i
HLE COPRY

i FILE COPY i‘ﬁo. W

TECHNICAL KNOTES.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

No: “8b.

AIR FORCE AFD THREE lOMENTS FOR F-5-L SELAPLANE

By the Aeronauticsg Staff,
Constr ac+ion Department, Navy Yard,
Washington, D. C.

Prevared under the direction of the
Bureau of Construction and Regpair.

FILE COPY
Tobe sz ved o
the files of ue National
Mvisory Commiitee
: for Aeronautics
Feoruary, 1823. wmm. D.C.




SAD ATOATATTTT
20R ARHONAUZ

NATIONAL ADVISORY COMMITTEE

o

TECHENICAL NOTE NO. 85.

1§

AIR FORCE AND THREE MOMENTS FOR F-5-1 SEAPLANE.

By the Aeronautics Stafi,
Construction Department, Navy Yard.

Introduction.- A model of the F-5-L seaplane was ade, ver-
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t 40 miles an hour in the 8'.%X 8' funnel for

1y

ied, and tested
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1lift and drag, also for pitching, vawing and rolling moments.
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Subsequently, the yawing moment test was repsated with a

fin, The results are reported without VL scale correction.

Yodel.~ Figures 1, 12 and 13 give the gesneral appesrancs

and chief dimensions of the model. For subsecduent investigation

rable

'1.

of vawing momente on the original model, it was found desi

to replace thz fin of the tail unit by one of aspproximaiely 50%

greater area and with the rudder-balancing surface omitted. she

altered fin is gl

,)

own by dotted lines in Figures 1 and 13.

Avvaratus.~ The 1ift and drag were rmeasured as usual on the
Eiffel Dbalance: ths pitching and yawing moments on the torsion

balance: thie rolling moments on a speclal appraratus improvised
for the vurpose as shown in Figures 2 and 14, In the latter c:=-
"ica} the model is supported from the shank of the torslion bal-
ance by means of an em2ry knife edge which permits it to roll
through very smell angles without material resistance. 'he knife

edge is parallel to the assumed thrust line and passes through a

v * This report 'is a slightly revised form of the unpublished
Report Mo, 118, Construction Department, Navy Yard, Washington,
DY "G




point representing the center of gravity of the seaplane. The
moment is measured by means of a small double-platrform scale

from which a fine steel wire is run downwardly through the ceil-
ing of the wind tunnel, and secured to one wing of the model, con-
tinuing to a point near the floor of the tunnel, where it is a
tached to a shielded weight which keeps it taut. During the tes
the rolling displacements of the model were just large enough to
permit of reading the indications of the platform balance.

Pitching Moments.- Figure 12 gives the line of resultant

air force on the model with elevator neutral; Table I and Figure
3 give, with elevator neutral, 10° up and 10° down, the pitching
moments about the transverse centroidal axis, shown in Figure 13.
Both figures and the table show that the seaprlane with neutral
elevator balances at 9° angle of attack about the center of grav-
ity, and, for angles between g% and 130, rossesses sufficient in-
¢ herent stability, though unstable above 137, 0 TR diagram at the
- bottom of Figure 13 shows the center of pressure travel on a
plane through the center of gravity parallel to the tarust line.
Figure 3 shows that, for the full scale seanlane, pivoted
about its transverse centroidal axis at 40 miles an hour, the

shift of the center pressure is nearly one inch per degree change

of elevator. The same is indicated by the moment diagram taken
together with the lift diagram. Figure 3 furthermore shows that
o st :
: at 9" angle of attack the change of pitching moment for 1° change

~

. of angle of attack of the seaplane is 570 pound-feet, and for 1
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angle of eclevator is 340 pnound-feet. This latter moment rerains
nearly constant through the usual angles of flight, whersas the

moment for change of angle of attack of the seaplane varies con=-
siderably.

Yawing Moments with original fin.- Figures 4 and 5 and

Tables II and III present the yawing moments; first with the hull
nevtral and rudder turned; then with the hull yawed and the rud-
der neutral to it. Under both conditions, the seaplane rvossesses
fair directional qualities at all settings from zero to BOO, pos=
itive and negative. Figure 4 indicates that the moment on the
rudder is almost exactly proportional to the angle of attack of
the rudder.

Yawing Moments with modified fin.- Figures 10 and 11 and

Tables II and III show, for increased fin surface, the yawing
moments with hull neutral and rudder turned, and for hull yawesd
and rudder neutral to it. This enlarged fin improves the dir
tional quality for the same rudder momeni. The moments zbout Sh
ninge of the rudder are increased by the removal of the balanc-
ing surface, but as these moments are small for usual angles of
rudder movement, it arpears more desirable to use this area as 2
part of the fixed fin for directional stabilizing.

The moment for both the original and the modified rudder is
sufficient, though not ample, to steer the searlane on a straight
level course with one engine stopped and the other maintaining a

flight speed of 67 miles an hour. For at this speed the thrust
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ef the one propeller is 17C0 pounds, which gives a vawing woment

e . b : e i o) .
of 10,300 pound-fect, or that of the ruiier at about a0~ angle
of attack.,

Rolling Moments.- Figures 6 and 7 give the rolling ronents

on the searlane: first, with the Bull axis rarallel to tre wind

and the ruddsr set at various angles of attack; then with the

ailerons neuitral and the hull yawed through various angles.
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These show that with nsutr: i1lerons the rolling moment increases
uniforanly witn yaw from O° to 20°; also that withouvt yaw it in-
masan fe 2 - o < 4 3 - - I L %) o o}

creases continuously with aileron surning from 0% ¢g 209

Lift and Drag, - Figure 8 and Tables I and IV, giving the

1ift, drag and lift/drag, disclose characteristics resembling

those for the R.A.F.3 aerofoil, The 1ift reaches its maximum at

(¢}

of

(v

about 16° angl ttack. The maximum 1ift/drag is 8.1 at 9°
angle of atitack and is not well sustained. The rapid decline in
the lift/drag at 16° is due almost entirely to the rapid increase
of drag. This valus of the maximum kift/drag ‘is not great con-

B

side hat the

-
-

e

ng the large aspect ratio. It may be recalled t

{

-

Burgess sesplane scout ang Curtis HA seaplane had lift/drag ratios
respectively equal to 8.7 and €.1l, though the aspect ratio was

ess than for the present model. The T B seaplane with an aspect
ratio of about 7 discloses a maximum 1ift/drag ratio of 2.4, 1In
none of these, however, were the models, in their minor details

of structure, geometrically similar to the full scale seaplane,
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Perfornance. -

igure © shows that the seaplane weighing
13,500 pounds can be sustained at slightly over 55 miles per
hour and with 800 horsepower actuating rropellsrs of 75% effici-
ency, can attain a speed of €8 miles per hour. Owing, however,
to the rapid descrease of 1lift at ths higher angles of attack, it

would seem best not to navigate 2t sresds much below 60 miles

)
)

ndard air the seaplene should be able to climb

i
)

C

per hour.  In 3%
at the rate of 185 fset per minute at a speed of 85 miles an

hour, and 375 fest per minute at €5 miles an hour.



TFable-1:
Model

F 5 L seaplane

v 70&0 mi/hr

Ve » g = ¥.1 1ba/
sq.ft

g - kg £

Sg= 9.9 1bs

Scale of model, 1l:24 |

Area of elevators,
0.096 sq.f%t.
Span of elsvators,

L1255 £%.

F 5 L seaplane

V - 40 mi/hr.

V2§= q = 41 1bs/
sttt

O = 1394 S8q.Lt

Sq= 5715.% 1vs

Max.span = 103' 9in

Scale - full size

Area of glevators,;
56 8q.f%.

Span of elevators,

A9t oF,

Lift in pounds

Drag in pounds

| Pitching moment in

1bs.in.
Elevator Elevator Elevator
' g - e | o ¥ aee S e e BT
0 down 'l 2 down W upT ? i down
-6 -3, ~%. 280 - -5 047 i 13 180651 1087 | 620012 171 = <607
=3 sl -0.669 | -0.347 | o. \ 0.862| 0.854 5.925‘2.188 - .748
- 1 $0. 1.068 1.380 | O. | 0. 742 O.(c2 —— | e i
0. T 1.897 2.23% | 4, \ Q707 | 0698 | 5.653[2:263 |- 585
i 4 2 2.755 5.006 | O. 0.690| 0.696 ——— | e Ao
> 3, 3510 | 3.898 | 0. L 0,608 | ou7ie || 5.5M&12.200 |- ;793
3 E' . 355 4.730 | o. | 0747 Quf 30 gttt o o
4 : | 5.125 5.470 1 0. l 0.75% | 0.79%2 | 5.0501.914 |-1.214
6 6. i 5.665 6.983 | O. ‘0.870 0.909 | 5.65011.370 -1.619
S g 8.150 8.530 [ 1 1,015} 1.063 | 3.671i .329 |-2.513
1 9. gooee L giger o O, |1.187 | 1.240 | 2.134|-.580 |-3.503
12 i 10860 5 11,395 1. 1.397 | 1.445 759 |-1.641 -E.§;5
1l £ 51 11205 - 130 ole 1, 1.694% | 1.74& 817 |-1.916 -4 &12|
16 $o 12,5765 | korgan | 2, o,20201 2.411 | .20t |- .374 |-4, 360|
Full size.
|- 6 6 b-3295.0 | <2755 ' 6olk.5 | 661.0 | 7143 | 2500 | - 930
!~ 2 .0 |- 32%.0 - ggg.g l 36 . oo 0 ! 6825 | 2520 | - 862
|- 1 .G 615.0 795.0 b LUo6, REGG 1. o - -
[~ =8 /5 1023.0 1286.5 ; %. .8 l6510 2630 | - 605
AR ! iE87.0 | 1771.0 s 9 | === - -
A .8 ' 285%.5 | egu .0 g. .g | 6393 2638 | - 914
l .0 | 2508.0 | 272k.5 : 5|22 - ——-
1 & 0 2852.0 3150.0 5 .1 {5820 | 2204 | -1399
il .0 E838.o 4022.0 -5
e .0 695.0 | 4900.0 5
| 10 e 5520.0 | 57ak.0 -2
12 0 6250.C | 6445.0 5O
| 1d .0 6830.0 | 7040.0 -5
| 16 0 7130.0 .0 .0




F 5 L geagplans
V = 40 mi/hr.
Q= 1bs/sq. £'t.
Scales of model
1 : 24

Axis of yawing nor-
Aa; to thrust line
347 of choxd le ngth
ift of leading

J A
edge.

' 5 L seaplane

0 = 40 mi/hr.

e T I T AT I
ucalc full size

Axis.of yaw. wmonens
rnormal tg thrust

line, 34% of -chord
length aft of lead-

ing

edge.

tAngle i Hodel
' of ' _pounds-inches
respect— Yawing noment | Rolling roment i
> 2 T IR 1 ]
ive O"lJl”al Revised | AnQIV Angle il
conirol T R TR of i
'surface |gurface | surface | yaw 0° aileron 09
| H T ; i |
| 0° et o G R SR U s e
" ‘ ! |
| & bk Bk e BB L B 28 580
30” =1, 39 1,29 Lhasis BB
i z
o 20l 1 ~2.08 " 1 95,52 | aren
| 1 ?
30° | -2, 29 0 0Tl 0 - ) Dl
i | J, '
g e R R R e T T
vounds-feet
[ T T ; ]
A » o T + 184 11280 |01 368 T
B0 Duia oo - 887 ; 10620 | az®0 |
| | ;
10° |~1595 . i -1492 | 20850 | 7340
i § :
15° .\ {-343 -3383 | 29180 i 10040
| | | ﬁ
B o SR - -3392 | 34430 | 13040
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L searlane

Vii= 40 mi/nz.

WQ
1
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ocale of model
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Area of rudder
Ruéder neutral to

axis of hull.

oy

o)1

L seaplane

V=g imi e,

|

o
1
i
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cale @ full size

Ares, of rudder
SBNEd T v

Rudder neutral to

2 i ol e T o I
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ba/sq. £t.

Original "ASGEEEE""“*”f
fin surface | fin surface
H i i
| = f
209 | - 3.4C f ~ 4,27 |
18° | -72.95 : - 3,54 !
16° | - 2.46 j - 2.93 ;
£ | - 2.03 i - 2.44
La 5 Ko 3080 | ~ 1.98 |
10 | - 1.32 ‘ i LR !
o) ~ - —_
e ~ 1.0 ' - 1.13
-~ | i
6 | — 0.69 * - .68 g
48 | - 0.41 | =i ,e0 ‘
g |- = 0.14 , i T ,
o S B e : 0 28 :
3 0, | .44 |
~id? , 0.86C | .79 !
+8° 1 T 0,88 1,07 |
PR o ; 1.47 ;
=100 5 b 3B ; 1hes ;
137 b 2. 38 ;
~n4 ! 2. 28 2 22 I
189 -1, f 3. 39
ia ey ? 4.03 |
O A RGN S
A CY !

locel :
hounds—inches
_Yawing mome

W__ﬁA

Full size |
pouncs-feel i

|

{

|
OHHEVDOONEVON >N

}
Y

O

-

{
|

i . =—3918 | -4920

{ . ~3383 ~-4080
L aogmd | ~33E0
I =2889 ; -3810 !
| -1378 ! -2280
R o | ~1500
R ~3 802 ,
| -0795 wTED
L -0478 ‘ - 485 ;
t  -0158 ’ - 85 l
L. 40107 ! & g
! 039 { 507
H \JO’G H IV i
(- 0892 | 908 |
e Lo ! 1233
bie 1588 1695 1
LAl 5l 2170 ;
2188 2740 .
- 3564
| TR 3910 !
| 6238 1845 !
| ARy | 5360 ;
| {
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Model
| ; Lift/Drag on model in lbs.
|Angle
? Elevator
; I P 0° ' 10° down
¥ 5 L seaplane : -8 | -2.984 -2.759 | ~2.83
| =3 . -1.268 - .078 I - .406
V=40mi/hr. | _3 oo e 1, 439 L g o
g 2.075 2.683 Ll Bl
Scale = 1:34 L Lo E B 3.€92 ey
iid 2 {500 5.144 L 5.475
Li o o BLaER 6.074 | B8.479
e ' 6.8y 8. 797 | 6.907
ol L ase”r ) 7.651 [ e
|8 b PLaD i 8.03 L8, 008
| 10 M- S 8070 | 8.01¢
- - R 7.766 i
| 14 7.00 | 6. 998 | 8.988
| 18 | 5. 442 f 5.329 T
} Full size
I
F 5 L seaplane |- 6 | -2.982 f =BiPa0 -3.630 |
L I ~1,2868 | ~0.7786 ~0. 406 g
V = 40 mi/nr. -1 +0. 914 [T B 5 +14911 |
0 3.075 ' 2. 685 3. 300 |
Scale: full size| 1 3luen 3. 993 | 4,420 @
. 4,510 5. 145 5.475 § |
3 5.455 6.075 8. 480 [
4 .220 6. 30 6.215 |
8 7.345 7.860 7.883 |
8 7.735 £.030 g8.005 |
10 7. 845 £.070 g.C10 !
5 7.640 2.718 [ s ;
14 7. 000 7. 000 |  6.920 |
18 5. 443 5. 570 {5,280 ,
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Pitching moment on full-size seaplanc in pounds-feet.

80CO

86000

4000}

2000} -
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-4000¢

-6000

Fig. 3. Pitching noment about an

Ti=Weight in pounds for full-size seaplane.
-U=Velocity in m.p.h. of seaplane.
8=Inclination of longitudinal axis to the horizontal.
For refersnce axis forrpitching moments sse Fig. 13.
ull=Variation of pitching moment due to change of
normal velocity for full-size seaplane.
Gy="iletacentric height" for full-size seaplane.
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Fig. 4. Yaw1ng moment for various rudder angles. Axis of hull parallel to wind.
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Yawing moment on full-size -8eaplane in pound-feet.
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ound-feet.

Flg 6. Rolling moment at various positions of ailerons.

Deflection of aileron from wing chord.
Axis of hull parallel to wind.

Wind speed 40 m.p.h,
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APPENDIX.

By Max M. Munk,

The results of the preceding tests are very suitable for

(¢

checking & formula or rather the existing method for the calcu-
lation of the moment produced by the displacement of, for in-

stance, the elevator. This formula would bhe:

(1) —-——I—J———- + .__-]-:J-—.-_ X .S...p. _5:.7;_"3; - K
€859 R b m

wherein
L the 1ift produced by a displacement
€ angle of displacenent
S the area of the elevator
b the greatest span of the elevator or tail »nlane

d the dynamical pressure of the speed as given by t
Pitot tube.

K a coefficient, which is not variable to a great degr
is about 1.3 for the usual ratio of the elevator and
tail plare area.

The meaning of the formula is as follows: The first term
is the 1lift per unit of elevator area, dynamical pressure and
displacement. 57.3 L/b g 1s the decrease of the induced angle
of attack in degrees which multiplied by 0.1 S ¢ gives the cor-
responding 1if%; while the second term gives this 1ift per unit
of the area, dynamic prsssure and displacement. The left side
thus represents the entire result of the displacement, the second

term is the part neutralized subsequently by the aerodynamical

induction.




In order %o check up this formula I proceed now to calculate
the factor K from the results of the preceding tests. I divide
the moments obtained from respective arms, by the dynamic pres-
sure, the area and the displacement. To this I aid the change
of the induced angle of attack multiplied bﬁ O«l. “The sum is the
gsoefficient K. 'I begin.-ith the elevator and refer to the full-
sized seaplane.

A 20° displacement of the elevator produced a pitching mo-
ment of 7250 ft. lbs., the arm being 16.3 ft., the elevator area
55.3 sq.f%., and the dynamical pressure 4.1 1lbs.sq.ft. The

product of area, arm and dynamic pressure is 3670 lbs. ft. The

f

increase of the moment per 1° ig 263 ft. 1lbs., hence the increass

he e

&
B

of the corresponding lift coefficient with reference to t
‘vator area is
363/3670 = 0,099
‘ (which is the first term of equation 1)
The span of the elsvator is 19.5 ft., hence the area ratio
3/18

area/span? = Q131

1
U

(giving the second term of the equation)

and the induced angle of attack for the 1ift coefficient C. 099 is

Y}
O

0.0898 , O.lBl o BT 3/M.= D82
an angle which corresponds to a 1lift coefficient ten times as
as small, that is, 0.023. Hence the real effect is so nruch
greater, that is

. 0.089 + 0.082 = C, 121




R 1 3

and the theory supposes this coefficient to be coastant for each
ratio elevator/tail-plane and to be in the neighborhood of the
obtained value for the present ratio.

The rolling moment, as produced by the displacement of the

z2ilerons, can be treated similarly. The yroduct of area, arm,

s
.

3
]

and dynamic pressure is now 20,400 lbs./ for the full-sized sea-

h

plane and the produced moment per e displacement is 2,CCO
lbs. ft., therefore: |
C;, = 0.1 perx pik
The ratio of the aileron chord to tkhe wing chord is about tne
same as with the elevator and the effect of the induction ought
to increase this coefficient %o about 0.12 as before. This ef-
fect however cannot be calculated as easily as vefore, but on the
contrary could be determined by rodel tests similar to the pres-
ent one. In this particular case the srace®between the aileron
. and the wing was particularly great, thus decreasing the aileron
'effect, and that is the reason why this test is not well fitted
for this calculation. It can be seen, Lowever, that the obtained
value is not very far from the expected value.
The yawing moment is produced by a rudder ares of 33,5 sg.Iit.
and the product of this area by the arm and the dynamic pressure
12230 1lbs. ft., The moment corresponding to 1° aisplacement of
the rudder is 160 lbs. ft., giving the first term a value of
L : CL = 0,072

he vertical span of the tail unit can be considered to bs about




B7. 8001 0,078  0.385M = 0.064
increasing the apparent effect to the real effect
0.072 + 0.054 = 0, 136
Tkis is approximately the same‘value again as with the elevator.
The vawing moment troduced by a yawing angle is a function

|
of the shape of the entire seaplane and cannot be calculated as

before. This also holds true for the increase of the morient as
produced by the increase of the tall plane area, as the effective
angle of attack is unknown. In the ﬁresent case the increase is
the same as if the effective angle of attack is only 38% of lithe
yawing angle. It is known however from experilence that the phys-
ical law between an incrsase of tail plane and the produced ef-
fect is vary irregular and an incresase of the area can even resul?
in 2 decrease of the stability. The phenomenon is much dominated
by the viscosity of the air, and such model tests which are not
‘at full scale with respedt to viscosity musf e regarded as doubt
Tk

The effect of the disrlacement of the controlling surfaces
as observsd by this model test well agrses with the computation
and hence these tests augment the confidence in these modern

methods of aerodynamic' computation.



