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SUMMARY

A model of a hypothetical canard airplane, which was
designed to be of the same size and general aerodynamic

.characteristics as a Boeing B-247 airplane, was tested in

the N.A.C.A. gust tunnel at one wing loading, one forward
speed, one gust velocity, and three gust gradients. :The
purpose of these tests was to determine the reactions of
the model -and to compare them with the results: of unpub-
lished tests on an equivalent model of the Boeing B-247
airplane.

The loads .on the stabilizer of the .canard model and
the subsequent pitching motion could not be neglected}
the current method of analysis was therefore sxtended to
include these factors. Calculations were made based on
the unsteady-lift functions for finite and infinite aspect
ratio and for two interpretations of wing area. The re-~
sults were compared with experiment and the best agreement
was found to result when the net wing area and the un-
steady~1ift functions for infinite aspect ratio were used.

: A comparison of the results from the two tests re-
vealed that the resultant acceleration increment for the

_canard model was much higher than that for the Boeing

B-247 model, The analysis indicated,. however, that the
atabilizer loads on the canard model accounted for the
difference so that the aeroldynamic loads on the wings of

~the two models: were approximately equal. Thus, although

the acceleration increment and the stabilizer load on the
canard model are higher than those on the corresponding
conventional arrangement, the net wing load on the canard
model appears to be smaller by virtue of the greater in-
ertia load acting to oppose the aerodynamic load.
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INTRODUCTION

The wing loading and the power of present-day air-
planes are constantly increasing. As a result, the slip-
stream produces urncertainty in the stability and the con-
trol characteristics and, in general, has adverse effects
on them. With a view toward overcoming these difficul~
ties, designers are reconsidering the possibilities of
the canard airplanec. Because data on the gust-load fac-
tors on this type of airplane are lecking, tests were con-
ducted in the N.A.C.A. gust tunnel to determine the reac-
tions of a canard model of the same size and general
aerodynamic characteristics as a previously tested dynam-
ically scaled model of a Boeing B-247 airplane.

The current method of analysis for gust-load factors
(reference 1) was developed for the conventional mono-
plane. A simplifying assumption of refercence 1, that the
pitching motion be neglected, implies that there is zero
tail load and zero pitch and that the conventional mono-
plane may be represented as a flying wing during passage
through a gust. The downwash from the wing on the tail
surfaces effectively reduces the change of angle of at-
tack of the stabilizing plane by about 50 perceant and, in
addition, the tail enters the gust later than the wing so
that the development of 1lift on the tail starts after
that on the wing. Inasnuch as the wing has probably
passed its peak load-factor increment before the tail
lift can become appreciable, the simplifying assumption
is reasonable. Experiments (reference 2) bear out the
correctness of this analysis, :

There is, however, reason to believe that, with the
horizontal stabilizing plane ahead of the wing surface,
&  cenapdl aivplase willl not' satisfy the ciondibtiiions previs
ously set forth. The stabilizing plane is no longer sub-
Ject to the downwash from the wing and, in addition, it
enters the gust ahead of the wing sco that the development
ofie it ons the stabilizer precedes that on the wing. ilhe
combination' of these two factors apparently makes it pos-
sible for the stabilizing plane to have developed an ap-
preciable 1ift when the airplane experiences peak acceler-
ation. An adverse pitching motion may arise to increase
further. the aceceleratiion dncrement, It is thexvefiore Telt
that these factors should be taken into account when the
reactions of a canard airplane are being determined.
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In this paper, the experimental results of the gust=
tunnel tests of the model are compared with computed re-
sults based on the theory of unsteady lift as applied to
the conventional monoplane. Additional computed resulis
are presented that are based on several analyses in which
the unsteady-1ift functions are applied to both the wing
and the stabilizing plane of the canard airplane. Unpub-
lished results of a previous téest of a model of the Boeing
B-247 airplane are also compared with the results of the
present investigation.

APPARATUS

The gust tunnel and its related equipment are de-
seribed in reference 2.

The canard airplane model is shown in figures 1 and
4 Its pertinent characteristics as well ‘as those for
the hypothetical full-size airplane are given in figure
2 and table I. The weights and the mass distribution
about the pitching axes were scaled to represent condi=-
tions at an altitude of 7,200 feet. The gross wing area
referred to in table I is the plan-view area of the wing
including the fuselage intercept, and the net wing area
is the gross wing area ninus the fuselage intercept. ZEn-
gine nacelles and other protuberances were left off the
model.

: The wing was made as rigid as practicable in order
to eliminate effects due to its deflection in the steep-
est gust gradient. The natural period of the wing is
given in table I and the deflection curve for a load fac-
tor ‘o Le®4 is given 1n figure 8o

The three gust-velocity distributions or profiles
for which the tests were made (gradient diigbanee . M= a7 ,
B aBl 8.2 f ) were approximately linear and are
shown in figure 4 as plots of the ratio of local gust
velocity U to the average maximum gust velocity Upax,

against the distance, in feet, from the leading edge of
the gust tunnel.



The tests consisted of flights of the model over the
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TESTS

gust tunnel at fixed values of the forward velocity and
of the average maximum gust velocity. A ninimum of five
flights was made for each of the three gust gradients.
were nade of flight velocity, gust velocity,
normal acceleration, vertical displacement, and pitch.

Measurements

PRECISION

The measured quantities are estimatecd to be accurate
within the FTollowing LTimits for any single test oz run.

Acceleration inerement. £0.1lg

Porweard veloeity. .

Griglt” Wislliolelitipw o8- 27,

Eiitiely *.

Vertical displacement

. &1 ,0 Foot pertsecond
. 20,1 foot ‘per isecond
Il

L E0.0) Hoot

Approximate computations of the effect of wing flex~
ibility indicated an error
acceleration increment for the sharp-edge gust (H = 0.7
% and smaller errors in those for the gradient gusts.
The error due -to wing flexibility is thus within the
limits of accuracy of the

neglected.

of about 1.5 percent in the

rest of the data and will be

In addition to errors in measurement, there exist
errors due to the disturbed motion of the airplane model
prior to entry into the gust. “These motions nay persist
during the traverse of the
practicable to catapult an airplane model into a condition
of steady gliding flight at the attitude, the speed, and
the flight-path angle for which it is trimmed, oscilla-

tiens 0 plitch,

gust. "Inesmuch 'as It s o=

forward speed, and acceleration will take
place when the airplane model leaves the catapult. These
oscillations can be separated into a short-period oscil-
lation that is highly damped and a long-period oscilla-
tion, the well-known phugoid, that is only slightly damped.
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The short-period oscillation consists primarily of
vertical and rotational motions of the airplane and, for
the canard airplane model, these oscillations will have
a period of about 0.6 second and a time to damp to one-
twentieth of the original amplitude of about 0.24 seconi,
which corresponds to about 14 feet of travel by the air-
plane model after take-off. Since the disturbances arise
from the action of the catapult -at the point of take-off,
which is a minimum of 14 feet from the gust tunnel, a
disturbance that impressed an acceleration of lg on the
airplane would cause an error during the traverse of the
gust tunnel of less than 0.05g in the measured accelera-
tion increment. Inspection of acceleration records from
various airplane models that have undisturbed paths of the
order of 30 feet (that is, zero gust velocity) indicates
that the oscillations have disappeared before the airplane
model reaches the gust tunnel and that the maximum error
in acceleration increment would be less than 0.05g.

Inspection of the records previously mentioned indi-
cates, however, that appreciable variations may exist in
the "reference!" direction of the airplane axis (that is,
in the direction prior to entry into the gust), from
which the pitch-angle increment is measured. These vari-
ations may lead to a possible error of the order of 0.3°
in the maximum pitch increment for the longest gust-
gradient distance. This error will not affect the shape
of the curves but will result in a vertical displacement
of the curves above or below the true curves.

The oscillations in pitch, forward speed, and accel-
eration that correspond to the phugoid oscillation will
have a period of the order of 6 seconds. Computations of
the errors caused by this oscillation indicate a maximum
possible consistent error of 0.15g in the acceleration
increment for a gust with a gradient distance of 8 feet
and an error of 0.07g for a gradient distance of 4 feet.
Inspection of the records used in the previous discussion
of the short-period oscillation fails to indicate an
error of this magnitude and it is felt that the maximum
error due to this source under the test conditions is of
the order of 0,05g« The error in pitch increment due %o
the phugoid oscillation is twofold: an error of the
order of 0.02° that will modify the shape of the pitch-
increment curves, and an error with a possible maximun
value of 19 that will tend to rotate the pitch-increment
curves about the point of reference.
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it appears

that the errors (in the acceleration increments) arising
from extraneous oscillations of the model are negligible

except for the longest gradient distance (H =
also appears

@ €paT It

that use of the pitch-increment curves in

the longer gradient distances for detailed comparisons

with computations is unwarranted in view of the

SRBOBLS

that are possible in determining the initial pitching
condition of the model. B

dCy,
da

U

For the purpose of this paper,

SYMBOLS

Wites

aecelenationiof gravity.

airplane weight.

. o ope “of "It lcurve .

ias s sdlenigidtyivof Tadr,
gust velocity.
forward velocity.
area.

chiomd ‘liemgth .

distance penetrated into gust,

chord lengths.

unsteady-1lift function for an airfoil penetrat-

ing a sharp-edge gust.

unsteady-1lift function for
angle of attack.

Coa
the ratios of the 1lift “coefficient at aﬁy distance s

a sudden change of

and CLa are

to

the lift coefficient after an infinite distance has been
traversed (steady flow).

q
S

dynamic pressure.

pitch angle, degrees.
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48 pitching velocity, radians per second.

lw horizontal distance from center of gravity to
aerodynamic center of wing.

1s horizontal distance from center of gravity to
aerodynamic center of stabilizer.

M pitching moment.
nky? moment of inertia.
(0 angular acceleration.
An acceleration increment on airplane.

Anp acceleration increment on airplane due to verti-
cal motion.

Ang acceleration increment on airplane due to action
of gust.
Antotal . total acceleration increment on airplane.
Anow load-factor increment on wing due to action of
gust.
Anmw load~factor increment on wing due to vertical mo-
tion of airplane.
Ane load~factor increment on wing due to pitch-angle
w increment of airplane. .
Anq load~factor increment on wing due to pitching
W

velocity of airplane.

Any total load-factor increment on wing.
total

Corresponding definitions for the stabilizer hold
for symbols having subscript s instead of w.

Subscripts:
w wing.,

S stabilizers.
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2 distance of surface into gust at which 1ift is
' desired. '

[

distance of center of gravity into gust at
which acceleration increment occurs.

Z distance of center of gravity into gust at
which acceleration increment reaches a nax-
imum.

When subscripts w and 8 are used with distance
penetrated into the gust s, the resulting term represents
chord lengths of the surface referred to by the subscript.

RESULTS

Records of two flights for cach gust gradient were
evaluated to give sample histories of events during pas-
sage through the gust. These results are shown in the
uncorrected form in figures 5§, 6, and 7 plotted against
the distance, in wing chord lengths, penetrated into the
gugt, The chord length mused irn Tthis case is the mean
geometric chord based on the gross wing area. The oscil-
lations superimposed on the acceleration-iancrement curve
for the sharp-edge gust (fig. 5) were due to the flexing
of the wings as a result of the gust.
he measurements and the
t should not be
increment curves
Es (s

In yiew of the precision of %
tests, it is felt that too much weigh
placed on the experimental pitch-angle
for the 8.2~foot gradient condition {(fi

In order to eliminate the effects of slight depar-
tures from the nominal values of air speed and gust ve=
locity, the maximum acceleration increments were correct-
ed to a forward velocity of 60 feet per second (40.9 nph)
and a gust velocity of 6.5 feet per second. These re-
sults are shown in figure 8 plotted against the gradient
distance in feet. For purposes of comparisen, computed
results based on the current method of analysis of ref-
erence 1 are included in figure B. A considerable dis~
crepancy will be noted between the experimental and the
computed results.
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ANALYSIS

The discrepancy between the experimental and the com-
puted results based on the current method of analysis
(reference 1), shown in figure 8, indicates that all fac-
tors have not been taken into account. As previously
mentioned, there is reason to believe that the tail loads
and the pitching motion should be included when the reac-
tions of a canard airplane are being determined. A4n at-
tempt was therefore made to include these factors in ex-
pressions of a general nature that could be applied to
all types of canard airplanes. The individual integrals
in the following equation have been derived to represent
the forces due to the motion of the airplane during pas-
sage through the gust. The first two integrals express
the load-factor increments on the wing and the stabiliger
due to the action of the gust. The third and the fourth
integrals represent the alleviation due to the vertical
motion of the airplane. The last four integrals repre-
sent the load-factor increments due to the pitching mo-

tion of the airplane. The general expressions follow:
| a0y pVSy NV avu
AL & A W= — LJ /‘ C (8yo =~ Sy) ds
total total daw 2 | bg VTMZINTREREE VI
0

Sg
dCy pVSg i au
i : T CLg (SSB_ Ss)dss dsg
vg

lC(,s o
SWS
+ L ¢ S, = Bag) A0 (8 Yds
P P 9 ( W W) (sy W
'.JO

S
a0y, pSsCs /“ °3

da 2
s Jo

S
& dCL qu_ - W4 . de
doy 57.3 S, - L8wy ~ SWIRE RS

0



10 NiA«B Ay sDeckhpiieal sNet o N o 1758

dCr, Ssa /> ®sg

+ Cy,_ (s - s a9 ds
dog 57.5/ B tea = Caliagtte
L
0
# gy |
ACr Syqly [§W4 o1 ( )d <d¢ /ﬂ
- doy v -/‘ Ly \Swya~8w "'——"""—dsw Asy
s/
L—" —
o (de
+ 401 Ssals | [Tsa Cpr (sq, -8 )E—iiﬁgzdo
dag v l/ Lo "84 78 isg 8
L0
(1)
Miogal = I AnygWly + 2 dngWig = mky“a (2)

A rigid simultaneous solution of equations (1) and
(2) is obviously extremely difficult because the various
integrals of the equations are mutually interdependent and
some of them contain discontinuous functions.

In order to solve these equations for the canard air-
plane, the principle of superposition was employed by
first assuming the airplane to pass over the gust with
onlyrene motion, pamely, uniform,forward velocity. The
effect of the gust alone could then be calculated and used
when determining the effects of the vertical motion and
the pitch of the airplane. In order that these subsegquent
caleculations might be performed, certain of the initial
restrictions on the motion of the airplane were removed.
These restrictions are:

(1) No vertical-displacenenrt increment of the air-
plane occurs as it passes over the gust.

(2) No pitching motion of the airplane occurs as i%
passes over the gust.,

When these restrictions are imposed, the only inte-=
grals to be solved are the ones that describe the accel-
eration increment or theiload factor due to the action of
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the gust on the wing and the stabilizer. These integrals
are:

S
i o /.‘ g i e, - -
day B hg™ Mg e ¥
a
ac . °s 1
and S Blw 2CL (B = ss)—d——q—dss
e, 2 e dsg
0

These integrals may be solved analytically or by
means of Carson's theorem, as used in reference 3, depend-
ing upon the complexity of the wvariables dU/ds and Cg .

S

In the solution for the ceanard airplane, the integrals
were solved analytically by assuming a linear gust and by
using expressions for CLg that were amenable to integra-

tion. - The acceleration increment on the airplane was
found by plotting the loading increments on the wing and
the stabilizer as they passed through the gust and then
conbining them algebraically. An illustration of this
method is shown in figure 9.

The next step in the solution was to remove the first
restriction on the motion of the airplane. The integrals
based on the vertical motion of the airplane, which are
the third and the fourth terms in equation (1), could then
be evaluated. They are:

(o
«Q
=]

W

po.e, 3

——%—Xv/q CLa(Sw3 ~ sy)An(sy)dsy
e

0

o
Q
£

Ss
dCL pSscs 3
and === E—%E4-/q CLa(sS3 - sg)An(sg)dssg
' i \JO

The terms An(sy) and An(sg) express the varia-
tion of the final acceleration increment value as a func-
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tion - of the chord-length penetration of the surfaces into
the gust. Hor the seolution of these integrals, the func-
tions An(sy) and An(sg) were assumed to be linear.

The integrals were then put in the form

S dc Sw3

PRwCy L

AnZ;;r—-ga—‘/p CLG(SWS = Sy)sydsy
3 w L O

and, by the use of suitable expressions for Cp , they
‘a8
were readily solved.

The colubtion could “then be"put in"the form

An, = KAn (3)

for a particular value of s,3; and K, a constant for a
perbicular value of S, could be plotted as a function
of sz for a series of values of Se

The impressed acceleration can be determined from the
following relation:

An = Any - KAn (4)

for & particular value of sg.

In the present analysis, it was found that the proc-
ess of evaluation might be further simplified by putting
equation (4) in the form

An
Aw = B (5)
b sl

for a particular value of sg. Note that the value of
acceleration increment found here is sinilar to the value
that would be obtained from the equation derived by
Kiissner (reference 4) and solved in reference 1, with the
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exception that the stabilizer loads are here taken into
account.

It should also be noted that, because of thel stabi-
lizer loads and the position of the center of gravity,
the mexinum acceleration increment on the airplane no
longer occurs when the center of gravity of the airplane
is at the point where the assumed gust shape first at-
tains uniform velocity.

The second restriction on the motion of the airplane
was removed in order to investigate the influence of
pitching motion on the acceleration increment.

As a first approximation, the damping of pitch due

"to the pitching motion of the airplane was neglected and

the 'direct effect of the loads on the stabilizer.and:the
wing that arise from the action of the gust and the ver-
tical motion of the. airplane was investigated.

The method used was to compute the moments about the
centecr of gravity of the airplane that arise from the
loads imposed by the action of the gust and by the verti-
cal motion of the airplane. These moments were combined
and plotted against the distance penetrated by the model
intc the gust for the 3.7~ and the 8.2-foot gust gradients.
The sharp-edge-gust condition was omitted since the effect
of pitch was felt to be inappreciable until after the air-
plane had reached its peak acceleration. The first inte-~
gral of the moment curve gives a measure of the pitching
velocity, and the second integral gives a measure of the
pitch angle of the airplane.

The pitching-velocity and the pitch-angle curves were
then used in conjunction with a previously selected ex-
pression of the unsteady-lift function Cjy for the solu-
tion of the last four integrals of equatio% (1)s

Sw
B e P Gt
d vy 57.3~/ Lot "Wy W dsy "
g
Sg !
i6h et 5 Gr s - 8 )jJids
864,575 Ly "sg PraEa °



14 N. 40 A« Technieal Note Nos %58

F" /~e 1
S a9,
dCy Syaly we % Xas i
_— ==X | - C (s = e EOReE g .
ia, - Lo ' W Y W
e O —
X Ss dg ]
4 a (==
—= = | - C ) - §g)———>L—dg
Ga, T Lo (53, s) i8¢ .
0

The term d6/ds is the variation of pitch angle
with the distance penetrated into the gust; the term

d <%%->/ds igs the variation of pitching velocity with

the distance penetrated into the gust. These integrals

were then solved by use of Carson's theorem for the ac- t
celeration increments at the previously determined peak
acceleration, and the values were comnbined with those
obtained from egquation (5) to give the final acceleration
increment on the airplane.

Throughout this analysis, no mention has been nade

of the specific expressions used for the quantities Cp
' &
and CL@' As in previous papers, such as reference 5,

the analysis was carried out by using the unsteady-1lift
functions for infinite aspect ratio as derived by Kissner
(reference 4) and Wagner (reference 6) and comparing the
results with those obtained by using the unsteady-1ift
functions for finite aspect ratio as derived by Jones
(reference 7). Curves for aspect ratio 6, based on refer-
ence 7, are included in this paper as figure 10.

The effect of unsteady 1lift on -a fuselage-wing con-
bination has not been determined; conputations were there-
fore made using both the gross wing area and the net wing
area with corresponding wing chords as suggested in ref-
erence 2.

DISCUSSION

The equations were first evalvated based on the gross
wing area and the unsteady-1ift functions for infinite :
aspect ratio because the use of these functions in previ-
ous papers indicated the best agreement with the experi-



N.AsC . Ay WeghwieglwNote Nos 758 L5

mental data for coaventionsal airplanes. It was found for
the canard airplane that, although the agreement was good
in the sharp-edge gust condition, the effect of pitch in

the longer gradients (H = 3.7 and 8.2 £t) modified the

loads to such ar extent that the agreement with the test

results was poor (table II, columns 1 and 6).

A similar analysis was made using Jones! unsteady-
1ift funetions for & finite wing (reference 7). The al-
leviation due to pitch was so great in the 3.7-foot gust-

-gradient condition, however, that computations for the

8.2-fcot gust-gradient condition were felt to be useless
(table II, column 2),

A third analysis was then made using the unsteady-
1ift funetions for infinite aspect ratio and the net wing
area., The results from this analysis agreed with the
test data within 0.2g for all the gust-gradient condi-
tions (table II, columns 3 and 6). It is intéresting to
note that the load-factor increments caused by pitch an-
gle reversed in sign for the 3.7-foot gust-gradient con-

dition. The interpretation of the wing area and the chord

is therefore obviously very important in calculating the
load factors and the stability for a canard airplane.

As previously mentioned, the analysis pointed out
that the maximum acceleration increment need not occur
at the point where the gust velocity first becomes uni-
form. Reference to figure 6 shows that the experimental
results bear out the analysis in .this respect.

In an effort to arrive at better agreement, calcula-
tions were made using the net wing area and Jones' un-
gteady~1ift functions for finite aspect ratio. Although
the total acceleration increments for the conditions of
the sharp-edge gust and the 3.7-foot gust gradient were
in good agreement with the test results, the magnitude of
the pitch terms in the condition of the 8.2-foot gust
gradient was such as to give very poor agreement (table
T, ge o vumma’ 4 and 6).

As stated before, the damping of pitch due to pitch-
ing motion had been neglected. An attempt was made, how-
ever, to calculate this effect for the gust with a gradi-
ent distance of 8.2 feet mentioned in the last paragraph.
The approximate method of superposition was found to be-
come as tedious as a strict solution, but there were in-
dications that the load-factor increments would increase
by a small amount.
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From the consistency of the agreement of the derived
with the experimental results, the analysis using the net
wing area and the unsteady-1ift functions for infinite
aspect ratio was chosen as being the best present solution
for the load-factor increments of this particular canard
airplane. Although a detailed comparison of the pitch-
angle increment curves is not warranted because of the
limitations imposed by the precision and the test proce-
dure, the calculated curves and the more reliable experi-
mental curves (neglecting the 8.2-foot gradient condition)
do show the same trends and order of magnitude of pitch-
angle increments in this case.

The approximate analysis for this canard airplane is
felt to be sufficiently accurate. Puture tests on differ-
ent types and arrangements of airplanes may, however,
bring outa need for an analysis to cover other factors
that would not be amenable to the procedure followed in
this paper.

Figure 11 shows a comparison of the results of un-
published tests on an equivalent model of the Boeing B-247
airplane with analytical results based on reference 1. A
comparison of these experimental results with those for
the canard model (fig. 8) shows that, in all cases; the
acceleration increment on the Boeing model has a lower
value. This result apparently indicates that the gust-
load factors on the canard airplane might have to be in-
creased.

When the calculated results for each model are con-
sidered, it should be remembered that the current method
of analysis (reference 1) used for the Boeing model gives
directly the load factor on the wing but that the analysis
developed in this paper for the canard model gives a total
acceleration increment, which is the sum of both the sta-
bilizer and the wing loads. A comparison of the values in
column 3 of table II and in figure 11 shows that the aero-
dynamic loads on the wings of the two models are approxi-
mately the same but, when the resultant acceleration in-
crements and the inertia loads for each model are combined,
the indications are that the wing loads for the canard
model will be less than those for the Boeing model.

The arrangement of surfaces of a canard airplane be-
ing such that there is no downwash effect from the wing
on the stabilizer, it is felt that the design of this type
of alrplane, particularly in the nonacrobatic category,
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should include an investigation ofr the gust-load factor
on the horizontal stabilizer., -The procedure used in this
paper is not recommended because a gust of small size
would probably load the stabilizer to a greater extent
than a gust that would affect the airplane as a whole.

CONCLUDING REMAREKS

The conclusions drawn on the basis of the foregoing
results and discussion are:

1. The analysis chosen shows that, although the re-
sultant acceleration increments and the stabilizer loads
are greater for the canard airplane, the net wing stresses
will be reduced below those of an cquivalent Boeing B-247
airplane.

2. The gust logds on the stabilizer wof & canard alr-
plane may be of importance.

3. The pitching motion should not be neglected when
the gust-load factors on a canard airplane are calculated.

4, For. the present case, theory and experiment indi-
cate that the maximum acceleration increment need not oc-
cur at the point where the gust first attains uniform ve-
1oty ‘ ;

At the present time, there can be no recommended pro-
cedure for the evaluation of the effect of pitching motion.
For all cases, additional study and experiment are required
on the following problems:

1. The determination of the effective chord lengths
and surface areas for use in probdlems of un=-
steady flow.

2. The determination of the effect of a gust on the
stability of an airplanes

3, The deternination of the effect of pitching motion
when an airplane enters a gust.
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4ls STesdiettiermiina tidion: of sthie! ieipiiitii col veusith Loadis on
the stabllizer of a canard airplane.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Vas, March 14, 1940
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Table I
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15

Characteristics of the Canard Mcdel

Weight’ lb . . . . . ® . . . . . . .
Gross wing area, sq £t » + ¢ « o« o o

Mean geometric chord based on the
gross Wwing area; £t + ¢ « & & @

Net finc areay 89 £5 o o ¢ o o s ©

Mean geometric chord based on net
Wine adea, ThH & & o o o 5% & & @

Slope of wing lift curve, per radian
NMetuval wing period, sec o & o+ ¢« o o
Blabilizer areay sq £t & « & © 0 ¢ @
Mean geometric stabilizer chord, ft

Slope of stabilizer 1lift curve, per
radian S Rk A B B

Moment of inertia, mky2, slug-ft® .
Guteit ' welowity, fps ¢ s s 5 & v @ F.w

Heorweed welocitys mph o & « « o &

Model Hypothetical

airplane

1801 1154650
1.445 838
0.470 5
1. 602 -
0.422 ~
459 4 .47
O 84T -
Oxn6% 14845
O0.242 BB
TR0 4,0
0.00790 247,000
6.6 5109
40.9 200
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Values of Load-Factor Increments (in
Summary of Analysis of Canard Model

N.A.C
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o

able
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Note No.
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g units) from

20

|

Type of 1 2 3 ! 4 5 6

load- Gross wing area Net wing arca Current |Exper-
factor (S = 1.445 sq ft,| (S = 1.302 sq ft,|mcthod of | imen-
incre- gy = 0,476 £%) ow = 0,422 £%) analysis*| tal |
ment Using unsteady-1ift functions for

, A=ow| A=656 | A=o | A=6 A= o |
For Sharp-Edge Gust
Angy 1490 2.16 1.85 1.92 - -
Anpy, e | -.29 -.24 -.20 - -
Angy, s . = i g g
Anqw - - - i - . - .-
Anwgotal 1.69 18 1681 late 1 B8 -
Ang g 0.35 0.37 0.35 | 0.37 - -
Anp o ~-.04 -.05 -.05 b o =yl - -
Lng g i “ - | - N .
brgg . - i ek e & -
i
Anstotal .81 .22 0,380 Qe S - o
Bt ot 0l 2.00 2.19 1.91 $.08 § ia08 Y8 08
For 3.7-Toot Gradient Gust
Ano,, 2.00 2.07 1,88 187 - -~
Anp,, ~.62 -.57 -.55 -.51 - -
Ang,, ~.03 -.20 BB .23 - -
Ang,, -.07 -,11 o O - -
= = 1
Anwtotal 1y 28 1,48 L. 55 £ S 1.47 =]
Angg 0.35 0.36 0.56 | D.BB - -
b, 11 -.09 T - =
Ang oo B -.04 5 .04 - -
Ang g .03 .06 02 | s - -
Anstotal 0. 28 0.29 4 CE.Z_Zl Qx B2 = Y
Antotal 1l.54 1.48 1:86 . 1:.89 1.47 Dadd
For 8.2-¥cot Gradient Gust

Angy 170 1«85 58 1365 = =
Anpy, -.69 -.73 -. 61 =2 6% - ~
Ang ., -.21 - ~.04 -.42 - -
Angy, ~-.06 - -.04 -.09 - -
Ay ot al 0.74 - Uel9 0.47 LB 2 =
Angg 0.34 0.35 0.33 0.41 - -
Anp g ~.12 ~.12 -.11 -.1 - -
Ang ¢ ~-.04 - -.01 -.08 = =
An g .03 - .02 .08 - -
Anstotal| 0.21 - 0.23 0.16 « "
Angotal 0. 95 - d.02 .63 1,82 L85

*Reference 1.
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Figure 2.- Line drawing of canard airplane model,
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Figure 6.- History of events in
the 3.7-foot gust gradient.
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~— — — 1~ Cal¢ulations baged onjanalypis of| referpace 1

—+- - -t Calg¢ulatigns using net wing|area and based on analypis
of {refer¢nce 1|extended to|inclufe taill loads.
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Figure 8.- Comparison of experiment anl analysis. Canard airplane model.
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