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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
i Abbrevi Abbrevi
5 revia- . revia-
Unit tion Unit tion
Length_______ l Meeriil e e il S R m foot (ormile) __ _______ ft. (or mi.)
TPITRE S S AT t Hocond 25 AT RTINS e s second (or hour) _______ sec. (or hr.)
ForeercsL” o F weight of 1 kilogram_____ kg weight of 1 pound._.___ 1b.
Poweri._. - £ P horsepower (metric) . ____ |- _________ HOrEepOWEE == o Die oy hp.
Snedd Vv kilometers per hour______ k.p.h. miles per hour________ m.p.h.
DS s or = meters per second_ - _____ m.p.s. feet per second________ f.p.s.
2. GENERAL SYMBOLS
Weight =mg v, Kinematic viscosity
Standard acceleration of gravity =9.80665 bp, Density (mass per unit volume)

m/s? or 32.1740 ft./sec.?
Mass = L4
g

Moment of inertia=mk?:. (Indicate axis of
radius of gyration k by proper subscript.)
Coefficient of viscosity

Standard density of dry air, 0.12497 kg-m~*s? at
15° C. and 760 mm; or 0.002378 Ib.-ft.~* sec.?

Specific weight of ‘“standard’ air, 1.2255 kg/m® or
0.07651 1b./cu.ft.

3. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap

Span

Chord

Aspect ratio
True air speed

Dynamic pressure = ész

Lift, absolute coefficient Oy, = q%

Drag, absolute coefficient Cp, = 5—9

Profile drag, absolute coefficient OD.-QDTS",

D,

Induced drag, absolute coefficient O, e
Parasite drag, absolute coefficient C), = %,’
Cross-wind force, absolute coefficient Oc_ng
Resultant force

Ty Angle of setting of wings (relative to thrust
line)

%, Angle of stabilizer setting (relative to thrust
line)

Q, Resultant moment

Q, Resultant angular velocity

p-‘ﬂv Reynolds Number, where [ is a linear dimension

£ {e.g., for a model airfoil 3 in, chord, 100
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model
of 10 cm chord, 40 m.p.s. the corresponding
number is 274,000) ;

C,, Center-of-pressure coefficient (ratio of distance
of ¢.p. from leading edge to chord length)

a, Angle of attack

€, Angle of downwash

a,  Angle of attack, infinite aspect ratio

a, Angle of attack, induced

aq,  Angle of attack, absolute (measured from zero-
lift position)

Y, Flight-path angle
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THE DRAG OF AIRPLANE WHEELS, WHEEL FAIRINGS, AND LANDING
GEARS—I

By WiLriam H. HERRNSTEIN, Jr.,

SUMMARY

Tests were made in the 7- by 10-foot wind tunnel
and in the 20-foot tunnel of the National Adwvisory
Committee for deronautics to determine the drag of a
number of airplane wheels, wheel fairings, and land-
ing gears designed or selected for an airplane of 3,000
All tests were made on full-
sized models; those in the 7- by 10-foot tunnel were
made at air speeds wp to 80 miles per hour and those

pounds gross weight.

in the 20-foot tunnel were made at air speeds up to
100 miles per hour. Although most of the landing-
gear tests were made in conjunction with a fuselage
and at 0° pitch angle, some of the tests were made in
conjunction with the fuselage plus wings and a radial
air-cooled engine and at pitch angles from —5° to G°
to obtain an indication of the general effect of these
All tests
made in the absence of propeller slipstream.

various items on landing-gear drag. were

T he results of the investigation show that the lowest
drag recorded for any landing gear tested was 13
pounds, at 100 miles per howr and 0° pitch, end that
it might be possible to reduce this drag approvimately
G pounds by totally encasing the wheels of this gear
in fairings. The highest landing-gear drag recorded
was 98 pounds.  Other points of interest brought owt

were: Iitting-plus-interference drag of  ordinary
types of landing gears averages about )} percent of
the drag due to these gears; low-pressure wheels and
tires may be used with little or no increase in landing-
gear drag; the proper wheel fairing may reduce the
drag due to a landing gear more than any other re-
finement; fairing of all struts is of great importance;

and landing gears having a single supporting strut

have less drag than any other types of nonretracting

gears. Also, the substitution of low-drag or retrac-
table landing gears for conventional types on high-
drag airplanes results in a negligible increase in high
speed.  Low-drag or retractable gears used in place of
conventional gears on low-drag airplanes result in a
substantial increase in high speed or saving in power

and DAvVID BIERMANN

at the same speed, the low-drag gear accomplishing
a large percentage of the gain obtainable from the wse
of the retractable gear.

INTRODUCTION

Although the drag of the landing gear has been
known to constitute a large portion of the total drag
of an airplane in flight (see references 1, 2, and 3),
practically no systematic research has been done for
the express purpo.e of improving the aerodynamic
characteristics of landing gears. In recent years de-
signers have successfully attacked the problem and in
some cases have designed landing gears that can be
partly or fully retracted in flight. Little informa-
tion, however, is available concerning the compara-
tive drags of nonretracting landing gears and their
component parts, the aerodynamic interference be-
tween the parts, or the degree to which attempted
refinement of such gears may be successfully carried
out. :

The present investigation was made to obtain data
concerning the following: The drag of wheels; the
aerodynamic interference between wheels and struts;
the drag of a wheel with various wheel fairings; the
drag of wheels and gears in yaw; the drag of different
types of landing gears; the effect of wings and a
radial air-cooled engine on landing-gear drag; the ef-
fect of changes in pitch angle on landing-gear drag;
and the effect of various modifications to landing
gears on their drag. From these data an analysis of
landing-gear drag was made and an indication of the
lowest drag obtainable with a nonretracting landing
ear obtained. The investigation included tests of
types of wheels, 6 types of wheel fairings with 3
modifications, and 22 different landing gears with a
total of 55 modifications to these gears.

All the landing gears tested were attached to an
open-cockpit fuselage and the tests were made without
propeller slipstream. Most of the tests were made at
0° pitch angle and without wings or an engine
attached to the fuselage. However, the effects of

o
o)

wings, of a radial air-cooled engine with and without
3
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cowling, and of pitch angle on a number of different
landing gears were measured.

The landing-gear program has been extended to in-
clude tests on other types of landing gears, the results
of which will be presented in subsequent reports.

APPARATUS AND METHODS
TUNNELS

The 7- by 10-foot wind tunnel, in which a part of
the landing-gear drag investigation was made, is fully
reference 4. The standard force-test
model support was used. Tests were made in this
tunnel to determine the drag of wheels, the aerody-
namic interference between wheels and struts, the
drag of the 8.50-10 wheel with various wheel fairings,
the drag of halt of landing gear 2a with various
modifications, and the drag of the 8.50-10 wheel and

described in

half of landing gear 2a in yaw.
The 20-foot propeller-research wind tunnel, in which
the remainder of the tests were made, is described in

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

reference 5. The method of supporting the test set-
ups on the balance is shown in figure 1. Tests were
made in this tunnel to determine the drag due to land-
ing gears used in conjunction with a fuselage, wings,
and a radial air-cooled engine.

TEST MODELS

All models tested were designed for an airplane of
3,000 pounds gross weight because full-scale models
corresponding to this weight were the largest that
could be conveniently accommodated in the tunnels
used for the testing.

Wheels.—The five different wheels and tires used
in the tests were: An 8.50-10 low-pressure wheel and

tire; a 27-inch streamline wheel and tire; a 25 by
11-4 extra-low-pressure wheel and tire; a 30 by 5 disk

wheel with a 30 by 5 high-pressure tire; and a 30 by 5
32 (See

disk wheel with a 32
The 2 wheels with the high-pressure tires were

fig. 2)

tuken from service; the other 3 were wooden models

by 6 high-pressure tire.

FiGUure 1.

Landing gear 3b with wheel fairing A mounted on test fuselage.
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made to a tolerance of = 1/32 inch. All tires had
smooth treads.

Wheel fairings.—The wheel fairings were designated
by letters A to F, inclusive, with numerals added
when necessary to indicate modilications to the basic
form. (See figs. 4 to 9.) TFairings A, B, and C dif-
fer only in cross section; fairing D differs in ecross
section and has a cut-out in the side equal to the tire
diameter (8.50-10 wheel and tire) ; fairing E consists
of a short tail and a small fairing that partly covers
the inside of the wheel; and fairing F covers only a
small portion of the inside of the wheel. All the
fairings were made from sheet aluminum.

Fuselage, wings, and engine.—In order to conform
with the other models, the fuselage used in conjunc-
tion with the landing-gear tests was constructed to
the average fuselage dimensions of an open-cockpit
airplane of 3,000 pounds gross weight. (See fig. 17.)

Two rectangular wings of Clark Y section were
attached to the fuselage for part of the tests. A 414-
by 15-foot wing was used to simulate the lower wing
of a biplane cellule and a 6- by 18-foot wing was used
to represent the wing of a low-wing monoplane. A
Wasp radial air-cooled engine, cowled and uncowled,
was used during some of the tests to determine its
effect on the landing-gear drag. The relative loca-
tion of the fuselage, the engine, the wings, and the
landing gears is shown in figures 17 and 40.

Landing gears.—The landing gears numbered la to
11b (see figs. 18 to 34) were attached directly to the
fuselage. Gears 12 to 14c (figs. 35 to 39) were at-
tached to the fuselage and the 6- by 18-foot wing.

All landing gears were designed to comply with the
requirements of the Aeronautics Branch, Department
of Commerce. Design outside dimensions were strictly
adhered to in the fabrication of the various parts.
Although information concerning the relative weights
of the landing gears would be of considerable interest,
any attempt at weight analysis would be too involved
to come within the scope of this report. The standard
dimension chosen for the vertical travel of the wheel
was 5 inches, and for the wheel tread, 6 feet 6 inches.
All round struts were encased in fairings of Navy 1
strut section, fineness ratio 3. In cases where stream-
lined tubing was used, the tubing was of “ standard ”
section, which is a modification of Navy 1 strut sec-
tion. In some instances tandem struts were faired
together, this being done in accordance with the rec-
ommendations of reference 6. A few of the landing
gears incorporated wire bracing in their structures.
The type of wire used was, in all cases, that commonly
referred to as “streamlined ” wire, although it is
really lenticular in cross section.

The oleo action of all gears was strictly conven-
tional with the following exceptions: Gears 1b, le,

2b, 2¢, 11a, and 11b, as tested, would have to use an
oleo shock absorber in the fuselage with a suitable
linkage to give the required wheel travel or have one
incorporated in the wheel. Gear 10 would have the
oleo shock absorber in the wheel or inside the wheel
fairing. Gears 3b, 3¢, 13, and 14a would require a
splined oleo shock absorber or its equivalent. Gear
12 could have a conventionel oleo strut but the wheel
would swing about a point directly in its rear.

TESTS

The only measurements taken during the tests were
air speed and drag. The maximum a'r speed used in
the 7- by 10-foot tunnel was 80 miles per hour, that
being the maximum obtainable; the maximum speed
used in the 20-foot tunnel was 100 miles per hour.

Wheel tests.—The drag of the wheel-and-tire units
was measured at air speeds up to 80 miles per hour.
Throughout the entire investigation the 8.50-10 wheel
and tire was taken as the standard unit because it
appeared to be the most commonly used in service.
The selection was made solely for comparative pur-
poses.

Aerodynamic interference between wheels and a
strut.—The interference drag created by having a
wheel and a length of strut in close proximity was de-
termined for all wheels used in the landing-gear inves-
tigation. Two different strut sections were used sep-
arately for this work; one was of Navy 1 section, 21/
by 634 inches, and the other was of circular section
with a diameter of 21/ inches. Each strut was hinged
at the wheel axle and the angle between the wheel and
the strut was varied in successive steps from 0° to 90°
during the test. The interference drag was obtained
by deducting the sum of the wheel drag and the strut
drag from the drag of the combination. Figure 3
shows the arrangement of a wheel and strut.

Wheel-fairing tests.—The 8.50—10 wheel and tire was
tested with wheel fairings A, B, C, D, and E at air
speeds up to 80 miles per hour. All modifications to
these wheel fairings as tested alone are shown in fig-
ures 4 to 8, inclusive. Check tests were made on most
of these models in the 20-foot tunnel at air speeds up
to 100 miles per hour.

The 8.50—10 wheel in yaw.—The drag of the 8.50-10
wheel was measured at air speeds up to 80 miles per
hour with the wheel yawed in successive steps from
IoRstos=ilo2

Tests on half of landing gear 2a with 8.50-10 wheel.—
Tests were made on a complete half of landing gear
2a with the 8.50-10 wheel and wheel fairings A, B,
C, D, E,; and F with various modifications. Details
of all modifications are shown in figures 11 to 16,
inclusive. Most of these tests were made in the 7-
by 10-foot tunmnel at air speeds up to 80 miles per
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hour, but a few tests were checked in the 20-foot tun-
nel at air speeds up to 100 miles per hour.

Half of landing gear 2a in yaw.—One-half of landing
gear 2a, equipped with the 8.50-10 wheel, was tested
for drag at various angles of yaw at air speeds up to
80 miles per hour. The half gear was yawed in
successive steps from 15° to —15°.

Tests at 0° pitch of landing gears mounted on fuselage
or fuselage and wing.—Gears la to 11b, inclusive, with
various modifications, were tested for drag in con-
junction with the fuselage alone. Gears 14a, 14b, and
14¢ were tested in conjunction with the fuselage and
6- by 18-foot wing. All these tests were made at air
speeds up to 100 miles per hour. The gears were
mounted in the inverted position (fig. 1) to facilitate
testing and to remove the gears as far as possible from
the influence of the wmodel-supporting structure.
Whenever wings were used during the tests, they were
set at 0° incidence. The drag of the fuselage, or
fuselage and wing, was measured with and without
the landing gears attached. The difference between
the results was the drag due to the landing
test.

Tests at 0° pitch on several landing gears equipped
with various types of wheels.—The drag due to landing
gears 1b, 3a, 8, and 11b, each equipped with various
types of wheel-and-tire units, was measured at air
speeds up to 100 miles per hour. These landing gears
were chosen because they had a wide diversity of strut
arrangement, particularly around the wheel hub. It
was hoped that the results would show more gener-

gear under

ally the effect on landing-gear drag of substituting
different wheels of equal weight-carrying capacity.

Tests at various angles of pitch of landing gears
mounted on fuselage with and without the 414- by 15-foot
wing and engine.—Landing gears la and 1la were
tested for drag at various pitch angles from 6° to
°, on the fuselage alone, on the fuselage with the
414~ by 15-foot wing, on the fuselage with the engine
(cowled and uncowled), and on the fuselage with the
wing and the engine.

—D

These tests were made to as-
certain the effects of the different combinations on the
drag, due to the landing gears, at air speeds up to
100 miles per hour.

Tests at various angles of pitch of landing gears
mounted on fuselage and 6- by 18-foot wing.—Gears 12,
13, 14a, 14b, and 14¢, which were designed for use on
low-wing monoplanes, were tested for drag in con-
junction with the fuselage and the 6- by 18-foot wing
at various pitch angles from 6° to —5° at air speeds
up to 100 miles per hour.

Gear 14c¢ was later tested in conjunction with the
fuselage, the 6- by 18-foot wing, and the engine
(cowled and uncowled) to get the added effect of the
engine upon the drag due to this gear,

COMMITTEE FOR AERONAUTICS

PRECISION

It is estimated that the drag of wheels alone, wheel
fairings, and one-half of gear 2a with
modifications, was measured with a precision of 0.1
pound.

its various

Landing-gear tests made in conjunction with
the fuselage alone are estimated to be precise within
+0.5 pound, while tests made in conjunction with the
fuselage, wing, and engine at various angles of pitch
are estimated to be precise within =1.0 pound.

RESULTS AND DISCUSSION

All drag values presented in this report were taken
from faired curves of drag plotted against dynamic
pressure. In cases where check tests were made in
the 20-foot tunnel on the results obtained in the 7- by
i0-foot tunnel, drag values are given for both 80 miles
per hour and 100 miles per hour. In all other cases
the values are given for only one air speed. For con-
venience, all the drag data presented in tabular form
are included on the figures illustrating the correspond-
ing test models. Results of interference tests, yaw
tests, and landing-gear tests made in conjunction with
wings and engine at various pitch angles, are pre-
sented in curve form for ease of comparison.

The results of tests made in the 7- by 10-foot tun-
nel were corrected for horizontal pressure gradient in
the usual manner. It was not necessary to apply any
corrections to results obtained in the 20-foot tunnel
because the pressure gradient was negligible. An
agreement of +=0.1 pound drag at 80 miles per hour
was obtained between the results of check tests made
in the two wind tunnels after the horizontal pressure-
gradient correction had been applied.

Wheel tests.—Table I and figure 2 show the compara-
tive drags of all the wheels tested alone. It is of in-
terest to note that the 27-inch streamline wheel and
t're has appreciably less drag than any other type
tested, and that the 25 by 11-4 extra-low-pressure
wheel and tire has the highest drag recorded. The
effect of all these wheels upon the drag due to several
different landing gears will be shown later in the
report.

Aerodynamic interference between a wheel and strut.—
Figure 3 shows the variation of interference drag be-
tween the different wheels and a single strut (stream-
line and round) alongside the wheel, as the angle be-
tween the two is varied from 0° to 90°. The inter-
ference drag generally increases as the wheel and
strut are brought together. The 27-inch streamline
wheel and tire is affected the most by the proximity
of the strut.

Wheel-fairing tests.—The drags of the 8.50-10 low-
pressure wheel and tire with various types of wheel
fairings are given in table IT and figures 4 to 9. From
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these results it appears that a wheel fairing such as A,
which covers both sides of the wheel and has a mini-
mum of cross-sectional area, is the best basic type.
It is also apparent from tests of modifications of this
fairing (A; and A,) that the portion of the wheel
or tire that protrudes from the bottom of the fairing
is responsible for most of the drag. As much as 72
percent of the drag of the 8.50-10 wheel and tire may
be saved by totally encasing it in a fairing such as
modification A, of wheel fairing A. It is also inter-
esting to note from the tests of wheel fairing D, which
has a cut-out in the side as large as the tire diameter,
that no saving in drag will be effected unless the side
of the cut-out nearest the tail of the fairing is turned
in so as to present no open edge to the air stream
(modification D,). In fact, the drag of the wheel
was increased by the use of the unmodified fairing
D. No tests were made on ordinary mud guards be-
cause previous tests made in Great Britain showed
that they have high drag (reference 7).

The 8.50-10 wheel in yaw.—Figure 10 shows how the
drag of the 8.50-10 wheel changes with variations in
angles of yaw. The drag of this wheel is almost
doubled when it is yawed 15°. Such data are of prac-
tical interest because many ordinary types of nonre-
tracting landing gears have the wheels in yaw when
the oleo strut is extended. Also, there are some types
of partially retracting gears that have the wheel
yvawed, when in the retracted position, and as much as
Lalf of it exposed to the air stream.

Tests of one-half landing gear 2a with 8.50-10 wheel
and various wheel fairings.—The results of the tests
of half of landing gear 2a are given in table III
and on the figures 11 to 16, inclusive. The purpose
of this part of the investigation was to determine
whether the relative merits of the fairings as tested
alone were affected by the combination of the fairings
with landing-gear struts. For these tests all the fair-
ings except A (modifications A, and A.), which were
not believed to be practicable, were used. Reference
to the table and ficures will show that fairing A, which
had lower drag than fairing C when tested alone, had
to be modified considerably around the strut intersec-
tion to give as low drag as fairing C when both were
combined with the landing-gear struts. It is also
interesting to note in the case of fairing E (fig. 15)
that modifications E, and E. were the most effective
in reducing the drag.

Yaw tests of one-half landing gear 2a with 8.50-10
wheel.—Figure 10 shows how the drag of one-half gear
2a varies with angle of yaw. A comparison of these
data with those for the 8.50-10 wheel alone, will show
that with changes in yaw, most of the drag increase
of half gear 2a is due to the increase in drag of the
wheel. The fact that the struts are at angles of
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attack other than 0° accounts for very little of the
increase in drag.

Measurement of drag due to various types of landing
gears with 8.50—10 wheels, 0° pitch.—Table IV and
figures 18 to 31, 34, and 37 to 39 contain the results of
tests of various landing-gear types, all of which were
made in conjunction with the fuselage. Reference to
the figures will show the differences in strut arrange-
ments. It should be pointed out that although all
struts were of streamline section the fittings were
left exposed. When wires were used the fittings were
also left exposed. It is interesting to note that the
substitution of streamline wires for streamline struts
in the cases of gears 1b and lc¢ (fig. 19) and gears
9b and 2¢ (fig. 21) had lttle effect on the drag.
The results obtained with gears 3b and 3c (figs. 24
and 25) indicate that little is saved when struts in
tandem, close to the side of a wheel, are faired
together. The relatively high drag due to landing
gear 7 (fig. 29) shows that it is not good practice to
place a length of strut close to the side of a fuselage.
The results for landing gear 11b (fig. 34) indicate that
this type has small interference drag. The drag of
the wheels alone is approximately 19.5 pounds at 100
miles per hour, which leaves but 4 pounds interference
and strut drag.

Effect of various wheels of equal load-carrying capacity
on the drag due to landing gears.—The results of these
wheel tests are given in table V and the figures illus-
trating gears 1b, 3a, 8, and 11b. Gears 1b, 3a, 8, and
11b (figs. 19, 23, 30, and 34) were chosen for this part
of the investigation because they covered a representa-
tive range of gear structure on which the effects of the
various types of wheels could be generally shown. It
is important to note that low-pressure or extra-low-
pressure wheels and tires may be used on ordinary
types of landing gears with little or no increase in
drag. Also, the 27-inch streamline wheel and tire,
which had the lowest drag when tested alone, gave
higher landing-gear drag values than the 8.50-10
wheel and tire, except in the case of gear 11b. The 27-
inch streamline wheel and tire is distinctly superior
on this latter type of gear. The results indicate that
the 27-inch wheel and tire will not decrease landing-
cear drag unless the aerodynamic interference between
it and adjacent members is very small. This size of
streamline wheel and tire was used because, at the
time this investigation was started, the manufacturers
recommended it for use on commercial types of air-
planes. However, the 24-inch and the 21-inch may
be used for airplanes of 3,000 pounds gross weight if

the inflation pressure is increased sufliciently. If tests
had been made with the smaller wheel-and-tire units
they undoubtedly would have shown up more favor-
ably than the 27-inch in all cases.

An extension of
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the entire landing-gear research program is contem-
plated in which tests will be included of the 24-inch
and the 21-inch streamline wheel-and-tire units.

Effect of wings, engine, and angle of pitch on the
drag due to landing gears.—Figure 41 shows the effects
of the 414- by 15-foot wing, the engine (cowled and
uncowled), the combination of both, and changes of
pitch angle upon the drag due to landing gears la
and 11a. The effect of the engine alone on both gears
was to generally increase the drag with increases in
angle of pitch. The wing alone had an opposite ef-
fect. The effect of the combination of wing and en-
gine was to cancel generally the individual effects.
It made little difference whether or not the engine
was cowled. The engine-and-wing combinations low-
ered the drag of the high-drag gear (gear la) notice-
ably over the result obtained with the fuselage alone.
This difference was negligible in the case of the low-
drag gear (gear 1la). The curves on figure 41 indi-
cate that no specific conclusions may be drawn from
these data since no definite trends were evidenced.
The data are presented to show the factors that may
affect landing-gear drag but do not include propeller-
slipstream effect.

Figure 42 illustrates how the drag due to landing
gear 12, which was mounted on the fuselage and the
6- by 18-foot wing, varies with angle of pitch. This
type of gear has been commonly used in recent years
on airplanes that have the landing gear incorporated
in the wing truss. The results show that the drag due
to this gear and its component parts decreases with
increases of pitch angle.

The effect of changes in pitch angle on the drag
due to gear 13, with its various modifications, is shown
in figure 43. This gear was mounted on the fuselage
and the 6- by 18-foot wing. The general effect of in-
creasing the pitch angle was to decrease the drag
due to the gear. Modification 2 gave a much steeper
slope to the curve of drag against angle of pitch than
did modification 1.

Figure 44 shows the variation of the drag due to
gears 14a, 14b, and 14c with changes in pitch angle.
The effects of the radial eng'ne, cowled and uncowled,
on gear 14c¢ and of wheel fairing C on gear 14a are
also shown on this figure. Again the drag due to the
gears decreased with increases of pitch angle. This
decrease was probably due to the decrease in air
velocity around the under surface of the 6- by 18-foot
wing that occurred as its angle of attack was increased.
The effect of the cowled and uncowled engine upon
gear 14c was to increase appreciably the drag due to
it. The reason for the increase is not readily under-
stood, especially since the engine did not have a simi-
lar effect upon the drag due to gears la and 11a. Al-
though the latter two gears were tested in conjunc-
tion with the 414- by 15-foot wing and engine and
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gear l4c was tested with the 6- by 18-foot wing and
engine, the most significant difference between the test
set-ups was in the wheel treads. It so happened that
gears 14a, 14b, and 14c were designed with a tread
of 7 feet 814 inches instead of the standard tread of
6 feet 6 inches used for all other landing gears. This
divergence from the standard was caused by struc-
tural difficulties encountered in the design of the test
set-ups. Inasmuch as the wheels of gear 14¢ were 1
foot 214 inches farther apart than those of gears la
and 11a, it is thought that perhaps the air flow in this
outer region could have been influenced by the engine
in such a manner as to have higher velocity at that
point than at the location of the wheels of gears la
and 1la. If this be true, the drag due to any gear of
the chosen standard tread and height would not neces-
sarily be increased by the presence of an engine
mounted as in this investigation. However, the rea-
son for the increase in drag due to landing gear 14c
when the engine was present should be found and the
problem will receive attention in the proposed pro-
eram for future landing-gear research.

Effect of various modifications on the drag due to
landing gears, 0° pitch.—The effect of modifying each
of a number of different landing gears is shown in
table VI and figures 23 to 25, 29, 30, and 32 to 37.
In order to have a better understanding of the various
modifications made, it is necessary to refer to the
fioures. Inasmuch as the table and the figures con-
tain all the pertinent facts and a summary of results,
little need be said here in discussion of the modifica-
tions. The addition of wheel fairing C to landing
gear 3a resulted in a decrease in the drag due to that
gear of approximately 23 percent, which is a very
substantial saving. Attention is called to landing
gears 3b and 3c, which are structurally identical, dif-
fering only in the manner in which the side struts are
faired. Gear 3b, which had the side members faired
together, had a drag of 44 pounds at 100 miles per
hour in its original condition. By successive modifi-
cations this drag was reduced to 27 pounds. The big-
gest saving was effected by the use of wheel fairings.
The strut fairing on gear 3¢ was stripped from each
individual member until nothing but round struts and
the wheels were exposed to the air stream. In this
condition the drag due to the gear was 98 pounds
at 100 miles per hour. The results of these tests
clearly show that the drag may vary from 27 pounds
to 98 pounds at 100 miles per hour for a gear of this
type, and indicate the importance of fairing struts
as well as wheels. Modifications to landing gears 8
and 14a also show the importance of wheel fairings
for reducing drag.

Tests on gears 10 and 12 show the importance of
fairing the wire terminals. By so doing, 2.5 pounds

drag out of 27.0 pounds were saved on gear 10. In
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the case of gear 12, where the wires helped form a
combination wing and landing-gear truss, 6 pounds
drag were saved by fairing the wire fittings. It
should be noted that on this same gear the wires and
wing-brace struts accounted for more than half the
drag due to the complete landing-gear unit.

Tests of gears 11a and 11b, which have single canti-
lever struts from the fuselage to the wheel, indicate
the superiority of these types as far as drag is con-
cerned. There is little to choose between the lowest
Irag figures of these two landing gears. The lowest
drag recorded for gear 1la was 18.5 pounds at 100
miles per hour, while the lowest for gear 11b was 17.5
pounds at 100 miles per hour. If modifications A,
and A, were applied to wheel fairing A as used on
gear 11b, it is probable that the drag due to that gear
could be reduced to approximately 14 pounds and 11
pounds, respectively, at 100 miles per hour. It is pos-
sible to use such modifications to a service-type land-
ing gear provided that suitable mechanical arrange-
ments are made on the wheel fairings to give the
ground clearance necessary for wheel operation. Tests
made on these two gears with the 8.50-10 low-pressure
wheels and 27-inch streamline wheels without wheel
fairings indicate that the lowest drag was obtained by
using the latter wheels. However, it is also clear that
even though a low-drag landing gear might be had
without wheel fairings, the drag may be further
reduced by an appreciable amount if the proper wheel
{airings are used.

Landing gear 13 was attached to the 6- by 18-foot
wing and had a single strut extending from the wing
to a fork over the wheel. The strut was streamlined
and the wheel encased in wheel fairing A, with no
fillet around the wheel-fairing and strut intersection.
The results show a drag of 20 pounds at 100 miles
per hour with the gear in this condition. Modifica-
tion 1, which was an expanding fillet, was made at the
strut and wheel-fairing intersection, and the drag due
to the gear dropped to 13 pounds. Modification 2,
which was a continuation of the wheel fairing to the
wing, was made and the drag was again reduced to 13
pounds at 100 miles per hour, despite the large in-
crease in cross-sectional area. The drag due to this
gear might be further reduced to approximately 7 or
§ pounds at 100 miles per hour if the wheels were
entirely encased in a fairing such as modification A,
of wheel fairing A.

Analysis of landing-gear drag.—The results of the
analysis of landing-gear drag are presented in tables
VII-A and VII-B, in which all the landing gears
tested are classified according to structural types.
Table VII-A deals with gears designed for attach-
ment to the fuselage; table VII-B deals with gears
designed for attachment to the wing or wing and fuse-
An attempt was made under each classification

lage.
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to isolate the drag due to the wheels or wheels with
wheel fairings, to struts, and to fittings plus interfer-
ence. The drag due to these parts and to fittings plus
interference is also presented in percentage of the total
measured drag. A ratio of measured drag to com-
puted drag is included for use by designers in evaluat-
ing the drag of any type of gear, having given the
drag of the component parts. The entire analysis is
based on gear drag at 0° pitch angle and excludes
the effects due to the engine and the 414- by 15-foot
wing,

Reference to the tables will show that for all types
of gears the computed strut drag constitutes from 12
percent to 20 percent of the total measured drag due
to the gears. The wheels or wheels with wheel fair-
ings, as tested alone, constitute from 40 percent of the
irag due to the gears for the multistrut types to about
70 percent for the single-strut types. Fitting-plus-
interference drag varies from about 44 percent of the
total measured drag due to gears of the multistrut

(

types to negative or favorable interference drag for
the single-strut types.

Some calculations showing the effect of 2 types of
landing gears on the performance of 2 classes of air-
planes.—A comparison is made in table VIII of the
high speeds of 2 hypothetical airplanes, 1 of low
drag and the other of high drag, each with and with-
out a low-drag and a high-drag landing gear (gear
13, modification 1, and gear 14c. The table shows that
even though landing gear 14c¢ were made to retract
fully into the high-drag airplane the gain in high
speed would be only 3 miles per hour. However,
retracting the same gear on the low-drag airplane
would result in an increase in speed of 18.9 miles per
hour, or a saving of 23.4 percent of the thrust horse-
power at the same speed. Retracting gear 13 (modi-
fication 1) used on the low-drag airplane would result
in an increase in speed of only 8.6 miles per hour.
Whether or not the 8.6 miles per hour increase in speed
due to a retractable gear over gear 13 is worth the
design and structural complications in all cases is a
question that can be solved only by the designers of
airplanes. Attention is called to the fact that all land-
ig-gear drag data used in these comparisons were
scaled up from results at 100 miles per hour with no
allowance for the effect of Reynolds Number.

Some calculations comparing a wire-braced wing and
landing-gear unit with a cantilever wing and landing-
gear unit.—Figure 45 shows the results of this compari-
son. The calculations are based on wing data taken
from reference 8, and on landing-gear drag data scaled
from results at 100 miles per hour with no allowance
for the effect of Reynolds Number. Inasmuch as the
wire bracing on landing gear 12 also constitutes a part
of the wing bracing, any rational comparison of this
gear with any other gear must take into account the
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wing system.
to compare gear 12 mounted on a conventional Clark
Y rectangular wing with gear 13 (modification 1)
mounted on a cantilever Clark Y wing, tapered in plan
form and section. Although the selection of the types
of wings as well as the wing areas may affect the re-
sults somewhat, it is believed that the wings selected
will show in a general way the relative merits of the
two units. In the figure the drag of each wing and
landing gear is plotted against velocity, the angle of
attack being determined by the wing loading. Curves
are also given for the complete landing-gear and wing
units. It should be noted that the drag of the wires on
gear 12 was computed instead of taken from the tests
on that gear because the wire truss used on the test
set-up had insufficient span for the purposes of this
comparison. Brace struts were not used on this gear
and all wire fittings were assumed to be hidden. The
figure shows the superiority of the cantilever wing and
landing-gear unit over the wire-braced unit, although
the difference is not great.

A general relationship applicable to landing gears,
showing the effect of parasite drag on the high speed of
airplanes.—Figure 46, which is a convenient chart for
showing the relationship between a change in para-
site drag and the resulting change in the high speed
of an airplane, is included to simplify the calculation
of the high-speed change of an airplane due to a
change in landing-gear drag. The chart is appli-
cable to any conventional airplane and is considered
to be fairly accurate, the assumptions being that the
thrust horsepower and drag coefficient of the airplane
are constant for small changes in angle of attack at
the high-speed condition. The chart shows that land-
ing-gear drag must be appreciably reduced to result
in much gain in the high speed of an airplane. Of
course, a percentage change in high speed shows more
gain in miles per hour for a high-speed airplane
than for a low-speed airplane. Furthermore, the
landing gear of a high-speed airplane is likely to
constitute a greater percentage of the total drag than
that of a low-speed airplane because high-speed air-
planes necessarily have low drag. This point is also
illustrated in the example given in table VIIIL.

Application to design.—1In using the results presented
in this report for air speeds greater than 100 miles
per hour the question may arise concerning the effect
of Reynolds Number on the drag values. Since the
drag, in general, varied closely as the ratio of the
squares of the air speeds for speeds less than 100 miles
per hour, it can only be assumed that this relation
holds for higher speeds. Until tests at higher Rey-
nolds Number can be made the values of drag at 100
miles per hour should be used, whenever possible, as
a basis for computing the values at higher speeds.
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It was considered of sufficient interest |
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This matter is of most importance as regards quan-
titative estimates of the drag of landing gears at high
speeds, there being only a small likelihood that the
order of merit of the different gears will be changed
appreciably at high speeds.

CONCLUSIONS

From the data presented in this report the follow-
ing conclusions are made:

1. The interference drag between a single strut
alongside a wheel and the wheel generally increases as
the angle between them is decreased.

2. The interference drag between a single strut and
a low-drag wheel is markedly higher than the inter-
ference drag between a strut and a high-drag wheel.
1f low-drag wheels are used to reduce landing-gear
drag, it is necessary that the aerodynamic interference
between the wheels and adjacent members be small,
otherwise there will be no reduction in drag.

3. The drag of the combination of a wheel and
wheel fairing is due, in a large measure, to that portion
of the wheel which protrudes from the fairing.

4. Wheel fairings with cut-outs in the side should
have all free edges that face the wind turned in.

5. The increase in drag of a tripod landing gear
in yaw is due mostly to the increase in drag of the
yvawed wheels.

6. The lowest-drag wheel fairing tested gave very
little reduction in drag when used on landing gears
¢f the tripod type, unless properly modified to reduce
aerodynamic interference.

7. Low-pressure and extra-low-pressure wheels and
tires may be used on ordinary types of landing gears,
with little or no increase in drag.

8. Landing-gear struts should not be placed close to
the side of a fuselage because of the high interference
drag created.

9. The drag of landing gears of the more common
types may be greatly reduced by careful fairing of
fittings, wheels, and strut intersections.

10. Tt is possible to design a landing gear of reason-
ably low drag without using wheel fairings.

11. The average fitting-plus-interference drag of
ordinary types of landing gears is approximately 44
percent of the drag due to these gears.

12. The combination of a cantilever wing and canti-
lever landing gear appears to have less drag than the
combination of a wire-braced wing and gear in which
the landing gear is a part of the wing truss.

13. The substitution of low-drag or retractable
landing gears for conventional gears on high-drag air-
planes will result in only a small increase in high
speed. For low-drag airplanes, the substitution of

low-drag or retractable landing gears for conventional
gears will result in a substantial increase in high speed
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or saving in power, the low-drag gear accomplishing
a large percentage of the gain obtainable from the use
cf the retractable gear.

LaNGLey MEMORIAL AERONAUTICAL LLABORATORY,
Narronan Apvisory COMMITTEE FOR A ERONAUTICS,
Laxcrey Fiewo, Va., February 9, 193).
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27-inch streamline wheel and tire.
Drag=5.0 1b. at 80 m.p.h.

5

! 24 1"

25 by 114 extra-low-pressure wheel and tire.
Drag=17.1 1b. at 80 m.p.h.
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30 by 5 disk wheel and high-pressure tire.

30 by 5 disk wheel and 32 by 6 high-pressure tire,
(dotted)

Drag=>5.9 1b. (30 by 5) at 80 m.p.h.

Drag=6.9 1b. (32 by 6) at 80 m.p.h.

FiGure 2—Drag and dimensions of wheels.
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FIGURE 4.—Drag and dimensions of wheel fairing A. FiGure 5.—Drag and dimensions of wheel fairing B.
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FIGure 11.—Drag of one-balf gear 2a with wheel fairing A. FIGUrRe 12.—Drag of one-half gear 2a with wheel fairing B.
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Drag of half of gear
2a of 80 mp.h.

Without wheel fairing,
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With wheel fairing , 8.0 »

With wheel fairing
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Figure 13.—Drag of one-half gear 2a with wheel fairing C.
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Drag of one-half gear 2a with wheel fairing D.
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FIGURE 15.—Drag of one-half gear 2a with wheel fairing E.
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FiGure 16.—Drag of one-half gear 2a with wheel fairing F
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FIGURE 18.—Drag and dimensions of gear 1a.

gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 42.5 pounds.
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Ficure 19.—Drag and dimensions of gears 1b and 1le,
Drag of gears at 100 m.p.h. Pounds
Gear 1e¢, 8.50-10 wheels 44. 0
Gear 1D, )-10 wheels___ o8 = 45. 0
Gear 1b, inch streamline wheels____ £ 18. 0
Gear 1b, 25 by 11—4 extra low-pressure wheels______ S SEA 070
Gear 1D, I.H by 5 high- pressure wheels__________ o 47. (
Gear 1b, 82 by 6 high-pressure wheels____________________ 48.5
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FiGure 20.—Drag and dimensions of gear 2a. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 46.0 pounds.
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FIGURE 21.—Drag and dimensions of gears 2b and 2c.

Drag of gears at 100 m.p.h.: Pounds
Gear 2h, 8.60—10 wheels-.& - = & ___o . _ L R 47. 0
Gear 2¢, 8.560-10 wheels_______________ S D 45.5
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Figure 22.—Drag and dimensions of gear 2d Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 43.0 pounds.
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Ficure 23.—Drag and dimensions of gear 3a.
Pounds

Drag of gear at 100 m.p.h. (oleos extended) :
8.50=10wheels-a-tc__F=-t & % 0 Aol ol oo U 2.3 43.6
8.50-10 wheels. wheel fairing C : 38 ¢
-inch streamline wheels___________
25 by 114 extra low-pressure wheels
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No.1 gop filled in, fittings faired
No. 2 streamline fairing
No.3 wheel fairing A
No.4 curfs over cylinder and fittings
No.5 wheel fairing C
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Figure 24.—Drag and dimensions of gear 3b.

Drag of gear at 100 m.p.m. (oleos extended) : Pounds
8.50—-10 wheels LT R 0 )
8.50—10 wheels, modification ¥ _——— ___ - _________ 43. 0
8.50-10 wheels, modifications 1 and 2 =410
8.50-10 wheels, modification 1, 2, and 3___——_____ e =R4080
8.50-10 wheels, modifications 1, 2, 3, and 4 —___________ 28. 0
8.50-10 wheels, modifications 1, 2, and 5 =27 0

X, Oleo extended
% " collopsed

¥1GURE 25.—Drag and dimensions of gear 3c.
Drag of gear at 100 m.p.h. (oleos extended) : Pounds
50—-10 wheels, all struts stream-lined___—-______________ 45, 0
.50—10 wheels, streamline fairing removed from members I_ 51.5
8.50-10 wheels, steamline fairing removed from members

Tandy Tlos=ton eI St e e G e A 69.0
8.50—10 wheels, streamline fairing removed from members
) 0 ) I e g 0 1 O R e R e, L e e 90.0

8.50-10 wheels, streamline fairing removed from members
L TSR n ARV S TBEaeC s Bieiies D el w WU I e 98.0
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/i

\ 28%"
!

W, 1%"x 54" streamline
X, Oleo extended

37%" i
| o
=T ) : | ¥ & 0/610 C?//ﬁapsed
i 2, 1%'x2%s
ki streamline tube
v el

| 7

|

i '

\'

|

— b

»
e
4 ) Sl 39"

FIGURE 26.—Drag and dimensions of gear 4. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 39.0 pounds.

V, %"sfreomline wire
W, 1%"x54%" streomline
X, Oleo extended

L._Wire in
this plone

Y, Oleo collapsed
Z, I4"x2%s"
streomline tube

W=~

i
Ey
5"--{ : 39"

¥

FiGure 27.—Drag and dimensions of gear 5. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 38.0 pounds.
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\f\ X, Oleo extended
Y, Oleo collgpsed
- ‘ = Z, g2l [%

| streamline tube

5T f e - 39"

e

Ficure 28.—Drag and dimensions of gear 6. Drag of gear at 100 m.p.h. (oleos extended): 8.50-10 wheels, 50.5 pounds.

X, Oleo extended

Y, Oleo collgpsed .
3-—1 t:/-/‘/_\'— Z, I%'x2%" T‘Mlz}é __)1
N streamline rfube il S =
| i
| \
over Shrai i | / '\ Mol
over strut /19 I K'
ll ‘\
30%" ,’ \\
{1 S (PR PCie o) W enl |
. |
64" L 194"
X 6% _ I
1)k u_1 ’(—— 13%s u____)| o 2‘1
[ Lo
| o
i
134"
|
|
|
‘ I
I
|
| |
A P s T

oLl

FIGURE 29.—Drag and dimensions of gear 7.

Drag at 100 m.p.h. (oleos extended) :
8.50-10 wheels_____ e S
8.50-10 wheels, modification 1

Pounds

o =gl 51.5
56. 0
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h S, No.l stream/ine fairing over
N tondem tubes
' 7, /Vo 25 fn‘/‘/ng covered
Y, 3,
Vv, /Vo 4, whee/ fa/r/ng A with
= streomline fairing over
ol strut intersection
307" ,
L—/‘#%“* <—/6" > 28%"
‘ W< ,,
3 |<—/e s 13 %
T---oF ;
\\.\U '
I S
194" :
2
XL 2
W, 54" x 116" stream-
¥ line tube
X, Oleo extended
Y, =« collogpsed
) Z, 118" x 2'%" stream~
) line tube
o ____V I
Sl
5" 39:1
v
Ficure 30.—Drag and dimensions of gear 8.
Drag of gear at 100 m.p.h. (oleos extended) : Pounds
8.800=10%wheéels, iglonete2n a8 = - 8 o o s s 44,0
8.50-10 wheels, with modifics - 44.5
0-10 wheels, with modi --.43.0
S 50-10 wheels, with mod)hu\nons 1, .,, and ¢ - 41.0
8.50-10 wheels, with modifications i 28 and A oS C oo 30.0
27-inch streamline wheels, with modifications 1, 2, and 3._ 44.5
25 by 11-4 low-pressure Wh(‘L‘lb modifications 1 2, and 3__ 43.0
30 by 5 high-pressure wheels, modifications i z and S 41. 5
32 by 6 high-pressure wheels, modifications 1, 2, and 3_____ _ 42,5
W, %" x 14" streamline tube m
X, Oleo extended
Y, = collopsed |
Z, 1%" x 2'%e" streamline tube
e Sa Z
309"
28%"
155" e — 16 % "
T % R |
5 ey
7
134" __‘,Y
39"

.

Ficure 31.—Drag and dimensions of gear 9. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 45.0 pounds.
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Y, Wheel fairing A
Z, %"streamline wire

. Ep_—u—
: 30"
k— /4 %" — r—————24”,5 i 287"
ﬂ—\ | . 5
jﬂ
— e ———a
| | G -
37’/&" ‘1‘ \\‘
Z
s
! i
i SR Rt
Ne o | Ny
///\\\\\\ E :: i ;/(\\
Foz IR
e o i3 L \
/i ! | ! \
v = =3 ! i H !
s 2] I
39" K
FIGURE 32.—Drag and dimensions of gear 10.
Drag of gear at 100 m.p.h. : Pounds
Wheel faiingr i AN T8 -1 T e B SN SO0

Wheel fairings A, strut and wire fittings faired at fuselage__ 24.5

Y, Strut section
Z, Airfoil section

Airfoil section-----.
(for strut section
hot shown)

e s
e Section A-A |
Wheel fairings |
D;-- "
C 37%
B
2ur— =
— i
A
1
39"
Ficure 33.—Drag and dimensions of gear 1la
Drag of gear at 100 m.p.h.: Pounds
8.50—10 wheels, wheel fairings B______________ el i 20. 5
8.50-10 wheels, wheel fairings C__ - 18.5
8.50-10 wheels, wheel fairings D, :
27-inch streamline wheels, strut section alongside wheel____ 25.0

27-inch streamline wheels, airfoil section alongside wheel__ 22 0
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Y, Wheel fairing A
Z, 27" streamline wheel

r—//%"—
S

374"

X
7

41'5/6"

FiGure 34.—Drag and dimensions of gear 11b.
Drag of gear at 100 m.p.h.:: Pounds
27-inch streamline wheels_____ =
8.50-10 wheels____—___ & 8 28
8.50-10 wheels, wheel fairing A - D b e

U, 114" x 3" streamline tube
V, I"'x 2%" v 75

h W, Two /5" - wire
X, 134" x 852" strut
Y, %" streomline wire
Z‘ %6" “ "

30"

Brace strut

X
[ :
84" 6'x 18" Clark Y wing
' { ,f
//‘1 7'4" /
3 14" [
37%”
' Wheel faoiring A
el

8.50-10 wheel---- !
re——--- e
' 1
Ficure 35.—Drag and dimensions of gear 12.
Drag of gear at 100 m.p.h.: Pounds
8.50—10 wheels, wheel fairings A, wire fittings exposed,
bracevstiuts off to Ll Snte s S SIE -—- 388.0
3.00—10 wheels, wheel fairings A, cuffs over fittings, brace
gtratsweftoes L0 B e TS P e el (U
8.50-10 wheels, wheel fairings A, cuffs over littings, brace
B O L R e 8950

8.50-10 wheels, wheel fairings A, wires and brace struts off- 18,0
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Y, No. 2, wheel fairing extended to wing.
Z, No. 1, expanding fillet.

6'x 18" Clark Y wing
M
e |
1A
1 |
| !
Rl |
1 |
1 1 |
ik ]
P Y ‘
' 1 .’
s
' 1
-1
/I \\
\

I
FiGure 36.—Drag and dimensions of gear 13.
Drag at 100 m.p.h. :
8.50-10 wheels, wheel fairings A
8.50-10 wheels, wheel fairings A, modification 1_
8.50-10 wheels, wheel fairings A, modification 2_

X, 0leo extended
Y, » collgpsed

b ——
[ o
6'x 18" Clark Y wing 39"
v
R
! |
/2 ’,’«,g”—ﬂ 85"
| f
v
7 Sl
A
134"
K
' |
\
24!
Wheel fairing C [ 1=
ke ‘
= e —
5,& 461" T
F1GURE 37.—Drag and dimensions of gear 14a.
Drag of gear at 100 m.p.h. (oleos extended) : Pounds
8.50-10 wheels = 39..0

8.50-10 wheels, wheel fairing C B 26. 0
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X, Oleo extended
« collgpsed

: Z, 1%g" x 2%"
T N s?reomiine Tube
6'x 18' Clark Y wing = 39"
v )
. e |
¢ﬂ2¢&‘ﬂ 8" 393" >
{ ' i
/
i |
1%" e
‘ Y.
\\
| \\
1
— P
" 4 e !
S5 I 64 1

Ficure 38.—Drag and dimensions of gear 14b. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 41.0 pounds.

X, Oleo extended
Y, ~» collapsed
Z 1% x 21"

streaomline tube
6'x 18" Clark Y wing AAM/\/F/ 39"

! i
et %”f){ 8% x 393" .
Y - _r'
' 1!
/ : H
7 |
' 134" —f =/ 34"
1 =
Z 37 %"
S
|l
1! ;
i
1 ::
I
i
I
N
5| 464" 4

H
FiGure 39.— Drag and dimensions of gear 14¢. Drag of gear at 100 m.p.h. (oleos extended) : 8.50-10 wheels, 41.0 pounds.




a. Landing gear 11a mounted on the fuselage with the 414- by 15-foot wing and the engine.

(X

Landing

gear 12 mounted on the fuselage and the 6- by 18-foot wing.

Ficure 40.—Landing gear,

fuselage,

d.

b. Landing gear la mounted on the fuselage with the 4%- by 15-foot wing and the

cow.ed engine,

Landing gear 14c¢ mounted on

wing, and engine combinations.

the fuselage and the 6- by 18-foot wing with the engine.

HHL

)Vaa

x
*

[NV IIHIV d0

n
0

HH M

M

THM ‘ST

CKC

CSSONTMIVI T

NV

INIAN VT

X

[\V]
-3
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N

[ |
1a,winglg' ==

e e la, engine — t

— - la, «  plus wing )

—— -- —— 1a, cowled engine plus win

— - --—1la,wing |

——— ——— -11a, fuse/age alone

I~ —— ——--1la,engine —t—
— —---1la, " plus wing )
—— — ——-1la,cow/ed engine plus wi

—— —— —— 1a,fuselage alone ‘»

50

|

|

= = = = el
|

| il

|

S

ng__|

i
\
fefe el

-4 =2 0] 2 4
Angle of pitch, degrees

FIGUrRe 41.—Drag at 100 m.p.h. of landing gears 1a and 1la
measured in the presence of the 4Y%- by 15-foot wing

the engine.

&

and

Broce struts off,cuffs
over wire fittings.

fittings exposed.
—— ——— Braoee siruts on,cuffs
over wire fittings..
Braoce struts on,wire

fittings exposed. “ ,,,,,

— --—— Wires ond broce

| struts off. |

—————————— Brace struts off, wire——

\ | ‘

—

/0

o -4 =2 o 2 4
Angle of pitch, degrees

Ficure 42.—Drag at 100 m.p.h. of gear 12 mounted on
fuselage and the 6- by 18-foot wing.
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]
’ ‘ ‘ \ L
i | (faiia e
| |
55 [ : =2k S|
|
No.2 wheel & | “~\_ No.1
40— fairing ex- 4‘ = ——expanding —
tended to wing fillets
| | | LE
e iz
———————— Olie)ilnle]]
" 30 —— —— —— Modification 1 - - 400 S e e — i
Q [ | - 1 2 ‘ ¢ r~-//'0"—> ,
e R e e o |
Es romf Ta |
Q20 el LR e ST ‘ =t oo = 360 I t T
A st |
S S 0 o <3 R
R e (5 U O O S | SO [ _ ! f
el ol Gear 12 plus ;
10 | S e 320 —— rectangulaor .
’ I l s wing S« [
= e =
| | |
0 } | ) 280 T SR
= = 0 2 b7 6 0 87
Angle of pitch, degrees el
FIGURE 43.~I_)1‘ug at 100 111.]).1{. of gear 13 mounted on the e
fuselage and the 6- by 18-foot wing. 240 | ] -
Gear 13 plus ‘ Z
. topered ——|— ¢ v L
Q wing . 54
- \ P
2200 X :
0 e
l | l Qk \\\ / ) ,/
._Rodial engine >/ —— ;
N o i
' [ 160 \:// L it 747/
- i P = 2 = | .
w | \\\ il J= ,// | r
| L = i s
| ')(:: - '( | Rectongular \ ," [
) , ! el Clark Y win
‘ el fairing C L _ni 120 T = g w |
60 [ j ~Topered - ‘ ‘
| Clark Y wing ,,{7 3
\N\ 80 il |
2 % == Ei\iii il Ge 12 K | | | }‘/
| e ear -~ | o
| = i (includings L el ko SSEE i,xéj—“
\\—\\: 7 \\\\ wires) \11/ —/‘/j ‘ ‘
40 L e P (N [ A== = | Geor13
\~-\_\‘\—‘ [ T | e — ‘ ~modijfj- ‘
B I (s = - = cafion /— e
| || | 5l b X | |
2O === T s s T [ — B 80 100 120 140 /160 180 200
Q i ] Air speed, m.p.h.
8‘ i PP = e e ’_‘"""“r’iij FIGURE 45.—Drag comparison of a wire-braced wing and gear with a canti-
ha | | | lever wing and gear. Assumed wing area, 250 square feet; wing loading,
ng_ o e =i 15 ST ) 12 1)1)111in5 pe square foot; aspect ratio 6. Wing data taken from ref-
i | ‘ [ erence 8.
l4c in presence of cow/ed eng/ne
Y ~ radiol
———————— 14a W/fh wheel fa/r/ng c
G e A DR Gl bl e i el e By b
—--——14a
|| | kel
] [ |
-4 -2 o 2 4 15}

Angle of pitch, degrees

Ficure 44.—Drags at 100 m.p.h. of gears 14a, 14b, and 14c¢
mounted on fuselage and the 6- by 18 foot wing.




30 REPORT NATIONAL ADVISORY

18

N

N

S
‘

|
| |

g ] I
| [ ‘77 ‘77~-l**
| Nl

6\* ‘ - T —— = ’%7)
l R S M S| S [
| . | |

4 ‘ - -

Percentage loss in high speed due to /onding geor

"

|
o /0 20 30 40 50
Percentage of airpl/ane drag due to landing geor

FIGURE 46.

A general rel: ll]l)ll\]ll]) applicable to landing gears, show-
ing the effect of parasite drag on the high speed of airplanes,
(Thrust horsepower and drag coefficient of ‘ulplun- assumed con-

stant for small changes in angle of attack at high-speed condition.)

TABLE I.—DRAG OF VARIOUS WHEELS AND TIRES

l

Drag at | Decrease

Wheel and tire

\ 80m.p.h.| in drag
- [ S| e e S
‘ Pounds | Percent
‘ .50-10 low-pressure wheel and tire- ... _________ ‘ (i3 (1 fee e tioe e
27 inch streamline wheel and tire_..__ - ______ 5.0 18.0
\ 25 by 11-4 extra-low-pressure wheel and tire B ‘ Tl —16.4
30 h\ 5 disk wheel and high-pressure tive__________ ‘ 5.9 3.3
’ 30 hv 5 disk wheel and 32 by 6 high-pressure tire___| 6.9

OF 8.50-10 WHEEL WITH VARIOUS

WHEEL FAIRINGS

TABLE II.—DRAG

Decrease
Drag at | : Drag at
‘ Wheel fairing no. 80 11{1;3;; 100
[ m.p.h. m.p.h. m.p.h.
Pounds | Percent | Pounds
\\ heelunfaired_c--—c-voo- o 5. 1 9.7
,,,,, . 5

f\ (nfodlﬁu\tlon A
A (modification Az)__
I

COMMITTEE FOR AERONAUTICS
TABLE III.—_DRAG OF HALF

l
[

TABLE

ON TE

OF LANDING GEAR 2a
WITH 8.50-10 WHEEL AND WHEEL FAIRINGS

‘Wheel fairing no.

ation 2) - -
A (modification 3) -
B

B'(l-in‘c-h radius ﬁllets).
(

]‘(

E (1-inch radius fille
E

and Ea2.___

and E3)____
F (Y%-inch ;,Ap)
F (gap closed) - -

TABLE
MOUNTED. ON
WHEELS
Landing

gear no.

4-inch radius ﬁlleLs)
E (l 1m|1 radius fillets) -
smodification E1)
(1-inch radius fillets-modifications E,

2 (I-inch radius fillets-modifications Ez

100 m.p.h.

Drag at
80m.p.h

I’mmde
1

10.
9.
9.

10.
9.

cCNNwWoOoNSI~HONO

x

(5}

000D

IV.—DRAG DUE TO VARIOUS L!
TEST

FUSELAGE,

Landing
gear no.

Drag at

I

Pou mlw

[ ¢

Drag at
100 m.p.h.

Decrease

indrag at 1
80m.p.h.

Pounds

Jounds
3

V—EFFE(

I Gears mounted on fuselage and

T OF
DRAG DUE TO SEVERAL LANDING G
ST FUSELAGE,

6- by 18-foot wing.

VARIOUS

07" PITCH

WHEELS

Drag at
00m.p.h.

Pounds
l‘< 0
5.9

NDING GEARS

PITCH, 8.50-10

UPON THE
JARS MOUNTED

.50-10 low pressure _
nch streamline..

25 by 11-4 extra- ]0“ messure

m by 5 high pressure.
32 by 6 high pressure

8.50-10 low pressure

nch streamline.

, Drag at | Decrease
Wheel 100m.p.h.| in drag
LANDING GEAR 1b
Pounds | Percent
45.0 n
48.0
= 46.0
= 47.0
o 48.5
| |
LANDING GEAR 3a
4387 lonca s
L o iR S e MY 45.0 —3.5
)y 11-4 extra-low proxsure LS LB 42.0 3.8
i 43.0 1.6

3() m 5 high pressure. _

8.50-10 low pressure
nch streamline__

3‘() by 5 high pressure_
32 by 6 high pressure

by 11-4 extra- Jow pxesauxe &

44.0

46.0
44.5
45.5

—4.
— il
=3;

P
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TABLE VI—EFFECT OF VARIOUS MODIFICATIONS
UPON THE DRAG DUE TO LANDING GEARS MOUNTED
ON TEST FUSELAGE, 0° PITCH

o l Drag at l Decrease
Condition of gear m.g(.)h. in drag
’ LANDING GEAR 3a
T T — e
Pounds | Percent
S50 1 0w heals e e e e 43.5 MR el
| 8.50-10 wheels, wheel fairing C.__________._________ 33.5 23
[ e = e L =
LANDING GEAR 3b
S200=10wheelsl st e e e A Ll 4.0 et
8.50-10 wheels, modification 1______ =, 43.0 2.3
3 50-10 wheels, modifications 1 and 2_ 41.0 6.8
8.50-10 wheelq, modifications 1, 2, and .3 40.0 9.1
8.50~-10 wheels, modifications 1, 2, 3, and 4. 28.0 36.4
8.50-10 whee]s, modifications 1, 2, and 5. _ . _____ 27.0 ‘ 38.6
LANDING GEAR 3c
85010 wheals o - o el ‘ 35,0 S
8.50-10 wheels, fairing removed from I_ ’ 51. 5 —14. 4
8.50-10 wheels, fairing removed {rom I and 11_____ 69. 0 —31. 1
8.50-10 wheels fairing removed from I, II, and 11 90.0 —100.0
% 50-10 w heels, fairing removed from I, IT, ITI, and
| DY e e T e e e = 98.0 | —117.7
f J
’ LANDING GEAR
B50=10iwhealS S es Dot o S e e o s D l HIEh S S
8.50-10 wheels, modification 1. __________ 5 56.0 —8.0
B & Tl et 5 G b B
LANDING GEAR 8
B0 A0 whaolss 44.0 S
8.50-10 wheels, modification 1____ -2 4.5 =1
8.50-10 wheels, modifications 1 and 2. _ _ o 43.0 2.3
8.50-10 wheels, modifications 1, 2, and 3___ 41.0 6.8
‘ 8 50-10 w heelq, modifications 1, 2, 3, and 4 o 30.0 ] 31.8
= =
} LANDING GEAR 10 1
‘ 8.50-10 wheels, wheel fairing A____________________ Dy AV =y S
8.50-10 wheels, wheel fairing A, strut and wire
fittings faired atTuselagei< - __ . - _" . ... 24.5 | 9.3
| B
LANDING GEAR l1la
8.50-10 wheels, wheel fairing B____________._______ ‘ 205
8.50-10 wheels, wheel fairing C.____ d 18.5 9.8
8.50-10 wheels, wheel fairing D, modification D;y___ 19.5 4.9
‘n»iuch streamline wheels, strut section alongside
___________________________________________ 25.0 —22.0
27—1nch streamline wheels, airfoil section alongside |
wheplt s 8 e e e ‘ 2.0 —%3
8:60-10iwheels - t= o oot i

8.50-10 wheels, wheel fairing A, wire fittings ex-

& \

posed;bracestrutsioff-_ = ..o o1 80 = | 0K e 5 [
8.50-10 wheels, wheel fairing A, cuffs over fittings, |

braegstrutsioff -, 0o o = . 3200 [=-toc=tis
8.50-10 wheels, wheel fairing A, cuffs over fittings,

hracestratSons L o i o 390 e
8.50-10 wheels, wheel fairing A, wires and brace

struts off U | s s

FUSELAGE WITH 6- BY 18-FOOT WING LANDING

8.50~-10 wheels, wheel fairing A ____________________ 900/ [
8.50-10 wheels, wheel fairing A, modification 1 d 13.0 35.0
8.50-10 wheels, wheel fairing A, modification 2_____ 13.0 35.0

TABLE VI—EFFECT OF VARIOUS MODIF

31

ICATIONS

UPON THE DRAG DUE TO LANDING GEARS MOUNTED

ON TEST FUSELAGE, 0° PITCH—Continued.

|
Drag at
Condition of gear 100
m.p.h
[ FUSELAGE WITH 6- BY 18-FOOT WING LANDING G
‘ ‘ Pounds
| 8.50-10wheels_._..___....____________._________. 39.0
8.50-10 wheels, wheel fairing O s i o 26.0

Decrease
in drag

EAR 14a

Percent

TABLE VII-A.—ANALYSIS OF LANDING-GEAR DRAG
LANDING GEARS DESIGNED FOR ATTACHMENT TO
FUSELAGE, AIR SPEED=100 M.P.H., 0° PITCH

R e e SR ariEs
5 g g a
= E ‘ g 3 £ & g Sﬁnﬁ
7z Bl = Sl Ba |58
B w2l B e HE] aE lon
’ g2 |E8| ¥ |89|E5| 55 |85, 3E
Landing gear < H [CPa |l A | g8Ta|TD I wl Hic
- ) = o | 95 | 98 |0 8 =
2 | = B2 = | & So | %2 [Bog| 9|8
\ - @ =% o @ < = o @ ® = - D=
= = = = = S8 | S5 (274Gl 28
2 z | & z | 8% | 8° (Be<| 2|2
| g & ) 3 % S S S23g| ¢|8
S | & |8 S 5] 3 (8T« Z|o
&) =1 (&) = — ~ =] A~ 210
TRIPOD TYPES
T P |
Lb. | Lb. | Lb. | Lb. | Lb.
6.2]19.4)|25.6(42.5 | 16.9 | 14.6 | 45.7 | 39.7 | 1.66
4.3 23.7 | 45.0 | 21.3 9.6 |43.2(47.2 | 1.90
6.0]19.4 | 25.4|46.0 20.6 | 13.0 | 42.0 | 45.0 | 1.80
7.9(19.4(27.3|147.0]19.7 | 16.8 | 41.2 [ 42.0 | 1.73
4.3 1.19.4 | 23.7 | 45.5 | 21.8 9.4 42.6 | 48.0 | 1.92
6.3119.4125.7142.7)17.0 | 14.6 | 45.4 | 40.0 | 1.66
5.7(119.4 |1 25.1 (43.5| 18.4 | 12.8 [ 44.7 | 42.5 | 1.73
5.4(19.4 | 24.8 [ 44.0 | 19.2 | 12.2 [ 44.0 | 43.8 | 1. 7t
7.9119.4 ( 27.3 | 50.5 | 23.2 | 15.2 | 38.5 | 45.8 | 1.85
7.8119.4|27.1|51.5|24.5(15.0(37.5|47.5]1.90
| 6.4)19.425.8|44.0| 18.2 | 14.5 | 44.2 | 41.3 | 1.7
Qe i O 6.7]19.4 | 26.1 (450 18.9 | 15.0 [ 43.1 | 41.9 | 1.73
Average_..__. 6.2 19.4 | 25.6 | 45.6 | 20.0 | 13.6 | 42.7 [ 43.7 | 1.78
TRIPOD TYPES (WITH WHEEL FAIRINGS)
5.7114.2 (19.9 | 33.5 | 13.6 | 16,9 | 42.4 | 40.7 | 1.69
5.4 |14.2 1 19.6 | 27.0 7.4 (20.0] 52.5 | 27.5 | 1.38
6.4 10.9 | 17.3 | 30.0 | 12.7 | 21.3 | 36.4 | 42.3 | 1.73
1.9 ' 30.2 ‘ 1.2 | 19.4 ‘ 43.8 [ 36.8 | 1.60
HORIZONTAL-AXLE TYPES
6.119.4 (25.5|38.7)13.2|15.7 | 50.0 | 34.3 | 1.52
7.6 119.4 (27.0 | 38.0 | 11.0 ( 20.0 | 51.0 | 29.0 | 1.41
6.8 | 19.4 l 26.2 | 38.3 | 12.1 [ 17.8 | 50.5 | 31.6 | 1.46
SINGLE-STRUT TYPES
3.5)|15.6|19.2 | 25.0| 5.8 |14.0(62.7 | 23.3 | 1.30
3.6 | 15.6 | 19-2( 22.0 || 2:8:[X6:0/[*71. 1 | 1259 | 1.16
3.8(15.6(19.4 | 21.6| 2.1 |17.4|72.8| 9.8 ]| 111
3.6|15.6|19.3 (22.8| 3.6 158 |68.9|153 (1.19
SINGLE-STRUT TYPES (WITH WHEEL FAIRINGS)
7.5)112.1119.6 | 27.0 [ 7.4 |27.8 |44.8 | 27.4 | 1.38
2.6 | 14.2 | 16.8 | 18.5 1.7] 9.2(77.0( 14.0 | 1.10
3.8(12.1]|15.9 | 17.5 1.6 | 21.6 | 69.1 9.3 | 1.10
4.6|12.817.4 [ 21.0 | 3.6 |19.5[63.6| 16.9 | 1.19

! Strut section alongside wheel.
2 Airfoil section alongside wheel.
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TABLE VII-B.—ANALYSIS OF LANDING-GEAR
LANDING GEARS DESIGNED FOR ATTACHMENT TO

Air Speed=100 M.P.H. 0° Pitch

l \ ‘ |58
&g
“ ‘ 58
s | y |8

Landing gear

drag

Computed drag of struts

Measured drag of wheels

Computed drag of com- [

| Measured drag of gear

Interference and ﬁttinu

Percentage drag of gear
due to struts

Percentage drag of gear |
due to wheels

TRIPOD TYPES

‘ Lb. Lb ‘ Lb. | | |
4.9 | 14.7 | 12.6 | 49.8 | 37.6
r 4.9 16.7 | 11.8 | 47.4 | 40.8
| 4.9 16.7 12, 1 47.2 | 40.7
Average.__.| 4.9 1(; 0] 12.2 | 48.1 [ 39.7
| . =
‘ TRIPOD TYPES (WITH WHEEL FAIRINGS)
! :
[ e e =a| 439 ‘ 14.2(19.1 [ 26.0| 6.9 18.9 | 54.7 | 26.4
| I
WIRE BRACED (INCLUDING WING BRACING)
| R,
\ i ‘ '
12 (without [ | |
[ brace struts)__| 22.2 | 12.1 | 34.3 [ 38.0 | 3.7 [ 58.5 [ 31.5 | 9.7 | L
12 (with brace |
struts)-----. 24.0 ‘ 12.1(36.1 | 45.0 | 8.9 | 53.4)26.9|19.7 |
CANTILEVER (WITH WHEEL FAIRINGS)
i G e | - | e | |
| 13 (modifica- | |
[ St 1) 2.0 10.9 | 12.9 | 13.0 oAt SR R0 ]
| 13 (modif ‘ ‘ {
[N ioniz) e ok B '.’l,ti‘ 13_0‘43,()

| [ |

! Lower half wheel fairing. -
2 Computed from tests of wheel fairings A and Aj.

DRAG

WING
bol &0
=
o &
alg
3|3
210

1
L.
15

13

1¢

60
65
68

64

10

.01

. 60
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TABLE

FOR AERONAUTICS

VIII.—EFFECT OF TWO TYPES OF LANDING

GEARS ON THE PERFORMANCE OF TWO CLASSES OF
AIRPLANES

LOW-WING CANTILEVER MONOPLANES

Example IT

Example I—
Low-drag

High-drag

|
airplane ‘ airplane
! Assumptions: | |
High speed (gear relr:u'le(]'), miles |
per hour._____ o ae Dl 135 220 |
Thrust 110!\0]1(7\\ er available - 400 400 |
Drag of airplane at high speed |

(gear retracted), pounds 1,110 682
Wing loading, punmh per square “
| 12 ‘ 12 |

foot e ‘

AIRPLANES EQUIPPED WITH LOW-DRAG AND HIGH-DRAG
GEARS

Derived data: ‘ |
Landing-gear type 13 (mod. 14¢ |13 (mod. 14c
1) 1)
Angle of attack of wing, degrees. .| —1.0 —1.0 ‘ —3.0 —3.0 |
Drag of gear at 100 miles per hour, | |
pounds ! | 41.0 17.5 | 43.0 |
[ Drag of gear at lnul\ \p('ul mnnh |
| tion, pounds. | 74. 6 85.0 | 208.0
‘\ Percentage drag of ulrpluuo due ) !
to gear__. ) 2.4 6.3 11.1 23.4 |
Percentage reduction in high
speed due to gear-_ .8 2.2 3.9 8.6
Reduction in high \;)oud due to
gear, miles per hour- - . 131 3.0 8.6 18.9
Percentage of thrust hnr\t‘[»o\\ er |
absorbed by gear_ 2.4 6.3 10 i 23.4
Thrust horsepower absorbed by
| gear. o S I 9.6 25.2 44.3 93. 6

1 In presence of wing and fuselage, no engine.
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Positive directions of axes and angles (forces and moments) are shown by arrows
Axis Moment about axis Angle Velocities
(Forcel
paralle 5
: . Sym- to axis) : . Sym- Positive Designa- | Sym- (gézf;;-
e iaiion bol: | Bymbol |“Designation bol direction tion bol |nent along AnEEan
axis)
Longitudinal.__| X X Rolling..___| L Y—Z7 Roll s P 4
Lateral . ______ ¥ ¥ Pitching____| M 7—X Piteh-__2| -0 v q
Normal . _______ Z Z Yawing.____ N X—Y Yaw-t s ¥ w r
Absolute coefficients of moment Angle of set of control surface (relative to neutral
o=L o.M N position), 5. (Indicate surface by proper subscript.)
' gbS ™ geS " gbS
(rolling) (pitching) (yawing)
4. PROPELLER SYMBOLS
D, Diameter ¢ 12
By B Power, absolute coefficient Cp=-—375
P, Geometric pitch : / P pn*DP
p/D, Pitch ratio 5/pV®

C, Speed-power coefficient =

V!,  Inflow velocity Pn?

V,,  Slipstream velocity , Efficiency

T Ph St abialiits it Do T n, Revolutions per second, r.p.s.

’ ’ T anD-, s i & Vv

Q P, Effective helix angle = tan™! S i
Q, Torque, absolute coefficient Oq=m

5. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/s =550 ft-1b./sec. 11b.=0.4536 kg.

1 metric horsepower =1.0132 hp. 1 kg =2.2046 1b.

1 m.p.h.=0.4470 m.p.s. 1 mi.=1,609.35 m=5,280 ft.
1 m.p.s.=2.2369 m.p.h. 1 m =3.2808 ft.




