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REPORT No. 518

THE DRAG OF AIRPLANE WHEELS, WHEEL FAIRINGS, AND LANDING GEARS
II -NONRETRACTABLE AND PARTLY RETRACTABLE LANDING GEARS

By D.AvI o BwEnMANN I, d WILLIAM I[. III iNs'-;TFIt , .1 •.

SUMMARY low-wing monoplanes of the transport and bomber

This is the second paper giving the results obtained in types.
the N. A. C. A. 20-foot wind tunnel on the drag due to Several suitable types of gears that aippeared prom-

landing gears. The first paper presented the results of ising in the original program were further investigated.

tests made twith full-scale models of wheels, wheelfairings, Also, gears intended to partly or fully retract into the
anu landing gears intended for airplanes of approxi- wing or into special fairings were tested when in the

mately 3,000 pounds weight. The present report givs landing condition as well as in the partly retracted

the results of tests of nonretractable and partly retractable condition. Since airplanes of this type frequnently

landing gears intended for heavier low-wing mono- have engine nacelles built into the leading edge of the

planes of the transport and bomber type. wing in the same vertical plane as the gear, such a con-

The tests were made on 1/2.8-scale models of gears dition was investigated for mutul interference be-

i'ith a capacity of 16,000 pounds total weight. The tween the nacelle and the gear as well as for the effect

landing gears were mounted on a wing of 5foot chord_ of the gear on the aerodynamic characteristics of the

15-foot span, and thickness of 20 percent of the chord. propeller.

The effect of a radial-engine nacelle mounted in the lead- The chief purpose of the tests was to obtain com-
ing edge of the wing on the drag of the landing gears was parative drag data between the most pronaising non-

also investigated. Propeller tests were made in conjune- retractable gears and the partly retractable gears, and
tion with several types of landing gears in order to ascer- also to obtain quantitative information on the drag of

tain the effect of the landing gears on the propeller char- these various types of gears.

acteristics. APPARATUS AND TESTS
The tests indicated that, in general, the presence of the

engine nacelle did not appreciably affect the drag due to The 20-foot uiad tunnel, in which the tests were
the landing gears. The retractable landing gears were at made, is described in reference 2. The standard ap-
least one-half retracted into the wing or fairing before paratus and test methods were used.
the drag became less than that due to the best nonretract- The landing gears were tested in the presence of a
able landing gears. Landing gears that were partly 15-foot span, 5-foot chord wing mounted in an inverted
retracted into a nacelle near the maximum section or into position. This wing had been used in previous wing-
the wing near the leading edge had a much higher drag nacelle tests. The tests were run in two parts. In
than landing gears that were partly retractedjarther aft the first part the landing gears were tested in the
on the wing. The drag due to streamline wheels used on presence of the wing alone; whereas in the second part
partly retracted landing gears was less than that for low- an engine nacelle was mounted in the leading edge of
pressure wheels. Landing gears that were partly or the wing (fig. 1). Propeller tests were made in con-
fully retracted into streamline fairings below the wing junction with several types of landing gears. The
had only slightly greater drag than those that were partly wing and nacelle are, described in detail in reference 3.
retracted into the wing or nacelle. The propulsive effi- The nacelle, which was of the N. A. C. A. cowled type,
ciency was reduced from 1 to 3 percent by the presence was located in the position B described in the same
of landing gears tested in conjunction with the propeller. reference.

The wing was assumed to be a section of a wing of a
INTRODUCTION t

16,000-pound low-wing monoplane scaled down to
As a result of interest aroused by a previous report 1/2.8 size. The model wing thus represented a full-

on landing gears (reference 1), the program was ex- scale wing having a chord of 14 feet and a thickness of
tended to include tests on landing gears intended for 2.8 feet. The model radial engine, which was 20

1



2 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

inches in diameter, therefore represented a full-scale streamline wheel. These wheels (fig. 2) have a load-
engine of 56 inches diameter. carrying capacity of 8,000 pounds each, according to

Only half of each landing gear was tested. Each reference 4.
unit was mounted at the center of the span of the wing The principal dimensions of the nonretractable land-

ing gears (A, B, and C) are given in figures 3, 4, and 5.

--- 60"- ----

Expon"dirg I- ,

fillet,- 4 4

FIGURE 3.-Landing gear A.

These sketches also show the geoictric relation be-
tween the landing gear, wing, and nacelle (when the
nacelle was in place). Two variattions of landincyg-ge('r,
height were made, one being 24• inches and the oilier
30% inches. These values represent full-scale heiglit::

FDGURX 1.-Landing gear A mounted on wing with nacelle. 6",
a, Small expand 9n , 7

section near the leading edge. The chordwise location fillets ror - > .:. 2

of the wheels when in the landing position was deter- b, Large ex- It
mined from an assumed center-of-gravity location of pfi dllets,_
the complete airplane. 4"rdiuS of

rear, l)7"29`
radius at
front.

- -FIGURE 4.-Landing gear B.

/ of 69% inches and 86 inches, respectively. The sizes
/ / 5%" of the structural members are believed to be consistent

//.with reasonable design requirements. The shapes and
sizes of the fairings and fillets were chosen from theS~most promising results of previous tests.

L.-scale model of the 42 by 15.00-16 low-pressure wheel,

/ ,~//l arge expanding fillet -
4" radius af rear, 7"

- '</.-./ .. - --- /16 j" radius at/front .. "

1 FIGURE 5-Landing gear C.
-eme model of the 45-Inch strenilne wheel.

Fiou .2--Crou-etonej view of low-pressr and streamlIne wheels. A cantilever half-fork landing gear (gear D, fig. 6)
was chosen as the basic type to be used for all tests of

A 1/2.8-scale wooden model of a 42 by 15.00-16 low- partly retractable landing gears. The principal di-
pressure wheel was used for most of the tests. Some mensions were the same as for the nonretractable types
of the tests were also made with a model of a 45-inch except that none of the members was streamlined.

II



THE DRAG OF AIRPLANE WHEELS, WHEEL FAIRINGS, AND LANDING GEARS 3

Two methods of retraction were employed: Retraction the wing and nacelle may be found in reference :3.
by drawing the wheel vertically into the nacelle (when It should be noted that zero lift of tie wing occurs
a nacelle was used), and retraction by swinging the at an angle of attack of about -7.5' and that the
wheel rearward into the wing or into special streamline lift coefficient of the wing at 0' angle of attack is
fairings. Dimensions of these fairings are given in 0.366.
figures 7 and 8. The measured lift was reduced to the usual coeffi-

cient, CL. The drag due to the landing gears in the
presence of the wing, or the wing and nacelle, was

"_ assumed to be equal to the drag of the complete set-
up with the landing gear in place minus the drag of
the wing alone, or the wing plus nacelle as the case

Round X - l-e" might be. The drag difference, in pounds, at 100
imiles per hour was taken at constant values of lift
coefficient of the wing. The final drag results due

si SY." to the nmodel landing gears are plotted against liftI rcoefficient.
Fi(; Rz 6.-Landing gear D. Since the model was 1/2.8 full size, the drag of both

halves of the full-scale landing gears, neglecting scale
In addition to the tests of the complete landing effect, would be:

gears, the low-pressure wheel was tested by itself in
several chordwise locations on the wing alone and with 2.82 ( - ,or 15.ti. ( V-}>.
various degrees of retraction into the wing. Both low- where

pressure and streamline wheels were tested when Vis velocity of full-scale airplare, eiles per acolir.

yawed various amounts. In these yaw tests the wheels D) is the drag of model landing gear, pounds.
When applying the results to similar landing gears

with dimensions differing fromn those of the gears
N investigated, reasonably close aj~proxiniations may be

made by using the ratios of the projected areas of the

• -"H ' _ landing gears for the characteristic areas. Some jadg-
" .".ed str'eam i�ient should be exercised, however, in applying the

'--•4,,. lixd stream- ,• results to landing gears of different size 'd shape,
refracted ~ ~ ~ lin f,, airingq for- 'jrslsttohsegasiean

r'et;eCted "rferocted wheel/. especially to those used on high-speed airplanes.
i-to wing - --- Foirinp The propeller characteristics are redluced to the

usual coefficients:
kIoVR E 7.-Landing gear D retracted into streamline fairing. (T-- AD) P

were located 50 percent of the chord from the leading - n P 11lJW
edge and were tested with the tires touching the lower where

T is thrust of propeller (tension in shaft).surface of the wing, and also with half of the wheels AD, increase in drag due to action of propeller.
retracted into the wing. n, revolutions per unit time.

For part of the tests, lift and drag readings of the D, propeller diameter.
complete set-up were measured at five air speeds, P, motor power.and

7, propulsive efficiency.
-- .- -60"-- -

H/1 Wing CfL
(shown) H:ý -po -~lo ears andH _ 71he/, = /,ap 15'0" The results obtained in tests of landing
(retracte Y, ' . open, wheels made in the presence of the wing without nacelle
Itefroced - -e. .
itdo wing)ued ;n. are presented in figures 9 to 16, inclusive: Nonretract-

c, Cop closed able types in figures 9, 10, and 11; retractable types
FI,'G•Z 8.-Landing gear D partly retracted into streamline feWring, in figures 11 to 14, inclusive; of wheels in various

locations in figure 15; and wheels with different degrees
ranging from 50 to 100 miles per hour, and at six of yaw in figure 16.
angles of attack ranging from -8' to 4.50. It was The results obtained from tests of landing gears and
found that for the partly retracted landing gears the wheels made in the presence of the wing and nacelle
lift was not affected by the presence of the landing are presented in figures 17 to 25, inclusive: Nonre-
gear; hence the lift readings were neglected for a part tractable landing gears in figures 17, 18, and 19;
of these tests. The aerodynamic characteristics of retractable landing gears in figures 19 to 22, inclusive;

110587-35-----2
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t raund)

A, half fork (rectonqularoSrem

?o removed. low-pressu~re
'and str eamline wheel

Lo-pressue: ! wheel 
Whee16

- H'30OY", poS./IC(shown)
C 2 ) 4" -1 i1=j4Y4 'a// fair ing

thaut fllet - Law-pressure wheel_

-H =30;i%", oleo and ho/f far/s40 
_ý~fair-e dfill Iet 4

o With filieP --

o~ H o2eo" and half forA}
---f- HoeffiieItGear C -j

0 1 ..3 .4 .6 .6 fiefle

Fwv Ric 9.- Drag of landing gear A in ptesenee of wing. 0 if .2 .3effici.5t,

FzwGv~ I1.-Drag of landing gears C and D inplresence of wing.

Idntca rWhult werein abtind he

lahe-`/ Lw-pressureanstamie wheels 1

Were Used alternately.
_-Wheel tauchinq wing

,LH =30,o nofille ts

-H 3%"filets shwn)

G 0

0 d 2 . 40 ? . 4.

Lift Caefficient, 4z Lift coefficient, CL

FiGuRE 1U.-Drag of landing gear B3 in 1jneaence of wing. FIGUREC 12.-D~rag of landing gear D retracted by various atuounts Into wing.
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20- Law-pressuire' wheel W? Yheel touching 1. w-pre ss~re
wing *hCel1

AY4r-etracted
/6 ~ACE, gap be tweeni wheel and foiring 1-8,Y

open, foir log edges turned in C, Y
qo0,gp be tweet, wheel and fairing

c losed flush with tire C3

12 L-E~wheeJ%ý retracted into wing /2 ~ ~ .0. 4

Wheel and aleo,' no fair ing behind wheeI-~ - Weltuh

4 l\4retractedT

0

0 J1 .2 .3 .4 .5 .6 0 20 40 60 .90 /00
Lift Cae fficie,,t, , L Location of wheel in percentage of chard

FIGURE 13.-Drag of landing gear D) partly retracted into streamline fairing in FIGURE 15.-Drag of low-pressure wheel at various chordwise locations and % ith
presence of wing. various degrees of retraction into wing.

Y2 refracted--- ~- 0.6 chord-,

- - - -- - cap
20- Law-pressurep wheel .20 Wheel touching~ W)g

.16 16 -C 0

-- -- 0.

1~2 12Itealn

'-Low-pressure wheel hteamlin
tauchin wiq-.l ouching

"-6 jf------- 5 -w~nq

SH= 11" Wheel touching wing, cap ottf
44I- i - on (3hown/ --

"r-tr--t~- 4 in" -.- , - -- ow -pres-
0 1 sure wheel

4 4 oý i~ ~ etract-
0 --11- - - ed

0 d1 . .3 .4 .5 .6 0 4 8 / /6 20 24 26
Lift coefficient, CL Angle of yaw of wheel, deqrees

fiovas 14.-Drag of landing per D retracted Into streamline fairing In presence of Ftount 16.-Drag of low-pressure and sreamallne wheels in yaw in presence of wing.
wing.
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t Expand I ng A, ho/ffor-A i(r-ec-5*,
fillet rqjol

Law pressure whee/e

-6- A

L-0 H _Bot low-presfaired ofillt :e

*7-X_

-. 16 1 al f

faited filet t____

_/ 30;V oloadh l L" o

20 int wing, l c

~---------------
=Note' -Wee fcreot r.etrcednaig

o ~ ~ ~ ~ ~ ~ ~ ~ e retraetiactedt-we- otane

r-H3 %,wtotfillets

0 ~ ~ -'---- 0 ,e ra efrced

PO Iito (
Lift coficet int ift coeff Cient, C 1whe

Q, UE1-~a flnigga npeec f igadncle IUE5.Da flniggarDrtatdvrial yvrosalul t
Low -pnacelle.
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wheels in yaw, in figure 23; and the results of propeller ACCURACY

tests made in conjunction N~itli several diff at. landing The faired drag curves are, believed to be accurate
gears in figures 24 and 25. to within one-half pounid. For the low-drag landingl

-gears this represetits at relatively high percentage of
the landing-gevar drag. lltoweve~r, siflQ it fairlY large

20 K .'

1 Wh-eel tcUChirng Wr~q r~c'

/Vote:n kytica results *e-e obtcrwwhen?-
H wacs e~oja to 24,!ý ond 20,".(hor,7)

-Low-press~re wh1ee/ w-rsuewe/t~'" r

~Vhee touc~ncjWing.-,2 ,L ow-pre-ssure wlheel. wetor w~

4 rettrrttY

- - - - - -- - -

Lift coe fficien,', C,.
FIG RaI .Drag of landing gemaDretracted various amounts into wingminpresence u ----.-

of nacelle. 0 8 2 6 O 4

A'sV!e Of Wheel ýJA deqn~eS
FloiuRs 23.-Drag of low-pre~ssure and streLiuznll)e? whwkin yawv iui ir.,-lem ,f 01W'

____W'nq and rCCto,'/e. noý qear
* nih qc-A

H ./0

20 f0 aring cc7

Low-pressure Wheel .0a-

Q00

zzz _4

t.' I he ?utng win, cq ff .02 .2---
4 4.-H/l on I.shownr)

0 H4, r eraced into W/rng, C op~--

0 d1 .2 .3 .4 .5 .6 .2V
LUff cc. ffccient, C1,

FiGafli 22.-Drog of landing gear P tefatsetd Into itreamitne &irng 'in presence of Ftouas 24.-Effect of landing gears A and B on propeller characteristics. Propeller
wing and nacell. 4412, diameter 4 feet, set 17' at 0.75 radiu~s; angle of attack of wing, 0*.

110587-U-u-3
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number of tests were made on landing gears with only expanding fillets materially reduced the drag (of the
slight changes, it was possible to improve the accuracy landing gear.
by fairing at one time a series of curves for one type The results fronm tests of landing gear (, which was a
of landing gear. The results art considered sufficiently ludf-fork type equipped with both low-pressure and
accurate for coniparative purposes and should give streamline wheels, are given ill tii-Ire 11. For this
fairly close approximations when applied to full-scale type of landing gear the drag was considerably lwoer
airplanes. The faired lift curves are considered correct when streamline wheels were used. The preseice of
within ± I percen* at 0 angle of attack. the airfoil section adjacent to the wheel was thought to

The thrust and power coefficients are thought to be be an important factor in obtaining the low drag.
correct within ± 1 percent over the greater portion of Partly retractable types. -Figure I I also show\s the
the curves, while the propulsive efficiency is believed results from tests of landing gi-ar 1). As may be seen,
tW be correct within ±2 percent. the only difference between landing gears( C and 1) %%a,

_12[ the lack of the streamline fairing on the fork and olho
i I ! ] strut of landing gear D). At a lift coefficient of 0.2

-. Wing or/ noce//e. neo gea .r-. the drag was increased from 5 to 17 pounds for the
(;!h DH=2in.) .30 4-incmh landing gear by removing the strut and fork

. . . .. ., . fairings. It is noteworthv that the slopes of theseg ea r -s wu n g b ac hk , , 4 w h e e l I Ire .. fee , ,. k w heg l I curvet are mauch greater than for those of landlingz

gear (. 'lie probable reason for this ticI'ase is the
.088 increasingly disturbing effect of the oleo strnt on

rthe flow over tie wing with decreasing values of lift
coefficient. The same effect was 1)refiously noted ill

06 .. 6 the case without tiliet on landing gear A.
Vahles of drag (die to hlnling gear 1) whell partly

Sretracted into, the wing by val riois a,1101atts arc shoN\ it
kinl figure 12 for both streamiline ainil low-presso jre

Swheels. The. drag of the landing gear equipped with
streanline wheels ranges frota 15 to 20 percent less
than for low-pressure wheels, regardless of the almount

" "0 - the landing gear is retracted into the wing. Althhough
the landing-gear drag (with low-pressure wheels) is
reduced considerably by folding the wheel against the

o .2 .4t .6 8 to0 wing, the wheel must be retracted at least one-fourth
_E into the wing before the drag becomes less than that

nD for landing gear C and one-half before the drag becomes
CFi .F 25. -Eflect of landing gear i) on pnrpeiler characteristius. Propeller 4412, less than for landing gear B.

diameter I feet, set 17 at 0 75 radius; anmgle of attack of wing, 0.l

From structural considerations it may be undesirable
DISCUSSION to retract the landing gear either fully or partly into

LANDING GEARS AND WHEELS MOUNTED ON WING WITHOUT the wing. Figure 13 illustrates the results from tests
NACELLE on landing gear D partly retracted into a streamline

Nonretractable types.---Figure 9 presents the results fairing mounted on the lower surface of the wing.
from tests of landing gear A. At low values of lift The drag of the landing gear when folded against the
coefficient the drag due to the landing gear was reduced wing was reduced about 50 percent by the presence
considerably by the presence of an expanding fMlet. of a streamline fairing behind the tire (gap open
The term "expanding" refers to the fillet radius and between tire and fairing, see fig. 8) and was reduced
means that it increases progressively in the downstream an additional 12 percent by closing the gap between the
direction. In this instance the fillet started with nearly wheel and the fairing. Removing the oleo strut and
zero radius at the maximum section of the landing-gear fork reduced the drag still further by about 20 percent.
fairing and increased to about 4 inches at the trailing With the landing gear one-half retracted into the
edge of the fairing. The drag of the landing gear was wing the presence of a fairing (gap open) behind
not critical to changes in lift coefficient when a fillet the portion of the wheel that remained in the air
was present. stream reduceu the drag approximately 50 percent.

The results from tests of landing gear B are given (See figs. 12 and 15 for comparison.)
in figure 10. It should be noted that this landing gear Still greater reductions in drag may be gained by
had the lowest drag of any nonretractable gear tested. completely retracting the landing gear into a streamline
Even though the oleo strut was small in comparison fairing (fig. 14). The landing-gear fairing, with the
to the fairing used on landing gear A, the presence of cap on, had less than half the drag of the landing gear
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partly retracted into the fairing previously discussed. as high as for landing gear C. The drag of landing
Removal of the faring cap, however, increased the gear D when partly retracted by this method was con-
drag about 55 percent at a lift coefficient of 0.2. siderably higher than whon retracted by swinging the

Wheels.-The results from tests of wheels at various wheel back into the wing (fig. 21).
chordwise locations and with various degrees of retrac- The drag due to landing gear D enclosed in a streani-
tion into the wing are given in figure 15. At low values line fairing (fig. 22) was somewhat less with the nacelle
of the lift coefficient (0.2) the drag due to the wheel in place than when tested on the wing without nacelle
increased rapidly as the wheel was moved toward (fig. 14).
the leading edge. For higher values of the lift coeffi- Wheels.---The results from tests of wheels in yaw
cient (0.4) the wheel location was less critical, with measured in the presence of the wing and nacelle (fig.
the exception of the wheel one-fourth retracted. For 23) are almost identical with the results from tests of
any chordwise location the drag due to the wheel wheels in presence of the wing without the nacelle.
reduced rapidly with retraction. Propeller characteristics. --Th, propeller character-

Figure 16 shows the results from tests of both low- I istics measured in the presence of the wing and nacelle
pressure and streamline wheels in yaw. At a lift alone and also in the presence of the nonretractable
coefficient of 0.2 the drag due to the low-pressure wheel landing gears A and B are given in figure 24. The
when touching the wing at the 50 percent chord point peak propulsive efficiency was reduced about 2.5 per-
was increased about 10 percent due to 100 yaw and cent by the presence of landing gear A, the reduction
about 55 percent due to 200 yaw. Although the being manifested by an increased power coefficient.
streamline wheel had less drag, the increased drag due The propeller was less affected by the presence of land-
to yaw amounted to about 17 percent for 100 yaw and ing gear B, the propulsive ehliciency being reduced
about 75 percent for 200 yaw. With the low-pressure only about 1 percent.
wheel one-half retracted into the wing the increased The propeller characteristics ineasured in the pies-
drag due to yaw amounted to about 30 percent for 10' ence of landing gear 1) in the landing position and also
yaw and over 100 percent for 200 yaw. one-fourth retracted into the wing are given in figure

LANDING GEARS AND WHEELS MOUNTED ON WING. WITH 25. Both the thrust and power curves arc somewhat
NACELLE lower than those for the wing and nacelle alone through-

out the range for both attitudes of the landing gear.
These tests were almost identical with the tests of The peak propulsive efliciencv, however, was reduced

landing gears and wheels mounted on the wing with- only about 1 percent for the landing gear in the partly
out nacelle and, in general, the results are about the retracted position as well as for the landing gear of
same. There are, however, a few interesting points. 30I-inch height in the landing position. For the land-

Nonretractable types.-Expanding fillets on landing ing gear of 243-inch height in the landing position

gear A (fig. 17) were not so effective at low values of the the propulsive efficiency was reduced about h2 percent

lift coefficient as they were without the nacelle. Evi- for the climbing and high-speed range of V/nD.

dently the nacelle had the effect of preventing separa-

tion of flow at the intersection of gear and wing for EFFECT OF LANDING GEARS ON HIGH SPEEDI

these negative angles of attack. Figure 46 of reference I mav be found convenient
Increasing the size of the expanding fillets used on in computing the effects of the various types of land-

landing gear B (fig. 18) did not affect the drag, even

though the small fillets materially reduced the drag. ing gears on the high speed of an airplane.

The streamline wheel, as well as the low-pressure CONCLUSIONS
wheel, was used both on landing gears C and D (fig. 19).
The drag due to landing gear C was materially less The results of this investigation indicate the fol-
with the streamline wheel than with the low-pressure lowing:
wheel. When the streamline fairings had been re- 1. In general, the presence of the engine nacelle did
moved from the half-fork and oleo strut (landing gear not appreciably affect the drag due to the landing

D), there was no apparent advantage, however, in the gears.
streamline wheel. 2. The retractable landing gears were at least one-

Partly retracted types.-It appears from figure 20 half retracted into the wing or a fairing before the
that partly retracting landing gear D vertically into the drag became less than that due to the best nonre-
nacelle at its maximum cross section is undesirable tractable landing gears.
with respect to drag. At a lift coefficient of 0.2 the 3. Landing gears that were partly retracted into a
drag due to the landing gear when half the wheel was nacelle near the mnaxini•un section or partly retracted
retracted into the wing (leaving only slightly more into the wing near the leading edge had a much higher
than the tire protruding out of the nacelle) was greater drag than landing gears that were partly retracted
than the drag due to landing gears A and B and almost farther aft on the wing.



10 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

4. Streamline wheels used on retractable landing REFERENCES

gears had less drag than low-pressure wheels when the 1. Herrnstein, William H., Jr., and Biermann, David: The
landing gear was partly retracted into the wing. Drag of Airplane Wheels, Wheel Fairings, and Landing

5. Landing gears that were partly or fully retracted Gears-I. T. R. No. 485, N. A. C. A., 1934

into streamline fairings below the wing had, in general, 2. Weick, Fred E., and Wood, Donald H.: The Twenty-Foot

only slightly greater drag than landing gears that were Propeller Research Tunnel of the National Advisory
Committee for Aeronautics. T. R. No. 300, N. A. C. A.,partly retracted into the wing or nacelle. 1928.

6. The peak propulsive efficiency was reduced from 3. Wood, Donald H.: Tests of Nacelle-Propeller Combinatioas
1 to 3 percent by the presence of the landing gears in Various Positions with Reference to Wings. Part I.
tested in conjunction with the propeller. Thick Wing-N. A. C. A. Cowled Nacelle--Tractor

Propeller. T. R. No. 415, N. A. C. A. 1932.
4. U. S. Army Air Corps, Mat/riel Division: Handbook of

Instructions for Airplane Designers. Vol. 1, seventh
edition, November 1932, p. 309.
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