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- SUMMARY

Anal ysis of a series of systematicC take-off tests with a Meteor 1V
airoraft has shown that to a good approxi mation the minimm airborne path
to 50 ft may be treated as an arc of a circle. Wth this assumption, it
is a sinple prooess to derive the mean cquivalent |ift ooefficient used
during this part of the take-off.

't has been found that the total equi valent lift coefficient used
during the airborno phase decrcasos W th inorease in tho ratio of the
nirspeed to the stalling speed in o sinple manner, which is i ndependent
of the thrust/woight rati o vhen the shortest possible gistanoc i S required.

Using the results of a simlar analysis applied to three other
airoraft, an enpirical rule has been developed, from which the mean
equi val ent lift coefficicnt increment, and hence the minimum airbor ne
distance to 50 ft, can be estimated si nply and with reasonabl e sccuracy.

The airborne distances thus obtained nust be regarded as the
m ninum possible val ues. A factor of 1.5 may be required to allow
for normal take-off techniques, particularly when the thrust/woight
ratio is |ow.
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1 | ntroduction

The major uncertainty in the ostimetion Of toke=-off distance tO
50 £t arises fromthe assunptions that have to be made regsrding the
pilotin% tpchnique during the airborne part of this manoeuvre. Earlier
metrheds.lof estimating take-off distance nay be nodified, as in Section 2
below, to allow for variations in pileting technique. The theory serves
to enphasize the inportance of the technique on the distanoce invol ved,
but the acouragy of the estimation could not be inproved until nore
quantitative data were available on piloting technique during actual
take-of fs. )

The uncertainty of the estimetes has increased in recent years,
sinoe these earlier nethods generally assumed that steady clinb condi-
tions woul d be achieved before the standard 50 £t hei ght wag reached.
Wth nodern aireraft, this is often not the case, ond estimation nethods
need nodification ascordingly.

Te obtain quantitative information on piloting technique, and to
test the accuracy of proposed nethods of estimation, a series of recorded
take-of fs has been made with a llsteor |V aircraft, having a static thrust/
weight ratio of around. 0.5.

Test conditions were slightly artifiaial in that the pilot was
asked t0 achieve the shortest practicable take-off distance, consistent
with safety. The results nust therefore be interpreted. as mninum
di stances.

To check such cenclusions as were obtained fromanalysis of the
Meteor results, use was made of the results of a |arge nunber of recorded
take-offs made by the A & AEE on tw propaller-driven and one jet-
propel led transport airoraft. ~This large volume of information has
proved involunble,

2 Information Required from Flight Tests

The take-of f manosuvre may be considered to be divided into three
phases: -

(1) the ground run up to the take-off speed;

(2) the transition phase, during which the speed and. clinbing
angle are changed to the steady clinb val ues,

and (3) the steaay clinb.

The airborne path from the point of take-off to the point where
the standard 50 ft height is reached may involve both phases (2) and
(3),0or it may lie entirely in phase (2). It is in phaso (2) that
the mein assunptions have to be mede regarding piloting technique.

In an early_methodl of deriving the equation to the path followed
in phase (2), the main assunption wos that the lift coefficient was held
constant at the initial value Cy,_ (appropriate to steady flight at the
take-of f equival ent airspeed Vg, ft/sec) until the aircraft reached a
speed Vg £4+/sec and clinbing angle v radians equal to the steady angle
of clinmb at Vg,  The [ift coeffic%ent‘was then supposed to drop instan-
taneously t0 the value GLO-(Vg/Va) and the steady clinb fol | owed.

e



The take-off technique thus defined is one in which the aircraft
is allowed to fly itself off. The theory can, however, be nodified to
allow for the knovn ability of the pilot to increase the lift ooeffioient
at take-off', producing a finite normal acceleration fromthe start. The
authors are indebted t0 C. H Naylor for this suggestion, which |eads to
a relation between height ganed, h, and forward distance travelled, s,
both in feet, of the form;«

2
v V2.g0s\ ACp . V.2
h = ¥ (s -t . Sin g2 >+ L £ (1 - COS {2'g0‘s> (1)
V2.g0 Vo O, 280 ng

where ACL is the increment in lift coefficient applied at take-off in
excess of that required for flight at the take-off speed. The tota

lift coefficient is assumed to remain constant throughout the transition
and the increase in drag associated with the lift inorement i S assumed to
be small. The take-off |ongitudinal acosleration (in g-units) and the
steady angle of olinb (in radians) at the take-~off equival ent airspeed

V, are both equal to ~. Over the range of speed involved, variation
of Yo With airspeed is 9 gnor ed. The renaining synbol s hayve their

usual “meaning

The airspeed, v, at any point during this manoeuvre is related to
the take-off airspeed ‘Vg by the equation

2_ 2 .. V2gos  AC V2g08
Va© = Vg (1 + V2. y, Sin 77 _ai: 1"c°‘°’_v§ (2)

and the instantaneous angle of climb, y , is given by

V2gos ) ACT, V2gos
+ Sin
v 2

Y = % (1 - Cos
© i V2,01, vgz

The transition ends when ¥ = vy, i.e. when

2
v
=1
\/-ch'

If the height gained (given by equation (1)) at the end of the
transition exceed 50 ft, then, clearly, conditions are not steady at
50 ft, and equation (1) would be used to estimate the airborne distanca
to 50 ft with the substitution h = 50 ft.

| f, however, steady conditions are reached. before the 50 £t point
is passed, we then define the transition distance (Fig,1) as the differ-
enioe baetwecn the actual distance to some point on the steady olinb path
and the distance in which this point would have been reached had the air-
craft boon able to olinb straight off the ground at the steady ol inbing
angle Yo  1he transition distance, sp, (vhich i s not the some as

that given by oequation (4)) may then be witten

4



-
By = . e (5)
1 ¥2go
where the factor f is given by
ACy,
fo=8ne -- (1-cos 8)/V2y
CL
° ()
-1
and B = tan V2, OLyCr

vy

The steady olinb distance to 50 £t is then sinply 50/16 feet, and
the total airborme distance to the 50 £t point igs=

8y = 8p + BO/YO (7

Fig.2 shows the variation of the factor f with ¥g for a range
of values of ACp/Cp from0.1to 0.8.  Wheh ACE, = 0, we have £ = 1,
It is olear that the val ue of Acﬁ/bLo chosen has a marked effect on

the transition distance, as it has al so, of course,-on the tota
distanoce to 50 ft derived fromequation (1).

It IS worth noting that equation (1) and (2) may be conbined to
give, with h =50 ft,

2

V., =V
s:-]-'-(u-& 50>=5A (8)
Yo 2g0'

where sy is now the total airborne distence to 50 ft. This equation

does not involve ACL, but requires instead a know edge of the variation
of the airspeed during this phase.

Equation (8) is, of course, one that could have been obtained quite
simply by consideration of the changes in energy occurring during the
airborne path, with the assumption that the drag remains sensibly constant.

V¢ have, now, basiocally, two nethods available for the estimation
of the airborne distance to 50 ft. V& may use either of equations (1)
or (7) (according to whether the steady olinb state is reached after or
before the 50 £t point is passed), requiring a knowledge of ACr/Cy, ,
but with variations in speed appearing only as a dependent variabl e?
Al ternatively, equation (6) may be used, not directly dependent on ACL,
but requiring a know edge of the variations in speed ocourring during
the airborne phase

The flight tests described below m ght therefore have been directed
towards providing data as a basis for estinmating either the value of
ACr/Cr, used in practice, or the changes in airspeed that occur, during

the airborne phase.



The recording technique was such that changes in airspeed could
not be neasured with sufficient accuracy, and, further, it is seen from
equation (2) that these speed changes are a comolex function of ¥, and
ACL, i.e. of the airoraft characteristics and piloting technique.
Attention has therefore been concentrated on deriving the mean equivalent
ACL used during the airborne phase. This information could then be
used in developing a method for predicting the value of ACL to be used
in estimating the airborne distance for other aircraft, using equations
(1) or (7)as anpropriate,

Equations (1) or (7) result in ver; ourmbersome Methods for eval ua-
ting the mean equivalent ACL for a particular take-off' and, in addition,
a knowledge of Y, is required. On the Meteor IV, which was the principel
subj ect of this investigation, ¥, has been neasured by partial. olimb tests,
but it could not be obtained accurately for other aireraft on which take-
of f measurenents were ayailable,

Fortunately, it was found that, in the case of the Meteor, the nean
equivalent |ift coefficient inorement, ACL, could be derived with suffic-
I ent accuracy by agsuming that the flight path up to the 50 £t point is
an arc Of a circle, provided that this meanequivalent increnent is
defined so as to include the increase in lift arising from any increase
In airspeed during the airborne path.

If ¥y isthe RMS. equivalent airspeed during the airborne path,
whose oonstant radius of curvature in the vertical plane is R and C
is the lift coefficient corresponding to steady flight at Vs t hen, E}
the speed changes are small,

VmZ/RgOT = AGL'/GLm (9)

AC1,tis the mean equivalent |ift coefficient inorement and, by
sinple geonetry, the airborne distance, sy, to 0 ft is:i-

200 wg
SA. =

~ 2500 (10)
\ pg 6Cy!

This expression for sy, which is independent of both V, and ¥,

is plotted in Fig.3 as a function of &Cg! for a range of values of the
Wi ng loading Wge

The mean equivalent lift coefficient increment 4Gt is defined by
equation (10), and includes any increase in lift arising fromthe in-
crease ip airspeed occurring during the airborne phase. The inerement
thus defined can therefore remain positive for the airborne path as a
whole, even though there may be no increase in the astual |ift coeffic-
ient at take-off, and is generally larger than the increnment, ACL, used
in equation (1) et seq.

Lift ooeffioient increments quoted in this Note were obtained by
this method and include the effect of the increase in airspeed. The
problemis therefore to devise—~a method-of-predicting ACrY for any glven
aircraft condition.

6.



3 Test Procedure « Meteor |V

Take-of fs were made froma concrete runway and phot ographed wxth
the 7,17 t ake-of f canera. Havi ng established the absol ute minimm
airspeed at which the airoraft could be pullad off, the pilot was
asked to go a series of take-offs in which the aircraft left the ground
at airspeeds 10, 20, 30 and 40 knots above this mninum  Preliminary
tests showed that the piloting technique which coul d be repeated nost
consistently wag that in yhich a rearward. pressure on the stick was
applied at about 10 knots below the desired take-off speed, with the

pilot attenpting to keep the increase in airspeed after take-off as
smal | as possible. This technique was expected to produce the shortest

practicable ai rborne distanca.

For each nominal take-off sped, each of three engine powers was
used, corresponding to 1,600 RP.M (full throttle), 13,800 RP.M and
13,000 R.P.M, At maximum thrust, the pilot was able, on the average,
to keep the speed increase between take-off and 50 ft down to 10 knots.
At 13,800 RP.M, the inorease averaged 3 knots, while at 13,000 R P.M
there was on the average a 3 knots reduction in airspeed, suggesting
that in this case, the clinbing engle was too high.

The take-off wwoignt was varied only by oonsunption of fuel. The
flap setting was 25 degrees throughout.

A two-axis accelerometer nounted in the airoraft was used to
record the normal acceleration guring nost of the take-offs.

A minimm of 3 take-offs was nade at each conbination of take-off
speed and engine R P.M

In addition 4o the take-off tests, partial clinb tests were made,
covering the whole range of airspeeds and engine powers used for the
take-offs. When correscted {0 4ne atnospheric oonditions appropriate
to each take-off, the longitudinal acceleration, +y , at take-off could
be obtained (neglecting ground ef f ects). °

4 Corrections

The airborne distanoca, fromthe point at which the wheels left
the ground to the point 50 £+ above the take-off point, was corrected
t0 zero headwind by the method of Ref. 2. No further corrections to
the distance were necessary, since for each take-off the nmean squiva-
lont lift coefficient incroment 4C1,* could be ocalculated from equation
(10}, using the appropriate values for wing |oading (allowing for fuel
consumption), alr density (from Meteorological Office records) and the
airborne distance to 5 ft in =zero headwind,

5 Results and D scussion

Table | presents the results of the measurenents of airborne
distance to 50 £+ and the corresponding airspeeds and clinb angl es,
toget her with the longitudinal acceleration at take-off, derived
fromthe results of the partial c¢limb tests.

In Fig.4, v 2/1/'2g0' has beon plotted. against (sy = 50/A,). The

straight lines through the origin correspond to various values of the
correction factor, "f", defined in equation (6), and if the transition
had ended before the 50 ft point had been reached, this daiagram coul d
be used to determ ne the-value of AGL/GL used during the transition,
since the aocceleration Y, IS knowm. ?hough this process dces, in

7.



fact, give values of AGL/CLO (using Fig.2) which are conparable with

those determ ned fromequation (10) in some-oases, it is-theoretiocally
unsound since the records show that, generally, conditions are not
steady at the 50 f't point, although, at the |owest engine thrust, the
steady clinb angle was reached and exceeded before the 50 £t point was
passed.

Pig.k shows that the factor "f" decreases as the take-off speed
I S inersased (at oonstant weight) and as the |ongitudinal acceleratien
Y, deorsases, This is in line with the reduction in transition

diagtance indicated in Fig. 2. At the higher take-off speeds, |arger
valuss Of AGI/CLO oan be applied wthout danger of stalling.

It will be noted that some of the take-offs, particularly those
at the lowest engine RP.M, have produced very |ow val ues of the
faoctor "M, in some oases |less than 0.1. In these oases, the olinmbing
angle at 50 £+t was greater than that appropriate to a steady olinb at
the same speed, producing an exoeptionally short airborne distanoe.

Wth the assumption that the airborne path is a continuous
manoetvre, W th. 8 constant radius of ocurvature, the mean equival ent
lift ooeffioient inorements have been evaluated, from equation (10),
snd the values are given in Table II, together with the lift coeffio-

ient L, oorresponding to steady flight at the take-off speed Vg. The

osloulated value of ACL/Cr, i'S compared with that derived fromthe
accelerometer records.

In Fig.5 the galculated values of aAc.' are shown graphioally as
a function of (V/vg)2, where V,; is the root meen square equival ent
airspeed during the airborne path to 50 £t and VS is the engine-on
stalling speed. On each of the three graphs (one. for gagh take-off
R P.M) the lower set of points gives the galeculated inorenment, while
the upper set of points shows the variation of total lift ooeffioient
(Q, + ACy') with (Vi/Vg)2, where Cr, is the lift occefficient oorres-
ponding to steady flight at the R.M.S, airspeed Vm The intermediate
ourve indicates the |ift coefficient G, as a function of (V/V5)2.

It will be seen that the total lift ooeffioient (Cy_ + ACL') IS
approximately a linear fumetion of (V,/Vg)2 and that the inorement
o7t vani shes at a value of G, ogqual to the maximam available Iift

ooefficient, powsr on. This maximum which includes the effect of
engine thrust, varies slightly with take-off R,P,k.

At the upper end of the speed scale, the curves of (Or, + ')
and Or, will, if extrapolated, interseot again at some [ower lift
coaffiaient Crt. It is, of coursae, not inplied that take-off would
be inpossible at lift coefficients less than this value, and the sig-
nificanoe of this second point of intersection lies mainly in the use
of ¢r,' in fixing the position of the (Cr, + Acy!) line for the purpose
of prediating the ACy' likely to be used at any particular vslue of
(V/Vs)%

6 Use of Additional Data

The Meteor take-off neasurements have shown that 8 mean equival ent
Lift ooeffioient increment AC' may be derived fromequation (10) with
satisfaotory acouracy snd that ACp' could be estinmated for any take-off

speed if we could predict whare the (ch + £0y,') line would re-intersect
the Cr,, ourve, as in Fig.5.

d.



Tho above anal ysis has therefore been applied to the results of
take- of f measurements made by the A & A E E on the Nene-Viking, Dakota
and Hermes.'  The increments of |ift coefficient ACr', and the tota
lift :::::)f;ff.‘ioients(CL,n + 801,1) are plotted. in Figs.6, 7and 8 as

funotions of (Vi /Vg)2, for these 3 additional airorafi.

The gcattor of the points in Figs. 6, 7 and 8 is larger than that
in Fig.5, as we should expect. The Meteor pilot was attenpting, in
every oase, 10 producethe shortest practioabls airborne distance
whereas the 4 & A E E results, obtained on civil alrcraft, were nore
strongl y influenced by saf ety considorations.

| n each case, the (Cy,_ + 4Cp*) line has been drawn to intersect
the Cip curve at a lift ooefficient equal to the maximumlift coeffic-
ient in the take-off condition, power on. The line passes mainly
through the points corresponding to the |arger values of ACy, sinoce
these were presumably obtained under conditions nore closely resenbling
those for the Meteor take-offs. For normal take-off conditions, it is
suggested that the increnent ACy' might be taken as half the maximum
practical val ue, thereby increasing the airborne distance by a factor
~f about 1.5.

The(GLm + ACy,') and the C,._lines have been extrapol ated as

necessary to re-intersect at the lower value of lift coefficient, Cg',
referred to in Section 5. In Fig.9, this lift coefficient Crtis
plotted against Cy, pay, i N the take-off configuration. The % points

for the Meteor, plus these 3 exira points, are seen to define reason-
ably well a straight Iine.

No atterpt 1S made here to justify theoretically this linear
relation between ¢p' and Of pgay,, NOr that between (Cr, +4¢Cr') and
(Vm/\fs)z. However, a reduction wn botal 1:ft ooof ficient (OLm +A0Q"Y)
with increasing airspeed is to be expected. A finite tinme is required
to appl y the increment ACL? after iako-off (especially if this is done
by an increase in inoidonoo) and at the higher take-off speeds, the
time during which the 1ift coefficient is incroasing iS a proportionately
| arger fraction of the total time to reach the 50 f£+4 point. The nean
effective |ift coefficient increment therefore may be expocted to
deorcasa al though the final velus may be the same.  The basic |ift
coefficient Cr,. decreases with increase in speed and SO tphg tota
ooef fi oi ent C%Tf + Acg,') does |ikewi se.

7 Met hods of Prediction

The proposed nethod is based mainly on the empirical relationships
established in the previous sectionsfor the estimation of the lift
ooefficient increments used during the airborne phase. The increnents
thus derived mast be regarded as the maxi mum practicsble values, and
their use may, in some oases, |lead to excessively steep angles of clinb
at the 50 £+ point, or an undesirable | oss in airspeed. The first;
prediction method described bel ow takes no account of the condition
of the aircraft at the 50 £+ point and gives the m ni num practicable
airborne distance.

The result illustrated in Fig.9 may be expressed in the form

Gt = 0.53 Cp pax = 0438 (11)



from which it my be shown that
2

H(%Dz _ 1} ltGL o ((%) - o.BB) + 0.38 (12)

ﬂGL1 =

and, finally, using the approximate expression for the airborne distance
sy from eq_uation#%lo)u in standard atmospneric conditions, we have

5 (13)

i R R

It should be noted that to use the |ift coefficient increnent ACt!
estimted from equation (12) in the nore exaot expression for the air-
borne path given in equation (1) would be %o include the effect of the
increase in lift due to increase in airspeed twice. In the case of
the Meteor this processs ga distances up to 10% less than those
derived f&m equation (13), In Fig.10, the distance estimated for
each individual take-off by equation {13) is conpared with that
actual ly measured. It will be seen that 75% of the results are
within 10%of the measured val ues. In view of the marked dependence
of the @istance upon piloting technique, this agreement is considered
to Dbe satisfactory.

"It IS considered that a more normal piloting technique will
result from the use of a lift coefficient increment of about half
that predicted by equation (12). The use of this reduced increnent
woul d increase the distance to 50 ft (using equation (13)) by a
fagtor of 1.5.

In sone oases, particularly for civil airoraft, close attention
nmust be paid to the airspeed and angle of clinb at the 50 £+ point.
The above prediction method is based on a technique which may only
be regarded as safe when the thrust/weight ratio is adsquate,

Equation {4) gives the adistance fromthe take-off point 1o the
point at which the instantaneous angle of clinmb is equal to the steady
angle of clinb at the take-off speed. This value of the distance may
be substituted in equation (1) and the solution of the resulting
equation for the case when h = 50 ft will give the value of the |ongi-
tudinal acceleration v, for which the elimbing angle at 50 £t is equa
to the steady clinb angle. This solution is shown graphically in
Fig.11. If the longitudinal acceleration at take-off is less than
that given by this diagram (at the appropriate values of Vg and AG[/C1,,)
then the technique which fornms the basis of the first predlotion nethod
will result in a elimbing angle at the 50 ft point in excess of the
steady clinb angle. Simlarly, Fig.12, which is derived from equation
(8), shows the value of ¥, which will ensure that the speed at the
50 tt point is not |ess tRan the take-of f speed.

Wen it is inadmssible for the clinb angle at the 50 ft point
t0 exceed the steady clinmb angls, or for the speed at that point to be
less than the take-off speed s prediocted by Figs.11 and 12), then
steady clinb gonditions nust be assuned before the 50 £t point is
reached, and an alternative estimation method used.

10.



The lift coefficient increment used during the initial transition
phase | S estimated by the process already described. This increment
I's used to determine the factor "f" fromFi g.2, and hence tha transition
di stance may be calculatedfromequation (5). ° The error introduced by
the use of a lift goefficient increment which includes the effect of an
i ncrease in airspead Will be small, since we are concerned here mainly
with relatively low thrust/weight ratios, and the transition distance
i's, in any case, only part of the total distance to 50 ft. To this
transition distance i s added tha steady clinb distance 50/vg, where Yo
is the steady clinb angle at the toke-off speed (in radians), or the
longitudinal acceleration at take-off (in g-units).

Two examples will serve to illustrate the application of the
various methods,

Example |.. (Fighter)
1,0 knots (= 1.15 x engi ne-on stalling speed.)

Take-of f spesd

60 1b/sq.ft. Longitudinal agceleration at

Wng | oading
take-off = 0.,3g.

CL max. = 1.2 (engine on, but not including ground
effect)
hopt = 0.21 (from equation 12), and AGL/CLO = 0.23
Minimm airborne distance to 50 ft = 870 ft (frem equation 13)
Using hal f the above 1ift coefficient inorement (i.e. ACy'! = 0.105)
Normal airborne distance = 1230 ft.

From Fig.1l, the minimum accoleration, ¥,, required to ensure that
the clinb angle at 50 ft is not greater than the steady clinb angle is
0,125 at the maximumm ACy, or 0.095 at half the maxinum The value of
Y, required t o ensure t{{at the gpeed does not fall bhelowthe té&e-off
speed is 0.058 at the maxi num&C., or 0,040 at half the maximum The
availabla ¥, (0.3) is well aboveIl'hese limts, so that the quoted
distences ab not involve an exceptional technique,

Example 2. (Overloaded bonber)
Take-of f speed = 180 knots (= 1.20 x engine-on stalling speed)

Wing loading = 80 lb/sq.ft. Longitudinel acceleration at
take-of f = 0,05¢g
CL max, = 1.05 (engine-on)

Acr' = 0.2 (fromequation 12) and ACr/Cr, = 0.33

.‘ ‘ Minimmm possible airborne distance to 50 f4 (irrespective of
climb angle or speed at that point) = 930 ft.

Fig,1l shows that the available ¥, (0.05) is ingufficiant to
ensure that the steady olinb angle has not been exceeded, even at
half the stated value of ACL, and Fig.12 shows that the speed woul d
have fallen bel ow the take-off speed, when using the full valuo of
ACy. The alternative-estimation method is therefore used.

11,



The factor "f" = 0.11 (from Fig.2)

Transi tion distence = 220 ft (from eqn.5)
Steady clinb distance = 1000 ft

Total airborme distance = 1220 ft.

Using half the above value of AC;*,i.e. 0.12, we have

f = 0.21 (from Fig.2)
Transition distanse = 430 ft

and total airborne distance = 1130 ft.

a Choi ce of Method |

The choiee betwesn the first and second nethods, and hetwsen the
use of the full or half [ift coefficient inorement depends on what
safety factors are to be applied in deciding on safe rumway |engths.

Two alternatives are apparent = either to caleculate the absolute m ni mum
distenoe and to apply a generous safety margin, or to calculate the
distance which the average pilot mght reasonably be expected to achieve,
and to apply a reduced safety margin.

The absolute mninum distance is obtained by using the full [lift
coefficient increment and ignoring the speed end angle of clinb at the
50 £t point. At the other extreme we should use half the [ift
coefficient increment and pay striot attention to conditions at the
50 £4 point. The difference in the two estimates of the distance
depends on the | ongitudi nal acosleration at take-off, but is of the
order of % of the shorter distance, i.e. as a rough estimte, the
confortable, safe distance may be taken as 150% of the mininum

possi bl e distance.

9 Choi ce of speed margin at Take-off

Speed mar gi ns (Vg/‘\rs) of 1.15 and 1.20 have been used in the two
exanpl es. The shortest airborne distances will be obtained when the
speed margin IS suoh as to make ACy' a meximum (equation 12). Typioal
val ues of the optinumratios are 1.3 when Q pag, is 2.0, or 1.6 when
Cy, max, 'S LO The ground run, however, increases roughly as the

square of the take-off speed, so that the shortest owerall distance,
from the start of the ground run to the 50 £t point, is obtained at

relatively small wvalues of this speed margin. The margin nmust givs
adequat e protection against inadvertent stalling, and shoul d al | ow

the application of the desired |ift coafficient increment in safety.
For this reason, a speed margin of at .least 1.15 is recomended.

|0 Conclusions

Analysis of a series of systematic take-off tests with a Meteor |V
airoraft has shown that to a good approxination the mininmum airborne
path to 50 £+t may be treated as an arc of a circle. Wth this assunp-
tion it is a sinple pmoess to derive a mean equivalent |ift coefficient
for this part of the take-off.



It hag been found that the total equivalent lift coefficient Used
during the airborne phase dgoreases with increase in the ratio of air-
speed to stalling speed, for a particular aircraft, in a sinple mnner
which is independent of the thrust/weight ratio

Using the results of a sinmilar analysis applied to three other
aircraft, an enpirical rule has been devel oped, fromwhich the nean
equivalent. lift coefficient increment, and hence the airborne distance
to 50 £4, can be estimated sinply and with reasonabl e accuracy. Allow-
ange can be made for the effect of Xow thrust/weight ratios.

The airborne di stances thus obtained nust be regarded as m ni mum
possible val ues. A factor of 1.5 may be required to allow for norma
take-off  techniques.

11 Further Wr k

To enable this enpirical method of estimation to be used with
greater confidence, it is desirable to conmpare estimated airborne
distances to 50 ft with measured values on as many aircraft as
possi bl e.
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TABLE |

Measured Take-off Data w Meteor |V EE 597
. Teke~offiTake-of'f Airborne{Airspeed|C i nb
Take- Of f {Nominal . |Airspeed|dccelera- |Distance|at 50 £t Angle
Nei ght |Teke-off|Enginefy, Je tion to 50 £t VAo at
b Spezd RePolls | o4 /500, |Vo(g-units)|s, foet £1/sec. |50 fte
kot (se0 (see (gee (see Y50
note 1) not e 2) note 3» mothe 41)) rads.
1 2 3 4 5 6 7 8
13,375 110 14,600 | 175.8 0,29 565. 0 197.5 10.195
13,090 n n 176.2 0.300 565.0 0. 206
12, 767 0 " 181.0 0.310 561.5 .| W10 Jo.201
13,650 120 |1,,600| 185.0 0.297 582.5 2047 | 0. 200
13 375 " v | 1843 0. 301 585.0 | 208.6 |o0.218
13,132 " " 183.0 0.305 507.0 197.8 |0.227
1,426 130 [14,600 | 201,2 0.288 590.0 215.6 |0.186
L, 181, " wo | 197.8 0. 294 538,5  210.5 | 0.200
1, 06N ¥ f 197.2 0.296 561,0 210..1 10. 205
L.,362 H-TG 14,606 2}16.8 0. 259 526.5 | 253.8]0.221
1,022 241.0 0.268 505.0 256.9 | 0,215
13, 767 " i 252.8 0. 264 530.0 258.7 | 0.207
1., 556 150 [14,600| 271.8 0. 240 586. 5 301.0 | 0. 182
13,9,1 ' " 273.0 0. 249 587.0 297.1.10. 188
13,333 " . 287.0 0.250 595,0 | 312.2]0.182
1,508 110 13,800 170(.8 0.177 936,0 150.8 O.]J%g
13,900 " " 177.7 0.186 700.0 | 1g2.4. 0.1
13,618 " " 176.L. 0,191 64.3,0 192,710.171
13,375 " " 186.0 0.197 631.5 | 207.7 |0. 185
1,508 120 13,800 193.8 0.187 648.5 216.8 | 0. 186
14,103 " " 211.3 0,200 615.5 223.4 10.196
13,642 " " 196. 3 0.200 551.0 200.6 | 0.218
13,294 " B 198.7 0.205 540.0 202.8 1 0.223
L.,022 130 13,800 | 211.5 0.202 593.0 232.5 10,193
13,698 t 0 215.6 0.207 585,0 217.8 | 0.213
13,14.56 " 1 220.9 0.206 576.5 219.3 | 0.221
L, 18, " 13,800 w | 231.3 0.189 BL9.0 236.9 | 0.226
13,860 24,8 0.185 576.5 uc.2 |0.233
1,022 150 13,800 | 288.5 0.158 591.5 263.1 | 0. 203
13, 537 " " 271.5 0.170 543. 0 252.4 | 0. 214
13,300 " " 267.3 0.173 514.9 243.3 | 0.209
1., 556 e |13,000 { 187.2 0.112 1020.7 185.2 | 0.1013%
1,103 " " 1192.0 0.116 799.6 | 199.0 | 0.117
12,930 " v | 183,35 0.122 726.0 | 200.3 | 0.150 |
1, 540 120 |13,000| 200.3 0,112 666. 4 187.110.133
1,18, " " 195.1 0.115 647, 2 174.8 1 0. 157
13,860 " " 9.5 0,117 595.7 | 180.0 ] 0.163
/Continuaed



Tabl e | (Contd. )

Nominal Take~off Take- of f' Airborne | Airspeed | U inbh

Take- of f Tcak'me_ola £f Engine|AlTspeed Accelera=  IDistance | at 50 £t| Angl

Weight | Speed | RuB.IL| Vel Vo tion to 50 £4|V,y/Vo at
b, knot s £Y/se0. |Y,(g-units)|s, Zfeet |ft/sec. | X fhe
(see (see (800 (se0 50

note 1) note 2) note 3) |note 4) | reds.

1 2 3 4 5 6 1 a
1, 508 130 13,000 225.2 0.112 687.5 237.5 1 0.163
1,070 " "o 2t 0.116 593.0 221.8 | 0.182
13,698 " " 220. 3 0.11 609.0 232.9 | 0,184,
13,29 " "] 221k 0.12 573.5 225.4 [0.201
L, 589 U0 |13,000] 232.8 0.110 528.1 216,2 | 0.209
L, 265 " * | 239.5 0.110 518.1 22,.5 | 0.206
13,860 " " | 2.0 0,112 559.5 227.2 | 0,203
1., 589 150 {13,000} 254.5 0,102 561.0 2:9.5 | 0.211
Uy, 184 i "o 2545 0,105 537.3 2,9.0 | 0,22
13,860 " "] 255,2 0,107 537.8 22,1 | 0,22,

Note 1 VAo = Measured ground speed fromP.47 film+ wind spesd.

2 v,

s derived frompartial climb tests, comertedto test

atmospherio conditions.

3 8y has been corrected t0 zero headwind.

4 VpANo = Measured airspeed along flight path.-(includes vertical
souponent and wi nd speed).

15.




TABLE |1

Information gerived fromtake-off neasurements

Moteor |V EE397
Nominal Take-off | Mean [ift | agps Mean excess
Take~off || Engine |[ift cocff: coof f: | 2. normal a0CMN.
Speed R.P.M, oy, i ncrement | Crg g-units
kts. © acy,t (acoelerometer)
110 Uy, 600 1.039 0.310 0.298 0.306
w " 1.010 0.303 0. 300 0.307
" " 0.935 0.299 0.320 0.343
120 " 0.959 0.298 0.311
" " 0.947 0.290 0.306
" " 0.943 0.378 0.401
130 u 0. 858 0.307 0.358
" n 0.872 0. 362 0.416
" u 0.331 0.381
1,0 n 0. 860 0.383% 0.676 0.672
" " 0.579 0.406 0.701 0.618
" " 0.518 0. 362 0,699 0. 7hl
150 " 0.475 0.3 0. 662 0.592
" " 0.4.51 0.301 0.667 0.631
" m 0.390 0.280 0.718 0.625
110 13,800 1.111 0.123 0.111 0,135
" " 1.05. 0.210 0. 200 0.230
" n 1,050 Oy 2k 0.232 0.195
o # 0.922 0.248 0.269 0. 249
120 " 0.926 0. 256 0.276 0.258
" = 0.757 0.276 0.363 0.282
" " 0.851 0.332 0.390 0. 340
" " 0.808 0. 337 0.417 0. 347
130 " 0.751 0.295 0. 393 0.387
" u 0. 707 0.296 0.1l.8 0.403
" w 0. 660 0.299 0.453 0.463
1,0 n 0.636 0. 348 0.547 0.547
" " 0.556 0. 309 0.557 0.688
" " 0.550 0,36, 0. 66, 0.630
150 " 0,411 0.298 0.725
" " OuL42 0.341 0.771
t " 0.44.9 0.372 0.828 0.757
110 13,000 0.955 0,104 0.109
L n 0.916 0.164 0,179
" u 0. 924, 0. 182 0.197 0.225
120 " 0.872 0. 243 0.279
" " G 896 0.251 0.280
" " 0. 896 0.295 0.329
130 " 0.688 0.228 0,331 0.282
" " 0,673 0.297 0.4 0. 389
" " 0.679 0.274 0. 403 0. 348
L u 0.652 0.300 0. 459 0.361
w0 w 8.235 0.388 0.29%
" n . 0, O. 5
n " 0. 561 037 0.586 -
150 " 0. 542 0.343 0.634
" " 0.527 0.364 0.690
" " 0.521 0.361 0. 692

16.
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FIG.3.
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NOTATION x 14,600 RPM, MEAN ¥ = 0-28|
A, = DISTANCE FROM TAKE-OFF POINT TO 50 FT , FEET @ 13,000 RPM, MEAN ¥, = 0190
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FIG.6&7
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FIG.8&9.
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