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FULL-SCALE WIND-TUNNEL INVESTIGATION OF FORWARD
UNDERSLUNG COOLING-AIR DUCTS

By W. J. Nelson, K. R. Czarneckil
and Robert D. Harrington

.SUMMARY

A general investigation of underslung cooling-air
ducts in various locations on a model of a typical single-
engine tractor airplane has been conducted in the NACA
full-scale tunnel. This report contains the results of
tests of two forward underslung ducts. These tests
were made to determine the effect of the inlet-velocity
ratio, the angle of attack, the radiator resistance, and
the propeller operation on the pressure recovery at the
radiator, on the drag of the cooling installation, and
on the critical speed of the ducts, Pressure measure-
ments were made at the duct inlets and at the face of
the radiator to determine the diffuser losses, and at
the duct outlets to find the volume rate of air flow
through the duct. The drag of the various duct instal-
lations was obtained from force tests of the model with
the ducts installed and removed, Static-pressure
distributions were taken at the duct lips and at the
duct-fuselage fillets to determine the critical spsed
of the ducts.

At low values of 1ift coefficient, with the propeller
removed, pressure recoveries greater than 90 percent of
the free-stream dynamic pressure were obtained at values
of inlet-velocity ratio from 0.0 to 0.75. Propeller
operation increased the pressure recovery 7 percent of
the free-stream dynamic pressure at a thrust coefficient
of 0.02 and about Lj5 percent of the free-stream dynamic
pressure at a thrust coefficient of 0.11. Reductions
in the outlet static pressure as large as 50 percent of
the free-stream dynamic pressure were obtained by the
installation of L5° exit flaps with the propeller
removed, and even greater reductions were noted with
the propeller operating. The lowest critical speed was
measured at the left duct-fuselage fillet with the
propeller operating.
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INTRODUCT ION

A general investigation of charge-air and cooling-air
ducts, installed in a full-scale model of the Republic
XP-,7 airplane, has been made in the NACA full-scale
tunnel to provide a basis for comparing several typical
duct installations with regard to the pressure recoveries
obtainable at the radiators, the drag of the complete
ducting system, and the critical speed of the inlet 1llps.
The results of tests of the engine-charge-air ducts with
inlets located on the top of the fuselage and of the
cooling=-air ducts with inlets located in the wings and
on the bottom of the fuselage behind the leading edge of
the wing are given in references 1 to 3. The results of
the teats of the underslung ducts with inlets close to
the propeller are presented in this report.

Tests were made to determine the performance of a
large and a small forward underslung duct over a range
of airplane angles of attack, duct inlet-velocity ratios,
and radiator resistances. Most of the tests were made
with the propeller removed from the airplane. Some
tests were made, however, with the propeller operating
to determine the effects of the slipstream on the duct

‘characteristics.

SYMBOLS
Cr, 1ift coefficient
Lo thrust coefficient ”*25—3
pVo~D~
ACD increment of drag coefficient due to duct

ACDi calculated increment of internal-drag coefficient

ACp increment of drag coefficient due to external
8. iu - ACp.
drag of duct (ACp - A Dl)
AD increment of drag due to duct
i thrust

p mass density of alr
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[z = A = B <

o)

P

veloclity

propeller diameter
cross-sectional area of duct
wing area |

local statie¢ pressure
dynamic pressure

pressure drop across orifice plate representing
radiator

pressure-drop coefficient for orifice plate

total pressure

volume rate of flow

air-flow parameter
inlet-velocity ratio

duct efficiency (Q Ap/ADVy,)

angle of attack of thrust axis relative to free-
sStream direction

propelier blade angle at 0,75 radius

Subseripts (denoting average conditions):

o

N e =

in free stream

in duct inlet

at front face of orifice plate
at duct outlet

eritieal
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APPARATUS AND METHODS

The model used in these tests is a typical low-wing
single-engine fighter airplane with a wing area of
170 square feet. The general arrangement of the model
and the basic dimensions are given in figure 1. For
the tests with the propeller operating, the model was
equipped with a 10-foot-diameter Curtiss controllable-
pitch propeller that was driven by an electric motor.
The propeller had 61lLCcl.5-2 blades, the shanks of
which were covered with cuffs shown in figure 2. The
model is shown mounted in the NACA full-scale tunnel in
figure 3, A description of the NACA full-scale tunnel
and the balance equipment used in these tests is given
in reference .

The large and small forward underslung ducts are
shown installed on the model in figures L and 5,
respectively. Photograpns of the inlets and outlets
are shown in figures 6 and 7 and the gensral dimensions
of the ducts are given in figures 8 and 9. Each duct
was tested with three cutlets in order to vary the volume
rate of alr flow, These figures show that the outlet
area of the ducts was varied by cutting back the duct
exit from the original position., Some additional tests
were made to determine the effect on the pressure distri-
bution and total-pressure recovery at the face of the
radiator of three equally spaced radial vanes installed
in the diffuser of the large duct.

Total=pressure measurements were made at the duct
inlet and at the front of the radlator to determine the
pressure loss in the diffuser. The volume rate of flow
through each duct was calculated from measurements of
total and static pressures in the duct outlets. Static-
pressure distributions, for the purpose of estimating
the critical speeds of the duct lips and the duct-fuselage

fillets, were determined by use of rows of gz—inch static-

pressure orifices mounted flush with the outer surface of
the section. The ordinates of the lower lips are glven
in table I.

The effect of the slipstream on the duct performance
was obtained with the propeller operating at thrust
coefficients simulating the sea~level high-speed and

B3
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climbing~flight conditions for an airplane with a normal
rating of 1600 horsepower. For the high~-speed condition,
C1, = 0.10, the propeller blade angle was 50° and the

thrust coefficient was 0.02, For the climb condition,
Cr, = 0.7, the blade angle was [,0° and the thrust

ciae PllctiienE! 10 1,

The effect of the various duct installations on the
drag of the model was determined from the force tests
with the duct installed on the airplane and with the
duct removed. These force tests were made over a range
of 1ift coefficient from -0.2 to 0,5 &t a tunmnel alr
velocity of approximately 96 miles per hour. The incre-
ments of internal drag were calculated from the volume
rate of air flow and the exit total pressure.

The relationship between the 1lift coefficient and
the angle of attack for this airplasne is given in
figure 10,

RESULTS AND DISCUSSION

The presentation of the results is divided into
four sectlions in which the requirements for satisfactory
duct performance are discussed, These requirements
include (1) high pressure recovery at the front of the
radiator, (2) low available outlet static pressures for
adequate control of flow through the radiator, (3) low
drag over the speed range from high speed to climbing
speed, and (L) high critical speed of the duct. In the
first section the effects of the inlet-velocity ratio,
the 1lift coefficient, and the propeller thrust on the
pressure recovery at the radiator are discussed. In the
second section the static pressure at the duct outlet is
discussed as a function of the geometric dimensions of
the outlet section of the duct, the 1lift coefficient,
and the thrust coefficient., 1In the same section the
effect on the outlet static pressure of installing outlet
flaps is described. The internal drag caused by flow
through the duct and the external drag caused by flow
disturbances over the duct are discussed separately in
the third section. The effects of the inlet-velocity
ratio, the 1lift coefficient, and the propeller operation
on the critical speed of the ducts are discussed in the
fourth section.
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Pressure Recoveries at Radiator

The total-pressure recovery at the radiator 1s
determined by the losses that occur at the duct inlet
and in the duct diffuser. The pressure losses at the
inlet are caused by separation of the boundary layer
from the fuselage surface just shead of the inlet.

Since the boundary layer at the inlet to a forward
underslung duct is usually very thin, there is little
tendency toward separation and the inlet losses are very
small (fig. 11) over the normal range of design inlet-
velocity ratio Vy/V, from O.4 to 1.0, It is thersfore
apparent that total-pressure recoveries appreciably
below the full free-stream dynamic pressure will occur
in forward underslung ducts only when there are large
pressure losses in the diffuser. The losses that occur
in the diffuser are discussed in the following paragraphs
as a function of the inlet-velocity ratio, the 1lift
coefficient, and the propeller thrust.

Effect of inlet-velocity ratio.- The variation of
the aVerage total pressure at chelace of the orifice
plate with the inlet-velocity ratio is shown in figure Léds
At a 1ift coefficient of 0.10, with the propeller removed,
pressure recoveries greater than 90 percent of the free-
‘stream dynamic pressure (O.90qo) were recorded in both
the large and the small forward underslung ducts at
values of Vq/Vs from 0.40 to 0,75. The inlet-velocity
ratio at which the peak recovery was obtained and the
range of inlet-velocity ratios over which high pressure
recoveries were obtained decreased with increasing 1ift
coefficients. From the scatter of the test polnts, it
is evident that any differences in recovery caused by
changes in the resistance of the radlator are well within
the accuracy of the measurements.

The pressures at the face of the orifice plate are
presented as contour maps in figure 13. At Cp = 0. 10

and Vy/V, = 0.53 the total-pressure recovery was high

and uniform over the central part of the radiator and
decreased slowly toward the edges. Increasing the inlet-
velocity ratio to 0.74 reduced the recovery near the duct
walls still further. At Vy/Vgy = 0.94 very low pressures
were measured at the bottom of the radiator, which
i{ndicated that separation occurred in the lower part of
the diffuser.
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For corresponding inlet-velocity ratios, the pressure

losses at Cr, = 0.39 were greater than the pressure
losses at Cp, = 0.10.

The effect of changing the inlet-velocity ratio
on the flow over a duct lip is analogous to changing
the angle of attack of an airfoil. At low values
of Vi/Vo, the streamlines expand shead of the duct
and in effect cause the duct lip to operate as an airfoil
at a high angle of attack (sketch (a)), with the inner
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(o d 0 A oy (b) V1/v5 = 1.0.

surface of the lip corresponding to the lower surface
of the airfoil. In this condition the flow over the
inner surface of the 1lip is smocoth, but on the outer
surface there is a tendency toward high negative pres-
sures and separation from the lip, With increasing
inlet-velocity ratios, the angle of attack of the lip
decreases until at some inlet velocity the 1lip operates
at a negative angle of attack (sketch (b)) and the
tendency toward separation occurs on the inner surface
of the lip, The exact value.of V7/Vy at which sepa-
ration, if any, will occur depends upon the camber, the
leadlna-edge radius, and the slinement of the duct lip.

Effect of 1ift coefficient.~ In order to determine
the effect of changes of 1Ift coefficient on the pressure
at the face of the orifice plate, tests were made with
constant outlet area and flap p031tion at 1ift coeffi-
cients ranging from 0.1 to 0.9. The results of these
tests (figs. 1L and 15) show that increasing Cg,

decreased both the recovery and the inlet-velocity ratio.
In order to separate the changes in recovery caused by
varylng the 1lift coefficlent from those associated with
the variations in inlet-velocity ratio, the curves of
figure 12 have been cross-plotted at constant values

of V1/Vy and are presented in figure 16. These data
show that, over a range of 1lift coefficient from 0.1

to 0.9, the total-pressure recovery at inlet-velocity
ratios of about 0.5 varied less than 0. 059, and that
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the adverse effsct of changes in Cp, 1increased rapidly
with inlet-velocity ratio.

The effects of 1ift coefficient on the pressure
recovery at the radiator are readily explained by the
airfoil analogy used in the preceding section. At low
1ift coefficients the duct -lip is alined with the
approaching air stream and the flow over the 1lip 1s
smooth (sketch (c)). As Cp increases, the stagnation

G,
%
Ly s

e e e

M:“/‘LL%/_J_L e
\”N‘\iuv”llzﬁﬁﬁlit: USSR 2 L. ,
T o g /?\T \Q‘\\LLQL% :
Ny ¢ g »__I/ii:\/?2>§:\
\\\N.\{\\l/ < BRI ‘\ / .Xm
¢ /Z '@,;
(c) Low Ct,. (d) High Cy,.

point moves to the under side of the' lip and the flow
tends to separate from the lower wall of the duct
(sketch (4)).

With vanes installed in the diffuser the recovery
at C1, = 0,10 was slightly lower than without vanes

(fig. 1l); the vanes, however, reduced the-adverse
effects of increasing 1ift coefficient.

Propeller overation.- The effect of the propeller
operation on the variation of the total pressure at the
face of the orifice plate with inlet-velocity ratio is
shown in figure 17 for the large forward underslung
duct. In the high-speed attitude, -Cp = 0.10 and
V1/Vo = 0.5, the pressure recovery with the propeller
operating at T, = 0.02 was about 0.07q, greater than

that with the propeller removed., In the climb condition,

cr, = 047, Te = 0.11, and Vy/Vo = 0.8, the total
pressure at the radiator was.O0,45qp greater than with
the propeller removed. These data show that the range
of inlet-velocity ratios .over.which the pressure
recovery remains substantially constant was much greater
with the propeller operating than.with the propeller
removed. For convenience in comparison, the inlet-
velocity ratio with the propeller operating has been

based on the free-stream velocity and not on the veloclty

in the slipstream.
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The substantial increase in the total pressure
obtained at the face cof the radiator with the propeller
operating, particularly at the climb thrust coefficient,
is largely attributed to the cuffs installed on the
shanks of the propeller blades., Ordinarily, this
porticn of the propeller, with its poor blade sectlions,
contributes little to the propeller thrust, With the
cuffs installed, however, a more nearly uniform radial
propeller~load distribution is possible with a resultant
increase in the total pressure behind the inner sections
of the oropsller blade. This effect becomes greater for
the high propeller locadings of the c¢limb condition. The
cuffs also serve to increass the critical speed of the
propeller-blade shanks,

Results obtained with constant ocutlet area show the
effect of the propeller operation on both the pressure
recovery and the inlet-velocity ratio. (See rig. 18.)
At the high-speed T, of 0,02, a slight increase in the
pressure recovery and the inlet~-velocity ratio was
caused by propeller operation; at the climb T, of 0.11,
however, the increases in the recovery and in the inlet-
velocity ratio wsre much larger,

Typical pressure distributions at the radiator with
the propeller removed and operating are presented in
figure 19. 1In the high-speed attitude, Cy = 0.10, at
an inlet=velocity ratio of 0.58, the slipstream at
Tec = 0,02 1increased the total pressure at the radiator
approximately 0.0?qo with no great change in the

distribution. In the climb attitude, Cr, = 0.47, with

the propeller operating at T, = 0,11, the average
total pressure at the radiator was O.thO greater

than for the propeller-removed tests., The contour map
indicates that the core of high pressures which was
concentrated in the upper part of the radiator in the
propeller-removed tests has moved to the center of the
duet,

The effects of propeller operation with the small
forward underslung duct are given in table II. These
data are insufficient to make as thorough an analysis
as for the large duct, but the effects appear to be
generally similar, In the climb attitude with T, = 0,11,
the average total pressure at the radiator was lower, at
low values of V3/Vy, for the small duct than for the
large duct, (See table II and fig. 17.) It is probable
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that at the low values of Vy/V, a greater proportion

of the air entering the sSmall duct inlet is affected by
the less efficient inner portion of the propeller blade.

Pressures behind Radiator

The quantity of air flowing through a duct may be
determined from the total- and static-pressure measurements .
at the duct exit. The static pressure at the duct exit
is primarily dependent upon the convergence of the outlet
section of the duct and the angle at which the flow from
the duct 1s discharged into the free stream. When the
air is discharged from a rapidly contracting outlet
section, its velocity continues to increasec for some
distance downstream of the exit and usually results in
static pressures at the outlet that are higher than the
pressure of the neighbering frec strecam.

Discharging the alr at too great an angle to the
free stream changes the adjacent external static pressure,
and consequently the exit static pressure, as a result-
of an effective thickening of the body in the region
just behind the exit. Some of these effects and the
effects of changes in angle of attack of the model and
propeller operaticn on the outlet static pressures are
discussed in the following paragraphs,.

Effect of outlet design.=- Shortening the outer skirt
of the outlet fairing to Increase the outlet size also
changed the rate of convergence and angle of discharge
of the outlet. (See figs. 8 and 9,) The effect of these
changes on the static pressure in the outlet is shown
in figures 20 and 21. These plots indicate that the
lowest static pressures will occur in slowly converging
outlets discharging the cooling-air flow parallel to
the local external stream. The static pressure in the
outlet will be identical with the static pressure of
the outside flow at the opening if the outlet duct is
so designed that the streamline dividing the internal
and external flelds 1s straight.

Effect of exit flaps.- The effect of installing
exit Tlaps was to decrease the exit static pressure by
approximately 0.55q, 1in the exits of both the large
and small ducts. Average static pressures as low as
-O.hSqO were obtained with the propeller removed,
values which are indicative of good exit-Ilap effectlvemncss
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Effect of 1ift coefficient.~ The variation of
average outlet static pressure with lift coefficlent
1s shown in figures 22 and 23. Increasing the lift
coefficient of the airvlane increased the static
oressure at the duct outlets. The increase was approxi-
mately 0.15q, without exit flaps and approximately

twice that value with L5° exit flaps installed, when

the 1ift coefficient was increased from 0.10 to 0.89.
The effect is attributed to a rearward movement of the
stagnation region on the bottom of the fuselage when the
angle of attack of the alrplane is increased.

Effect of propeller operation.,- The effect of
propeller operation on the outletT static pressure may
be obtained by a comparison of figures 20 and 2. At
Cr, = 0,10 and with no exit flap, the difference between
the propeller-operating (T, = 0.02) and the propeller-
removed static oressures was negligible. At Te = 0.11,
for which case (g, = 0.47, the static pressure increased
slightly with no outlet flaps and decreased from -0.09q,
to -O,E}qo with outlet flaps installed. With an average
total pressure of about l.20qO at the face of the
radiator (fig. 17) and an average outlet static pressure
of =0.40g_. (fig. 2li), a pressure difference of approxi-
mately 1.80qo is available for forcing air through the

duct in the climb attitude with the propeller operating
S e g1,

e
‘Drag and Duct Efficiency

A summary of the .drag data for the model with the
large and small forward underslung ducts installed is
presented in tables III and 'IV. The increment of the
drag coefficient due to the duct ACp 1is the difference

between the drag of the model with the duct installed
and with the duct removed.

In order to facilitate analysis, the drag increment
is divided into two parts: (1) the drag caused by losses
in the duct (internal drag) and (2) the drag caused by
changes in the external flow (external drag). The
Increment of internal drag coefficient is equal to the
momentum loss through the duct calculated by the formula

ACp, = =% (1 . el
i ,SVO‘ 4, /
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The external drag is the difference between the calculated
ACDi and the total increment measured by the force tests

and may be expressed as

ACp, = ACp - ACDi

The increase in drag that accompanied the increase
in the outlet area of the ducts was due mainly to an
increase in the internal drag of the installations as
a result of the larger volume rate of air flow. The
larger volume rate of flow caused an increase in the
pressure drop across the orifice plate and generally
Increased the diffuser pressure losses. The increment
of total drag coefficient ACp due to the large forward
underslung duct varied from 0,0011 to 0.0029 and for the
small duct from 0.0013 to 0.0022 (tables III and IV),
depending upon the nominal pressure drop of the radiator
and the volume rate of air flow,

In order to compare the internal drag of the two
ducts, the internal-drag coefficient has been plotted
as a function of the Inlet-velocity ratio in figure 25.
This figure .shows that, for equal values of pressure
drop for the oriflce plate and inlet-velocity ratio,
the internal-drag coefficlient of the small duct was
higher in some instances than that of the large duct.
The internal-drag coefficient was higher even though at
equal values of Vl/Vo the volume rate of alr flow
through the smaller duct was less than that for the
large duct. The higher internal drag of the small duct
1s caused by the difference in the expansion between
the inlet and the radistor. The ratio of orifice-plate
area to Inlet warea 18 2.5 for the large duct and 2.0 for
the small duct (see figs.B8 and 9); thus, for a given
Vl/Vo and Ap/q2 the dynamlic pressure ¢p and hence
the pressure drop Ap and the over-all pressure
arep - ‘Mg =H in the small duct are greater than in
the large duct.

The calculated increment of drag coefficient due
to the external drag of the duct ACp, varied from O
to 0.0010 with -the large duct installed and from
0 to 0,000l with the small duct installed. (See tables III
and IV.,) In the case of the small duct, the increment of
external drag generally increased with Ap/q and
appeared to be .approximately the same for bo%h the

.
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medium and the large outlets. With the large duct
installed, the values of ACpg increased with the size

of the outlet and appeared to decrease with increasing
Ap/qz. A najor part of the increment of external drag

is attriktvted to the interference effects associated
with the mixing of two streams of unequal velocity and
with dirfferent flow directions.

The efflciency of each duct 1, defined as the
ratio of the minimum power required to force the cooling
air throuvgh the radiator to the power needed to overcome
the drsg of the complete installation, has been calculated
and the values are presented in tables III and IV. At
inlet-vclocity ratios below 0.62 the efficiency of the
large duct was greater than 70 percent but decreased
rapldly above an inlet-velocity ratio of about 0.70. The
efiic1°ncv of the small duct was consistently lower than
that of the large duct at the same Vy/V, and A4p/qp

values because of the relatively higher internal drag.

Critical Speeds

The critical speeds of the duct inlet lips were
estimated from the surface static pressures measured
at a tunrel speed of 96 miles per hour by using the

‘von Karmén-Tsien pressure extrapolation obtained from

reference 5. These extrapolations %re shown in figure 26.

b
The minimum pressure coefficilents S © were determined
o]
from pressure distributlons measured over the lip at the
bottom of the duct inlet and in the duct-fuselage fillets.

Effect of lnlet-veloclty ratio.= The critical Mach
numbeTr increased Linearly with the inlet-velocity ratio
as shown in figure 27 for the small duct. Typical
preasure distributions over the lip of the small forward
undersiung duct (fig. 28) show the change in distribution
that accompanied changes in inlet-velocity ratio. It is
noted that the stagnation point moves outward &as Vl/Vo

increases and that the peak negative pressures are
reduced.

Effect of 1ift coefficient.,= In figure 29 the
critical Mach number of the small forward underslung
duct is shown as a function of the 1lift coefficient of




1l NACA ARR No. LLH15

the airplane with propeller removed, Increasing the
1ift coefficient caused substantial increases in the
critical speed. of the lower. part ofl the duect lip but
decreased the critical speed of the sectlions along

the duct-fuselage fillets. The rate of change of
critical Mach number with 1ift coefficlent was much
greater dat the bottem of the ducts than in the fillets.,

Effect of propeller operation.= The critical Mach
number oI the various sections of the lip of the small
duct, determined from tests with the propeller removed
and with the propeller operating, are shown as a function
of the inlet~velocity ratio in figure 30. At the bottom
of the duct 1lip, the critical speed of the section varied
8lightly and irregularly with propeller operation.

Along the left fillet, M., was slightly lower with
propeller operating; whersas, along the right fillet
the critical speed was substantially greater with
propveller operating than with the propeller removed.
This effect is probably due to the slipstream rotation
which decreases the effective angle of attack on the
right side of the duct behind the downgoing propeller
blades and increases the sffective angle of attack on
the left side of the duct behind the upgoing propeller

blades.,

The; critliecal speed of the left fillet for the high-
speed condition, Cp = 0.10, Tq = 0.02, and V1/V,=0.50,
was estimated to be about L85 miles per hour at standard
sea-level conditions. The critical speed of both the
lower duct lip and the right duct-fuselage fillet were
higher. than the critical speed of the left fillet.

A similar but less thorough investigation was made
of the critical speed of the inlet. to the large duct
with similar results which are not presented here.

SUMMARY OF RESULTS

Tests of forward underslung ducts on a typical
fighter airplane in the NACA full-scale tunnel, indicated
that's

1, Pressure recoveries at the radiator greater
than 90 percent of the free-stream dynamlc pressure
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were obtainable at the low 1ift coefficient of 0.10,
with the propeller removed, for inlet-velocity ratios
ranging from 0.40 to 0.75. Beyond the inlet-velocity
ratio of 0.75 the pressure recoveries decreased rapidly.

2., The variation of pressure recovery with 1ift
coefficient, with the propeller removed, was less than
5 percent of the free-stream dynamic pressure at values
of inlet-velocity ratio of 0.5; for inlet-velocity ratios
greater than 0.5 the pressure losses ahead of the radiator
increased rapidly with 1ift coefficient.

5. Vanes in the diffuser of the forward underslung
duct had little effect on the pressure recovery at low
1lift coefficients but reduced the adverse effects of
increasing 1lift coefficient.

L. Operation of the propeller, equipped with large-
chord cuffs, increased the total pressure at the radiator
of the large duct approximately 7 percent of the free-
stream dynamic pressure at the highe=speed thrust coef-
ficient of 0.02 and approximately 45 percent of the
free-stream dynamic pressure at the climb thrust coeffi-
glent of 0,11,

5 The static pressure at the outlet with no exit
flaps was positive and with and without exit flaps
increased with both the 1ift coefficient and the pro-
peller thrust.

6.  With the propeller removed, the static pressure
at the outlet was reduced approximately 50 percent of
the free-stream dynamic pressure by installing L5° exit
flaps; the effectiveness of the exit flaps increased
considerably with power.

7. At equal values of inlet=-velocity ratio and
pressure-drop coefficient for the orifice plate, the
internal drag of the small duct was somewhat higher in
some instances than that of the larger duct even though
the air flow was conslderably less, The higher drag
was a result of the lower diffuser expansion ratio of
the small duct, which resulted in a higher dynamic
pressure within the duct and hence greater pressure
losses and a greater pressure drop across the radiator.
No comparison was made of the ducts on the basis of
providing equal cooling.
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8. Increases in the inlet-velocity ratio with the
propeller removed increased the critical Mach number of
the duect lower lip and duct-fuselage fillets.

9. Increases in the 1ift coefficient of the airplane
with propeller removed increased the critical speed of
the duct lip but decreased the critical speed of the
filletsa,

10, Propeller operation had little effect on the
critical speed of the lower lip. The critical speed of
the left fillet was only slizhtly decreased by propeller
operation; whereas, a substantial increase was measured
at the right fillet.

Langley Memorial Aeronqutical Laboratory
National Adviscry Committee for Aeronautics
Langley Fleld, Va.
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i TARLE I
ORDINATES 0% LOWER LIPS OF LARGE AND
SMALL FORWARD UNDERSLUNG DUCTS
[A11l values are in inche s]
Large duct Small duct
s :
JU YL yU yL
0 0. -0.33 | 0.45 -0.7
.25 A7 -1.0 25 .35
.50 20 -1.17 .28 -1.10
«T5 .31 -1.5? .20 -1.3%0
1.0 .19 -1.48 18 -1.145
1-25 .O'\\: "1.03. O "lo 2
15 -.03 ~1il -.08 -1.75
1.75 -.10 -1.85 -.20 -1.90
2.0 -.18 -1.95 -.27 -2.0
2.5 =e53 ~2.13 =45 «2,22
g 3.0 -.50 2430 -.61 -2.39
7.5 —.65 -2.25 -178 -205
ﬁ.o -.78 -2.63 -.95 -2.b3
L5 -.93 -2.80 -1.10 -2.55
5-0 -1.05 -2.95 _1.%9 -20
6.0 -1.30 -3.2 -1,60 -2.10
g.o -1ob() -5'5 -lc89 ’5. 1
o) -1.90 -3.85 | 148,10 -3.47
) //‘"‘}'«‘T_"“"“————\ e ~ g i ‘ _\-\\_ - N
/ 'y \ / 0
( ', V U i .,.,_..,__.._l.->—- X
\ R /"'./‘iw—. » ? = X 5/ /1'* ’I
¢ YL, X L
\\\Ri,—’ R = 0.5 in. \\\“#,, B = 0.5 in.
\\
- \\\ \\

Large duct

Small duct

NATIONAL ADVISORY
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COMPARISON OF PRO

TABLE II

PELLER=I E'OJED "D

PROPELLER-OFERATING DATA

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FOR SMALL FORWARD UNDERSLUNG DUG
e (Hp -~ pylda, vy/V, UV, (ps = p,)/4,
Lngl Outlet %iiz Propeller Propeller Propeller Eropediler
g P
L |Ap/a, Oper- Oper- o] per-
b/q . I : T per- Oper
Removed ating Removed Ak it Removed atao Removed ating
0.10{ 10.1|sSmall.] Off | 0.96 1.02] 0.40 0.43 | 0.31 0.33 *h 0.1
.10{ 10.1|Medium| Off .95 |em—-- .h% 56 <3l 5o .09
.10/ 6.0{smsll | Off .93 1,021 L ;7 wli? 18 .19
10| 6.0\ Medium| orff S5 1 101 L5k . Jad Cig 15
.10| 1.7|Small .| off .97 1.02| .58 6? us L8l 23 3
.10{ 1.7|Medium| Off 94 .9 3N ZO .50 . % i 52
Ji71 10.1] Medium| On a0 1.05f .52 b3 0 .Z -.29 -9
217l 6.0/ Medium| On .90 1.12] .65 .78 2 60| - .31 -.59
L7l 1.7\ Medium| On .79 1.20f .82 .98 .63 781 -.34 -.5%
Power conditicn{ Cg, (dgg) T,
High speed |[0,10{ 60 | 0.02
Climb L7 Lo 54

GIHNI *ON HYUV VOVN
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TABLE III

SUMMARY OF DRAG DATA FOR LARGE

FORWARD UNDERSLUNG DUCT
@L = 0.10; exit flaps ofﬂ

, | ACp at Cp, = 0.10
Nominal o L
Outlet  ap/g, QU Vo V1/Vo )
ACD ACD; |ACDe
it | 11,2 [0.52] 0.50 =08 0.0017 |-=mmm= ek b
Medium | 11.2 .59 .57{0.0028 | .0026;0.0002 [0.76
Large 2l o2 s OLL 52 [wmmn 0025 j-===== -———
Small 3.3 6Lt .62 .0011 | .0011| .0000| .73
Smal1® 3,3 N2 BN o ) p—— 0004 |weres i
Medium 5.7 761 W7l L0020 | L,0016} .000L .6%
Large 343 7Ol T 0029 | ,0019; ,0010! .4

a.. . : .
~Vanes installed in diffuser.

TABLE IV
SUMMARY OF DRAG DATA FOR SMALL

FORWARD TUNDERSLUNG DUCT
Cr, = 0.10; exit flaps off]

Outlet AD ) Q/VO \;ll/TJO ot 1
p/%s acp, | acp, | 40D,

Small 10.1  0.31] 0.40 | ~===-< 040013 |-===== —
Medium | 10.1 L1 Wy 0.0018 | 0018 j0.0000 0.52
Large 10.1 JBhy WLl ! ,o021} .0017 | .000L .Zs
Small 6.0 371 L8| meeeaa .0011 |~====- -
Medium 6.0 Ji2i 551 ,0018| ,0016 | .0002 | .58
Large 6.0 A2 .gg .0022| .0020 | .0002 | .9
Small 5.7 I S L0007 j===mm= ———=
Medium | 1.7 .50 .651] .0013| ,0012 | .0001 | .38
Large- 1.7 .50 651 .00171 0016 | .0001 | .41

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Flgure 1— General arrangement of wind-turnel
modael, basic cordirior.




NACA ARR

Section A

No. L4H15

X

Yy YL Section A H

0 0
<116}
e 932

U6

L69%
925
1.4k87
1.850

2.315| 1
2.775| 1

«560| 1
i
7.410

8.330)
9.250| 0

4525 1,592

» 280
« 390

+535
1413
JTHS
«890
+990

«065
+110

.000
.guo
.625
360
0

L.E. radius: 0.335
T.E. radius: 0,058

Section B

X

Jyu=Y1

0
<194
.388
<775

1.16%

1.550

° 4
430
625

rom ¢

Section B(lzn{
o thrust)

Fig.

e—— 6.38°

|5.5"——>'|

NATIONAL ADVISORY

L.E. radiuss 0.520
T.E. radius: 0
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Figure 2,- Dimensions of propeller cuff,

}4-3.0"7 —




Figure 3.-

(a) Front view, propeller removed.

Model in basic condition,

mounted in the NACA full-scale tunnel.
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Figure 4.- Model with large forward underslung duct installed
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NACA ARR No. L4H15 Fig. 6a,b

(a ) Iniets

(b)_Small outlet;: exiv ap off:

Figure 6.- Large forward underslung duct.




NACA ARR No. L4H15

Fig.

(c)

Medium outlet; 45O exit flap installed.

(d) Large outlet; exit flap off.

Figure 6.- Concluded.

6c,d




NACA ARR No. L4H15

Fig.

(a) Inlet.

(b) Small outlet.

Figure 7.- Small forward underslung duct.

7a,b




NACA ARR No.

L4H15

Fig.

(c) Medium outlet.

(d) Large outlet.

Figure 7.- Concluded.
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DUCT SECTION

/ ON ¢ OF AIRPLANE
// THRUST ¢
INLET

AREA=0.77 SQ FT ,

475"

f 280" § //
| / / 20"
5 SPINNER T
“ T
| < | 400" 79"
I /
LARGE OUTLET i S
AREA =0.88 SO FT S ‘ 4L 7
25.4" s, | I
‘ 276 ———
7ot | ORIFICE PLATE
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SMALL OUTLET
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| 4 |
= CRIFICE PLATE
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GENERAL ARRANGEMENT

> b \OVISORY
Figure 9.— Dimensions ond errengement of small cowMITIEE TR AEROWUTICS

forward underslung duct.
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NACA ARR No. L4H15
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NACA ARR No. L4H15
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ngre ' A f)//o/'ca/ fotal-pressure distribution at

inlet fo large duct; propeller removed.
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VI/V°= 044

(@) C.=0.10. NATIONAL ADVISORY (b) C.-0.80.
COMMITTEE FOR AERONAUTICS

Figure 13- lypical total-pressure distributions at face of orifice
plate. Large forward underslung duct; propeller
removed. (Dots represent tube Jocations.)
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NACA ARR No. L4H15 Fig. 15
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Vi /Vs=0.58
PROPELLER REMOVED

oo

V; /Vo= 0.58
PROPELLER OPERATING
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@

(d.) CL- 0.)0.
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NATIUNAL ADVISURY
(k) C_=0.47. COMMITTEE FOR AERONAUTICS

ﬁyure 19.- Effect of ,om,ae//er operatson on fm‘uﬁ,aressure distributions ot fuce of orifice plate.
Large forward underslung duct (Dots represent tube locations.)

*ON ¥YV VOVN

GTHY1

‘314

6T




Outlet
——o Smajl
——+Meaium
4 4 ! , 4 I " “““ X [_Ol’gé >

ﬁg i ] X — £t ff/ad | 2l Lo

XIT flap— b o X+ o T AT s °
Q\ OfF & ‘—,\ _ 2 1 2 ol
N alile o 'l
s -
12
el 0 0
Yl 7] 2 4 6 2 .-‘4 6 . o 2 4 6 .8
Q /73-po x|
© w‘l/ef fora/ ,O/essure,mp‘ -\%&ﬁ— I
"S‘ — : =2| - =2 LS .
£ £Exit flap on \ EXit Flap on
5 =N
L ”&__ 4 Exit Flap on -+
SESE - —
%)\ AL ADWISORY
g - -5 -6 $M:m FOR AERONAUTIGS
\Y)
<

: @) &, 0./0. ) ¢;,047. ©) C,089.

rrgure 0 —\Vvariarion of owrt/er static pressure with outlet fotal pressure. Large rorwarad
undersiung auct; propeller rermoved.

*ON ¥V VOVN

GTH?1

Bty

03




Outlet
—> Smal/
——*Medium
4 4 %, —===c-X /WG -
O 3
£EXit fla, .
ig EXITF1 Lo S - ""ﬁi/j
X/t flap—] LB =k
Qi«z | off ey BN | . B I 2 X/l Flap -
3 T . of F
b ) ==
(5]
(%]
Yo 0 o)
] P 2 < 6 8 o = P 6 8 0 2 4 6 8
© Outlet rotal pressure, L"SQ;QO— ‘
E‘.Z 2 e,
(%) s .
N~
g ﬁi“"@:~\"‘\
3+ 4 =0 b
g Exit flap on
S
Q NATiONtL ADVISORY
&.6 6 -6 COMMITTEE FOR AERQNAUTI
B
S
@ ¢, 0./0. b)) C;y0.47. €) ¢y,0.89.

Figurekl. — Variotion of oullel static pressure with outlet fotal pressure. Small forward
wnaersiung auct; propeller removed.
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NACA ARR No. L4H15 : FEg.r 22
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(See refererce 5.)
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