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NATIONAL ADVISORf COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 758

MEASUREMENTS AND ANALYSIS OF THEE MOTION
OF A CANARD AIRPLANE MODEL IN GUSTS

By Philip Donely, Harold B. Plerce, and Pbﬁlip W. Pepoon
SUMMARY . C e - -

A model of a hypothetical canard airplane, which was
designed to be of the same size and general aerodynanmic
characteristics as a Boeing B-247 airplane, was tested in _
the N.,A.C.A. gust tunnel at one wing loading, one forward
gpeed, one gust velocity, and three gust gradients., The
purpose of these tests was to determine the reactions of
the model and %o compare them with the results of unpub-
lished tests on an equivalent model of the Boeing B- 247 ' o
airplane. ; E . iDL

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 wers 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 functlons for infinite aspect ratio were used['_r

A comparison of the results from the two tests re-
vealed that the resultant acceleration increment for the )
cgnard model was much higher than that for the Boeing - e
B~-247 model, The analysis indicanted, however, that the
stabllizer loads on the canard model accounted for the
difference so that the aserodynamic loads -on the wings of
the two models were approximately equal. Thus, although
the acceleration increment and the stabiliger load on the
canard model are higher than those on the corresponding
conventional arrangement, the net wing load on tlie éanard _
model appears to be smaller by virtue of the greater in-
ertia load acting to oppose thé aerodynamic . load. -
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INTRODUCTION

The wing loading and the power of present-day air-
pPlanes are constantly increasing. 4s a result, the slip-
stream produces uncertainty in the stadbility and the coa-
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 airplane. Beceause data on the gust-load fac-
tors on this type of alrplane arye lecking, tests were con-
ducted in the N.A.C.A. gust tunnel to dotermine the reac-
tions of a canard model of the same size and general
aerodynemic characteristics as a previously tested dynam=-
lcally scaled model of a Bosing B-247 airplane.

The current mcthod of analysis for gust-load factors
(reference 1) was developed for the conventional mono-
plane. A simplifying assumption of refercnce 1L, that the
pltching motion be neglected, implies that there is zero
tail load and zero pitch and that the conventional mono-
rlane 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 percent and, in
addition, the tall enters the gust later than the wirg so
that the development of 1ift on the tail starts after
that on the wing. Inasmuch as the wing has probably
pasgssed its peak load-factor increment before the tail
lift can become appreciable, the simplifying assumption
is reasonable. ZExperiments (refercence 2) bear out the
correctness of this analysis, - -

There 1s, however, reason to believe that, with the
horizontal stabilizing plane ahead of the wing surface,
a canard airplane will not satisfy the coanditions previ-
ously set forth. The stabilizing plane is na longer sub-
Ject to the downwash from the wing and, in addition, it
enters the gust ahocad of the wing so that the development
of 1ift on the stabilizer precedes that on the wing. Tho
combination of these two factors apparently mekes it pos-
sible for the stabilizing plane to heove developed an ap-
preciable lift when the airplane exzperionces peak acceler-
ation. An adverse pitching motion may arise to increase
further the acceleration increment. It is therefore felt
that these factors should be taken into account when the
reactions of a canard airplane are being determined+


http://www.abbottaerospace.com/technical-library

N.A.C.A. Technical Note No. 758 3

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 1lift 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 test of a model of the Boeing
B-247 airplane are also comparcd with the results of-  the
present investigation.

APPALRATUS

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

The canard airplane model is shown in figures 1 and
2. Its pertinent characteristics as well as thoses 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 teble 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. En-
gine nacelles and other protuberances were 1eft off the
model, it

The wing was made as rigid as practicable in order
to eliminate effects due to its deflection in the steep-
est gust gradient. The naturdl period of the wing 1s
given in table I and the deflection curve for a load fac-
tor of 1.54 is given in figure 3.

The threg gust-velocity distributions or profiles
for which the tests were made {(gradient distance H = 0.7,
3.7, and 8.2 £+t ) were approximately linear and are
shown in figure 4 as plots of the ratio of local gust
velocity U %o the average maximum gust velocity Uﬁaxav

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

The tests consiasted of Fflights of the model aver the
gust tunnel at flxed values of. the forward velocity and
of the average maximum gust velocity. A mnlnimum of five
flights.was made for each 'of the fthree gust gradients.
Measurements were made of flight veloclty, gust veloclty,
normal acceleration, vertical displacement, and piltch.

PRECISION

The measured quantities are estimatod to be accurate
within the following limits for any single test or run.

Acceleration inserement. £0.1g

Forward veloclty. . . . 1.0 foot per second
éust veleocity « ¢« « + « 0.1 foot per second
Pitoh « v . . . . . . . 20.2°

Vertical displecement .-£0.01 foot

Approximate computzstions of tke effect of wing flex~
1bility indicated an error of adbout 1.5 percent in the
acceleration increment for the sharp-edge gust (H = 0.7
ft) and smaller errors in those for the gradient gusts.
The error due to wing flexibility is thus within the
limits of accuracy of the rest of the data and will be
neglected. : L. ' :

" In addition to errors in measurement, there exlst
errors due to the. disturbed nmotion of the elrplanc rodsl
prior to entry into the gust. Thess notions nay persist
during the traverse of the gusis Ingsnmuch as it is im-
practicable to catapult an alrplene model into & condition
of steady gliding flight at the attitude, the speed, and
the flight=path angle for which it 1s trimmed, oscilla-
tions in pitch, forward speed, and acceleration will take
place when the airplane model leaves the catapult. These
oscillations can be separated Irto a short-period oscil-
lation that 1s highly damped and a long-period oscille-
tlion, the well~known phugoid, that 1s only slightly demped.


http://www.abbottaerospace.com/technical-library

N.A.C.A. Technical Note No. 758 b

The short-period oscillation consists primarily of
vertlical and rotational motions of the sairplane and, for
the canard alrplane model, these oscillations will have
a pericd of about 0.6 second and a time to damp to one~
twentieth of the original amplitude of about 0.24 second,
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 & minimum of 14 feet from the gust tunnel, a )
disturbance that lmpressed an acceleration of 1g on the
airplane would cause an error during the traverse of the
gust tunnel of less than 0.05g in the msasured eccelsra~
tion increment. Inspection of accsleration records from
various airplane models that have undisturbed paths of the
order of 30 feet (that is, zero gust velocity) indicates
that the oscillatlons have disappeared before the airplane
model reaches the gust tunnel and that the maximum srror
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 pltch-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 guste=
gradient distance. This error will not affect the shape
of the curves but will result in & vertical displacement
of the curves above or below the true curves.

The osclllations 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 conslistent 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
srror of this megnitude &nd 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 to
the phugold oscillation is twofold: an error of the
order of 0.02° that will modify the shape of the pitch-
increment curves, and an error wilth a possible maximum
value of 1° that will tend to rotate the pitch increment'
curves about the point of reference.
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In view of the results of this analysis, it appears
that .the errors (in the acceleration increments) arising
from extraneous osclllations of the model are negligible
except for the longest gradient distance (H = 8 ft). It
also appears that use of the pitch-increment curves in
the longer gradient distances for detalled comparisons
with computations 1s unwarranted in view of the errors
that are possible in determining the inltial pltching
condition of the modsl.

SYMBOLS

L lift.

g acceleration of gravity.

W airplane weight.
acCy, . :
—_— slope of 1lift curve.
do

P mass density of air.
U gust velocity.

v forward veloclity,

S . area.

c chord length.

8 distance penetrated into gust, chord lengths.

Cr,." unsteady-1lift function for an airfoill penstrat-
g ing a sharp-edge gust. .

GLG unsteady-1lift function for a sudden change of
angle of attack. '

For the purpose of this paper, CLg and CLa are
the ratios of the lift coefficient at any distance 8 to
the 1ift coefficient after an infinilte distance has been
traversed (steady flow).

q dynamic pressure.

9 pitch angle, degrees.
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pltching veleeity, radians per second.

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

horizontal distance from center of gravity to
aerodynamic center of stabiligzer.

pitching moment,

moment of inertié.

angular accelsration.

acceleration incremenﬁ on airplane.

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

acceleraetlion increment on airplane due to action
of gust.

total acceleration increment on airplane.

load~factor increment on wing due %o action of
gust. ’ o :

load~factor increment on wing due to vertical no-
tion of airplane. .

load~-factor increment on wing due %o pitch-angle
inecrement of airplans.

load~factor increment on wing due to pitching
velocity of airplane. .

total load-~factor increment on wing.

Corresponding definitions for the stabilizer hold
for symbols having subscript & Instead of w.

Subscripts

w wing.

s stabilizer.
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2 distance of surface into gust at which 1ift is
desired.

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

4 distance of center of gravity into gust at
which accelsration ircrencnt reaches a nax-
imun.

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

RESULTS

Records of two flights for cach gust gradlent ware
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
gust. The chord length used in this case is the mean
geometric chord based on the gross wing area., The osclil-
lations superimposed on the acceleration~incremernt curve
for the sharp-edge gust (fig. 5) were due to the flexing
of the wirngs as a result of the gust.

In view of the precision of the moasurements and the
tests, it is felt that too much weight should not be
placed on the experimental piltch-angle increment curves
for the 8.2~foot gradient condition (fig. 7).

In order to eliminate the effects of slight depar-
tures from the nominal values of air spesd and gust ve-
locity, the maximum acceleration increments were correct-
ed to a forward velocity of 60 feet per sccond (40.9 nph)
and a gust velocity of 6.5 feet per second. These re-
sults are shown in figure 8 plotted agalnst the gradilernt
distance in feet. For purposes of comparison, computed
results based on the current method of analysis of rof-
erence 1 are included in figure 8. A considerable dls~-
crepancy wilill bs 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
mentloned, there 1s reason to belleve that the tail loads
and the pitching motion should be included when the reac~
tions of a canard alrplane are being determined. 4n at-
tempt was therefore made to include these fectors in ex-
pressions of & general nature that could be applied %o
all types of canard airplanes. The individual integrals
in the following equation have been derived to repressent
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 stabllizer
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 integrels repre-
sent the load~factor increments due to the pitching mo-

tion of the airplane. The general expressions follow:
AACL pVs, pV2 VAU 4.
W
L - W= —— G 5 - g ds
ALgogal = BRgogal® il 5 L/ﬁ Lg (8w w)dsw w
0

: Sg .
/ dCy pVS 2 !
V+ L E_._S/‘ CLg (SSZ—SS)% dBE
0 : '

dag 2
SWS
v ! -
+ Tae > bLm (sw3_ Sy) An (SW)dSF
0
~ dGL PSSGS 3
s+ C s -~ Sg)An (sg)lds
das 2 ) Ly (Ss3=ss)bn (ss) 8
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/n GLQ(SS4 - SS)EE—dB
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(%)

CLa(sw4‘Bw)———————dsw

R

L4

<1
f 84'_CL (534"38) (
0 -
(1)

(2)

A rigid simultaneous solution of eguations (1) and
(2) is obviously extremely difficult becauss the various

integrals of the squations are

nutually interdependent and

pome of them contain discortinuous funcitlions.

In order to solve these equations for the canard air-

plane,
first assuming the airplane to
only one motion, namely,
effect of the gust alone could

uniform forward velocity.

the principle of superposition was employed by

pass over the gust with
The
then be calculated and used

when determining the effects of the vertical motion and

the pitch of the airplane. In

calculations might be performed,

order that theso subseguont
certain of the inltial

restrictlons on the motion of the alrplane were renmoved.

These restrictions are:

(1) No vertical-displacement increment of the air-

plane occurs as it

(2) No pitching motion of

pesses over the gust.

the ailrplane occure as it

rasses 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 the load factor due to the action of
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the gust on the wing and the stabilizer.__mhese integrals
are: ' '

] .

acL pVSy [°¥2 av

e G - a

day 2 “/ﬁ Lg(swg Sw ) gg v
» 0

S
a6 s .
and - L ﬂig_ ZCL (SS - ss)_g.t_]..aﬂ_ss
das‘ 2 ..g g : M dsS
- 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 variables daU/ds and ch'

In the solution for the canard airplane, the integrals
were solved analytically by assuming & linesar gust and by
uging expressions for GLg that were anenable to integra-~

tion. The acceleration increment on the alrplane was
found by plottingzg the loadling increments on the wing and
the stabllizer as they passedl through the gust and then
conbining them alzgebraically. An illustration of this
method is shown in figure 9. ' ’

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

8
dC1, pSyCy w3 -
—_—— C 8 - 8yw)An(sy)ds
T Cng (swy = sw)du(sw) dsy

dag

Sg
C 3
and 4% szci//\ CLa(ss3 - 8g)hn(sg)dsg
0

The terms An(sy) and An(ss) 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. For the solution of these integrals, the func-—
tions An(sy) and An(sg) were assumed to be linear.

The integrals were then put in the form

Swow 40y [ M3
AnE—E—K-——-—I-’-b/n CLa(sW3 - By)sydsy

25w3 Aoty 0
A pSgecg 40— s830 ( Ye.d
+ ———evr  pu———— — .
nESSZ dars‘ ’ LG: 853 ss 55 ss
o}

and, by the use of suitable expressions for GLQ’ they
were readily solved. ' '

The solution could then be put in thoe form

Any, = KAn . A (2)

for a particular value of 83 and X, o congtant for a
particular valuwe of 8z, could.be plotted as a function
of sz for a series of values of B

The impressed acceleration can be deternined fron the
following relation:

An = Any - Eon _ (4)

for a particular value of Sz

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

An
An =..____O_ . (5)
1l + K : C=
for a particular value of . 8g. Note that the valus of .

accelera@ion increment found here 1s sinmilar to the value _
that would be obtained from the equation derived by
Kissner (reference 4) and solved in refercnce 1, with the
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excoption that the stabillizer loads are here taken into
account.

It should &also be noted that, because of the stabi-
liger loads and the pcsition of the center of gravity,
the maxinum acceleration increment on the sirplane no
longer .occurs when the center of gravity of the airplanse
is at the point where the assumed gust shape first at-
tains uniform velocity. - -

The second restriction on the motion of the airplans
was renoved in order to investigaete the influence of
pitching motion on the acceleration 1ncrement.

As a first approximation, the demping of pitch due
to the pitching motion of the airplane was neglected and
the dirsct 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 investigatéd.

The method used was to compube the moments about the
center 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 momen¥s were combined
and plotted against the distance penetrated by the model
into the gust for the 3.7~ and the 8.2-foot gust gradisnts.
The sharp-edge-gust condition was omiftéd 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 pitchlng
velocity, and the second integral gives a measure of the
pitch angle of the airplans. i

The pltching-veloclity and the pitch-angle curves were
then used in conjunction with a previously selected ex-
pression of the unsteady-1ift function GL@ for the solu-
tion of the last four integrals of equation (1):

- S
EEE Swl /q v cr. (s a )j&gds
day; 57.3 | hg g Widey

dG, S.q NSsg :

L “s*> | : - 4.4 8 4
dag 57.3 /ﬁ QLa(SS4 Ss dsg Ss . e
e/

0
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_ | | -
- - de> :

Sw a (==
40n Swalw | _ u/m 4CLa TR dat oy

S da., . v SW

86y o (Qﬁ_

ac o : - &

L Ssq.‘. - GL (Ss - Bs)——‘—"—"‘dt dS

dag @ 4 dsg
0

L - : o -

' The term d8/ds is the variation of pitch angle
with the distance penetrated into the gust; the term

a <_ﬁ->/ds is the variation of pitching velocilty with

the distance penetrated into the gust. These lntegrals
were then solved by use of Carson'!s theorem for the ac-
celeration increments at the previously determined peak
acceleration, and the values were conbined wilth those
obtained from eguation (5) to give the final acceleration
incremont on the airplans. )

Throughout this analysis, no mention has been made

of the specific expressions used for the quantitiocs CLg

and CLQ- As in previous papers, such as reference 5,

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

The effect of unsteady -1ift on a fuselage-wing comn-—~
bination has not been determined; computations were there-
fore made using both the gross wing area and the net wing
area with corresponding wing chorde as suggested in ref-
erence 2.

DISCUSSION

The equatlons were  first evalvated bascd on the gross
wing area and the unsteady-lift functions for Infinlte
aspect ratic because the use of these functions in previ-
ous papers indicated the best agreement with the experi-
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mental data for conventionsal airplanes. It was found for
the canard airplans 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 ft) modified the

loads to such an extent that the agreement with the test

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

A similar analysis was made using Jones' unsteady-
lift functions for a 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-focot gust-gradient condition were felt to be useless
(table II, column 2).

A third analysis was then made using the unsteady-
11ft functions for infinite aspect ratio and the net wing
area. The results from this anaelysis agreed with the
test date within 0.2g for all the gust-gradient condi-
tions (table II, columns 3 and 6). It is interesting to
note that the load factor increments caused by pitch an-
gle reversed in sign for the 3.7-foot gust-gradient con-
‘@ition. 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 p01nted out
that the maximum accelaration. 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 effortto errive at better. agreement, calcula-
tions were made using the net wing area and Jones! un-
steady-1lift functions for finite aspect ratio. Although
the total acceleration increments for the conditions of
- the sharp-edgs 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
II, columns 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 sitrict solution, but there were in-
dications that the load-factor increments would increase
by a2 small amount.


http://www.abbottaerospace.com/technical-library

16 N.A.C.A. Technical Note No. 758

From the consistency of the agreement of the derived
with the experimental resulis, the analysis using the ret
wing area and the unsteady-1ift functioms for infinite
aspect ratio was chosen as being the best present solution
for the load-factor increments of this particular canard
alrplane. Although a detailed comparison of the pitch-
angle increment curves 1s not warranted because of the
limitations impesed by the precision and the teat 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 casse.

The approximate analysis for this canard airplane is
felt to be sufficiently accurate. Future tsests on differ-
ent types and arrangements of airplanes may, however,
bring ouwt a need for an analysis to cover other factors
that would not be amemnable to the procedure followed 1n
this paper.

Figure 11 shows a comparison of the results of ua-
published tests on an equivalent model of the Boelng B~247
airplane with analytical results based on reference 1. T A
comparison of these experimental results with those for
the canard model (fig. 8) showe that, in all cases, the
acceleration increment on the Boeing model has a lower
value. This result apparently indicataes 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 givos
directly the load factor on the wing but that the analysils
developed in this paper for the canard modsl glves a total
acceleration increment, which is the sum of both the sta-
bilizer and the wing loads. A4 comparison of the values in
column 3 of table II and in figure 11 shows thet the asro-
dynamic loads on the wings of the two models are approxi-
mately the same but, when the resultant acceleration 1in-
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 bo-
ing such that there is-no downwash effect from the wing
on- the stabilizer, it is felt that the design of this type
of alrplene, particularly in the nonacrebatic category,
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should ineclude an investigation of the gust-~load factor
on the horizontal stabilizer. The procedure wused in thie
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 whols.

' CONCLUDING REMARKS

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

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

2. The gust loads on the stabilizer of a canard air-
Plane may be of -importance..

3. The pitching motion should not-be néglected when
the gust-load factors on a canard alrplane 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-
loCity.

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

l. The determination of the effective chord lengths
and surfaoce areas for use ln problems of un-
steady flow.

2. The determination of the effect ¢f a gust on the.
gstability of an alrplane.

3. The deternination of the effect of pitchlng motion
when an airplane enters a gust.
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4. The determination of the criticel gust loads on
the stabilizer of a canard airplane.

Langley Memorial Aeronautical Labdoratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Marck 14, 1940,
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Table I
Characteristics of the Canard Model

Model Hypothuetilcal

alrplene

Welght, 1b « « ¢« ¢ ¢ ¢« + « ¢ & + &« + o« «.1.301 13,650
Gross wing area, sq ft . . « « « ¢+ . o+ . 1,445 836
Mean geometric chord based on the

gross wing area, ft . « « 4« o ¢ « o« o« 0,470 _11.3
Net w#wing area, sq £+ . . . . + « . . . . 1.302 -
Mean geometric chord based on net

wing area, ft . . « ¢« « « + « « .+ .+ . 0,422 -
Slope of wing lift curve, per radian . . 4.5 ) 4.47 )
Natural wing period, ssec s e v e e e . . 0,017 -
Stabilizer area, sq ft « . + « +» « « . « 0,257 148,.5
Mean geometric stabilizor chord, ft . . 0,242 5.8
Slope of stabilizer 1ift curve, per )

radian .+ .« ¢ ¢ v 6 e e v 0 e e e . o« 4.0 4,0

Moment of inertia, mky?, slug-ft® . . . 0.00790 247,000
Gust velocity, fps « + « o« « + ¢« « o« + o 6.5 31.9

Forward velocity, mph .. . « . . « . . 40.9 200
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Table II
Values of Load-Factor Increments {in g units) from
Summary of Analysis of Canard Model
load~- Gross wing area Net wing area Current |Exper~
factor (Sy = 1.445 sq £%,|(Sy = 1.302 sq ft,|method of| imen-
incre- cw = 0.470 f1) cw = 0.422 ft) analysis*| tal
ment  |Using unsteady-lift functions for ]
A=o| A=26 | A = | 4 =6 ‘ A = o
For Sharp-Bdge Gust
Anoy 1.90 2.16 1.85 1.92 - -
Anpy, -.21 -.29 -.24 -.20 - -
Angy, - - - - - -
Anqw #'7 — . - - - -
Ahwiotal 1.69 1.87 1.61 1.72 1.58 -
Angg 0.35 0.37 0.35 0.37 - -
Anpg -.04 -.05 -.05 -.04 - -
ing - - - - - -
iy 4| T | - : S R O
Anstotal 0.31 0.32 0.30 0.33 - -
At otal 2.00 2.19 1.91 2.05 1.58 2.03
For 3.7-Toot CGredient Gust . -
bno,, 2.00 2.07 1.88 1.87 - -
Anm,, -.62 ~.57 -.55 -.51 - -
Ang -.03 -.20 .25 .23 - -
An gy -.07 -.11 -.03 -.02 - -
Alwiogar | 1.28 1.19 1.55 1.57 1.47 -
Angg 0.35 0.36 0.35 0.36 - -
Anp g -.11 -.09 -.10 -.09 - -
Ang -.01 -.04 .04 .04 - -
Ongg .03 .06 .02 .01 - -
Ansiotal C.26 0.29 0.31 C.32 - -
Angotal 1.54 1.48 1.86 i 1.89 1.47 2.11
For 8.2~Fcot Gradient Gust
AnoW 1.70 1.85 1.58 1.65 - -
Anp, -.69 -.73 -.61 -.67 - -
Ang ., -.21 - -.04 -.42 - -
Angy, -.086 - -.04 -.09 - -
Ayiotal 0.74 - 0.89 0.47 1.32 -
Anog .34 0.35 0.33 0.31 - -
Anpg ~-.12 -.12 -.11 v=.12 - -
Ang o -.04 - -.01 -.08 - -
Angg .03 - .02 .05 - -
Ansiotal 0.21 - 0.23 0.16 - -
Aniotal 0.95 - 1.12 0.63 1.32 1.35

*Reference 1.
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Fig. 1

Figure 1.- Camard airplane medel.
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Figure 2.- Line drawing of canard airplane model,
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Distance from center line, in.

Figure 3.- Wing-deflection curwe. Load factor, 1,54
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Figure 1ll.- Comparison of experiment and analysis, Boeing B-247
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