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By W. J. Nelson and K. R. Czarnecki
SUMMARY

A study of several ducts installed in the wings of a
model of a conveutional single-engine pursuit airplane has
been made in the NACA full-sccale tunnel to determine the
influence of inlet design and cooling-air fiow on the pres-
sure losses within the duct and on the aerodynamic charac-
teristics of the airplane. The effect of propeller opera-
tion on the total-pressure losses in the ducts symmetri-
cally located behind the upgoing snd downgoing blades is
gshown by tests of two of the inlets.

Large differences ir total pressure at the radiator
occurred as a result of variatious in (1) the inlet-velocity
ratio, (2) the 1ift coefficient, (3) the shape and position
of the inlet, (4) the slope of the diffuser axis, and (5)
propeller operation. A cowmpromise fixed inlet, which had
high pressure recovery over a satisfactory range of flight
attitudes, low drag, and a high maximum 1ift coefficient,
was designed. Rotation inside the slipstream of the pro-
peller effected appreciable differences in the pressure
losses in similar ducts symmetrically located behind the
upgoing and downgoin: proveller blades.

INTRODUCTION

An investigation of ducts installed in the wings and
fuselage of a model of a conventional single-engine pursuit-
type airplane has been made in the NACA full-scale tunnel.
The results of the tests of ducts with inlets located on
top of the fuselage close to the propeller and on the bottom
of the fuselage behind the leading edge of the wing are
presented in references 1 and 2. The present report con-
tains the results of tests of ducts located within the
wings of the model.
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Previous investiga%&%ﬁs of wing ducts at Langley
Memorial Aeronautical Laboratory have, 1in general, becen
confined to tests of ssolated wings, and the effects (i
fuselage interference and propeller slipstream have not
been exztensively studied (references 8 to 5). These ef-
fects have been included in the present jnvestigation by
testing a complete airplane model with propeller removed
and with propeller operating. The effects on the duct
characteristics and airplane performance of variations in
the geometry of the ducts and in the air flow through the
ducts have also been investigated. Total- and static-
pressure measurenents and force tests were made over a
range of angle of attack and inlet-velocity ratio with
various ducts installed in one or both wings of the model,
The ducts tested differed widely in size and position of
the inlet opening, in inlet-1ip contonr, in inclination
of the inlet plane &nd aiffnser axis to the wing chord,
and in ocutlet positica.

SYMBOLS

Cy, 1ift coefficient

ACp jnerement of drag coefficient due: to duet

snerement of drag coefficient due to
in duct and radiator

ACq innrement of drag coefficient due to external drag

o of duet (ACp - ACp,)
2
i, ¢ e thrust
T, propeller thrust coefficient <——~:—%>
7 e &
PV, D
o} dynamic pressure
E total pressure (referenced to free-strean static
pressure) :
P atatic pressgure (referenced to free—-stream static
pressure)
AP pressure Arop across orifice plate




[T

Q guantity rate of ’low
Q/Vo air-flow parameter

%/Vo inlet-velocity ratio

-
=
< N A
! n duct efficiency P A -
H ACp V¥,
P air density
D propeller diameter
S wing area
4, inlet area
Ce flap chord
04 angle of attack of thrust axis relative to free-
stream direction
g propeller blade setting at 0.75 radius
Subscripts:
o in free stream
1 in duct inlet
2 at front face of orifice plate
3 in outlet of duct
max maximun
APPARATUS AND TESTS
A photograph of the model mounted in the NACA full-
scale tunnel is shown as figure 1. The general arrangement
and basic dimensions of the model are given in figure 2.
The wing area is 170 square feet. The model was equipped
with a cuffed propeller 10 feet in diameter that was driven
3 by a 25-horsepower electric motor located in the fuselage.

The wing section at the center line of the duet, the
’ ordinates of which are given in table I, is a modification
of an NACA 230-geries airfoil. (Center-line sections
through the various ducts eand the principal dimensions of




the ducts are given in figure & gnd in tables II'and IIla
These sections were approximately constant betweeu the
vertical walls of the ducts at wing stations 214 and 47
inches from the fuselae center line. The transition from
the vertical side wal.s in the duct to the rounded ends at
the inlet was accomplished in the forward part of the dif-
fuger. The inboard side of each inlet, exéept 'inlet 7,
was 2% inches from tlLe fuselage; the span of inlet 7 was
reduced to 22 inches and the distance between the end of
the inlet and the fuselage was increased to 4 inches. All
of the inlets were fixed except inlet &6, iwhich was fitted
with a flapped lower 1lip that could be adjusted to provide
smooth entry of the air flow into the duct over a wide
range of angle of attack. Photographs of typical inlet
installations (inlets 2 and 4) are presented as figure 4
and the outlets are shown ag figure 5. Each outlet was
fitted with an adjustable flap by which the air flow
through the system was controlled.

Aluminum orifice plates with holes 3/4 inch in diam-
eter were used to simulate radiators. The conductivity of
the plates was varied oy plugging some of the holés in
accordance with the technique of reference 6.

The gquantity of air flowing through the wvarious duct
systems was determined from measurements of total and
static pressures at the duct outlet. Total-pressure
meagsurements in front of the radiator and in the outlet
were used in calculating the duct losses.

Pressure measurements were made with the propeller
removed for all the inlets; inlets 4 and 5 were also
tested with the propel ter operating at thrust coefficients
simulating high-speed and climbing flight. The inlets
tested with power on were installed symmetrically about
the thrust line to determine the effects of slipstreanm
rotation on the inlet and diffuser losses.

The effect of the variqus duct installatioans on the
drag and on the maximum 1ift of the model weas determined
by force tests. The drag coefficient of the model with
and without ducts installed was determined from propeiler-
removed tests at sirspeeds of 64 and 102 miles per hour.
These tests were made over a range of 1ift coefficient
from -0.25 to 0.55. The mazximum-1lift tests were made at
an airspeed of approxi mate‘y 538 miles per hour with the
landing flaps deflected 45° and retracted.
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RESULTS AND DISCUSSION

The results of the tests have been analyzed with con-

sideration for the following requirements for satisfactory -

duct operation: (1) high pressure recoveries at the face
of the heat exzchanger for a range of flight attitudes from
high speed to climb, (2) low drag of the duct installation,
end (3) satisfactory maximum-1ift characteristics of the
ducted wing sections. The results are presented in sec-
tions in which the following are discussed: pressure
losses in the inlet and diffuser, pressure drop through
the radiator, static pressure at the duct outlet, and ef-
fects of variations in the geometry of the inlets and air
flow into the ducts on the drag and on the maximum iift of
the complete model. -

Pressure Losses ahead of Radiator

The pressure losses in diffusers of the types investi-
gated in the present tests have been shown to be small when
thé boundary-layer thickness at the duct inlet is small and
when the diffuser is alined with the approaching flow. If
the inlet lips are not properly alined with the approaching
flow, disturbances of the air flow will occur at the inlet
and the losses in the diffuser will increase. Large
chanrges in the pressures ahead of the radiator are shown
in figures 6 to 13 to have resulted from varying (1) the
inlet-velocity ratio, (2) the 1ift coefficient of the wing
section at the duct inlet, and (3) the shape and position
of the inlet lips.

Effect of inlet-velocity ratio.- Previous investiga-
tions of duct openings at the leading edge of & wing or
fuselage have shown that the flow at the inlet becomes
unstable at inlet-velocity ratios below approximately 0.35.
In this range of low-inlet-velocity ratios, the pressure
logses within the duct may be excessive and the local ve-
locity over the lips of the inlet will be high. As the
value of inlet-velocity ratio is increased above this
range, the stability of the air entering the duct will in-
crease and the local velocity over the lips of the inlet
will decreaso. Most of the present tesis have thersfore
been restricted to a : -nge of inlet-velocity ratios above
0.4.




The average total pressure at the face of a radiator
behind inlet 4 is shown in figure 5 as a function of the
iniet-velocity ratio at 1ift coefficients of 0.12, C.47,
and G.89, At Cp = Qu.d2,. - the inlet and the dififusem
losses were essentially constant over the range of vl/vo
from 0.6 to 1.4. At OCOp = 0.47 and 0.89, the losses
increased rapidly with V1/Vo~ Tne individual pressures
recorded for the differsnt lift coefficients at 18 points
cn the front of the radiator are presented in figure 7 to
facilitate analysis of the losses. These data show high
recovery and uniform distribution of total pressure over
a wide range of VI/VO at €3 = 0.12 and over a very
small range of Vl/V0 et Oy ® 0.47 and 0.89.

The change in alinement offected by varying the inlet-
velocity ratio et a lift coefficient of about 0.5 is shown
diagrammatically in the accompeanying sketches. 1In the

R
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ungtable range of inlet-velocity ratios, that is, at
VI/Vo < 0.85, the air flow breaks down at the inlet and

the air tends to flow intermittently through the duct and
over the upper lip of the inlet (sketch (a)). At
Vl/VO # 0.5, the expansion ahead of the inlet is uniform

and the air enters the duct smoothly, as showa in sketch (D).
At higher inlet-velocity ratios there is 2 substsntial in-
crease in the local velocities over the lips of the inlet

at a point just inside the duct. This increase in local
velocity at Vl/Vo > :+.0 causes separation from the lips

of the inlet as shown in sketech (e¢).

The data presented in figure 7 and in several of the
following figures show a cornsiderable decresse in total
pressure over the inboard end of the radiator. This effect
1s a resnlt of the proximity of the inlets to the fuselage.
Part of the fuseclage toundary layer, upon reaching the
stagnation point at the leading edge of the wing, moves
outward to the lower pressure region at the inlet and is
carried intec the duct.

Effect of 1ift coefficient.- The average total pressure
at the face of the radiator is shown as a function of 1lift
coefficient in figure 8, in which data from figure 6 have
been cross-plotted at several values of inlet-velocity
ratio. High rescoveries with inlet 4 were obtained over %the
widest range of 1ift coefficient at irlet-velocity ratios
between 0.4 and 0.6. At values of the 1ift coefficient
higher than that of best recovery the losses increased
reapidly. The pressure distributions of figure 7 indicate
that decreases in recovery which result from increases iz
1lift coefficient were caused by separation from the lower
well of the duct.

The flow at the inlet and through the diffuser is
shown schematically at two 1lift coefficients in the accom-
panying sketches (d) and (e). At low valnes of the 1ift
coefficient (sketch {(.)), toth lips of the inlet were
alined with the flow at the leading edge of the wing;

R /L/.,:.//:"‘ !
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hence there was no disturbance of the flow into the dif-
fuser and the pressures at the radiator were uniform and
high. Increases in lift coefficient are accompanied by

a downward movement of the stagnation points on both lips
of the inlet, by an increase in static pressure on the
lower surface of each lip, and by a decrease in static
pressure over the upper surface of the lips. At high 1ift
coefficients, therefore, air enters the upper part of the
duct smoothly but separates from the lower wall of the
duct, as shown in sketch (e).

Effect of inlet design and diffuser inclinstion.- A
summary of the data taken in tests of inlets 1, 2, 4, and
5 (fig. 9) shows that the position of the inlet lips and
the inclination of the diffuser have a marked effect upon
the average total pressure at the radiator. Unfortunately,
it was not feasible to maintain constant inlet-velocity
ratio throughout these tests; the effect of changes in
inlet-velocity ratio are therefore included in the results.

The individual measurements from which the averages
in figure 9 were obtained are presented in figure 10. Be-
hind inlet 1, which has the entrance plane nearly perpens
diculer to the wing chord and to the diffuser axis, the
total pressure at the radiator was C.95q, at Cp = 0.12;
the losses increased rapidly with 1ift coefficient, however,
until at ¢ = 0.89 only O. 22q, was recovered at the
front of the radiator. A slight extension of the Jupper
lip that turned the plane of the inlet downward 6° (inlet 2)
increased the average pressure recovery 0.03q, at OCp =°* 12
0.12 and 0.29q, at Op = 0.89. The influence of slight
differences in the diffusers behind inlets 1 and 2 is con-
sidered negligible. Further extension of the upper lip
(inlet 4) was beneficial at higher values of Cp but
detrimental at Cp = 0.12.




The slope of the inlet plare of inlet 5 was similar
to that of inlet 4; however, the diffuser was inclined
downward 11° instead of 4.5°. This increase in slope of
the diffuser axis decreased the pressure recovery at
CL spede from. . 0.8Bg. Lo O.86qo; bat, Tat CL P 0.83 ;

higher pressures werc ueasured behind inlet 5. The 4if-
fereuces in recovery incrcased rapidly with 1ift coeffi-
cient and reached 0.20q, at C; = 0.89.

The effect of inclinations of irlet plane and diffuser
axls is shown diagrammatically in sketches (f) to (k). At
low 1ift coefficients, the flow into the duet is smooth
wvhen the inlet plane is approximately perpendicular to the
chord line and the diffuser axis is 2lined with the flow
at the leading edge of the wing (sketch (f)). 1Inclining
the plane of the inlet or the diffuser axis downward re-
sults in a tendency of the flow to separate just inside
the upper lip (sketches (g) and (h)). At high 1ift coef-
ficients, separation of the air flow from the lower lip
will occur if the plane of the inlet or the diffuser axis
is not alined with the approaching air stream (sketches
(i) and (j)). The flow into an inlet having both the dif-
fuser axis and the plane of the inlet alined with the flow
at a high 1lift coefficient is showa in sketch (k).

Decreasing the conductivity of the rediator had little
effect npon the pressure losses throuvugh the inlet and dif-
fusers, as may be noted by comparing the results in figures
1@ and 11.

Inlet & was fitted with a flap by which the effective
slope of the inlet face and the area of the opening could
be inereased. The effect of inlet-flap position on the
average total pressur at the face of the radiator is
sihown as & function of 1ift ccefficient in figure 12. These
results show that opening the flap at C; = 0.12 decreased
the average total pressure 15 percent; at C;, > 0.12,
however, substantial gains were effected by opening the
flap. At these higher values of (1, there was some sep-
aration over the nose of the vane, as shown by the reduced
Pressures near the top of the radiator (fig. 13). The
average pressure recovery with this arrangement was lower
than that obtained btehind the better fixed inlets; Lowever,
it is likely that this design could be improved with fur-
ther study.

Effect of propeller operation.- If the cooling air
passes through the propeller disk before entering the duct,
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Low 1ift coefficient High 1ift coefficient

Inlet plane perpendicular to and diffuser axis parallel
to wing chord

/ /////,/////11’7

(3)

Irlet plane inclined downwerd and diffuser axzis parallel
to wing chord

5 (k)
e
BRPT —ss in —a)

===l

Inlet plane and diffuser axis inclined downward
from wing chord




TJ" '07

11

it approaches the inlet with a total Pressure greater than
that of the free stream and with an angular velocity. If
the effecct of unequal pressure distribution behind an in-
clined propeller is assumed %o be small, the greatest part
of any difference in the Fressure measured in similar duects
symietrically located in the right and left wings will oc-
Cur as a resnlt of the difference. in the angle at which
the air stream anprosches the inlets. With right-hand
propeller rotvation, the effective anzles of attack of the
inboard sections of the left wing will increase; whereas
the effective angles of attack of the right wing will de-
crease. The slipsiream rotation will therefore change the
alinement with the approaching air stream of the inlet
lips on beth wings.

The effects of the misalinement due to propeller oper-
ation on the total pressure recovery at the radiator, with
inlet 4 instslled on the smodel, are shown in figures 14

and 15, B the nigh-speed attitude (Cp = 0.12, B = 60°,
and Tz = 0.02), tre total pressures on the side of the

upgoing propeller bladss were 13 to 24 percent higher than
those measured veLind the downgoing blades. (See fig. 14.)
Under conditions simulating full-power climd (¢ = 0.47,

B = 40°, and Te = 0.11), the difference between the re-
covery in the right ar f% ducts increased considerably,
as shown by compariso. of f£1

cr

Hy s

figures 14 and 15.

Similar inlets, conforming to the profile designated
inlet 5, were tested in both wings with the propeller opexr-
ating and with the propeller removed. Data obtained in
the power-on tests are presented in figures 16 to 19. 1In
the tests with the propeller removed (fig. 9(a)), the
pressure recovery behind this inlet remsched s maximum of
05879, at Cr = 0.47; therefore, it was to be expected
that, at Cr, = 0.12, pressure losses with power on would
be higher belkind the downgoing blazdes tecause the effective
Cy would be lower on this wing . W increased losses in
the right duct more than offset the increase in total pres-
sure due to the propeller siipstream; thus, with rower on,
the total pressure shead of the rediator was egqual to or
slightly less than that recorded with the propeller removed.
On the side of the ungoing blades, tue increase in local
1ift coefficient reduced the duct losses and thus caused a
substantial increase in available totsl pressure. Ian the
climbing attitude, the total Pressure at the right radiator
was 1b to 30 percent greater then at the left radiator.
(See figs. 18 and 19.)

w
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Static Pressure at Duct Exit

The design of a complete duct system requires a knowl-
edge not only of the pressure losses in the duct but also
of the static pressure at the duct outlet. Data taken in
these tests show the influence of lift coefficient, outlet-

lap deflection, and inlet design on the static pressure
at the duct exits located in tne lower surface and at the
trailing edge of the wing.

The static pressure at an ouvtlet in the lower surface

of the wing is ~“omn in tigure 2C as. a funetion of K Lil®
coefficient aad out Wuu—flan position. Inlet 4 was installed
for these testis. At low lift coefficients, the statiec pres-

gtire n this utlet, with exit| flaps closed, exceeded free~
stream static pressure by C.3Oq0; the difference between the
static pressure at tiie outlet and free-stream static pres-
sure increased with 1ift coefficient and reached 0.88q, at
Cr, = 0.89. Deflecting the outlet flap 45° reduced the static
pressure within the outlet 0.55q,.

Measurements of static pressure in the trailing-edge
outlet with inlet 4 installed are presented in figure 21.
The reduction in static pressure cdtained by deflecting the
upper flap at the trailing-edge outlet (fig. 3) was con-
siderably larger at low than at high 1ift coefficients.

The change in stetic ressure obtained by deflecting the
ianding flep (fig. 21) was greatest when the upper flap

was neutral; however, the lowest pressure was obtained with
both flans deflected.

Changes in the duct system abead of the radiator with
the outlet located in the lower surface of the wing, are
shown in figure 22 to have effected appreciable variations
in the static pressure at the outlet. These variations
occur as a result of unegual losses of total pressure and
of differences in air flow through the various ducts.

The influence of the propeller slipstream on the static
pressure at othuts gsymmetrically. located in the lower sur-
fece of both wings is showu in table 1V. Because rotation
in the sllnstvear increases the 1ift coefficient on the left
wing e2nd deccreases it on the righkt, the static pressure with
the propeller operating was expected to bDe higher at the
outlct in the left wing and lower at the outlet in the right
wing. In the high-speed attitude, the change in the outlet
static pressure effected by the slipstream was very small
and reached a meximum value of 0.06q,. Under conditions
simulating full~power elinmb, with outlet flaps full open,
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the static pressure decreased 0.80g, to 0.449, in the
outlet of the right duct and 0.13q, to 0.1795 4in the

left outlet from tie value measured with the propeller
removed. :

Although comparative tests of the various outlets
were not mede with the landing flaps deflected, a gualita-
tive analysis of the effect of deflecting the landing flaps
ls possible. Inaswuch as the air flow through a duct is a
function of the static pressure at the outlet and the
static pressure over the lower surface of the wing in-
creases with fiap deflection, the flow through the duct
with the bottom outlet would decrease with flap deflection.
With the top or trailing-edge outlets, deflection afs the
landing flaps should increase the low through the duct.

Drag

The results of the drag tests are summarized in table V.
The increase in drag coefficient resvlting from various duct
installations is considered in two parts: (1) the increment
associated with the pacsage of cooling air through the ducts,
internal drag, and (2 the increment resulting from disturb-
ances of the external flow. The intermnal drag is equal to
the momentum lost by the cooling air in passing through the
ducts and radiator; and, by neglecting compressibility and
heat effects, the drag cocefficient ACDi may be ceslculated

from the eguation

nE H_
ACDi = .?_9'.._ (\/1 - / _.;.3_\}
o SVO W Ho/

Division of this increment into diffuser drag and radiator
drag has been sccomplished by substituting the pressure at
the radiator for E in the foregoing equation and sub-
tracting the resulting increment from ACDi. The inlet and

diffuser drag calculated from this substituiion ig slightly
in error because some of ths retarded air from the fuselage
boundary layer has entered the duct.

The extermal drag is the difference between the total-
drag increment of the duct installation, which is deter-
mined frocm force tests, end the internal drag. These com-
ponet-drag coefficients and other pertinent data taken with
the model in the high-speed attitude (CL = 04L8)  Ars
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summerized in table V. Analysis of the results shows that,
for the same cooling-air flow, the total-drag increment

was slightly lower for the small sharp-lip inlets 1 and 6.,
The diffuser drag is dependent on the total-pressure losses
within the diffuser; these losses have been discussed in a
previous section. The radiator drag is a function of radi-
ator resistance, velocity through the core,. and distribution
of the flow through the unit,

The duct efficiency, defined as the ratio of useful
work to total work is given in the last column of table V
to facilitate comparison of the various ducts. It is ob-
served that inlets . 1l and 6 gave higher efficiency at
G = O 12 and Vl/VO = 0.6 " then any of the other ducts.
At 1ift coefficients corresponding to climbing flight,
however, the pressure losses behind these inlets were
excessive.

Maximum Lift Coefficient

The results of several tests to determine the influence
of the various wirg-dv:t installations on the maximum 1lift
coefficient of the mc.el are presented in figures 23 to 27.
A summary of these results is presented in table VI.

The maximum 1ift coefficient of the model in the basic
condition - without wing ducts, with the propeller removed,
and with the landing flapes neutral - was 1.65. Installa-

tion of ducts with inlet 2 and with the outlets located on
the lower surface of both wings reduced CLmax ot L O

With the duct outlet located on the vpper surface of the

S o n Al T = e ad i i
wing, 2 was 1.16. The smaller reduction in CLmax

obtained by moving the outlet to the upper surface of the
wing is largely a result of an increase in V]_/Vo and of
improved flow at the duct ialet.

Several modifications of the upper lip of inlet 2 were
tested to determine the effects of the position and the
leading-edge radius of the upper iip of the inlet on the
maximum 1ift coefficient of the model. These tests were
made with the duct outlet ian the lower surface of the wing.
The upper lip of the inlet was extended 1% inches to form
the profile designated inlet 8. A comparison of the  curves
of figure 24 shows that this change resulted in an increase

Inlet 4 differed from inlet & im the

~

s DR T ‘
of O.1lo6 i Clh2s

leading-edge radius of the upper lip and in the height of
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the inlet opening (fig. 3); CLmax was 0.12 higher for

S le vinlet sthean for inlet .3, It should be noted that

with inlet 4 installed was the same as

Clpax Clmax

measured with the smooth wing.

Inlet 4 was also tested with the duct outlet located
at the trailing edge of the wing. PFor this condition of

the model, the value of CLmax was 0.09 lower than for

the reference condition (fig. 26).

With the diffuser inclined downward 11° (inlet 5),

ClLymgy ©%xceeded by 0.07 that measured on the basic model.

Similar increases in Clpaxy due to wing ducts were re-
ported in a previous investigation (reference 3). The
upper lip of inlet 7 was the same as that of inlet 5; the
lower lip, however, was cut back to increase the slove of
the inlet plane. With this duct installed in only the
left wing, Cluax Wwas 0.01 higher than that obtained with
the smooth wing.

The effects of propeller operation on the maximum 1ift
coefficient of the model with inlet 5 installed irn both

wings ‘are shown in figure 27. At T, = 0.023, CLmax was
increesed 0.08 with flaps retracted and 0.12 with flaps
deflected 45° above the value of Cr measured with the

-
propeller removed. e

SUMMARY OF RESULTS

The results of the present study of several ducts in-
stalled in the wings of a model of a conventional single-
engine pursuit airplane mounted in the NACA full-scale
tunnel are summarized as follows:

l. The pressure recovery ahead of a radiator installed
in a wing duct was determined principally by (1) the inlet-
velocity ratic, (2) the 1ift coefficient, and (3) the shape
and location of the inlet lips and diffuser.

2. Highest pressure recoveries at the front face of
the radiator were obtained at inlet-velocity ratios from
0.4 to 0.6.

3. A duct with the plane of the inlet opening perpen-
dicular to the wing chord and with a diffuser parallel to
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the chord line gave highest pressure recoveries at low
1ift coefficients. At high 1ift coefficients, best pres-
sure recovery was obtained when the upper lip was extended
ahead of the lower lip and the diffuser was inclined
downward.

4. Because of rotation in the slipstream of a single
propeller, the pressure recovery in a duct located behind
the upgoing blades was not the same as that in a similar
duct symmetrically located behind the downgoing blades.
Best design practice would require different ducts on the
right and the left wings of the airplane.

5. The total pressure over the inboard end of the
radiator was low if the end of the inlet was close to the
fuselage.

6. The use of outlet flaps reduced the static pres-
sure in the exit as much as 60 percent of the free-stream
dynamic pressure.

7. An inlet with well-cambered upper lip properly
alined with the flow at the leading edge of the wing ef-
fected a small increase in the maximum 1ift coefficient
of the airplane; whereas substantial decreases in the max-
imum 1ift coefficient were effected by ducts with the
inlet plane perpendicular to the chord line and by inlet
lips with small leading-edge radii.

8. The best compromise fizxed inlet tested in the
present investigation had an upper 1lip with a large leading-
edge radius conforming approximately to the contour of the
original wing, a lower 1lip cut back to turn the inlet plane
downward 70° to the choré line, and a diffuser inclined
approximately 10° to the wing chord.

9, An inlet with an adjustable lower lip appeared
feasible in cases in which fixed inlets were unsatisfactory
because of an extreme range of inlet-velocity ratio and
1ift coefficient.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE III

TABLE I

OUTLET ORDINATES
[Percent wing chord]

AIRFOIL ORDINATES
[Percent wing chord]
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INLET ORDINATES

[Percent wing chord]
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TABLE IV
SUMMARY OF SLIPSTREAM E¥FECTS ON

STATIC PRESSURE IN DUCT QUTLET

/ \‘\
o ¥ 3 o b TRVSROTRNIN T A8, )
; Right wing i Left wing
=) i B | =
Inlet| Oy % Propeller | Propeller | Propeller | Propeller
removed operating | removed opersting
) ! i R S e
Tl Ve @ol ol in el b 9, T, /Vo;_z/q0 Vil Vol Bg/ag
0
4 0.12|--mmm|m=mmm 0.59 |0.24 | 0.52 20.41 0.51 |0.40
—————————— . 05 £2.5 .63 S1G0] .53 .86
AR RS |k 1l A s e S ) IR RS S L @RSl (0
—————————— TSI s B SR e el S ek o B
} 7
5 0512 10,59 10.26 |04 5% 110,80 | QB3 10+88 0Bl | O™
) 68 28 66 » 26 1 6L .28 o B2 « 32
47 .98 |«.49 |3.78 [+.79 | 1.08 | ~.H0 | 2.08 | ~,64
B L iRl eI L DR ey 815 il.ll -.48 {1.93 | -.65




SUMMARY CF RESULTS OF DRAG

TABLE V

TESTS OF SEVEPAT. WING DUCTS

| { I
Outlet ! Ap/qs | : | ACo
Inleblpoeition |7 ﬁ’( lesign) 0/ VoV, /V“i At 50 mpl"ﬁt 100 ’ﬁ“"l JDd CDi cDe n
| e |

1 Bottom | 3 | 5.8 |0.28 0.59| 0.0006 | O, 0003 0.00005,0.00052 -0.0002| 0.9
Bottom [ 2 | 5.8 | —emoleommml i 007 | —meemmeri -- b
Bottom | 3 ' 11.0 .26} .55 .0008 | .0007 .00003] .00061| .00C1; .6

= e i <k
| i ; g

2| Botton 1Fef B | acewbsasd L0008 0.0020 | —mmmem - - a0
Battom | o | S e a0 L N +.0035 ,b 0003%{°0. 00224 ‘o 0013{ 0.4
Sattom | p | 1.0 | *.58] .42 | .0038 Bels I C”C“il o o254 t.o017! .3

L Bottom | 3 i 5,874 0. 350068 1 - i 0.0009 |0.00012 00b7lo 0002 | 0.6
Bottonm | 2 l 5e8 | —mmfmme | 0.0010 | L0010 |e—mca] | o -
Botten | 2 el oaile gl c g %0025 | .00011 .00085 000k | .5
1 1 5.8 | * Chil‘ﬁa 1,002¢2 1.0021 ;1.00025 1.00180! *.0003| .4
RBottom | 2 11.0 318 .5Y4 Co1l4 0012 | ] e =

I}
. I
: ===}

5 Bottom | 3 5.8 ~Q.5o§o.52 AR S e uooozfo 001¢8ho 0009 |0.3
Bottom | 2 5.8 | 2.69% B | oo 1 0035 002l| *.co14s] 2.0020 | .3
Botom | 3 5 S el R G e . 0027 3] .0003%6 00170 1,0010 | .4
Bottom | 2 11.0 | *.59F 55 | e 1.0032 |{*.0002g| *.00234] 2.0c009 | .4

Y
T

6 | Bottom | 3 5.8 |'0.3410.76 0.0007 | 0.0006 |0.00008 0.00068|-0.0001 0.9
Bottom | 2 De8 ] ool e, | e L0004 | mmmmm | e e [

lAir flowing through ducts in be

both wings.

e




[ Propeller removed, landing flaps

TABLE

VI

SUMMARY OF MAV.IMUM-LIFT TESTS
neutral, outlet flaps closed]

|

Iniet | Outlet CLmax Achax Remarks
Sealed | Sealed ! 1.35 ~ww—w——— | Basic condition, complete model.
Sealed | Sealed | 1.30 ~————= | Bagic condl ion, except tail surfaces removed.

ik Bottom | 1.26 -~0.,09 | Duct in only left wing.

= : Bottom { 1.07 .28 | Ducts ;n ooth wings.

2 | Top 1.16 -.19 | Do.

3 | Bottom | 1.23 -.12 Dol

4 | Bobtom .f 1.35 .00 Do

L I 1.el ~-.08 Ducts in D

5 ! Bottom | 1.Uu2 07 Ducts in b

5 Bottom | 1.21 -1k | Iy

¢ i Bottom | 1.36 LOL D

g
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Inlet No.6 Inlet No.7

Figure 3.-Inlet ond diffuser profiles.




NACA

R w

(a) Inlet 2.

(b) Inlet 4.

vACA
25606

Figure 4.- Typical duct inlets in leading edge of wing.

Fig.
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NACA

(b) In lower surface of wing.

(e)

In trailing edge of wing.

Figure 5.- Duct outlets.
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R o e
L i S
. 52 gl 98 1(9)0 100 31; 36 N e B
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70 92 96 98 8 63
~ (a) ©p =0.12 Inlet No.6
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(b) Cp = 0.47, (a) 1Inlet flap closed.
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“o7 B o1 A N
-11 -09 -09 - 06 05 02

(b) 1Inlet flap open.
(e) ©Cp = 0.89.

Figure 13, - Ef{,eg: of inlet-flap position on the pressure-distri-

coefficient on the pressure distribution ution recovery at the face of a radiator as a

at the face of a ragiator behind inlet 4, function of 11ft coefficient. Inlet 6; bottom
outlet; outlet flaps closed; propeller removed.

opeller removed; airspeed, 63 miles r hour.
a.rogation of tube 'deugn’};tod .3) = (Location of tube designated +.)

Figure 7. - Effect of inlet-velocity ratio and 1ift
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Figure 8.- Effect of 1ift coefficient on the average total pressure
at the face of a radiator behind inlet 4. Propeller re-
woved; airspeed, 63 miles per hour. (Cross plot of fig.5.)
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Figure 9, - Effect of 1ift coefficlient on the average total pressure at the face
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) Inlet Na.2 3 21 o 31 34
N
85 9 8 &8
. 87 130 183 183 180 92
157 + 60 + 60 + 68 + 75 + 78
80 6 . 100 100 100 100 0.12 | 0.62 | 0.95
+83 + 98 +100 +100 +97 + 9
63 70 &1 &8 91 94 W47 .58 .ol
98 98 98 98 98 «89 i .68
Inlet No. 4 +77§ + &7 + 90 + 92 +93 + 96
5 54 55 58 60 65
83 80 90 87 83 91
100 100 100 100 100 100
+ 76 + &3 + 86 + 94 +100 4100
81 8l &l 80 79 80 0.12 | 0.52 | 0.%6
+ 99 + 97 +100 +100 +100 +100
&2 &9 98 99 29 100 A7 53 <97
S 90 & 8 91 % 8 89 | M43 ) .87
+ 86 R + 8 S ek + 9%
Inlet No. S 70 * §/1 T4 gg g; g?
Figure 10. ~ Effect of 1ift coefficient on the total pressure distribution at the face of
radiators behind inlets 1, 2, 4, and 5. Propeller removed; bottom outlet; outlet

flaps closed; Ap/dp, 5.8.
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Figure 11, - Effect of 1ift coefficient on the total pressure distribution at the face of
Propeller removed; bottom outlet;

radiators behind inlets 1, 2,

L, and

outlet flaps closed; Ap/qa, 11,06

%l.ncauon of tube designated +.)
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Figure 12.- Effect of inlei-flap position on the average

total pressure at the face of the radiator
as a function of 1lift coefficient. Inlet 63 bottom out-
le%; outlet flap closed; propeller removed.
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Figure 14, - Effect of propeller slipstream on the pressure recovery at the face of radlators
symmetrically installed in the right and left wings. Inlet 4; bottom outlet;
flapse closed; CL, 0.12; B, 60% Tg, 0.02, Condition A, outlet flap 3:
condition B, outlet flap 2. (Location of tube designated +.
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Figure 15. - Effect of propeller slipstream on the pressure
symmetrically installed in the right and left wings.
flaps open; Cp, O.47; B,
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Figure 16, - Effect of propeller slipstream on the pressure recovery at the face of radiators :_J
symme trically installed in the right and left wings. Inlet 5, bottom outlet, o)}
flaps closed; A%go, 5.8; Cp, 0.12. Condition C, propeller removed; =
condition D, B= and T,= U0.02. (Location of tube designated +.)
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