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NATIONAL ADVISORY COMMITTEE FOR AXRONAUTICS

TECHNICAL NOTE NO. 788

DRAG DETERMINATIONS OF THEE FORWARD COMPONENT

OF A TRICYCLE LANDING GEAR

UMMARY

Wind-tunnel tests were performed to determine the drag
of the front—wheel arrangements of several types of tricy-—
cle 1ﬁndin gear. One wheel was tested in arrangements to
simulate both nonretracted and partly retracted types. The
landing gears were tested in conjunction with a fuselage,
andthe effects of wheel extension and longitudinal Jdoca-
tion were determined.

D

The drag changed very little with either longit
location or wheel extension for the landing 3ear Wi
lowcst drag: a completely faired landing gear of the

single—~strut: type. The drag of tae trouser-type
1an61 ng gear increased conside ably, bowever, with an in-
crease in the wheel extension. The wheel of the unfaired
retractable landing gear was at least one-~half retracted
into the fuselage Dpefore the drag Décame less than that of
o
4

the best nonretracted landing gear. The drag per unit
frontal area of the landing gears of the present tests was
about the same as that found for similar landing gears in
earlier tests.

INTRODUCTION

Several years ago tests of a large rumbdber of conven—
tional two-wheel landing sears alone and a2lso in combination
with fuselage, wings, and nacelle were made by the NACA.
(See references 1, .2, and 3.)  These tests contrivuted a
considerable amount o ig information- abowt the drasg, oif

anding gears., The dras of the fixed and the partly re-=
tracted forward component-of the tricycle landing 3Zear
could not be predicted with certainty from the previous
tests because these tests did not include landing gears that

were located at the forward end of the fuselage.




=
=

2 NWACA Techniéal Note Ho. 7838

The tests herein reported were made to determine the
drag of nose-wheel landinsg-gear arrangements and possible
variationg peculiar -to tricycle landing sears. The landing
gears tested were restricted to a féw cantilever tvyves
found to be z00d in the earlier tests. Most of them were
tested in four longitudinal positions.

APPARATUS

The tests were made in the TA ot wind tunnel.

C
(See revoronce 4.) The return passages of the tunnel have
been slightly altered and a new six—elemenf balance has :
been insta Lled since reference 4 was written.

The fuselage to which the landing gears were fitted. is
shown supported on the balance in figure 1. Tae forward
half of the fuselage is avproximately elliptical in cross
section; the nose and the windshield approximate the shape
of the nose and the windshield on a modern transport fuse-
lage.:

: The landing gears tested may be clasged as noaretract-
ed and purtly retracted types The wheel used for all tests

. .L % - r~ .
S teny 5—;— —s,wle model of & nominal 47-inch smooth coantour
©

wheel, The unfaired wheel and fork are shown in.figure 2,
Figure 3 shows the landing fear desigrated strut-faired
landing Zear. A streamline fairirng of Navy 1 strut gection
s s‘1wnec over the round strut. Fizures 4 and 5 represent
complete fairinge desisgnated I and II, which are the
wheel-spat, single-strut type and the trouser trpe, respec-—
tively.

Complete fairing II is obts n the large
streamline cylindrical fairinz dow 51 i and the
wheel to the maximum section of tk el Lot , whieh 1%
fits snugly., The partly retracted larding gears tested in-
cluded an unfaired landing gear alone and retracted into
the streamline fairing, both with and without the fairing
caPs The fairing is shown in figure 6.
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HETHODS

All the landing gears were tested 'in ceonijuretiion by tin
the fuselage, which was set at zero piltieh. - Figure 7 is
composite sketch showing part of the outliné of the wheel

Za o

in each position tested. The longitudins cations are
galled positions &, B, £, and D sand the radlak lccatior

along any of these lines is Ziven as a certain extension

n vheel diameters measured from the outermost wheel sur-
ace. Figures 8 to 32 show the various arrangements, thae

modifications, and the drag result '

Drag and dynanic pressure were measured for every ar-—

PRECISION

Based on the check of zero readings and on repeat

tests, thé drag is believed to be accurate to within 0.5
pound. The relative precision of -the tests made close to-~
gether in a series, in which the fillet: was the orly change,
is with few exceptions believed to be within %0,2 pound.

_“RESULTS AND DISCUSSION

All drag values presented in .this report were taken
from faired curves of drag plotted against dyramic pressure.
The most useful of the results given in figures 8 to %2 are
summarized in tables I and II. Piotg of drag against wheel
extension for the various. types of gear are shown in figure
38 ieures 34 and 35 show the wvarigtion of draz witih the
longitudinal location. These three figures present the
chief trends and the local deviations from themnm.

The nonretracted landing gears. in order of decreasing
drag are: unfaired landing gear, strut-faired landing gear,
completely faired landing gear II, and compietely faired
lpuding gear 1. One exception to thile oérder is found in
Delsition @ &, where the completely faired landing gear II
at less than 1.16 diameter extension is lower in ‘drag %tha
the completely faired landing sear I at: tie 'shme extension.

The partly retraocted landing zZears in order of -decreas-—
Al din o daipeis |t hie Londing gear-in streamline fairing with
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d landing 3sear alone, and the landing
rins it“ the cap. on.

he drasg of. the unfaired landing zear in the strean-
ng with the.cab-on is much lower ‘tidanm that of any
racted landing gears extended more than 1.25
g, but the unfaired lardin® zear aloné nust
t «5 diaometer before its. drag is reduced
f the best ronrotractcd LTaadineW=ear,

There is a Zeneral trend of
creased extension, but the draz
landing sear I remains substanti
crease in the extension. The un
completely faired landing gear I
creases with extension. :
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into the fuselase before the dra3 become less than that of
the best nonretracted landing zear. The dras per unit

frontal area of the landing gears of the present tests was
about -the same as that found for similar landing Zears in

earlier tests.

Langley lemorial Aeronautical Laboratory

National Advisory Committee for Aeronautics,
Langley Field, Va., October 10, 1940.
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TABLE I

Drag at 100 mph of Nonretracted Landing Gear
and Wheel Arrangements

[Drag values given are for optimum fillets. For fillet
dimensions used and for values obtained with fillet
arrangements with higher drag, see figs. 8 to 28,
inclusive.]

Fairing Wheel Dras, 1b
and extension s T
reference Pogsition |Position|Position|Position
(diam. ) A B C D
2.00 7.9 9.5 1305 15.0
Unfaired IS5 0 52 Tt 1@ 71 9. 8
(de, 2 e 1% o L 4 =
3L~ [0)E - Bie ¥ SIae) Bie0
Strut 2-82 4.4 5.4 il r
fiarans -01 i = 8.3 it
(fi‘". 3) 1.52 o 5.2 — —

1 1.50 B0 - 5 -
Conmnlete 200 1L ) 2 50 2D 4,0
fairing I, T 050 145 2.4 2B Bs B
wheel-spat 15s 50 - Se = -
and strut 1e2b Jas - ! i

type 1.16 - 240 -
e, 4) % i - - 2.8 -
Complete 2,00 - Dlel2 B o)
faurine 114 3,50 - 4,6 4,8 4.9
trouser- e )
type l.OO — 2.1
(riz. 5) 1,02 4 - L £

a A Sl” el 5 : = A
Wheel clearance increased by frimming off 1 inch of fairing,
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TABL

b=

ICIE

Drag at 100 mph of Partly Retracted Landing-Gear
and Wheel Arrangenents

(Drag walues €iven are for optimum fillets. For fillet di-
nensions, sece figs. 29 to 32, inclusive)
s ; e fy LAEEC I, Soiehie S B
§ Breaz, 1b
Theel : ; 7 BT o) i
Fairing extension! ! g _artly
and ' Position Position|Position|retracted
. \ i — { - s 3.
reference (dian. ) | 2 c | D inte $aiD
gfilniaicle
e ———t - -t s
Unfaired @25 4,0 | 4.8 - =
Jea 5 Sl O DR SR T C.6
eyl 2 .25 ! J5 .5 i 2 ~
Streanline |
Lodrine, G5 6.9 (55 542 - =
cap off . i 4.9 —- o
Fas. 6)
= picad ol 1 il
Streanline
fiapirine 0175 05 0.8 = i
cap on 250 -.1 50 = ¥
(tie. 6)




Figure 1. - Fuselege and landing gear with complete fairing I mounted in the 20-foot wind tunnel.
Wheel extended 1.5 diameters in position B.
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The wheel is a 1/2.72-scale
model of a nominal 47-inch
smooth contour wheel.
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Figure 3.- Unfaired landing gear.

N
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Figure 3.- Landing gear with strut fairing.

Figs. 2,3
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Figure 4.- Landing gear
L with complete

fairing I.

|

|

=
Figure 5.- Landing gesr with complete falring IX.
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Figure 7.- Oomposite sketch,
showing all landing-
wr&i‘mnn tested.
ions given ia wheel
diameters.

WHEEL EXTENS\ON DRAG OF LANDING GEAR
( DLANM) AT \O0 ™M P (=)
\ 2,00 (BHOWN) .2
eSS0 =,9

FIGURE 8 .- UNFAIRED LANDING GEAR. POSITION A
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Figs. 9,10

WHEEL EXTENS\ON DRAG OF LAND\NG GERAR
(D1ANM) AT \00O M. P W. (LB)
VS 2.\

FIGURE § - UNFAIRED LANDING GEAR. POSITION M.

\

WHEEL EXTENS\ON DRAG OF LANDING GEMNR
. (DV\AM) AY \‘ocomMmewn (Le)
2.00 (SHOWN) .S
\. S0 =Py

FIGURE 0, “UNFAIRED LANDING GEAR, POS\T\ON | T
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WHEEL EXTENSI\ON DRAG OF LANDING GEAR
(S 1AM) AT 00 MPH (\B)

f .0 b T8 4

FIGURE || .~ UNFAIRED LANDING GEAR, POSVTION B,

WHEEL EXTENS\ON DRAG OF LANDING GEAR
(D) AT YOO A . PwW (LW}
2.00 (@HOWN) S.S
) DO L~ oy S

FIGURE 12, UNFAIRED \.ANDING, GEAR, POBTION C,
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S

WHEEL EXTENS\OW TRAG OF LANDI\NG GEAR.
2 CS\ARNM) AT 100 MPR (L)
== 3.9

‘ FIGURE |3.,— ULNFARED LANDING GEMRR, POSIT\ON C.

ORAG OF _ANDING GeRR

WHEEL., EXTENS\ON

(o\am) AT ‘0o ™R (L)
2.00 (SMowN) \ 3.0
. \ SO 2.8

‘ CIGURE 14 -~ UNFAIRED LANDING GEAR , POD\T\ON ©O,
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()
\K—’/ /

WHEEL. EXTENS\ON DRAG OF LANDING GEAR
(DAY AT \COMPW (.S)
.0 2.0
FIGURE 15,- LNEARRED LANDING GEAWR. rPoSyYT\O™N ©

WHEEL EXTENBION POSITION FILLET RADIUS DRAG OF \

LANDING GEl
[CIT RV (N5 AT I00MPH (L) 4
%.gg. : | (SHOWN) Ly -
. 1 .
2.0t = ! Ead
v e | %
1. 50 < \ Pl' ;
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WHEEL EXTENS\COWN FILLET RADILS DRAG OF LANDING GEAR

[E=1VX VDY ™) AT \CO MPH (LB)
2.00 | (SHOWN) V2
\, SO \ e
FIGURE \7.- COMPLETE FA\RNG I. POS\VT\ON A

WHEEL EXTENSION FILLET RADWUS DRAG OF “ANDING GEAR
=AN) CA¥)) AT 100 MPYH ()
i R 4 AT LERDING EDGE \ Vo |
= AT TRALNING EDGE

FIGURE \® - COMPLETE FA\RING X, POSVTION W&,
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Figs. 19,230

WHEEL EXTENS\ON FILLET RAT\WWS

TRAG CF LANDING GEAR

(T\ANM ) (\NL) AT o MPH (L)
2. 60 | (SROWN 3Y S0oLID LINE) 2.¢c
2. cC EXPANDS FROM \ TC 2.0
2 (SHWOWN DOTTED)
200 2 AT WHEEL FA\RING. 2.4
EXPANDS FROM \ TO 2,
AT FUSELAGE
\, B0 EAPANDS FROM /4 TCc \/8 2,4
; VSO EXPAND S FRoOoM Y4 To T 24
K/, \.SO | (WHEEL CLEARANCE N 3.4
TARING \NCREASED 3BY

TRIMMING OFF | \NNCY OF
FARING, ALL AROUND )

FIGURE. |1, — COMPLETE FA\RNG T. POS'T\ON 'S,

e

WHEEL EXTENSION FILLET RADI\MWS
(O \AN D (N

e -5
FIGURE 20 ~ COMPLETE FaAaIR\NG T,

DRAG OF LANDING GEAR
AT 100 MP W (WD)

2.0
POSVT\ON B
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WHELL TE¥TENSION FILLET RADWMS DRAG OF LANDING GEAKR

/OVAM ) (YY) AT \COMPR (L)
2.00 EXPANDS FROM 74 TC \/a(sHowN) 2.5
V. S0 EXPANDS FROM 747D Y /a4 2.5
FIGURE 21 .=~ COMPLETE FA\R\NG X, POSITION C

T NG, GERR
\3 R s\0™ FILLET BT DRRG OF W
e E\EQT_A-:A) ONL) RT 100 MPR (L)

(PN \ 2@

TIGURE 22, - COMPLETE FAVR\NG T. POS\T\OWN C.
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Pigs. 33 ,84
.
WHEEL EXTENS\GON TILLET RADILUS ORAG OF \ANDIN GEMR
{D\RMA) (V. AT 100 MP W (-
2.00 EAPANDS FROM ¥4 To \ ‘/r- (awown) 4.0
\.S0 EXPANDS TROM Y4 To \ifa. P
FIGURE 23 —COMPLETE FARNG T, PosiTiION D,
»
.

I

RA A A FILLET RRDWS ORAG OF LANDI\NG GQEAR,
1 %\6?:3;%\0‘4 ; A=) AT Voo AP (W)

= 2.00 Yo (@HOWN BY SOUD LINE) 1.3
2,00 ;i 1.6
2.00 EXPANDS TROM 2 T2 3o 7.6
2.00 EAPAND S FROM Z T S A
2.bo EAPAND S TROM 2 TO "1 (swowy DOTTEY) S22
\ SO EXPANDS FROM 2.7T0 & 2—.6
i \ BO TXPAND S FTROM 2. Yo B B
\, S0 EAPARND S FTROM 2. 76 & 4%

FIGURE 29, - COMPLETE FARARING X, ToOBTT\ON. .
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WHEEL TXTENS\OW FILLET RATWIS DRAG OF LUANDNG GEAR
(D\ARM) (™) AT \0C MAPWH ()
\. 0@ EXPANDS FROM 2. TO 3 s.2
L OG EXPANDS FROM 2 YO o,/z. (SROWN) oh
.0 EXAPAND S FROM 2. TO 2.4

FIGURE 25~ COMPLETE FARING I, POS\T\OWN .

e
e

e

//
WHEEL EXTENS\ON FILLET RAD\WS DRAG OF WANDING GEARR
(4~ ‘EAM ] (™) AT QO NPV (V)
Z2.0B 2 (=ROeWN BY SoL1D LINE) 5.2
Z2,00 EXPANDS® FROM 2.70 G4 (SHOWN DOTTED) .S
\. SC = 4.8
i == EXPANDS FRAM 2. To 3 'Y/2. %S
\. SO 2.4

FIGURE 2.6. - COMPLETE FA\R\NG TI. POoSYT\ON O
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\

LN

WHEEL ERXTENS\ON FILLE.T RADLIWWUS ORAG OF LANDING GQEAR

(DA™ ) (VN AT 1O MPW (=)

o 2 (&HCWN BY souD LINE) .4

V.o EAPANDS FROM 2 TC 4 Yz - hes {

V.o2 EXPANDS FrROM 2. TC S Y2 (8WOWN DOTTED) V.
FIGHRE 2% ,— COMPLETE FpaR\NG 3T, POS\T\O™N C.

L el Ll E
///
,/
r
/

s

/ WHEEL EXTENS\ON A ANV L o RADWS PRAG OF ANDING &=AR
< (o\AM) (\NL) AT \Q0 MPY ()
/ .00 EXPANDS FROM 2 T0 3 (SHOWN) -1.S
‘ 2.00 S .0
L Se s 5.0
V- i~} EXPANDS FROM 2. T0 & 42

FIGURE 28 .- COMPLETE FARI\NG T, PoS\T\o™N ©.
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i AR
WWHEEL EXTENS\ON | STREAMLINE FARING [ FILLET RADIUG | DRAG OF LANDING &

(DI\AM) AN AT 1C0 MPH ()
C oS NONE (SHOWN SCTTED) 4,0

IS ChAY COFF% R 69

N CAS ON 2 (SMeWN BY SoL\D LiINE) 5

S0 NONE (BHeWN DoTTeD) .o

S0 CAP OF%w 2 52,

Sc CAPY o 2. i

S0 CAw o™ o N

CA] NONE [(SHeWwN OerTeED) i

FI\GURE 29.- LANDING GEAR PARTLY RETRACTED ., PoatTiION B

WHEEL. EXTENSION  STREAMLNEG FRARING FILLET RADWS DRAG OF LANDING GEAR
(DA [(ENB} AT 100 MPR  (L®)
o.7s NONE (SHOWN TOTTED) 2
TS CAY OFF 2 6.8
TS AP ON 2 (SHOWN Iy soLID LNE) 2
S5O NONE EHOWR DOTTED) .G
'S0 CAP OFF = a=
B0 CTAFR o™ 15 Ple)
S NONE (SHOWN DOTTED) e

FIGURE. 30- LARDIANG GEMAR PARITLY BETRACTED. PooiTiow C.
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CRAG OF LANDING GEAR

WHEEL EXTENS\ON STREAMNE FRARING,
(o\am) AT 100 MePr (L8)
N
0.5© NONE. (SHOWN BY SOWD \UNE) W
e NONE (SHOWN DOTTED) V2

P FIGURE 2\~ LANDING GERR PARTLY RETRACTED, POSYT\ON ©.

WHEEL EXTENS\ON DPRAG OF _ANMDMNG GERAR
( VAW ) AT 00O TMPW ()
(ol =7 () o.e

FIGURE 32 .- UNFAIRED WHEEL PARTLY REITRACTED

WNTO  TT\P OF NOSE,




Drag at 100 mph, 1b

13

T =
‘ : Unfaired - - Complete fairing I &
| --———--—— Complete|fairing I] - —— Streamline ring, cap on -
___________ Strut fairing -— ——— —— Btreamline fairing, cap off // :‘,:
8 o= & g
Pogition A Position B o B
/ 7 —o-F - o= o= §
7 O
Bl WOTE / =
; R / X 3
o Mmoo -3
e o T e /0/1 g
40— -0
13 /
Position C o Poeition D /
//
8 — =i -
o & =
o //
A B s e 7
4 % / = ——]
‘0/‘*‘- -—])—— | - —0-
- SRy
—O/ /O"
0 2 1 30 1 2 ™
Wheel exteneion, diam ®
Figure 33.- Relation of wheel extension to drag of landing gear. The wheel opening is open for all partly *
retracted conditions (all extensions less than 1 diameter) but is closed for all of the "
others.
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Extension
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a Complete fairing I
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e
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b L i L sl e e, e | i e ety Rt B S s (ot B e a0
4
ot e Y Gl P _}__ | L [
Complete fairing II
0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

Wheel-center distance back of fuselage nose, diam

Figure 34.- Relation of drag of nonretracted landing gear to distance back of nose.
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Fig. 35

13
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lo—
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Drag at 100 mph, 1b
(o]

Streamline fairing, cap

on

12

Streamline fairing, cap

off

== —=t0--

0 -4

1.2

1‘8

2.0

2.4

3.8

Wheel-center distance back of fuselage nose, diam

3.3

3.8

Figure 35.- Relation of drag of partly retracted landing gear to distamce back of noss.
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