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SUMMARY

Texts wecre made in the 7- by 10-foot wind tunne!
wnd in the 20-fuot tunnel of the National Advisory
Committee for devonantios to determine the drag of «
nwmber of aivplane wheels, wheel faivings, and land-
ing gears designed or selected for an airplane of 3000
AU tests were made on full-
sized modelsy those in the 7- by 10-foot tunnel were
made at aip xpeeds up to SO miles per howr and those

ponnds yross weight,

in the 20-foot tunncl were made at aiv speeds up to
Mthough most of the landing-
gear tests arere made in conjunction with a fuselaye
and at U° pitch angle, some of the tests werve made in

10 miles per hour,

confrnction with the fuselage plus wings and a radiol
wir-cooled engine and at piteh angles from —3° to 6+
ta obtain an indication of the general effect of these
A tests eer
made in the abscnee of propeller slipstream,

rarions items on landing-gear drag.

The pesults of the investigation show that the lowest
dray recorded for any landing gear tested wax 1s
pownds;at 100 miles per howr and 07 piteh, and that
it might be poxsible to reduce this drag approcimately
G ponunds by totally encasing the wheels of this year
in faivings.  The highest landing-gear drag recorded
wax 98 pounds.  Other points of interest browght out

weper Fitting-plus-interference  drag  of  ordinary
typex of landing gears averages about }4 percent of
the driug due to these gears; low-preseure wheels and
tires may be wsed with litte or no increaxe in landing-
gear dray: the proper swheel fa’ring may reduec the
drag due to a landing gear more than any other re-
finement; faiving of all struts is of great importanee;
and landing gears having o single supporting strut
have less drag than any other types of nonrctracting
gears.  Also, the xubstitution of low-drag or retrac.
table landing years for conventional types on high-
drag airplanes rexudts in a negligible inevease in high
wpeed.  Low-dray or retractable gears used in place of
conventional gears on low-dray airplancs result in o
substantial increase in high speed or saving in powey

|
i
|
|

ot the same speed, the low-dvay goar aceonplishing
a larye peveentage of the gain obtainalde frone the ws
of the vetractable gear,

INTRODUCTION

Although the drag of the landing gear has lween
known to constitute a large portion of the total deag

of an airplane in fight (see references 1, 20 and 3).
practically no systematic research has been done for
the express purpo e of nonproving the acrodynamie
characteristics of landing gears.  In recent years de-
sigmers 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, ix 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
acrodynamic interference between wheels and struts:
the drag of a wheel with varions 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 of-
feet of changes in pitch angle on landing-gear dvag:
and the effeet of various modifications to landiuge
vears on their drag.  From these data an analysi~ of
Linding-gear drag was made and an indication of the
lowest drag obtainable with a nonretracting landing
venr obtained. The investigation included tests of
3 types of wheels, 6 types of wheel fairings with 3
modifications, and 22 different landing gears with a
total of 55 moditications to these gears.

All the landing gears tested were attached to an
apen-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
vings, of a radial air-cooled engine with and without

3
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cowling, and of piteh angle on a number of ditferent
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-fout wind tunnel, in which a part of
the landing-gear drag investigation was made, is fully
described in reference 4. The standard force-test
maodel 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 half of landing gear 2a with various
mnditications, and the drag of the 8.50-10 wheel and
half of landing gear 2a in vaw.

The 20-fout propeller-research wind tunnel, in which
the remainder of the tests were made, is deseribed in

COMMITTEE FOR AERONAUTICN

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-
mg gears used in conjunction with a fuselage, wings,
and a radial air-cooled engine,

TEST MODELS

AL models tested were designed for an ateplane of
3000 pounds gross weight because full-seale models
vorve-ponding to this weight were the largest that
coubl be conveniently accommodated in the tunnels
used tor the testing.

Wheels.— The five different wheels and tires used
in the tests were: An S.00-10 low-pressure wheel and
tire: a 2¢-inch streambine wheel and tive: a 25 by
11-4 extra-low-pressure wheel and tive: a 30 hy 5 disk
wheel with a 30 hy 5 high-pressure tive: and o 30 Hy 5
disk wheel with a 32 by 6 high-pressure tive.  (See
fig. 2} The 2 wheels with the high-pressive tives were

tuken from service: the other 3 were wooden adels

Fiutwy 1.—Landlug gear 3t with wheel fairing A mounted on text fuselage
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SUMMARY

Texts were made in the 7- by 10-foot wind tunne!
and in the A-foot tunnel of the National Advisory
Coucmittee for leronautios to determine the drag of o
number of wirplane wheels, wheel fairings. and land-
iny gears dexiyned or selected for aw airplune of 3000
¢l// f(’xf.\‘ were /I'('l’(' an f"//—
sized models; those in the 7- by 10-foot tunnel were
ttde at aiv specds up to 80 miles per hour and those

pornnds gross ieeight.

in the 20-foot tunnel were made at wir speeds up to
Although most of the landing-
gear tests were made in conjunction with a fuselay.
vnd at 0° piteh angle, soine of the tests were made in

100 wiles per hour,

conjunction with the fuselaye plus wings and a radial
wir-cooled engine and at piteh angles from —3° to 6+
ta obtain an indication of the gencral cffect of these
AN tests e
made in the absence of propeller slipstveam.

carvivus items ou landing-gear drag.

The rexults of the investiqation show that the lowest
dray recorded for any landing year tested was 1.3
pewnds,at 100 milex per howr and 0 piteh, and that
it might be poxsible to reduee this drag approcimately
6 pounds by totally vneasing the wheels of this gear
The highest landing-gear drayg recorded
wax U8 porunds,

in fairings.
Other points of interest brought ont
werer Fitting-plus-interference  dvay  of  ordinary
tupes of landing gears averages about 1f pereent of
the dray due to these qears; low-pressire wheels and
tives mary be uxed with Vittle or no inercase in landing-
wear drag: the proper wheel fa'ring may reduee the
dray due to a landing gear more than any other re-
Fnement: fuiving of all struts ix of qreat importance;
and landing years having o single supporting strut
have less drag than any other types of nonretracting
gears.  Also, the substitution of low-drag or retroe-
table landing gears for conrentional types on high-
dray airplancs rexults in a negligible increase in high
wpeed. Low-dray or retractable grars used in place of
conventional gears on low-dray airplancs result in o
wubstantial increase in high speed or saving in poweep

at the same speed, the low-dray gear accomplishing
wlarge percentage of the gain obtainable from the use
of the retractable gear,

INTRODUCTION

Although the drag of the landing goar has heen
known to constitute a large portion of the total drag

of an airplane in Hight (see references 1, 2, and 3y,
practically no systematic research has been done for
the express purpo e of ‘improving the aeradynamic
characteristies of landing gears. In recent vears de-
signers have successfully attacked the problem and in
some cases have designed landing gears that can he
partly or fully reteacted in flight.  Little informa-
tion, however, is available concerning the compara-
tive drags of nonretracting landing gears and their
component parts, the aerodypamic interference be-
tween the parts, or the degree to which attenpted
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 strats:
the drag of a wheel with various wheel fairings: the
dreag of wheels and gears in vaw: the drag of ditferent
types of landing gears; the effect of wings and a
radial air-cooled engine on Ianding-gear drag: the of-
feet of changes in piteh angle on landing-gear drag:
and the effect of various modifieations to landing
gears on their drag.  FFrom these data an analvsis of
landing-gear drag was made and an indication of the
lowest drag obtainable with a vonretracting landing
gear obtained. The investigation inelnded tests of
3 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 fuselnge. However, the effects of
vings, of a radial air-cooled engine with and without

3
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made to a tolerance of 2 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 modifications to the basice
form. (Sce figs. 4 to 9.)  Fairings A, B, and C dif-
fer only in cross section: fairing D differs in cross
section and has a cut-ont 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 I covers only a
staall portion of the inside of the wheel. Al the
fairings were made from sheet aluminum,

Fuselage, wings, and engine..—In order to conform
with the other models, the fuselage used in conjune-
tion with the landing-gear tests was constructed to
the average fuselage dimensions of an open-cockpit
airplane of 3000 pounds gross weight.  (See fig, 17.)

Two rectangular wings of Clark Y section were
attached to the fuselage for part of the tests. A 415-
by 15-foot wing was nsed to sinmlate the lower wing
of a biplane celhde 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 fusclage. the engine, the wings, and the
landing gears ix shown in fignres 17 and 40,

Landing gears.—The landing gears numbered la to
1th (see figs. 18 to 34) were attached directly to the
fuselage.  Gears 12 to Tde (figs. 35 to 39) were at-
tached to the fuselage and the 6- by 15-foot wing.

Al landing gears were dexigned to comply with the
requirements of the \eronautics Branch, Department
of Commerce. Dexign outside dimensions were strietly
adhered to in the fabrication of the varions parts.
Although information concerning the relative weights
of the landing gears would be of considerable interest,
any attempt at weight analvsis would be too involved
to come within the scope of this report. The standard
dimension chosen for the vertical travel of the wheel
was o inches, and for the wheel tread, 6 feet 6 inches.
Al round strats were eneased in fairings of Navy |
strut section, fineness ratio 3. In cases where stream-
lined tnbing was used, the tubing was of * standard ™
section, which is a modifieation of Navy 1 strut see-
tion. In some ipstances tandem struts were fairved
together. this being done in accordance with the ree-
ommendations of reference 6. A few of the landing
gears incorporated wire bracing in their stractures,
The type of wire nsed was, in alf eases. that commonly
referred to as “stremmlined ™ wire, although it s
really lenticular in cross section,

The oleo action of all gears was strictly conven.
tional with the following exceptions:  Gears ih, e,

LANDING GEALS---1 5

2h, 2e Ta, and 11 as tested. would have to use an
olea shock abrorber 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, 3c, 13, and a would require a
splined oleo shock alsorber or its equivalent,  Gear
2 could have a conventionel oleo strut but the wheel
would swing abont a point divectly in its rear,

TESTS

The only measurements taken during the tests were
air speed and drag. The maxiwum a’r speed nsed in
the 7- by 10-foot tunnel was 80 miles per hour, that
being the maximum obtainable: the maximun speed
used i the 20-foot tunnel was 100 miles per honr.

Wheel tests.—The drag of the wheel-and-tire units
was measured at air speeds up to S0 miles per hour.
Throughout the entire investigation the 850 -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-
l)()S('S-

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 seetions were used sep-
arately for this work: one was of Navy 1 section, 21,
by 634 inches, and the other wax of cirenlar section
with a diameter of 21, inches. Each strut was hinged
at the wheel axle and the angle bhetween the wheel and
the strut was varied in suecessive stops frome 0° to 90
during the test. The interference drag was obtained
by dedueting the ssim of the wheel drag and the strat
drag from the drag of the combination. Figure 3
shows the arrangement of a wheel and strut.

Wheel-fairing tests.-— T'he S.50-10 wheel and tire wax
tested with wheel fairings A, B, C. D and E at air
<peeds up to SO miles per hour. A madifications to
these wheel fairings ax tested alone are shown in fig-
ures 4 to S, inchisive, Cheek tests were miade 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 x50-10
wheel was measured at air speeds up to 80 miles per

hour with the wheel vawed in sneeessive steps from
I to 15,

Tests on half of landing gear 2a with 8.50-10 wheel.—
Tests were made on a complete half of landing gear
1 Za with the 85010 wheel and wheel faivings A, Bl
i CoDn Eoand B owith varions modifieations,  Details
| of all waodifications ave shown in figures 11 to 16,
inelusive, Mot of these tests were made in the 7-
by 10-foot tunnel 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 109 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
suecessive steps from 15° to — 15°,

Tests at 0° pitch of landing gears mounted on fuselage
or fuselage and wing.—(iears la to 11bh, inclusive. with
varions modifications, were tested for drag in con-
junction with the fuselage alone, Gears 14a, 14h, and
14¢ were tested in conjunction with the fuselage and
G- 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 model-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 gear under
test.

Tests at 0° pitch on several landing gears equipped
with various types of wheels.—The (rag due to landing
gears b, 3a. 8, and 11b, cach 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 becanse they had a wide diversity of strut
srrangement. particnlarly around the wheel hub, Tt
was hoped that the results would show more gener-
ally the effect on landing-gear drag of substituting
different wheels of equal weight-carrving capacity.

Tests at various angles of pitch of landing gears
mounted on fuselage with and without the 41/- by 15-foot
wing and engine.—Landing gears Ia and 1la were
tested for drag at varions piteh angles from 67 to
~5°, on the fuselage alone, on the fuselage with the
1. by 15-foot wing, on the fuselage with the engine
(rowled and uneowled), and on the fuselage with the
wing and the engine.  These tests were made to as-
certain the eflects of the different combinations on the
deag, due to the Tanding gears. at air speeds up to
100 wiles per hour,

Tests at various angles of pitch of landing gears
mounted on fuselage and 8- by 18-foot wing.—Gears 12,
13, 14a, 14b, and 14e. 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 varions piteh angles from 6" to =57 at air speeds
np to 100 miles per hour,

Gear 14e was later tested in conjunction with the
fuselage. the 6- hy 18-foot wing. and the engine
(cowled and nncowled) 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 its
maodifications, was measured with a precision of 0.1
pound. Landing-gear tests made in conjunetion with
the fuselage alone are estimated to be precise within
=05 pound, while tests made in conjunction with the
fuselage, wing, and engine at varions angles of piteh
are estimated to be precise within # 1.0 pound,

varions

RESULTS AND DISCUSSION

Al drag values presented in this report were taken
from faired curves of drag plotted against dyvnanne
pressure. In ecases where check tests were made in
the 20-foot tunnel on the results obtained in the 7- hy
10-foot tunnel. drag values are given for hoth 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 inclnded on the figures illusteating the corvespond.
ing test models.  Results of interference tests, vaw
tests, and landing-gear tests made in conjunction with
wings and engine at various piteh 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 ustial manner. It was not necessary to apply any
corrections to results obtained in the 20-foot tannel
because the pressure gradient was neghigible.  An
agreement of 0.1 pound drag at S0 miles per hour
wax obtained hetween the results of check tests made
in the two wind tunnels after the horizontal pressuve.
gradient correction had been applied.

Wheel tests.—Table 1 and figure 2 show the compara-
tive drags of all the wheels tested alone. Tt 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-pressire
wheel and tire has the highest drag vecorded. The
effect of all these wheels upon the drag due to several
different landing gears will he shown later in the
report,

Aerodynamic interference between a wheel and strut.
Figure 3 <hows the variation of interference drag Ine-
tween the ditferent wheels and a single steat (stream-
line andl round) alongside the wheel, as the angle he-
tween the two is varied from 67 to 997, The inter-
ference ding generally inereases ax 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 S50-10 low.
pressure wheel and tive with various types of wheel
faivings ave given in table T1 and figures 4 to 9. From
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these results it appears that a wheel fairing such as \,
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 (\, 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
he saved by totally encasing it in a fairing such as
maodification A, of wheel fairing \. It is also inter-
esting to note from the tests of wheel fairing ), which
has a eut-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 €0 as to present no open edge to the air stream
(modification 1);). 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-
catise previons 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 8.530-10 wheel changes with variations in
angles of vaw. The drag of this wheel is almost
doubled when it is yawed 157, 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
vawed, 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 TII
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 atfected by the combination of the fairings
with landing-gear struts.  For these tests all the fair-
ing - except A (modifieations A, and A.). which were
not believed to be practicable, were used.  Reference
to the table and figures will show that fairing .\, which
had lower drag than fairing C when tested alone, had
to be modified considerably aronnd the strut intersec-
tion to give as low drag as fairing ¢ when both were
combined with the landing-gear strats. It
interesting to note in the case of fatring K (He. 15)
that modifications K, 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 850-10 wheel alone. will show
that with changes in yaw. most of the drag inerease
of half gear 2a is due to the increase in deag of the
wheel.  The fact that the strats are at angles of

is also

attack other than 0
increase in drag.
Measurement of drag due to various types of landing
gears with 8.50—10 wheels, 0° pitch.—Table TV and
figures IK 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.  Referenee 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 nsed 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 1h and le (fig. 19) and gears
2b and 2¢ (fig. 21) had lttle effect on the drag.
The results obtained with gears 3b and 3¢ (figs. 24
and 23) indicate that little is <aved when struts in
tandem, close to the =ide of a wheell are faired
together. The relatively high sdrag due to fanding
wear 7 (fig. 29) shows that it ix not good practice to
place a length of strut close to the side of a fuselage,
The results for landing gear 11h (g, 34) mmdicate that
this type has small interference drag. The drag of
the wheels alone is approximately 190 ponds at oo

accounts for very little of the

mitles 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 result= of these
wheel tests are given in table V" and the tigures illus-
trating gears 1h, 3a, S and 1h, Gears 1h, Sa. S0 and
1h (figs. 19, 23, 30, and 34) were chiosen for this part
of the investigation becanse they covered a representa-
tive range of gear ~stracture on which the effects of the
various tyvpes of wheels conld he generally shown, It
is miportant 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 inerease in
drag. Also. the 27-ineh streamline wheel and tirve,
which had the lowest drag when tested alone, gave
higher fanding-gear drag values than the S50 (o
The 27-
ineh streamline wheel and tive is distinetly superior
on this latter type of gear. The results indicate that
the 27-inch wheel and tire will not decrease Tanding.
eear drag unless the aeradynunie interference between
it and adjacent members is very small. This size of
streamline wheel and tire was used beeause, at the

wheel and tire, except in the case of gear 110,

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
he used for airplanes of 3000 pounds gross weight if
the inflation pressure is increased sufliciently. T tests
had been made with the smaller wheel-and-tire umts
they undotibtedly would have shown up more favor-
ably than the 27-ineh in all casesc An extension of
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the entire landing-gear rescarch 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 13-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 inereases 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 11a). 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 propefler-
slipstream effect.

Figure 42 illustrates how the drag due to landing
gear 12, which wasx mounted on the fuselage and the
6- by 18-foot wing. varies with angle of piteh, This
tyvpe 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 deeveases with
increases of piteh angle,

The effect of changes in pitch angle on the drag
due to gear 13, with its various modifications. is shown
in figmre 43, This gear was monnted on the fuselage
and the 6- by IX-foot wing.  The general effect of n-
creasing the piteh angle was to decrease the drag
due to the gear.
slope to the curve of drag against angle of piteh than
did modification 1.

Figure 41 shows the varintion of the deag due to
wears [da. Hho and e with changes in piteh angle,
The effects of the radial eng ne. cowled and unvowled,
on grear e and of wheel fairing C on gear L4a are
Again the dreag due to the
This
decrease was probably due to the decrease inair
veloeity aronnd the under surface of the 6- by In-foot
wing that ocenrred as its angle of attack was inereased,

also shown on this tignre.
gears decreased with inereases of piteh angle.

The effect of the cowled and uncowled engine upon
gear e was to increase appreciably the deag due to
it. The reason for the inerense is not readily under-
stomd, especially sinee the engine did not have a <imi-
lar effect upon the drag due to gears 1a and 1la. Al
though the latter two gears were tested in conjune-
tion with the 414- hy I5-foot wing and engine and

COMMITTEE

Modification 2 gave a much steeper

Centions this drag was redieed 1o 27 pounds,

bernres,
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gear e was tested with the 62 by Is-foot wing anid
engine, the most signiticant difference between the test
set-ups was in the wheel treads. Tt ~o happened that
gears 14a. Hb, and 1ic were designed with a tread
of T feet 81y inches instead of the standard tread of
6 feet 6 inches used for all other landing gear-, This
divergence from the standard was caused by strue
tural difficulties encountered in the design of the test
set-ups.  Inasmuch as the wheels of gear Te were |
foot 234 inches farther apart than those of gears Ia
and 11a. it is thought that perhaps the air flow i this
onter region could have been influenced by the engine
in sueh a manner as to have higher velocity at that
point than at the loeation of the wheels of gears 1a
and Tta.
the chosen standard tread and height wonld not neces.

If thix be trae, the drag dne to any gear of

sarily be inereased by the presence of an engine
However, the rea
son for the increase in drag dae to Landing gear e

monnted as in this investigation.

when the engine was present =houbd he found and the
problem will rescive attention in the proposed pro
gram for future landing-gear research.

Effect of various modifications on the drag due to
landing gears. 0 pitch. The effect of modifyving each
of a number of ditferent Tanding cears i~ <hown in
table V1 and ticures 23 1o 25,0 29, 30, and
In order to have a boetter under~tanding of the varion-
1o the
table amed the ficures von

o=

B2 ota ST

madifications made, it s necessary refer to
Inasimneh as the
tain all the pertinent facts
little need be said here in discussion of the molitien
The addition of wheel to bindine

cear 3a resulted ina decrease in the drae due to tha

ad g snnmary of resulis

tions. fairing ¢
vear of approximately 23 pereent, which 1~ 0 very
sub tantial Attention called 1o
vears 3b and 3e, which are <teneturally ddentical, Dt
fering only 1o the manner in which the <sile <ttt are
faired.
together, had a drag of 1 pounds at Tonkwiles o

savine. i~ landiny

Gear Sh, whieh hind the <ide members faiped
honr it original condition. By sieeessive ol
The bae
gest saving was effected by the vse of wheel tairings,
The ~trat fairving on gear Se was steipped from each
mdividual member nntil nothime bt vonnd <trats and
In thi-
condition the dray Jue to the gear was 95 pounds
at 1o miles The of tosts
elearly <how tlat the drag may vary frow 25 pouned

the wheels were exposed to the air ~tream,

per hour, results these
to 95 pounds at 10 ides per howr for s gear of this
types and insdicate the mmportance of fairmg <trats
as well as wheels, Modifications to fandhing gears =
and Ha also <how the importanes of wheel fannae-
for reducing drag.

Tests on gears 10 and 12 <how the importance of
fairing the wire terminals. By <o doing, 225 pounds

drag out of 27.0 pounds were <aved on 10, 1In

oear
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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 1la and 11h, which have single canti-
lever struts from the fuselage to the wheel, indicate
the superiority of these types as far as drag is con-
There is little to choose between the lowest
The lowest

cerned.
drag tigures of these two landing gears.
drag recorded for gear 1la was 185 pounds at 100
miles per hour, while the lowest for gear 11b was 17.5
jounds at 100 miles per hour. If modifications A,
and .\, were applied to wheel fairing A as used on
gear 11h, it is probable that the drag due to that gear
could be reduced to approximately 14 pounds and 11
potunds. respectively, at 100 miles per hour. It is pos-
sible to nse =uch modifications to a serviee-type land-
mg gear provided that suitable mechanical arrange-
ments are made on the wheel fairings to give the
sronnd 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
However, it is also clear that
might bhe had
without wheel fairings, the drag may bhe further

using the latter wheels,

even though a low-drag landing gear

[ig
reduced by an appreciable amount if the proper wheel
fairings are used.

Landing gear 13 was attached to the 62 by 15-foot
wing and had a ~ingle ~trat extending from the wing
to a fork over the wheel. The strat was streamlined
and the wheel encased in wheel fairing A with no
tillet around the wheel-fairing and ~trut intersection.
The results <show o drag of 20 ponnds at 100 wiles
Modifica-

tion 1. which was an expanding titlet, was made at the

per hour with the gear in this condition,

~trut and wheel-fatring intersection. and the drag due
Maodification 2,
which was o continuation of the wheel fairing to the

to the gear 4||'n|>|u-|| to 13 ]mllll«l~.

wing, was e and the drag was agan reduced to 13
poumds at 100 miles per hour, despite the large -
The drag due to this
cear mght be further reduced to :l])pl'u.\illlilh'l)' T oop
~ poutds at 1o guites per hour if the wheels were

crease 1N eross-~ectional area,

entirely encused ina faiving sueh as moditieation
of wheel faiving \.

Analysis of landing-gear drag. The result~ of the
wnalveis of landing -gear drag arve presented an tables
VIE A and VIT B, in which all the landing genrs
tested are classified  aceording 1o structural types.
Table VIT A deals with gears designed for attach-
ment to the fuseluge: tuble VIT B deals with gears
de<igned for attachment to the wing or wing and fuse-
Iogre. Ao attempt was mnde under each classifieation

WHERL
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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 neasured 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.
based on gear drag at 0 piteh angle and excludes
the effects due to the engine and the 415- by 1h-foot
wing.

The entire analysis is

Reference to the tables will show that for all (yvpes
of gears the computed strat drag constitutes from 12
lercent 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
drag due to the gears for the multistrat types to about
0 pereent for the single-strut types.  Fitting-plus-
tnterference drag varies from about 44 percent of the

cears of the ndtistrut

total measured drag due to
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 ix nide in table VITE of the
ligh speeds of 2 hypothetical airplanes. 1 of low
drag and the other of high deag, each with and with-
out a low-drag and a high-drag landing gear (gear
The table ~hows that
sven though landing gear e were made to retrict

13, madifieation L. and gear [He,

fully into the high-drag airplane the gain in hich
speed  would he only 3 miles per hour. However,
retracting the same gear on the low-drag airplane
vould result inan inerease in speed of 159 niles per
hour, or a saving of 234 pereent of the thrust horse-
jower at the same specd. Retracting gear 13 (modi-
tication 1) nsed on the low-drag airplane would result
i an nerense i ospeed of only 6 miles per hour,
Whether or not the ~.6 miles per honr inerease in speed
i~ warth the

e to o meteactable vear over gear 13
design and struetural complications inall cases 1= a
question that can be solved only by the designers of
airplanes.  Attention is called to the fact that all Land.
ipgr-gear drag data used in these comparisons wers
~ealed up from vesults at tomiles per hour with vo
allowanee for the effect of Revnolds Numibwer,

Some calculations comparing a wire-braced wing and
landing-gear unit with a cantilever wing and landing-
gear unit.— Figure B <how< the results of this cotmparg
son.  The calewlations are based on wing data taken
from reference s, and on landing-cear deag data <calbed
from results at 1o miles per hour with no allowaner
for the effect of Revnolds Number.

wire hracing on landing gear 12 also constitutes a part

Ina~siuch as the

of the wing bracing, any rational comparison of this
gear with any other gear st take into aceount the
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wing system. It was considered of sufficient interest
to compare gear 12 mounted on a conventional Clark
Y rectangular wing with gear 13 (modification 1)
mounted on u 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
arve 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 hecause high-speed air-
planes necessarily have low drag. Thix point ix also
illustrated in the example given in table VIII.

Application to design.—In 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
syuares of the air speeds for speeds less than 100 miles
per hour, it can only be assnmed 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
8 basis for computing the values at higher speeds,

This matter is of most importance as regards quan-
titative estimates of the drug of landing gears at high
speeds, there being only a small likelihool that the
order of merit of the different gears will be changed
appreeiably at high speeds.

CONCLUSIONS

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

1. The interference drag between a single strat
ulongside a wheel and the wheel generally increases a~
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 menbers 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
vawed 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 maditied to reduce
aerodynamic interference,

7. Low-pressure and extra-low-pressure wheels and
tires may be used on ordinary types of landing gears,
vith 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
tvpes 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 nsing wheel fairvings.,

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 specd
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or saving in power, the low-drag gear accomplishing ;
a large percentage of the gain obtminable from the v

f the retractable gear.
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gop closed free edge bent in
—_— -
! half of geor

Drog of half of geor 0:;?9 0 ,-,,,’;,‘,7;1 or ge

Za'or 80 mp.n. - Without wheel fairing ., I1.5 ib.
Without wheel foiring, With wheel fairing

AT 4 fillets 12
With wheel foairing ,9.0 ~ " - 1.0 -
With wheel foiring " = L,mod. E, , 98-~
and fillers 8.3~ I - ,+ E &E.82-
\ -, E: &E,, 94~

J& " rodius fillets
2 {5 e

=7

Y, Modificotion Es, front edge
run into brake cover plate

- *’/"radws
. \/ fillets

FIGURE 13.—Drag of one-half gear 2a with wheel fairing (. F1sURE 15, -Diraz of one-lalf gear 20 with wheel fairing E.
S
;Open side \>
e Orag of half of qgeor ‘ )
) ar 80 m.p.h. pa _T’I,,;/A'—/
Without whee/ fairing, 11.5 /b. o -
Orag of half of geor With whee/ fairing /4.2 - % ‘7\
2a ot 80 mp.h. With whee! fairing, gap \\
Without wheel foiring, 11.5 Ib. gap c/osed 108~ N
with " - T Q‘ \ -3

Fiirar 14, Deag of ane-halt gear 2a with wheel fairing D. Fravre 18.—Drag of one-half gear 23 with wheel fairing ¥

15
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—
|
!
!
- — ,,,_._1 i
Loy : Clork Y
L. Q| section
T
Col F3'0
”‘\_“. ¥ |
s e
N R
N 5
¥ . « Yo ' \
R ; Wasp_!
’ engine
.
i ‘ Stondord whee/
+ 4+« ---/ocations,c/eos
collopsed

Fuseloge mounted in
nverted postion

[ NT NN Rketeh af tuselngee showing loeations of wings, wheels, anel cngine

NoTg Al gears designed for 6 by I8 foot wing have the wined Jocations 1.6,
nehes o the rear of <tadard locations,  The trend of wears T, 16b, amd T8 0.
feet Sy inches,

i
v

R e i
o 1Y

en

w /
W, Dieo extended g
X, Stogoered // Z
7
} AN
s %"
P Y, Oteo collopsed
- / . 2, 1" 2%
/ ~, // Y srreamiine tube
/ e
L\
1 e
i
\

|
|
5T+T_ T lsee

Fiuvae I8, Drag and dimensions of gear 1a,
Drag of gear at 100 m.p.h. (oleon extended) : 85010 wheels, 42.5 pounds.
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| - 2057 - A
l ‘—/2%;"—i ! | " - ‘L'” /3//6'—"\’ s
w. Gear 1D, JC I T y
g x> 157 tube \ !
Y, Geor lc, ; ;
%" streomine wire ! \ :
! |
378"
| ,
: /

1
Froree 19.- Drag and dimensions of gears 1h and 1c¢

Dirag of gears at 100 m.p.h, Ponunds
Gear lc, X590 160 wheels $4. 0
Gear th, 850 10 wheels . - . _ 400
Gear 1b, 27-inch streamline wheels_ ELA
Gear 1, 25 hy 11-4 extra low-pressure wheels 4.0
Geur 1h, 30 by & high-pressure wheels 4T 0
Genr 1b, 32 by 4 high-pressure wheels FE
'\.../—Nf < M:‘}é‘ P

o~
|
\
i

17§ > e ;
X, Jrec exrended ; T TR e e e
; e : \
Ve
7

\ .
/ L .
/ z
/ 5% 1
7 AN
/ \\‘ a7
) Oteo cnnrser
‘. . 1R P
' o ; streor! ne fube
i N
W
| RS :
l NI
~ayt
\ . - . - L A,L,_'__.,, . ——
) s -39+ - s : 25% -

P

Frot e 200 Drag and dimensions of gear 2. Ivag of gear at 100 mp b doleos estended ¥ N300 100 wheels 4600 pounds

20—
v, Geor 2c [ M
¥'x 1% streamline tube i
W, Gear 2%

¥~ streamine wire

a7 \

\ /
| - /
i ;

|

| \" i _; )

| l » 6% !
39" b

Firarre 21.- -Drag and dimensions of gears 2b and 2¢,

Drag of gears at 100 m.p.h.: Pasndx
Gear 2h, R.50-10 wheels . . . 47. 0
Gear 2¢, R.350-10 wheels B 1
BONK— G =2
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X, Oleo extended
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Y, Oleo coirapsed
Z, 1 X"
sreomiine tube

39"

Friver 22.---Drag and dimensions of gear 2d

X, Oleo exterded

_Wheet

Divagz of gear at 1000 moph. (aleos extendedy @ S500 10 wheels, $3.0 pound-

faring C

[ 9% - e
[ ' , . __H_/
s
S

Y, Oleo ¢ tigpsern
Zy I % 2"
streomiine fuba

SO )

(@it
<t~ ’

\ . ’/
D
} .
—
Ftavre 23.—Drag and dimensions of gear la.

Drag of gear at 100 m.ph. (oleos extended) : Powundx
R50-10 wheels_ _____ . ____________. 35
R.0i0-10 wheels. wheel fairing ¢ - KE A
27-inch atreamline wheels_.._________ mmee i-n --. . 4B.0
20 by 114 extra low.pressure wheels. . ___ . . 2.0

30 by & high-pregsure wheelg ____. .. . __ . _ 43w
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S, No.1 gop filled in, Fittings foired
7. No.2 streomline fairing
U, No.3 wheel fairing A
V, No.4 cufrs over cylinder ond fittings
W, No.& whee/ foiring C
X, Oleo extended
Y. « collopsed
_/4/%'4_ - [£= S
_/2%6”“‘] 1 I'— 130" —4
gy | !
G - v TP 3" -'- T 1T
X N L '
RN \_/énxzn 1 : /
N [
37%" e,
(2 %
| T
. \\\ 2‘0‘\
! ! v 0/ u..
s 134" 54" ; ;
‘:BV - -8~
L A G
574

Figere 24, - Drag and dimessions of gear Sh.
Dirag of gear at 100 m.p.m. (olcos cxtonded)
8 - 10 wheels .
8.30-10 wheels, modification 1_____________.._.
'i.;';()—l() wheels, modifications 1 and 2
X.50-10 wheels, modification 1, 2, and : R
850 -10 wheels, moditications. 1, 2, 3, and 4. .- P
8.50-10 wheels, moditications 1, 2, and S__. __.

V. Nern extended
y. - cotlapsed

5?

Drag and dimensions of gear 3.

FiGLRE 25.
Drag of ﬁeur at 100 m.p.h. (oleos extendwl) :
8.60-10 wheels, all struts stream-lined ... __. . _.______ 45. 0
N.50-10 wheeln, xtreamline fajring removed from members 1. 51,8
8.50-10 wheels, steamline fairing removed from members
I and II.. U 1 N U
850—]0 wheelr, strenmline falritig removet from members
I1, and 111
‘,6_10 wheels, ntrmlmllno fulrlng removed  from mo-mhvrs
1. L and IV . e ..-_ 98,0

19
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.
[ 283"
W, 1% x 54" streomiine 2%
X, O/eo exrended oge :
) " 0
| //% — —_— 5’/4'
X - !
/ ' -
/ N/ ’ A ;
|
// !
| Y, Oleo collapsed
TN, 1
C ‘ 2y 1%°x 2%
Sfreamiine tube
e T - X
8 "
\\ ; . B ‘//
) 5“/4; J—— 39° i

Flerre 26.— Drag and dimenxions of gear $. Drag of gear at 100 m.p.lr. (oleos extended) @ S50 10 wheels, 39.0 ponnds.

~ \,'-\/‘-’\/T’\’\t\,-

V. %°streomiine wire ,
W, 1% "x5%" streomiine o G —
X, Oleo extended

S Wire in
ttug plone

K Y, Oleo collapsed
’ 2, 1% x2%"
, streomiine tube
!
J9” 25%' {

Frirre 29 -—Diag amd dimenslons of gear 50 Deag of genr at 100 mph, (oleos extended) @ K.50-10 wheelx, 3X.0 pounds,




Streamiine tube

X, Oleo extended
‘ ’\/\ Y, Oleo collopsed
| Z, 14" x2%"

~39* —

Ficrre 28. - Drag and dimensions of gear 6. Drag of gear at 100 m.ph. (oleos exXtendetb)

X, Oleo extended
Y, Oleo collopsed
Z, 14'x%"

3'——~1
streomline tube

No.1 curf-.._
over strut

h—l2%"—i

]
|
P2 §

1%"—

“y 6% [
A ‘

8% - L
— LI
/s
r'/ -
AN
r/ g
oy
/o

SA0 10 wheels, 5005 pounds

24"

/“{ 37%"°

5j - g ———

Fiaune 29.— Drag and dimenstons of gear 7.
g at 100 m.p.h. (oleos extended) ;
8.50-10 wheels__ __.______ .
8.00 10 wheels, modification 1_.

Dra

P ey ]

I

K
<
~

Poundz
] )

66 o
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]
h S, No l streem/sine fouring over
- x ! toridem tutes
i T, No.2, fitting covered
* ! V, No.4 , whee! foiring A wth
z ; streomline fairing over
RN strut intersection
i 30%¢" .
' ; .
! 1
e~ 1415 ol e — 167 N\ l - |
.g</4/,, ke —16 > a . F_v, 8%~
s el | RSP
T---of = . oA g S
g '
Ny b ; ’
155" i -5 14"
L 9 * {
. | 4
y 374" )
. | |
X--- i |
W, $57 x 14" stream-
N line fube
X, Oleu extended
i Y, collopsed
i Z, 178" x 2% stream-
: i hne fube
" A Y -
---¥ !
S'I U T L ——
FioUre 30.-—Drag and dimensions of gear %,
Drag of gear at 100 m.p h. (vleos extended) : Pvunds
B.50-10 wheels, alone__ .. _________ -- - ——- Hw
%5010 wheels, with modification 1___. _ I ¢ IR0
8.50-10 wheels, with modifications 1 and 2. e Y
K. 10 wheels, with moedifications 1, 2, and 5. . - .. 40
&.00-10 wheelr, with moditications 1, 2, 3, and 4. . __ 30.0
27-inch streamline wheels, with modifications 1, 2, and 3., 445
25 by 11-4 Jow-pressure wheels, maodittestions 1, 2, and 3 E R}
30 by 5 high-pressure wheelr, maodifieations 1, 2, and - 410
32 by 8 high-pressure wheelx, modifications 1. 2, and I . 4200
W, 5" x 14" streom/ine tute
T - X, Uev extended ﬂ
Y, » collopsed
Z, 1%" < @'Lie" streomhne tube
... 2
~t+ - 28%, =
L/4Il/,," 8%
"- = /j//a‘_ﬂ1 W
R X
] 5t
- — 278 ;
|
/ e
13" : Y 37;/‘
!
i z
i
1
' v
| AN
[P
L ', "
l ~“t:') )
E . ":.‘ﬁ
‘l
5;I ISR | L S———— :

Fiouns 31.-- Drag and dimensions of gedr 9.

Drag of gear at 100 m.p.h, (oleos

extended) : $.50--10 wheels, 450 pounds.
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AND LANDING GEAKS- 1
¥, Wneel foiring A
. Z, 3%"streamiine wire
@ T
. 0%
14 " I 285"
/‘ ‘\ .
2
P
k b
e
Y.
\ / !
Z
39" \
Ficuke 32.—Drag and dimensions of gear 10,

brag \of gear at 100 m.p.h.:

Pounds
Wheel fairings A . ____. __.-- 270
Wheel fairings A, strut and wire fittings faired at fusclage._ 24,5

Y, Strut section
2, Airfoil section

Airfoil secton----.__
for Struf section

not showry - 7

o
- Section A-A

Whee! foirings
D,

&y —

39°

Fuuxs 83.~—Drag and dimensions of gear 1ia
Drag of gear at 100 m.p.h. : Pounds
8.50-10 wheels, wheel falrings B._____... ... _ . .. . 2056
8.50-10 wheels, wheel fairings C_ ... ... ____ . ________ 18.6
8.50-10 wheels, wheel fairings Dy . eea-. 198
27-inch streamline wheels, strut section alon;

geide wheel._.. 25.0
27-inch streamline wheels, airfoll section alongside wheel._ 22.0
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Y, Wheel foiring A
2, 27" streomiine wheel

fe— /44187

: ‘h‘ 3%"

AERONAUTICS

<~ 11 %"—al

374%"
|4
: 84°R
2% .
. z-.
1'%
.
FIGURE 34.—Drag and dimenstons of gear 11h.
l)lng of gear at 100 m.ph.:
27-inch streamline \\hveh
8.50-10 wheels___ . .
R.50-10 wheels, wheel falving AL
U, 1% x 3" streom/me fube
vV, I'x 2%
W, Two 45" wire
X, 1% = 54" sfr'uf
Y, % streomline wire
2, %" ”» -
303"

B8race strut

R JO

-0 7%

'
'

b

Whee! foring A

8.50-10 wheel/----

SUS— 7. L B ——

Fravee 35.—Drag and dimenshons of gear 12,

Drag of gear at 100 m.p.h.:
5.50-10 wheels, whwl ‘fairings A, wire Attings cxposed,
brace struta off
#.60~10 wheels, wheel faitings A, cufts over fittings, Lrace
struts off
850—10 wheelx. wheel fairings A, cuffx over Httings, brace

Pounds

38.0

320

a9 0
18.¢

8. 50- 10 whm'lu. wheel Tairings A, wires and Urace struts off




THE DRAG OF AIRPLANE WHEELS, WHEEL FAIRINGS, AND LANDING GEARS—1

Y, No. 2, wheel foiring extended to wing.
Z, No.l, expanding Fille,

. P e )
6'x 18" C/grk Y wing P
) r
84" z

Ty v . KN
[
L} [} Y
Vo .
o 34— :
] )
[ e
N ¢ . 7%
o [ -

;"-"\
’ “
' ]

ke o — - 397 —-

Frirre 36, Drag and dimeaxions of gear 138

Drag at 100 mph.: Pounds
%5 10 wheels, whesl fairings A 200
R0-10 wheels, wheel fairings A, moditication 1 13 »
K10 wheelx, wheel falringn A, modifteation 2 e

X, Oleo extended
Y, » collopsed

PSRRI e R
6 x 18" Clark Y wing 39— >
% . x
12 " oy

x

3
134"

Y .

whee! foiring €

e "5-1_( —— -~ %;__;_;_'_’

Fri vk 37, Ieng and dimensione of genr 14a

Iieny of gear st 10 M.AN. (alron epionded Puunds
KO0 10 wheeh . a0 n
B0 10 wheein, whe: i faiving ¢ Mu
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X, 0lec extended
Yy, +« collapsed
Z, 1" % 2%"

P“MT‘M streomftine tube
6’ x 18' Clork Y wing I 39
‘ i i
[/all"'_‘l ’%" JS%"
I ’ i
134" —» k—/34" 504"
, 370"
AT ¢
\“ .
) \\\ ‘z
N t
s %%

Fiorge % — rag and dimensions of gear 14b.

Drag of gear at 100 m.p.h, (olsox extended) @ X50- 10 wheels, 410 ponmls,

X, Qleo extended
Y, ~ collapsed
Z, 1% x 2%

sfreomline fube

6 x 18° Clark ¥ wing 39~
i
: 1
-—;z%’*l 8%”
]
I
':i
1% -u.'n—l%‘ — . [—54"
d
¥ v : 37K
N |
H
! [}
H 1
! 9 .
' it Z
h ’ [
" ' t
It : + R
} P i""'
:'E{ P
- rd
sl . Py
Fuatas 30, Iwag snd dimensions of gear léc.

Urag of gear at 100 m.ph. (oleon oxtended) | 83010 wheels, 41,0 poundu.
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T T T T 1 L
| - "‘(:-Rad/al enqmew, N N

la,wing
—— —— —— 1la, fusel/age olone|

e —— - —— = - la, engine t
la, ~ plus wing
—_———— la cowled engine plus
— - —1a, ,wing

—— — -1la, fuse/age o/one

——————-—--lla engine
—— —— ---1la "

t
plus wing

—_—— - llaj cowled engine plus
50—

—=]
|
a0 e

8
~ SRS D AN SN S
E
Q

-_-.__v___..\-—f_:‘<

o1 | L

0
Angle of pitch, degrees

L)

Ficvre 41.—Drag at 100 m.p.h. of landing gears 1a and 11a

measured in the presence of the 4%- by 15-foot
the engine.

wing and

,
|
< Brace sfrufl‘

- . - 5 \
o T T
! I — : |
N s O
' ‘ ) : | '
; .

——— - ———— Broce struts off,cuffs
over wire f;ﬁ/ngs

e i SRR Brace struts off wire-
i 1i1tings exposed.
.. —— ———~—— Brace struts on,cuffs

over wire f/‘lf/'ngs.
Brace struts on,wire
fittings exposed ¥
——— - - ——— Wires ond brace \

I sfrufs‘ off. ! |

: ‘ I ‘ \
sol—t— || S

30

Orog, Ib.

10 —

e J— 2 0 z 4
Angle of pitch, degrees

Fiatre 42.—Drag at 100 m.p.h. of gear 12 mounted on the

fuselage and the 8- by 18-foot wing.
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i e

1 1 ) ]

|
No.2 wheel - 8 &v No 1
40— foiring ex- T— expanding —

tended fo[wmg fillets

y| ! ] r

T 1 T T ol

————— Origino/ | [ ! i
.30 —— —— —— Modification 1 - -+ 400 R el o B . —
Q | oo L 2 | ¢ Jx 110" —>
¢ = e — Lo
<] ST I Y Ll '
N > \'\ | |
Q20 > R S 380

10 : - ‘ \T‘*i“‘:':"_ —— - 320}——
{ i ~
| LT
H [ e T -
I N ]
0 : A 280
-4 -2 o 2 < &
Angle of pitch, degrees
FiGUre 43.—Drag at 100 m.p.h. of gear 13 mounted an the
fuselage and the 6- by 18-foot wing.
240
Gear 13 plus
9- topered-
g200 - '7| =
Fo _ . S 7
6'x 18’ wmq_«,//-\\\__Raq/al engine [ b
| \'n : 14 i) I-
! | NS ) L] e ; % T L.
| .- LT - .
l’ l J‘ . /‘/ : e
+ + i
! i b l l g/ecf:nygular - .
: : ! e ! or wmq
&0 1 _ ___Wheel fairing C 120 opared l 1 T R -
i ! { _Clork ¥ wrnql 1 ! { 1/
— —_— - JR - - JEEE E— i o :
L | Lo e
i N ! 80 [N S N i - . . . R
I s S e S R i R A
; e H Geor 12 i / - ! — -
_\'\_ i (including—i- - <74 . et -
=i e wiresh\ 470 0L
Ob——— T I T I e B B e e S I e o €
. L ——— | 1 - | ! — ! modits
! | Rl SR - R e ! cation /
. - 4 . 4, . + . .
o " -- i S S ;
) | i —_———1" i )
. ! | 0 T | ; l
B e S il B 1 a0 100 120 140 160 180 200
Q ‘*-l‘--~;__; | .1 Air speed, m.p.h.
8" - ' : [ -T--_h" TSP Figure 45.—Drag comparison of o wirebraced wing and gear with a canti
) ' i . i lever wing awmid gear.  Assuimed wing aren, 230 square feet : wing loading.
é - . v i N 12 pounds pe gquare foot D aspect ratio 6. Wing data taken from ref
20 : H ! : i erence K.

l4c m presence of cowled engme

Y — * radiol
-------- Ma w:fh whee/ folrmq c
1gb— ——-—l4bondlde _| | }
— - 14a
| |
o !
ol 1 |
-4 -2 ] 2 4 &

AnQle of pitch, degrees

Ficvry 44.—Drags at 100 m.p.h. of gears 14a, 14b, and 14¢
ountod on fuseiage nml the 6- by 18 oot wlnn
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! R 1 T
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(4] /10 20 30 40 50

Percentoge of airplone drog due to londing gear

Frirke 46 A gencral relationship applicable to landing gears, show
ing the effcet of parasite drag on the Wigh xpeed of ajeptanes.
vThrust horsepuwer and drog cocficient of airplane assumed con
stung for small changes in angle of attack at high speed camdition )

TABLE L—DRAG OF VARIOUS WHEELS AND TIRES

t f
i

heel . i Drg at | Decresse |
W heel uned tirg som.ph | indrag |

Ponnda I Percent

N5 10 Jow-pressure wheel and lire a0

27-inch streamline wheel and tire . 50 %0
25 by 114 extra-low-pressure wheel anil tire 7.1 -16.4
30 by 5 disk wheet and high-pressure tire 54 3.3
i 30 by 5 disk wheel and 32 by 8 high-pressure tire 8.9 -131

TARLE II. DRAG OF K50 10 WHEE]L WITH VARIOUR

WHEFKRL FAIRINGS

|
i

1 - Devrense !

| Drag ut Drug at |

W heel tairing no. ) ";l",':,’ 00 |

) ' m.p.h. m.p.h. m.ph |
' }
i

i Foun Poxndr '

. Wheel unfaired ‘t !“.'ﬁ [

| . 8l

i A'(modifieation Ay Co2y 43 |

A (modification Ay . i 1.7 24

B . o I 53 7.9 |

¢ . ‘ 46 8 I

D 5.7 e !

D (modification 1) [ &% N7

K. . . ’ (X)) .

!
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TABLE 1HL-—DRAG OF HALF OF LANDING GEAR 24

WITH S50-10 WHEEL AND WHEEL FAIRINGS

] "

; ' . Decrease

; . : Dragat |- Drag at

i Wheel fairing no. indrag at:

: ;M)m,\v.h !MJlxl.gx,h. ‘l(l(lm p.h
— ! '

! ; ‘ Pounds Pounds = Pound«

© Wheel unfaired . - ) 1% 0
A o2 1.4 15.9
A Ouodifieation 1 9.0 25
A (modifieation 2; vl . 24
A (modification 3) .6 .o
B u.7 15 .5
B (l-inch radius fillets) %0 25
to o 9.0 2.5 - 1.1

I € (1-inch radius fillets) X3 3.2

oD . P 1.7 —.2 1.3
E (34-inch radius fillets) 1.2 3
E (1-inch radius fillets) .o 5

i K (-inch radius filets-modification K;) an 1.7

' E (1-inch radius fillets- modifications E,

' and Ej . 4.2 23

| E (1-inch radius fillets modifications K,

: and Ea) 9.4 2.1 4.4

* F (be-inch gap) 4.2 -27 226
F (gap closed) 14N -2.3

TABLE IV--DRAG DUE TO VARIOUX LANDING GEARS
MOUNTED ON TENT FUSELAGE, 0° PITCH. S5O0 10
WHEELS

Landing Drug at Lunding Parag ot

peur o i mph #ear ne i p b

Do ndx Pound«

4w
i
Hy
i4b
1400

tGears mounted on fuselige and 6 by Is-foot wing

TABLE V. EFFECT OF VARIOUS WHEELS UPON THE
DRAG DUE TO SEVERAL LANDING GEARS MOUNTED
ON TEST FUSELAGE, 0- PITCH

byee Diray at Decreise
Wheel 0T p e dree
LANDING tiEAKR 1L
$'oandx ereent
Y 10 low pressure [N ])
Zi-inech streanline ~u 6y
25 by 11-4 exten-low pressure "o 22
40 by 5 high pressure <0 [
32 by 6 high pressure i~ 5 TN
LANDING GEAR &
| ! i
{0 0w pressure 440
2i-ineh streamline. KU 1o
25 by 11 -4 extru-luw pressure 2o [
$0 by 5 high pressure (RN [
LANDING GEARN
. NS00 low presaure 40 ]
Zi-inch streamline [ Y0
| 25 by 11-4 extra-low pressure oo N
30 hy A high pressure [T BN
32 hy 4 high pressure 455 a4
i
LANDING GEAR Wb
! | |
C N 10 low pressure Ny !
1 2-inch streambine . A LI
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TABLE

THE DRAG OF AIRPLANE WHEELS, WHEEL FAIRINGS, AND LANDING GEARS-——]

VIL—-EFFECT OF VARIOUS MODIFICATIONS

UPON THE DRAG DUE TO LANDING GEARS MOUNTED
ON TEST FUSELAGE, 0° PITCH

|
|
|

i {
1 Drag at '
Condition of gear 100 ll):céf:‘% !
1 m.p.h. & [
LANDING GEAR 3a t
— ‘ - -
Pounds | Percent |
R50-10wheels_ .. ... .. .. ... 43.5 I
8.50-10 wheels, wheel fairing C___ ... . ... ... | 33.5 2 i
B T T |
LANDING GEAR 3b |
- . |
8.50-10wheels_ . ... _._____.____._ ... ! 4.0 ' ........ |
8.50-10 wheels, modification 1. _...... p 430 2.3
§.50-10 wheels, modifications 1 and 2. .. : 41.0 6.8
8.50-10 wheels, modifications 1, 2, and 3. . o 40.0 9.1
8.50-10 wheels, modifications 1, 2, 3, and 4 b e 364
8.50-10 wheels, modifications 1, 2, and 5. 7 | 8.6 |
L ! |
R !
o , |
8.50-10 wheels S 450 L
M 50-10 wheels, lmnng removed from I. ... ‘ 516 —H.4 |
%.50-10 wheels, fairing removed from I and | #9.0 ~-3L1
N.50-10 wheels, fairing removed from I, II, and I11. 00 | 100 |
-& 50-10 wheels, fairing removed from §, 1L, 11, and ,
IV e - o o -N7T
e S - :
A0 wheels. . L ... e BLB | |
X510 wheels, modmmtu)u | I . : 5.0 | —-x0
o e oo
LANDING UEAR 8
R50-10wheels. . .. ... . . ... .. 4.0 { .
%.50-10 wheels, modification 1 ... . ... .. - “H.5 | -1
%.50-10 wheels, modifications I and 2.. . 430 2.3
».50-10 wheels, modifications 1, 2, and 3 PO LN 6.K
X 50 1 wheels, modifleations 1, 2, 3, and 4 . . 0.0 3K
LANDING GEAR 10
%.5)-10 wheels, wheel fairing A 200 |
» 50-10 wheels, wheel fairing A, strut and wire ] ;
fittings faired at fuselage. .. . ... ... ... M4.5 [OK3
LANDING GEAR 11a ¢
8 50 10 wheels, wheel lairing B .. .. a5
%.50- 10 wheels, wheel fairing €. .. [LA N
X.50- 10 wheels, wheel bllrlnx 0, medifieation by 195 Y]
27-inch streamline wheels, strut section alongside
wheel . 0 -0
Zi-inch -lreumllne wheels, airfoil section ulunni«le )
wheel . ... . 2.0 3
LANDING GEAR 11D
|
5010 wheels . . ! 2.5
* 5> 10 wheels, wheel fairing A ) %5

FUSELAGE WITH 6 BY 15FOOT WING LANDING GEAR 12

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

struts off
#.50-10 wheels, wheel fairing A, cufls over fittings,
hrace strutn off . 32.0 ‘
% 50-10 wheels, wheel lhlrlnl A. cuffs over fttings,
hrace struts on w0 i
8.50-10 wheelr, wheel Mrlng A. wires -nd hrnw ! H
struts off o - .0 |

i

FURELAUK WITH & BY ISFOOT WING LANDING (IFAR 13

4.50-10 wheels, wheel (airing A 0.0 ..
8.50-10 wheels, wheel fairing A, modification ) . 13.0 5.0
8.50-10 wheels, wheel lalrina A, modification 2 . 13.0 35.0

TABLE

VI.—EFFECT OF

31

VARIOUS MODIFICATIONS

UPON THE DRAG DUE TO LANDING GEARS MOUNTED

C

IN TEST FUSELAGE, 0¢ PITCH—Continued,
l ¢ Dragat ' N N
i Condition of gear mlp - I Il)'l;((ll’::::

i

1 FUSELAGE WITH ¢ BY 18-FOOT WING LANDING GEAR Ha

I-

! Pounds

| 8.50-10 wheels . ... X

2.0 1 383
1

Pereent

TABLE VII-A—ANALYSIS OF LANDING-GEAR DRAG
LANDING GEARS DESIGNED FOR ATTACHMENT ToO

FUSELAGE, AIR SIPEED=100 M.PPH., 0° PITCH

erference

u
=
o

Landing genr

Computed drag of com-

ue to struts

plete gear

Percentage drag of gear
ue to wheels
Percentage drag of gear

Computed drag of struts
Percentage drag of gear

Meastured drag of wheels

Measured drag of gear
Interference and fitting
drag

TRIPOD TYPES

Lt l.h b b L
In 621194256 425 169 146 457 39T e
1h £3009.4 3.7 450,203 96 482 452 Lw
2 a0l 194 2004 4600206 130 420 450 1N
2h Y84 203 470 JeT 16a 412 420 138
2 S4B 194 2T 4551208 w426 K e
24 63,194 257 427 1701146, 454 400 166
N 571194 251 435 x4 12847 425 0%
3b 54194 0248 440 102 122 440 38 1o
[ PO R O B L A R O R I
v TRLUIE 200 ALA 28 1A ETA AT S 1w
X G4, 194 28 4400182 M6 442 413 1T
o 6.7 194 261 450 XY 150 430 4Ly LTS
Average 6.2 194 2506 456 2000 136 427 437 L3N
TRIPOD TYPES (WITH WHEEL FAIRINGS
i H I . 1
R0y Conr 2wy M e 6w 424407 1w
b S4TM2[1961270 T 40200 52540 200 Lds
x G4 10Y 1730300 127203 364423 178
Avernge BNOTELINY 3002 L2 IM4 ARN 36y o
HORIZONTAL-AXLE TYPFE
| I I ‘ B
4 6109402508 AT I32 15T 500 343 1A
5 PTE 4 00 010 00 50, 20 14l
i i i
Average ‘ 60X ‘ 4| w2 RS AR B U R
, i I
s
! | :
Mat 0627 3| L
It 1.0 1711 128 0103
th 1A TN eN T
Average ‘ 158 A%9 153 1y
| ' : '
SINGLE-STRUT TYPES (WITH WHEEL FAILRINGS)
} - 1 | ‘
10 ‘ aAH|1I2 [ we[270] 74 m R M8 B 4|1
Ha 2011421168 I8A] 1L.7] 8.2]77.00 140|110
1nh | ax|121]188 p1sl Lelanalet] vyl
- - - - t - .
Average 46128 luizl.o’ 361458 m,u}mu‘n w
}

1 8trut section ulnnxsme wheel.
t Airfoil section alongside wheel.
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TABLE VII-B—ANALYSIS OF LANDING-GEAR DRAG ' TABLE VHIL—EFFECT OF TWO TYPES OF LANDING
GEALN ON THE PERF ANCE OF TWO CLASSES OF
LANDING GEARS DESIGNED FOR ATTACHMENT TO WING A'uu'l,A.\'Es””. PERFORMANCE OF TWO CLANSES O}

Alr Speed=100 M.PH. 0° Pitch
i} ! | LOW-WING CANTILEVER MONOPLANESX

|
i
l

e e P — ‘ o ‘ .
| EXS R RTIENENE B
| I & l -: | § } g |2 S At g | ' Exampie Faamiple §
l " - l S, % cz | Os 1O% l High-druy Low -drug
. l M 1 5] g‘ S M ‘g | E.g Eg 53 ¥ alrplune airpliane
i Landing gear l 5 | g lv; £ ;? 52 -;‘: I_,E«B:‘j‘ 5;5 i
I : S|l el @ g8 [ .
! E g :5% - § - %S:! TS Assumptions:
o - | a“' 518 =8 FER-] c‘ gxg Hixh speed (geur retructedy, mites )
g 8 |8 § = g g ge g‘E per hour R . 135 s
2 & '3 I 2 g s g [§° 5' 2 ; Thrust Imrso]lmwer avaikable 400 10
¥ P S - | & V-9 ] : Drag of girplane at high spwed
— - B - (gear retracted), pounds 1. 1 s
TRIPOD TYPES f : “rl(:;ll loading, pounds per squure v 2
o = -
T ) T T ! l
! p ‘ - 160 : AIRPLANES EQUIPPED \\'l';‘llll ll,t)\\'-l)I(.\(i AND HIGH-DRAG
i GEARS
11,658 !
]
- p, i
Average. . \ Tones | | Derived data ]
| ; Landing-gear type [ERF IS I § TR RS BT [ETH
- - - = - : 1 | b
" [ s ETEIT N L ' Angle of attack of wing, degrees Kl to 40 KX
FRIPOD TYPES (WITH WHEEL FAIRINGY) Drig of gesr ut 16 miles per hour. .
pounds o . e 1o it e
P O N I R [ . Drag of geur at high-speed condi-
IHa. w492 1w | 2.0 6.9 NG ‘ 5.7 A4 LW tion, pounds R i ) KL
T I ' ' Percentuge drug of airplune due .
togear.. 24 () it 211
WIRE BRACED (INCLUDING WING BRACING) Perventage reduction  in high i .
speed due to gear N 22 R N
: T . . | Reduction in high speed due to
12 (without ! ! ' . ' | gear, miles per hour [ KRl N isw
brace struts) | 222 | 121 343 380 37 NG UALS ) w7 LW Percentage of thrust horsepower
12 (with brace ! ; ! ! ; absorbed by gear 24 6 1 o
steuts). ... 2.0, 1213611450 XU ALE 29 T L Thrust horsepower absorbed by .
: | i ' ; gear G4 413 Yl b
I i ) |
CANTILEVER (WITH WHEEL I-AIRL\“(L\" U in presence of wine and fuselage, no engine
i i
13 (modilica- . ! : : 1
tion1). . .. 20 109129 Kol 011 1a2I 0 ustlo
13 (modifica- ) : | ! I
tion2) ... xl.xn“ko.!\‘zl.t'.‘K ILLUI-G.I;‘ 1) .
R - - N ! -“
i Lower half wheel fairing ) i
1 Computed from tests of w heel fairings A and Aa. i
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. P =
__‘_S“A»t - — %q%&‘ . ;f A
T, L - e f,-r"”
%r\‘\ ‘?g -
P £ i
g, o

Z

Positive dimetions of axes and angles {forces and moments) are showa by srrows

Axis : Moment ahout axis Angls Velosities
% i Fores TEem—— — B e e
{ti?;iiii{:l 7 o N {Linear !
L N Rym. | -0 B - . i Bym.] Peaitive esigna- | Syta- | feompo- D,
s Piasignasion ;ml symbol | Designation 5«3! dizection Lion Bol | nont n!u;:gi Angular
H axigy |
! Lopgitudlwal...] X X Rolling.....} L Yoo Z 2otan. % u P
i Lateral ... .. Y ¥ Pitehing....{ A L X Pitch....! #§ £ i g
f Normal.o....... Z 4 Yawing.....f N X ¥ Yaw..... ¥ w2 r
1o coefficisnts of mement ‘ Angle of set of control surface {relative to meptrsi
~_ L oM c N position), 8. (Indieate surfuce by proper subscript.}
HIVE RS W e -
s ™ geS " ghS -
{roliing) (pitching) (yawing)
-4, PROPELLER SYMBOLS
U,  Diametsr o o r
’ < . ' P Powor, absolute cosfficient Cp= —y75
P Gaometric pitch ' ' P anf A
. . -5
p/b,  Pitch ratio C,  Speed-power f:oofﬁcieut-{/ oV
¥,  Inflow velocity ‘ ” pecd-p Pat
V,,  Slipstream velocity L Efficiency
. . . T i Revolutions per second, r.p.s.
T, Tlirust, absulute coeflicisnt Cy = ey 8 ’ . pe » TP v
¢ Q ®, Effective helix angle = tan™! (2_;1;:)
i3, Torque, abaclute cosflicient Ca—;;,b;
5. NUMERICAL RELATIONS
P hp = TH.04 kiomfs = 550 ftlh. faec, 1 1b,=0.4536 kg.
1 metric horsepower = 1.0137 hp. 1 kg=2.2046 b,
t pph. =0.4470 m.ps. i mi. = 1,600.35 1~ 3,280 {t.

1 1.y 5. ~2.2359 m.p.h. 1 m=3.2808 fz,



