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OIL—-COOLER DUCTING SYSTEM OF A TWIN-ENGINE AIRPLANE
IN THE AMES 40-- by 30-FOOT WIND TUNNEL

By Dean R. Chapman

SUMMARY

An investigation of the wing-inlet oil-cooler ducts on a twin—
engine airplane was conducted to determine both internal— and
external-flow characteristics of the ducting installation. Tests
were made with power on as well as with propellers removed. In
addition, ground tests of the duct passages and model tests of
various 1/2-scale revised inlets were also conducted in order to
develop a ducting system with low over-all losses throughout the
operating range. ‘

The full-scale investigation showed that a premature separa-—
tion of internal flow occurred in both left— and right-wing inlets
when tested with propellers removed, but occurred only in the right—
wing inlet when tested with propellers operating. In the model
tests, a revised inlet design for thc right wing was developed which
produced satisfactory pressure recovery throughout the operating
conditions. The ground tests of the ducting systom showed that the
losses in the diffuser were quite low even with considorable produc—
tion irregularities in the fabricated parts. The increment of
external drag caused by the wing inlets was found to be zero in
the high-speed attitude and 0.0001 in the climb attitude.

INTRODUCTION

Various aerodynamic and cooling tests have been conducted on
a twin-engine airplane in the Ames 40— by 80-foot wind tunnel. An
investigation of the aerodynamic characteristics of the ducting
pe system was carried out as a part of this testing program, and the
results are presented in this report.
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The ducting system consists of two similar pairs of wing inlets:
one to take in charge air, and another to take in air for the oil
cooler. Although the results of flight tests did not indicate any
trouble which could be attributed to the charge-air ducts, they did

emonstrate unsatisfactory oil-cooling characteristics during a
climb. The wind-—-tunnel investigation, therefore, was made with
particuler attention to the oil-—cooler ducts.

The investigation was composed of four relatively independ—
ent vphases involving both medel and ground tests, as well as the
full--scale wind—tunnel tests. Thess four phases were (l) full-
scale tests with propellers removed, (2) full-scale tests with
power on, (3) tests of 1/2-scals models of various modified wing
inlets, and (4) ground tests of the duct passages. Accordingly,
this report compriscs those four divisions, along with a discus-—
sion of their corrclation and application to other ducting
systems.

COEFFICIENTS AND NOTATION

The coefficients obtained in the full-scale airplane investi—
gation were corrected for Jjet-boundary interference and for the
tare and interference of support struts. The data obtained in the
1/2—-scale model tests were corrected for the effect of wall inter—
ference by the methods of reference 1.

The symbols used throughout the roport arc defined as follows:

Uy uncorrccted angle of attack, referred to fuselage reference
line, degrees

P static pressure, pounds per square foot
P mass density of air, slugs per cubic foot
v velocity, feet per second

o] dynamic pressure, pounds per square foot (%DV2)

H total head, pounds ver square foot fp + q(1 + 1)]
OH loss in total head, pounds per square foot

A cross—sectional area of duct, square feet

n propeller speed, rps

D diameter of propeller, feet

S wing area, square feet




i MR No. A5C10

. CL airplane 1ift coefficient (L/qS)
cy section lif't coefficient at a station through center of
inlet
Cp. internal drag coefficient of duct
<
D=l
B pressure coefficient (— O>
do
ik —-%ﬁ pressure—recovery coefficisnt
o
Q volume quantity of flow, cubic feet per second
Q/v, flow coefficient, square feet
v, /VO inlet velocity ratio( —S— = 1.62 —Q\
E A:V5 Vo/
7, S e i e [gffectzve thrust of both propellers
2 pve D=
. X \
¥ e <6Dpower off CDpower on/]

s 2 . 1yt \
1 +mn compressibility factor (1 + M + s
subscripts
(o) free—stream conditions
b conditions at station 1
2 conditions at station 2

The test airplane was a twin-engine, single—place, midwing

conditions at the inlet (except in CD{)

ATRPLANE, INSTRUMENTATION AND TEST APPARATUS

fighter designed for both land— and carrier-based operations.

is powered by two R—2800-22 engines, having a military rating of

2100 horsepower at 2800 rpm. Each of the engines operated a

three—blade propeller 13 feet 2 inches in diamster.
drawing showing the principal dimensions of the airplane is

presented ag figure 1.

A three—view

w

= Figure 2, a schematic drawing of the duct passages, shows the
various station designations which were used throughout the investi-
A photograph showing the wing duct inlets and the manner in

gation.
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which the airplane was mounted in the full-scale tunnel is
presented in figure 3.

Instrumentation for Tests in the
LO0— by 80-Foot Wind Tunnel

A reke consisting of 29 total-head and 4 static-head tubes
was placed in each oil-cocler duct at a station 18 inches behind
the leading sdge of the wing (sta. 1). An additional rake of 18
total-head tubes was mounted at the exit of each duct (sta. 2).
These rakes furnished the data required to determine the pressure
losses within the ducts, the guantity of flow, and the internal
drag. A number of static-pressure orifices used to determine
pressure distribution were installed at various points on the
airplane, including points on the lips of the left-wing duct inlets.

Apparatus for 1/7-8cale-Model Investigation
of Reviged Inlets

The 1/2—scale models were supported and tested as illustrated
in figure 4. Air flow through the 2- by 5-foot test section shown
in this figure was obtained with a temporary setup which incorpo-
rated a blower normally utilized for ground tests of internal flow
in duct systems. The tests were thus mede with three—dimensional
inlet models in an essentially two-dimensional flow. Satisfactory
agreement with full-scale tests was obtained as shown later. Flow
through the inlet of the duct models was induced by a Jet pump
capable of supplying a gquantity of air flow variable from zero up
to values corresponding to an inlet—velocity ratio of 0.92. At the
center section of each model, numerous pressure orifices were
installed around the airfoil contour and inside the duct lips. A
rake of 26 total-head and 13 static—head tubes was placed at the
same respective location as in the full-scale tests {ahem &) -
Pressure measurements thereby furnished data for ssction 1lift coeffi~
cient, pressure recovery at station 1, and pressure distribution
over the duct lips.

Ground-Test Apparatus

A 10-horsepower blower was used to induce flow through the
ducts of the oil-cooler system. These tests were made using a

production duct system with normal manufacturing roughness and

incorporating a 21-1/2-inch by 10-3/8-inch by 9—inch elliptical
0il cooler. In addition to rakes at stations 1 and 2, a set was
installed at the face of the oil cooler. The test setup is shown
in figure 5.
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TESTS, RESULTS, AND DISCUSSION

The measurements in the LO- by 80-foot wind tunnel were first
made with propellers removed in order to determine the air-flow
characteristics in the absence of a slipstream. Following these
measurements, data were taken with propellers operating in order
to determine the eflects of power as well as the air-flow charac—
teristics that actually exist in flight. Instrumentation diffi--
culties prevented the measuvrement of pressures at the face of the
0il cooler; consequently the full-scale—airplane tests were limited
to the determination of any losses due to the improper inlet design.
It was left to the ground tests, therasfore, to determine the losses
in the turn from station 1 to the face of the oil cooler. The
geries of model tests were conducted on various revised inlets,
because the full-scale—airplans tests disclosed excessive pressure
losses occurring as a result of unsatisfactory inlet design.

Full-Scale Tests With Propellers Removed

This investigation was made in order to serve as a base for
subsequent tests, as well as to determine the internal-flow and
—drag characteristics of the oil-cooler ducts. The airplane was in
the standard production condition with the exception that both
propellers and spinners were removed (fig. 3). Pressure and force—
test data were obtained throughout the angle-—of-attack range at
stream velocities of 80 and 125 miles per hour, and for various exit
areas of the oil-cooler duct.

Figure € is a plot of the velocity distribution at station 1
in the left--wing duct for the entire angle-of-attack range and for
an exit area of 80 square inches The vressure recoveryl at

*In this report the pressure recovery at a station inside the
duct is given by the coefficient 1 — AH/q,. For low free—stream
Mach numbers this coefficient is the same as the more familiar
coefficient (H — po)/qo. The two are related by the equation

H—

“‘E“EQ = (1 - 2H/gp) + Mo

o

Thus, for frictionless flow (no total-head loss) the coefficient
1l- AH/qO is unity regardless of free—stream Mach number, whereas
under the same conditions (H — p,)/q, depends upon Mach number.
Another form of pressure-recovery coefficient that is used in some
reports is (H — po)/qco, where g = qo(1 + ny). This coefficient,

equal to 1 — AH/qco differs from 1 -- AH/qO only in that the losses

are expressed as a fraction of qo(l + no) instead of a fraction of
%6,
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station 1 for various exit areas and various angles of attack is
shown in figure 7. Velocity distributions and pressure recovery
for the right—wing duct are not shown, since they are almost
identical to those for the left wing. In figure 8 the flow para—
meter Q/V, is plotted as a function of the oxit area Az for
angles of attack of 0°, 39, and 8°. These angles correspond
approximately to theose for high speed, cruise, and climb. The
internal drag of the left-wing duct for these same angles has been
calculated using the relation

-3 /1 - V/qi;égé\

4o /

= cF k

and is presented in figure 9 as a function of exit area.

Several significant results can be obteined from the data

of figures 6, 7, and 9. A separation of internal flow for angles
of attack greater than 3° is indiceted by the nonuniform velocity
distribution of figure 6. Thsse distributions clearly show that,
in the absence of a slipstrevam, separstion occurs locally at the
center of the lower intake lip for angles above 3° and progresses
in width and height as a,; is further increcased. The loss in total
head accompanying separation is verified by the low pressure—
recovery coefficients of figure 7. It is seen from figurs 9 that
the internal-drag coefficient of both oil-cooler ducts is 0.00C2
in high specd (approximated by o = 0°, A> = 4C sq in.) and 0.0023
in climb (approximated by ay = 8°, A> = 90 sq in.). These values
compare with the total-drag measurcments of the ducts, as deter-
nined by force tests, of G 0002 in high speed and 0.0024 in climb.
The incrsment of external drag dus to the wing oil-cooler ducts 1is
thus seen to be virtually zero.

Full-Scalec Investigation With Power On

A series of tests similar to those made with propellers off
was conducted with propellers operating, in order to determine the
effect of power and internal-flow conditions that would exist in
flight. In the wind tunnel, full—scale conditions for steady
flight with normal rated power were reproduced up to a velocity of
about 200 miles per hour. For flight conditions above this speed,
the power coefficient, the thrust coefficient, and the V/nD ratio
were still matched with the corresponding values in flight, but the
turmel velocity was held at 200 miles per hour. Figure 10 shows J
both the thrust coefficient and the uncorrected angle of attack
as a function of 1lift coeffi-ient for normal rated power.

Dus to the difficulty of cooling the oil while cperating in
the tunnel, almost all data were taken with exit flaps full open.
The results are presented as such, unless specifically noted to
the contrary.
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The velocity distributions at station 1 in the left—wing and
right—wing ducts are shown in figures 11 and 12, respectively. As
may be noted from figure 12, the distribution within the right-wing
duct with power on is practically the same as the distribution in
both ducts with propellers removed (fig. €). However, a remarkable
improvement resulted in the distribution within the left-wing duct
(fig. 11). Additional corroboration of this dissimilar effect is
given in figure 13, which shows average values of pressure recovery
1 - AH/qO and of flow parameter Q/Vo plotted as a function of
ao; for normal rated powsr. TFor purposes of comparison, the
corresponding power—off data for both ducts are also included.

From these figures it is seen that with power on separation
occurs over the lower lip of the right-wing inlet for angles
greater than qy = 4°. This is the same as the power—off data. In
the left—wing inlet, however, there is no separation of internal
flow even for angles as high as oy = 10°. These dissimilar effects
are a consequence of the opposite slipstream rotation for the two
inlets. A more detailed consideration of their significance is
given in a subsequent section of the discussion.

Because separation of internal flow is indicated on a manometer
board by the sudden changes in fluid height, the cooling difficulties
associated with it are readily detected by full--scale operation in
the wind tunnel. In this way the correlation of separation with
excessive oil temperatures and the dissimilarity of the slipstream
effscts were noticed many times during the power—on tests. As ay
was increased, the right—engine oil temperature became excessive,
but the left did not. When such a condition existed, the flow in
the right duct was always separated, but the flow in the left duct
was not (as indicated by the various fluid heights). In order to
decrease the oil temperature to a value below the limit, the power
was reduced. Whenever the power was suddenly reduced, it was always
noticed that simultancously the air flow in the left duct separated,
thus giving a visual indication of the beneficial effect of power
on the flow conditions in the left duct.

Tests of 1/2-Scalec Models of Various
Modified Inlets

From figure 13 it can be seen that proper modifications to the
right duct would increase the pressure recovery at the cooler
approximately 0.6qy at Cr = 0.94. An investigation of various
models was made, therefore, to determine the duct-lip modifications
which would be necessary in order to eliminate the stall of the
lower lip of the right-hand duct. As previously described, the
revised inlets were tested on models in a two—dimensional—flow
test section. The tests were made throughout the angle—of-attack
range at a g, of approximately 28 pounds per square foot, which
corresponds to a Reynolds number of 5,500,000, based upon the 66.7-
inch chord of the models.
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For each model tested, the inlet-—velocity ratio was varied
with c¢; in order to simulate a constant quantity of flow of
approximately 400 pounds per minute at seca level. The section
lift coefficient ¢; at a station through the center of the duct
was used as the fundamental parameter to describe the inlet
attitude. It is to be distinguisghed from the airplane lift coeffi-—
cient C;. The relationship bstween c¢; and Cp, shown in
figure lﬁ, was determined from earlier pressure distribution
measurenents and force tests of the airplane. The variation of
V,;/VO with c¢; necessary to simulate a flow of 400 pounds per
minute is also shown in figure 1k'.

For convenience, the upper— and lower-duct lips are designated
by the letters U and L, respactively. The various modifications
of these lips are designated by & digit following the letter. Thus,
UOL3 revrssents a model consisting of the original upper lip and
the third revised lower 1i

p. The profiles of the various modifica—
tions are given in figure 15, which is a scale drawing of a section

through the center of the wing inlst. Crdinates for these profiles
are given in table I

For purposes of comparison, the pressure recoveries at
station 1 for the various ducts are shown on the same plot (fig. 16)
as a function of c¢,. As may be noted from this figure, a marked
improvement in preséure recovery at high cz‘s was obbtained with the
modifisd ducts. Further confirmation of these improvements is
given in figure 17, which comparee ths velocity distributions of
UOL1l (essentially the original duct) with those of the optimum duct
UiNESE

It was intended that UCLl, the first inlet tested, be a 1/2-
scale model of the original inlet UOLO, but due to an error in
model layout the lowsr lip L1 was constructed as shown in filgure.15.
Because L1 wes cut back a iittle more than LO and possessed slightly
more positive camber, the duct UOL1l showed slightly better pressure
recovery at high values of ¢, than did UCLO (fig. 1€). Consider—
ing this discrepancy in model construction, there is good agreement

10ther tests have shown that the pressure rscovery, particularly
at high 1ift coefficients, can often be seriously affected by the
inlet-velocity ratio. The effects of this variable were investi-
gated at several lift coefficients for the original and modified
inlet designs. The effect was found to be nsgligible in the case
of the revised inlets, and therefore the major portion of ths data
was obtained for the V;/V, ratio shown in figure 14. The results
showed, for example, that an increase in inlet velocity from g6 o
0.9 altered the preossure recovery less than 2 percent at 1ift coeffi—
cierts near 1.0. The original was more critical in this regard
showing a T-percent decrease in pressurs recovery under these same
conditions.
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between the full-scale airplane tests and the tests of models in
two-dimensional flow.

From figure 16 it is seen that several of the ducts (e.g.,
UOLL, UlLk, UILS) yield elmost equally eatisfactory pressure
recovery over the c¢; range from high speed (c; = 0.17) to climb
(c; £0.85). The duct ULL5, however, is considered as the optimum
of the modificationsg tested because it has a somewhat higher
critical speed than do the others. The inlet UlLY is considerecd
as an alternate, because it reguires less change in the original
lip contours than does UlL5. Using the XK{rmdn-Tsien method, the
poak pressureg correspond to a critical Mach number of 0.56 for the
original duct, 0.56 for the alternate duct, and 0.59 for the
optimum duct. In each case the peak-pressure region is confined
to a very small area on the outside of the lower lip, and is not
considered to be of importance.

Ground Tests of Duct Passages

Since the majority of duct expansion occurred in the turn
ahead of the oil cooler, it was considered a possible source of
excessive pressure losses. Consequently, the ground tests were
conducted on the production duct from station 1 to the exit of the
oil cooler. The blower used to induce flow through the system
provided an air flow of 200 pounds per minute, which is approxi-—
mately one-half the actual flow that exists in climbing flight.

An investigation was first conducted on the duct passages as
fabricated for production airplanes. These tests indicated that, with
a uniform velocity distribution zhead of the turn, the average
bressure loss from station 1 to the face of the oil cooler is 0.089q1.
Measurements of the production—duct systom showed that its contours
deviated considerably from the production drawings. These devia—
tions were as follows: (1) the inside turn of the inner compart—
ment was sharper, (2) the inner wall of the inner turn projected
5/16 inch nearer to the center of the duct, and (3) the forward end
of the inside vane was 1/2 inch closer to the inside wall.

The average pressure loss in the turn was reduced to O.O5hq1
by modifying the inside radius of the inner compartment and by
changing the location of the inner vane. These modifications,
which produced minimum losses, resulted in a final turn with
contours conforming almost exactly to the blueprints.

Thus, the losses in the turn are quite small, even with
considerable production irregularities in the fabricated parts.
The difficulty in oil cooling, therefore, is not a consequence of
excessive pressure losses in the diffuser ahead of the oil cooler.
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The Effecta of Power

The model tests have shown that in the absence of a slipstream
either of the revised inleta UlLk or UlL5 could be used in the
right-wing duct to produce practically complete pressure recovery
and uniform velocity distribution at station 1. The full--scale
airplane tests have shown that the existing design of the left-wing
inlet is adequate with powsr on (although it would appear to be
wnsatisfactory from powver—off tests) because of the large bensfi-
cial effect of the slipstream. Consequently, an explanation is
required to justify the direct application of the model tests
(which were conducted in the absence of the slipstream) to the
conditions of the right-wing inlet with propellers operating.

The critical attitude for flow conditions in the right inlet
ig at a high angle of attack. Here the slipstream sffects are
large, and separation of internal flow over the lower lip is
critical. In figure 18 a diagram is presented which illustrates
how rotation of the propellers produces a very different effect on
the air as it approaches the two opposite sides of a nacelle. The
analysis is admittedly simplified, but nevertheless illustrates
how the resultant velocity of the air entering the inlets, when
compared to pcwer—olf condition, is at 2 considerably lowsr angle
of attack on the side of downgoing blades, and yet is practically
at the same angle of attack on the side of the upgoing blades.
These statements are verified by the full-scale airplane tests of
this report. That is, the angle of impending separation in the
right-wing inlet (on side of the upgoing blades) was the same with
propellers off as with propellers operating (fig. 13), yet the
separation in the left—wing inlet (on side of downgoing blades),
which began at Qy = 39 with the propellers removed, did not occur
at all with propellers onerating. The separation criterions
obtained in the 1/2-scale model tests, therefore, are directly
applicable to the power—on conditions of the right—wing inlet.

It is realized that in modifying an inlet for the purposs of
extending the range of goud pressure recovery to higher c¢;'s, it
is easily possible to go toc far in the design so that separation
of internal flow would occur over the upper lip at low angles of
attack {e.g., trend of recovery characteristics shown by duct UOL4
in fig. 16). However, low angles of attack correspond to high
speeds, where the slipstream effects are very small. Consequently,
power—off data can also be applied to the high--speed condition with
only small corrections necessary for the slight increase in ram
caused by the propellers.

In general, then, it can be expected that inlets which are
similar to the ones on the test airplane, and which produce
satisfactory pressure recovery throughout the operating range when
tested with propellers removed, will do likewise when tested with
propellers operating, irrespective of whether they are behind
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upgoling or downgoing blades. The converse of this statement cannot
be applied to inlets behind downgoing propeller blades. That is,
such an inlet, which does not yield adequate pressure recovery at
high angles when tested without propellers, may yield complete
bressure recovery wien the propellers are operating. Figures 6 and
11l are remarkable evidence of this statement.

CONCLUDING REMARKS

1. In the high-speed attitude, no increase in external drag
was caused by the wing-inlet ducts. In ths climb attitude, an
incremsnt of 0.000l can be attributed to external drag of these
ducts.

2. The excessive pressure losses in the right-wing inlet were
due to improper inlet design, and not éduc to high losses in the
duct passages. The losses in the expanding turn ahead of the oil
cooler were small.

3. The modified right~wing inlet, developed by model tests,
produced a ducting system with good pressuvre recovery and uniform
velocity distribution throughout the range from high speed to climb.

4. Wing inlets which are to be placed behind upgoing propeller
blades will produce approximately the same degree of pressure
recovery at high angles of attack in flight that they produced when
tested with propellers removed. However, the pressure recovery of
an inlet which is to be placed behind the downgoing blades will be
considerably better when tested at high angles of attack with
power on than when tested at the same angle of attack with propellers
removed..

5. The correlation between the ressults of this investigation
and the reported data from flight teosts is good. Available flight—
test data show that in climb to high altitudes the left—engine oil
temperature (on side of downgoing blades) ordinarily stays within
the safe limit, but the right—engine oil temperature (on side of
upgoing bladss) becomes excessive.

6. ccause the charge-air wing inlets on ths test airplane
are similar to the oil-cooler inlets, and because they are outboard
of the nacelles instead of inboard, it is expected that modifica—
tions to the left-wing charge—air inlet similar to those recom—
mended herein for the right-wing oil-cooler inlet will effect a
comparative increasc in ram at high angles of attack.
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TABLE I.-- ORDINATES OF VARIOUS LIPS AT CENTER OF WING INLET
[Stations are given in in. behind the O-percent-chord

line.

Ordinates are given in in., measured perpen—

dicular to chord line.

Chord = 66.7 in.}

Lip I Lip 15 ( Lip U1 Lip UO |
i3 ] ! o
Stationi Upper | Lower | Station g Upper | Lower ‘Station Upper |Lower |Station | Upper Lower |
0.79 | 1.38 | 1.38 | 2.39 1.68 | 1.68 | —0.10 2.07 | 2.0 | 010 2,07 eoT |
F T S T SRCT T 1.54 | 1.80 —.05 2.29 | 1.86 ~.05 2.29 | 3.86
85 1.25 1.5 2.50 1.48 1.85 .00 2.38 ! 1.83 .00 2.38 1.81
.90 1.21 159 2.60 1.40 1.91 «10 2.50 1T .10 2:50 2l
100 i 1.68 70 1.33 1.96 <30 2.73 1.65 «30 23 1.7
e8] 1.12 | 1.80 | 2.80 .07 1 .00 .60 2.98 | 1.58 .60 2.98 1.68
1.4%0 1,86 1.90 2.90 1,22 2.03 | " 3.06 Sl | 1 1.00 3.2k 1.69
1.70 1.03 2.00 3.00 . 0 L =5 0 o R o O R . s 1.50 3.50 1:73
2.00 .99 2.08 3.20 1.07 2,33 2,00 4 396 | 1,59 2.00 3. 76 1.80
2.50 .92 8.19 3.50 .98 Pye 3.00 T30 b gl [ L 3.00 4,13 1.93
3.00 ‘ .88 2.30 L. 00 8¢ 2.34 4.00 L¥r o 1.9t 4.00 L. 47 2.08
4,00 | 85 2.48 %.50 3 87 i ) 5.00 R 315 . Wer i 4 2.24
5.00 | 88 | 2.64 | 5.00 | .88 | 2.56 6.00 | 5.03 | 2.33 .00 5.03 | 2.40
6.00 | .93 2. 6.00 i .93 .75 TO0 0, 5,85 | 5.5 7.00 5,25 2,56
7.00 ; SRR BN | 99 12,90 | ~—nd ool b S
Lip L2 ! Lip L3 Lip Lk
" s
Station Unper Lower Station Upper Lower Station | Upper Lower
1.83 o 1.52 1.93 1.8 178 287 1.90 1.90
1.86 1.36 1.69 1.96 1155 1.90 2.40 TS 2.01
g0 1529 16 2.00 1259 155 2.45 IR 2.08
[ 2:00 1.18 1.87 2.10 1.46 2.03 2.50 1.66 D0
| 2.20 1.07 2.01 2.5 159 2.09 2.60 1.5 2.15
2,50 .98 2.1k 2:50 1.04 2.39 2.70 50 2.19
| 3.00 91 2.29 3.00 3,07 2.30 3.00 .33 2.28
| k.00 .86 2.48 .00 .88 2.48 3.50 iy 2.39
{  5.00 .88 2.64 5.00 .88 2.6k 4.00 .98 2.48
; S = M Sl sl 8 o nep i S 5.00 .89 2.6L
i . i
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Figure 3,- The test airplane mounted in the Ames
4O~ by 80-foot wind tunnel.

Figure 4,- Installation of the model of the wing-
inlet used in two-dimensional-flow tests.
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(a) General arrangement.

(b) Pressure-tube rake installations at face of oil cooler,

Figure 5,- Apparatus for ground tests of oil-cooler duct.
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V, free stream velocity, approaching inlet at angle &
AV axial increment of velocity induced by propeller
(assumed to be parallel to thrust axis)
\ V,  rotational component of velocity induced by UP=-GOING
propeller blades
¢ Vq rotational component of velocity induced by DOWN-GOING
propeller blades
| V, RESULTANT velocity entering the inlet which is
behind UP=-GOING blades
V, FRESULTANT velocity entering the inlet which is

behind DOWN=-GOING blades
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+ FIGURE \8.-SKETCH [(LLUSTRATING EFFECT OF SLIPSTREAM
ROTATION ON THE VELOCITY APPROACHING AN (NLET.




