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SUMMARY

This investigation, which is a continuation of Technical Report No. 154, “A Study of
Taking Off and Landing an Airplane” (Reference 1}, follows very closely the earlier methods
and covers a number of service airplanes, whereas the previous report covered buf one, the
JN—4h. .

In addition to the air speed, acceleration, and control positions as given in Report No. 154,
information is here given regarding the distance run and the ground speed for the various
airplanes during the two maneuvers.

INTRODUCTION

It was stated in Technical Report No. 154 that little attention had been given to taking
off or landing. While the performance of the airplane as to speed, climb, ceiling, and to a
certain extent also as to controllability, maneuverability, and stability, is subject to a quanti-
tative analysis, the maneuver of taking off or landing is difficult to evaluate, because if is depend-
ent upon the pilot’s ability, the power plant, and weather and field conditions. Variations
arising from differences in the skill of the pilot are not considered in this report, and an attempt
has been made to reduce all of the maneuvers to average landings or take-offs.

Complete records of & number of flights were obtained on each of the airplanes investigated,
and only records of good average grade, free from extraneous influences, were selected for con-
sideration. The results are given in one form in Table I to show the relation of the various
factors which enter into the maneuver for each airplane, and again in Tables IT and IIT in forms
from which comparisons may readily be made among the different types investigated.

The procedure followed was identical with that described in Technical Report No. 154, with
the addition of evaluations of the ground speeds and distances of ground run. Each of the
landings was made from a straight glide directly into the wind, using the best available portion
of the landing field. The throttle was tightly closed and the idling adjustment was normally
slow. In the take-off the throttle was opened fully in the shortest possible time commensurate
with good practice, and the take-offs were accomplished in a modified tsil-high position. This
is at variance with the practice of a prolonged maintenance of the tail-high position recommended
in Report No. 154, and was made necessary by the poor condition of the landing field at Langley
during the time these tests were in progress. However, such a modified take-off is considered
to be in accordance with average practice.

AIRPLANES INVESTIGATED

Curtiss JN-6h. SPAD-VII.

Vought VE-7. Thomas-Morse MB-3.
DH—4b. Martin Bomber MB-2.
Fokker CO-4. Sperry Messenger.
SE-5a.
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Several pilots assisted in securing the data of this report, but all the flights recorded were
made by the pilots of the committee’s staff with the exception of those on the Martin Bomber
MB-2, which were made by a service bomber pilot. An average of 10 complete records was
obtained on each airplane in the two maneuvers under investigation.

INSTRUMENTS AND INSTALLATION

The instruments used were, with one exception, identical with those employed in the earlier
work, and were of the recording type as developed at the laboratory of the National Advisory
Committee at Langley Field. These instruments comprised the following:

. (1) N. A. C. A. control position recorder (Reference 2}. This instrument was attached
directly to the control cables in the fuselage. Slight errors may be seen in the records, which
were due largely to slack in the controls, A precision of plus or minus 10 per cent was obtained.

{2) The N. A. C. A. accelerometer (Reference 3), which measured the acceleration during
the maneuvers and also located definitely the instant at which the ground contact was made or
broken.

(3) The N. A. C. A. air-speed recorder (Reference 4), equipped with the universal swiveling
Pitot head, as developed at the laboratory. This was used for measuring the air speed with an
accuracy of plus or minus 3 per cent.

The fourth instrument used was a specially designed and constructed ground-speed recorder
which has not been described previously. This recorder consisted of a small air ccmpressor
attached to the stationary axle of the chassis and actuated by a plunger which was depressed
by an eccentric race or cam attached to the side of the airplane wheel. Each impulse of this
compressor was transmitted by a tube to one side of a diaphragm instrument of the usual
recording type and represented one revolution of the wheel. Thus the distance of the roll was
obtained by multiplying the number of such recorded revolutions by distance obtained by
rolling the wheel one revolution under full load and on a flat surface. Many records indicated
that the wheel began to turn either slightly before or shortly after impact with the ground.
This was accounted for in the first instance by the dragging of the wheel over high grass or
weeds, and in the second by a very small slippage over smooth or soft ground. Correction
was made by using the accelerometer record as indicating the true point of contact. As a further
check several ground runs were measured by chain, and no appreciable error in the records was
found. The individual records may be taken as correct within plus or minus 20 feet.

All of the instruments were synchronized through a chronometrie timer, which produced
a vertical line across the moving film at regular intervals to provide a basis for the correlation
of all the records. A single electric switch in the cockpit controlled all the instruments.

RESULTS

The records obtained for each of the airplanes are shown in Figures 1 to 9a. These show
the air speed, ground speed, ground-run distance, acceleration, and position of all controls
throughout the maneuver, plotted against time.

Table I gives a recapitulation of the results reduced to zero wind speed.

The first inspection of the data may be somewhat confusing, due to the difference between
instrumental records and visual impressions, since it usually appears to the casual observer
that a large airplane flies and lands very slowly and a small one lands very fast. From casually
observing a number of airplanes landing it is diffieult for an untrained observer to believe that
a Martin Bomber and a Thomas-Morse pursuit airplane land at about the same speed, or that
a Martin Bomber lands about 15 miles faster than a Sperry Messenger. Of course the landing
speed varies as the square root of the wing loading and inversely as the maximum lift coeffi-
cient, but we are now concerned with the impressions obtained by casual observation.

The weights given are the actual weights as measured with the airplane ready for flight.
No sttempt was made to run at the full military load, but the weights given will indicate the
proportion of load which each airplane carried. These weights did, however, include a full
crew for each airplane.
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Figures 10 and 11 present the method of reducing the data to a condition of zero wind speed
by plotting the various ground distances observed against the various wind velocities at the
ground at the time the record was taken. Assuming that an airplane landing in a wind of a
velocity equal to its landing speed has zero ground run, a fair curve was drawn threugh the
point on the ordinate axis representing the landing speed and the group of observed points.
The intersection of this curve with the base line indicates the ground run at zero wind speed.
Since the observed points are usually at low wind speeds, the error cen not be large. These
figures present valuable information as to the ground run which may be expected of any of these
various types of airplanes in winds up to and including their landing speeds. The manner of
approach should not change the landing speed, which is definite for any airplane with a constant
weight. The ground run is dependent on Ianding speed and wind velocity and is independent

of the method of approach.
CONCLUSION

It is hoped that the results presented will prove of value to pilots in considering the ground
maneuvers of certain airplanes, particularly in regard to the runway required to take-off or
land under various conditions of wind speed; or to others in estimating the proper size for
proposed landing fields, ete. It is recommended that further work be done covering those
phases of taking off and landing which are not definitely tied up with the performance of the
airplane; that is, the effect in approaching a landing in “side-slip,” in “fish-tailing,” or in
making use of the avilable side winds, which permits setting the airplane down in a more con-
fined space. This information in conjunction with the present report and report No. 154 would
cover these maneuvers comprehensively.

TABLE I
L] l\:; I dgmminal !Tak &! IL din E%agléog
s Weight, . 'jog0ad power | Takeof | ! oo% | Landing = 20 g ; Blaack o
st R gy | ron e R R
I : | |
| | [
SE58- o 2,080 | 867 | o1Ls 300 1 53 450 54 14
JN—6h Curtiss.. o ___ 2, 767 : 7.85 | 18. 5 410 , 48 575 , 51, 13.2
SPAD-VII... . ll211110 1,625 | 840! 9.0 315 58 485! 58 | 151
VE-7 Vought_____________ 2,152 | 7.57 ;. 12.0 275 | 50 80, 51 | 127
DH—4b. oo 4,000 9.10 10.0 340 . 51 725 565 12.3
CO—4 Fokker____________.__ 4,155 I 10. 16, 10.4 380 | 52 950 , 56 | 11
Sperry Messenger..________ 965 | 6.5 | 16.0 320 42 400 , 44 | 17.2
© MB-3 Thomas-Morse..___. 2,277 | 9. 63 7.6 325 P 57 875 . 57 @ 15
! MB-2 Martin Bomber____. : 10, 520 ; 9.7 @ 13.2 585 I 63 925 | 58 | 13
| i ! 5 |
TABLE II

COMPARATIVE SPEEDS AND DISTANCES OF TAKE-OFFS

$peed,M.P.H Distance, feet

1. Sperry Messenger. . ... _________ ; 42 310
2. JN-6h Curtiss_._________________ 48 | 390
8. VE-7 Vought_____ ... ___ . 50 275 |
4. DH4b.___ .. __ S . 51 . 340 .
5. CO-4 Fokker_ ... _________ 52 382
6. SE-58_ e i 53 : 300
7.8PAD-VII___________________1 58 . 315 |
8. MB-3 Thomas-Morse__..._.__ S 58 325 |
9. MB-2 Martin Bomber._________._. 63 550 |
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TABLE IIT
COMPARATIVE SPEEDS AND DISTANCES IN LANDINGS

l Speed, M. P.H.| Distance, feet

1. Sperry Messenger. oo ._---_- —— 44 400
i 2. JN-6h Curtisso oo 51 575

3. VE-7 Vought.. .. ___.___ 51 800

4. SE-5a._ e 54 . 450
* & MB-3 Thomas-Morse.._ ... ______ 56 875
t 6, CO-4 Fokker._________..._. S 56 950
| 7. DH-4b______ .. ] 56.5 | . 725
I8 SPAD-VII_____ oo , 58 485
i 9. MB-2 Martin Bomber_._________ 58 925
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F16, 12.—Martin Bomber MB-2 ready for landing and take-off tests, showing installation of air-speed head. (Nore.—The sccond boom carried
an angle-of-attack instrument which was not used in all tests)
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Fig. 13.—SE-5a airplane as prepared for landing and take-off tests, showing ground-speed recorder on wheel, air-speed
I:ezlilcg} Itift strut, and angle-of-attack instrument on right. (NoTE.—The angle-of-attack instrument was not used
in ests)

F16. 14,—Greound-speed recorder installed on Martin Bomber MB-2, showing F1G. 15.—Ground-speed recorder on wheel of SE-58
cam attached to wheel fairing
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Fia. 16.—Instruments and battery installed in cockpit of SE-5a. Fie. 17.—The ground-speed recorder showing ecccentric race, as installed on
all airpianes except the Martin Bomber MB-3

F1G, 18.—The ground-speed recorder disassembled




