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THE EFFECT OF THE SKIS ON THE POWER-OFF STABILITY
CHARACTERISTICS OF A TWIN-ENGINE CARGO AIRPLANE,

By Park Y, Wong

SUMMARY

The results of the power-off wind-tunnel tests of a
1/11-scale model of a twin-engine cargo airplane equipped
with wheel skis are presented. Longitudinal-, directional-,
and lateral-stability characteristics were investigated
for two flap positions and three ski positions. The effect
on the drag coefficient of fairing the main skis in the
retracted position was also investigated.

The test results indicated that the longitudinal-,
directional-, and lateral-stabllity characteristics 1in
pitch and yaw were practically unchanged by the addition
of the wheel skis. &t a lift coefficient of 0.2 (high-
speed condition), the measured drag increment due to the
main skis in the retracted position was 0,0017. This
value was reduced to 0.0005 when Tairings were added between
the main skis and the nacelles. The measured drag increment
of the tall ski was 0.0005.

INTRODUCT ION

At the request of the Air Technical Service Command,
tests on a 1/ll-scale model of a twin-engine cargo air-
plane eguipped with wheel skis wcre conducted in the
Ames 7- by 10-foot wind tunnel. A three-view drawing of
the airplane is presented in figure 1. The purpose of
these tests was to investigate the effect of whecl skis on



2 . MR No. 4BF18

power-off longitudinal-, directionsl-, and lateral-stability
charecteristics of the model and to investigate the effect
on the drag of fairing the main skis in the retracted posi-~
tion.

Pitch and yaw runs were made with the model in the
skis—off condition at two flap positions and with retracted
and extended main landing gear as a measure for comparison
with the skis~on runs, With the model in the skis-on condi-
tilon, runs were made with the main skis and gear retracted,
extended for landlng on a hard surface, and extended for
landing on snow ;or these runs, the toall ski and gear
were always in a £ixed pusition as the taill wheel is non—
retractable. Figure 2 shows detail drawings of the ski
positions tested.

The tests were conducted during the period of
December 16 to December 19, 1944, inclusive. All data
included have becn presented previously in preliminery form.

DESCRIPTION OF THE MODEL AIND THE AIRPLANE

A 1/5-scale model of a twin-enginc cergo airplane of
conventional design was used in the tests. The model
configuration symbols employed are listed in Appendix A and
the full-scale dimensions of the airplane are presented in
table I. Photogranhs of the model mounted in the tunnel with
the main landing gear and skis retractcd, gear and skis
extended for la ndlng on a hard runveay, and with gear and skis
extended for snow landing are shown in figures 3,.4, and 5,
respectively. ;

COEFFICIENTS AND CCRRECTICLS

All data arc presented as standerd NACA cocfiicients
and are corrected for tarecs, tunnel-wall interference, and
Stream inclination. All coefficients arc referrecd to the
wind axes except when the model is yowed. In the latter
case, the force coefficients Cp' -ond Cy' and the moment
coefficients Cp' and C3' are given about the stability
axes. The cocfficients used ere delfincd as follows:
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CL 1lift coefficient < 1if%

Cp drag coefficient __JE)

Cp! drag coefficlent ebout the stability ates(/dra- >

Cy! lateral-force coefficient about the stability axes

<lnteruL forcO)

Cp pitching nomont('PltChégg womentj

Cq' pitching-moment coefficient akbout the stability axes

pitching moment)
qSe

Cn  yawing-moment coefficient (:yaw1n§bmoment
g

C1!' rolling=moment cocfficicnt sbout the stability axes

<:rolling moment
gSb

2
Cp pcrﬂsite drag coefficient <CD EE_
P A
where
qQ dynamic pressure (3pV2)
S wing arca, sguere fect

wing mean aerodynamic chord (i{.A.C.), feet

ol

b wing span, feet
2
A wing aspect ratio <p—s-

Moment coefficients are prcsented about a center of
gravity located at 20.8 percent of the mesn ~crodynamic
chord and 2.7 perccnt of the mean aerodynamic chord below
the thrust line. This is the seamc rcference cecnter of
grovity used in reference 1. & linc diagrem of the refercnce
center—of-gravity locntion is presented in figure 6.
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The angle of attack is measurcd frowm the fuselage refcrcnce
line and the angle of yaw from the planc of symmetry.

8 dynamic pressure of 50 pounds pepy square foot corrc—
sponding to a Reynolds numver (based on'the wing ¥.s.C.) of
1,700,000 was mainteined for all tests,

The stream inclination and tare corrcctions used in the
computations are the same as those used in obtaining the
results of reference 1. Definitions of the tunnel-wall
corrections may be found in Appendix B.

RESULTS AND DISCUSSION

The effect of wheel skis on the longitudinal character-
istics at zero yaw is shown in figure 7 for fleps up and down
4s%, with the main landing gear retracted. Figure & precsents,
for the fleps--up conditicn, tihe effect of the skis on the
longitudinal cheracteristics of the model with the main
landing gear extended, and the condition with flaps down at
450 is shown in figure 9. These figurcs indicated that the
addition of the wheel skis had regligivle effect on the
longitudinal—-stebility and 1ift characteristics.

The effect of the skis on the characteristics of the
model in yaw at ay = -1° and 6°, with flaps up and main
landing geer retracted, is prescnted in Tigures 10 and 11,
The characteristics at a = 59, with fleps down 45° and rein
landing gear extended, are shown in figurcs 12 and 13 (o,
the uncorrected angle of attacit referred to the fuseleage
reference line in degrecs). The longitudinal~, dircctional-,
and letercl-stebility characteristice of the model in yaw are
practically unchanged by the addition of the whecl skis.

The dresg coefficient is found to be reduccd when the
skis in thc retrected position are addcd to the model with
flaps down et 45°. (Sec fig. 7.) However, in the fleps-
up condition, a high-speed profile-drag increment (at Cp = 0.2)
of ACDP = 0,0022 resulted from the oddition of the teail

ski and the main skis to the retrected londing geer. (Sec
Tig. 1&.) The fairing of the mein skis in the retrsacted
position with model cley, as shown in fisure 15, greotliy
reduced the over-s1l drag increment to ACDp = 0.0010. By
reroving the tail ski, the dreg inercment of the faired main




MR No. ASF18 5

skis alone (in the retracted positicn) is found .to bs

ACD = 0.0005. Hence, the drag increment of the tail
P
ski is also aAC_. = 0.0005,
D
P
CONCLUSIONS

The conclusions drawn from the tosts of the 1/11-
scale model of the twin-engine cargo airplane cquipped
with wheel skis arec as follows:

1. The addition oi the wheel skis had a negligible
gffect on the power-off stability characteristics of the
model in pitch and in yaw,

2. At CL = 0.2, the profile-drag increment due to

the main skis in the retractcd position is 0.0017, while
hat of the tall gki is 0.0005. The fairing of tho main
skis in the retracted position with model clay reduces
the drag increment to 0.0005.

Ames Asronautical Laboratory,
National Advisory Committce for Acronautics,
Moffett Field, Calif.
APPENDTIX A
MODZEL CONFIGURATION EuY
W wing
fuselage
nacelles
exhaust stacks

horizontal tail

vertical tail

N g moH"H =2 W

flaps
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L main landing gear extended

Lp main landing gear retracted

Lp tail wheel

front gear extended, front skis extended

L

L, front gear extended, front skis retracted
L front gear retracted, front skis retracted
L

front gear retracted, front skis retracted plus ski
fairings

L, tail wheel rlus tail ski

g gtandard configuraetion, WBNELRLTHV

APPENDIX B
TUNNEL-WALL CORRECTIONS
The tunnel-wall corrections are defined as follows:
ba = (8, + 0.0173) 7 CL X 57.3 = 0.9% O,
a0y = B.Jv.%_i = 0.0143 (p2

8C, = <54 £0L C}?mtx 57.3 =-0,019 O,
C dig

where

fiYe tunnel-wall correction to angle of attack, ceg

ACp  tunnel-wall correction to drag coefficient

ACp tunnel-wall corrcction to pitching-moment coefficient
8w  Jet—boundary correction factor at the wing = 0.1235

8¢ Jet~boundary correction factor at the tail = 0.087

-
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ac

di:t change in pitching moment per degree change in stabilizer
angle (stabilizer effectiveness) = -0.033%/deg (com-
puted)

C tunnel cross-section area = 70 sq ft

S wing area = 8.16 sq Tt

) mean aerodynamic chord = 1.05 £t

Model dimensions used in computing coeflicients are as
follows:

wing arca, 8q T5 . . . . . . . .t o v v e v o ... 8,16

Wing 8pan, Tt « « v « « « v v e 4 e e e e e e .. ... 8,60

wing mean aerodynamic chord, ft . . . . . . . . . . . . 1.05

wing aspect ratio . . . . . . . 4 o e e e e ... 9.06
REFERENCE

1. Belsley, Steven E., and Jackson, Roy P.: The Effect of
Amphibious Floats on Power—Orf Stability and Control
Characteristics of the Douglas C-47 Airplane. NACA
CMR, Jan. 1943,



TARBLE I.- GECMETRIC DATA OF TUIW-ENGINE CARGO AIRPLANE

[Dimensions are full scale]

Main Surfaccs

Horizontal Vertical
Component __ Ming tail tail
Area 987 .ft7 206.5 ft° 110.2 ££°
Span gl .52 £t 26.7 £t 111.23 %
Asvect ratio g.06 3,55 1.145
“M.ALC, 11,52 £t 1 —cmmmmmem | mmmm e
Flap (type) split simple simple
(palanced) {(valanced)
NACA section 2215 root modified modified
2200 tip 0012 0012
Taper ratio C.300 0.231 0.06U4
Incidence 20 L ity
Movranle Surfaccs
- Flap
Component Elavator Rudder (split)
Arca aft hirge 2.2 ft2 35.&8 £t ° g3.5 £t2
Span 26.7 £t 9,26 It 41.5 Tt
Total surface
area affected 176.6 £t7 gl.,0 ft° - 552 ft2
Choré | mmm——————— | —mmm—— 2.01L %
e - .. i__.[lconsten®)
Length from c.g. to clevator hinge line, lg=59.7 T't.
Length from c.g. to rudder hinge line, ly= 38.5 Tt.
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FIGURE /. — THREE-VIEW DRAWING OF T7THE TWIN-ENGINE CARGO

AIRPLANE - EQUIPFEL _WI7TH WHEEL SK/S.
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4 NEGATIVE INGIDENCE wWiTH RESPECT
70 AIRFPLANE THWRUST LINE,
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CONFIG = Lo
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AIRPLANE THRUST LNE ,
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(a) Front view.

(b) Rear view,

Figure 3.~ The l/ll-loale model of the twin-engine cargo airplane
showing the skis and gear retracted (S+L;L.+F*45),
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(a) Front view.

(b) Rear view.

Figure 4.- The 1/11-scale model of the twin-engine cargo airplane
showing skis and gear extended for landing on a hard runway

(S4L2Lo+F*),
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(a) Front view.

(b) Rear view.

Figure 6.- The 1/11-scale model of the twin-engine cargo airplane
showing Bk‘il and gear extended for landing on snow
(8rL, L +7 5.
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FIGURE 9.~ EFFECT OF WHEEL SHIS ON LONG/TLLINAGL~ STAB/LITYV

CHARACTERISTICS G T7HE MIODEL 47 ZERC yHw,
FLARS AT 455 MAIN LANDING GEAR EXTENDED, RUDLER
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OFF, WITH AND WITHOUT7 SK/ FAIRING S,
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(a) Front view.

(b) Rear view.

Figure 15.- The 1/11-scale model of the twin-engine cargo airplane
howing the main skis in the retracted position with a clay
fairing added.




