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REPORT NO. 70.

PRELIMINARY REPORT ON FREE FLIGHT TESTS.

By EDWARDP. WAENEBand F. H. Norsrcw.

DESCRIPTION OF AIRPLANE EMPLOYED.

In a series of tests which have been made by the advisory committee’s staff at Langley
Field during the summer of 1919 with the objects of determining the characteristics of airplanes
in flight and the extent to which the actual characteristics difler from those predicted from
tests on models in the wind tunneI, md of studying the balance of the machines and the fore=
whioh must be applied to the controls in order to maintain Longitudinal equilibrimq two air-
pla.ms have been employed. Both are advanced training machines of the JN4H type and
both are equipped with Hispanc+uiza 150 horsepower engines, but they are somewhat differ-
ent in structural details. The most important differences in conneotioti with the aerodynamic
characteristics of the airplanes are the use of an oil radiator suspended below the body and a
reserve gasoline tank mounted in the center section of the upper wing on one of the machines, .
these accessories being lacking on the other. The machine carrying the oil radiator and the
reserve tank will be referred to in this report as No. 1, the other as No. 2. In addition to the
differences just noted, airplane No. 1 had the aluminum doors in the sides of the body, just
forward of the wing~, removed in order to permit of a freer flow of air though the radiator
and past the engine, while No. 2 was flown with these doors in place. No cowling over the
upper part of the engine was used on either machine, this being freely exposed to the air in
order to dissipate as much heat as possible directly tQ the slip stream as it passed over the cyl-

.-

—.

inder heads. - Despite all precautionary measure- adopted to prevent overheating, great d%-
culty was experienced in keeping the engine cool during the summer, and it was seldom possible
to climb with the throttle fully open for more thau a few minutes without raising the water
temperature dangerously near the boding point. ●

The two maohines used are shown in figure 1, and general arrangement drawings of the “
JN4H are given in figure 2. The more important areas and the weights are tabuIated below:

Arm?. Squ8rafeet.

Uppmtin pkne, tidu@~~oM ------------------------------------------------- 20S.0

~afiphe ------------------------------------------------------------------- 150.0

Merom(titi)---------------------------------------------------------------------- 84.6
Shbfiw ---------------------------------------------------------------------------- 28.5
Ekm@m---------------------------------------------------------------------------- 21.8
fi--------------------------------------------------------------------------------- 3.7
Ruddw . . ---------------------------------------------------------------------------- 1L8

weights. PourIds.

.@lane No.l. tm~md*tir fiU. a=ti~p& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,906
@he No.2. ta~mdtitir kU..timpky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,844

‘I’he diflereuce in might is due to the larger amount of gasoline and oil carried by No. I
. and to the extra tad and oil radiator provided on that machine.

The propelkm used on the two maotim were nofially exactly dike, both being made
from the &r Service’s design No. 13,279, having a ditieter of 8 feet 6 inohea, and being de-
signed for an effective pitch of 5.22 feet. Actually they were quite different, the propeller
wbioh was used on maahine No. 2 h most of the work having warped so that the pitch was
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8 ANNUAL REPORT NATIONAL ADVISORY COMMITTltE FOR AERONAUTIC%.

considerably less than it was sup>-osedto be. The other propeller choked extremely well with
the drawings, the mean blade angles for the two blades being oorrect within 00.1 at all radii
except within three inches of the tip, where the angle of setting was too large by 0°.35. The
effect which this difference between the two propellers had on the results of the teste MiU
be dimussed elsewhere.

The most important factor from an aerodynamic standpoint is, of course, the type, form
and arrangement of the main supporting surfaces. The wing section was accordingly chmkod
up by direct measurement at several points on each machine, a frame being used which encircled
the wing and provided base lima for measuring tho cambers on both the upper and the lower

Jo, b , , ,

-. — #ewnmhgwf.& of2./N4ffe~
—
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surfaces. The section employed was nominalIy an Eiffel 36. Actually it varied from that
curve by having a smaller camber on both surfacw The maximum discrepancy between the
EMel 36 and the mean wing section for the two machinea was 0.006 of the chord, or approx-
imately three-eighths inch on the upper surface, and a yery little less on the lower surface.
The actual curve on the upper surface was considerably smoother than that of the Eiffel 36,
the latter section having a rather abrupt ohange of curvature one-third of the way back from
the leading edge, The mean section for the actual wings and the Eiffel 36 are plotted in Iigure

I’%4N Wmisrc?zwwdw
FIGURE 4,

3 with the ordinates very much exaggerated, such distortion of the plot making it easy to de-
teot any unfairness of the ourv~ or any difference between them. The true form of the SW-

tion used is given in figure 4.
The dift’erencebetween the mean sections for the two machines was negligible, being less

than 0.002 of the chord at every point, and IENSthan QJO1 at most points. Airpl~e No. 2
had a smaller camber than No. I on th6 whole upper surface and on the larger part of the lower
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one. Although the difleremcgshappened to counterbalance each other so that the mean see- ●

tions were nearly identical, the extreme divergencies between the cambers at corresponding
points on the differeut wings were by no means negligible. For example, the ordinates for one _.
lower wing on No. 2 were uniformly greater than those for the other lower wing on the same
machine, the difference sometimes amounting to as much as O.OO4of the ohord. It is improb-
able that wings can be manufactured by ordinary production methods with a greater uniformity
of section than that found in these two machinw, and, even if they could be made origirdly
with greater accuraoy, wooden ribs will not hold their curvature &xactly when submitted to
varying climatic conditions. Wiid tunnel e.sperimenti indicate that the efiect of changing
the camber of an aerofoil by 0.004 of the chord is seldom serious, so long as the surface retains
a smooth curvature, ~~cept in very thick sections such as me used in propeller blades and in
internally braced airplanes such as the Fokker biplane and triplane. It appeam to be fair to
assume that the differences in section among the Winb=used on these machines wiIl have no
effect on their characteristics and that the mean section, as shown in figure 3, can be assumed
to exist at all points.

~:.

The discrepancy between the actual form of the wing section a!ud the curve on which it
was supposed to be based points a dual leason. In the fit place, it draws attention to the
need of making wind-tunnel models to repr~t the airplane as it is actually built, or to be
built, not merely according to specification wtich the shop may find itself quite unable to
follow. It is of little use to construct model aemfofi accurate to within 0.002 inch if the full-
sized wing which they represent departs by ss mu~ ss tkee-eighths of an inch from the section
which it is supposed to follow. Secondly, these measurements should serve to remind experi-
menters engaged in the design of wing se.ctiowof. the futility of draw@ forms which it is impos-
sible to construct by ordinary methods. For instance, no airplane wing is constructed with the
upper and lower surfaces x out utd they titemect b a perfectly sharp trailing edge.
Indeed, it is practically impossible to co~tict a model aerofoil for the wind tunnel with such
a trailing edge, yet aerofoile are repdatcdly drawn UP in such forma. The result is that the
model maker exercises his own judgment ss to the e~tent to which the trailbg edge shotid
be rounded over, the airplane builder introduces a strip of wood or of steel tube for a trailing
edge, and the drawing, the model Wd the ffi-sized W@ we I~elY ~timatek ~ be of the
quite Merent forms.

In the TN4H, the *t line is pmallel to the top longerona and the stabilizer, which is
fiat on its lower surface, lies directly on the lo~ro~. A detailed discussion of the actual
form and sett~~ of the tail surfaces is of bterest primarily in connection with the longi-
tudinal balance of the machine, ~d it Id be reserved for treatment in connection with that
subject. The wings are nofilly W at SR wle of Z“ to the top longerons, but the mean
angle of incidence in both of the machines used in this work was somewhat greater than that,
being 2°.25 in No. 1 and 20.4 in No. 2. The variation of incidence along the wing, due to
WfW@R& to sligh~~ ~d to Me droop provided in the left wing to balance
the propeller torque, was about 0“.3.” The ailerons were rigged as nmrly as possible to form
a continuation of the upper w@) so that) when the stick was @ntered, the angles of incidence
of the portiona of the upper tig w~ch carries the aflerom were WY nearly the same as for
the inner part of the wings. &@l change in the riggirw of the ailerons when in the neutral
position has a marked effect on the lift and drag coefficients of the wings.

CALIBRATIONW INS’J!RUMENTS.

The first step in the mati of SRYtests is ne~=~y a study of the accuracy and a deter-
mination of the calibration curves of the tit’ruments employed. The standard instruments,
~d iUELIItests, are the altimeter, the tachometer; and the air-speed meter. The altimeter can
readily be calibrated in the laboratory under a bell jar. Since the.altimeter was used, in moat of
these experiments, only for det=~%~ the de~ity mrr~ction, and since most of the work was
carried out at less than 4,oo0 feet altitude) the petilble per~ntage error in altitude detmnina-

144189-*2
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● tion was quite hbrge. h error of 130feet in the altimeter retiing, or more thW 4 per cent at 3,000
feet, affects the clensitydetermination by only one-half per”cent. The eflect of such minor factors
as the deerease of static pressure in the cockpit, due to the slip-stream ve~ocity, can therefore
be neglected. It is usually possible, at the time of calibrating the altimeter, to adjust the
instrument so. that the errors ww negligible .in such work.* this at altitudes of lms than 4,OOO
feet, and the scale readings can therefore be used directly without resort to a calibration curve.

The tachometers used were made by the Van Sicklen Co., and were of the chronornetri.c
type. No calibration .of these instrument wgs adjudged necessary, m the readings of the
instrument in the front and mar che.ckedj and as a ckrornometric tachometer can genmdly
be counted on to give readings very nearly oormct so long se it. gives any readings at-all. If
anything goes wrong the instrument usually stops reoordin~ entirely.

The calibration of the air<peed meters presents a muchlmore serious problem than dots that
of either of the instruments just discussed, for several reasons. There are several possiblo
sources of error in theair-speed determination. In the &at place, the meter itself may be
in error initially or may go wrong after some use. Errors_of this type can b~ determined by
calibration of the meter in a wind tunnel, In the secc@ place, ”the pitot or venturi tube - ._ “” “-
used for measuring the velooity head being located close to the machine and in air disturbed
by the passage of the wings the velocity of the air past this tube is, in general, different from
the velocity of the airplanerelative to the undisturbed air. Pcmexample, the vortex theory of sus-
tantation declares that-there is, superposed on the rectiline~ flow of air relative to tho wing, a’
cyclic flow around the wing, so- that the relative air speed above the wing”is higher, and that--
below the wing lower, than the speed through undisturbed air. An air-speed meter having

. .

its head plaoed close ab-ove the wing would thergfore give too high a reading, no matter how
.-

closeIy the instrument might have calibrated in the Iaboyatory. Finally, the air-speed meter
will not give a perfectiy correct readkg if the axis of the head is not parallel ta the relative
wind direction at that potiti-~clfiation of the head to the relative wind results from the
diversion of the air flow by interference, a diversioq which extends to a ccmsiderabIe dist~ee
forward of the wings, and also from the changing attitude of an air-speed meter head tied
in the machine as the angle of atbaok is altered.

Sinoe practically all free-flight tasting requires the determination of the air spwd from a
meter the accuracy of that instrument is of great importance. In the determination of lift ‘
coeflioients, for example, an error of one-half mile an hour in the measurement of the air
speed at its mean value (about 65 miles per hour for the JN4H) has asbad an effect on the final
result as would an error of 400 feet in the altitude determination. It is essential, therefore,
that the instrument be calibrated in pke on the ~lang _and that the mlibration be repeated
at intervals to guard against changes in the meter.

The air-speed mekrs used in these teste were Bristol instruments. They were graduated
with a division at each mile, but the soale was uniform.enough and open enough so that it was
easy to estimate the reading to half a mile an hour. The heads were pitot-venturi t bes

!of the standard Army type, and were mounted on the left inner forward interplane strutj a out
18 inches above the lower wing. The inner strut is pref~able to the outer one because of the

.-

smaller length of tubing required to make connection to the meter and also because the flow
of air at the inner strut is more pearly parallel to the plane of s~etry of the airplane, the
relative air velocity at the outer strut having a considerable component parallel to the Y axis, %
which would cause the air to strike the tubes’ obliquely and so give false indications.

8

There are two classes of methods used for @ibrat@g air-speed meters in “position. The
fim”t,much used by the British, involves the use of a oamera obscura for the determination of
speed over the ground. The speed with which the image of the airplane orosses the iield of
view oan be measured with great aoouracj, but the ground speed for a given rate of trayel of
the image is directly proportional to the altitude, and the altitude must therefore be determined
within one-half per cent or better, an aoeuracy beyond the reaoh of any altimetar. The altitude
can best be determined by” the use of a seoond camera obscura or of a theodolite in conjunction
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with one camera obscura, the vertical angles of the plane as seen from two different points at
the instant when it crows a line connecting those two points giving the necessary data for
computing the altitude. The eilect of the wind can be determined and corrected for either
by measuring the velocity of a puff of smoke fired from the airplane or by flying across the
field of view in three dtierent directions, one after the other, and measuring the ground speed
in each direction. There is only one camera obscura at Langley Field, and it was not deemed
advisable to secure another. The camera obscura therefore has not been used for calibrating
the air-speed meters in these tests.

The second method, and the one so far used in the work of the National Advisory Commi&
tee, is simpler and more direct, requirhg only the timing of the airplane over a measured course.
The coume laid off at Langley Field is 5,600 feet long, and two horizontal wires, one directIy
above the other hnd about 3 feet apart, are carried on poles at each end. One of these observ-
ing stations is shown in figure 5. The airplane was flown over the course at an altitude of from
200 to 1,000 feet, the higher altitudes generally being used at the lowgm speeds, where there ~

was some danger of stalling or side slipping or starting a spin. The pilot kept the speed as

..nearly constant as possible and the observer recorded the air-speed meter read@g every 5
seconds. Two or three runs w~e made b each direction at each speed, the speeds at which

— the “meterwas”calibrated being spaced about 5 miles per hour from the maximum down to the
minimum. The ground speed of each run is determined by observers at the ends of the course,
the two stations being in telephonic communication. The effect of tha wind is eliminated,
assuming that its direction and velocity do not change between runs, by computing the mean air
speed fpr successive rune made approximately at the same speed and plotting it against the
mean ground speed for the same runs. This method is much more satisfactory, when the
pilot is-&llful &ough to make his runs-at
air speeds very nearly uniform and close
to the desired speeds, than any attempt
to me~ure the component of wind velocity
along the course and correct each run
for the eflect of that component, se both
direction and velocity of the wind are so
subject to change with altitude that meae-
urementa within 60 feet of the ground give

“ little information as b the conditions exist-
ing at three or four hundred feet. If the
wind is blowing across the speed course, or
at an angle h it, the machine should be kept
pointed along the course and allowed to drift
rather than being headed into the wind in
such a way that the path over the ground
till be parallel to the course. The right and
wrong methods are shown in figures 6B and
6b, where W is the vectar representing wind
velocity, A the air speed, and G the resultant
speed over the ground. In @ure 6b the air
speed is greater than the component of

w

A

v

G

(a)”

w

\

A

(b)

G

CORRECT ANDIWDRRMI’WAYS
OF HEADINGMACHINEON SPEED COURSE

Fmum 6.

~ound speed parallel to the course, in whichever direction flown, and the timing over the ground
of a machine flown in this manner wotid therefore give too low a mean true swed. IU
figure 6a, on the other hand, the two quantit@s jugj mentioned are exactly equal. “

The calibration curves found ~ tfi way for the meters in the rear cdrpita of the two
machines are plotted in iigure 7. It will be observed that they follow the same general form,
the relative displacement between the two c~es probably being due to an error in one of the
instrument. It might be expectid that the me~ would read low at very low speeds, and
large angles ,of attack, due to the inclination of ~ head to the relative wind, but it actually
appears ta read high. This result has been ob~med k tests on both airphmws, and there is

b
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little doubt of its accuracy, although the error in calibration at low speeds is greater than that
at high, both because the efle.ct of wind variations is

FIGURE i’.

more marked at low speeds and because
it- is difEcult for the pilot to hold a
@iiglit coiirse over the ground while

—.. —

flying at large angles of attack. ,In
@ure 8 the corrections to be applied to
the.air-speed meter reading are plotted
against indicated speed, these curves
seining ta give a clearer idea of the ex-
tent of the errors involved in the direct

-—-

application of uncorrected meter read-
ings than do those of figure 7.
~-=-When task are made at high alti-

tudes, where the difference between
‘the indicated and true air speeds is
large, the meter calibration correction
should be applied to the indicated. .

speed first, and the result thus obtained should be multiplied by the density correction to give
the true speed. This order of procedure
is necwswy because the flow of air about
the wings, and therefore the intarfer-
euce, effect on the instrument readings,
depends on the indicated, not the true,.
air speed.. The meter calibration curve.
varies somewhat with changes in the
loading of the machine, w such changes -.

alter the relation between the angle
of attack and the indicatOd speed,
but the effect of any ordinary vM%- .—..

tiom in flying load is too small to be
taken into account.

*-**MY
~ltiw 8.

--

DETERMINATIONOF LIFTANDDRAGCOEHKXMWS: METHODSEMPLOYED.

It-is very desirable that data be obtained on the Iiftmnd drag in free flight of full-sized air-
planes and parts thereof, in order that the designer may gain some know-ledgeas to the correc-
tions to be applied to wind-tunnel results and as to the extent to which those results can be
trusted. The problem is an extremely WEcult one for many reasom, some of which will be dis-
cussed in detail later on in this report, and the work which has so far been done leaves much that
is uncertain and many questions the solution of which can not even be attempted until new
types of instruments and more accurate experimental methds have been devised.

There are three methods which have been suggested and employed to some extent for find-
ing the lift in fight. The first two permit of the detgrrnhiation of the lift of separate parts (ii
particular, the wings), while the third, the simplest, agd Me only one which has been used in the
work done at Langley Fkld, givw only the lift coefficient-i~~orthe airplane is a w“holci,-- The fit+
and most obvious of these methods proposm the measurement of the lift of any part by the:.:.
interposition of weighing devices between that part and_the remainder of the airplane. For.
example, tha wing hinges might be attached to the .b~dy through the medium of .sprin~,
There has been a great deal of discussion of the possibilities of this method, but the mechanical.
difficulties are considerable, and not much actual work has been done. The second method,
depends on the measurement of the pressure at a large n~ber of points on the surfaco of. the
wings (and, if desired, on the tail of the body) and the ..determination of the tdal lift by the
integration of three pressures over the whole surface. This has been used to some extent
in England, and similar work is planned for Langley Field during the coming. year. The pres-
sures can be measured, once the apparattisis satisfactorily constructed, with great ease and accu-
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racy, and the only errors to which the method is subject are those inherent in d free-fight
measurements.

The third method is, as was just noted, the simpkst., in that it requires tha least special.

apparatus. ln the equation L= L=x ~ x V’ it is know-u that L is equal to the weight of the ma-

chine -when the tlight path is horizontal, and that it departs only very slightly from that.figure .
for any ordinary inckation of the path (short of a steep dive). Since p can be computed from
measurements of the pressure and temperatuiw, the determination of Lo requires oral-ythe meas-
urement of V. As a matter of fact, since the air-speed meter records not the true speed but the
product of V x fipc., the term p/g can be eliminated by the substitution of indicated for true air
speed, and the equation above can be written:

L =LOCWI
Where C is a correction constant taking into account the gravity constant g and the conversion
factor changing Vi from miles per hours to feet per second. Although a small part of the lift~
due to the body and the tail surfaces ha-vea substantial effect at some angles, it is convenient to
divide the lift by the wing mea and smite.the above equation in the form

L =L&AV’i
With a good meter and carefti calibration the air speed can certainly be determined with an
error of leas than 1 mile per hour and probably less than + mfle per hour, and the lift coefficient
at any given instant during a flight can therefore be computed very accurately. In substitut- .
ing for L in the characteristic equation, allowance has to be made for the proagrassivediminu-
tion of weight by the consumption of fuel and for the direct ba]ancing of part of the weight
of the machine by the vertical component of the propeller thrust.

.& Since the lift coefficient is a function of angle of attuck, it is of very Iittle use to compute the
value of the coefficient at any instant during a flight unless thisangle at the same instant. is
known, and it is in the determination of this angle that the greatest difficulties arise. The conven-
tional typo of “incidence indicator,” embodying a pivoted vane and two Pitot tubes at a consider-
able an@e to each other or a sphere pierced with two holes, is useless unless some other means is
employed to calibrate it in position, as the instrument has to be placed in air disturbed by the.
passage of the airplane, and the motion of the instrument relative to this disturbed air, as already
noted in connection with the calibration of the air-speed meters, may be of quite a Wferent
nature from ita motion relative to the air at a great distance. The disturbance of the airby the
wings extends to so great a distance (three or four chord lengths) in front of the leading edge
that it is impracticable to carry the incidence indicator far enough forward entirely to escape
this disturbance.

Since the angjleof attack is the inclination of the wings to the relative $zind, it is equal to
the &t7erencebetween the inclination of the wings to any tied reference plane and the inclination
of the relative wind to the same plane. In particular, the angle of attack can be determined if
instruments are available which will give tie anglas between any line fixed in the airplane
and the horizontal and between the relative tid and the horizontal. ‘I’he &st of the these angles
is given, provided that the machine is in steady rectilinear flight, by a liquid longitudinal &
clinometer. The second can not readily be determined directly, but the inclination of the flight
path to the horizontal is given by a rate-of-~b meta in conjunction with ti air-speed meter,
and this is equivalent to the inclination of the relative tid if the movement of the air is
exactly horizontal. In the particular case where the f@ht path is level the rate-of-climb meter
can be replaced by a statoscqpe. . The Lmgest error in the determination of angle of attack by
this method arises from the assumption that tie h moves onIy horimntdly. An ascentig
current having a velocity of ody 1 foot per second ch~gea tie angle of attack, for a given
attitude of the machine relative to the emth~ by nearly 0“.7 at -~ air speed of 60 miles per
hour. This is a very gentle ascending current, and it will be&own later that vertical cmen~ v
which have actually been encountered d~g these eqe~ents have affected the apparent angle
of attack by more than 1°.

The statoscope used is showm in figure 9. The tube was kept separate from the vacuum
flask, instead of mounting both.in one “c~e M is Cushmmy, in order that the flask might be

.- —

. . ..
-.

. . ..—

—

—

.-—
.-—

—
.. -—. _



14 ANIVUAL REPORT NATIO.NAL ADVISORY COMMITTEE FOR AERONAUTICS.

placed behind the instrument board and the space occupied on the board be kept down to a
minimum. The uw of the statoscope mak= it practicable to keep the mean rato of climb or
descent down to 20 feet per minute except at very large angles of attack, and a rtito of climb
of 20 feet per minute affeck the angle of attack at 60 m-ilesper hour by less than 0°.25.

The ordinary commercial type of longitudinal inclinometer proved yne.atisfactory, first,
because the scale was not open enough to permit the angles to be read m closely as was dcsi;ed,
and, second, because the face of the ~tm?wt.wm perp~dic~ar to the ins~ment board. The
observer’s eye being weIl above the board, the observer looked down on top of the meniscus and
across it at the scale behind, ~nd the par~lax emor WM large. h instrument was designed to

obviate these difl-lcultiea,and is shown =embled in %gure 10. Figure 11 illustrates the tube
removed from the case. The front tube and scale make ~n angle of 20° with, the surface whluh . . .
rests against the instrument bonrd. The pumn distance hatween the two surfaces of the column
of liquid is 8 inches The scale is ditid.ed in degress, the divisions being roughly one-eighth
inch apart, and it is easy to estimate to 00.1. The l@id is a mixture of glycerin nnd alcohol,
colored with red ink. The damping of oscillations depends on the viscosity of the liquid, and
this can be controlled by va~g the PrOPOrtiOnSOf alcohol and Wcefin. The ~ube iS ~on-
stricted at one point to increase the damping. Paral@x_ \Y_as,avokhyi by mounting a mirror
beside the instruent, the observer brin@ng tie reflection of his eye in line with the meniscus.

It unfortunately has not been po=lble to base the measurements of the drag entirely on
datti obtained. k. flight, as no mtiefacto~ mea~ of measuring the propeller thrust is available
as yet. It is therefore necessary to rely on a wind .tuunel test for the propeller characteristics.
A partial check can be obtfied on the ad tu~el results by measuring the slip-stream veloc-
ity, as describe& in a@her e.wtic!nof tie rePort. Knoving the revolutions pm minute and
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the true. air-speed, the valu~ of ~, the pro-.- . . . . ...
peller slip function, can be computed, and the
thrust mn then he determined from a curm

The equation for thrust is:of T= against &~

pv~ .Since, as in the case of the lift ~ IS equal to

V?, thismay be written:

T“=TOx CxV/
where C is ,a constant including correction
factors for units and ?’, which is constant for
a given propeller. A modd of the propellers
used has been &ted at the Lelamd Stm-
ford Jr. wind tunnel, am-i the curves of TO
and efficiency are reproduced in figure 12.
Plot&g th? thryst a~.t the angle of attack,
and divi&g the titd lift by the horizontal
component of. thrust, a curve of L/D can be
obtained.

%rioua as are the errors which ascending
and descendi@ currents produce in the lift
curve, they are trifling compared with those

which appear in the thrust computations, due h“ the same cm& +k inclination of
the relative wind has the effect of robting through a corresponding angle the fixes of.
lift and drag, so that the drag of the airplane is op~ed not only by the thrust-but also
by a component of the weight. An ascending ciwrent $ving &vqlocity of 1 foot per second
diminished the thrust required for level fight by 9 per cent if the L/D for the complete air-
plane is 8 and the machine is flying at 60 miles per hour. The error is diredy proportional to



FIG. 5.—SPEED COURSE OBSERVATION STATION.
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FIG. 13,-COCKPIT AND INSTRUMENT BOARD OF NO. 1.
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the velocity of the vertical current and to the L/l) ratio, inversely proportional to the speed of
~ht. If the rising current had a vertical velocity of 11 feet per second, the air speed and L/l)
being the”same as before, no thrust would be required and the machine would soar without
engine power. Such current.aas this seldom if ever exist, but rising and falling currenk of
smaller velocitk are ahnost omnipresent. They account for many seemingly wild results in
this and other similar -work,and the only way to eliminate their effects is to run a great number
of tests of the same sort, under all light and weather conditions and over as many different types
of terrain as possible, and then average the results.

Figure 13 shows the instrument board in the observer’s cockpit of No. 1, with inclinometer,
air-speed meter, altimeter, and tachometer installed. The altimeter does not appear in this
photograph, being hidden behind the coding at the right. The arrangement ti No. 2 is practi-
cally the same.

The tests were carried out at.altitudes varying from 1,500 to 4,OOOfeat. It was not con-
sidered safe, in view of the danger of falling into a spin when flying at large anglw and of the .
possibility of a forced landing, to work below the former altitude. The altitude chosen on any
particular day depends chiefly on air conditions, the climb being continued far enough to escape
the “bumps” frequently found near the ground. Each “run” continued for from 1 to 2 rein-
utes, the pilot being instructed to fly level (using the statoscope to detect changa in nltitude)
and at a constant air speed during that period. The observer read and recorded the readings of

-.

the air-speed meter, the inclinometer and the tachometer every 10 seconds, and noted the altim- ,
eter reading and the air temperature at the beginni~m of each run. The pilot’s task was a
very difficult one, for he had constantly to watch the statoscope and air-speed meter, in ad-

,..

dition to holding the machine steady laterally and watching out for other airplanes. Besides

8 all this, when flying over the speed course to calibrate the meter the piIot had to steer a straight
course over the ground between the two observing stations. Test flying ‘laa very highly special-
ized branch of work, the difficulties of which are not generally appreciated, and there is no type
of flying in which a diilerence between the abilities of pilots thoroughly competint in ordinary
flying becomes more quicldy apparent. Most of t.&epiloting for. the committee has been done

~ byl&.lZ- en and Lieut. H. lf. Cronk, but seven other pilots have been me-d on one or more
occasions. .

In order to determine,the minimum speed in steady flight and to secure data for comparison
with wind tunnel tests over the whole range of angles customarily covered by the latter, it was
necessa~ to fly horizontally at an angle at least equal to the angle of ma&nti lift and as much
larger as possible. !l%e procedure in attain& thee high angles was to ~ottle the engine to
the lo-west speed at which level flight cotid be ~~~ined, and hen open tie ~ttle WadUR~Y)

..—.

dra=w@ the stick back at the same time. The airplane can th~ be flown level in a very badly
stdkd condition, the action of the Iongituhl controk bti revem~. C. e-j if tie ma~e “is.
losing @tude it is necesswy to deer-e the angle of attack, pushing the stick forward, in order
to ascend). Furthermore, the airplane is very unstable laterally at angles in excess of 12° or
13°, and it is prone to fall off inti side slips. hfost pilots, in trying to fly at extremely high
angles for the fit time, are unable to keep the machine in equilibrium for more than a few
seconds. One of the pilots flying for the committee, after considerable practice, became very
skillful in this work and found it poseible, given favorable weather conditions, to maintain
steady level flight for an inddnite period with the throttle wide open and the machine stalled
to an angle of attack of 18° or a little more. The ailerons alone are very ineffective in main-
taining lateraI stability at large angles, as any raising of one aileron gr~tly diminishes the drag
on that portion of the wing, whiIe drawirg down the ofiher aileron correspondingly increases the
drag there. The result is hat a large yawing moment, nearly if not quite sticitit to overcome

.—.

the eflect of the rolling moment due to the ailerons, is produced and tends to force the machiie
into a spin. It is necessary constantly to use the rudder in conjunction with the aibrons to a
considerably larger extent than is necessary at normal angles.
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RESULTS OF THETESTSFORLIF1’COEFFICIENTS.

A number of tests (about 10) were made on each airplane. Some of these have not ~een
plotted up or included in the averages, either because they wem not extended over a large
enough range ,of argles or because they c_ont@ged rg@@_wk@ wcge self-gogtradictory or be-
cause it was fouild, when an attempt was made to work them up, that assentiald~ta were lack-
ing. In selecting tests @ be incorporated in the ml .Id@atiog no. attempt was made to pick
those which would check well with each other, and the rewdte were not even compared until the
fial choice had been made and the computations completed. In order to hdicate tie degreo

of consistency obtained among the various factors on s.uccessivo observations in one. typical
flight, the angle of attack, M determined by the i.rwlinorgeter,is plotted against the indicated
air speed in figuro 14. Ae already noted, observations on the two instruments wero taken

evmv 10 seconds, nnd each
pair-of readings ‘is plotted
asa separatbpoint. Where
two or more readings corre-
sponded to exactly the same
point the fact is indicated by
the proper number of con-
centric circles. Thero m-e
about 50 points represented
in figure 14, yet there are
only two or three which do-
part from a smooth curve by
more than one-half degree.

Figgre 15gives thecurve
of L. against mgle for No.
2, with all the pointi com-
puted from four tests
marked. At angles of at-
tack up to 10° the agreement
amorg the four curve9 is
fully as good as would be
expected for a like number
of wind-tunnel tesk on the
same m~dgl. Beyond that
a&le th~y begin to diverge,

,,. but three of the four sets ofi,, FIGUEE 14.
-.. ;~.. ,,.. points stay close together

throughout. The very large discrepancy between these three and the fourth at lmgeangles may bo
explained by thefailure .of the pilot in the July 30 test to hold the path level. In seeking to fly
at the lowwt possible speed, he probably alIowed the machine b settle or ( ‘pancfike, ” so that-
the true lift WM less than the weight of the airplane.

The mean lift curves for No. 1’and No: 2 are brought togeth& ~ figure 16. The difference
between the two is unfortunately not so sm.o as that between the curves fo~+th: va~u-~
a%@6”rn=e, and the reason for”@ie discrepancy 1snot ~pparent. The dtierencc between
~wo-ma-chines certainly is not great enough to account for it, di%ough the reserve tank in
the upper wing of No. l-~mht affect the lift by a small rtmount. However, even if the differ-
ence between the two lift curves be regarded as wholly due to error in the e.xperimenta,the two
are nearly enough alike .ta indicate the general form of the curve and to permit of interesting
deductions.

.-
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The most importapt re@t that can be drawn from su@ w,orkas this relates to the ~mnpari-
son between free-flight aid wind-tunnel results. It has not been possible m yet tQ have an

“accurate model of the nT4H made up for wind-tunnel test, but a great deal of work has been done
on the JN21, and this can be used as a basis of comparison. The.~T2 has .an Eiffel 36 ~-eec-
tion, like the ~T4H, but it difFersfrom the latter in that its win&are of equal span and in a mm- _

.-

ber of other details. The ~T2 has a larger down load on the tail than has the 4H, as will be
- .-..—

shown in connection with the discussion of balance, and the actual lift of tie wings must there-
fore be greater. It would then be expected, other. things being equal, that the lift coeffickinta

—-

here computed, which ignore the trd load entirely, would be: a.little smaller for the 2. than for
.

the 4H, but the diderence would hardly exceed 3 per cent. .,
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The lift coeilkient for the JNz model and the&& eoe&&nt fo;’tie two f~=.math’&s
are given in figure 17. ‘llhe coefficients for the raodel,.like those for the full-sized mac~e, are
based on the lift of the whole airplane and not on that of the wings alone. The hvo cur-ma run
fairly close together up ta 6°, although the lift of the model is distinctly thelarger, even when illow-
ance is made for the effect of the difler&nce in tail load just tientionad. !l%e mo@l lift coefii~
cient at angles below 6° is larger thati that giveqby the free-f@ht “testsfor either h~o.1 or No. 2.
At angles in excess of 6° the model lift coefficient begins tb.drop off rapidly by compwison with the
free-flight values. The burble point for the former comes ai an angle hetirly 4“ smaller than that
for the latter, and its maximum lift is about 15 percent leas, so th~t the minimum speed, or, as it is
usually called, landing speed, computid from the model trot, wouId.be three miles an hour higher

-.

than that found by experiment. ActualIy, however, the model’ teSt gives the practicable land-

19Y+dAnnusI~fiti, Na_’Ad- Oo@tteefcuAer-&&ti&’p;_&’& ~; : ““

1441S9-*3 . ,- ~ - . . . . . .,: . .. . . ..- . . ..”.’..”. L..:: .“.’ (,-,;. .. ...!.. ,,
---



18 M!?NUAL REEWRT NATIONAL ADVISWW COMMITTEE FOR AERONAUTIC%

ing speed more closely than does the free+flight teat, for the custonmry angle of attack in a good
landing is about 12°, an angle at which the lift coefficient is almost exactly equal to the maximum
lift coefficient of the model. In order to land the machines which were the subject of these tests”
at the lowest sped at which they can be fhmn, the tail skid would have to touch the ground
while the wheels were still 16 inches above its surface (assuming the downward slope of the
flight path at the instant of making contact to be 20). As every pilot wilIrecognize, a landing in
such an attitude would be distinctly unusual,tosay the least. As has already been pointed out.,
it .riquires exceptional skill to fly at angles of 15a or more, and it would not be safe for any pilot
to attempt it near the grcuml..-:~ie, therefora, evident that tie. burble point is. of. very little

‘~tic~l interest m airplane desig~ as it is improbalde that Gnv pilot ii+er flies his machin~at.-

L
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that angle voluntarily except for a very brief in-
terval in the course of a stunt or when testing for
*tispeed. Whether or not the rule hinted - ““
at above, that the lift coefficient M the largest
angle practicable for steady and safe ~flight is
approximately equ-al to the maximum lift co-
efficient of&e model is juetif%d for general use.
can only be determined by tests, similar to those
dticribed in this report, on many different
machines using wing sections of diflerent forms.
!I%ernetl@ls now ywd seem to-give a good ap-
prommation to the landing speed, at- least in

‘ik. ~~s!%..!q! it. .@!W!d .pe .&tigctly undg-
s@@. m .applyi”Wthem that the machine when
landing is not flying at or very near to its
ciiticgl aggle. In Mew of this fact, it is prob:
able that the menace of an “unstable lift.
carve” which breaks sharply after passing the
@rb10 point, has been exaggerated, as the
unstable portion of the curve is unlikely ever
to be rg~ched in normal flight, judging from
the in.dic~tionsof these tests as to the changed
position of the burble point and the behavior
of the airplane in that neighborhood.

One of the teetefor lift coefficient on No. 2
incidentally gave some interesting data on the
-itudg o! ve@cal air currents. Some of
the runs during this fIight were made over the

watm (Hampton Roads) at a maximum distance of about a mile from the land and othars, at
nsmly tha same speeds, omr the land. When the results wem worked up it was found. tthatthe
runs over the water and those over the land gave two distinct sets of curves, and that the angle
of attack for a speed of 78 rniks per hour waa greater by .1° on the_13istset than on tho second.
This leads to the conclusion that the air was dmcending over the water or wending over the
land or both, and that the vertical vehoitiy of the air in orceplace relative to that in the other
was 120 feet per minute. This is undoubtedly m exceptional condition, as subsequent tats,
although they frequently showed ~ di.t%rencein angle witi. the kind of country over which the
machine waa passing, indicated no other vertical velocities m large as that just mentioned. It
should be notectthat the fight just described took PI- in the morn@, on a sunny day, and that
all the observations we% taken at a height of 2,7oo fed. Since the reeults obtained on the.runs.
over the land checked well with the other tests on the same machine it is probable that the
vertical velocity them was not very large, and that most of the relative movementdeduced was
due to a downward motioti of air over the bay, or at least over that portion of it oovered by
the flight.
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A.mu& disputed qu&ion relatw. to the effect. of thwdip-strearn on, the lift of an airpkme.
Although no attempt at quantitativemeaimrementsin inclined flight hss as”yet been made. the
minimum speed attainable has been,observed under various conditions of engim operation, and
no indication of a marlmdslip-stream effect on-lift has beerrapparent. Some such:s&ect probably
exists.,but it is certstiy small.. The minimum.speed w.iti throttle *B open is, to:be sure, some-
what less than the minimum speed,imgLiding, but.ithe di.ilerence is not todarge to be accopnted
for by the Iesser titd lift in the first case, dhe tithe- vertical! component of the.tihrust-balancing
part of the weight of th~ machine, directly,

RESULTSOF THJlTESTSFOR DRAG.dOEF%’ICIENTS.

hr working up the re.suh of the tests fur drag the procedure followed was im~eral anti,.
gousrto &t justidescribed for lift. ‘I!hepri.mmy curve, corresponding hathwplotof inclinonietar

readings ag@nst speed, was one of v~ q@d angle or speed (Usydly tie latter). Such q cwn+e

fbr a single fIi.ghtis given in @nre 18, each point representings singla pair of readings (of air-
speed meter and tachometer). It will be noted that the pointsdo-not lie on the curve with any
such exactness as do those in figure 14, and that they separate inta little groups. Each group
of points includes the readings taken during a run in a straight line and at ah approximately
constant speed, and each group defines a littl.acurve of ita own, the S1OPCSof these short subsidimy
curves being considerably greater than that of the mean curve connecting them. This apparent
discrepancy is due to the inertia of the airplane, which causes itto delay appreciably in respond-
ing ta changes of condition. For
example, if the engine speed drops
slightly from any cause, there is a
distinct interval before steady con-
ditions are restored by a decrease
in air speed and an h.crease in an-
gle of attack, and if the engine
speed returns to ita original value
after a few seconds the air speed
will hardly have changed percep
tibly in the meantime. If, on the
other hand, the air speed changes,
the engine speed responds almost
instantly. If, for example, the air
speed increases, the angle of attack
of the propeller blades sgainst the
air falls off, the resisting torque
of the propeh decreaaesj and
there is an unbalanced torque
tending to speed up @e ra@ of
rotation. Since the momentiof in-
ertia of the rotfbtingparts is small,
the response b this accelerating
torque is, as already noted, very
rapid. The reswlt is tbt ?T can
make considerable momentary
changes, produoing a correaponcl-
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ing effect in ~, without app~~bly affeot~ V, htit. that any c@ng@ inV is promptly frd-

lowed by the corresponding change in N, and “tie. points obtaiged during a short run with the

conditions nearly but not qyitaco.ustant therefore @t as a Iiqe near~pmdlel to the axis of &
,. .,. .... .,.. . .,.>... :.!. :., .,.:’” .. ”.’”
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The difference between succcsejve tests was, as would be expected, greater than in the case
of the lift coefficient, both because of the very large effect of vertical currenw and because of the
failure of the pilots in some cases to keep the path level. The extreme results for a given angle,
however, seldom varied by more @an 10 per ctit. The errors in the determination are much
greater at.ery large and at very small angles than at those in the neighborhood of the maximum
L/D, partly because there were few tests which extended to very large angles. Even those tests
which covered the full.range of ,angleaspread out widely at the ends of the curves, although very
closely bunched in the intermediate portion. were was, ~ will be seen a little later, a marked
difference between the W.q&s.~or..t&e$IYq.qI.@@w, e~di~ ~0 ,p?r cent for a comidwable
range of angles. This di%mknce cim be atkrib~ted.l.argeiyfii-o’the dd?erence in the propollem, a
diilererice’alre.sdynotid in the fimt part of the.report, ind it is probable that, since the propeller
nakedon No: 2 was the more warped, the resultsgiven for the drag and L/D on No. 1.are more

A t,ystwas mad~ -with ihqpropellem interchanged, and theaccurate than are.thQse.fox N% ?, ..... ... .....1 ... .....
results obtained from h~o.2 on that occtision checked very well ti-th the-mean curve for No. 1.”

The mean curves of thrust for the two machincmare ‘@ren in figure 19. These cunea call
for no special comment, their general form being evident. The thrust for a given angle varies

FmuM 19.

with the Ioading of the airplane, and the curves therefore are somewhqt jndtiite, but they
represent the average condition in the JN in leveI @ht satisfactorily. The thrust given in these
curves is that corresponding to s~ndard atmospheric density.

The curves of horsepcnverrequired for level f@ht at standard density are given in figure 20.
The curve for horsepower available is plotted on the same sheet, i,ts.form ,~eing based on the
efficiency curve for the propeller, as determined at LeIand Stqnfmd Junior, and ~n the computed
variationa of engine speed with air speed, the throttle remaining.tide open at all tinmxand the
engine torque being assumed &mstant. In order to make tip i@@@ion of, the curycs @cck
with the maximum speed & determined by teet it WM rm&ssary to take the engine horsepower
as 130 (a value which appeara reasonable, as the’ engines had seen a- considerable amount ‘of
service and would not tw up beyog~ 1,530revdu~ons per_ninute in level flightwith $M propeller
normally used on No. 1, or 1,570 revolutioti per firiute wifi that uied oh No. 2). It will be
noted that the curves of .hofitqwwer available and required have their second intersection at an
angle a little smaller than the burble point. This checks very well with the observed fact that,
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with the throttle wide open and the machine flyirg level, it was not quite pos$ble to reach the
burble point. This is shown by the mean lift curves, which stop just short of the critical angle.
This coincidence of computed and observed results at the lower end of the horsepower curve
affords additional reason for cotidence in the validity of the method employed for using wind-
tunnel data on the propeller in conjunction with measurements on the complete airplane in free
flight,

Sped (m.p.h.

FmuFa al

The air speed for best climb is deduced from the horsepol~-ercmes to be 56 miles per hour.
No thorough tests on climb have been made, but the airspeeds n~opted by the pilots who have flown
these machines, when they desired a m~ximum rate of ascent, have ranged from 4S to 57 miles pcr
hour, with the most sldlful and experienced pilots, inmost cases,chotig a speed nearer to 48 than
to to 57. It appears, then, that the airspeed which w”ouldbe recommended m a resultof the study of
the curves of flgurs 20 is very nearly correct, but probably a Iittle on the &mhside. This is rather
surprising, as the effect of the incre=ed alip+tmam velocity tith the machine climbing with
wide-open throttle would presumably be to raise the speed for minimum horsepower required,
and the speed for best climb predicted from these CU.rVMwotid therefore be e+cted to be a
little low. ~ any case, however, the discrepancy is small, and the climbing speed is so nearly
the same for all speeds from 50 to 60 miles per how that the ~erence can hard& h detacted.
The climbing speed for No. 1 is computed from the homepower cm= b be 585 feet a minute.
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.Nthough, as already noted, no accurate determinations of the rate of climb have beun made, such
observations as have bwn tuken indicate a maximum rate”somewhat loss than 5S5 feet u minute.
This is what wouLdbe expected, the difference being due to the incrmmd slip-strea.m effoot with
open throttle. The curve of horsepower required computod from the JN2 model test, with due
allowance for the “~erence in weight between the JN2 and the JN4H, is also plotted “infigure 20.
It checks well with the free flight curves except at extremmbigh mu-llow speeds, l?rom the curms
of thrust those for L/D can be dwkred, and the mean curves for the two machines, to.gother with
that for the JWJ model referred to iu connection ivith the lift coefficients, arc~given in @guro 21.
Thti curres for No. I and No. 2 are nearly parallel except at small angles, wlwro there appmrs
a nmrkod difleronce of slopo similar to that which characterizeci the lift curves. Boming in
mind the fnct that the curve for No. 1 is undoubtedly more accurate than that for Nro. ‘2, it is
apparent that the colTespondenc,e between the L/D for the JN2 model nnd that determhmd
in free flight for the JN4H is reasonably good. It is rather dangerous to draw fine conclusions
from this corr~pondence, in view of the difference between tlm JN2 and the JN4H, but the sepa-
ration betwetm the curves is harcUygreater at any point than the combined possibk experimental
cum-me,and the maxima “differ by only 2 per cent (if tho curve for No. 1 be taken as corroct).

The indication is that the slip-stream effect and t.hovarious c.rudit,iesof construction on tho model
(such as the use of round wire interplane struts) aro almost ox~tly c.ountorbalanced by tho
“scale effect” and by the effect of the omissions of wires, fittings, etc., from tho motlol. ID
order to obtain quantitative data on the slip-stream effect twts in inclined flighl will bo necessary.

VELOCJTIES IN THE SLIPSTREAM.

In order to measure the velocity in the slip stream and compme it with the velocity ‘com-
putdd from the results of model tests on the propd.ler a pitot.-venturi hod, oxaotly iilm tho ouo
used for measuring tho air spewl, was atttiched to the forward loft centm sect.ion strut. Tho
mouth of the tube ivas3.92 feet behind the trailing edge of tlw propeller, and tho axis of the venturi
was 2.72 feet radially from the propeller axis. The rogi& air-sped head and tho one iu the
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slip stream -wereboth connected to the wg.ne meter through the medium of two v-abws,“&bich
made it possible to change readily from one to the other, and to read the air speed or slip~tream
wlooity, as might be desired. The readings secured in this way are, of course, not hi@y accu-
rate, as the slip-stream velocity includes a considerable tangential component-, the magnitude of
this swirl varying with the air speed and engine speed. The air therefore meets the tubes ob-
liquely, and the reading of the &eter is probably lower than the true velocity. The error in
veIocity should not, however, be more than 5 per cent, and the resulte obtained will at least
serre to give an idea of the relation between slip-stream velooity and the factors which oontrol it.

The procedure in these tests waa to set the throttle at a tied position, and to fly the ma-
chine at a number of different air speeds without moving the. throttle (~ese flights, of course,
were not level). The air speeds used for each throttle setting ranged from 90 to 42 miles per
hour, with m oocasional”dive to 100 miles per hour or a little mom. The ratio of slip-strgam

TT
velocity to air speed for a given propeller depends only on ~ and these quantities can therefore

be plott~d against each other. This has been done in figure 22, and it will b.enoted that nemly all
of the points lie close to a smooth curve and that there is no distinct break between the sets of
points taken at different throttle openings. The only points which do not fit the curve are those
which were taken with the engine throttled down to a very low speed, so low that the propeller
was giving no thrust. The slipstream velocities under this condition were lower than they
apparently should have been.

The dotted curve in fi@re 22 represents the veboity ratio oomputd from the thrust coef-
ficients by the method described in Report No. 71. This curve check very well with the othar
one, and this check indicates that the thrust coefficients as determined in the wind tunnel
held for the full-sized machine, and that they are not very materially affected by the presence
of the body. Of course, this check is only a rough one. To eecnqe an accurate. comparison
between the theoretical and actual values it would be necessary w sound the slip-stream thor-
oughly, measuring the velocities at many points, but previous experiments (by Eiffel and others)
indicate that the velocity is nearly constant over a large portion of the propeller disk area, and
readings at a single point therefore give some indication of the average condition. It appears
that interference between the propeller and the other parts of the airplane can not have a very
large efFect,as any very notable increase in thrust due to the presence of the body would lead
to an increased slip-stream velocity. Experiments at the Royal Aircraft Factory ‘ on a pusher
biplane, have shown a similarly excellent cheek between the calculated and measured slip-
stream velocities.

The maximum slip-stream tielocity with the machine stationary on the ground and the
engine turning 1,400 revolutions per minute was about 8.0 miles per hour. The velocity was
very unsteady under the conditions, the meter reading varying by about 6 miles per hour
almost instantaneously. This irregularity of flow was no doubt duq in part to interference
of the ground, but the flow in the slip-stream was in general more irregular, and the velocity
fluctuated more rapidly and through a larger range, at low speeds than at high.

LONGITUDINALBALANCE.
w“-

The factor on whioh the longitudinal balance of an airplane primarily depends, and to any
variation in which it is always highly sensitive, is the position of the oentar of gravity of the ma-
chine. The first step, then, in any study of balance and of the action of the controls is h deter-
mine as accurately as possible the position of the C. G. with regard both to ita vertical and its
horizontal c~ordhates.

The method used in tiding the location of the c&ter of gravity was the usual one of
weighing the machine on three pairs of scales, one under each wheel and one under the tail
skid, &at with the tail skid and wheels on the same level and then with the tail r@ed. The

1Experimental Detardnntfon oftheSlfp+tmmmBehind the Ah-mew ofe Posher: British AdvieorgCommittmImAe?Oneu~@R. & K
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tail can be raised enough, without overbalancing the machiue, to rotati it through an angle
of about 15° when the pilot and observer are on board ahd through 100 when the seate are
empty. From the weights thus obtained the center of gravity can be computed with a prob-
able error of less than 0.01 foot in the horizontal co-ordinate and leas than 0.03 foot in the vertical.

With a pilot weighing 125 pounds in the front seat and a 165-pound observer in the rear
(this baing the crew with which most of the tests were conducted), the center of gravity of No. ]
was 1.04 feet behind the leading edge of the lower wing, 2.50 feet behind the leading edge of
the upper wing, and 0.28 foot above the thrust line, the axes of reference being taken parallel
and perpendicdar to the top longeron. The center of gravity of No. 2 was 0.99 foot behind
the leading edge of the lower wing, 2.44 feet be&nd the&ding edge of the upper win~ and 0.2
foot above the thrust line. The obser~er in No, 2 weighed only 125 pounds. If the mean chord
be M&en as 60 per cent of the way from the lower to the upper chord to allow for the larger
area and larger unit lift of the upper wing, the Iine through the.C. G. and perpendicular to tho
wing chords cute this mean chord at 39 per cent of its length from its kxsdingedge on No. 1 and
35 per cent on No. 2. This is materially farther back on the wings than the usual location
for the C. G.

Since the balance depends on moments about the C.”G., a small change of forca on the tail
planes, acting as it doss at a large moment arm, has an important ti.ect, and the angle of the
stabilizer is therefore of primary importance. .. As already noted in the general descriptions of
the machines, the stabilizer is supposed to lie flat on the upper longerons. Although the sta-
bilizers were warped the mean chord of the surface was parallel to the top longerons within
0“.2 on both machines.

In eider to determine the angle at which the elevator was set at any instant, a sector carry-
ing a scale was fixed to the elevator rocker-arm shaft in the rear cockpit of No. 1, and thism-
tor moved under a pointer fixed to the seatirail. No means of measuring the control position
were provided on No. 2, as the arrangement of the elevator-control Iinlmge was different on the
two machines, and an entirely new and somewhat more complicated device would have had to
be designed, The elevator control wires were adjusted somewhat more tightly than is usual
in. order to prevent- any backlash. The elevator position indicator is shown in position in
figure 23.

The force applied to the stick was measured by the instrument illustrated in figure 24,
The knob which normally oapa the stick wm removed, and the slide held between two springs
was aIipped over the head of the tube. The pilot read the forces directly from the scale. The
force indicator was originality fitted with two springs of equal strsmgth, but, as it was found
that the force was practically always in one ‘direction, the springs shown in the cut were
substituted.

The ele~ator positions for a variety of air speeds and engine speeds are given by the curves
of figure 25. !l.!hesecurves were obtained in the same way as were the points on the slip-stream
curve (fig. 22), each one relating b a fix&d throttle setting. A fixed throttle setting, rat]lar
than a fixed engine power or number of revolutions per.minute, is the criterion to which longi-
tudinal balance and stability should be relatad.

Indicated air-speed (with the speed course correction made) is used directly as the basis
for plotting the curves, and variations of air density during the test are eutirely neglected.
The elevator anglss and forces depend primarily on indicated air+peed, since the angle of attack
and the flow of air about the. machine are.. functions only of. the indicated air-spmd and the
slope of the flight path. The air density affects. the controls in two ways, but both are of minor
importance. In the tit place, the slope of the flight path for a given throttle setting and
indicati air-speed variea with the air density. Thisi factor is insignificant. s~oudly, the
velocity of the slip-stream and ite effect-on the controls depend on the true speed and so on the
density. This effect, although it is of ~mter m%@@e than the one fit mentioned, can
safely be neglected except for the k.rge changes of destiny experienced in mounting tmgreat
ahitudes. All the teets described here were carried out at between 1,500 and 4,OOOfeet.

1
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FIG. 23.—ELNATOR ANGLE INDICATOR.

FIG. 24.—ELEVATOR FORCE INDICATOR.
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Curve No. 1 relates to ~ht with wide-open throttle, No. 5 to gliding descent with the
engine throttled down to idling speed. The elevator angle is referred to the top longerons as a
datum line, and is taken as positive when the trailing edge of the elevator is pulled down. It
will be observed that the curves all have the same genmal form, and that the positive angle of
elevator setting for equilibrium at any given speed deoreasw progressively as the engine speed
decreases. This is due to the slip-stream effect on the stabilizer and to the location of the
center of gravity above the thrust line, both of these things tending to oauae the airplane to
nose down to a smaller angle of incidence as the throttle is closed and therefore requiring that
the elevator be pulled up in order to maintain the same angle of attaok and the same air-speed.
Translated into practical terms, this means that, if the stick were locked in position whih the

G o I t

t / I r t 1

/l/t

I 1/
...r..

X /260 ‘U ,,

,V710 ::::

-5”
@ m

A/?-speed (m.p.hJ
.-.

FICtUEE.%.

machine was olimbing with open throttle, so that the elevator setting omdd not cha~e, what-
ever might be the forces acting on the control surface, and @e throtJJe were then closed the
nose of the airplane would drop, and would continue to go down at Ieast until the speed of the
dive reached 90 nil= per hour, and probably until the airplane passed the vertical and attained
an up-side-down position. It is, of course, desirable that the nose should drop when the engine
is throttled or cut off completely rather than that the machine should stall, but it is also desir-
able that the nosing down process should stop at. a determinate point instead of mntiti~
indefinitely. An airplane ideally balanced and ideally stable would continue at some speed
within its normal range and at a normal inclination of path, with the longitudinal cantrollocked
whatever n@ht be done to the throttle. The condition of looked control, of course, is only one
of several which may occur. Ot.he~, even more important, wilI be discussed later in this
seotion.
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It is characteristic of the curves of &nre’25 that they have a maximum point, and that
their slopes at high and low air-speeds are ac.cdingly of opposite sign. The effect of this
change of slope can best .be illustrated..by two concrete examplm. If an airplane is fly@ with
the throttle setting corresponding to curve Xo. 31 and at a speed of 65 rrdes per hour, and if
the stick is then suddenly pushed forward by an amount sufficient to increase the elevator
angle by 00.2 and locked in this new position, the primary effect will be to nose the airplane
down, decreasing the angle of incidence and increasing thespeed, since the pulling down of tho
elevator sets up an unbalanced upward force on the tail, and this gives rise “toa diving moment
about the center of gravity. By the time the speed has increased to 80 tiles per hour the
proper elevator setting for equilibrium is 0°.7, but the surface is locked at 10.2. There is,
therefore, still an unbalanced diving moment, larger now than before, and the speed continues
to increase with a constantly steepening path. Manifestly this is an unstable condition, and
it may be dangerous if the pilot is not vigilant. SU~OSyl on the other hand, tl@ the initial
speed was 5!3miles per hour, this being l= than that corr&s~onding to the maximum elevator
angle, and that-the elevator was pulled down O.2° and locked as before. The fist effect, jtit
as in the other case, is to decrease the angle of iricidence and ticre~se thi sjad. BY the time
the speed has increased about 1 mile per hour, however, a point is reached where the machine
is in equilibrium with the new elevator setting, and it will then continue in steady flight=t this
slightly higher speed. .Gusta which change the an@e of-attack of the airplane have just the
same effect w a sudden. change in the angle of the. elevator. lf an airplane which is flying
with the control locked at a speed corresponding to the negatively sloping portion of the elevator
position curve is struck by a gust which decreases its angle of attack the angle will continue

‘to decrease without limit. If the“speed is low enough to lie on the positively sloping portion
of the curre the airplane will return to its original speed and angle of trim as soon as the eflect
of the gust has passEKI__Apositive slope therefore makes for longitudinal stability. It will
be noted that the range of speed for stable flight with fixed controls and fixed throttle setting
becomes wider in general as the engine speed is decreased, and that, for the lowest curve (engine
idling), there is no sharp negative slope at any point. ,Wi& the thr@tle wide .open, on the other
hand, the machine is unstable for practically the whole sp&d range.

An ideal set of ele~ator position CU1*SSwould have a d positive slope at all points,
and the curves for different throttle settings would be paralIel and close together. Such a
set is+shown in @ure 26 for comparison with the actual curvm of figure 25. It is not dseir-
ablb to have the positive slope very large at any point, as a puichine characterized by such
curvee is ~cult to control quickly, requiing the application of a huger force, and the mowing
of the stick through a longer arc, than is desirable to change the angle of attack. The sta-
bility with fied controls can always be controlled by movement of the center of gravity, the
stability being greateat when the C. G. is farthest forward with respect to the wings.

The sudden reversal of the slopes of the curves in ll@re 25, and the rapidity with which
the elevator setting changes at low speeds, are due to the change of the center of pressure travel
on the wings. This travel becomes 10SSunstable as the angle increases and the effect, when
combined with the movements due to the tail, is to give ta the whole machine a high degree of
statical longitudinal stabfiity at low speeds.

At all speeds ordinarily used the elevator angle decre~s as the angle of attack decreases,
so that it is necessary to hold the stick farther back to fly at high than at moderate speed.
Of course, it is not possible to go directly from one condition to the other, as, for instance, to
decrease the angle of attack by pulling the stick back while flying in equilibrium at a moderate
speed. The effect in that case would be the opposite OLthe one desired, and it is ncxeasary,
when the angle is to be decreased, first to push the stick forward, nosing the machine down
until the &ired angle is reached, and then to pull it a littie farther back than its original posi-
tion in order to keep the machine in the attitude thus assumed.
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For the sake of comparison the curve of elevator angles for a TN2 has been computed
from tests made at the wind tunnel of the Massachusetts Institute of Technology’ and is given
in figure 27 together with a reproduction of the cume for the JN4H with the engine idling.
In computing the curve for the model the center of gra.tity was assumed to be in the same
position with regard to the mean chord of the W@S as in JN4H No. 1. The d.ilTerencesbetween
the JN2 and the JN4H are not of a nature which would be expected materially to affect the
balance and stability, except that the stabilizer on the former is set at –3° to the wing chord,
while that on the latter is at – 20.3. This accounts for a part, but only a part, of the relative
displacement of the two curves It will be noted that the model test would have led to a pre-
diction of tail-heaviness, the opposite of the condition existing. Tfi difference can be attributed
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to the fact that the tail of the model was made up as a flat plate cut from sheet metal and the
difference between inclinations of the zero lift lines of the stabilizers in the model and the fuU-
sized machine was therefore much greater than was the dMerence in the settings of their chords.
The large error in balance resulting from this error in tail construction pcinta again to the
necessity of minute accuracy in constmcting the sustaining and control surfaces of wind tunnel
models.

The two curves of @ure 27 are of almost exactly the same form and it appears probable
that, were it not for the error noted above, they would be close enough together so that the
balance of the air plane and the control position in gliding flight, when there is no slip-stream
effect, could be clcwely predicted from the model test. The present experiments and othem
of a similar nature on many diflerent types of machines will protide the necessary data for

—

.-

—
I BolIetin Mrplsne Engkdng DOpt. U. S,.A.j JOM 1918,p. W

b

t



28 ANNUALREPORT”N-ATiONU””tii’ISORY” COMMtiTEE FOR AERONAUTICS.

correcting the wind tunnel results for slip-stream effect and so for predicting the bahmce of an
airplane at full power before it is built.

The discussion so far has been confined to the case of stability with lockod controls. This
of coume, is rather an uncommon case at present as very few machines, especially of nonmilitary
type, are fitted with means for locking the stick in position. The provision of a device for this
purpose is highly desirable from some standpoints, and may become the usual thing at somo
future date, but there are other ca~es which, as already noted, are of more importance at present.

If the elevator is left free and uncontrolled it will take up a position in which there is a
small moment about the elevator hinge, due to the air farces acting on the surface, tending to
decrease the angle. This corresponds to an upward force on the elevator and is required to
balance the weight of the member, which produces a moment tending to increase the angle
of setting. In the machines used in these tests a form .af Sk pounds at the top of the stick,
correspmding to a moment about the elevator hinge of 206 pound-inches, was required to hold
the “flippers” up in the neutral position. A force of 1 pound at the upper end of the stick
balancss a momant of 24.2 pound-inche about the elevator hinge. In plotting the results of
the tests the force on the stick and the moment about the elevator hinge have both been plotted
as ordinates against air speed. Since the ratio between the forces and the moments is fixed
a single curve sufficw for both by a proper adjustment of scales.

Before discussing in detail the curves of control force, a digrwsion on the definition of nose
heavinew and tail heaviness is appropriate, as tbe terms constantly enter inta any question of
longitudinal balance. b airplane may be, and hti-been,--deflned as in perfect balance (neither
nose heavy nor tail heavy) either (a) when the pilot dose not need to apply any force to the stick
to keep the machine in equilibrium under the particular conditions in question, (b) when there is
no moment about the elevator hinge, or (c) when the airplane flies in equilibrium with the
elevator forming a prcdongation of the stabilizer. The first of these dfiitions is generally the
most satisfactory, and will be used here, aa it relates to what the pilot is primarily interested in,
the muscular force required to fly the machine steadiIy. Its only important disadvantage is
that it makes too muclulepend on the weight of the elevators, a very minor and easily changed
factor of dasign, to be really desirable from a scient&point of view. The second of the three
definitions suggasted would be better from this standpoint,

The curves of force and moment on the elevatma of No. 1 for various throttle settings are
given in @ure 28, those for No. 2 in figure 29. The positive sign corresponds to a pdl on the
stick, holding the elevator up against a downward force. The curve marked “level fight’~
gives the forces for that. condition with both air speed and throttle setting varing. ln all cases
the force is a pull on the stick, or, in other words, the airplane is nose heavy. This nose heavimss
could be remedied, at least for any particular speed, or reduced to any desired extent by chang-
ing the stabilizer setting, or, what amounts to the same thing, by rigging the wings at a larger
angle of incidence. If. the stick on either one of the machines used in these tests is released,
it will move forward from the equilibrium position and the machine will go into a dive with
the throttle wide open. Releasing the stick during gliding descent also throws the airplane
into a dive, the speed and steepness of which rapidly increase, apparently without hit.

With free ctmtrols, just as with the controls locked, stability is indicated by the slope of
a curve, but it is the curve- of control forces b- this casa instead of that of control positions.
When the slope of the curve of forces is negative, as it is at low speeds in ligures 28 and 29,
the machine is stable with free controLs, provided that the line of zero force on the stick
intersects the curve of forces, as any change of spead would set up momenta which would cause /
the elevators to move in the proper direction to restore the machine to its original attitude.
When, on” the other hand, the slope is positive the eq@ibrium is unstable and can only be
restored, once it is upset, by the intervention of the piIot. It is evident from tho curves that
with free controls, just as with the controls locked, the statical longitudinal stability is greatest
at low speeds of flight$that the machige becomes unstable at speeds in the n@ghborhood of the
maximum attainable, and that the stability is greater in gliding than with the throttle open,
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The chief difference between statical stability with locked and free controls is that equilibrium
can b.eestablished at any speed in the former case by locking the controls in the proper position
while there is only one possible speed of flight and angle of attack with free controls (for a
given weight of elevator). The stability with free controls is therefore sufhcient if the curve
of forces cuts the line of zero fowe .at one and only one yoint, the force being negative at aIl
speeds higher than that corresponding ti the point of .equilibriurn defined by the inttition

It ~therefore do& riot matter if. there areof this curve and axis, positive at- all speeds lower.
one or more “kinks,” involving changes in the sigg of the elope, in the force curve, provided
only that they do not reach or cross the axis. For “completely satisfactory stability with
locked controls, however, the slope of the curve must be positive at every point throughout
the range of speeds ~ikely to be reached.

As has been pointid out, the machines &ed in the& ”te@s were nose heavy under practi-
.-

cally all conditions, but this can easily be corrected, if desired, by setting the stabilizer at a
larger negative angle @ative to the wings. If greater s@bility or stability over a wider range
of speeds is required it can be secured by moving the cedar of gravity foiward, just as hi the
case of fixed contds. The natural tendency, when a machine is nose heavy, is to seek b
cure it by moving the ,centar of gravity farther. back. Where, however, as in this case, the
nose heaviness is accompanied by instability, moving th C. G. aft wiIl only serve to aggravate
the latter difficulty. If the C. G. is mov~d at aIl it shoidd be moved forward. Changing the
stabilizer setting so as to give an increased downward. force on the tail, on the other hand,
improves the balance and, as will be shown la-tir, ~so h~~so-mi”beneficiil iffect on the stabfiity

——

with free controls. The exact effect of changing the stabilizer setting is diflicult to predicti
wifeas artexhaustive seri~ of tests cm pressure distribu@n over tie elevawr b. qvailable (such
tests have never been made except for one machine), as the moment shout the elevator I&ge
depends largely on the position of the center of pressure on the elevator, and this is a very
uncertain quantity. If the center of pressure position is assumed to be umdlected by the
changw in elevator angle to secrue equilibrium at a given speed with a changed stabilizer
setting, the alteration in moment about the hinge, due td the different stabilizer angle, is almost
exactly proportional to the square of the speed, as the change in elevator angle for equilibrium
is very nearly the same for all speeds. The slope of tlw curve of forces on the stick, under
these conditions, would. d?crease in algebraic vylue if the stabilizer angle were decreased? and ‘
the tendency would be toward stability. From thie thh.deductjqn can be drawn that stab~fity
with, free controls can nqt b.e obtained at any given speed merely by changing the stabilizer
setting unless the machine wss originally nom. heavy at the designated speed and all lower
speeds of fight. Furthermore, an airplane the curve for which is unstable (i. e., has a positive
slope) throughout the range of IIOmal speeds of fight can not be made stable with free controls
at any speed whatever by changing the stabilizer wtting unless it is bitiallynose heavy at all
points of its speed range. Although these deductions are based on an assumption not strictly
true they check well with experiment and furnish a fa& basis for reasoning. It- follows from
the foregoing conclusions that the maximum positive ang~e to which an adjustable stabilizer
can be moved should Apimd On@ bebtior of tie mchine in a steep descent with the throttle
open, For stability, the force on the stick uder those mnd.itiona shotid always be a push.
When it becomes a pull it is a sign that the stabtizer angle is too large.

If the conditions laid down in the last paragraph. are not observed it will, as already
noted, be impossible h -we stabfitywith the stabiker alone,and the centar of gravity
will have to be moved forward.

It will be natic.ed that the curves of control force for the “two airplanes in gliding are
nearly identical, while the negative momenk about tie. he with ~t$le open are cxmsider-
ably larger for hTo. 1 than for No. 2. This difference ~$ at least partmlly due b the differ- -
ence in the vertical coordinate of the center of gravity, the C. G-. of IWO.1 baing higher than
that of No, 2 because of the reserve tank in the upp@r wing. The center of gravity being
farther above the thrust linein No. 1,the hmt on that machine produces a stalling moment
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about the C. G., and this has the effect of making the machine less nose heavy than it would
otherwise be.

It is desirable that the pilot of an airplane Aould be able to release the controls at. any
time without causing the machine to go into a staep dive or to stall badly. In order to f@ t@s
requirement the center of gravity should be materially farther forward with respect to the
wings than it was in the particular airplanes which were the subjects of these tests, and the
stabilizer shouId be set at such an angle to the wings that the rna&ine will be in equilibrium with
the controls free and the engine throttled at a speed weIl withii its normal range (60 miles per
hour would be a good 13gurefor an airplane of the type and performance of the JN4H). Exact
recommendations as to the position of the C. G. cannot be made without furt,her tests, but it is
probable that 28 per cent of the way back from the leading edge on the”mean chord of the wingg
will be found a satisfactory location. The negative angle of the stabilizer with respect to the
wings should be larger in these machines than inthose in which the stabilizer section ii symmet-
rical about a horizontal plane. A stabiier with a fiat lower and a cambered upper surfac~,
suah as that ont he JN4H, has its zero lift line at an angle of from 2° to 4° to its chord, and it E
the zero lift line which should be considered in choosing the setting.

.In order to put to the test these theories as to the cause and cure of instability and poor bal-
ance, airplane No. 1 was rerigged with the stagger reduced by 3 inchas, and with the rear of the
stabilizer blocked up so that its chord was at a negative an@e of 10.6 to the top longerons, or
4° to the wings. The reduction of the stagger by moving the upper wing backward has pra~
tically the same effect as has moving the center of gravity forward.

Although the tests with this new arrangement have not as yet been carried far enough te make
it possible to plot a set of curves, it was very apparent that the nose heaviness of the machine was
much diminkhed and that the stability, both with free and fked controls, was improved. The
machine was still unstable at high speeds, but much loss so than before. It was dived to a speed
of 115 miles per hour with the throttle half closed, and the pu~. on the stick at this sped was
only 10 pounds. There -wasno difficulty in taking off or landing, and the performance of the
machine was not modified in any other respect. It is believed, as a result of these tests, that it
will be found possible by further changes of the same nature to secure complete statical stability
of the TN4H at allspeeds ‘ivithout incurring any counterbalancing disadvantages.

hngitndinalhalancsof the De HaviIand.

k order to have data on another airplane for purposes of comparison, and also to secure defi-
nite information on the effect of an adjustable stabilizer, the experiments which have been de-
scribed above were repeated on the De Hav-iland 4 with Liberty enggne. The method pursued in
the tirst series of tests on thk machine was identical with that already described, and the curves
of control position, force, and moment for various throttle settings are given in @~es 30 and 31.
The force required at the top of the stick to balance the weight of the elevator was 3! pounds,
and a force of 1 pound on the stick corresponded to a moment of 24.6 pound-inches about the
elevator hinge. The f‘gearing” of the control was therefore practically identical with that in
the JN. The scale of absckwe.may not be strictly accurate, as the air-speed meter on this ma-
chine was never calibrated on the speed course, but it probably would not be in error by more
than three or four mik an hour at any point.

It appears from these curves that the DH4 possessesstatical longitudinal stability both with
tied controls and with free controls, and that the trimming speed for any given condition in-
creases as the engine speed decreases. If, for example, the elevator is locked at +3° with the
throttle open the m&hine will fly at 82 miles per hour, and will automatically return to that speed
if any disturbance causes a momentary deviation from it. If the engine is then throttled down
to the idling condition, leaving the control still locked at + 3°, the nose will drop and the steepness
of the flight path wilI increase until the speed of 114 miles per hour is attained. The airplane
will then continue to descend steadily at this speed on a flight path of constant slope. There
will be no tendency, as in the other airplanes which have been discussed, to dive more and
more staeply without limit.
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Much th~ same statements can be applied h flight with free controls, exoept that in this
case thare is only one trimming speed for a given stabilizer.angle and throttle setting. Hero,
again, the trimming speed increases as the throttle ia closed.

I I “ . ,”- .+.-,.”, .-” ..-.,.

+6” x/3zM “ 7s “
lJ ?W ,8 6s. 11111
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Fmum 80.

It is gbvious that tho airplane of the future
mus’t‘have a high degr~e of inherent~tability,
so that it can be flown’( hands off” for consid-
erable periods in calm air. Since it is not desir-
able that the machine be limited to a single air
speed for a given throttle setting, some means
mustvbe provided for changing the trimming
speed. This can be done either by a device for
locking the controls in any desired position or
by making-it possible for the pilot to adjust the
stabilizer angle while in flight. The first-of
these ahernatives has the advantage that it&
easy and quick to operate, as the stick can be
made with a lock instantaneously operable by
the pressure of a @cr. The locking should ap-
ply only to the fore-and-aft motion, the stick
being left free to move from side to side in
order that the pilot may correct disturbances of
transverse equilibrium without releasing the
lock, and, aIso, so that the ailerons maybe free
to move when struck by gusts, so giving a cer-

tain degree of ‘‘ automatic warp.” If an adjustable stabilizer is prov~d;d, it tak& lofier ta
change the angle for a new trimm~g awed th~ it does to move the- stick and lock it in
a new position. The adjustable sta-
bilizer has, however, the very great
advantage that the stick is leftentimly *K

+Zw

free for control, and it can thwefore be +fz +Zoo

used to reduce the strain on the pilot ,a tfsb
even when the air is too rough or ,8
when the machine is too near the

+Mo
i

ground to permit of releasing or lock- ‘6 +s04
x

ing the stick. -M
$

0
The effect of the adjustment of the ‘+2

t

i

stabdizer is. shown by @gures 32 and “
-s0

33, which give. the curms of control .$.0
-m t

$
forces aud moments for level @ht \‘z -/50x
with three dilTerent stabilizer settings. -~ i

Figure 33, giving the control forces -b
-Zm

_peeds ~th -6required and the tr”
-Zso1!k

free controls for the several settings, -w

is the more important of the two. It ‘m -s50
appeara from the curves there given -/2 +
that the statical longitudimd stability -H
with free controls diminishes rapidy—
as the stabilizer angle is increased, @ ~ @ [m mm

A?-w& (X%4)
and that, when the neutral line of the ~GUIU 81.

stabilizer is set at +10 30! to the wing
chord, the machine is statically unstable at low speeds. Figure 32, on the other hand, indicates
that the degree of stability with locked controls is substantially independent of stabilizer set-
ting, the three curves being very nearly-parallel to each other, This is whatwould be expected
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from model tests and from theoretical considerations, some of which were developed in the
preceding section of this report.

The trimming speed increases as the stabilizer angle increases, slowly at first and then
very rapidly. A change of angle from -1°30’ to 0° only raises the trimming speed with free
controls from 71 to 86 miles per hour, but only about 0°40’ further change in angle is required
to increase the trimming speed from 80 to 120 miles per hour. Since so small a change of
angle has so large an effect it is necessary, in order to gain the full benefit of an adjustable sta-
bilizer, that the adjustment be through a screw or other slow-motion devica with a minimum
of backlash, so that the angle can be regukdd with great exactness. !l?hebacklash on the
DH4 tasted was about 0°15’.

Fmum 8!2. nxmE w.

The provision of an adjustable stabiliser on the DH4, and the range of angles chosen for
the adjustment, were largely due to the distance between the renter of gratity and the ob-
server’s cockpit and the gssoline tank, a small chmge of weight in the rear cockpit having a
large effect on the balance of the machine. For the conditions existing when these teste were
carried out {170-pound observer, no heavy instruments, guns, photographic apparatus, or other
equipment in the rear cockpit, and gas tank two-thirds full) the maximum positive adjust-
ment of the stabilizer wouId never be required.
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