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By lark R. Michols, Arvid L. Keith, Jr.,
and Nobert W. Boswlnkle, Jr.

INTRODUCTI OIf

_ At the request of the Bureau of Aeronautics, Navy
Department, en investigation of carburetor-air scoops
designed for the XTB2D-1 alrplahe has been made in the
NACA propeller-research tunnel. The purpose of this
investigdtion was to determine the performance of several
scoops and to make modifications necessary to improve
the opressure recovery without .adversely affecting the
drag of the airplane. The test model consisted of a
3/10-scale mock-up of the forward part of the XTB2D-X
fuselege mounted on a stub wing.

The XTB2D-1 alrplane 1s a carrier-bgsed torpedo
bomber powered by a Pratt & Whitney.R-L267 engline
equinped with a two-speed single-stage supercharger:;
an eight-blade dual-rotating prdépeller is used. The
carburetor-alr scoop is mounted on the top of the
engine cowl approximately 73 lnches aft of the cowl
Inlet where vislibllity requirements necessitate the use
of very low inlets of high aspect ratio, Because
previous investigations of similar scoops have shown
that large pressure losses can be avoided only through
adequate control of the boundary layer shead of the
inlet, detalled stucdies of tire boundary layer on the cowl
were included in these tests as a prerequisite to the
%evalopment of suitabvle bhoundary-layer-bypass configura-

lons.

The investigation included tests nf nine carburetor-
alr scoops wlith numerous boundary-layer-bypass and duocting
modifications, the oripginal engline cowl, and two canoples.
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Pressures were measuréd in the carburetor duct, in tne
carburetor-duct bypass, 1n the enzine cowl, in the cowling
boundary layer, and at the surface -of the ocowling,
carburetor scoop, and canopy. Incldental teasts were

also made with a windmillling propeller to determine the
effects of propeller disturbance, Tuft observations anmi
force measurements were also made at various stages of

the testing.

SYMBOLS
A crosa-sectiéhal.area of duct or cowi, square
feet
Cp drag coefficlent, D/q,8
D drag force, pounds
(-3 aéépieration of gravity, 32.2 feet per second
. per-second
.H total pressure, pounds per square foot
P static pressure, pounds per square foot
q. . dﬁﬁhmic pressure, poﬁﬁ#s per square foot
Q volume rate of flow, cubic feet per second
S wing area, ‘square feet
\ veloclity, f@et per second
o . geometric angle of attack (angle between thrust
.  axis and center line of tunnel), degrees
(See fig. 10.) . .
5 cowl-flap angle from flush position, degrees

Subscripts denote conditioné:

a at cdbin—ventilating-ducf inlet
b in carburetor scoop bypass
c{ at cowl inlet

at upper deck of carburetor

I
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) - at cowl -oxit -
1 E ‘&t carburatonwduct 1n19t .
0. in free strrih S Zﬁ' ‘: : -
LI , ~at surface of model o

-A ber above'a ymbol denote&-an‘arithmotic average.. .

‘Mom -

‘The test model qonsiatéd of'a S/lo-scale mocﬁhup.

. of the forward portidn of the XTB2D-1 fuselage mounted

on. a ;stub wing; the rear part of.the fuselage was
replaced by a short fairing. The general arrangement
and principal dimensions of’ the model are givén in .

" Pigure 17 a-cutaway drawing-showing: the Interior -

arrangement is presented as figure 2. A photograph of
the model mounted in the propeller-research tunnel 1s
presented as flgure S. . .
The engine cowling and basic scoop configurations
are shown in figures 4.and 5, Detalled dimensions of
these components and of the original dnd modified
canoples are .given in figures 6 .through ‘8. The basic
scoop conflgurations A, E, F, and G were designed. and
furnished by theﬁmanufacturer, configurations H and I
were designed and constructed ‘at the Laboratory;
scoops B,. C, and D were modificationq‘to the A configu-
ration.

A summary of physical ‘data on the several basic

.8coops 1la given below:s .,

bl |




Sooop Bypass
Configu~ Distance]l Helght{Width| Inlet |Carburetor| Inlet | Total
ration from of of area deck area| area exit
-oowl inlet]inlet area
] nese )
(in.) (in.)] (in.)| (8q ££)] (sq £t) |(sq £t)](eq ft)
A 22,00 | 1.19 | 7.13] 0.0475] ©0.0934 | 0.0118} 0.0045 ]
B 21.00 .78 | 6,00 .0321 0934 .0066] .0049
C 22.00 1-06 9069 00578 00934 -0099 .0095
D 22,00 1.08 | 9.89] .0472 0034 0099} .0197
-] 21,94 1.19 | 7.18] . .0505 ,0934 .0108] .0110
F 21.08 1,16.| 7.19} . .0490 .0934 0180} .0140
@ 21,09 | 1.25 } s.81] P.os61 0522 | .01261 .o184
H 21,75 1.27 | 5.751 .os08 .0934 .0088|" .0301
I 0 1.26 |%5.371 .0500 00% | o 0

8pepr side.

bPpoes not include area of auxiliary inlet for cabin
ventilation (0.0084 square foot).

Configurations A, B, C, D, E, and H had raised bypass
inlet scoops of the same tyge a8 the carburetor scoop;
configurations F and G had "suction slit"™ type bypass
inlets. The bypass exits of A, B, and C were located
beneath the cowl flaps, and those of scoop E were located
downstream of the cowl flaps. Scoop D had a bypass exit
beneath the flaps and an additional passage through -a
vertlical vane in the center of the duct. Scoops F, G,
and H had bypass exits located on the sides of the
scoops, Scoop F had a suction slit downstream of the
bend connected to exlits behind the cowl flaps.

METHODS AND TESTS

The alr flow through the cowling was fixed by
setting one of two cowl-flap positions. The flow resis.
tance of the engine was represented by a callbrated
orifice plate which had an effective area of 0.206 square
foot. The alr flow through the carburetor duct was .
controlled by a varlable-speed centrifugal fan which



drew alr intc -the scoop and exhausted through a cali=
rated venturl in the wing tip. Additional control of
the "charge-alr flow was provided by a-valve at the
venturl ‘exit. . .

The instrumentation of ‘the orifice plate (fig. 9)
conalsted of four orifices 'in the web of the plate at
the mean radius of -its upstream face, four orifices in
the downstresam face spaced betwsen the front orifices,
and a thermocouple 1n the upstream face of the plate,
Statlic orifices were installed on the imner surface of
the cowl skirt jJust ahead of the treiling edge of the
flaps, and on the left side of the inner cowl_in the

plane of the tralling edge of the flsp and l% ineh to
elther side of this plane.

Total pressures in the boundary layer in front of
the original scoop were measured by a rake of twenty
0.030-inch-dlameter stainless-steel tubes with ends
flattened to form openings 0.005 by about 0.05 inches.
Total pressures at the scoop inlet and at the carburetor
deck were measured by grids of 1/16~ and 1/8-inch tubes,
respectively. Statlc pressures were measured at the
carburetor decks of scoops &, F, G, H, and I by means
of eight 1/8-inch static tubes. Pressures were measured
in the bypass exits by 1/16-inch total and statlc tubes
and by surface orifices. Instrumentation of the
carburetor-duct venturl consisted of static-pressure
manifolds at the bell and throat and a thermocouple at
the center of the duct 2 feet upstream from the throat.

Surface pressures-over the cowling were measured
by a Y“presasure belt" in accordance with the technique of
reference 1. Surface pressures over the carburetor
scoop and the canopy were measured by flush orifices,

‘Bach of these scoops was tested at several angles
of attack at a tunn€l speed of approximately 100 mlles
per hour with prgpeller removed. At angles of attack
greater than 7.5 ; the tunnel speed was reduced to
80 miles per Hour to avold excessive 'wing flutter. It
1s noted that the values of a presented in this
report are geometrlic angles between the thrust axis of
the model and the center line of the tunnel. The calcu-
lated relationshlp between thls angle and the effectlve
angle of attack 1s shown in figure 10. At a geometric
anglé of attack of 0°, the two angles are very nearly




the same; ge difference increases to 0.6° at a geometric
angle of 10 .

For several tests, a three-blada, 4-foot-dlameter
propeller with blades set at 35° at the three-quarter
radius was mounted on a floating spindle in the spinner
to permit a etudy of the effects of propeller disturb=
ances on the flow. (See fig. 4(a).) At a test speed
of 100 miles per hour, this propeller windmilled at
speeds whicg varied from 930 rpm at g = 0° to 550 rpm
at a 7.5

RESULTS AND DISCUSSION

The results of these tests are presented in four
gsections which deal separately with (1) the flow through
and around the engine cowling, (2) the flow in the
several carburetor ducts, (3) the surface pressures on
the model, and (4) the drag of several configurations.

Flow Through and Arcund Engline Cowl

A study of ths flow through and around the engine
cowling was made as & preliminary to the carburetor-alr
scqop Investigatlon to establish the condlitions under
which these scoops were operating. Measurements of the
Inlet=velocity ratio, pressure recovery at the cowl
orifice plate, statlc pressures In the cowl exit, and
cowling boundary layer were made over a wide range of
angles of attack and tunnel alrspeeds. -

Internal flow.- The inlet-velocity ratio for the
cowling @ 7IGVO wlth propeller removed is shown in

figure 11 to have been about 0.55 with flush cowl

flaps and about 0.81 with cowl flaps opened 16°.
Installation of the windmilling propeller reduced the
inlet-velocity ratio by epproximately 0.09 and 0.06

for the 0° and 18° flap positions, respectively. Theas
values were esgentially constant throughout the angle-
of-attack range investlgated.

Typical preszure dlstributions over the front and
rear Ffaces of the orifice plate at inlet-velocity ratios
of 0.55 and 0.81 are presented for several angles of



attack in figure 12. These data indicdate very little
.change in pressure recovery on the horizontal center
. line over the ¢omplete angle-of-attack range. -The
recovery at. the. top and bottom of the plate, however,.
was very sensitive to changes in a. -Thls latter varla-
tlon is shown more clearly in figure 13. The cause of
the large decréase in recovery at the top of the.plate
at high angles of attack .is shown in the tuft dlagrams
of figuae 14. At .an inlet-velocity ratio of 0.55 and
2.5°, the tufts showed a reglon of stagnant or
reversed flow at the spinner surface at the top of ‘the
inlet; at a = 10° the tufts showed a rapld upsweep
in the flow in front of the top 1lip, thus indicating a
small flow iInto the top of the inlet and possible
spillage of the Internal flow over the 1llp.

In confipurations A through D the available pres=-
sure drop across the boundary-layer bypass ducts, and
hence the quantity flow through these passages, was a
functlion of the static pressure lh the cowl exit. With
propeller removed these pressures averaged about 0.2q,

.above. the free-stream static pressure for the flush-
cowl-flap cgndition. (See fig. 15.) With a cowl-flap
angle of 16 they varied from avout -0.2q, to -0.36q,.

Installation of the windmilling propeller:raised the
average statle pressure wilth flaps deflected by approxi-
mately 0. 05q° but had negligible effect when the flaps

were in the flush position. . -

Cowll boundary layer.- Té6tal-pressure distribu-
_tlons In Eﬁe cowling sounairy layer are shown 1in fig-
ure 1l6. The thickness of the boundary layer lncreased
rapidly with increases in g -and with decreases in the
dilstance of the me&suring point from the scoop inlet.
Decreases in the inlet-velocity ratio of the scoop
caused appreclable increases in thickness at the station
1 inch in front of the inlet. Flow separation l1ls noted
at this station for confsguration A-1 ?no bypess) with
the cowl flaps opened 16~ but'-apparently did not occur
with the flaps at 0°. The separation with open flaps
may have been caused by the influence of the positive
pressure field of the flaps on the already steep
adverse pressure gradlent In front-of the scoop.

I - b RPN




‘Flow- in Carburetor Ducts Ce

Data on the flow in the several aarburetor ducts and
carburetor-duct bypasses are given in flgures 17 thropgh
- 32. Pressure recoveries and pressure dlstributions at
the inlets and. deck flanges are presented.as functions
of the free-stream velocity, the inlet-velocity ratio
Qy/A3V,, the angle of attack @, and the cowl-flap-,

angle 8. COmplete test data are presented for a repre-
sentative configu"ation.

‘'The pressure recovery at the inlet and deck of a
typlcal configuration (A~5) is shown in figure.l7 as a
function of the free-stream velocity. The scale effect
1s shown to have been apprecliable helow 70 feet per
second but negligible over the test range of from 117
to 146 feet per second.

Variations of the average pressure recovery with
Qi/Aiv at constant values of g are shown in fig-

ure 18 at the inlet and in figure 19 at the carburetor
deck of a typlcal conhfiguration. The pressure recovery
at the inlet increared with: ’ - -

(1) Increases in Qy/A4V, (because of reduced
boundary-layer thickness, fig. 16)

(2) Decreases In a (becansgs of decreases in the
thickness of - the cowling boundary layer and
changes in the direction of the entering
flow i

(3) Increases in the cowl-flap angle (because of
more complete boundary-layer removal due to
the reductlion in static pressure at the
bypass exits)

The pressure recovery at the deck Iinereased inltially
with increases in Q3/A1V, because of the increased

recovery at the inlet and then decreased because the
Internal losses Increased with the internal flow.
Decreases In a and increases in - & produced pressure
Increases at the deck simllar to those obtained.at the
inlet. To facllitate analysls, these data are cross-
falred and replotted in figure 20 along with data for
the other configurations tested over wide ranges of a
and Qq/A4V,.



Series: A carburétor ‘dudts.< TH ‘thé original duct
(f1gs. 5(a) end 7(8)]) -the ramming pressure at the .
caﬁburetor qeck_flangg &verage& but '0.80q, . over: the

high-speed range.u (Sqe fig ‘20.) - Ins ection of ‘the
local pressures at the inlet and deek (fig. 21) shows
that large losses in ram occlirred ahead of the scoop

as well+as-in- the- duct,,lThesa data indicate that the
losses ahead:.of the. sgodp ddturred Hecause.of inadequate
boundary+layer removal. Opening- -the cowl:flaps. Iincreased
the pressures at the inlet and deck by O. OSqo to 0. OBqo

as ‘8, result of 1ncrease& tlow’ through the" boundary-layer
ypaee- . . :

" The ineffeotiVeneas of tbe original boundarydlayer

;bypass with flaps closed’ 1s- shown by a comparison of"

the preesure recoveriéa obtained with configurationa A

.. and A-1l. ' (See- fi%1 £20.)" Pairing out the bypass, ton-
£

figuration: A-1 Slb)) had negligible effect on.
the pressure at the inlat hnd dsck.

A number of ettenﬂiona varying in length,.. camher,
leadihg-edge radiur, and-helght ashove cowl surface .
was . made to the bypass 1ip in &n attempt to obtain.
.adoquate boundary-layer removal. The. more sffective
extenslons had moderate camber with well-rounded leading
edges., . Uee of. the airfoil-shepéd lip extension of con-
figuration A~7 Increased the average inlet pressure at

.@ = 2,5%° Q;/AV, = 0.59, and’ 8 = 0°, to O. 84q,,

Q.O4qo higher than the inlet pressure obtained by con-

figuration A. (See fig. 21.) Several of the .extensions
were also tested in conjunction with modified duct lines,
configurationd A-4 through A~6, but no oubstanqial

- improvement in available: ram was obtained.

Although the various extensions to the divider

“betwesn the boundary-layer and.carburetor-alr ducts

improved “the .flow to the carburetor, large losses. con-
tinued to occur because of inadequate flpw through- the
bypass. To provide increased flow with more uniform
Temoval' of the boundary layer, direct passages: were
éut from the -byphsa-inlet to.the -low:pressure.area

'‘Just downstream of .the bend in the gearburetor duct,

For thase configurations (A-14,. k-15, gnd ‘A-16), at .
= 2. 89, Q1/A1V, = 0.59, and & = 0°, the average

q_pressure at the’ inIet wag Iinereaséd ‘to O. 89q°, 0.90q,,

and O. 87qo,'respective1y. (See fig. 21.) This result
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stresses the importance of obtaining a high rate of

flow through the bypass and uniform boundary-layer
removal across the inlet. ‘It ia noted that the pres-
sure recoveries at the decks of A+l4, A-15, and A-16
were low because of the. large quantity of low-energy alr
bled into the main duct.

Series B carburetor ducts.- The inlet area of the
original scoop was decreased to 0.0321 square foot,
configuration B (figs. S(c¢) and 7(b)), by adding a
wooden extension to the original scoop. It was reasoned
that lncreasing the inlet-veloclty .ratic would reduce
the adverse static-pressure gradlent in front of the
duct Inlet and thus reduce the tendency toward boundary-
layer separation in front of the scoop. The inlet pres-

. sures obtained were higher than the corresponding prea=

sures for .configuration A but were not as high as those
obtained by configurations A-14, A-15, or A-16; large
pressyre losses Iin the duct reduced the recovery at the
deck to approximately one-fourth of the free-stream
dynamic pressure. (See fig. 22,)

Serles C carburetor ductss- The iniet area of
configuration C (f1gs. 5(d) and 7(c)) was Increased to
0.0578 square foot by wldening the original inlet; the
bypass exits were enlarged to 0.0047 square foot per
slde and the Iinterior lines of the bend were refalred.

Thé pressure recovery at the deck in the high-speed

region was 0.60q,, the same as was obtained by con-

figuration A (fig, 20). Several significant changes in
the flow are evident from the data presented in fig<
ures 20, 21, and 23:’

(1) The pressure-recovery at the deck of configura~
tion C was higher over a larger range of Q;/A4V, than
with configuration A.

(2) Opening the cowl flaps cauaed larger lncreases
in the pressure recovery at the deck with configuration C

,than with A.’ '

(3} The pressures at the inlet were much lower than
the corresponding pressures for configuration A, and the
losses between the 1nlet and deck were smaller than for
the A configurations.

Restoring the original duct lines- downstream of -the
wlidened inlet reduced the ramming pressure at the deck
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by 0.10q-. (Cf. data for configurations C and C-1
-from .fig. 23,). i _ .

. Series D carburetor ducts.~ An additional boundary-
layer bypass was provided In the-D configurations through
a vertical vane in the center of the duct. (See .
figs. 5(e) and 7(4).) Configurations D, D-1l, and D-2
had propeller-rqmoved presaure recoveries at the inlet
of 0.86q, at a = 2. 5° Qi A4V, = 0.55 to 0.60, and

5 = 0°.. (See fig. 24. ) These recoveries approach those
obtained for configurations A-1l4, A-15, and A-16 and
agaln-emphaslize the desirability of a large bypass flow.
The pressure recoverles at the decks of the three con-
figuratlons were very low because of high intermal duct
losses. :

Installation of the windmill%ng propeller reduced
the pressure recovery at aq = /K = 0.60,

and 6 = 0° by 0.13q, at the inlet and 0. quo at the

deck, ' (See fig. 24,) Pressure measurements on the
cowling indicated that most of thias difference was
caused by the negative thrust of the windmilling pro-
peller. )

Series E carburetor ducts.~ In configuration E
(figs. 5(7) and 7(e)) the bypass exits were enlarged
to 0.0055 square foot per slde and moved to a position
behind the cowl flaps, and the interlor duct lines were
refalred. The preszure recovery within the high-speed
region averaged 0.65q, (fig. 20), a value 0.02q, higher

than obtalned by any previous configuration. Faliring
out the bypass inlet, configuration E-1 (fig. 20),

decreased the average high-speed pressure recovery by
approximately 0.07q,. Pressure distributions for the

duct (fig. 25) show that the total pressure. at the rear
of the deck was much higher than at the front and that
the statlc pressure was nearly uniform at this station.
The small differences between the total and static
pressures at the front indicate .that there was very
little flow through this area. It 1s cbserved that
conrlzurations E and E-1 were extremely sensitive to

ehengss in inlet-velocity ratio but varied only
.811gl.tiy with changea in a. :

Series F carburetor ducts.- In configuration F
(figs. B(g) and 7({I)) the scoop was extended 1 ineh
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forward; the interlor duct lines and the lined pf: the
bypass inlet were refaired, the bypass exits: wibe. moved
to the sides of the scoop, and a Buction slit #as
installed at the downstream end of the bend, .The bypass
and” suction<slit ducts had exit areas of 0.0070 squame
foot and 0.004% square foot per slde, respectively. - The
average pressure-recovery within the high-speed region
was 0.68q, (fig. 20) Pressure dlstrlbutlions for the

duct (flg. 26) also 1ndicate a substantial flow thYrough
the forward portion of the déck. - Falring out the = -
suction slit downstream of the beénd, configuration F-1
decreased the average high~speed pressure recovery'by

' 0,05q,; falring out the main bypass, configuration F-2,

reduced this pressure by an additional O. 03q,. (See -
fig. 20.) '

In configurations F-3 and F-4, the interior duct
1inés were faired to'ths top of the carburetor venturi
instead of the original deck flange, thus reducil
expansion ahead of the carburetor. (8ee fig. 30.

This modification increaszed the average high-speed
pressure recovery for configuration F-3 to O .76q,

(fig. 20) and increased the flow at the forward portion
of the deck (fig. 26). Opening the main bypass in con-
figuration F-4 further increased the average high-speed
recovery to O. 84qo (fig. 20) and also caused additional

1ncreases in flow at the forward portion of the detvk,
The large increase in recoverg over that obtained for
configuration F-1 (0.21q,) the greater uniformity

of the flow emphasgize the desirability of adopting the
contracted interior linea.

Series G carburetor ducts.- Configuration G
(figs. 5(h) and 7(g)) was similar to configuration F-4
except for the 1ndtallation of an auxiliary duct for
cabin ventilation with an inlet area of 0.00835 square
foot. With the inlet-velocity ratio of the auxiliary
duct adjusted to 0.55, the average pressure recovery
at the deck within the high-speed region was 0.84q,;

adjusting the auxiliaery-duct Inlet-veloclity ratlo to

0.35 did not cause appreciable changes in the recovery.
(See fig. 20.) PFairing out the bypaess in configura-

tion G-1 reduced the average high-speed pressure recovery
to 0.69q, (fig. 20) and caused substantial reductions in
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pressure in the lower part of the Inlet and at the
forward part of the deck. (See fig. 27.)

Series H carburetor duots.- configuration H
(fige, B(1) and 7(h)), designed at thls Laboratory,
wae 0,45 inch higher than the original Douglas
design and incorporated a scoop-type bypass inlet
with enlarged bypass exits located on the sides of the
scoop. To avold reduction ‘in visibllity and inter-
ference with the gun sight, a2 ralsed canopy (fig. 8)
was also designed for use with this scoop. A vane
was installed in each side of the bypass to lnsure
uniform boundary-layer removal across the inlet. 1In
the original H configuration the pressure recovery at
the deck within the high-speéd flight region was
0.69q,,. a value slightly greater than obtained by any

previous configuration in which the duct expanded to

the full dimensions of the carburetor flange. (See

fig. 20.) Pressure distributions for thls duct (fig. 28)
indicate almost complete removal of the boundary layer
in front of the inlet and low pressures at the forward
portion of the deck.

Refalring the interior lines to the top of the
carburetor venturi, configuration H=1l, increased the
average hipgh-speed pressure recovery. to O. 8lq, (fig. 20)

and effected a more uniform dlstribution at the deck
(fig. 28). Refairing the top lines of the duct in
configuration H-2 to increase diffusion upstream of the
bend increased the high-speed ramming pressuré by an
additional 0.03q,. (See fig. 20.)

In configurations H-3 and H-4, the entire 8COOD
was moved forward 11 inches to permit a reduction in

the angle of bend and an increase in the radius ratio
of the elbow. The ‘average recovery at the deck of
configuration H-3 for the high-speed flight region was
0.88q°. Refaliring the top lines of the duct in con-

figuration H-4 to reduce excessive expansion at the
start of the bend increased the high-speed pressure
recovery ‘to 0.91q,, the highest value obtained in.the

present investigation. 'The préssure distribution at.the
deck was alao made more uniform by the modification.
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Series I carburetor ducts.=- Configuration I
(figs. 5(J), B(k), and 7(1)) was & twin-entrance nose
duct tested to provide a comparison between this type
of installation and the scoops previously tested. The
average recovery at the deck over the high-speed flight
region was 0.67q,. .(See fig. 20.) The positive slope

of the pressure contours in figure 20 indicates improved
inlet alinement at higher angles of attack. Pressure
distributions for configuration I (fig. 29) show:

(l) High pressure recoveries at the inlet except
at the inboard corner

(2) Large pressure losses between the inlet and
the bend

(3) Very small pressure losses in the elbow above
the carburetor as a result of the large
radius ratio of the elbow and the large
area contraction in the bend

(4) Total pressure and flow distributions at the
deck more uniform than those obtalned in
any. previous configuration in which the
duct expanded to the full dimensions of the
carburetor deck

In configuration I-1 (fig. 5(1)), the sharply .
curved entrance portions of con{iguration I were removed
and new entrances were formed 1 inches aft of the

original inlets. This modification increased the highe
speed pressure recovery at the deck to 0.81q° and

decreased the senslitivity to angle~-of-attack changes,
(See fig. 20.) Pressure dilstributions for this duct
(fig. 29) show a much higher recovery at the start of
the bend than that obtalned with configuration I.

Summa of bypass flow data.~ The variation of the
bypass Flows with angle ol attack for several inlet-'
veloclty ratlos is shown for scoops A, E, F, G, and H
in figure 31. These data show a small decrease in flow
through the bypass with increasing angle of attack; the

extent of the change was greatest at low values of
Qy/A3Vo. It 1s noted in figure 31 that the ratio of

bypass flow to charge-alr flow decreased rapldly with
increases in inlet-velocity ratlo; however, the quantity
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flow through the bypass was esaentially independent of

..carburetor-alr flow, The small flows through the bypass
of configuration A were caused by the "l5¢ation of the
small bypass exltas beneath the cowl flapa. Larger flows
were obtained by the bypass of configuration E because
of the increased bypass exit area and because the exlts
were moved to a poasition behind the flaps. Progreasively
sugmented bypass flows were obtalned in configurations F,
G, and H by enlarging the bypass exlt area and locating
the exits on the sides of the scoop in regions of. low
static pressure. )

" Theé inlet pressure recovery for a number of scoops
at ¢ = 2.5° 18 plotted against the ratio of bypass "
flow to inlet flow In figure 32. The -inlet pressure
increased almost linearly with bypass flow. An inlet
pressure recovery of 0.9’7q° was -obtained by configura-

tion Hat a = 2.5° by the removal of 113, 53, and
34 percent of the inlet flow at inlet-velocity ratios
of 0.19, 0.45, and 0,70, respectively; these air flows
correspond -to an approximately constant inlet-veloclity
ratio of 1.3 1rito the boundary-layer duct. Corresponding
inlet pressure recoveries for simllar scoops with no
gyggss flow were approximately 0.73q,, 0.78q,, and

+0cg e |

Surfece Pressures over Model .

Surface pressures were measured over the cowllng,
the carburetor scoop, and the canopy to determine the
critlical Mach numbers of the components; extrapolation.

" of these pressures to high Mach numbers followed the
von Kdrmén relationship given in reference 2.

Cowling.- Surface pressures aiong the tép of the
eowling presented 1n figure 33 show that:

(1) Changing the.inlet-veloclty ratio from 0.55 to
0.81 at angles of attack between -2.5° and 5° resultedin
relatively small increases in thé peak negative pressurse.

(2) Increasing the angle.of.attack from -2.5° to &°
more than doubled the peak negative pressure over the
top of the cowl.
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- (3) The stagnation point invariably.occurred -on
the outside of ths cowl 1llp. The peak’ negative pressure

(-0 4lq » measured at a =5° and- __V_ = 0. 5u) corre-

sponds to a critical speed of about. 525 miles per hour
at an altitude of 16,000 feet ln standard air. It is
noted that the high-speed—flight angle of attack would
actually be. much 1cwer than S

The locatlon of the stagnation point on the outside
of the cowl 1llp presents evidence of flow distortion at
the top of the inlet supplementing.the tuft study
(fig. 13). - The probable streamlines at the inlet as
constructed from these data are shown in fiigure 34.°
Inasmuch as the distortion of the inlet flow was shown
to have caused large 1osses of pressure at the top of

the orifice plate at = 0.55 (figs. 12 and 13), 1t

A V

¢c'o
is recommended that the flow at the top of the inlet be
further investigated. )

Carburetor scoog and canopx,- Surfaoe preesuree-
along the top o e original carburetar-scoop and-the
original .canopy areé presented in figure 35. The negative
pressures over both the scoop and the canopy increased
with angle of attack. The negative pressures over the
scoop also increased rapidly with decreases in the 1inlet-
velocity ratio of the carburetor inlet; pressures on the
canopy were not appreclably affected by this variable.

The peak negative pressure over. the original '
carburetor: 8coop was not definitely established, but it
appears probable that it would not exeeed =1. Oqo for any
of the high-speed conditions.

The peak negative pressuree over the original canogy
varied from -1. 21qo at “a = -2.5° to -1l. 48q° at a = 5

These pressures correspond bo critical speeds, in standard
alr at 16,000 feet, of.398 and 371 miles per hour,
reepectively. The canopy appears,  therefore, to be
acceptable from the critical-speed standpoint. A ateep
positive pressure gradient downstream of the negative
pressure peak, however, has been shown In reference 3 to
be assoclated with high drag.

Pressure distributions over the modified canopy
(fig. 8) are presented in figure 36. Peak negative
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pressures occurred at the top .0f the canopy and varied
from -0.67q, af a4 = -2.5° ‘to -0.87q, at ..¢ = 5%

" These negative peak pressures correspond to critical
speeds, in standard air at 16,000 feet, of 472 and

438 miles per hour. It 1s noted that the pressures on
the sides of the cdnopy are nearly equal to those on
the top and that the slope of the adverse pressure
gradlent downstream or the negative peak was eubstan—
tially reduced.

Drag Results

' A summary of the drag data obtained during the
investigation is presented in table I. The drag incre-
ments shown.are based.on a 3/10-scale wing area of
, 54.5 square feet. These increments were obtalned by
subtracting the drag of the basic model and the drag
chargeable to the decrease in momentum of the car-
buretor alr along the x-axlis from the measured drag-.
of the complete installation.. The drag coefficient of
the basic model was obtained from tests of the original
model with the inlet and bypass of carburetor scoop A
falred over and with cowl flaps flush. The drag coef-
ficients given in the table are somewhat erratic;
however, the following trends are obssrved consistentiy:

(1) The drag of the scoops increased with increases
in a and with decreases in Q4/A4V,.

(2) Replacing scoop A snd the original canopy with
scoop H and the modified canopy reduced the drag.

(3) At angles of’ attack less than 5°, replacing
scoop A with scoop I-1 decreased the drag coefficient of
the model at high inlet-veloclty ratios but increased
it at low velués of Q3/A4V,.

(4) Pairing out the bypasses of eonfigurations A
and H reduced the drag coefflecients of the model by
about 0QQ02 and 0.0004, respectively.

(5) The drag of the model with the modified canopy
and scoop H with a sealed inlet. was slightly lower than
that of the baslic model.
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{6) Opening the cowl flaps inoreased the drag coef-
ficient of the model by 0.0063 at a = «2.5° and 0.0048

SUMMARY OF RESULTS

The principal results of fhe propeller-off tests
are summarized as followa:

l. The original -scoop, cbnfiguration A, had an
average ramming pressure at the carburetor flange of
0.60q, over the range of high-speed flight conditions.

2. A high-speed ramming pressﬁre of 0;91q° and a

more uniform flow at the carburetor flange were obtained
by configuration H-4 without increasing the drag of the
model., The increase 'in pressure over that obtained by
configuration A 1a equivalent to an increass in critical
altitude of the alrplane of approximately 1200 feet and
. & corraesponding increase in top -speed of about 5. 6 miles
per hour.

3. Adequate boundary-layer removal must be provided
" Yo obtaln a high ramming pressure and uniform flow con-
ditions into the scoop.

4, Maxlmum carburetor-deck pressure recoveries for
those scoops wlthout bypasses appeared to occur at inlet-
Velocity ratlos between 0.3 and 0,5. Optimum inlet-
veloclty ratios for conflgurationhs with adequate boundary-
layer removal were somewhat lower.

' 5. The intermal duct losses were decreased by-
elimineting the expansion in the bend, reducing the
angle of the bend of the elbow, and increasing the
radius ratlo of the elbow,

6.  ‘Opening the cowl flaps 16° caused the boundary
layer to separate In front of a typical configuration
not equipped with a bypass.

: 7. The drags of scoops A and H were decreased
approximately 0.0002 and 0.0004, respectively, by
falring out the bypasses,
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8. Scoops exteﬁ&iﬁﬁ”%&'éhe front of the cowl were
less sensitive to changes 1lh angle of-:attack than scoops
looated .at the reAar of the cowl.

4.
- '

. 9. Stagnant ér- reversed flow was notéd at the
spinner surface at the top of the cowl inlet for the
. low-angle-of~attack, law-inlet-velocity-ratio condltion;
"dt.approximately the same inlet-velocity ratio, en
unuaually rapid upsweep.in the flow in front of the
.Inlet.-was also observed at high angles of attack. The
- pressure recovery at the.top and bottom of the cowl .
orifice plate:was very sensitive to chanses 1n angle of
‘attack. .

10, The critical speed of the cowling was well
above the maximum speed of the airplane.

1l1. A steep adverse pressure gradlient was measured
at the top of the original canopy.

12, Substitution of the modified canopy for the
original canopy increased the critical speed and reduced
the drag a small amount.

Langley Merorial Aeronautical Iaboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va., June 7, 1944




20
REFZRENCES

1. Corson, Blake W., Jr.: Thée Belt Method for Meas-
uring Pressure Distribution. NACA RB, Feb. 1943.

2. von Kérmﬁn, Th.:s Compresslbility Effectn in
Aerodynamics. Jour. Aero. Sci., vol. 8, no. 9,

July 1941, pp. 337-356.

3. Delano, James= B., and Wright, Ray H.: Investigation
of Draeg and Pressure Distribution of Windshields

at High Speeds., NACA ARR, Jan. 1942.



i

TABLE I.- SUMMARY OF DRAG DATA

6
[lleasured at a Reynolds number of 3.4 X 1°:| NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Model Condition acp P
Difference from 2 Ret- a Qi/‘ivb
bagic model erence | (deg) 0
figure (inlet 0.18 0.33 0.55
gealed)
Scoop A 3, 5(a)
installed 2.5 | e=eeee 0.0008 |0.0008 |0.0006
0~ | =--—-- .0010 0009 0007
2.5 | —----- .0008 0012 0011
5 | =ee——- .001 0010 0007
7.5 | ---—--- .001 L0015 | -veme-
Scoop A-1 5(b) 2.5 | =—cene- .0006 0003 0003
installed (by- 0 | =emee- . 0008 000 000
pags of scoop A 2.5 | =mem-= .0007 000 .000
faired out) 5 | e .0011 0012 0012
7.5 | =~=---- . 0014 0016 oook
Scoop H and 5(1) -2.5 | =-me-- .0002 0003 0001
modifled 0 | ~ee--- .000 0008 0007
canopy 2.5 | =-==--- .000 0008 oooU
installed 5 | —==--- . 0006 0009 0004
7.5 | =----- . 0007 0012 6003
Scoop H and modi-| -do- -2. ~0.0008 .0002 | -.0004 |-.0001
fied canopy o] - .0001 . 0005 0002 0006
ingtalled, by- 2.5 0000 .0002 0000 0003
bass faired out 5 - .0001 . 0001 0001 0005
7.5 |- .0001 . 0006 oooh 0000
Secoop I-1 5(3),5(k) || -2.5 | ~=---- .0002 0001 | -.0003
installed 0 | ==m--- .001% 0004 | =.000%
2.5 | ===--- .00l 0010