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INTRODUCTION

1. GENERAL:

With the introduction of the modern high perfor-
mance airplane into the air transportation systems of the
country it has become increasingly necessary to make some
study of the variables which influence the proper selection
of flight paths for the efficient operation of the aircraft.

In the past it has been the practice in the air
transport industry to make a very rough estimate of the ef-
fect of the winds and thus determine the best altitude at
which to fly on the course. There has been a complete neg-
lect of the possibilities which are presented by a considera-
tion of the airplane performance.

It is the purpose of this thesis to analize the
effects of all of these variables with a view to obtaining

some practical knowledge which may be valuable to the air

transportation industry.



2. STATEMENT OF THE PROBLEM:
The problem in general is the following: To
provide a means of quickly determining before the start
of a flight the path which the pilot should follow in order
to fly between any two points in the minimum possible time.
Thus for a given set of cruising specifications for the air-
plane, this path becomes the optimum, not only for time
elapsed, but also for economy of operation. The method must
take into account both aerodynamic and meteorological varia-
tions.
To be of practical use in air transport operation
the method provided must have three definite qualifications.
1. It must be such as to be readily calculated
for a given flight by a person completely
unfemiliar with aerodynamics and airplane
performance,
2. It must not require more than'a few minutes
to calculate for a given flight.
3. It must be such that the data can be pre-
sented to the pilot in a brief and useful
form,
In addition to the above it is highly desirable to provide
information which will be of use to the pilot in properly
navigating the airplane along the course.
All of the above requirements have been carefully
considered throughout the analysis and the attempt has been
made to incorporate them into the resulting method to as

great an extent as possible.



PART I
GENERAL ANALYSIS

1. DISCUSSION OF VARIABLES AND AVAILABLE DATA

Let us consider a flight to take place between
two points, the first with horizontal position Sp and
with altitude'Ho, and the second with the corresponding
position (Ss, Hz ). It will be assumed that the flight
will be restricted to the vertical plane which includes
the two points (Sp, Hy) and (83, Hy). The airplane will
then have two dimensions in which to travel and an infin-
ite number of paths from which to choose in these two di-
mensions.

Now assume that the variation of winds aloft and
the performance for the given airplane for level flight
would yield a maximum effective horizontal velocity, or
velocity relstive to the ground, at some altitude Hj.

Then, if it were possible to start the flight from any
point situated vertically over (Sp, Hpg), and to terminate
the flight at any point vertically over (S, Hz), the most
efficient path along which to fly would be level flight at
an altitude Hj.

Now finally, if the flight is of sufficient length
that it becomes desirable to climb to the altitude H;, dur-
ing the flight, the problem is then reduced to one of find-
ing the rate of climb from (Sp, Ho) to some point (81, Hy)
which gives the minimum loss of time, and then of finding
the rate of glide from some point (Sg, Ho )---(in this ex-

ample H] is equal to Hz)—--to the point (Sz, Hz ) which will



H

(-]

Fig.



give the maximum gain of time in the glide.

Thus the problem is resolved essentially into one
of finding two control points, (S, Hy) and (Sg, Hs), which
divide the flight up into three distinct parts, the first, a
climb from the starting point at a given rate, the second,
approximately level flight, and the third, a glide at a given
rate into the terminal point. We shall consider these three
parts in two groups---fimst, the climb and glide, and second,
the flight between the climb and glide. Finally, we will
include various corrections which must be made to take care

of an effect which is neglected in the first group.

2. CLIMB AND GLIDE:
First, let us construct curves of constant rate
of climb from the point (Sg, Hgp) assuming calm air. This

can be done by a graphical integration of

H o ”V
= 6‘/ —
‘Si//bdf //Q/indh ;ﬁ;—clﬁ
7, . hééﬂf

where V, the horizontal ground velocity, is a function of
both the altitude, H, and the rate of climb dH/dt. The
values of this function must be computed by the aerodynami-
cist and, eince it is a specialized and complex problem in
itself, this calculation will not be discussed in this re-
port with the exception of a few particular features which
will be discussed in brief in Part II of this thesis.

Now, having established these basic curves, we can
calculate the time required to fly from S0, HO) to any given

position (S, H) on any one of the curves since
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We can also calculate the time required to fly in level
flight from the position (SO, H) directly above the start-
ing point to any position on the constant rate of climb
curves. Thus, for every point we now have two values: one,
the actual time which would be reguired to fly at a given
rate of climb from the starting point to the point in ques-
tion, and second, the time required to fly the same hori-
zontal distance at the altitude H if the airplane were not
required to climb. The difference between these two values
is the time lost by reason of having to climb.‘ Now let us
assume that the value of this loss of time has been computed
for each point along the curves. Also, a similar computa-
tion can be made for the glides into the point (85, Hy) ex-
cept that in this case the time difference will be the time
gained by reason of having to glide instead of the time lost
in c¢limb.

With the above we have from the practical stand-
point, neglecting wind gradient, solved the problem of de-
termining the optimum rate of climb up to the required alti-
tude and the optimum rate of glide into the terminal. We
have only to examine the values marked on the climb and
glide curves at the given altitude and select the curve which
has the minimum value in the case of the climb curves and
the maximum value in the case of the glide curves. This
gives us the rate of climb for the least loss of time and the

rate of glide for the greatest gain in time. As mentioned



above, the wind gradient, which is the only other factor
which can effect the time lost or gained, has been neglect-
ed but will be taken care of later.

It should be mentioned here that all of the above
data and curves can be entered on a chart and will be con-
stant for a given airplane and a given course. Thus the
chart can be printed and, for a given flight, the effects
of the meteorological conditions which will vary from time
to time can be superimposed as will be shown in the next

section.

3. INTERMEDIATE FLIGHT BETWEEN CLIMB AND GLIDE:

Next comes the problem of determining the optimum
flight path (approximstely horizontal) in between the climb
and glide. This problem resolves itself into combining the
cruising velocity of the airplane in level flight with the
wind velocity to give the effective ground speed. The only
question is one of finding a means of solving the vector
triangle, shown below, with sufficient rapidity to avoid a
large amount of lost time in the calculation for a given
flight.

The values of the cruilsing speeds of the airplane
at the various altitudes must be calculated by the aero-
dynamicist and will be a function of altitude along since

the airplane will be considered to be in level flight,




In the above figure W represents the wind ve-
locity vector, © the angle between the wind vector and the
course, V,the vector representing the true air cruising
speed and V, the effective ground speed of the airplane.
The other symbols are as indicated in the figure. The fol-

lowing felationships can be seen directly from the figure:

() W, = Weosd
Wy : W s1a&

Also % = VK -w,”

Factoring out Vefrom the right hand side.
V, = Vc'\/r“—‘FW‘pf_)—

Expanding by the binomial theorem.

] Ayl L Wy )t
Vo - Ve [1- #0527~ 7 (%)
Now let us consider an airplane which would rank near the

lower limit of the present high performance airplane. This
airplane should have a cruising speed in the neighborhood
of 150 miles per hour. ILet us also consider a direct cross
wind of 50 miler per hour, ©-wiil then be 90 degrees. The
above values will give about maximum values to the terms
involved in the expansion above. Considering the fourth

\* A4S 7
order term %(%)‘*:#(l—%) = 0.00/5 or OS5 7

Thus this term is very small and can be neglected since it
represents a variation in V4 of only 0.2 miles per hour.

Now consider the remsining equation.
Vo V[ £ ()]
=V. - L(¥Y)u
Let AV:!Q/,:-—lZ(Vc
which is the amount by which the effective component of the

cruising speed of the airplane is reduced by the crabbing

effects of the wind.



we get A@%) = -;’;-bV—t:%_ch
Dividing by V. —/— = -3 F,
The above expression gives the proportionate variation in
Ve which will be caused by an error in Vb\ Now let us as-
sume that the average cruising speed of the airplane pro-
posed above is 150 miles per hour and that the maximum
variation of V,from this value, either plu®s or minus, is

20 miles per hour. Then substituting this value of the

variation for 4V,

day . _Z—/_(f%xZO:-o.oo74 or O0.7%7s
V. (152

<

Now considering that this value represents just slightly

more than one mile per hour in V, and remembering that even
this represents extremely pseeimistic conditions, it is ov-
vious that we are Jjustified in using an average value of V,

in the expression for AV. In this way we get

(2 av- £ -
ave.

Now combining (1) and (2) with V we see that
A :M-;-Vc—dl/
or rearranging
” V¢=Vr. +(M—AV}
VE =‘/C+41/€
Where V,is independent of winds and AV, is independent of

the airplane for a given airplane.

Thus Ve = f(#) .
3 ) (W S/Md
and 4 = h/(;.as-.ﬁ - ‘ZL Vove.



We have now broken up our calculation of Ve into
two parts, one of which is dependent only upon the airplane
performance and the other, only upon the meteorological con-
ditions. We can build up with this material two tables, one
a function of altitude and the other a function of wind di-
rection and wind velocity for a given airplane.

We are now ready to superimpose the intermediate
flight upon the climb and glide base charts. From the upper
air balloon observations along the course we oblfain the wind
direction and velocity at the various altitudes. This we
combine with our airplane performance for level flight by
means of the tables compiled from the above eguations. With
the results of these calculations we are able to pick out im-
mediately the correct altitude at which to carry out our in-
termediate flight. Then, examining the values of the time
lost for the various rates of climb and the time gained for
the various rates of glide at the optimum intermediate flight
altituae, we are able to pick out our complete path in a very

rapid and simple manner,

4, CORRECTIONS FOR WIND GRADIENT IN CLIMB AND GLIDE
In 2ll of the calculations in Section 2 the effect
of the winds was completely neglected. The winds will have

two distinct effects upon the results:

1. The position along the course at which
the airplane will arrive after the climb
to the optimum intermediate flight alti-

tude, and the position along the course



at which the pilot must start his glide
into the terminus will be shifted one way
or another depending upon whether the
airplane is flying in head or tail winds.

2. The actual time lost or gained ina glide
or climb is affected by the vertical gra-
dient of the wind aloft. This may alter
the selection of the optimum rates of
climb and glide.

First, we shall consider the shift in position.
Considering the results in the last section we have an
immediate method of finding the value of the actual effects
of the wind upon the effective ground speed of the airplane,
This is included in the expression for Ave. Now let us as-
sume a gradient of AVy as shown in the diagram below. In

this diagram we can divide the distribution

Ve
H, | §(ave)

|
|
|

AVe | %
|
AH |
|
|
|
|

H 4ve,

of AV, up into the basic value of AVg at the ground and the
difference between the value of AVg at an altitude H and
that at the ground. We shall ealculate the effects of each
of these parts separately.

Let us first consider the shift in the horizontal

position of the top of the climb due only to the basic wind



effect AV,, at the ground. Here, the shift 4,5 is given

as follows:
‘A,S-TA'/QI X’t

a4
L 72
A
44
Therefore 4,5 = 4Ye =5
2
A,5 4 Ve,
or a4 T A
=
. A,5 AVe, Jo00
'ﬁ‘ r 3 —_— =z — f——
Finally (3 oy i
o/t

where AV,q is in miler per hour, dH/dt is in feet per minute,

and Azgéoﬁ gives the horizontal shift per 1000 feet of climb.
Now consider the effect of the gradient of 4V..

Let §(4Vy) be the difference between AV, at altitude and

that at the ground. Then, since the rate of climb is con-

stant, the shift 4.8 in S which will be caused by §(@Ve) i1l

be as follows:

s(ave)
A,s = —3 *F
o Ve)
= ;(2 - f%? as before
Bt at
s@v,
éﬁ: a//_/e
axH ZZ/?
o 4,5 Sve) 1022
Finally (9) i EE%;" zo

where the units of §(4V,), dH/dt, and 458/4h are the same
as before. It must be pointed out that a tail wind will

shift both the climb and glide curves away from the stations
from which they emanate and a head wind will have the oppo-

site effect. Thus a positive value of §(4Ve) will shift



the curves farther from their respective stations while
a negative value will have the same effect as that of a
head wind.

With the use of the above formulae, (3) and
(#), tables can be constructed which will give the shift
in miles per 1000 feet of climb which will result from the
wind aloft. This has been done in Part II together with
the remeinder of the optimum flight path data for the Doug-
las DC-1 transport plane.

Finally, in this section we must consider the ef-
fect which the wind will have upon the time lost in climb
and that gained in glide. It is obvious that this will de-
pend only upon the gradient of 4V, since the airplane will
receive just as much aid, or hindgance, from the basic AV,
at the ground as at altitude. Thus it will he necessary to
consider only the value of S(AVé);

If the value of 4Ve were a constant with respect
to altitude and equal to AVg at the ground plus &(4Ve), then
the difference in the horizontal position of the airplane at
the end of the climb for this condition and for the actual
condition where a gradient existed would be equal to the 458
a8 calculated above. In other words, the airplane would be
Azs farther along in its course if it were not for the ex-
istence of the gradient. Then the actual time los.t because
of the existence of the gradient must be this distance di-
vided by the speed at which the airplane will fly along the

course.
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Thus A4t = %
ave
Save) 4K
=Tz dH
at
or A-t = J(AVC}
aH 2 oA 7
At are
. gt | SR
Finglly —% =
Aot a4 Z%Vare

where 8(4Ve) and dH/dt have the same units as before and
At/ah is in minutes per 1000 feet of climb or glide. It
must be noted that where §AV.) is positive (a tail wind)
then 4t/ah will be time lost per 1000 feet for both climb
and glide, while if 8§{AVe) is negative ( a head wind) the
quantity represents a gain in time. As before the formulae
derived is made up in the form of a table in Part II. 1In
meking up the table, V is taken as the average cruising
speed of the airplane, this value giving results which are
much closer than many of the other assumptions and measured
quantities.

There is one other item which should be mentioned
in this section. It will be noted that the calculation of
the position at which the airplane should arrive at the end
of the climb and the position at which to start the glide are
not necessary in so far as finding the gptimum flight path.
However, the pilot must know these values, particularly the
point to start the glide, in order to fly the course cor-
rectly. Thus this data is of navigational aid to the pilot.
One other set of values which would be of extreme value to
him would be the drift angle along the course. This is the

angle ¢ in Figure 2 and is given by the expression
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Thus we can assume as before an average value for V and
incorporate drift angles into one of the tables described
in Part II. This will constitute a valuable aid to the
pilot since without it he would be required to find the

angles along the way purely by trial and error while flying.

S. OPERATIONS SCHEDULING

The results made available by the use of the
above analysis present another interesting possibility.
This is the problem of scheduling aircraft operations.
In other word, given a certain airplane to be flown over a
given route with certain existing meteorological counditliicuc,
how should the esirplane be flown in order to meke the flight
in scheduled time? |

By using the analysis described above we can
very easily determine the average effect which the wind
will have all along the course in adaition to the effect
of the climb and glide. Now let

V., = the average effective ground speed along the
intermediate path (as defined in Section J)

Vo = the average cruising speed of the airplane

4V, = the average effect of the wind along the inter-
mediate path

s = the distance between the start and terminus of
the flight

T = the scheduled time for the flight
a4t = time lost in climb and glide {due both to aero-
dynamic variations and winds) plus the time

lost due to late starting

t = the time lost in take-off and landing. This



should be taken as an average over several
flights for the particular airplane.

P/Po = the ratio of cruising power to full power
Now T= £ + at +t
Ve

S
Ve = 747 -¢

But Ve = VC =4 Ve

Therefore

S
_ — AVe
Ve T —at -2

But, from the fundamentsals of aerodynamics, power is

proportional to the cube of the velocity.
Therefore

% = K Vc) K = cowstont

Substituting for V,
P/ _ -4 - AVe]
/Po - K(T—At‘t

In which X, P,, and t are constant for a given air-
plane.

3

Thus P/P i} 7[(5} T -4at, A}’e)

For s in miles, T in minutes, At in minutes, t in minutes,
AVe in miles per hour, the eguation becomes

3
% = | 7are 4]

T -At -t e

Using the above ecuation we can build up a chart for solv-

ing this equation for P/P, for any given route and wind
distribution.

This has been done in Part II in connection



with the Douglas Transport and will be discussed further
later.

The above completes the general discussion of
the optimum flight path analysis. In further chapters it
will be discussed with reference to particular routes and
airplanes. The analysis just completed, however, applies

to any airplane.



PART II

APPLICATION OF METHOD TO DOUGLAS DC-1 TRANSPORT

1. GENERAL:

As an illustration of the application of the
method presented in the previous chapter the actual numeri-
cal calculations developed were made for the Douglas DC-1
Transport airplane. In addition, through the courtesy of
the Transcontinental and Western Air, the author was for-
tunate in having the opportunity of trying out these results
to a limited extent in actual operations service., The re-
sults of these tests will be presented herein together with

2 brisf discussion of the calculations themselves,

2. AIRPLANE PERFORMANCE CALCULATIONS:

A complete discussion of the method employed for
the calculation of the airplane performance would be very
long and involved and beyond the scope of this paper. Thus,
only a brief mention of the salient pocints will be included.

The basis for all of the performance calculations
was Technical Report 408 of the N.A.C.A. by Dr. W. B. Oswald.
All of the work which is done in this paper is merely a vari-
ation of that discussed in the above report.

In the actual calculation of the cruising speed
of the airplane at either climb or glide, the effect of the
climb or glide was considered as a supercharging effect, posi-

tive in the case of a glide and negative in the case of a

climb.
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The justification of this is apparent when we consider
that the quantity W dh/dt represents the power which goes
into raising the potential energy of the airplane due to
change of altitude. This quantity, then, was added (or sub-
tracted) to the brake horse power supplied by the motor and
the total considered as the new brake horse power. The dif—v
ficulties with this analysis are, of course, that there will
be a change in the propeller efficiency and that in the case
of a glide there is the danger of obtaining too high values
for motor RPM. To correct for this it was necessary to con-
sider the velocities obtained by the above method as first
approximations and with these values finds the new efficien-
cies and correct for excessive motor RPM. Finally, going
through the calculation a second time gives a much closer
value to the correct cruising speed. This calculation had
to be made for each rate of climb at each altitude. It should
be noted here that a continuously variable pitch propeller
would eliminate the difficulty of excessive motor RPM mention-
ed above.

In making the calculation described above the author
devised a chart which shortened the calculation enormously
and for this reason it is included in this paper. There is no
need to explain the variables involved as anyone familiar with
the Oswald analysis will recognise them immediately. The
chart merely gives a rapid means of finding the correct value
of the parametef?for an airplane with supercharging by as-
suming a value of any one of the variables and then making

repeated circuits of the chart until the path converges upon

an accurate value of _A. .



All of the calculations and charts for the Doug-
las DC-} were made on the assumption of 75% full power for

cruising.

3. MISCELLANEOUS TABLES AND CHARTS:

There are two sets of tables to consider, the
first, the table giving “EFFECTIVE CRUISING SPEED" relative
to the ground, and the second, the position and time correc-
tion tables for wind. In both sets the average cruising
(air speed) speed where needed was taken as 190 miles per
hour. However, the first portion of the first table will be
reasonably correct in the case of other airplanes which have
congiderably different average cruising speeds than that of
the DC~-1. This is shown from calculations in PartlI.

The position correction tables will, of course,
be true for any airplane and the time correction table will
not require change within the range for which the teble dis-
cussed in the last paragraph holds true.

The "SCHEDULING CHART® is also based upon an aver-
age cruising speed of 190 miles per hour for 75% full power.
This chart will give results which are accurate to about 1%
in percent power which is greater accuracy than can be at-
tained in flying the airplsne. It was assumed that 10 min-
utes was lost in take off and landing.

There is an additionel feature which appears on
the ®SCHEDULING CHART" which was not explained in the previous
chapter. There appear on the chart four broken lines wi th
labels which indicate altitudes. These lines represent the

limiting power which may he obtained from the engines at the
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1000 -~ 170 10000 - 134
2000 - 173 - 11000 - 196
3000 - 176 12000 - 198
4000 - 179 13000 - 199
5000 « 132 14000 ~ 201
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7000 - 138 15000 - 1927
8000 - 190 17000 - 193



CLIMB AND GLIDS POSITION CORRECTINN (miles per 1000 £t.)

BA3IC WIND DUE TO WID GRADIENT

JH H

dt dt
100 200 300 400 S@ve) 100 200 300 400
0.8 0.4 0.3 0.2 5 004 0.2 0,1 0.1
1.7 0.8 0.3 0.4 10 048 0.4 0.3 0.2
2.5 1.3 0.8 0.8 15 1.3 0.7 0.4 0.3
3.3 1.7 1.1 0.8 20 1.7 0.9 0.6 0.4
4.2 2.1 1le4 1.1 25 2,1 1,1 0.7 0.5
5,0 2.5 1.7 1.3 30 2.5 1.3 0.9 0.6
5.8 2.9 1.9 1.5 35 2.9 1,5 1.0 0.7
8e7 Bu3 2.2 1.7 40 3.3 1.7 1.1 0.8
7.8 3.7 245 1.9 45 3.8 1.9 1.3 0.9
8.3 4.1 2.8 1,2 50 4.2 2.1 1.4 1.0

TIJE CORRECTION IN CLIMB AND GLIDE (minutes per 1000 ft.)

DUE TO ;Em GRADIENT
Slave 100 208" 500 400
T8 Del - Qul: 0.0, 040
10 0.3 0.1 0.1 0.1l
15 0.4 0.2 0.1 0.1
20 0.5 .0.3 0.2 . 0:l
25 0.7 0.4 0.2 0,2
30 0.8 0.4 0.3 .0.2
35 0,9 0.5 0.3 0.2
40 1.0 0.5 0.4 0.3
45 1.2 0.6 0.4 0.3
50 1.3 0.7 0.4 0.3
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altitudes indicated. Thus, if it is found, for instance,
that 80% power is required with an intermediate flight path
at 14000 feet altitude, it is immediately apparent from the
chart that this is impossible to attain. In this case, then,

the plane would be unable to cover the course in scheduled

time.

4. FLIGHT PATH CHARTS:

Finally, the author has drawn up two sets of basic
flight path charts covering two different routes. These
charts are of the type which would be used as the basis for
computing the actual. flight path for a given set of observed
meteorological condi tions.

These charts need no particular explanation in so
far as the calculation is concerned. Fach curve is the re-
sult éf a graphical integration of the “eruising speed--alti-
tude curve" mentioned in Part I. The figures alongside each
curve give the time (in minutes) lost due to climb and the
time gained due to glide. In this connection it should be
mentioned that for the Douglas DC-1 there was no appreciable
difference in time lost in climb up to reasonable altitudes
between rates of climb ranging from 200 to 500 feet per min-
ute. Therefore, since the wind gradient will in general in-
crease up to the level of the intermediate flight altitude,
the least loss in time will be realized with the maximum rate
of climb so long as there is no appreciable loss due to an in-
crease of rate of climb. For this reason the climbs were

standardized at 500 feet per minute which rate appeared to be
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the best under almost all bonditions.

Finally, it should be noted that the charts
covering the Pittsburg-Newark course include a topogravhi-
cal profile of the region along the course. This feature

would be incorporated into all of the charts when made up

for practical use.



PART 111

METHOD O UsSING CHAKTS

A. DETERMINATION OF INTERMEDIATE FLIGHT PATH

i

From balloon observations and by use of the “EF-
FECTIVE CRUISING SPEED® table calculate the effec-
tive speed for each level zbove each station. To

do this look opposite the wind velocity in the left
handa column and under column headed with the angle
of the wind relative to the course. This gives AV,
which must be added (or subtracted according to sign)
to the value of Vy corresponding to the altitude in
question to obtain Ve. Write this value for Vg at
the corresponding point on the base chart. Do this
for all balloon observations. In addition to record-
ing the above, write down on a separate sheet the
values of V for each altitude for the end stations.
These values will be used later.

Draw a line Jjoining the maximum values of Vg which
now appear on the base chart. This will give the

intermediate flight path.

B. DETERMINATION OF BEST RATE OF GLIDE

1s

Using the values of AV for the end stations assume
a linear distribution of AV,aloft. Extrapolating
this linear distribution find the value of AV, at

the ground and the difference between the value at

the intermediate flight level and that at the ground.



2. Using the "T1ME CORRECTION* table find the value

of time lost (or gained; in the gliae per 1000
feet of glide for each rate of glide from the airf-
ference in value of AVeat the flight level and at
the ground. 1his will we tiwe lost it tle graalent
increase upward and gained 1f downward.

multipiy this vaiue by the total dirterence o1 al-
titude for the glide in thousands of feet and add
(if it is time gained) this value to figure appear-
ing on each glide curve at thne intermediate 1light
altitude.

Choose the rate or glide willch gives the greatest

gain in time.

C. TO ¥IND POSITION O START GLIDE:

L.

Jsing the value of AVpat the ground obtained in b.i.

find the total position correction in miles due to

basic winds in & mander similar to B.S and B.4.,

rnultiplyving by the difierence in altitude as before.

Do this only for the best rate of glide. This cor-

rection will aau to the distances marked on the
path

basic iiignt/chart if tne wind is a tall wind and

subtract ir a nead wina.

Do the same as in C.l. ror the ditierence in AV,

aloft aau at tne ground. This will be adued to

the distance it the gradient increased aloft and

subtraqtive ir it decreases. The total of these

two corrections gives the correct point at which

to start the glide,



D. SCHEDULING THE FLIGHT:

L. Hstimate the average effective cruising velocity

which will be attained aiong the intermediate
flignt path. Subtract from this the value of V,
for the approximate altitude of the intermediate
flight path. This gives the value of AV, which

will be used in the ®SCHEDULING CHART".

Finu from the calculation made in B. the total

time 1l t in climo ana giiae (tnls may be negative).
Subtract tnis value (algebraicasly) rrow uae sched-
uled time tor the fiight in minutes. This gives T°'.
Entering the canart with the value of T' found in
D.2. go up to the value of S which gives the length
of the course. Then move horizontally to the value
of AVedetermined in D.L. (plus is tall wind, minus
is head wind). Finally, move vertically aownward
to the axis which gives the percentage full power
which must be used in order to maxe the flignht on
scheaule. This value must not Lie to the right of
altitude iine walch corresponds with the ailtitude
of the intermediate riignt. If it does, then the

1light cannot be made on time.

e SCHEUULING a nEW ROUTE:

ObviousLy, the chart may be used backwards to de-
termine proper schedule time to use on a new route.
A statistical stuay can be mede of the winds to
determlne the usual vaiuc of AVe, tnen, assuning a

veiue ot the power to be used, t he correct scueduled



time cau oe ootained. 1t muSt be remembered that
the avove cnart takes the time Lost in take oif and

landing into account automutically.

¥, PRESENTATIOwn OF DATA TO PILOT

The data which should ve given to tne pilot 1is as

foliows:

l. Rate of éscent from t ake-off,

2. altitude to which to climu for vpeginuning of in-
termediate 1light pati.

3., Altitudes at various points along tne route if
the intermediate 1iight path varies somewhat in
airtitude.

4, Point at wnicihh to begin glide in miles from des-
tination or relative to some landmark.

5. Rate or gliae into ter.uinadl.



PART IV

LESTS MADE OVER THE PITTSBURG-NEWARK ROUTE

Througn wne courtesy of Transcontineuatal & west-
ern Alr, the author was enabled to make a Limited series of
tests rrom May 11 to hay 13, 1994 on the Douglas DC-L trans-
port plane in operation between Pittsburg and NewarkK. Al-
though tuis was not a iavorable route on wuich to make a
test o1 the value of the method, several rather interesting
and valuable resull s were brought out by these tests. Also,
several minor changes were shown to -be desirable and these
have been incorporated in the analysis as it has been herein
presented.

One of the most valuable results shown by the test
was tlhie avility to predict accurately by means of the methnod
the point at which to start the glide in order to cowe in to
the terminal at the proper altitude. This is a valuable
navigation aid to the pilot since it avoids the great waste
of time involved in spiraiing down to the fidd aiter having
overshoi the proper point in the glide. Most of the glides
extended for more than 125 miles, and in one case for avbout
150 miles.

Another interesting tact wualch was brought out dur-
ing the tests and which is to be expected trom the cuarts 1s
that the plane will very seldom be given an opportunity to
get up to its critical cruising altitude on so short a flight.
wost of the flights Ior this course must necessarily consist
of a climb up to a certain point followed directly by a glide

without any intermediate flight between. Thus, such a short



fiight as the 305 miles between Pittsburg and Newark does

not wllow the maximum efriciency to be galned from the DC-1.
Also, aue to the sae ract, 1t is harder to calculate the
true optimum ilight path for such a short path where the per-
centage saving in time canuot be very large vecause take-oirs
and landings take up an appreciabie portion of tne total time
and none o1 this can be saved. prOor sucn a short path it is
necessary to investigate every cowmbinatioun of cliwmb and gliae
correcting each for position in order to determine the true
optimume. In the case of a long ilight, however, each part

of the path is independent of the other and thus each can be
investigaied separatedy.

In regara to uwne time element involved in mexing
the calculation it was fTound in practice that aboul 7 min-
utes was required to aetermine the proper path for the Pites-
burg-Neward course along which there was only one pertinent
balloon observation (wnicn was sufficient for such a short
Iiight). However, in caiculation some trial situations on
the Burbank-Albuguerqgue course, where there are four good
balloon soundings, it was found that 15 minutes was suffi-
cient time to complete the work. On a course such as this
the saving in timeshould be considerable and the 15 minutes
spent in calculation on the ground could well be paid for
by the saving of time in the air.

No attempt was made to use the Scheduling Chart

as this chart was not made up at that time.



CONCLUSION

The method appears to satisfy the conditions
which have been set forth in the first part of the paper
and, doing this, it should be of distinct practical ad-
vantage to the air transport operator.

In conclusion, the author wishes to thank
Messrs. Frye, Fritz, Weaver, and Clover of the Operations
and Meteorological Divisions of Transcontinental & Western
Air who made available the possibility of the tests which
were conducted on the use of this method on the Douglas
DC~-1. It was only through these tests that the author was
able to make many essentisl additions and alterations and
to determine how the method should be used under actual

operating conditions.



