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SUMMARY . - = - @ ol .

Ground—effect tests were made in the LI{AL 7- by 10—
foot tunnel 'af a model of a low—wing, pursult—type alr—
“plane edquipped witll a full—span 25—percetit—ehord slotted
.flap, - The model was mounted at two helghts abdove a flat
plate that represented the ground and we.s tested with and
.without power. Af each height and power coandition, tests
wore made with two stabillzer and several- elevator Sottings.
.figates wore also madée with the tall removed. Sufficlent
date were obtalned to determine the elevator deflection re—
quired for trim and the downwash angles 1n the region of
the tall at each 1ift coefficient. Tho downwesh angles
derlved from the power—off test data for one helght above
the ground plate were compared with computed angles.

It was found that the elevator deflection required
for Ianding: in a three—point attitudeée with -the full—span
slotted flap was conelderably -gréater -than that ‘required
wilth a parbial—span eplit flap. The application of power
reduced ‘the required deflection. The presence of the
ground reduced the downwesh angle and the rate of change
-of downwash angle with angle of atteck, elther with or
without power. Oomputed values of the downwash angle (if
“ the effect of the windmilling’ propeller-is- neglected) were
about 1%° lower than those values derived from the -test
data. Oomputed values of elevagor deflection required for
trim would therefore be about 3 higher than the values
_obtained in the tests with the propeller windm;;ling.

INTRODUCT ION

The problem of getting the tail down for landing has
always been of importance because the elevator deflection




required to trim the alrplane near maximum 1ift coeffi-
cient is markedly lncreased by the presence of the ground
(refoerence 1). In fact, the abllity of the tail to trim
the alrplane near the ground at the angle of attack for
maximum 11ft coefficlent has been a major criterion in
the deslgn of the tail. The present trend toward the use
of full—epan flaps has mande this crlterion critical, and
conmputations have shown that it may be difflcult, 1f not
inpossible to meet this requirement wlth the tail arrange—
ments now in use, Consaiderable uncertainty also exists
about the effect of the ground plus the slipstream (when
the airplane is iandlng with power or taklng off) on the
characteristlics of the airplane. The present report
describes the tests made to provide informatlon on these
subjects.

A model, equipped with a full-span 25-percent—chord
slotted flap, was tested in the presence of a ground board.
The use of a ground board or plate to represent the ground
ls justifled, at least for determination of elevator de—
flections required for trim when the alrplane 18 landing,
because previous tests ueing a plate have given results
that agree satisfactorily with flight data (reference 2),.

HODEL AND APPARATUS

The model used, whiclh is shown in figure 1, 18 very
seimilar to tho 1/5—scale model of tie Curtiss P—36A air—
plane, The wing hes the samoe ares, plan form, secvion,
aspect ratio, and so forth, as the P-36A model. In ad—
dition, it ies fitted witi: a 25-percont—chord slotted flap
that covers about 93 percent of the span. The flap is
deflected 30° and extends under the fuselage with the gap
between the two halves sealed. The fuseiage in side ele—
vatlon 1s the same as the fuselage of the P-~36A model,

It was modified in plan form to eliminate the conzavity at .
the cowl that 1s present on the fusczcloge of the P-36A
model, The tail surfaces and tke lonling gear are the

same a8 those used on the P-36A model,

Power was cbtained from s 56-horsenower water—cooled
induction motor fitted with an electrically indicating
tachometer and mounted in the nose of the model. A metal,
2—foot—dlameter propeller with tlree adjustable blades was
used., The blades were set at 25° at throe—quarters of the
propoller radius for all the tests.
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The ground was simulated by a flat wooden plate ex—
tnnding completely across the tunnel and several feet in
front of and bohind the modsel.. ..Thils plate ¢ould slide on
voertical rods, 'which were placed one at each cornaer, in
such & way that the distange from the model tothe plate
could be set at any desired value. Tho plate is fully
described in references 2 and 3. T

TESTS AXND BESULTS

Test conditions.— The tests were made in the LMNAL 7-
by 10~f 60t ' wind tubnel. A dynamic pressure of 16,37 pounds
per square foot was maintained for all tests, correspond—
ing to a veloclity of about 80 miles per hour under standard
sea—level conditions and to a test Reynolds number of about
1,000,000 based-on the wing mean aarodynamic chord of 16.32
inches.

Coefficients and symbols.~ The results of the tests
are glven 1n the form of standard NACA coefflcients of
force and moment Jbaced on model wing area ‘and mean aerody—
nanic chord, All moments are taken about the centoer—of-—
gravity location (26.7 percent of the mean aerodynamic
chord) shown 1in figure 1. The coefficlents are defined as

follows:

Cp drag coefficlent (propeller off) (D/q,5)
Cpp resultant drag coefficient (propeller on)(Dﬁ/qoS)
O 1ift coefficlent (L/q S) '

Om pitgh ngemgment coefficiant about center of.gravity
T ¥/q,5% ) .

cmt pitching—noment coefficient about center of gravity
. due to tail (¥4/q,S€) -

¢! effective model thrust coefficlent (Te/q5)

Te effective propeller thrust: coefficlent
: T

i =)
pv D32

A

= 1.18 T,
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drag with propeller off
resultant drag with propeller on

1ift

~pltching monent

pitchiag nonent dLe to tail
froe—strean dyramic pressure (16. 37 1b/sq f%)(;pv >

wing area (9.44 sq ft)

" wing mean qerodynahid chord (1,36 ft)
- advance—dianeter ratlo
‘. effective thrust, pounds | - ..

-mass dornsity of ailr, slugs per cubic foot

airspeed, feet per second

propeller ePeed,'bevolufio;s:péf aeebnd
propellor diauncter (2 fi)

1ddi%ional symbols 'used abe definod as Folléws:

angle of attack of thrust lize, degrees

_ angle of stabilizer settidg wi%h respect to thrust,

line, positive When tralling edge is down, degiéés

elevator deflectior with respect %o stabllicer cbord
positive vhen traillirg sdge ie down, degrees

aengle of attack of tail, degrees

downwaoh angle, positive when vertlcal velocilty at
tall is downward (ternds to reduce angle of attack
of tail), degrees

flep deflection, degrecs
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2] propeller—blade setting at three—quarters of propeller
radius (25°9) . .

h/G disbtance of ground plate below plvot point in terns
of mean aerodynanic chord (fig. 1)

c wing chord at any section

Corrections.— Data obtalned wlth the propeller wind-
milling were not corrected for tarea caused by the support
strut, but .those from tests with power were corrected. The
tare correctlorns for the cases wlth power were obtalned
from tests with a dummy support without a ground plate.

Tunnel—wall corrections to the data when the value of
h/® was 0.658 (h = 10,76 in.) were not made because they
were found to be negligible (reference 3). When the
ground plate was 27 inchoes bselow the pivot point, the
following corrections were made:

aCp = By S 0p? (1)
5
8a = 8y 5 Cp (57.3) (2)
3¢
ACp = Cp 2 (57.3) —2 | 1= & (3)

where

5 Jet—boundary correction factor for wing (0.037)

w

8totgl total Jjet—boundary correction factor at tail
location (0,065)

0 tunnel cross—section area (67.5 sq ft)

dCp

'YM change in pitching moment per degree change in
1t tall setting

q_/qo ratlo of dynamic pressure at tall to free—streanm
dynamlc pressture

Equations (1) and (2) are standard wind—tunnel cor—
rection formulas. .EBquation (3) 1s equivalent to equation



(16) of reference 4. The standard jet—boundary correction
factor 68y was B0 corrected that 1t applied only to the

top and the sides of the tunnel, leaving the effect of the
ground board in the results. In order to make this cor—
rection to &8y, the value of &8y, was reduced in the same

ratio as in reference 3 for correctlon to grouad-board
test results. The valuo of 8tg451 was reduced in the

gsame maaner as the value of 8y after 1t was obtained

from filgure 5 of reference 4. All corroectlicns are added
to the tunnel Géata. When the tall was removed, no correc—
tion was applied to the pitching moment.

Test Procedure.— The ground plate was set at two dis—

tances belowy the model., At one position (h = 10.75 in.)
1t Just cleared the wheels of the larding gear ot =zero
angle of attack. In thls poslition the wheels were about
1} inches above the plate at an angle of attack of 10°

At the second position L was 27 ixches, In each poai—
tion tests were made with the propeller windmilling and -
with power through an angle—of—attack range from about
—6° to the stall. ZFor each power condltion tests were
made at twe stabllizer settings with elerator neutrel and
with the tall removed. At oane of the stabllizer settings
(2°) several elevator settings were tested. Lift, drag,
and pitching mcment were measured for eanch test.

The power—on %tests were run ir such maanner that, with
elevator neutral and stabllizer set at aboutb Bo, the
thrust coefficlert at a given 1lift coefficlent was as 1in—
dicated ir figure 2. The curve in tkis figure representu
about 256 horsepower at sea level with a wing loading of
23.7 pou 1ds per square foot. For other olevator or sta—
billizer settings the propollor speed at & gilvon angle of
attack was kept the sane a8 for the test with the stabi-
lizer angle of 2% and elevator neutral. The propeller
speed required for a given thrust was obtained from a pro—
peller callbratlon of thrust coeffilcient against propeller
speed. This calibration had been made with flap neutral
at zero angle cf attack wilith no ground plate presont. The
tharust coefficlent was determired as the difference be—
tween the dreg coorficients with tho propeller removed and
the propeller cperating:

Tc' = 0,847 TU = GD band GDR



" I~335

30y

DISCUSSION

-t P B T R T s A TR Lo

" Bffdet of atabilizer sotting.~ The effects. of stabi-

'lizer setting with the ground plate.at two heights with

power on-and with propeller windmilling are shown in
figure 3. With the ground at the closest positilon with

‘pedpect ‘to-the model (L/G = 0.658) and with propeller

windmilling (fig. 3(.a)) "the slope of the pitching—moment
Gy

egurve ik is about —o 014. ‘This value is the same as

da

.that obtained for the model .of the P—36A airplane with

partial—span split flaps near the ground (reference 2).

+The pltching-moment curves for the twe stabilizer settings

are parallel, as would be expected, and they indlcate a

.o 90
value ‘for- SIE of about —0.0234. This value is slightly
b

higher than that obtained for the P-~36A model with par—

tial—span aplit flap away from the ground in which case

]

S—Q was —0,0237. The increase is readily explained by
i

the increase 1h effective aapect ratio of the tall near

the ground.’

At the same ground height (h/T = 0.6568) but with
power on (fig. 3(Db)), the slope of the pitching—moment
curve varles with angle of attack and with stadiligzer
setting, as 18 ucually the 6ase with bower“on. These
curves are so far from trim thut tae velue of %%,E kas little
aignificance, but 1t may be pointed out that the nininum
value of slope showr is about —0.012. In comparison, the
P—36A model with power on and the same elevator and stabi—
lizer settling but away from the ground had almost neutral
8tabllity.: Thus, the stabllizing influence of the ground
even when power 'is. applied, is quite marked. The value of

TH; increases from —0.0257 at a = ~6° to —0.0343 at o = 9°,

giving an indication of the incremse in slipstresm veloolty
over the tall as the 11ft coeffilclent increases.




¥hen the ground height is increased to h/@ = 1.65,

oC .
SIE with the propeller windmilling (fig. 3(c)) is —0.0235.
t

30q
Yhen power 1s applied (fig. 3(d)), SI; has a smaller

variation with o« than when the ground is at h/® = 0.668.
Thus, 1t appears that in free alr most of the slipstreanm

is below the tall and that the presence of the ground tends:
to push the slipstream up closer to the tail.

£ vabtor defle e— The effect of elevator

deflectlon with the ground at two heights and with power on
and propeller windmilling 1s shown in figure 4. For either
height above the ground and with the propeller windmilling
(figs. 4(a) and 4(c)), the effect of elevator deflection

ls normal., The elevator, however, loses 1ts effectiveness
beyond a deflection of —25° and no further increment in
pitching moment 1is obtained by a —30° deflection. It does
not necessarlily follow that this loss in effectiveness
beyond 25° would occur with a full—scale model because of

a favorable scale effect that has been observed in some
tests,

When power is applied (figs. 4(Db) and 4(d)), the
slopes of the piltching—moment curves decrease with negative
elevator deflection (increase in download), as 1a to Pe ex—
pected., It 18 interesting to note that the elevator effec—
tiveness when h/® = 0,658 does not decrease very much even
at a deflection of —30°. It is also interesting to compare
the slope of the pltching-moment curves with power on and
with propeller windmilling for trim conditions. At the
ground height h/c = 0,658, an elevator deflectlon of —20°
trims the model at Oy = 1.79 when the propeller is wind—

milling (fig. 4(a)). With power on (fig. 4(Db)), the model
ie trimmed at OCp = 1,93 Dby an elevator deflection of

~15°, At these 1ift coefficlents, %ﬁ? = —0.015 for the

case of the windmilling propeller and —0,012 for the power—
on case.,

Blevator deflection uired for «— The elevator
deflectlons required for trim at any lift coefficient with
propeller windmilling and with power on with the ground
Plate at two distances from the nodel are shown in figure
5. I may be seen that power conslderably decreases the
elevator deflection required for trim. Although the power
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-=used.fn the preseéent. tests was greater than:would: ‘be r o~

quired for level flight (see figs. 4(b) and. 4(d)), the
data .of figure 6 indicate that it should be much easier
Jo_get the. tall. down, for. 1and1ng yith power on then with

'propeller wln&milling. N 3.3“‘ R ENCE N N

.:__--,.--_ A S A

el va oy &e-l étion’ for trim.

‘3In order jo determine the effect Qf flap.: span.-on the ‘ele-—
_ vatop deflegtion required. for trim. when the sirplanse-is

landing,: it -would be:desiradble t9 compare these slevator
deflections at the maximum 14ift -ecefficlents with.the de—

‘flectlons ‘that .would. be-obbagined--in- .full—-scale- tests.:..The

present tests were-made-at a low Reynolds aumber-and: thore—
fore the maximym Xift-.coefficlents and the’angles :.of ‘attack
at.which these. coefflelents oceur are considerably lower
than the fullwscale values. As - normal iandings are.made
with the alrplane 1n a three—~polnt attlitude, the.elévator
deflectlion required for trim in this attitude should be a
satisfactory -basls for comparison. ,Curves -we¥e therefore

.- Plottad of - elovator. defloction- required for trim at vari-—

ous angles of attack with the full—span slotted flap-and
with a partial—span split flap. The curves are shown in
figure 6, The data for the partial—span split flaps were
taken from referencb:.2, .Since the angle of ettack of the
airplane 1ln the three—point attitude is 14,3° ¢« the curves
of figure 6 were extrapolated to this angle of attack,

This extrapolation, which assumes practieally no change in |
elevator effectlveness, indicates that a deflection .of:
about —20° is required with the partial—span split flap

and a deflection of about —53 is required with the full—

‘span slotted flap.

’

E11nhinc_mnmnnh_ﬂna_hn_thn_iail ~ Flgure 7 presents

'the chara¢teristics of the model with and without the taill

and with powor on' and with propeller windmilling for the
two heights of the ground plate. ,The pitching moment con~
tributed by the tail for "each of the various conditions
wvas determined from the deta of these figures by the eque—

.tion --

. . . - - " . .. "1 - -
L .. . .-

-°mﬁ = °ﬂ(ta11 on) cm(tail off) e ied (4)

.
.

P

.;'The results ‘are ehown 1n figure 8. Ehe faﬁt thef tﬁare is

so 1little difference betwsen the - 8lope qf the curves "of.
pitching moment. due $0 taill with power on or off  when
"hfE = 0, 668 may result from the tendency of the. increase
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An. . Q/q° due bo. power to counteract the increase in 4e/da
i &ue te power._g}_ o 1-;.5 Fo e .

. . e u . 3
YN : -t -'l

i s ‘Inoiientallx. iigure k'’ 1ndicatee that there muet be
either some interference between fueelage and tall or else
the tall drag contributes an apprediadbis: -piltchling moment,
;7 bécauties the. ‘angle of..attack at which the tall—off pitching
i moment equals the. tail—on pitching mément - tall moment is .
! wsero):does not correspond to the angle of-atiack at- which -
.~ the tail-eff.1ift équals. the tall—on 1ift (tail 1ift is

- BBT.0), - This ddecrepancy, h0wever. may also be caueed by
.. tnaccuracy..in the measurement’ of tho relatively small
" .7 .changes in .1ift due to the removal of -the tail. If the

" ‘discrepancy-.is due to interference.,” the tall anglee of

-atteack and the downvash angles derivad from these curves

nuxst be. con&idered effective aﬂglee rather than actual
i‘anglee.1 _, S LT : L

- .- ~ - -

Anflee at tail.— The average anglee of attack of the

S tallfor- each iower condition and éroundﬂplate helght were
obtained fronm hg equation .o .

--.-'.

......

. °mt “&';731" " | o B (5)

'The value of Gmt for each case wasg, obtained from figure

8 ‘dnd the value-of —3 £or each caeo was obtaineﬂ from

aig
fig?re B The taiL anglee of attack ,aro eh0wn in figure
9(a

) If the tail angloes of attack are known, the average
d0wnwash anglea at the tail nay be compute& from the formula

- [

ALY T (6)

Theaeo downwash angles are ehown in. figurc Q(b) In figure

9(c) the downwash angles are plotted against the 1ift coof—

ficlent of tho model without the tail. It may be seen

that the partial-<span split flap gives higher wvalues of

dowvnwash than the full—span slotted flap for the same con—
- ditions .of. 1if%, propeller operation, and ground distance.
:-- Also, as the model approaches the ground plate, not only
~-the downwash engle but also the slope . de/dCy: decreases.

- "This dondition is. true whether power ts on ‘or’ off.
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Comporison between computed and experimental values

"'of downwash angles.— The downwash angles at the elevator

hinge were computed for the case when the ground was 10,75
inches below the pivot (h/d =-0.658).by.the method given

in reference 6. These computed angles are compared with
the experimental values in figure 10, The comparison 1is
not Btrictly Justified because the computed downwash

valueb do not teke into account the effect of the windmill~
ing propéller. The figure indicates that the presence of
the windmilling propeller in the present cese increases

the downwash angle by abdbout 1§° throughout the 1lift rangs.

Thus, é&omputatlions of elevator deflection requirsd for

trim, 1f the effect of the windmilling propeller is neg-"
leoted, will give values greater than actually required,
Bince the elevator on the model 1s about 60 percent as ef—
fective as the stabllizer, however, the dilfference betwpen
the computed elevator deflections and those obtained in
the tests will be only about 3°.

Maximum 11ft coefficient.— The maximum 1lift coeffi-
clent of tkhe model with the full—span slotted flap, tall )
removed, power off, and near the ground was 2.0 (fig. 7(a)).
Because a larger value was anticipated, calculations were
made using the method of reference 6 to determine the
maximum 11ft coefficient that might be expected. The re-—
eults of the computations indicated that the wing of this:

-model with the full—span slotted flap would give a maximunm

1ift coefficient of 2.25 in the tunnel with the ground
plate removed, - When a correction was made for the effect
of the ground (reference 3), this maximum 1lift coefficient
was reduced to about 3.1.

OONCLUSIONS

Tor a model of a low—wing pursuit—type airplans
equipred with a 25-~percent—chord full—span slotted flap
deflected 30°:

l. The elevataor deflection required for landing in a
three—polnt attitude was considerably greater than that
required when a 25—~percent—chord, 655~percent—span split
flap deflected 45° was used.

2. The elevator deflection required for landing was
reduced by the application of power. )
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3. The presence of the ground reduced the downwash

angles and the rate of change of downwash with angle of
attack, wvhether or not power was applied.

4. Theoretically determined dowanwash angles, 1f the

effects of the windmilling propoller were neglocted, wers
smaller than those dorived from test data with power on.
The use of the theoretical values 1n estimeting slevator
deflectlon required for landing gavo conservatlve rosults.

Langley Memorial Aoronautlcal Laboratory,

National Advisory Committeo for Aeronauntics,
Langley Piold, Va.
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Wing avea . 1359.3
Horizontal -tayl area 276.5
Elevator area back of hinge 88.7

Vertical -tail area 119.5

h

gn) |h/E (37.)-
10.7510.658| 16.29
27.0 | 1.65 | 3254

Model pivets about thin
peinT in changing. angls
of atack .

&’ dihedral

FIGURE 1- MODIFIED —}:-SCHLE MODEL OF THE P-36A AIRPLANE
SHOWING THE FULL-SPAN 25-PERCENT-CHORD SLOTTED FLAP USED.
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Effective thrust coefficient, T,
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Figuro 2.~ Effcctive. thrust cocfficicnt at any 1ift cocfficient used in tosts.of modified P-3GA
model ncar ground. Tg = T/pVBD2 = 1,18T5 W
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