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THE TRANSITION PHASE IN THE TAKE-OFF OF AN AIRPLANE
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SUMMARY

A inrestigatimt uxm undertaken to determine the
churacter and importance of the transition phase between
the ground run and 8teady climb in the take-q$ of an
airplane and the effect8 of various factors on ~his pha~e
and on the air-borne. part of the take-off as a whole. The
information was obtained from a sen”e~ of step-by+ep
integrations, which dejined the motion of the airplane
during the transition and which were based on data
deriwd from actual take-o$ teat8 of a Yertille AT’ air-plane.
Both normal and zoom take-off~ under sereral loading
and take-of speed conditions were considered. l%e
effects of a moderate wind with a corresponding wind
gradient and the e~ect of proximity of the ground were
af80 inredigated.

The rewdts 8h0w that, for normal take-q$s, the best
transition UM8 realized at the h?weet possible take-q$
~peed. Moreowr, this &peed gare the 8hortest orer-all
take-of distance for normul take-offs. Zoom take-o$g
required a shorter orer-a[l iake-o~ run ihan normal take-
038, particularly un”tha heaqy loading, if the obstacle to
be cleared wa8 efficiently high, e. g., greater than 60 feet;
no ad~antage was indicated for the aiqla~ with a light
loading if the height to be cleared wa8 less. 57M error
that would result from the neglect of the transition in the
calculation of the air-borne distance of take-q$ ICa8found
to wry from J percmd uith the heaviest loading cmwidered
to —4percent with the lightest loading for normal take-o$8
ocer a 100-foot obstacle; the percentage error was twice
a8 great for a 60-foot obstacle. For zoom take-oJ8 the
error attained nw..ch greuter due8. The arerage wind
gradient corre~ponding to a 6-mile-per-hour surface mind
md?uxd the air-borne distance required to clear a 60-foot
obstacle by about 9 percent with the lightest loading and
16 percent m“th the heai?ie8tloading; for a 100@t obdac[e,
the reduction was about 10 percent in both cases, The
owr-all reduction due to this wind w a~prom”mately
twice that resulti~ from the m“nd gradient alone. A
simple expresm”onfor the reduction of obsemed take-off
performance to mo-uind conditions is presented. Ground
efect h shown to reduce the air-borne di8tance to attain a
height oj 60 jeet by 10 percent with the lightest loading and
16 percent with the heatiest loading; for a iOO#oot obstacle,
the percentage reduction tca8 about one-half a8 great.

NTRODUCTIOFJ

In the process of taking off, the course of an airpIane
consists of three phases: a run iilong the ground to
attain flying speed, a transition curve in which the
flight path changes from the horizontal direction of the -
ground run to an inclination suitable for climb~ and
a more or less steady climb to a height at which any

.-

obstacles at the edge of the airport wiLIbe surmounted.
The motion of an eirpkme in the ground-run and
steady-climb stages is relatively simpIe and therefore
can be predicted for prescribed conditions with reason-
able accuracy, presupposing an adequate lmowledge of
the airphne characteristics. The transition, on the
other hand, can be accurately defined ordy by very
compIex reIationa; hence} common practice in calcu-
lating take+ff performance has been to regard this
phase as negligible or to account for it with approxi-
mations of uncertain md.idity.

The inves&mation described herein was undertaken
to provide an indication of the character and relative
importance of the transition and of the effects of various
factors on the transition itself and on the air-borne
portion of the take-off as a -ivhoIe. For this purpose a
series of take-off tests was conducted with a conven-
tional biplane. The tests irduded both nornd take-
offa, wherein the air speed was maintained as nearIy
constant as possib~e from the instant of leaving the
ground, and zoom take-offs, in which the speed was —,-.—
reduced after Ieaving the ground. The test conditions
for each type of take-off covered two loadings and “ “-
semxal take-off speeds. The motion of the airpIane
in the take-offs was measured with a recording photo-

..—

theodoIite.
The resuhk of these tests were not used directly, as

originalityintended, inasmuch as they were found to be
confused by rather wide variations in piloting procedure
and wind condition. Instead, the force rdations per-
taining to the airpIane under take-off conditions were
derived from data prowided by the tests and served as
the basis for a series of step-by-step integrations where-
by the motion of the airplane during take+ff was d~
termined for various conditions without the effects of
piloting and wind. The calculations covered the range
of Ioading and speed conditions included by the actmd
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tests, and an additional loading condition was also
considered. .

A measure of the effect of ground proximity on the
airplane characteristics was obtained from the test
data and, with this information, the influence of ground
effect on the take-off was investigated for each of two
loading conditions, For the same conditions the effects
of a wind increasing in velocity with altitude were also
evaluated.

APPARATUS

A Verville AT airplane (fig. 1) was used for the take-
off tests. The pertinent characteristics of this airplane
me given in table L The following standard N. A. C.
A. recording instruments were mounted in the airpkme:
an akspeed recorder; an accelerometer located near
the center of gravity and recording accelerations along
the normal, or Z, axis of the airplane; an inchnometer
recording the direction of. the resultant of the external
forces imposed on the airplane; a recording engine
tachometer; and a control-position recorder connected

FKIURE L-The Verdlle AT drpke

to the elevators. Half-second intervals of time were
recnrded by tillthe instruments from impulsesproduced
by a standard timer.

An N. A. C. A. recording phototheodolite, essentially
n combination of a motion-picture camera and n record-
ing theodolite, provided records from which the hori-
zontal and vertical disylncementsof the airplanerelative
to.the ground and its attitude angle could be determined
at intervrds of %~second. A timer was also used in
conjunction with this instrument.

Synchronization of the phototheodolite records wtith
those of tlm airplane instruments was accomplished by
means of rmelectrically operated device mounted on the
landing gem of the airplane and.connected through the
instrument switch so that, at the instant the pilot
threw the switch to start the instruments, a quantity
of white powder. was discharged and formed a cloud
that was rendily discernible in the photographs.

The wind speed at the ground was measured with an
indicating vane anemometer.

TEST PROCEDURE

A series of eight take-offi was made with each of two
loading conditions: 2,060. pounds and 2,378 pounds
gross weight. For four of the take-offs of each series,

which will be designated “normal” take-offs, the pilot
was requested to leave the ground nt speeds rnnging
from 3 to 15 miles per hcnm in excess of the minhnum
level-flight speed and to climb at the snmo speeds,
attaining steady climbing conditions as quickly as
possible. For the four remnining runs, given the
designation of “zoom” take-offs, the speeds at the
instant of take-off were in the same. range but wcro
reduced ~fter the airplane left the ground, the climbs
in all cases being made at a speed slightly in cxccss of
the minimum. In all the take-offs the tiirplano WM
headed directly into the wind. The engine wns
operated nt full throttle throughout each run.

The phototheodolite was set up on the ground at n
suitable distance from the course of the airplnnc tmd
recorded its motion dur& the latter third of tho ground
run and throughout the transition and climb to a height
of about 100 feet= The proceduro follow-cdin the opcrn-
tion of the phototheodolite and in the ovalurdion of thc
data obtained therefrom was subst.antidly the same as
that described for the landing tests of reference 1, d-
tkough the instrument used for the present tests is of n
later and improved design.

COMPUTATION3

The results of the foregoing tests gave cvidcnco of
sufficiently great irreguhwities in the wind conciitions
and piloting to obscure completely the eflccts that thc
tests were expected to disclose; hence, the purposo of
the investigation was not directly accomplished by the
tests alone. The data obtained from the tukc-o~ tests,
however, made possible the derivation of the force rc-
[ationz required as the basis for a swim of step-by-step
integrations defining the motion of the nirphmc during
take-off for various conditions. In this way the trouMc-
some factors of wind and piloting were eliminntcd.

Derivation of force relations.-synchronizcd readings
]f the data recorded by the airplane instruments and
the phototlmodolite during the tako-ofls were mmlc at
;requent intervals throughout the records, thus covering
i considerable range of flight conditions. Vrdues of lift
md excess thrust were obtained for each sot of readings
~ccording to the following procedure. The normnl nnd
longitudinal components of tho aerodyrmmic forces
~cting on the airplane FSand Fz, respcctively, were dc-
~emined from the relatio~

~ _H&
*—9 ‘

md
~ =~ tan ~

‘9’
where IT’is the gross weight of the nirplane.

g, the acceleration of gravity.
a,, the normal accelemtion as recorded by the

accelerometer.
fl,the angle of the inclinometer pendulum relative

to the normaI axis of the airplane.
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The flight-path angle ~, referred to wind axes, was
given b~

. -,T7,~=sm ~

where 1‘, is the vertical ~-elocity, determined by diiTer-
entktion of the timedistance curves clerked
from the phototheodolite records.

1“, the air speed akmg the fight. path.
It was necessary, of course, to assume here that the
wind had no wrticrd component, apparendy a reason-
able assumption for avenge conditions according to
the information of reference 1.

The tmgle of attack a was then obtained from

where x is the attitude angle of the airphtne, pro~-ided

of two ~ariables, angle of attack and air speed. It
wouId consequently be difficult to plot these data di-
rectly. For this reason the effective propdler thrust T,
shown in figure 3; was calculated by means of the in-
formation prcmided in references 2 and 3. The drag D
could then be determined from the equation

D=T– Tu

and thence the drag coefllcient

D
.

G=~/*ps~7

which could, of course, also be plotted as a function of
angle of attack to establish a suitably faired cur-re.
With t4e data in this form, the relation of excess thrust

tatVarfatlon with angle of attack.

FIGCRE Z—Lflt acd dmg chmnctrdsticsof the Verville AT n~lane as

by the phototheodolite records. With the foregoing
information it was possible to determine dues for the
lift L and the fixcess thrust T= by resol~ the forces
F=and F. rdoug the flight-path axes or

.
Z=FZ cos CY+F=sin ct=$ag(cos a+tan d sina)

.
T~=F= cos a–F_ sin a=}az(trm 6.COSa–sin ti)

The vaIues of Iift were converted to the coefficient form
C’. with the relation

Thus the data could be readiIy plotted and faired as a
function of angle of attack. (See fig. 2 (a).)

o J 2 -.3
Orag caeffia-en~C=

:b) Poiat diWWIIS.

determhwd from takeofl te5ts.

to air speed ancl lift coefficient was determined by using
the faired results in a reversal of the procedure.

In order to take into account the effect of ground
proximity on the lift and drag characteristics, hence on
the excess thrust, the data were divided into t-wogroups
and were plotted separately, according to whether they
were obtained when the wheels of the airpkme were
above or below a height of 10 feet from the ground.
This he@t was arbitrarily chosen as the line of dr+
marcation between the region of strongest ground effect
and the region in which, for the purposes of the present
investigation, the ground effect co.uId be considered as
negligible. The data avtiikble were in.sufllcient to
warrant further dkision.

The lift and drag coefficients e-wduated by the fore-
going methods are plotted against angle of attack in

The fuMhrottle excess thrust is, ~neffect, a function ] figure 2 (a) and as pohws in figure 2 (b). In figure 3



264 REPORT NO. 626—NATIONAL ADVISORY COMMITTEE FOR “AERONAUTICS

the excess thrust within and outside of the region of
principal ground effect is shown as a function of lift
coefficient and air speed.

Step-by-step integrations.-At quarter-second inter-
vals throughout the transition phase of the talu+off, the
vertical acceleration ad and the horizontal acceleration
ahof the airplane were calculated by successive rtpproxi-
rnations according to the relations

and
~h_g(T,, cos T—L sin ~)—

W

Corresponding velocities were determined from

v,=V,.+_+ 0“25@;+a’*)
0.25 (a,..l+aom)

+ . .
2

and

0.25(a%+ah,) + 0.25(a-h,+ah2)
v,= v~ + *

2

+“’
().zs(aft..l+~h,)

2

Vertical and horizontal displacements were similarly
determined; the flight-path angle was obtained from

The kitial values of a, and V,, i. e., at the kstant of
leaving the ground, were, of course,

% =0
and

17Q=0

The horizontal speed VhOat the same instant was the
assumed take-off speed and, since at this instant L= W,
the value of the excess thrust T,= and thence the value
of a% could be determined. For subsequent intervals
the quantities involved in the calculations were deter-
mined by the usual methods of successive approxima-
tion.

The course of the lift coticient in the early part-af
the transition was prescribed by the assumption that
the transition should be of as short duration as possible,
This limitation, of course, required that the airplane be
puUed up quickly to the angle of attack for maximum
lift coefficient, as soon as the desired speed for taking
off was attained, and held at this angle as long as
possible. The lift coefficient was then reduced in time
to prevent the flight-path velocity from decreasing, by
reason of the increasing climb angle, below the value
designated for the steady climb and ta permit the ad-
justment of the lift coefficient necessary to provide a
~mooth approach to the steady-climb conditions without

exceeding reasonable vahws for the correspondkg rate
of change of the angle of attack. Examples of the
variation in lift coefficient followed in performing tho
calculations are shown in figure 4.

I I I I I I I I I

—— CWculafed propellerthrust,T
700 , Excess fhrud T= #/eiQht> /Off.

FIGURE3.—Exccsj.thrusfcbamckdstlcy of the VervlIle AT afrplane.

Time,sec. - -

FIGURE4.—Exampleaof assumedvar!atIonk IKt cowlkient clnringtmnslt[on. The
VerviUe AT a4rINane.

The excess thrust corresponding to the MLcoefficient
md speed occurring at a particular inshmt was taken
iom the curves of figure 3, according to whether tlm
~eight at that instant was greater or less than 10 feet.
b this way aUowance was made for the ground effect,
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The computations covered three loading conditions:
gross weights of 2,060 pounds, 2,378 pounds, and 2,800
pounds. For each load the calculations were carried
through for three normal take-offs at difTerent speeds
ranging from an assumed minimum allowable speed to
20 percent in &Ycessof this vahe. Simikmly, two zoom
take-offs were calculated for take-off speeds 10 percent
and 20 percent greater than the minimum aIIowable
speed at which the final steady cIimb was assumed to
be made in both cases. The minimum alIowable speed
was arbitrarily taken as 4 percent in excess of the speed
corresponding to the maximum lift coefficient, 1.3. For
all the foregoing conditions there was assumed to be no
wind.

Tlm effects of wind vmre determined for two cases:
one with the heaviest loading and the other with the
lightest loading. For these cases there was introduced
into the calculations a wind velocity of 5-miles-per-
hour magnitude at the ground, increasing with height
according to the relationship given by reference 1 as
representing an average wind gradient, which is

&o=(gy

where l“.., which was assigned a value of 5 miles per
hour, is the wind speed corresponding to Ho, the effeo-
tive height of the airplane vvhile in contact with the
ground, assumed to be 5 feet; and V. is the wind speed
at any other effective height H., i. e., the height of the
wheels above the ground plus 5 feet.

For the same two loading conditions, the effect of
ground proximity on the a&borne phuse of take-off
was investigated by using the exc~-thrust data ob-
tained above the 10-foot IeveI, hence seneibly outside
the influence of ground effect, throughout the integra-
tions and compming the rcmdts with those obtained
for sidar casesin which the ground eifect was included.

The ground-run phase of the take-off was considered
only insofar as was necwsary to show the tiects of
variations in take-off speeds and methods on the com-
plete take-off. In alI cases only the distance required
to accelerate from a common speed of 75 feet per second
up to the take-off speed was calculated. In the de-
termination of these distances, the rolling-friction
coefficient was assumed to be 0.05, corresponding to an
average turf surface. The air forces were taken from
the data obtained within the region of ground eflect.

RESULTS

il summary of the results obtained from the calcula-
tions is gi-renin table II. Figures 5 through 7 show the
calculated flight paths of the airplane during the
transition and steady climb for aU the conditions in-
vestigated. In figure 8 the distance on the ground
required to accelerate from a speed of 75 feet per second

to the take-off speed is plotted against take-off speed
for the three loading conditions. Figures 9 through II
show the variation due to take-off speed in the air-
borne distances required to clear heights of 50 and 100
feet for both normal and zoom take-offs. These figures
aIso show the effect of takedf speed on the over-alI
takedf distance, i. e., inchding the ground run after
a -relooity of 75 feet per second is attained.

Figure 12 shows the percentage difference for various
take-off speeds between the air-borne distance as cal-
culated by the methods previously described, where
due consideration was given to the transition, and the
distance that wouId be obtained were the transition
to be neglected. For the normal take-offs, the value
for the distance with the transition negIected was taken
as

D=~tan ~

where H is the obstacle height to be cleared and y is
the flight-path angle corresponding to a given speed.
This relation was based on the assumption that steady-
cIimbing conditions obtained from the instant of leaving
the ground. For the zoom take-offs the most obvious
approximate relation for the air-borne distance ap-
peared to be

=_ v?– V*Z
D=

29
tan -Y

where VI and ~’%are the initial and final flight-path
velocities, respectively, and 7 is the flight-path angie
corresponding to T’y. This equation -wasbased on the
assumptions that constant excess power was avaikble
throughout the climb and that steady conditions were
realized before the height H was attained. F’igg 12
is intended to indicate the etient to which the take-off
is affected by the transition and the mtignitude of the
error that might be introduced by the neglect of the
transition in the calculation of takedf distances.

The effect on the air-borne distance of an average
wind gradient corresponding to a surface wind -relocity
of 5 mike per hour is shown in figure 13 for normal take-
offs with the heavieA and lightest loads. In figure 14
the influence of ground effect is shown for the same
loading conditions.

DISCUSSION

The nature of the &mht path during the transition
phase of the take-off is shown in tlgnres 5, 6, and i.
The initially increasing sIope of the path fo~ovied later
by a decrease is apparently characteristic, at least for
the airplane and conditions considered herein. In the
case of normil take-off, the reason for this reversal of
curvature lies in the fact that the airphme continues to
accelerate immediately after leaving the ground and, in
being slowed to its origimd speed, assumes a climbing
angle too steep to be maintained. The flight-path angle



IUWORTNO. 626—NATIONAL ADVISORY COMMITT I’% FOR AERONAUTICS

100

/ ,/ ‘/
/

~’80
,’ ~

{ //
2 f /
. /1’

; 60 //
/J / ,

40 I I I I
Take-0ff Ctimbing

speed,

t25iExd
o 200 “ 400 600 800

Horizontal disionce,fk

FIOCRE 5.—We[ght, Z,O&lwunds.

FIGURE7.-Wel@t,W PourKls.

FIGURM 5 TO7.-FItght paths followed in trsmhiou and Wwiy climb for normal and ZWI teIre-@f9!or the VervIlle .4T ntrpleneat VWICL=Wed%



THE TRANSITION PHASE IN THE TAKE-OFF OF AN AIRPLANE 267

must therefore be reduced to a -due at which the &
plane can chmb steadiIy. The flight paths for the zoom
take-offs have a generally similar shape, but radiations
in the slope are more pronounced owing to the greater
changes in speed.

Inasmuch as most airpkmesprobabIy ha~e, in pm-tby
virtue of the ground effect, an excess of thrust in the
initial stage of the transition and hence vziUaccelerate,
it is hkely that the form of the transition curve shown is
representative of the form that viould generally be
experienced.

The procedure that would be required in controlling
an airphme ilong n path such as that described is
indicated in figure 4. The control cohunn would first
be pulled back to put the airplane in an attitude of
high Iift.tmd held until the angle of climb was sufficient
to cause a deceleration. It viouId then be pushed
forward to reduce the angle of attack to a value con-
siderably below that corresponding to the steady cIimb
in time to premnt the speed from dropping below that
prescribed for the climb. Finally, it would again be
puUed back as the angle of climb decreased so that the
correct flight-path angle and the angle of attack for
steady climbing might be simultaneously retdizecl. In
practice, it would probably not be possible to synchro-
nize, exactly, the attai.mnentof the proper flight-path
angle and angle of attack; consequently, an osdlatory
rather than a steady flight path would result. If
sufllcient effort were made to maintain constant speed,
however, the amplitude of the oscillation would not be
great and the mean flight prrth would probably corre-
spond closely to the one that would be obtained under
steady conditions.

For normal takeds, it is apparent from the curves of
figures 5, 6, and 7 that, insofar as the transition alone is
concerned, the optimum take+ff speed, in the range
considered, is the loviest wdue shown. Higher speeds
pro-ride an initiaUy greater excess of Lift rind, conse-
quently, a higher vertical acceleration, so that the
transition is completed more quickly and with less
variation in forward velocity. At the slower speed,
however, there is a greater excess thrust avadable which,
although partly converted to kinetic energy at first,
eventually goes toward increasing the height or potentird
energy of the airplane; thus, when the transition is
completed, the h~eht attained is greater in proportion
to the horizontal disttince covered than that for the
higher+peed take-offs.

The maximum angle of climb occurs at approximately
the intermediate speed shown so that, in the range of
speeds between the minimum rindthat for best angle of
cknb, the effects of variations in take-off speed on the
transition and on the steady climb are opposed. For
m obstacle height of 50 feet a considerable portion of
the air-borne distance is occupied by the transition so
that the opposing effects are nearly btdanced. Hence
there is little ckmnge in the air-borne distance with

increasing take-off speed up to the speed for best angle
of cLimb (figs. 9, 10, and 11); beyond this speed the
distance, of course, increases. ObviousIy then, since
the ground-run distance (fig. 8} increases with the take-
off speed, the shortest over-all take-off distance required
to gain a height of 50 feet.,in a normal take-off, would be
realized with the lomst possible take-off speed.

Tilth an obstacle height of 100 feet the transition is
a relatively smaII part of the air-borne distance. The
effect of tah-off speed on the steady climb is therefore
predominant and consequently the shortest ah-borne
distance occurs at or near the speed for best angle of
climb. The reduction in air-borne distance, howeyer, ●

is more than offset by the increased ground run so that,
in this case also, the lowest ttikedf speed gives the
shortest o-rer-alIdistante.

In zoom take-offs the airphme is held in contuct with
the ground untiI the speed reaches a value considerably

H7f+-1

FMCBZ 8.—Gmnnd dM.snca required for the l-~ffle AT afrplana to acd@MtO
tlwm i3 W P secondto takotl spsed fci afl loadfng mn,iit[onx

abo~e the minimum flying speed. It is then pulled OH
abruptly into a steep climb dur@ which the speed is
reduced. It may be shown that an airplane running
along the ground at its most efl?icientattitude, i. e., the
attitude corresponding to the minimum due of CD—
P~L,W ordirmfiy have, in the range of speeds between
the minimum flying speed and a speed considerably in
excess of the minimum, appreciably kiss resistance,
hence greater excess thrust, than if it were completely
air-borne at similar speeds. The exce= kinetic energy
gained in running a gi~en distance tdong. the ground
would be greater, therefore, than the potential energy
that might be gained in flight in the same distance.
Thus, if the excess kinetic energy could be converted to
potential energy without too great loss, it should be
poesible to attain n greater height in a gi-ren distante
from a zoom take-off than from the shortest normal
take-off. This argument is borne out in figures 9, 10,
and 11 for an obstacle height of 100 feet -where,with
the ~mhtestload, the total horizontal distance required
to gain this height from a ground speed of 75 feet per
second is about 5 percent less for the shortest zoom

——
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take-off than for the shortest normal take-off; with the
heaviest load there is a larger cliilerence, about 17
percent, owing to the fact that, with other conditions re-
maining equal, the ditTerencebetween the excess thrust
on the ground and that in flight increases with
increasing weight.

In figures 5, 6, and 7 it will be noted that in some
cases, particularly with the lighter loads and higher
take-off speeds, the height attained before the con~er-
sion of eneqgy is completed is greater than 50 feet. h
these cases, at an obstacle height of 50 feet, theze is
still an excess of kinetic energy remaining, which is
equivrdent to a 10ss. Therefore the zoom taked pro-
vides Iittle or no advantage over the normrd take-off,
as maybe seen in &ures 9, 10, and 11.

An indication of the extent of the error that might be
introduced into the calculation of takeoff performance
by the neglect of the transition is provided in iigure 12.
This figure shows the percentage difference between

I 1-. I 1=’1’-+j.01

-%1
I b I

I l;,~ Obsfacfeh-f50’
J Im 110 12V /m

Tde -off qoeed fp.s.

FOWEE 12—Errcr h eir-bane dktame due to negleet d

tmnsltion kc the VeMIIe AT ekpkne.

the 50-foot obstacle height, the error increases rapidly
with take-off speed ta very huge vahms, particularly
with the lighter loads. The large errors are due to the ‘ ___
fact that the conversion from kinetic to potentiaI
energy is not completed until after the 50-foot height
has been reached, in which case the assumption of an
instantaneous change from ground-run to steady-climb
conditions is not justified.

The scope of this invdigation is not-snfliciently wide
for a definite determination of the relationship that
might exist between this error and the airplane char-
acteristics, but it is believed that this relationship
could be established with the aid of similar data for
other typea of airphnes. It would then be possible to
obtain a measure of the inherent takedf capabihtiea
of a given airplane, exclusive of the troubk.some factor
of piloting procedure, by means of a rather simple
method. The relation between ground-run distance
and speed would be determined in one series of tests;

FIGCEE 18.-EtKctofwlmdend wind gredfent on the flight wth of the VervilIe .4TehTIene
during transition end steady clkeb. Sur&e wind reklty, 5 mike per hour.

the air-borne distance as calculated by the rigorous
method and the distance resulting from the assump-
tion that the change from the conditions of the ground
run to those of the steady climb occurs inatantaneously
and -withouteffective loss of energy. For normaI take-
offs over a 100-foot obstacle the error rang= horn a
masimum positive vndue of about 4 percent with the
heaviest load, i. e., the approtiate distance is too
great, to a rwtium negative value of the same magni-
tude. The fact of a positive error is undoubtedly at-
tributable to the influence of ground effect. With a
50-foot obstacle height the error is about twice as
great in the same sense for corresponding conditions,
since the error in actutd distance is about the same.

For the zoom take-ofi over a 100-foot obstacle, the
error is comparable at the lower take-off speeds with
that for the nornd take-offs but becomes increasingly
negative as the take-off speed departa more from the
minimum value. The largest error in this case, in the
range of conditions covered, occurs with the lightest
load and has a negative value of alxmt 10 percent. For

other teats, made at some safe altitude providing
steady-air conditions, would establish the relationship
between angle of cIimb and speed. These quantities,
which should be largeIy independent of piloting effects,
could then be combined, with a suitable correction for a
standard type of transition, to gi-ie the totrd distance re-
quired to take off over obstacks of any desired height.

The tiects on the air-borne portion of the taked
of a wind increasing in -relocity with height are: a re-
duction in the speed of the airphme relative to the
ground, consequently a reduction in the horizontal dis-
tance covered in a given time; and an increased vertical
velocity due to the velocity gradient. These effects in
combination and the effect of the wind gradient alone
are shown in figure 13 for normal takedfs with the
heaviest and the lightest loads. For the hem-y-load
condition, the over-all reduction in the distance re-
quired to clear a 50-foot obstacle is 25 percent; the
reduction due to the wind gradient rdone is 16 percent.
For an obstacle height of 100 feet, the reductions are 21
percent and 1I percent, respect.ively. With the Iight

..—
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load the distance to clear the 50-foot obstucle is reduced
19 percent by the over-all effect of wind and 9 percent
by reason of the wind gradient alone. For a 100-foot
obstacle the reductions are 21 percent and 10 percent,
respectively.

The method used in this report, i. e., step-by-step
integration, would be too laborious for generaI use in
evaluating the corrections for wind; but it has been
found that these corrections can be determined with
sufficient accuracy through the aid of rather simple
relations: Still regarding the effects of wind velocity
and velocity gradient us sepgrate, the correction to the
air-borne distmce for the effect of wind velocity is

s

T

AD1= Vdit
o

where V- is the wind velocity at rmy time t and 1’ ia
the time required, from the instant of leaving the
ground, to attain the height H.

For the average wind gradient, previously defined,
the correction becomes, for El=50 feet,

ADI= 1.27V%T

where T7W0is the wind velocity at the ground.
For H= 100 feet

AD1= 1.3817WT

The effect of a wind-velocity gmclient on the height
attained in a given time T is found from the energy
relations to be

&= ~’ C;S ~AV:
9

where AH is the difference between the heights attained
with and without the benefit of a wind gradient, in
the same period of time, which is very nearly equivrflent

height H,. The correction to the observed ~ir-burnt
distance for the wind gradient is then

where -yI is the angle of climb that Jvouldobtain were
there no wind gmdient; it is giveu closely enough hy

For the average wind gradient.

ATW=0.411”W, fit ti bright of 50 feet.
rind

A~’W=0.55T”%,at a height uf 100 feet.

The angle of climb for no wind is given, fur nn
obstacle height of 50 feet, by

71=7 —tnn-lfl.oo37 rw)(m!l
o

and, for nn ohst!~cleheigh~ of 100 feet, by

-yl=~-tan-l 0.0021 I“UOXM!Q
9

The over-all correction to no-wind conditions is thcll,
for an obstacle height of 50 feet,

AD==l.27T”VOT+
v Cos -fXo.+11T“ro

(

1‘W017sin ~
g tan ~–tan-’ 0.0037

9
and, for an obstacle height of 100 feet,

AR=l.38VUOT+
v Cos 7X0.55T”M0

(

●

1’
9 t~n ~–hm-l o.o~~l 1 “o SIR -)’

9 “)

The

Horizontaldistance,fit

FIOUEE14.–Etkct of ground pmxkaity .on the Illght path of the Vervllle AT airplane during
tronsltion and steady climb.

corrections as computed from the ff)rcgoing
equations agreed closely wit b those dctormincd
by the step-by-step integrations, tho di[rercncc
being kss thrm 2 percent of the riir-lxmm distance
in all the cases considered. In the absence of
specific dat.n on the vnriation of the wind velority
with altitude, it is believed th!l t the nssurnpt !ol~
of m avernge wind gradien~ will provide n good
approximation.

The effect of proximity of tho ground on the
distance required for the nir-borfle stages of the
take-off is shown in figure 14. The grouml
eflect reduces the distnnce required to attnin
an altitude of 50 feet by 10 percent with {he
lightest load and by 16 percent with the hcuvicst
load. For an obstacle height of 100 feet, tha
percentage reductions are about o~e-hdf of those
for the 50-foot obstucle. The grenter difference

to the same horizontal distnnce; T’ is the air speed at for the heavier load is probtibly duc to the fuct tha~ the
the height H; ~ is the flighhpath angle relative .to the airplane climbs more slowly than with tho light load;
nir at the height H; A~’u is the difference between the hence it is in the region of strongest ground effect for
wind speed at 5 feet from the ground and at the effective a longer period,
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5. The ground effect reduced the ah-borne distance
required to attain a height of 50 feet.by about 10 per-
cent with the lightest loading and by about 16 percent
with the heaviest loading. For an obstacle height of
100 feet the percentage reduction was about one-half
as great.

CONCLUSIONS

1. For normrd take-offs the horizontal distances
covered in the tramition in proportion to the heights
attained were least at the slowest possible take-off
speed. Likewise, the shortest over-all distance re-
quired in taking off over an obstacle vies obtained with
the slowest speed.

2. For normal ground conditions, zoom take-offs
required shorter over-all distances than normal taJie-
offs, particularly with heavy loads if the obstacle to be
surmounted was suf3icient1yhigh. Tilth light loadings
and low obstacle heights, the zoom take-offs provided
no advantage.

3. The error resulting from neglect of the transition
in calculating the air-borne distance in take-off -mried
from 8 percent with the heaviest load considered to
–S percent with the lightest load for normal take-offs
over a 50-foot obstacle. For a 100-foot obstacle the
percentage error was about one-half of that for the
50-foot obstacle. For zoom trike-offs the error arising
from negkct of the transition was much greater.

4. The effect of the average wind gradient corre-
sponding to a 5-mile-per-hour surface mind was a
reduction in the air-borne distance to clear a 50-foot
obstacle of about 9 percent with the lightest load and
tibout 16 percent with the heaviest Ioad. For the
100-foot obstacle height the reduction was about 10
percent-for both loads. The over-all reduction due to
this wind was approximately twice that due to the
wind gradient done. The correction of observed
take-off performrmce to no-wind conditions can be
accomplished through the use of relatively simple
expmsions.

.-
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