ice Formed on the under surface of the rear 1lip of the
gcoop to & thickness of 0.75 inch during a Z2C-minute run.

Under-cowling ecoop at 15° F. ~ As shown in figure 19, a medium
depogit of rime ice formed on the outsids of the under-cowling scoop
and on the under gide of the rear lip to a maximum thickness of
0.06 inch at a temmerature of 15° F. A thin layer of ice formed 6
to 8 inches back of thue leading edge on the insida of the front lip,
ag in the teste at 25° F, but this deposit was rarely more than
0.06 inch thick and was thin.encugh to permit the laminations of the
wooden scoop %o be visible. No ice formed on the filltered-air door,'_"
heated-gir door, or on the carburetor ascreen,

The rate of ice formation on the under-cowling scoop is indi-
cated by the series of photographs presented in figure.zo.

Modlfied under-cowling scoop. - The modified under-cowling scoop
experienced the sasme gensral exterior icing as the under-cowling
gcoop; some impact ice formed on the screen and the filtered-alr door,

a8 ghown in figure 21. The icing of the screen was anticipated s e

because some water had been collected in the water ssparator Curing
the rain tests. ILight to moderate ice formations were observed in
the ducte at the same gemeral areas as with the under-cowling scoop.

11
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Combined standard and under-cowling scaop. -~ Ioing tests were
conducted on the cowbined standard and under-cowling scoop with a
4-mesn screen placed over the ram inlet. Because the inlet screen
must become plugged with ice before the door will open fully, this
scoop 41d not provide effective inertla separation until the screen
ves fully iced. Conseguently, this scoop under ilcing conditlons
permitted a considerable esmount of lce to form on the carburetor
screen and heavy duct icing was noted. The amount of icing of the
carburetor screen varied with the degree and rate of opening of the
under~-cowling door; hence, with the icing rate of the scoop-entrance
screen. A’ l6-mesh entrance screen gave lmproved performance in
icing conditions, as shown in figure 22, but at the expense of
increased aerodynamic logses in nonlcing condltions,

DEVIATIONS FROM TRUE FLIGHT CONDITIONS

The simulated conditions in the icing resesrch tumnel for the
tests of the scoops differed from true flight conditions because of
the nature of the setup and the tummel cheracteristice. The main
deviations are: o

1. The tests wore conducted without benefit of engine heat,
which in true flight conditlons nay tend to decrease some of the
carburetor-duct icing.

2. The ram-pressure-recavery anil water-ingestion measurements
obtained in the tests may be too high forx all the scoops owlng to
the sealing of drain holes and other openings in the carburetor
duct.,

3. The tests were rum without the presence of the propeller
and no corrections were made for the wind-tunnel wall Interference
on the flow fileld. The comparative results are believed to be
valid, however, because the scoops were tested under substantially
the same conditions.

4. With the spray equimment used in these tests, trus cloud
icing conditions were not simulated in the tunnel. In most impaoct-
icing conditions, cloud-droplet dlameters vary between 10 and
30 microna and the water content varies between 0.5 and 1.5 grama
per cubic meter. The gize of the drops in freezlng mist and drizzle
varies between 50 and 400 microns, whereas freezing rain drops can
attain a size of 2000 microns. Hence, the droplet sizes used in the
tunnel were intermediste hetween those of cloud and rain.

1z
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SUMMARY OF RESULTS e

The principal results of aerodynamlic, rain, and icing tests of
tie standerd and under-cowling type acoop designs in the icing
regearch tunnel for angles of atback of 0° to 8° and charge-air
flows of TO00 and 12,000 pounds per hour with corresponding cooling~
gir flows of 26 and 42 pounds per sscond may be swumsrized as
follows:

Aerodynamic Tests

1. At all angles of attack, the under-cowling-type scoops had
greater ram-pressure recovery than the standsrd scoop for charge-
alr flows corresponding to crulising conditions.

2. At charge-alr flows corresponding to climbd conditions and _ —
at sn airspeed of 160 miles per hour, the under-cowling scoop had
less ram-pressure recovery at angles of attack of 0° and 4° than
the standard scoop but greater recovery at 8°.

3. At an angle of attack of 4°, the modified under-cowling scoop
had greater ram-pressure recovery than the othsr scoops up to charge- e
alr flows corresponding to climb, T

4, At an angle of attack of 4° and cruising charge~-air flows,
the undsr-cowling-type scoops gave Improved velocity diastributions _ _ R
at the carburetor top deck as compared with those of the standard :
8CO0P.

Rain Tests

5. The rate of water ingestion of the standard scoop Incroased
in direct vproportion to the free water in the alr and was higher
than for the other scoops.

6. The rate of water ingestion by the under-cowling scoop was I
too small to be measured with the avallable eguipment. o o T

7. At an angle of attack of 4°, the modified under-cowling

gcoop Iingested water at g rate approximately 5 percent of that of B
the standsrd scoop under the same conditions. _ . ~ T

13



HACA TN No., 1134

Icing Tests

8, Feavy duct and carburetor-screen icing occuirred with the
standard scoop at 25° F at all angles of attack; at 15° P, moderate
duct and light screen iclng were observed.

9. Light to moderate duct icing and no carburetor-screen icing
pccurred with ¥he under-cowling scoop atb tGMharat ures of 15° and
25° F at all angles of attack.

10, Light to moderate duct icing and traces of screen icing
were observed on the modlified unler-cowling scoop at an angis of
attack of 4° at a tempersture of 25° F; whorees at g temperaturse of
159 F, no pecreen ice and only L_gnt duct fce were observed.

Aircraft Engine Researcn Laborstory,
National Advisory Committee for Aeronaatlcs,
Cleveland, Ohio, June 21, 134€.
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APPENDIX - CALCULATION OF DROPLET THEORETICAT. PATHS

In order to demonstrate analytically the inertia-separation
principle of the under-cowling scoop, a hypothetical flseld of two-
dimensional potential flow was selected to represent approximately
the flow ghead of the engine cowling and the paths of 15- and
40-micron diameter droplets were caloulated and plotted., The
streamline paths selected were rectangular hyperbolas of the type
represented by the gemsral eguation '

¥y = -Xy =k

where X and ¥y are the axes, k 1g an arbltrary constant, and V

is the stream function. The cross-sectlonal outline of the under-

cowling scoop was superimposed on the field of flow In an arbitrary
nosition selected to illustrate as clearly as possible the inertia-
genaration principle involved.

The method used to calculate the droplet paths is outlined.in o

reference 3 and is based on the following assumptlons: T
1. The individuvwal droplets wsre assumed to be travsling on

particular streamlines with & free-stream velocity of 300 feet per

gsecond &t g distance 4 feet abezd of the engine cowling. -

2. The speed of the droplet was assumed to remalin constant at
g free-agtream veloclty of 300 feet per mecond in a direction tangent
to the originel gtreamline at all points, .

3. The radius of curvature of the criginal streamline was
elways used in determining the centrifugal accelsration on the drop-
let even though the droplet peth had deviated consideradly from the
original streamlins. —

4. Stokes' lawy was assumed to be valild at these values of drop-
19t Reynolds number. [ —

The normal velocity of the droplets was calculated from Stokes'

law by
a = z rPv2
-9 pupo
wWhere =
u component of droplst local veloclty mormal to original stream-
line, ft/sec

15
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r droplet radiuvs, £t

v dronlet wvelocity, ft1§ec

m absolute air viscosity, lb-sec/sq £+
P streamline radius of curvature, %

The droplet deviation is then found from the equatilon
t
B
o [ e
: 4

5 devlation of droplet normal to streamline, f+t

where

t time, sec
Subecripte A and B represent the limits of the increment,

In order to show the effect of drop size, the patha of droplets
of 15- and 40-micron diameter werse plotted as shown in filgure 23,
As indicated by thess paths, only the small droplets enter the sccop.
Evidence of the entrance of small droplete into the under-cowling
gcoope was found in the presence of light to moderatse lice accretlions
on the inside upper surface of the inlet duct and in the small amount
of water Ingested by the modifled under-cowling scoop. On the basie
of work done by Dr. Irving Lavgmuir of the General Elsctric Co. on
the pathes of water droplets at values of droplet Reynolds mumber
beyond the range of validity of Stokea' lew, 1t is estimated that
the 15~ and 40-micron droplet paths as calculated from Stokes' law
may correspond to the trus paths of droplets whose dlameters are
approximately twlce these values. Because the measured aversge
droplet diameter by volume maximum in these tests was between 85 and
120 microns, the droplet paths shown in figure 23(b) probably rep-
regent true paths for the conditions of the tests.

REFERENCES

1. Kiwball, Teo B.: Icing Tests of Aircraft-Engine Induction
Systems, NACA ARR, Jan. 1943.
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3. Stickley, A. R.: Some Remsrks on the Physical Aapects of the

Aircraft Icing Prcblem. Jour. Aero. Sci., vol. 5, no. 11,
Sept. 1928, pp. 442-4486.
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Flgure 3., - Free-water sampling rake and water trap.
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(a) Standard scoop.

- YA - ekl
- i oAt

R

(b) Under-cowling scoop.

NACA
C- 11958
8- 17-45

Combination of standard and under-
cowling scoops. {Arrow shows inlet

door.)

Figure 4. - Basic design of standard and under-cowling scoops.
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Ing scoops. :
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NACA TN No. [1I34

Figure 5.

of standard scoop,

Fig.

Engine ¢

{c) Modified under-cowiing scoop.

- Continued.
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el Combined standard and under-cowling scoop.

Figure 5. - Concluded. Profiles and typical cross sections
of standard scoop, under-cowling scoop, modified under-
cowling scoop, and combination of standard and under-cowl-
Ing scoops.



<«

NACA TN No. | 134

Figure 6. - Pressure-belt
distribution survey.

installation used In

Fig.

NAGA
C-10066

5-16-45

pressure-

6



NACA TN No. [134 |, Fig.

N
\\\\\\\\\
S-a0 Sy \\\
\\\\
—

<

\\

\
:Eo) (:E;)' ug'/:;;; ('wZiac) ' ( k\\\\\ .

[

.\

=

+ Positive static pressure

= Negative static pressure +

Flgure 7. - Surface pressure distributions over standird ' N - §-10
scoop.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



et
=
. D —
l.0 B R
v — ”'
A——
$ = 2.0 y 0 P———
e
Vo $ = 4.9
+ -
. » N0 ‘v
Pains
( <~y
» e 3 —a
— " o
y- "’ W
? O 'o'
\y( :
+
NATIONAL ADVISORY
- CM!TTEE For AERONAUTICI
o v w ¥,
(deg) (mph) (ib/hr) (ib/sec}
o¢ i80 12,000 42
vt feg 7,000 28
o 8 160 12,000 ¥2
1_ Positive static-pressure
~— Negatjve statje Pressyre
(a) Undor-cowiing $coop,
Figure 8., o Surface Preggyre distributions over under-cowli
its modificati

ng $coop apg



NACA TN No. 1134 Fig. 8b

+
a '} We We
(des) (mph) (id/hr) (ib/sac)

o i60 7000 26

<4 Positive static pressure
— Negative static pressure
NATIONAL ADVISORY
(b) Modified under-cowiing scoop. COMMI TTEE FOR AERONAUTICS

Figure 8. = Concliuded, Surface pressure distributions over under-
cowiing scoop and its modification.



NACA TN No. ([134

Fig. 9
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Figure 9, - Typical velocity distributions for the standard and modified
under-cowliing scoops at carburetor top deck. o, 49; VY, 160 miles per
hour: W., 12,000 pounds per hour. ;
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Side view Carburetor air screen

(a) a, 80; V, 160 miles per hour.

Figure }5. - Glaze~ice formatlons on standard scoop afTter |5-minute run. t,
W., 12,000 pounds per hour; Wg, 42 pounds per second, '
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Flgure 15, ~ Concluded. Glaze~lce formations on standard scoop after |5-minute run.
t, 252 F; We, 12,000 pounds per hour; W,, 42 pounds per second. :
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Front view

NACA

Threew~quarter view Carburetor alr screen c- 10053
B 16-45
ta) «, 8% Vv, 160 miles per hour; 25-minute run.
Figure {6. - Rime—ice formations on standard scoop. t, i6° F; W., 12,000 pounds per

hour; W,» 42 pounds per second.
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Side view

(b) a, 0% Vv, 200 miles per hour; |2~-minute run.

pounds per hour; W 42 pounds per second.

e’

Three~quarter vlew . Carburetor alr screen
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Figure 16. — Concluded. Rime~ice formations on standard scoop. 1, 15° F; W., 12,000
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2 minutes 4 mlnutes
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8 minutes I0 minutes

Figure |7. ~ Progressive formation of rime ice on standard scoop. t, 15° F; W
pounds per hour; W,, 42 pounds per second; «, 0°; V, 200 miles per hour.
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Carburetor alr screen
(a) &, 89, v, 160 miles per hour; 25-minute run.

Flgure |8. - Heavy:claar~1ce formatlons on under-cowling scoop. t, 25° F, We,r
pounds per hour; W,, 42 pounds per second.
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NACA
Inner lip of scoop Carburetor alr screen C- 10056

5416-45

{b) &, 0°;, V, 190 miles per hour; 20-minute run.

Flgure 18. ~ Concluded. Heavy clear-ice formation on unpder~cowling .scoop. t, 25° F;

w i2,000 pounds per hour; W 42 pounds per second.
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Inner and outer lips of scoop Carburetor air screen g:goig

NACA

ta) a, 8% Vv, 160 miles per hour; 20~minute run.

Figure 19. - Rime-ice formations on under-cowling scoop. t, 152 F; We, 12,000 pounds
Per hour; W,, 42 pounds per second.
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Flgure 19. —~ Concluded. Rime~ice formatfons on the under~caowling scoop.
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6 minutes

I6 minutes

NACA
c-119%9
B-17-48
Figure 20. — Progressive formation of rime lce on under~cowling scoop. t, 15° F; w

c’
12,000 pounds per hour; W,, 42 pounds per second; o, 8%; v, 160 miles per hour.
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Inner lip of scoap Carburetor air screen MACA,
5. 16- 45

ta) t, 25° F; W,, 7000 pounds per hour; W,, 26 pounds per second; |O~minute run.

Figure 21. - lce formations on modified under-cowllng scoop. V, 160 miles per hour;
o, 4°. .
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Inner lip of scoop

(b) t, 25° F; w,, 12,000 pounds per hour; Wy, 42 pounds per second; I5-minute run.

Figure 21, ~ Continued. Ice formatlons on modi fied under-cowling scoop.
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160 miles

*ON Nl VOVN

el

-Bld

qic



slde view

' ) NACA
inner lip of scooap . Carburetor air screen c-10083
5 16-45

(e) t, 15° F; W_, 12,000 pounds per hour; W,, 42 pounds per second; |5-minute run.

Flgure 21. - Concluded, |ce formations on modi fied under~-cowling scoop. Vv, 60 miles
per hour; «, 40,
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Three-quarter view
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Figure 22. ~ lce formations on combined standard and under-~cowiing scoop after |5-minute

run. {6-mesh Iinlet screen; t, 25° F; W
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