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THE EFFECT OF ANPHIBIOUS FLOATS ON THE POWER-OFF
STABILITY ANVD CCONTROL CHARACTERISTICS.

OF A TWIN-EUGINE CARGO AIRPLANE
Ry Steven E. Belsley and Roy P. Jackscn-

SUMMARY

Power-off wind-tunncl tests-of a 1/1l-scale modol of
a twin-engine cargo alrplanc oqulppod with amphibious floats
are rcported herein., The tests wore conducted in the Ames
7- by 10-foot wind tunncl at the request of the Army Ailr
Forces Matericl Cormand, Longitudinal and latcral stability
and control characteristics were investigated for thrce flap
positions.

At any given anglce of attack, the floats have a
negligible cffect on the 1ift cocfficient., The longi-
tudinal dostaﬁﬁllzlng cffcet of the floats is cquivalent
to a 2~perecnt M,A.C, shift of the neutral point. The
floats-on full- 1oad stability is, howcver, greater than
the floats~off full-load stability becausc of a 3-percent
¥.A.C, shift forward of thc full-load center of gravity
when the floats are added.  The dircctional stability is
reduced by the floats an amount cqual to AdCp/d¥ = 0,000k,
Thrce of four tail variations testcd  to compensate for this
loss in dircctional stability proved satisfactory. The
floats do not changc the control characteristics of cither
the clevator or rudder. The measurcd drag incremcnt due to
the floats is ACDy, = 0,0095. The test results indicate
that, if one of Ego threco skid fins is added, the



longitudinal and lateral stability and control characteristics
of the airplane will be as setisfactory floats on as floats
off.

INTRODUCTION

At the request of the Army Air Forces lateriel Command,
tests were conducted in the Ames 7- by 10- foot wind tunnel
on a 1/1l-scale model of a twin-engine cargo airplane. The
purpose of the tests was to determine the effect of amphib-
ious floats on the power-cff longitudinal and lateral
stability and control characteristics of the airplane and to
determine the drag increment of the floats and the float gear.

The stability and control characteristics of the air-
prlane in the floats-off condition were taken as a measure of
satisfactory cheracteristics for the floats-on condition,
Accordingly, corresponding floats-off and floats-on tests
were made. The tests included yaw runs with several additions
of tail area to improve the directional stability.

The tests were conducted during the period of November
1l to November 20, 19l2, inclusive. All the data included
herein previously have been transmitted in preliminary form,

MODEL

A 1/5-scale model of a two-engine cargo airplane was
used in these tests. The full-scale dimensions of the airplane
are given in table I. o attecmpt was made to check the model
dimensions. The configuration key of the model, corresponding
to the data presented, is given in table II. A three-viow
drawing of the airplane showing the relative positions of the
normal gear, the floats, and the float gear is presented in
figure 1. The model mounted in the tunncl is shown in the
standard configuration, less tail, in figure 2, and in the
standard configuration, floats on, in figure 3. Figure L
. shows the detail of the flans and the float gesr.

CORFTICILITS A'D CORRECTIONS

All results are nresented in the form of standard NACA
coefficients referred to the stability axes, a mutually
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perpendicular system with the origin ot the conter of
grovity., In this system, the Z-axis 1lics in the planc of
symme try and is perpendicular to the rclative wind dircction;
the X-axis 1s also in the planc of gymmetry and is perpen-
dicuvlar to The Z-axis; and the Y-axis is perpendicular to

the plane of symmetry. A definition of cocfficicnts and
notation vscd in this report follows:
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The primc is uscd to denote cocfficisnts referrcd to
stability axcs that diffcr from cocfficicnts rcferred to wind
A1l tests were run at a dynamic pressurc g of 75
pounds per squarc foot corrospcnd¢uu te o Reynolds number

(bascd on M.A.C.) of 1,700,000,

Tarcs were obtaincd on tho >1 by mounting it in the
tunncl in the inverted position with a strut 1;agv systen
(fig. 5). Thc tarcs were taken as tho change in the coef-
ficicnts resulting from the addition of the imnge systoul.
Strecam~inclination corrcctions vworce slso determinced by usc of
the image system, Tunnol-wall corrcctions are dofined in the

appcocndix,




RSZSTLTS aND DISCUSSI ON

The center-cf-gravity (c.g.) locations and weights of
the twin-engine cargo airplane are presented in f¢oure 6 for
the ssnnoard and er ity cargo condition, with floats on and
floats off, A sumary of Ifigure 5 is glnen as follows:

M ;Horioontal | Vertical Vertical
positicn position position
Condition Gross ifrom IM,A.C4from 1,A.C. from
welaht | lesding leading thrust
{1b) edge edge ine
Standard SRR . -
cargo 29,000 20,80 -9.95 -2.66
Floatd :
on  jmmpty 20,277 11.85 ~16.75 -9.4L8
cargo
4
Standard | 55 005 | 23,40 1.06 8.3l
FloatgCargo
Off :11’-‘? ¥ N
=R 14,5001 13.85 -1.69 5.59
cargo )

lNote: The c.ge. position is measured parallel and pernen-
dicular to the fuselage reference line in nercent
of the M.,4.C,

From the preceding table it is seen that the addition
of the floats shifts the c.g. position (airrlane loaded)
about 3 percent M.A.C, forward and about 9 mercent !M.A.C,
down, For this reason the longitudinal stability at zero
yaw is summarized in the discussion below with respect to
the two loaded o,g. locatiouns. A4ll data are presented with
respect o the floats-on c.g. location except in the summary
plot (fig. 10) wherein data are presented atout the c.g.
location corresponding to both the fully loaded floats-off
and floats-on conditions,

The relocation of the c.g. position will have but a
negligible effect on control-surface effectiveness and on
the lgzteral-stabiliity cheracteristics. The only notliceable




change in the Cp' vs ¥ curves will be roughly a constant
shift. (The amount can be obtained from the summary longi-
tudinal stability characteristics at zero yaw, )

Longitudinal Stability and Control

Longitudinal stability at zero yaw,- The effect of the
floatson the longitudindl characteristics at zerd yaw 18 shown
for flaps up in figure 7, for flaps down 15  in figure 8, and
for flaps down L5® in figure 9. The stability is summarized
in figure 10. Figure 11 presents the effect of the float gear
with flaps down.

At sny given anglc of abtack, the floats reduced the
lift a very small amount (ACy = 0.05) at low values of Cr,
flazps up and flaps down, while at values of Cy, near CLmax,

the reduction in 1ift is ACI, & 0.0% flaps up and zero flaps
down (figs. 7 to 9, inclusive),

The effect of the floats about any fixed c,g. position
is to reduce the stability by AdCy/dC = 0.018 flaps up,
and AdCy/dCr, = 0.02l flaps down 15° and 45°.

The values of dCy/dCr, of fizure 10, for the respective
C.g. positions floats on and off summarized in the following
table, indicate that the airplane in the loaded condition
will exhibit a greater degree of stability floats on than
Tloats off since the full-load c¢.g. shift more than compen-
sates for tho decreased dCp/dC; previously noted,

. ps c.g. position
Condition dCy,/dcy, and loading
Floats off -0,1656 (3) of figure 6
Flaps up Floats on -0.180 (1) of figure 6
Floats off ~0,160 (3) of figure 6
o
Flaps -down 157 m,,t5 on -0,18L (1) of figure 6
e A ow ol Floats off -0.1 3) of figure &
Flaps down U5 Floats on —0,122 él) of figuro 6




Due to the flonts, howsver, there is a negative shift in
tge Cy_ value at zero 1ift correspordingz to approximately
1Y of elevator.

The effect of the flecat gear on the stability (fig.
11) is small and is sensibly constant with Cy, and with
flap positien. The pitching-moment increment added by the
gear is A4C, = -0,005,

Pitching~woment charactoristics in yow.- The sffect of
the floats on the Icorces and uoments in yaw are shown for
flaps up in figurcs 12 and 13, for flaps down 150 in figure
1L, end fer flaps down 459 in figure 15,

The increment of Cm' added by the floats is inde-
pendent of the angle of yaw within the yaw range obtainable
with the rudéer ( ¥ = ilSC). Recauwse the Cpy' increment
in yjaw duc to thec float geor was independent of the yaw
angle and thercefore may Lo obtained from figurc 11, the
results are not prosentecd.

Longitudinal control at zoro vaw.~ The eclevator
effectiveness at zero yaw with rloats off and floats on
is presented for flawvs up in figures 16 and 17, for flaps
down 15° in figures 18 and 19, and for flaps down 45° in
figurces 20 and 21,

The addition of the floats with the flaps ur and the
flaps down 15 does not change the elevator effectivencss
for deflections within the range normally used (6g = 0 to
-207) but the cflecitiveness at deflections greater thon
-20~ appears to be a function of both flap position and
floats (figs. 15 to 19, inclusive). With the flaps down
Li5®, thc elevator offcctivencss for the full range of
clevator dcflection (85 = 0° to -25°) rcmains unchanged
by the addition of thc floats.

In the  Crp,x roegion, flaps down L5°, thec value of
Cm (8, = 0°), for thc floats on c.g. location, is morc
positive flocts on than floats off (fig. 9). This chaorac-
toristic will rcmain unchanged for any given c.g. position,
The allowablc forward c.g. location on the standard
eirplane is 11 percent 17.4.C. (rcference 1), while tho
cmpty cargo, floats on, c.ge. location is 11.85 percent
M.A.C. (fig. 6). This morc rcarwerd c.g. position combincd



with the fact that the floats do not affect the elevator
¢ffectiveness when the flaps are down hSo, indicate that the
airplane will be as satisfactory in landing floats on as
floats off. In addition, the ground effect will be less when
landing with floats or flOat gear than when landing with
normal gear.

Longitudinal control in yaw.- The elevator effective-
ness in yaw with floats off and floats on is presented for
flaps up in figures 22 to 25, for flaps down 1%0 in figures
26 anc¢ 27, and for flaps down L5° in figures 28 and 29.

For any of the three flap positions, the addition of
the floats resulted in no chaunge in elevator effectiveness
in yaw. For the several value s of CT at which investi-
gations were made, the change in t1 im“dus to the addition of
floats is small and sensibly constant within the yaw range
(¥ = 415°) to which the rudder 1 trim (figs. 12, 13, il
and 15). For any given c.g. location that may be obtained
on the airplane with floats on, the
in yaw should, therefcre, be as sati
standard cargo =irplane,

elevator characteristics
sfac*tory as on the

N

Lateral S3tability and Control

Lateral stability in yaw.- The effect of the I[loats on
the lateral-stability characteristics in yawois prresented
flaps up in figures 30 and %1, flaps down 157 in figure 32,
and flaps down L5° in fizure 33. Details of the four tail
variations tested are shown in figure 2!, and photographs of
the teil variations mounted on fbe model are shown in figures
55(a) to 25(d). The directicnal-stability results are
summarized in figure 3¢&.

The roll stability while slightly increased is not
adversely affected by the addltion of the floats.

The desuab¢1l21pg increment of directional stability
due to the floats Aan/dw = 0,C00) was virtually independ-
ent of flap position, angle of attack, and tail (figs. 30 to
3% inclusive). The condition of least stability (climb, ‘
CL = 0,9, flaps up) was chosen for determining the tail
variations required to commensote for the loss.,




In figare 36 the dostabilizing effect of the floats,
tail off, is A4C,/dV¥ = 0,000L1 and tail on is AdC,/dy =
0.0003L.,  The yawing moment of .the tail, floats off, is
dCnt/a¥ = -0.00193 and fleats cn is 4C,, /Yy = -0,00200,

Cn the basis of thesc results, an increfse in tail aroca
of 17 porcent would be rcquircd if the aspect ratio,
taper ratio, and tail longth were held constant., As an
altornative to an cntirely new vertical tail, the medifi-
cations in figurc 2l providing additional arca werc tested.
Because of the Low cffcctiverncss of low ~spect ratio
surrfaccs, the arcoas added were somewhat more than twilce
0.17 Sy

The remainder of the data of figure 36 indicates
that any of the threc skid fins tested will be adequate
to compcnsate for the loss in dircetional stability.

The large rectanguler skid fin tested had 3% percent
more area than the small rcectangulor skid f'in but did not
add to the dircctional stability. The addition of the
vertical rin extension actually rcduced the stability
from -0,00086 to -0,00CE80 (fig. 2%6). Thesc charactoris-
tics may be accounted for by the change in cffcctive tail
length duc to the addition of arece ahecad or the existing
fin,

The reversal in the curve of Cpn vs Wy near zcro
yaw (L£ig. 36) was not investigated, since it was not a
rcsult of the floats. It apparcntly is not causing undue
difficulty in flight., The reversal may very well be a
discontinuity in sideowosh angle affccting the vertical
tail, causcd by 2 stall in thce wing-fusclage juncturc.
At highcr Reynolds numbers such a discontinuity would

probably be decrcascd or climinated,

Directional control in yaw.~- The c¢ffceect of the floats
on the ruddcr cffcectiveoness 1s shown for flaps up in
figures 37 to lj0, inclusive, for flaps down15°% in figurcs
11 and 42, and for flaps dovm L5° in figurcs L3 and Ll.

The rudder cffcocetivencss with the severcl tall variations
installed is shown in figurcs 45 to L3, inclusive.,

The addition of floats with the normal teil made no
change in rudder cffcctivencss (figs. 37 to hh, inclusive).
The angles of yaw to which thc rudder trimmed werc s lightly
larger (AV = -1° at 6n = 200) with thce floats on beocausc of
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the reduction in stability causcd by the floatss

Of thc four t2il variations tested, none makes any
change in rudder cffcctivencss in the range of yaw angles to
which thce rudder will trim, For deflections within the
unstalled rudder rangc, the rudder angles for trim in yow
with the toil additions in place orc esscntially the same as
the floats-off normcal toil, rudder anglcs for trim,

Drag offccts

When the floats arc added to the airplane the tail
wheoel (which is nonretractable ) will be rcmoved. As shown
on figurc L9, substitution of the floats for the retracted
main landing wheels causes o high-spccd drag increment of
ACDp = 0.,0110, while thc drag decrcment duc to the removal
of the tail wheel is  ACp_ = 0.0015. Thus, the net incrcasc
in drag duc to thec changopin the alighting gear 1is ACDp =
0.0095.

The drag incrcment duc to the cxtension of the four
whcels in the float for land londings is ACp_ = 0.0070,
as shown by thc results of figurc 1l. P

CONCLUSICONS

The conclusions drawn from the powcr-off tests of the
1/11-scale modcl of the twin-cngine cargo airplane equipped
with amphibious floats cre:

1. At any given anglc of attack, the floats have a
negligible cffcet on (p for 2ll flap positions.

2. The longitudinal s tability of the airplanc for all
flap positions is rcduccd by an amount ecquivalent to 2 2=
percont M.A.C, shift in ncutrel point by the addition of the
floats.

3. The floats-on stability corresponding to full-load
floats-on c.g. position is slightly greater (AdCp/dCrp & 0.01)
than the floats-off stability corrcsponding to full-load
floats-off c.g. position. Duc to thc floats, howcver, there
is a ncgative shift in the Oy valuc at zero 1ift corrcsponding
to approximatcly 1° of clcvator.




L. Thc float goar added a nogative inercmont to Cp,
cquivalent to 0.257 of clevator movement, which was constant
in pitch and yaow.

5. Thc elevator cffcctivencss was unaffcected by the
floats. The airplanc in landing should bc as satisfactory
floots on as floats off,

6. Tho-dircctional stobility was roduced by tho
floats (AdCy/dV = 0.000L), but throc of tho four toil
variations tested compensated for the loss,

7. The rudder cffcctivencss was unchanged by the
floats or the tail variations, '

8. The drag inecrcmcnt due to the floats is
ACDp = 0,0095.

fmes Aeronautical Laboratory,
NHational Advisory Committcc for Aecronautics,
Moffectt Ficld, Calif,

APFERDIX

The tunncl-wall corrcctions arc defincd as follows:

. o ,
Aa® = (By + 0.017 E)%’CL x 57.3 = 0.94 Cy,
GWC 25*- \ 2
ACp = 7L ®'= 0,013 Cf,
T diy

Ow = 0,1235
8 = 0.087

C = 70 sq ft = tunncl cross-scction arca




dcmt

e = =0,0%3/dcgrcc (computed)
aiy /

3 = 8.16 sq £t

c = 1,047 Tt

TN I TN
DT ERENCE

1. Anon.: Prcliminary Hoandbook of lointecnonce Instructions
for the Douglaos Commercinl Model DC-% Transyport
Airplanc, Air Sorvico Cormond, Alr Forcce Scction,

Wright Fich Davton, Ohic, Moy 15, 1942. (Tcchanical
Ordor No. 01-l0FL~2)




TABLE T

FULL-SCALE DIMENSIONS OF THE TWIN-ENGINE CARGO AIRPLANE

s Horizontal Vertical
Ttem Hing Toil Pail
Area . . . o| 987 f£t® 206.5 ft= 110.2 ft?
Span .« . o] 9L.58 £t 26.7 Tt 11.23 £t
Aspcct rotio| 9,06 2.5 1.145
MJsACu o o o 11.52 1t - -
Flap . . . . Split Simple Simple
(Type) o « & (Balancod) (Balanced)
NACA Scction| 2215 root Modificd Modificd
2205 tip 0012 0012
Taper ratio 0.3%00 0.231 0.26l1
Length from c.g. to clevator hinge linc, ly = 39,7 It
Length from c.g. to rudder hinge line, 1y = 38.3 It
Hovable Surfocoes
Itcm ¥lap
Ilovator Rudder (Split)
Area aft hingc. . . 62.2 rt° 5.8 £t® | 83,5 £t2
SPAN v v e e e e e 26,7 £t 9,26 't 1.5 £t
Total surfacc arca 176.6 £3 eh.0 £t® | 552 £t
affccted by « « «
Chord . v o o o o o - - 2.01 ft
(const.)




TABLE IT

I.ODET, CONFIGURATION KEY

Symbol Item
VV . . . . . ° ° . . ° . . . . ° . . L] ° . ° . Yt":!j.rlg
B.. L[] . . L] L] ° . o . L] . L] . L . L] L d L] » . L] Fusolago
N - . . . ° ° . . . . ° ° . ° ° ° ¢ o BTacellcs
L+ s « 4 s 4 4 s s 4 e s« e « « o + o BExhaust stacks
H L] L) * L] L] L] -« L] L] L] . L] L] . o . . HolinOI-ltal tail
IT . . . L] . . L] . . . L] . . . . e L] [} Vertical tail
vV, e ¢« ¢ s « s s e s s e s o o o« TITriangular skid fin
Va e+ e + s o o o o « o o Small rcctangular skid fin
Vs e o o+ o o o o o o o o o Large rectangular skid fin
Vs « s o + ¢ o s s « o s+ o+ o Vertical fin extcnsion
F L] L] L] * L] * L] L] L] L] L] [ ] . L[] L] L] L] L] L) L] L] L] Flaps
L o ¢ ¢ s o« o o« o o o s & Main landing gear cxtended
Lr e o s+ o s+ s e « « « « Main landing gcar retracted
LT L ] . L . g L] L] L ] L] » L] * . L d L] L] . . * L ) Tail "\‘jheol
Ly e o o s+ o s o « o« o Front gecar on floats, extended
L, e« « « o o o o +» o + Rear gear on floats, cxtended
L e + o s o s s o o o Reor gear on floats, rctracted
SR O s
P « + o o o s o« o« o o Floats less main landing gear
S

e o o o o & o o otandard configuration, WBNELRHVLT

a e ¢ e s s s e s o Anglc of attack of fuseclage
refercence line with relative
wind (corrccted for wind-tunncl

interference and stream angle)

Oy e« ¢« ¢ o o o o o Uncorrcected geomectrical angle of
attack of fuscelage rcocference line

It should be noted in thc configurations tecsted that when
the floats were installed, the main gear (L or L) and the
landing wheel (Lm) wcrc recmoved and a filler block was
placed in the tail whecl hole (fig. 3(a)).
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Three-quarter front view

Three-quarter rear view

Figure 2.- Model in the standard configuration less tail (S-FNIT).
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Three-quarter front view

Three-quarter rear view

Figure 3.- Model in the standard configuration plus floats (S-plyp=Ly).
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Three-quarter front view,

Three-quarter rear view,

Figure 4.- Model showing detail of flaps and float gear (S + pL,L, + F4S - Ir),




Figure 5.- Image strut system with model inverted.
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Figure 35(a).- Model with triangular skid fin (V,), ‘
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Pigure 35(b).- Model with small rectangular skid fin (V).

Figure 35(c).- Model with large rectangular skid fin (V).
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Figure 35(d).- Model with vertical fin extension (V4).
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