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HATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL HMEMORANDUM.NO, 646 : .

. MBASURELUENT OF VISIBILITY FROM TH® PILOT'S -COCKPIT -
... - ON DIFFERENT AIRPLANWE TYPES* -

batr By Gerhard Kurz
" I. Purpose of the Investigation

Amon'g the numerous fields -of postwar airplane con-
struction in which a more thorough development is being
undertaken, there remains an important field concerning
practical flight. This field is the investigation of the
pilot's view from the airplane and its numerical determi-
nation and representation, which has been almost over-
looited up “to the present time. . Good visibility, however,
is one of the main requirements for safe flying.

On an airplane, in which motion is possible in three
dimensions, the pilot must have an unobstructed view in
the direction of flight, as also in any other direction to
which e might change the flight path, An airplane pilot
requires therefore not only visibility forward. and later-
ally, like the driver of a land vehicle but, since a change
in the flight path -is possible for him in any direction, he
also requires the greatest possible forward range of vis-
‘ion both uvupward and dowanward, Of course, the visiovility
requirements differ according to the different uses of tae
airplanes.: The visibility reguirements would therefore be
diifferent for a transport airplane than for an airplane
used in stunt flying. In the case of a photographic air-
plaie, ‘the pilot requires, above all, vertical visibility
downward, so that he can keep in view the portion of the
landscape to be photographed, until the instant of flying
over 1it,

On account of these various requirements of visibil-
ity, it is déesirable for one who attempts to obtain numer-

* e gsung der Sicht vom Fihrersitz verschiedener Flugzeug-
muster," Zeitschrift fur Flugtechnik und dotorluftschif-
fanrt, :iarch 28, 1931, »p. 167-176,
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ical data, to know %o what degreémlnd'ih'ﬁﬁat direction
visibility is ncecessary for o b1ven purpose.

At the present time, the predetermlnatlon of v151b11—
ity in new construction is largely guesswork based on the
results of experiments with previously built airplanes,
and on the use of mock-ups, It often happens that the vis-
ibility is neglected for the sake of other structural ad-
vantages, w1tnout this error being discovered by practical
fligat tests. It is also evident that, with such a haphaz~
ard method, the views on the excellence of the visibility
ma; Giffer greatly even among specialists. For all these
reasons, it seews opportune to determine the visibility on
alrnlanes 1n as 51mple and exact a. manner as possible,

II. Purpoég

The purpose of this problem 1s to devolon nethods
and apparatus for the measurcment of visibility and to in-
vestigate the pos31b111tJ of tne ropresopt tlon and numecr-
jcal determination of visibility.

The methods, as woll as the anparatus required for theo
mcasuromﬁnts,_SLould bo as simplo as possible to use and
should caablo the ropreseatation of the visibility Wltnout
much’ coﬂoutatlon. The determination of trne visibility, by
means of tbe anparatus, must be possible on existing air-
olu.es, as well as on mock- ns.. The. representatlon of th
test results should be easily understandable. Further: oru,
it should be pessible for the purchaser of an airplanoc to
express nis particular desiros regardlng visibility with
sufficient accuracy by mecans of charts and numerical val-
uecs, On the othor hand, tho manufacturor should be given
the méans of ropresenting tho visibility in a simplified
masner by means of charts or numerical data.

The utility of the dovelopod methods and apparatus
had to be teosted by visibility measuroments on different
uyp s of ulrpla cs, lorcover, the minimum requirocmonts
for visibility, as woll as tho judgment of the cxcellence
of the visibility, had to be established by comparisoan of
the o: perlmontal results Wltn Dractlcal flight tosts.
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'ITI. Principle of the Method -’

B e

. In order to" develop d-nothédifér 'the measuremont of
VlSlbllltj, it is first necossary to-'expldin-the concept.
of "v131b111tJ " - "Visibility," with respecet to.-any obgect,
51gn11105 very gen orallj the - °ollity to-soce-this object -
from a ziven” vlowp01nt. The object may. be:morc er: loss-
.concealed by opaque: obstructions bétween the. observer and
“the ooeerved‘obgect 1484, the "visibility" with respect.

" to the object is more. or less good,. In order:.to-ascertain
the "visibility" from' the pilot?s cockpit of:an. alrplane,
we must determine to what degree the pilot #Hs prevented by
parts pf the, airplane from recognizing external objects.
It is) noccssary to dbtormine’ the 1limits. of: the :pilot's
IlOld of v1swon due to tho opaque parts of the alrplano.

Tho cye ‘of the pllot is assumed  to- be the conter of a

spherc of any convenient radius, The boundary :1lincs of . the
figld of vision are plotted on tho surfaco of this sphore.
(Fig, 1.) If the portlons ‘of the surface of the sphero‘
which reprosont the field of the obstructed view are dark-
oned or hatched to differentiate thom from-the. fiold. of- .
unobstructed view, & diagram of the visibility is. obtqlned
Furthermore, if tno surface of the sphore is prov1dod with
-degree lines similar to ‘the cartograpnic reprosentation of
the carth's surface, a numorical representation:of the-
boundarics of vision is obtainod., The anglos: arc refcrred
to o horizontal plane and to a planc perpeadicular to.it,
both plones being parallel'to the flight path. - Since, ot
"first, only the v151b111ty in that half of the sphero ly-
~ing in the diroction of flight was to. bo. in: estxgntcd the
lines of intersection of the referonce:plaanus. with the .
surfacc of' the sphore wore usod as .the -coordinato axes and
thoir D01nt of 1ntersoct10n sorvod as the orlgln.

It is possible to determine the total v181b111ty from
a point in all directions by this method of angular meas-
urement, The present investigation .of .the visibility was
limited, however, to that half of.the-sphere of visibili-
ty lying in front of the airplane, .i.e., the "field of
visibility" was.limited by a plane passing through the eye
of the pilot at right angles to:the flight path and to the
horizon, 'The field of visibility bchind this .plane was
not investigated becauso, owing to .the. forward motion. of
the airplanc, everything lying behind this plane had been
alreocady. flown over and therofore .no longer presontod a
source of dangor. In spite of this fact,:the visibility
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in that region can also_be of some 1mportance to the pilot,
although to a lesser deg ee, - Coe e e

7. - Thus far the visibility from a point has been dis-
cussed,. ActuallJ, however, t“e pilot has views from two
~points, owing. to the dlstance oetveen his eyes, It is .
therefore necessary for the v151b111ty to be measured from
tiiese two points separately, in order to obtain the com-
plete . chart of the” fleld of v1s1b311ty by plottizng one over
- the other., - Approx1mate measurements, however, can be made
~with sufficient accvracy from a 'single point midway between

,the eyes of the Dllot Wblch is de51gnated as - the "obser-

ntloﬂ point., ' - SRR
”He selection of tne location for the observatlon
po*nt is difficult,.  The pllot can move his head- Wlthln

certain limits and ‘thus change the observation point,

Slﬁce ﬂomplete allowance for this movability is not pos51-v
“0o1ls, it only remains to undertake the measurement .of the
_V1°10111ty from varloua p01nts corresponding to the most
important positions. of the pilot. Only those: pos1t10ns
will -be considered which the pilot normally assumes.when
flying cross~cou1try in falr weather., He then sits in the
airplane in the most restful position, This attitude of

- the pilot will be 6931rnnted as the "position of -rest.”

~ A second point corresponds to the position assumed by the
pilot while landing or’ whlle flying cross-countrJ 4in bad
‘weather, when he must see in the direction of* flight,

. This noint will be d651 gnated as the "landing position"
.of the nilot. During the landing proceos the pilot looks
-thethe front and left and bends his nead toward the.left,
"‘The . "observation point" which is thus comnfortably .attained
with the body firmly. strapped in, was found on the ‘basis
-of numerous experiments, to be about 17 cm (5, 7 1n ) to
tre left of the point marked "Dos1t10n of rest. The vis-
ivility was measured from these tio points on all the air-
.planes. )

The attltude of the alrplxne is also of importance in
the wmeasuring process, The mev thod of representatlon is
chosen in such a ﬂalner that the hor*zontal axis of the
system corresponds to txie actuval horizon., The position of
the airplane with respéct to the norizon must therefore be
established, The: most 1mportaut position t'o be cons1dered
ig. that of horlzontal rectlllnear fllgnt

The pos1t~or of the alrplane in- 1and1ng is also im-
'pdrtant, While. glld:ng toward tne ground the pilot may

s Tl
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improve his view by slight changes in the attitude of the
airplane, In leveling off, however, tne airplane’ must Te-
gain its normal- attitude- and squarely face the wind, Dur-
L ing tae rest of tnp descent, the alrplane remains horizon-
tals  "The pllot then improves his view.by leaning his head
-out, He maintains this: position of the. head until -the end
of the 1and1ng process,. . In- 1Mnd1ng the. Wheels -and "tail

- gkid wsually touch the ground s1mu1taneously. The longi-
‘tudinal inclination of the: alrplane gradually increases
before contact from the horlzontal ‘attitude to its attitude
when- restlng on, the ground - The” airplane turns: about its
lateral axis so.that. the! forward portions move upward- and
obstruct  the downward view: Slnce,ihowever, the. alrplane
still has a high sneed ‘at the ingtant of landing, 'and
since good v131b111ty is of particular importance in the
landing ‘run on unfevorable ground, the latter position of
the airplane will be choson for judglng the visibility
while 1and11g. All tno alrplano types were tested in thls
pos 1t10n. ' : . . :

- Thé dlfforenco between the two” p051tlong of tho air-
pTancs tested’ was only in the 1ong1tu&1nal inclination,
The - moagurenent for one o6f the two" positions could be re-
placed by .calculation, A repeated meoasurement loads more
quickly, however, to the goal than a point-by- p01nt caléu-
lation, which must be carried through with the aid of .
rather compllcatod formulas, - The most important positions
of an airplane for .judging the visibility are therefore |
its position in space where the engine axis is horizontal,
and the position.which the airplane assumes at the 1nstant
of landing. The latter will be designated as. the "ground
position." I S ‘ S I

‘Two ‘different - pos1t10ns of the pllot or of -the "ob~
servation point, " were choson for each of these two atti-
tudes, one of which will be designated as the "position
of rest," and the other .as the "landing position.," Four
dlfferont v1sxb111ty charts are thereforo roquired for
gach alrplano.. : . :

1v, Degcribtioﬁ.of Measuring Apparatus;

‘1, Thread angle-indicator.- The first-developed meas-
uring device (fig., 2) is designated as a "thread angle-
indicator." A plate with:degree divisions whose mid-point
is tne "observation point" serves as the horizontal refer-
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ence plane. Another plate, 11kew1se divided into degrees,
is: arrapged to turn about antaxi’s pas31ng through the "ob~-
‘servation p01nt" oerpendicular to the first plate, - At the
bottom‘of the turn ax1s.'tkerefore at the "observatlon

point," the end of a thread is fastened which may be drawn

‘toward the different p01nts of ‘the airplane. The complete
‘apparatus is mounted on a 'stand whose ‘base plate may be’

clamped to the pilot's ‘seat., The stand is extensidle and

is provided with universal JointSfat~the'pointSubf attach-
ment to the base plate and to the apparatus itselfi, for:

easier adjustment. Moreover, the apparatus may te turned

horizontally on the stand, in order that it may be placod

nurqllcl to tho 1ong1tud1nal axis of tno alrnlgne.f :

The v131b111ty neasurement° arc thon mado with this -
&ODarﬁtus, after fastonlng thobase plato to tho pilot's -
seat, by bringing thoe starting point of the.throad-to:‘thac
qhoéon observation p01nt. ‘Thon with the 2id of a water -
levol, the rofereace plane is made horizontal and is rotaot-
ed in such a way that the zero direction of the anguldr-
scale is parallel to the longitudinal axis of the airplane,
The measureménts ‘theén follow, in which the thread i§ ap-
plied point by point to the parts of ‘the airplane limiting
the view, so that the boundary lines of the field of vis-
ion may be determined., -For reading.the angle, the verti-

"cal plate is turned until it-touches the thread. .Then .the
_vertical angle may be read directly and the horizontal an-
‘gle may bve road from tno scale on’ the botton plate..

The measurements- cannot he made by one person ﬁlone,

- because one person is required for stretching the thread

and another for reading the angles, "Furthermore, a sag-
ging of the thread was unavoidable when measuring distant
points on the airplane (e.g., the wing tips), which affoct-
ed the accuracy of the moasuroments, No mcasuremeant of tho
points seen by the pilot through transparent objects (for
example, the engine housing seen tnrougn the windshield)
was possible with this apparatus. Lastly, this apparatus
was only capable of nmeasuring the field of vision above’

tne horizon, and had to be inverted for the. rotatable an-
zle scale to be read vertlcally downward in order to do-
termine points below.the horizon, :

2o Bearlnﬁ angle~indicator.~ The defects in the first
apparatus were ‘the cause ‘of bulldlng ‘an apparatus desig-

_nated "bearing angle- indicator." (Fig. 3.) ‘It resembles

a.theodolite in construction and operation., On a horizon-
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. tal circular base.plate divided into degrees there is
placed a second rotatable circular plate, on which a bear-
ing pedestal is mounted for supporting a vertical semicir-
cular plate arranged to turn about a horizontal axis,

This vertical plate. is likewise divided- into degrees and
is provided with the true bearing device.s This consists
of cross hairs and a head mounted on the end of aan out-
rigeger, - The cross hairs, which roproscnt the "observation
point," lie at the interscction of the extonded axes about
which the horizontal.and vertlcal plates may be turncd, so
that the position of tho . cross halrs is unchanged by tho
rotation, .4 nmirror is mountcd on a ' universal Jjoint behind
tho cross hairs in order to obtain the bearing of a de-
sircd point conveniently. This- mirror has the- ‘advantage
of not requiring the ¢yo, of tho obsorver to be placed bo-
hind tae apparatus in tho oxtonsion of tho bcarlng direc-
tion, which is inconveniont and not always possible when
taking a bearing., The stand used for the first apparatus
serves  for mounting this apparatus on the airplanc. Only
oanc person is required for its operation, and becarings of
parts of the airplane lying in front of the windshield

can bc easily obtaincd., It is also possible, with the
some position of the base plate, to measure vertical an-
glcs bolow the horizon to -58°, which has becen found to be
ample. Moroeover, quicker work may be dono with this ap-
paratus, so- that only about 3 hours wero required to meas-
ure o fiold of vision, while 5 to 6 hours wore required

- for the first apparatus. Lastly, its compactness renders
it easicr to mount and operate. ’

» Photogropnic measuring apparatus.- Since the meas-
urement of fields of v1S1on with apparatus of the de-
scrived construction requres a relatively large amount
of time, and since taking exact bearings is a strain on
the eyes, it was attempted to determine the field of vis-
ion photogranhically, The difficulty of this method con-
sists in trying to obtain sharp definition of parts of
the airplane far removed from the obvscrvation point, and
as larze a photographic angle as possible. A pinhole cam-
gra was thero:ore usecd. (Fig. 4. ) This gave an optical
angle of 150° with .a.plate 9 X 12 cm (3,54 X 4,72 in, ). and
a focal longth of 18,5 mm (0,73 in,). The diamcter. of tho
hole was about 0,2 mm (0,008 in.) and gave a sufficicently
sharp picture, The camera was mounted on the proviously
doscribed stand and was provided with a wator lovel,

Figure 5 shows a photograph of tho field of vision of
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a Junlzers F 13 airplane., The exposure for this photogreph
was 30 .seconds.,  The outer portions of the picture are
underexoosed, due to the great distance. from the shutter,
Tae outlines of the vision-limiting portions of the air-
pl«ne nevertheless SHLOW. Wlth sufficient d1st1nctness.

. A diagram correspondlng to tne degree lelSlonS of
the proposed sphere of vision was Dlotted for inte rpreting
the photograph, as shown in Figurc 6, .This diagram may Dbe
deternined graphically as well as mathematlcally, if the
distance of tge”plﬂte from the s4u+ter.19.ﬁnovn.>. :

About an hour -is requlred for twﬁlng~the.photograph
ang »nlotting the -diagram, However, still greater accu-
roicy and saving in time ma y be effected by improving the
.cemera  -and the scale, : :

Ve Description of the Methods of Representation-

Visibility may be illustrated best by imagining a
spacre of convenient diameter with the eyo of the pilot at
its conter and with the visibility boundaries projeccted
on the outer surface from the obscrvation point.. This
surface of "the sphere:should be ron*csentod in. a plane;
The nroblem corresponds to the productlon of maps of th

carth!s surface, The aim should be clearness and. 1nte111—
gibility even for nontechnical pereoas., Care was taken
not to represent as equal in silhouette all vision ob-
structing and. overlapping parts. . They were, ‘instead,

sene rated from. one -another by boundary lines, so that thé
different parts of the airplane could be recognized, lore-
over, windshields which, when made of cellon, are practi-
cally onagque, were also treated as such in the represen-
tation., .They were simply made somewhat lighter than tlhe
remaining parts, :

Aside from clearness, ﬂuff1c1eut accuracy is requlred
to mak%e it possible for the purchaser of .an airplane to
sketch on, the chart his wishes reberdln" visibility with
sufficient accuracy. to malke them clear to the manufactur-
.er, . The manufacturer must: 11kew1se be able to.embody the
‘desired. visibility requirements in a °1mgle manner in his
designss:  These requircments may be regarded as fulfilled,
if they can be read from the chart with an accuracy of
»iﬂmﬁgg Yecause any greater accuracy in construction is
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hardly possible, "Lastly,- itwshould be possible to deter-
mine tiec visidility of different airplanc types from the
crartss Since only the ratio of the unobstructed to tiac
-obstructed portions -of the surfaco of the sphore cater in-
to the question of the visidility, a truoc plane chart of
the surface area of the sphero must be reguirod.

A chart with roctangularicoordinates.  (fig, 7) was
tricd as the simplest kind, "This is'called a "squarc
caart" in the caso of land maps. - An exact- nlottlng of the
points thercon is possiblo, bocause the divisions are
oqual invovory dircction and intormodiate values moy be
easily costimated or measured. This represcntation yiclds

irly accuratc development of the surface of the sphore
10 region of the horizon, while toward the top and
#-thoro.is an ovcr inercasing dlstortlon. This moth-
0od is' theorefére:very imperfect. =~ :
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In Pigure 8 an attompt was made in order to iancreasc
the ¢lcarness  of the' ehart, te cmphasize the portions ly-
ing in-the main direction of vision by making the degrce
divisions according to.'a sine function, This chart also
vields no clear representation of the field of vision and
t;erczorc has no- groat advant ge ovor tno flrst

Tno mctnod of represontatlon vhown in Figure 9 ful-
fills the reguirement of: truc surface areca and is there-
fore suitablo for an eveluation of the field of vision,
The norizoéon of thoe proposcd nemisphore of vision is here
developed as in the first mothod of representation and
yiclds uniform divisions., In order to obtain truoc surfoce
.areas, ‘the distance betwem the horizontal lines must ve
so chosen that the areas between them equal the corro-
spondiag spuerical zoaes, The method is likewise Verj
simple, but also v1eldﬂ né ﬁood representatlon.

Representing the surface of the sphere as a circular
srea yields = more plastic picture., Ia Figure 10, the
true azimuthal equator1 al projection, like that' generally
used in making land maps is used for the representation,
Aside From its clearness, this method is suitable for the
representatkmnffields_of vision, ‘because of the true sur-
face arcas, T

Another very clear nmethod of represéntation is shown
n Fignre 1l. The degroe network of tihe sphero of vis-
is turned forward 90°, so¢ -that the. pole lies in. the
rection of the zero ray of vision,
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VI;:VisibiliﬁyEMeasurements.on'Airplanes of -Different Types

Vlslblllty measurements were ﬂonducted on - the follow—
ing elrplanes'i o { e : :

1, Dornler uerhur (Ilg. 12) an old high-wing trans-
port :monoplané; pilot!s cockpit on-the left side
uinder -the ‘wing (not 1n tqe pla e of gsymmetry of.
the a*rplane). PRI T -

2;.Junkers F 13 (flb. 13) lowew1re trahsport-menoe
ﬁ*{ o plane; pilot's-cockpit on the-left: side (not ia.
w7+ the plane of symmetry) = .

3¢ Junkers W"SS (flg. 14) 10W~Wing freight mononiehe,
pilot's cockpit omithe:left (not in the plane of
vmmetry)

. 4.»?01nke1 H D 44 (Ilg. 15) ;reight 51piaﬁe, pilot'!s
" cockpit on.the left behind: the: aner wing (not
in the plane of symmetry)

5 Junkers A 35 (flg. 16) two place, iow—wing mono-
nlane; pllo ‘s cockplt in tne nlane of symmetry.

6s Albatross L 75 (flg. 17) ‘sport,and training bi-
- plane; pilot's cockpit in the plane of symmetry
under tne tralllng edge of- thenuﬁper wing.

iWWJf-Bosidos'those alrplanes, the, fleld of. - vision of an
autonobile, .a 1930 0Opel Cabriolet, with.a 4-cylinder 20 hp
engine, was tested for comparisons :

~ The location of the "observation point" was determined,
with the assistance of a trial device, for a person of me-
dium'Weight' : .

. Jacking up the alrplane is not nece°sary for maﬁlng
the ueusurements in. the flight position, It is only nec-
essary to establish the angle of longitudinal inclination
wihich the airplane takes at rest, as.compared with its at-
‘titude in flight,

A chart of the field of vision of an airplane in which
the pilot's cockpit- is not on one side in the plane of sym-
metry, cen be made, for a movement of the head toward ei-
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ther side, with the help of the four charts of the field
of vision obtained according to part III,. without making

& ncw measurenent, (Thoroby the unobstructod arcas arc in-
creascd toward cach side, This chart of the ficld of vis-
jon is thorefore a combination of two symmetrical halves
of. v1s1b111ty fields, o*,wnlch the left corrcsponds to 2
motion of the hcad toward tqo loft, and the right correc-
sponds to a motion toward the. rlgnt Y It contains there-'.
fore two positions of tho nead and therefore shows the ~
grontest attainable 1mnrovoment in the. v131b111ty. - In the.
casc of alrplanes with tho. pllot‘s cockblt 1ocoted.on one
gldc, cha rts of the field of vision woro dlsponsod.with,_
becousc. no. essontial 1mprovomont in v1s1b111tJ for tho pi-
1qt_;s.go°51ole by. uov1ng his head; toward tho. opboqlto B
sido,. - :

Thec. charts of tnc fields: of vision of tho six air-
plaics tested are roprosonted in tho described manncr in -
Figurcs 18 to 23, - The simple quadratic method was.used ia
t;e representation because of its clearness. In order to-
obtain & criterion for Judglng the. v151b111ty Whlle 1and—
ing, it Was establlshed by various tests on several’ alrplane
types as to which direction the Dilot mainly looks while
landinge. . Several airplane nllots of various heignts indi-
cated, -;rom the pilotls coc&plt of an a1rp1ane resting on
the pround the. directlon in Wplcn they were accustomed to
look while landlng. The various dlrectlons were mark ed
on the round and subsequently mcasured w1tn an angle=-’
moasurln 1notrument. A direction of view with very little
scatterlnb was. tqus found, which had a horizontal. anglc of
-20°% 2nd a vertical.angle of ~10°, This direction of view
is also drawn in the charts of ‘the fields of vision of the .
other airplanc types, to show whether the v131b111ty is
adequate for landing, :

Figure 24 compares the fields of vision of all of the
tested airplane types, as well as that of the automobile,
A true. surface representatlon was used, in order to com-
pare the visibilities by ereas. The cuaarts of the flelds
of vision correspond ‘to the flight attitude of the air-
plane and to the position of rest of the pilot.

. In comparison with the field of vision of the automo-
bile, the fields of vision of the airplanes show consider-
ably more free-vision areas, especially in the upper cen-
ter and lower left, The downward view in the center is
naturally better in the case of the automoblle. The down-
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ward .angle, required for visidility when driving an auto-
movile on the ground, is not‘sb great, however, tuat it
cannot be attained on an airplenc. The viow ia this direc-
tion. is of very groat importance, c¢specially for forced
lendings and for long runs»ﬁnfthe'ground.

In Figures 25 to 28, roprescntatlogs of tho visibili~
ty are shown for special obsorvatlon points, They may veo
dcrlvcd in a simple mqﬁner from the charts of the fieclds
of vision, . Figures 25 .and 26 were drawn to illustrato tno

v151b111ty whlle flying. .They show the airplanc, as scen
from oove, and indicate ‘how much 'of the v131b111ty re-
qulrud for orlontatlon is presont. An mltltudc of 500 m

(1640 £t,) above the ground is assumcd. Flvure 25 shows
the visibility from an Albatrocs L 75 alrplmnc in onc case
withr the pilot's hoad at rost, and in the other case with
the movement of the pilot's noad to both sides to the
fixed 1limit of 17 cm (647 in.). The different positions
of thc pilot are indicated by difforont natchings, PFig-
urc 25 shows the v1s1b111ty on the zround-from a Junﬁors;
F 13 airplanc for the. pilot's p051t10ns of rest and of '
landing.. The airplano itsoclf is likewise shown in the
flight position as in. the above draW1ngs. The altltude is
again assumed to be 500 m (1640 ft,). Conclusions with
respect to the v1s10111ty ratios in the case of " definite
ranges of vision may be drawn on the basis of these illus-
trations, If, for examgle,_tne ranoe of vision: amounts

to only one or two kilometers.on account of inclement
weather, then only a small unoo»tructed area extending

to the oonndarx circle will be found for both of the air-
planese . The pilot must therefore fly lower in such weath-
er, so that he may have adequate possibilities of or1en~
tation at his disposal,

Furthermore, diagrams of the lateral visibility can

be drawn, as shown in Figures 27 and 28. Here the verti-
cal angles of vision are drawaoxor the szme airplane typcs
with a horizontﬁl'angle of -20 .This horizontal angle

corresponds apnroximately to tne main direction of view
while flying cross—country ‘and while laﬂdlng. The two po-
sitions of the pilot are dlffercntlated in the illustra-
tions, ' S

These representations, derived from thé actual pic-
tures of the fields of vision, naturally show only cer-
tein parts.of the vL510111ty condltlons but contrivute to
thelir Lnderstandlng.
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VII. Conclusions with Régard to the Minimum Visibility
-Requirements -

It is worth: Whlle, from the standp01nt of - safety in
travel, to try to establish .zeneral minimun - requlrements
of v1slb111ty for all airplanes. This problem may - be

"-solved in"two Ways: either-by actual measureﬂents and

thelr compar1s0n with practical experience, or: on’'the ba-
si's” ‘of ‘purely theoretical considerations.  Ih the sécond.
case,‘requ1renents may arise which undoubtedly are desir=
able with respect to safety, but which éan hardly, or on-
1y W1tn great.dlfrlculty be fulfilled in the.present state
“of- Lnowledge. The next practicable way should according-
1y be entered upon with the endeavor-torestablish mutual
*crlterla -from the results of measurements on alrplanes
”Wnose v151b111ty is recognized as satisfactory, It is’
promised,  however, that the number of ai¥*planes thus far
investigated is too small to give conclusive results,

The utility of the indicated criteria must rather be dem-
onstrated flrst by measurements of other types.

Wltn tqe setting up of the minimum requlrements, the
establishment of only certain parts in the chart of the
field of vision can be treated, which parts must de vis-

. ion-free or at least partially so., The most important re-
gion to be examined is in the vicinity of the point illus—
“trated in section VI, which considers the direction of.
“view while landing. - It was required that, in.the fleld

of vision, a region in the vicinity of these points should
be- entlrely free from obstructlons. For the fllght posi-
tion of ‘the- a’rplane, ‘a minimum angle of about -20°% down-
ward, the zero vertical axis on the right, -40° ‘on the
left, and +10° upward may be-established as the limits,
Tris range must be completely free for the usual positions
of the pilot (lateral movements of the head permitted).,

The minimum field of vision here proposed is indicat-
ed by - natcn1n5s in the v151b111tJ chart's,-- It should be
noted tnat tne field: of vision is ‘almost entirely free in
the case ‘of alrplanes ‘naving good ¥isibility in practice.
It w1ndsh1e1d lie within this region, care must be taken
to make them of really transparent naterial with narrow -
frames. The windshields should not’ cover'‘an angle of more
than 4% to 5% in the field of vision.' Besides these re-
quirements, a free “zone of at least-90° is required on..
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“the left side of the rield of vision, The upward and .
dowaward limits, ina partlcular,_.a" still be made depend-
ent on the purpose for which the airplane 1s to be used.

If tge minlﬂum requlrcmewts AT re. dev010pcd purely on
logical considerations without L,:Lvn__.b'qecd. 'to the results
of the measurcments, then they would certainly havae to be

ry much greater tnan represcated above. It is, of -
course, dos 1rablc from this viewpoint, for no obstructions
to Do DlaCOd in the way of the pilot in the dlrectlon of
fllgat. Ho should Dbe able to sco the wholo patn beforc
ninm in flight, as also in landlng and particularly, ia
taxying. If onc thinks, in this connection, of land vo-
hicles, c.g8., automodbiles, stroct Cars, etce., thc necd of
such & view along tho path of travel is obvious, The Tact
that those requirements in tho caso of the airplane have
not ret becOAe pressing, is to De attrlbuted mainly ‘to the
still sma‘l density of traffic in the air, The c011151ons
_WJlC“ have already occurred, however, could Aave nearly -
all been avoided with better v1s1b111ty.

VIII. anclusions‘with Respebtrtd:Judging

the Excellende ofEVisiﬁility“

A ourely experimental evaluatlon of the visibility of
the individual types can oe undertaken on the basis of the
illustrations shown. It is possible, by comparison of the
fields of vision, to make a more or less complete picture
of the visibility conditions of an airplane and, with a
little practice, to arrive at a worthwhile judgment in
comparison witih the others, It is nevertheless desirable
not to make the measure .of the excellence of visibility
dependent on subjective estimates, but to establish nu-
nerical. values therefor.

- . Such a numerical valué may ‘be obtained in a sinple
ncqqcr if the free—v131on area on the surface of the heomi-
sphere of vision is put in proportion ‘to the total surface
area of tne~uomlspnere. he best value of cxcellence of
..1.0 is then obtained for completely unobstructed vision,
and values smaller than 1.0 according to the size of the
free-vision arcas, down to value of zero, in which casc
there is no visibility. This ovaluation may be very cas-
ily -performed by planimetcering the given arcas in a truc
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surface. representation of..the. field:.of.vision.; zThe:series,
according to the values 0.44, 0.15, and 0.22 was obtained
in this manner, for the Junkers F 13, Dornier Merkur, and
Albatross L-75.¢ oo S : T

" Such’ a Judgment however,shas the d1sadvantage that

'rftne visibility areas lying in the direction of motion of

the airplane, which are of much greater -importance: than
those lylng to. the. 51de or above, appear-.of egual -impor—
tance with- the latter .in the excellence of v1s1b1lity.;;A
false plcture of the excellence of the v151b111ty will:
therefore be obtained from such an evaluation. Hence an
attenpt was made to emphasize the more important parts of
the field of vision by corresponding valuations.

The total areas of visibility represented in true sur-
face projections were: divided . from the center into .four
circular or .annular zones. (Flg 29.) - The .evaluation of:
the individual zones I to v, “stands .in the respective  ra-
tios of 1:0.8:0.6:0.2. This relatlonshlp is shown in
F‘igure 29 B ESEY. ' Ty o o =

It foll\ws that v131b111ty lS most 1mportant 1n the
d1rect10n or flight, and that it. 105es An 1mportance An.
all directions. from the central llne :-If the- sum- of: the
unobstructed areas, which have prev1ous1y been mu1t1plled
by factors corresponding to the valuation ratios, is put
in. proport1on to the sum of the total areas of the indi-
vidual zones whlcn have 11kew1se been ‘multiplied. by these:
factors, then a coeff1c1ent of excellence is obtained that
agaln reaches the value of.. l 0. for ent1re1y unobstructed
vision. Excellence coefficients computed in this manner
for the three given types have. the values-0.43; 0.17, and
0.20. These Values dlffer very 11ttle from those.deter~:
_mlned first. s . L

B From the few examples, ‘no flnal Judgment can be pro-
nounced regardlng the possibility .of such an evaluation, of
visibility. Perhaps the visibility of an airplane cannot
be fully expressed by a single coefficient. :Perhaps a
better. picture .can be obtained by dividing.the field of
v1s1b111ty 1nto sxngle zones-.in-certain:important direc-
tions - of view and. then. determ;nlng the coefficients of ex=~
cellence for these zones. This method has the. advantag
of separate values for the individual visibility require-
ments,:e.g., .with regard to landlng, orientation, or the
danger .of coll1s1ons.1;g GLi e i e nfevie e e

e LE
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X;,Suggestions for the Further Invostigation

Further measurements should be made on the greatest
possible aumber of airplanc types, in order to learn more
noout the general and partlcular quulremonts of visibility.

The measurements by means of angle-measuring instru-
ments may be superseded by improved photographic appara-
tus aznd a cons1derab1e 51mp11f1oat10n of tne task may be
thus effected,

X, The liost Important Results

1. A process was developed, with. the help of which
it is possible to determine,in a simple nanner the visi-
bility of an airplane from the pilot'!s cockpit,

2. A suitably constructed angle-mecasuring instrument
was used for determining the visibility. It was also
found possible to measure the field of vision with an im-
proved photographic camera, The latter method may be fur-
ther improved and will then constltute a very quick and

simple process.

3, o one method for representing the results of the
" measurements could be found which equally satisfied all

he requirements. There is, rather, the choice between
several metnods, according to the purpose to Dbe fulfilled,

4, A unificd main dlrectlon'oL view resulted from the
comparison of the mcasurements on the different airplane
types, which direction is of decisive importance for cross-—
country flying as well as for landing., Obstructions to the
view in the neighborhood of this direction are very ob-
jectionable in flight and especially in landing.-

5. A region roundabout this particularly important
direction of view is proposed as the minimum requirement
for visibility, which region should be free from all ob-
structions on every airplane.. The limits are established
by the angles.

5, The proposal is made for an evaluation of visibil-
ity of an airplane to express the visibility relations ac-—
cordlng to.the extent of the unobstructed or obstructed
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areas and by different valuations of the visibility in
differeant directions by a numerical coefficient, Its util-
ity can be demonstrated, however, only after the investi-
gation of more airplane types.

XI. Summary

A process for the measurement of the visidbility of
airplanes from the pilotis cockpit is developed in the
foregoing work, The apparatus necessary for the mocasure-
nents was suitably constructed and nmeasurements of the
fields of vision were madc with it, The wisibilitios of
six airplancs of differcnt types of construction and uso
were ncasurcd, as woll as thce visibility of an automobile
for comparison., Various methods of representation for il-
~lustrating the fields of vision were examined with rcgard
to their suitability for the foregoing purposes. The ro-
sults arc compared with those obtained in practice by
mecans of charts of the fields of vision, The attempt was
made to establish minimum visibility requirements and to
express the oxcellence of visibility by means of a numor-
ical coefficient,

Translation by
National Advisory Committec
for Acronautics,
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Fig.2 Angle indi- Fig.3 Bearing-
cator with thread. angle indicetor.

Fig.1l5 Heinkel HD 44,

Fig.5 Field of vision of
Junkers F 13 airplane.

Fig.4 Pin hole camera.

Figs.1l2 =17 Airplanes whose fields e
of vision were .determined. Fig.17 Albatros L 75.
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Flight attitude

Fig.1l8 Visibiliity charts of
Dornier "Merlkur",

pilot in flight =nd in landing.

Fige. 18,19,20,21
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Flg.19 Visibility charts of
Junkers F 13,

a,At rest, b,In landing. The dash rectangle incdicates direction of view of

Flight attitude Ground attitude

Fig.20 Visibility charts of
Junkers W 23.
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Fig.21 Visibility charts of
Heinkel HD 44,
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Fligh Flight attitude Ground attitude
Fig.22 Visibility charts of Fiz.23 Visibility charts of
Juukers A 20, Albatros L 75.

a,At rest, b,7ith head tipped to

either side,
¢,In landing.

Junkers W33 Heinkel HOW Zunters 435 L%
Fig.24 Comparison of visibility charts. True surface azimithal
equator projection.
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¥ig.25 Ground view from
500 m(1640 ft.) altitude
(Alvatros L 75).

"Airplane in flight

attitude, pilot at rest. Fig.27 Side view ot a hori-
-==== Airplane in flight zontal angle of -2C°,
attitude, pilots head (albatros L 75).

tipped to both sides.

Pilot at rest

===== Pilot in landing,

Fig.26 Ground view from
500 m(1640 ft.) altitude
(Junkers F 13).

Airplene in flight
attitude, pilot at rest.
-==--= Alrplane in flight
attitude, pilst in
landing position.
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zontal angle of -20°, -90°-75°-€0°  -30° o° 30° &° 75°90°
(Junkers ¥ 13). Fig.28 Division of field of view into
Pilot at rest zones,and dlagram for computing degree

-==== Pilot in landing. of visibility.(True-area representation)
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