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ABSTRACT

Possible contamination of the upper atmosphere from the by-products
of an industrial society has created the need for regular sampling of
high-altitude atmospheric components. Atmospheric sampling has been
carried out by NASA for a number of years using U2 aircraft. These air-
craft have insufficient flight altitude capability for monitoring the
growth of some potential contaminants which may be generated by aerosol
container usage. This report examines the increase in sampling altitude
which could be obtained if the U2 flights were supplemented by flights
using an available high-performance supersonic aircraft, the F-15 Eagle.

Altitude potential of an off-the-shelf F-15 aircraft is examined in
this report. 1Tt is shown that the standard F-15 has a maximum altitude
capability in excess of 100,000 feet for routine flight operation by NASA
personnel. This altitude is well in excess of the minimum altitudes which
must be achieved for monitoring the possible growth of suspected aerosol
contaminants.

A companion report examines the maximum altitude capability of another
high performance supersonic aircraft, the F4-C Phantom fighter. In that
report 1t is shown that this older fighter aircraft has a maximum altitude
capability in the vicinaty of 95,000 feet. The F-15 fighter aircraft,
therefore, has superior maximum altitude capability. However, final
selection of a vehicle for the upper atmosphere mission must consider other
factors including operational costs, reliability, and deployment.
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PREFACE

This report was prepared under Purchase Request A-29485-B, "Application
of Trajectory Optimization Techniques to Upper Atmosphere Sampling Flights
Using the F-15 Eagle Aircraft." The study indicates that the F-15 aircraft
can achieve altitudes in excess of 100,000 feet while satisfying realistic
operational constraints.

Mr. William A. Page, Deputy Chief of the Stratospheric Projects Office,
NASA Ames Research Center, acted as the government's technical monitor for
the study. Mr. D. S. Hague served as Aerophysics Research Corporation's
program manager and was assisted by his co-author Dr. A. W. Merz. The authors
are indebted to Mr. Page for numerous comments and advice in completion of
this study.
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Z00M-CLIMB ALTITUDE MAXIMIZATION OF THE F-15

AIRCRAFT FOR STRATOSPHERIC SAMPLING MISSIONS

D. S. Hague and A. W. Merz
Aerophysics Research Corporation

1.0 SUMMARY

Some recent predictions indicate that byproducts of aerosol containers
may lead to modification of the upper atmosphere chemical composition. NASA
currently monitors atmospheric properties to 70,000 feet using U-2 aircraft.
Testing is needed to about 100,000 feet for adequate monitoring of possible
aerosol contaminants during the next decade. To study this problem the
basic F-15 aircraft and a special lightened version of this aircraft based
on the record breaking ""Streak Eagle" No. 17 aircraft are analyzed to deter-
mine their maximum altitude ability in zoom-¢limb maneuvers. These trajec-
tories satisfy realistic dynamic pressure and Mach number constraints. Maximum
altitudes obtained for the F-15 aircraft are in excess of 100,000 feet, about
75 per cent of the theoretical energy height available. Sensitivities of the
zoom~climb altitudes were found with respect to several variables including
vehicle initial weight, stratospheric winds and the constraints. In a
companion report, Reference 1, the zoom-climb capability of another high
performance supersonic aircraft, the F-4C, has been examined. This older
aircraft achieves significantly lower maximum altitudes than the F-15 studied
in the present report,

The zoom-climb maneuver studied in this report originates from a high
energy flight condition near the boundary of the aircraft's operational
flight envelope. During the study there was some concern regarding the
aircraft's ability to achieve this high energy flight condition and subse-
quently to perform the zoom-climb and return to base without the use of
costly external fuel supplied either by drop tanks or aerial refuelling.
Accordingly, an investigation of minimum fuel paths to the initial zoom-climb
point was also undertaken.

This study revealed that the aircraft could achieve the desired flight
condition using only intermal fuel, provided that the subsonic segment of
the mission was flown using Military Power. The supersonic segment could
be flown using Maximum Afterburning Power, and this power level was essential
for operation at the higher energy levels attained. The subsonic mission
segment is flown in an outbound direction from base. This segment ends with
a subsonic turn towards base and a near constant energy transfer to supersonic



flight conditions. The supersonic flight then proceeds towards base umtil
the initial condiiton is met for the zoom-c¢limb. The zoom and reentry follow
with reentry at an altitude of 50,000 feet occurring directly over the base
for operational safety and fuel conservation reasons. Sensitivity of the
supersonic dash to maximum dynamic pressure was investigated as part of the
study effort, It was found that fuel consumption in the acceleration was
relatively insensitive to maximum dynamic pressure but that range covered
increases with decreasing maximum dynamic pressure.

A summary of the range and weight variations during the nominal mission
is presented in Table I. The recommended mission flight path is illustrated
in elevation in Figure 1 and in the Mach-altitude plane in Figure 2. The
fly-out portion of the mission is concerned with acquiring energy (altitude
and Mach number) and position while minimizing fuel consumption, and the
zoom-climb portion is concerned with maximizing the peak altitude. Both
portions of the mission are subject to dynamic pressure limits. It should
be noted that the propulsion system performance employed in the study is
consistent with prototype versions of the F100-PW-100 turbofan engines which
power the McDonnell F-15 fighter aircraft. Fuel consumption for these engines
on the F-15 dynamic pressure limited maximum altitude mission is plotted as
a function of nominal mission Mach number in Figure 3. The engine thrust is
zero at altitudes above 80,000 feet where flameout occurs.



TABLE I.

Dynamic Pressure Limited, Subsonic Mil. Power - Supersonic A/B Power

RANGE AND WEIGHT SUMMARY

Vehicle Weight Range
Weight, Lbs. Change, Lbs. Increment,
N.M
Initial Weight (Includes 11135
pounds of fuel) 37843 -- --
Take-off Allowance 37593 250 -
Subsonic Climb 361438 1445 (62.3)
Cruise 35848 300 (75.0)*
Turn 35748 100 ‘ --
Acquire Supersonic Condition 35608 140 4.0
Supersonic Dash’ 30795 4813 77.3
Zoom 30131 664 22.7
Return to 50,000 feet 30131 -- 22.7
Return to Base 29531 600 -
Reserve 27531 - -
Final Weight 27531 -- -
Minimum Weight (Empty) 26708 -- --
tnused Fuel - 823 —
Totals: 11135 (10.6)

*Reserve factor of 10 nm in
cruise places aircraft short
of base at 50000 feet on
return leg.
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2.0 UPPER ATMOSPHERE CONTAMINATION PROCESSES

Possible contamination of the upper atmosphere from the by-products of
an industrial society has created the need for regular global sampling of
high-altitude atmospheric components. An example of this contamination
process is given by the excessive use of chlorofluoromethanes (in refrigeration
and aerosol pressure containers). This may lead to a modification of the
ultraviolet radiation shielding properties of the upper atmosphere, with
possible subsequent degradation of the environment. One of the dominant
mechanisms involved in the predicted ozone layer depletion involves a cata-
lytic breakdown by free chlorine, a by-product of chlorofluoromethanes which
have diffused upward into the stratosphere, according to

Cl + 03-~--(110+0:2

and

Cl0 + 0 —~C1 + 02

The present concentrations of chlorine and chlorine bearing compounds
in the stratosphere are not well measured, and it is believed that widespread
measurements obtained over a period of time will provide the data needed to
study this problem. Figure 4 shows the future predicted variation with
altitude of various chlorine species, Reference 2. Predicted changes in the
density of C10 (a critical species for delineating the chemistry) over the
next fifty years are very small, at altitudes below 70,000 feet, while the
variations are ‘expected to be much larger at altitudes.above 90,000 feet.
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3.0 UPPER ATMOSPHERIC SAMPLING

For a mumber of years, NASA has carried out atmospheric sampling using
U-2 aircraft. These aircraft, however, have altitude capability for monitoring
variations only to 70,000 feet, and therefore an aircraft of higher altitude
potential is obviously very desirable. An examination of candidate aircraft
for this mission requires consideration of the following parameters:

a. Maximum altitude capability;

b. Aircraft availability;

c. Acquisition and operational costs;

d. World-wide maintenance ability; and

e. Suitablity of equipment bay for atmospheric sampling system.

This report concentrates on the first of these factors, maximm altitude capa-
bility.

A comparative study has suggested both the McDonnell-Douglas F-4C Phantom
and the F-15 Eagle in a zoom-climb maneuver as prime contenders for the task
of sampling the upper atmosphere. The high-altitude capablity of a lightened
and specially modified Phantom was established by the time-to-climb records
set by this vehicle in the early sixties. Some of these trajectories are
shown 1n the Mach-altitude plane in Figure 5. They are compared to predicted
minimum-time paths obtained by the USAF/NASA Atmospheric Trajectory Optimization
Program, ATOP, References 3 and 4. This program is also the source of
trajectories contained in the present report.

The predicted maximum altitude performance capablities of standard and
near-standard F-15 aircraft are examined in this report to determine altitudes
attainable under various flight conditions and trajectory constraints. The
zoom-climb performance capability of the F-4C Phantom has been considered in
Reference 5. The F-15 aircraft has proven high-altitude capability as a result
of the time-to-climb records recently established by the ''Streak Eagle"

No. 17 aircraft, Reference 6. Furthermore, both aircraft have equipment
bays which are large enough to accomodate the atmospheric sampling packages
constructed by NASA Ames Research Center for use in U-2 aircraft. Figure 6
is a diagram of such a unit, which has a sample rate greater than one per
second.



The present study has examined the altitude-potential of both of these
aircraft using zoom-climb maneuvers obtained by the variational calculus
option of the ATOP program. Of particular interest in routine flight operation
is the sensitivity of maximum attainable altitude to the following variables:

1. Dynamic pressure at apogee, which must be high enough to permit
adequate aerodynamic control of the aircraft as it passes over
the top without placing an undue burden on the piloting function.

2. Maximum dynamic pressure, which must not be so high as to risk
structural aircraft damage or to impact aircraft maintenance
procedures

3. Normal acceleration, which peaks during the zoom maneuver, but
which cannot be high enough to overstress either aircraft of
pilot,

4. Miscellaneous, e.g.:
a. Increased engine thrust;
b. Stratospheric winds; and
c. Initial aircraft weight.

The dynamics of the aircraft were modelled by treating the 1ift and drag
as experimentally determined tabular functions of Mach number and angle-of-
attack. The point-mass equations of motion also accounted for the dependence
of the thrust on the Mach number and altitude (including engine flame-out
points), the time-variation of mass, and the altitude-variation of the air
properties and winds. A 1962 standaxrd atmosphere was employed. The predicted
performance would therefore be somewhat improved in northerly or southerly
latitudes, but wauld degrade near the equator. The control was the angle-of-
attack history, to be determined as a function of time so as to maximize the
final altitude, subject to constraints on the in-flight and terminal dynamic
pressures and a terminal flight path angle of zero. A complete discussion
of the actual equations of motion employed is contained in Reference 1.
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4.0 F-15 EAGLE ZOOM-CLIMB PERFORMANCE CAPABILITY

F-15 aircraft maximum-altitude zoom-climb results were obtained in a
similar manner to that employed in the F-4C studies of Reference 1. The
nominal initial zoom-climb flight condition of this airplane was taken at
the altitude of 51,500 feet and at Mach 2.48 which is slightly below the
maximum-energy steady-state flight condition of the F-15 aircraft. Other
constraints had to be introduced, however. For example, the dynamic pressure
at the nominal initial flight condition is 983 p.s.f. Any tendency to dive
from the initial zoom flight condition would increase the pressure above the
upper limit of 1000 p.s.f. as used for routine flight operation by NASA.
Thedynamic pressure limited zoom flight paths therefore bagan by climbing
immediately. Now the F-15 has a maximum dynamic pressure 1limit well beyond
this value. However, lower dynamic pressures do produce lower maintenance
costs, For this reason the dynamic pressure limit of 1000 p.s.f. is imposed
on the final F-15 trajectories. A typical unconstrained trajectory on the
other hand first dives to very low altitudes, as in a trial case from Mach
2.45 and 60,000 feet altitude. This trajectory dove to about 40,000 feet
while attaining a final altitude of 104,749 feet. This altitude was attained
at the expense of a peak dynamic pressure of 1958 p.s.f. and a peak Mach
number of 2.69. Both of these values lie well above allowable limits for
the present study.

The Mach number and altitude history of the F-15 flight paths are shown
in Figure 7 for the case of constrained peak dynamic pressure and with the
final dynamic pressure equal to 20 p.s.f. The corresponding path for the
F-4C from Reference 1 is also shown in this chart. The trajectories are
separated, at the same Mach number,by an altitude difference of about 18,000
feet. However, the F-4C terminal point occurs at a lower Mach number then
the F-15 terminal point,and the maximum altitudes of the two vehicles are
thus closer than this figure. ~

The effects of variations in final pressure tailwinds and weight reduction
are shown for the F-15 and F-4C in Figure 8. The nominal dynamic pressure
limited zoom-climb performance of the F-15 was 101,368 feet. This was
obtained from an-.initial condition of Mach 2.48 and 51,500 feet, and for
extreme dynamic pressures of 994 p.s.f. and 20 p.s.f. The tail-wind distri-
bution caused an increase of 1,565 feet (from 101,368 feet to 102,935 feet).
This is a smaller effect than that found for the F-4C in Reference 1,for the
F-15 altitude constraint kept the aircraft above 51,500 feet so that the wind
velocity never exceeded 64 fps for a typical wind profile, Figure 9. Similarly
a weight reduction of 3,417 pounds for the F-15 aircraft caused an increase
in final altitude of 970 feet. Generally, the trade-off results for the
parameters are similar in magnitude to those obtained for the F-4C, and the
overall effect of changing aircraft from F-4C to F-15 is a final altitude
. increment of about 10,000 feet as described in more detail in Reference 5.

12
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5.0 ACQUISITION OF INITIAL ZOOM-CLIMB POINT

The initial zoom-climb point assumed in the previous section was Mach 2.48
at an altitude of 51,500 feet. This flight condition corresponds to a theo-
retical potential energy of 140,715 feet at zero velocity and is close to the
F-15 flight envelope boundary. Achieving flight conditions close to the flight
envelope can be costly in terms of fuel, time, and range. In this section,
these costs are analyzed and some of the trade-offs between the cost elements
are outlined.

5.1 Maximum Energy in Fixed Time, Maximum Power

A preliminary trajectory optimization calculation was performed to outline
the fuel, time, and range costs associated with achieving the zoom-climb
initial point. A final time of 350 seconds was employed. With a two-second
integration step this relatively long airbreathing trajectory problem exper-
ienced convergence difficulties. A one-second integration step reduced but
did not eliminate the convergence difficulties. Nevertheless, in this calcu- _
lation the zoom-climb initial point energy was achieved in 325 seconds flight
using 7,812 pounds of fuel over a range of 71.6 nm. In view of the convergence
difficulties experienced, the piecewise optimization procedure of Reference 7
was employed to refine this answer.

Piecewise optimization was accomplished by breaking the.trajectory into
three sequential segments. Each segment was of 100-second duration,and energy
was maximized in each segment. Table II presents the starting condition and
the final conditions for each segmented arc together with the conditions at
which the desired energy was achieved. With this basic sequence of trajec-
tories, a flight time of 275 seconds, 7400 pounds of fuel, and 70 nm of range
were required to achieve the initial zoom climb energy. Trajectory details
associated with these paths are tabulated for reference in Appendix A as
trajectories 1, 2, and 3. These trajectories are illustrated in the Mach-
altitude plane in Figure 10.

5.2 Minimum Fuel to Given Energy, Maximum Power

In the previous section fuel requirements for maximum energy rate paths
were defined. In this section the minimum fuel trajectories to achieve the
energy levels of Table II are determined as a sequence of three optimal
trajectories. The first two trajectories minimize the required 100 and 200
second energy levels of Table II. The last arc defines minimum fuel to the
zoom commencement point. The resulting trajectories are presented in Figure
11 together with the maximum energy rate path reproduced from Figure 10.

16



It can be seen that the maximum power subsonic climb of the first segment
occurs at a lower Mach number when the fuel minimization criterion replaces
the maximm energy rate criterion. The termination of Segment 2 and the

whole of Segment 3 are both higher when the minimum fuel criterion is employed.
Table III presents a state summary for the minimum fuel trajectories. The
fuel savings available are quite small, 438 pounds at the final zoom-climb
energy level. This fuel saving has been achieved at a cost of an additional
31.2 seconds of flight time and 6.7 nm range increment. Details of these
maximum power, minimum fuel paths are presented as trajectories 4, 5, and 6

in Appendix A. -

5.3 Minimum Fuel to Given Energy on
Subsonic Leg, Military Power

The paths obtained by sequential arc optimization using minimm fuel to
a given set of energy levels are similar to the paths obtained by the method
of Reference 8 where the quantity

dE
aw

is locally maximized at a given power setting. Johnson in Reference 9 has
suggested that when throttle setting variations are considered, the throttle
setting should be determined as a function of energy so that dE/dW is
everywhere maximized. This approach is particularly significant to supersonic
fighter fuel minimization where a wide range of possible power setting are
possible during energy increasing flight. Detailed thrust and fuel flow
variations with power setting for the F100-PW-100 engines which power the

F-15 were not available to the present study. However, engine thrust and fuel
flows were available for two power settings: maximum power and military power.
The Johnson criterion of Reference 9 immediately suggests the use of military
power for fuel minimization at the lower energy levels. Accordingly, minimum
fuel paths to the first energy increment of Tables II and III were obtained
using military power.

El _ |dE/dt
W dw/dt

At the lower power setting, convergence problems were experienced when
this problem was attacked as a single arc. Accordingly, a series of fuel
minimization paths of 50-second duration each were sequentially solved until
the desired energy level was attained. Table IV summarizes the state achieved
at each sequential energy level using military power. Major differences occur
between military and maximum power flight costs to the energy level of Table
IV. Comparing these results with those of Table III at maximum power the
following cost differences emerge:

17



Maximum Powexr Military Power Differences

Fuel (Pounds) 2146. 1446. -700.
Range (Nautical Miles) 13.2 62.2 + 49.0
Time (Seconds) 111.1 450.0 +339.0

There is, therefore, a modest fuel saving, and a large range increment asso-
ciated with military power flight in the subsonic portion of the mission. The
maximm power setting has a much higher specific fuel consumption, but it is
required for a much shorter flight time, as shown in the table above. The
favorable effect of the 49 nm range increment will be discussed later. Trajec-
tory details are included in Appendix A, as trajectories 7 to 15,

5.4 Dynamic Pressure Limited Supersonic Dash

The two supersonic dash segments of Table III achieve dynamic pressure
levels approaching 1600 p.s.f. It is assumed that flights by NASA pilots will
be limited to 1000 p.s.f. for maintenance and reliability considerations. The
effect of this constraint is examined in this section and found to be small.

Minimum fuel paths to the last two energy levels of Table IIT were obtained
in the presence of a dynamic pressure constraint of 1000 p.s.f. As in the
prior sections of the study some convergence difficulties were experienced in
the first trajectory optimization calculation, and the problem had to be solved
in three segments. These path details are included in Appendix A as trajec-
tories 16, 17, and 18. Table V presents a state summary for these dynamic
pressure limited paths. Comparing Tables III and V, the difference bhetween
maximum power,free dynamic pressure paths, and military power subsonic climbs
with constrained dynamic pressure supersonic dash paths can be obtained. The
major differences are summarized below.

Max. Power Mii. Power Subsonic
Cost q Free Max. Power q Difference
Limited Supersonic
Time (Secs.) 306. 695. +389.
Range (N.M.) 76.3 139.9 + 63.6
Fuel (Lbs.) 6981. 6957. - 24.0

It can be seen that a major increase has occurred in the time to reach the

supexrsonic zoom point. Range covered has increased,but fuel is practically
unchanged.

i8



TIME »
Sec,

100.
200,
300.

275.

NOTE:

TABLE II. STATE POINTS ON MAXIMUM ENERGY
IN FIXED TIME PATHS, MAXIMUM POWER

TOTAL
MACH ALTITUDE, ENERGY, FUEL,
ft. ft. 1bs.
.224 500.0 1470. 0.0
1.038 46188.0 61632. 2355.0
2.235 35299, 108490. 4870.0
2.607 48188. 146881. 8127.
2.583 43959, 140884. 7419.

Initial weight is 37837 pounds.
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TOTAL
RANGE,
N.M.
6.0
13.5
40.7
79.9

69.6



02

TIME , MACH

SEC.

0.0 .224
111.1 1.067
213.0 2.211
306.2 2.486

TABLE III. STATE POINTS ON MINIMUM FUEL
GIVEN ENERGY PATHS, MAXIMUM POWER

ALTITUDE
FT,
500.
45289,
37430.

51724.

NOTE: 1Initial weight is 37837 pounds

ENERGY
FT.
1470,

61632.

108490,

141400.

TO

TOTAL

FUEL,
LBS.
0.0
2146.0
4515.0

6981.0

TOTAL
RANGE,

0‘0
13.2
41.0

76.3

TOTAL
FUEL
SAVING,
LBS.
0.0
209.0
355.0

438.0



TIME ,
SEC.

0.0
50.
100.
150.
200.
250.
300.
350.
400.

450.

TABLE 1IV.

MACH

.224
.614
.653
.853
.941
044
.956
.955
.962

.948

ALTITUDE,
FT.
500.

6787.
19722.
24991.
31833.
37745.
41368.
44226.
46132.

47958.
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ENERGY,
FT.

1470.
14586.
26805.
36597,
44929.
50553.
’
54486.
57286.
59379.

60774.

STATE POINTS ON MINIMUM FUEL TO
ENERGY PATHS, MILITARY POWER

TOTAL
FUEL,
LBS.

0.0
331.
592,
800.
969.

1101.

1205.

1294.

1373.

1446.

TOTAL
RANGE,
N.M.
0.0
4.68
10.51
17.17
24.57
32.09
39.59
47.13
54.67

62.21



TABLE V. DYNAMIC PRESSURE LIMITED, MAXIMUM
POWER SUPERSONIC DASHES

TOTAL TOTAL

TIME, MACH ALTITUDE, ENERGY, FUEL, RANGE
SEC. FT. FT. LBS. N.M.
450. 1.038 46188. 61632. 1446. 62.21
551. 1.969 42825. 90056. 2068. 88.01
645. 2.350 48826. 128986. 5935, 120.57
695. 2.479 . 52186. 141418. 6957. 139.86
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6.0 RANGE CONSIDERATIONS AND MISSION PLANNING

It has been shown that acquisition of the zoom-climb commencement point
requires an expenditure of 6957 pounds of fuel and a range of 140 nautical
miles. The zoom-climb maneuver and return to 50,000 feet with engines out
requires an additional 664 pounds of fuel and a further distance of 45 nautical
miles. Thus, if the entire maneuver is performed in an outbound leg from

base, the reentry point at 50000 feet would be 185 nautical miles from the
take-off point.

From the range safety point of view, it would be desirable to have the
reentry point over the base. This can be achieved if the subsonic climb is
performed outbound from the base and a subsonic cruise out is added prior to
a 180 degree turn back to base and the acceleration to superscnic flight
condition. The supersonic dash and zoom then form the return leg of the
mission and reentry is possible over the base itself.

It is calculated that a subsonic cruise requires four pounds of fuel per
nautical mile. The subsonic 180 degree turn will consume 124 pounds of fuel
and 61 seconds flight time in a 56 degree banked altitude. Combining these
figures with the range constraint produces the mission profile of Table I,
Section 1.0, and permits reentry directly over the base.
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7.0 CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

It has been shown that the F-15 Eagle aircraft can zoom to altitudes in
excess of 100,000 feet while satisfying the following constraints:

a. On-board internal fuel limits

b. Acceptable maximum dynamic pressure limits imposed for
aircraft maintenance requirements

c. Acceptable minimum dynamic pressure limits imposed for
aircraft control lability

d. Return to base range requirements associated with mission
safety and reliability i

Constraints which might be imposed by accelerating supersonic flight over
heavily populated regions was not considered in the present study. This problem
should be examined in detail for each region of the earth where the upper
atmosphere sampling mission is flown. It is possible that this constraint

may significantly affect fuel requirements. The use of military power in the
subsonic flight regime and maximum power in the supersonic flight regime is

only an approximation to the true minimum fuel path. It is therefore recommended
that more detailed fuel minimization studies be performed prior to detailed
mission planning over densely populated regions.

The optimal trajectories of this report imvolve continuous control opti-

mization by the variational calculus. It is recommended that selected results
be parameterized in a form suitable for their execution during manned flight.
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APPENDIX A: FLIGHT TRAJECTORIES
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ATOP 111 ATMOSPHERIC TRAJECTQORY OPTIMIZATION PROGRAM VERSION 3,00 15 MAY J972
CASE FuHAQY STAGE I CYCLE 10 3 PAGE 2%
Tozes0 FUEL MINTHTZATION TO ENERGY
TIME VGT7F HGCTL GAMTD YI77F RGTIN AMAGH AMASF }
§ o, §13,7017 17745,50 2,818778 2441 ,831 0, LJu30254 4104,u05
—2. . \'posnnon.— 914,9180 37793,02 3, 141811 Puu2 B13 1499410 + 9451 00Q L099, 608
3 2,000000 915,9512 ITR4S, 09 J,u09363 aua3 66 +30017957 1545 4033, 260
4 1,00000n0 916,834 37901 ,60 3,00399p 2444,506 . 450390¢ PRL T Y {1 NRESE—T/T: L .}
5 ,nn00000 017,7010 37960,8%5 3.812332 24459,)79 000715 UL TY T 4077,298
b £, nan0na 218,345 18023,49 3,998b%¢0 2405,749 LT1512043 LYuBaBau 4067,55@
7 h,DD0000 918,994Y 38088 A5 41657408 2406, 236 2017078 L9491021 406,893
—f 1,000000 919,475)% 368157,03 4339800 ____pH4b,590 1,052334 yIU9T4A 4045418 e
L A,0480000 919,8709 18227,87 U, uRA86N 2446878 1,203n002 29502055 4032,535
—_—l10 9,000000 ~-920,2079 38300.85.____11.503951_____..2'1117.126.._..._._1,3';3569 + 9505515, 409,245
11 1o, panono 20,5222 38375,33 Hybbbnyy 2947,393 1,50u337 2 950ATRS @005,552
12 1§ 00000 920, 80h2 38450,60 Ay 7130685 2447 048 1,6550885 29515718 3991,573
13 12,00000 a2t,01%% 38526,70 4,767310 2447,833 1,805914 19314045 3977, 494
-—1a 13,00000 921,14555 38503,94 4,8608p% 247,87k 1,956667. 9515325 LLLT-FS | 1 "
15 14,06000 921,15n7 38643,15 s #,99798) 2447, 770 2,1074l0 » 9515318 39un,272
16 15,00000 91,0648 IB764,65_ ____S,131740 - 2447 ,565 2 258158 +35143A5 3929,5%2
17 16,00000 920,87ht 3BRLT 93 5,268654 2uu7, 259 2,408825 +9512439 3912,108
18 17, 60808 90,7108 38932,97 4294807 _2647,098 2.559412 » 3510934 JBQU 477
19 1R, 00000 920, hinb 39017,59 54259695 2447 ,064 2,71008p « 9510006 3817,152
—_20 19,00000 -820,4745 39102,11 5.,291710 - 2446 ,B52 2.8600b4 +9508259 3859, 80—
2l 20,00000 8°0,3Mm8 39187,15 S.288160 2446,692 J. 011473 s 9506500 3841,840
— 22 ____ 21,00000 220,504 39271,78 5,282891__ ____ 2446,532 3, 161879 4950478 31B2u,216
23 b2, 00000 %19,6217 39356,63 51290657 2dab,323 3,3t2185 ¢ 9502579 806,412
-24 23,00000 919,4799 39401,52 Sa311261 2446,069 3,882511 +95000P2 LATER uBd
25 2u,nn00n Q19,4078 19524 ,488 5,332268 2Au5, T19 3,61303s8 $ 9297220 3770,338
_b P5,.00000 9!9,01')@ _3%13.75..___.5.“173&9.____._2““5.32? 3,763384 22493241 3751,694
27 2o, 00000 918,517 39700,54 S:536704a FALLIN AT ] 3.913604 +FUBROHG 3732,242
— 28 27,00000 17,9415 3197689 ,97 P63 aday,oup 4,06374% » 9482148 3712,230 —
29 e, n0004 917,4005 3198A0,68 S.bs77814 2483,4R3 4,213774¢ P UTO517 3692,083
kY 29,00000 916, 8hh4 19971 ,12 S2670008 2142, 955 4,36363% +FuT1021 inTe,0ua
3 30,00000 916,2115 4p062,23 S.747628 2du2, 230 4,5134% W FuBd%Y 3653,729
_lz_ujj,nooon.%q_isru7qa 46154,689, 5,839538 2448 ,413 g,663114 LYY 3635,99!
33 2,n0000 91U, bORN uo2uB up 5,920943 2440 ,557 4,81265p 2y QUURLO 36)17,887
— 33,00000 ___ 913, 9251, ﬂ03“3.lZ...___.5.949357-_____2"39.76! H,962030 +TUBOBIY 35990680
35 Yo,00000 §13,14%0 4Go4s37,77 S:9UbTHD 2439,01R S.111327 (U328 20 3581,%78
3¢ 35,00000 g12.400% U532, 83 . D.9u3TIS _____ 2438,262 S.260063% 42un90 3503,459 s
17 b, 00000 911, hRYY 40626,87 54891652 24317,604 5,409437 29Ul Tush 354%,605
—3B______X7,00000 910,9979 . 40719,45_ _  5,827594__ __ 243e,904 5.558330._._  ,941039B 3528,089 o
3% IR, 00000 910, hnnA 40811,15 5,706251 , 2436,527 5,707145 WFa00231 3541,108
— Y9 00000 909, 9407 " 406900,21_______5,523%18 __ ' 2436,252 ______5,B5595A +9399u78 3495,04b
41 an, 00000 909, 6127 40985,97 5,273397 2436,19p 6,0087714 + 9396400 3480,099
LT L1,00000 9094081 Al0be, B2 4,905572 2436 492 b, 153158% + 9396043 l4eb,B872
a3 az2,00000 09, 8574 agtal 11 ' d,U5144] 437,115 6,302u79 1 939R01 8 3455,694
— 1 43,00000 __910,3784 41207,%1 3,965883 2037 ,994 b,45%3534 + 7404002 Ja4e, 00l
as au, 00000 91,2133 U1266,58 3.3940480 2439,220 6,60083) P FU128%) 34u0,09)
—fl 85,00000 12,8606 . A1315.46_ 2.752645.. . 2440,797 6,750450 s 7U255510 343b,38b
Q7 ap, 00000 QL& 0ROY 41353 ,8¢ 2,047077 2442,719 6,900%12 P FUU23YY 3u3s5,720
Y.} 47,0000 916,189 413680,14 14223884 2445,055 2,050495 QUL 024 3438,b030
49 88,00000 918, 81RG 41392, 11 v2732474 2447,810 T,201244 29491188 3uuS, 658
80 A9, 00000 921,995 413188,589 =, 7356307 2450,944 71,35219¢ W8520002  3452,150
34 40.00000 925,.7158 41368,24 ~1,808878 24548 ,424 T.504110 9552431 373,241
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ES ATOP 111 ATMOSPHERIC TRAJECTORY UPTIHIZATION PROGRAM VERSION 3,00 15 MAY 1972
ﬁ CASE FaHAOQ? STAGE | CYCLE 1¢ PASS 5 PAGE
FUEL MINTHMIZATION TO ENERGY
-
AMASS ALPHD TETTP Ll co ANZBTYG ESPEL DyhPR
i 1141,749 8, 620578 B042,220 $ 2459265 2,8617718E=02 w1,132978 1626488 273,149
R S T Y 5,902679 030,578 L 24R3LT2 . 2,0867197Fw02 |, 104180 1629052 273,2052
3 114),6487 6,0R053R ROR7,bu2 22359333 2,0158121Fn02 =t , 087614 16310654 273,123158
4 1y, 577______.6 PPBUXY . BOY1B,SBY.. ... . 47319998 2,79"8057E-02..w1 067312 1634312 272,9531
-3 5 11a|,505 6, 5195@3 BONZ,B%8 «23T910A 2,8423023F=N2 =), 0%4RbY 1636941 272,6578
b tiay, 436 L'SQlinb__.—u-*29Bb B12 G R2920B2_ . 2,7909013Ew02-n],0538b5 1639578 27¢,2518
7 11u, Ty b, 8NATRY 7966,383 W 232864 2,81958A5F w02 -g,obnsov 16d221% 271,75068
—_ 1141, aqa___.,".ﬁ GYIUT b T94T, 78&______42321”3b 2,31&60&5F-02..-:.06300n 1644813) 2T1,1%33
9 118y, 295 yrovanav T92%,310 22RT09) 2,80024R1FwN2 =], 0uu9l) 1647u45% eto,d6TY
___10_____|1u: 15T 7,154R03 1901,6400. +2257437 2,7855517Ew02 __n}, 028775 1650094 269,121h
11 S PLY 1,1%257¢0 7876,670 + 2190952 2,750B17dFw02 =, 9960905 1652760 268,950
12 1;a1,n:n ,zrlttn.______1851 313 #2217737 2,7701813Ew02 . w1, 005155 1655423 208,1028
13 1146,95p 1,275R03 TH25, 045 $222039¢ 2,7T74693Fe02 «f,005010 1658041 287,2992
—14 1140, ael____ﬂ..w Souvsy TR, 278 42323339 2,0420902Ew02... #1,04555% 1600036 264,3830
15 1140, "By 1,5\51&1 77b7.536 2323110 2,8019561F=02 w1,04]55R 1663167 2bS,374%2
—16..__1ius) pTUS . _7,795635]) “773h.071______.e:uua:o______a 8546200Ew02. 1, 046654 1665674 264,291
17 1]un,b?7 LIRAT 1702,850 2350844 2,8561752F=02 e}, 045024 16681606 263,429
___JB_____4;na,bln_____.m1 TR S § I 1.1 Y ) ) 22138862 2,72373R6Ewd2 v, 9u1950: 167070k 261,976%
19 11¢0,543 7,71301; 7636,RP5 22197964 2,7565000E=02 = ,9596A%] 1673363 eti,8bb6
E— 1180,474 T,905730 ~ThDD 437 _______ 2305759 2,82093B2E=02 . -1.0!2!2: 1675904 259,7175
21 tlto, 4ne 7 719238 75hq.nb! 205820 a_?;jnsuur.na ., 9472191 1678ub1 £258,5667
—_22 00,343 7,87551a 886,401 L2290363___ 2 BOLOJ99F=02 .. »,9906919 1681004 257,4251
23 1;&0,?77 7,81u1RY T502,587 W 2236647 ° 2,7687770F=02 w,9493048 1683519 256, 2650
24 b et 7,%88)8 T468,419 2324319 2,8221615E=02__=1,002200 1686004 295.0914
25 1140,144 T, 9nun7a F433,753 2274607 2,7872061Fu02 », 9765365 1688473 253,8979
____aﬁ_____saua 08y 5 202482 T397,895___ ,246B653 2,91 IAiARE=02 _wi, 063497 1690661 252,0U82
27 n)uo,011 a,aaanri 7360,199 2408386 2,8680572Fa02 =y,022722 1693197 251,3092
—2h 1139,952 B, UnTURE___ T3P1,301 22458507 2,8961540Fu02 _=1,038049 1695526 a49,9243
2% 1339,8R9 R, 210939 1282,2319 2253325 2,75790896Fu0? = QHTSlJQ 169792} 2U8,54468
39 1119,825 B, 4D26BT ZRUS H14. . ... 42398995 2,80BUG6YUE= 02__:1 onaz2liz 1700317 247,1849
3 |1xq 762 R,5T1274 7207,527 s2UB9210 2,8RB5037F=02 wi,025281 1702623 245,7574
31____1139 699 B,b63100. JITR.537 L 2U6958%. E BPE56RUFeD2 _»1,019382 1704902 244,2609
33 lgsq [ 31 a,?uvoTn T136,75% 2472709 2.877vauar-nz ] 043¢ §707178 242,7718
—.34 139,574 B bSHheS3. . TE00,827 L 23RQ609_ ___ 2,8127T70UEn02 __w, 971048 $T09491 24y, 25658
A1 1139,512 8,600405 T065,119 2412834 2,B270993Ewn?2  w,97A003Y 1711819 239,77717
___,3h_____4139 45n______u8 F690859 . T029,382 12012849 2,870B030Em02 _»,9720091 1714134 £38,2931
|)1ar3Ro n,sxanns 8994,275 2529985 » 2 THh2P326Fe02 ,ossu;sa 17164R1 23u,8u74
36_.*__1139 32a — 8,551718, £959,903 2396065 2,79BTHRGFe02 . =, 9538990 1718824 23sdg2y
1139 267 B,22012R 6926,753 2238534 2,b96391BE=02 =, 8870350 172120% 234,1034
) ;gsq 206 _B,05795¢ 6895,681 22251088 2,7000B896E-02 _ =, BB72737, 703627 gl2, 8720
at 1139,164 ?,b?éh?l 6B67,0%8 +21067]3 2,6155B817Fw02 », 8273015 1726091 231,7600
___.QZ____4139 B8 7,076218 . £BUZ, 300 +1972979 2,7425u1b6FeD2 __=, 7725961 1788638 230,6530
43 1139 02y 6,5?3103 bbBP2,187 L18972)4 e, thbaqqr ne w rat2yly 17312384 230,15%6
— 1) 1138,967 b,037912 806,670 .1aooaea_,____a 5{4263BEw 02__-.73°oulh 17338319 29,0871
45 1138,907 5 215682 796,553 el703304 2 43699UbFu02 “, h6U9280 17364A9 229,437
— bt 1138, Eua_______n 572095 AT92,703 .. 1700647 2,9846500EmD2 __m 6601709 1739171 229,5564
a? IJIR,TRQ t b7302% bT795,4R2 1550102 2,3990TUIF=NZ w b0TH01S 1741879 229,9517
48 1138,729 2 bauqos_______bﬁOb.loz L1389849 2,3675719Em02 __» 547BULA 1744619 230,7184
a9 1135,670 ua;qua 6825,677 «1208620 2,5037141F=02 =, 0807u% 1747440 231,9099
50 t;sa b10 ~UH59915 5859;252 + 1198494 2,3790002E=02 _w 4802030 1750206 233,5583%
51 1134, 53! =, R386T43 6894, 157 W 1030540 2,4050811Ew02 », 0186340 1753033 235,48759
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http:2.3437141F.02
http:0743r.02
http:2,436994bF.02
http:2.6159817r.02
http:2.7000896E.02
http:2,798786F.O2
http:2,8680572F.02
http:2.aUI9$hlr.O2
http:2.77769b3F.02
http:750817UF.02
http:2.819585F.02

o 0O .

J

2

fovd TYNEOTEO

T

ZIFTVOD ¥00d d0

S -
Q0

184

ATOP JIT AYMOSPHERIC TRAJECTORY UPTIMIZATION PROGRAM VERBIOUN 3,00 15 MAY 1972
CASE FaHaDY §TAGE § CYCLE 1o PASS ] PAGF 121
FUFL MTNTFYIZATINN TO FNERGY
TIME VGIIE HLLTF GaMTD NIZ7F RGTTIN ABACH AMASEY
1 opﬁrnqn 41368, 24 wl Bok87n US4 urd 0, 13502012 Jar3, 202
2_......-1.ponnﬂr-n 921,248 SHL3ab aT = ByBIluY_ 24546 ,180 L -+ I Y- O LY J-V-F' SpR— Y T2 TY
3 2000000 9AR u5TA a13an, 12 w5, 3205092k.03 2u87, 4852 S ICHUTRG 19590758 3uar, 204
a 3 onpo00 929,530 41345, 58_._.__.5573622 — 4S8, uRp__ 0570811 — 501852 dugo,072
5 a! pH00060 Morpwn UIRLANNT ) 1 s 3iLROYy 2459,0R8 Y LLT LS LY LITY 489,075
b = LLLET Y] 230, 711% U138y, 72 .B?U’JS___.EHS?.HJB.__.,.')‘babo?n—,Sblnzun_m._Juﬂl’.elh
7 b,nonnnn 31,0853 ulﬂeP.no 2,3473%00 PUSY,509 LO1R3ITEY 19617897 Jab2,750
8 1,nnnonn ~931 28 B MBI B9 2,T0501 FUSY SBO 1, 0BBP Gy B9 T 3UTB L B22
9 A nnaonn 413, 3404 415)31,38 3,08b46h 2459,511 1,270070 s 620578 LUEY: -T2
— 0. _%.00n000 931 3nbh 41963 ,84 3, 3TebGL . 2459, 312__.__...1 3734660 +9620183 U, 030
14 1n,h00000 9%4,0178 A16PY,25 3.702985 2U56,8u4 1,526%44 +9617upo Jau9,614
12 33,0C0000 230, 6264 U1PA3, EL....._.._.iﬂ?Mu._a"smzsa,___: uﬂana.__._.ss:nsm_____.wn 853
13 12,00000 9%0,2051 41750,53 44197669 2457,677 1,831307 269RANY Jugs,u1s
4 13, nonon.____oa‘i,anss..___ﬂlﬂao 07 . “.390010 2457.017__1 9"3667_.._...%0101& J4i2,108
5 1a,nnnnn 929, 1568 418492 39 4,500429 2450,U18 2,135868 « 9598079 31398,u80
th 15,00000 °2",b§b6 e 41965, 7L 4,569855 ___ pu5hH, Esm__.____a 287904 9592809 $18a,665
£7 u. nnpnnn 928, 0704 ueouo,ba 4,6R6530 455,138 ?,u309u 19586281 3370,199
..__1__11 napen 927,31101 42111,32 .I%Sﬂ?__._._zuhq.}ss___z 591738 9579113 3iny, 242
19 ln anDon 920, 4272 42195 47 4,B67T6R 2us3, 601 2,703550 »9571 648 340,030
20 1° anonp 925.0200 u42274,44 qaqlaluq__ zusz.abx__z.a%oaq +99015u% 3324 ,892
21 20,00000 925,1779 42354 09 4,%6u079 2452,078 3,0d0087 (9556523 41569,134
_?L..._.. 21,0(‘0.{‘11 924 422 gude S0 ___ D.000328 248,277 . __.3,197790.— ,954B8s2 1293 ,389
22,08000 933, 6274 4251%,15 5,032619 2450, uBe 3,349024 295400806 3277,577
2" 23,00000 222 Aot 596,66 . S,0808% ___  2449,p2S5___ 3.5p000%A §5323213 3261,54i
25 2d,pa0nn 27,0009 42678 53 5,08d13p 2uub, BPR 3,65002% WFh2L058 3245,5¢%
L 25,0000 921,1732 HRTFR0, 21 5.10020% _ 2447,934 3,h01T98 ,9515%00 ___ ___ 5229,4ef
a7 2h,00000 20,2003 42hug 75 S,i71885 2447, 024 3,952%4¢ 29506078 213,022
— 28 27.0np00 219 1899 42975, A2 95177938 puub, %6 __4 IHETbﬁ__.‘“W?vM._._ 198,847
29 2E nAGAN 218 5348 yiond, 6t S.1bnbag Paub 317 u L5311 LT EFLS Jt8o0,387
30 29, 0p00q 917 44 439913 §,)74373______ pdua, 428 4.403295 L907905k Ited, 051
31 m nnoHn ﬂtb,nn? CEARE Y S54¢1R7829 2443 508 4,557%17 LT ) 31a7,6ub
32 11,000“6 M5, 7552 43757,p0 24220897 2U42,5Q0. 6, 703379 9aseoy)_ 318]1,034
33 12,00000 LIDA R ustuy, ns 5,275314 U4l 1y 4,R52R79 RLTLLIT] 314,187
23 ‘S,MQM 213,728 uluzgs,2q Se2754bg __ . RHUO0,48G | S, 002ulf L FusReSO.____ 3097,3/3
35 34, n0000 a1 Bn7t 43546 80 S5,202797 SHIY, AL 5,151 75 JRUSRPAY Jnae,909
1b 15 paanp 911 FO3% 43599 L83 Se170524 o . 2043R.TE9 S A00l2 _ L.94)%930 I0bd, 657 :
37 Y6, 00000 °11, 0276 uihr§ 1b 5,099042 437,91 5,450067 »9010700 3048,731
38 *z,uﬂnm 910,2204 A3753,32___ b,00763z 2437,211 §,599041_ L F40238% 3043,281
39 TA,00000 un'l,';nl 03651.31 4,367054 pulL, 632 §,7u793% RATLTITY 3618,38%
49 39,00090 Qnf 9806 43907 ,30  4,e%3331_ pd3o,2ep . S.8%T49_ 9389960 3004,53b
a1 ap, 06000 anh, s7u% ussire z2 4 unbuy FEETT Y M58 P 93085568 991,601
4g a3y ponng 208 3488 ELRY N3 B P | LS 1Y e Lo —Y L} +2383030 £912,923
a3 az, 00000 nnA_3ATH udiyo,02 3,7676u3 Qule, 352 6,383104 W90 3437 2969,921
ad 43,00000 9na 7474 LA N 392R99%9_ 243 008 . 6,492002 . 9387158 2961,919
as ai nnnnn Qn'ﬂ,smn 44213 n2 2,07067177 248,097 b,661138 9395090 8950 ,50%
as 95 0oRAA  910,7159 4u2s0 4y 1906347 2439,012 56,7905 6.— L 940TR92 2954, 160
[k} ub,nnnnn 0\2,31!"1 yurs 1 1,14765%% 2441,513 6,900135 JYU2S0AT 2955 109
a8 47 .00000 314,589 UUPEA 9 PR320 2443,190 7.090154 +244970948 4959,701
L] LR, n00AG 917, 3%u8 qu283 64 =, 7180404 FETT- LT 7,260583 LU FAY 1T 4968 ,343
50 LLML.LDLT Q20 , bAJA uidod 43 =1.778694 2un9,6149 7,391412 29510480 . 2981,519
51 &0.00000 924, b238 44275 Be *d,935674 2455,072 7,50280% +9551151 2999,055
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- ATOP II[ ATHOBPHERIC TRAJECTQRY DRYIMIZATION PRNGRAM VERSION 3,00 15 HAY 1972
T CASF FUMADY STAGE 1 CYCLE PASS 3 FAGE 122
oo MINTHTZATION TD ENERGY
q E AMAGS
. 'Y FM BPHD IE17P CL co ANZB7G £5P b
Eg G2 ! 1118,551 ?7,58073% 6H94, 159 23636928 4,069090AF 02 wi,ua455% 175£§ it
R 1) 54 : # . 30313 235,67860
= G LU T e
. ' . & LB2B1301T =02 =1, ,30b66% 175uhTb
. 8 1138,371 ahus3nT2 6935,000 32093 : 3 et
- 4 ; ——- 0000 e 13 3,0962510E=02 _wt,288737. . 1755880 237,56B14
O ro- . 2 :i;g,gég 5,247754 h%3h, 457 + 3314068 3, 810RuUpF=n? -g:3w1nsa 1757015 '53;'obéu
S e e e
! ’ ’ . . ! SEOLIIFen2 w] 222416 17597152 M
E g q*“"":;:ﬁ’ﬁg :,;:2222 :Kég:gg gzo;eﬁ:in 3.43592u6F w02 ~»l, 166044 iraters 533:.;?2&,________‘
’ R . 2P0 0 3,3u5350u4F =02 =1,iP2tRe 1762824 9
; 10 113,010 aheTTURL £6R3,003 2627309 , : S3eriees
, . . 3,3602057Fn02__w],129138 17odube I H
EE 4 }; %:i;';;? ;plzugnz ::ﬁg.B?T 29048282 3, U304 =02 -|:|559¢g 17eh0ul ai::gggs
L e e
M 1 ’ . I - =t ,08TROA 17693%% 9
; :5 :::;,;{: ;,3;32;? :;2;'%:?"""’"‘5;;igab §:2°l?539F-02.--::06980n 1771125 gii::?;ad________-..__
: ’ . . . 02 LU901506F=02 =, 9890001 1777949 23 8
I e a L e o I
1137, : . 120 L104003052n2 -1 00027 1776015 229 8
o aan: 3 oot bolleise n2072482 3.1706479E002.r1 021710 1778412 zza:i::=
, ' . W P51 L120270(Fanp  =1,002K27 1780457 220,9717
= se i;:;’gi: ;;g:ﬁ:;? :gég.giz '§§é§f§3"-—-—*§-1'22925"“2~ " 8953073 1782121 PPE:IJES
> 1337, ' ’ ' J131A0R9F 02 =), 00802 1783948 224,588
3? g;il,gzo A.U37021 £554,475 «2623391 3 U07RTSTE=D2 v, 9910042 1785642 22308482
2 }:31'191 :,g:::g; :Egi.g:l ,g;;sg;u 3,0953663F=N2 e 9903029 J7876R} aee:o778
. ’ , a9y, $2705091y 3,1355098E~02 2!, 010517 1769514 220.8198
g: ;I;;,Agg R,GTRATH wi59,3590 +2560240 5:0?02uuar.na =, N539249 1791 3R4 alg.ETua
.___27.____’i‘1,n?n A 311401 6421412 22757638 3,151u3R8F~02_..=1,016488 1793224 218,4252
e 'is ’013 A,33%u7hd 6394, 562 27208 4U 3,11579R9Fen2 =1 ,00124% 1795010 2!7:0156
2 i%%:rqia :,ggzzfi___,,,_:ggé.z?g .g:gzﬁ?: ;.O;bObbTi-DZ__r.QbEHﬂDﬂ 1796868 215,7638
1134, ; ’ . UTHISUIF=02 =, 9794R1Y 1798714
30 {135,843 A 328780 629,070 271221 : : : Y
3 r . N 14 5, 0856385E~02.v ,QB221 3R 1800539, 21 89
____g; 1{;2,§g: g,g:gg:? :gg:.:?g .;;;Igln ;:oousssqr.oa - Eh2047 $802340 a;f:ggxa
. ol SAATHYESE=02 . »), 005007 }
33 L136,700 AL 550760 137,309 28 ; Rushae 209 507s
3 ] . . W2B18511 3,134U608F=N02 =, ,89Th4B4 fHUSH2D 20
gs :iig,ggz :,gi:::g ._Zlgg-ggg__.___.-;Zg;;g;-____i.gggabaur-oa - e96021 10 1807600 an::g;z;_----—_“-
’ . ' ' 0713F=02 =, QU3540% 1809020
5 . 2 206,83
T a1 T
- ’ : ' ' 97791 7uF=02 = 9101428 1813037 204,4119
el e WEHR ol el Dbano gl ——
3 ¢ } ’ . Il LIN0TBYIF~02 = ,AT79%P92 18167
ag 11%6,34 7,569074 5900, 048 T ef50ung . A Looss N
fa . 0 2, 0THBLSA 02 = BLT2H3R 18 b
ay 11%6,279 7, 34a50) 5955 : . 2hon S0 sen2
' ’ 172 2507472 2,8T167157F 2« ARUAG3Y
42 1136, 228 6,.8084212 5932,443 24265610 a'z . 1 1522050 fee tons
[ y 9 . - L9998 5E=02. v B21 124G 1822524
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. ' ’ . fP2HUTOA 2,7090297Fan2  w T7715u7 a
ag 11365125 6861374 5940, 149 21426 . . 3 et trobebe___
, . 44 2,0293382E=02 7229283 1B26075
us 1336070 4, 753197 Ga91.H05 19087 . o aiaoy R3rnA 1987231
& 2,5097845F=02 w, nu2270% 1 L]
4k 113,023 xl8a1970 5490, 125 21790210 2,469 0 hii1e (9607302
a7 11%5,972 2 oun13y 1,505,555 V167988 O R  63300s teeimise
5 2,U%00437Fe02  =,570919
a8 1135921 17991734 5908,995 'lb . : LM I 205 0ess
, ) A.3 21602047 2,4241865E202 = ,S548977A 1 5
49 11%5,870 RG19766 5931,030 123276 “02 =y ; 83830 203 2are
8 2,1376015F=02 =, 0264210 1
50 1135,818 =’ 3645004 5963, 058 21376974 2.4 . Buooas e
* : b3, 2J 316374 QlUypdEen2 = 4189012 1840090 202,9%27
51 1135.767 «2.,054775 6005,Ub6 T b239830E=02 2,388 1985F =02 w,3417517 laugzsu eoé.gzgo
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ATOP 111 ATHUSPHLRIC TRAJECTORY OPTIMIZATION PROGRAM VERSION 3,00 35 MAY 1972
CARF FauanY SIAGE CYLLE 1D PASS 2 PAGE 12}
FUFL HINTMIZATIDN TD ENERGY
viv.l' VGI7E HGL2E GAbID V1?7E aGIIN AMACH AHASF
H . O 974, 6238 N4 . Ab =2,935b70 24%53,072 0. 19551161 2999,4%4
—_— A p0ehDNs 970, 2818 e HA1B5,4S =, JIUBUT e 2455,090— . IS[7964— 4508215 041,040 — v
3 Y LLLT Qp‘? n”q hiish,Te =],U40R5y S2UEbL R28 « 308905 s 35840A3 020,337
4 3,000000 929,onu? Gu13A, 69 =, 7890643 LTS ) MU— ) LT | ——— LT YV ] 026,881
5 8,000000 979,917% 4d130,94 =, 180877y 24%9,107 «B090387Y 605782 3030,876 '
h &, pa0ben 210,307% 4a133_29 S080%0a 2459,482 . TLIEOR A, F5D%84) 3031,5668
7 h o Nph0hN Y0, AUT? nujub,u2 1,022972 2u89,753 46058 I8i3372 3030,541
4 1.000004 930, 9400 ddiob, 07 1430188 _2459,959._____ 1 POBTU00 L 9ble39T ____3028,13%
9 R 000000 ozo Binn suyal uy 1,9318TH2 2459,688 290?5: $9615190 3023,23%
10 9.400000 930 ;6514 44228, 22 2o304L68 . 3459, saa____1 LITIDLT— 96134t5  301s6,991
g 10,000080 oso,:r.wn hu2ef 3p 2,662772 ?ﬂ55.897 1,525599 » 7609930 3009,359
12 14 80020 929,784 49314,63 3,026332_ . 2458,.159 1.b78224 Q60Ufun .. 3000,039
13 17,0000 aPe, 1820 4d3ns, Bl 3.285168 2uKT 0ub 1,830667 $ 9598237 ¢969,879
14 13,0000 028,673k 48420 ,6%5 3,857955 450,700 1,98294p __  95924s%. 2979,186
15 14,60000 Q:?rqppﬂ. udurs, 07 3.65b8740 U85 968 2,118141q 9585210 2967 ,6uB
16 15, 00000 927, 2080 _4433F, 55___.__3.110192____2455.225__*2.2&70'?&_.__.9575259 2955,b695
17 th, anonn n?b,.'-‘.l:u.‘-' aeg)n, 0o 3,Rb744% US4, 4T 2,.,43905% +9571002 294%,539
—_18 17, 600400 025.785A TELT Y LT W— 111 M- 1.1 Y 2,5%0714 9563153 2930,84uS
19 18,00000 n:s,:uq! 54727 up 3.954714 2453,013 2,7u2u08 + 9556537 2918,457
20 t9,.a0000 924,3172 48741,23 g,06022 ___ PUS2.144 2 _893A79 +95479A0 296%,44!¢
21 20,00000 o?!,uwo HupSA, 18 4, 1e6308 2451 ,1R4 3.9u4519p L9538941 2892 ,037
—22 2100000 §P2,5669 — . AY925,20 _ _ 4,209534— . 2u450,26B..... .3, wuuzx.___.._..sszqaou___ae:a.bsn
23 P2,0000n qn sRAN 44593, ,u2 4,203358 204%,3M 3307413 P 9920825 2fou,B27
24 23,00008 920’9812 4506114 4,177954 2448, bqg_._.....,_l.ﬂ9532'!—.~.._—.——_.49513.525 2851, LuA
25 PU, 00000 920,137 ub128,08 4,197522 puur.aaa 3,64947 J9504THY ebuz2,071 .
—1 PS,n000n_____ai9,2858. .. ADI195.73. . 4,21129% ___ __ 2447,010____ 3,794738 29496012 2830,562.
27 Ph,8aN0N0 918,3008 45203,2% 4,2u6782 PHUb, 103 3,95020y UBLASE 2R1R,970
- 27,00000__ _917.u%04 _4S331,63 Ay elRyy  24U5,189 __ H I00589 . L 94TIS0l . 2dar.e23 . .
29 PR 000NN 16,6087 05399, 64 4,250427 244d, 3sY 4,29077% W TUBB TR 2795,70%
18 29,00002 915,7574 #9407, 862 4,250700 . 2H43 GT2. e 8, 40079 QuL956h 2764, 073
31 tn,nnnnn a1d 715.?. a55%6,04 4,347T4%A UYL 3IK9 U,550657 +PUURYNT 2771,972
—_—32 ___31,00000 913 (Y1 45606,25 L,436499 2441 ,194 4,700352. ___ ,943733n 2759,u53
33 2,00000 mz s SARR u5k17,04d 4.u7%501 PULD JuB u,RunA)S L TURB505 27u7,06A .
38 13,nuoon 911 suas___..._l:5747.90_____§.f14°bso 2 I W99 FELIE0RS 275U, 750
35 T4, 40000 tno (X-1-13 ah8{R, 25 d,d00289p 248,237 5,1u8320 2 TUORZRY ¢T22,703
1g A5, 80000 onn 1633 45Rs7. 33 4,203128 243Y.4B8___5,297184 9397bub 2711.15%14
37 b, 00000 qf.s,anﬁ 495954,%1 4,192788 P436,778 G,40p270 s 31894nRa 2699,992
38 17.00000 908,276 dbN0, 0% 4,057002_ 2Y30, 183 5,595172. 93228 . 2h89,119
39 YA, 00000 907, 7ep3 He0R2,56 l.82%24u 263h,8m0 5,74300% +93772886 - 2679,640
49 19,00000 887 ,56A1 CEY L L N, 911171 SR 7§ 1N V/Y S Y1 F.Y | SU— ) ¥ £/371 - Say-1 % 198105
1] Ly, a0000 07, 6u70 46193,08 J.088223 2U36, J67 b,0u185] 2 91757a% 2bby, 492
42 n1,.000804 908, 0RRY 4o23P 01 R.5b61434_.___ . 2430.870 6,190345_____,93BOsa8 . 2b6%9,703
u3 42,00000 qna AtaY db27H 23 2.026245 24%7,834 6,319400 ,93b80T2 £6546,908
44 #3,00000 909 8759 UndNQ,20 __ _ 1,6080972 2439 04l & uBBrle + 3308809 2b%b,002
45 ug,abhon nn LYY 4si2l 08 18961188 2440,554 6,61815% »9813175 2657,27s
ag 45,0300 913 2;n9___.._ub32°.3§_.__b 1452090k=02 _2442,582 __ 6.78793A__ 9433403 2661,508
ay Lk, n00RD ca15 8130 4322,31 -, 9178224 2uu4,097 €,938120 s 94b0138 2669,500
48 41.00000 oxe,aszu an39h, 40 -1.5&2@11 ?uur..sau_,_.l.osmm. SUPILAH 2HU0,TUS
a9 4R, 00000 a22,5n00 46263,23 =2,b71484 2451,130 7.239694 ¢9529213 2695,692
50 09,00000 926,17kk 4p207,57 =u, 006514 2454, 790 7,39125) 9573349, 2734,902
51 Sh.00000 attl o7y 46132,47 »5,405%4R 2458, usy 7.583369 96204220 2738,601
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ATOP ITY AYMDSPHERIC THAJECTORY OPTIMIZATION PROGRAM VERSION 3,00 15 MAY 972
CASF Fakany STAGE |} CYCLE 10 PAES 2 PAGE J24
FUFL MINTHTZATION TO EMNERGY
AMA8S ALPHD 1E27R CL Co___ ANZBTG ESPEF DYNEP
1 1316, TAY 2,173 s005,0060 222439 U, T843Q38E=02 =i, dblk3a 1a3134 205,0620
-2 Jit'i 718 2.UR15A% bO30, 38} s 20930, 4, 5041104Le02 .t 332029 1843380 206,190}
3 |1\q,hh1 3.0%70A% L051,096 3735038 4,2P5250uF =02 «1,307p32 1BUIHAY 207,1625
4 1135,611 1,bR1112 hUES, 951 W3T2863Y 4, C3BAYBUERO2 =], 309608 1844415% 207 074
5 1;1; 5Rg 4,1258|3 6073 ,414 e3002245 4,10TUBUGF=0¢ =) ,26852h 1845012 206,3589
b $13%,504 B2 lBURY £011,F87. 3910302 A UBGUR53Eend . =) 377032 1845u8% 208,%2124
? t115, 4% 4,bngx7e a076,3729 »3105016 3,7008568F«02 =§,127244 18uniR9 20A,5337
] i[t:,ﬂnz 5,0PARR h072,540 3815004 4,0238TT6Fw02 ) 23BRb0 JBUT0AL 208,ubBA
9 135,340 bsinonrs? h063,009 LTy S 3,9966903F=02 =§,229154 1AuTBus 208,14p02
__*_iﬂ____Jl!R 297, b pO8952% £050,99& 23169590 5, 0TO5L19F =02 e SULAA . 1BY8B0L— 207,T7204
1 H!'; 248 b,T'Wn'ib 6035,960 v3u24425 3,9208497F=02 =,199812 1859764 a0y, 1724
12 i!\n 193 5. B5LA0R 6017.2R5 3237049 3,127 T1BE=02 =1, 130849 1850720 206,489 .
13 . 1135 149 b,904upR 997,012 WSLU8083 3,0265012Fen2  «] 09UA3SG 1851822 205,7057
......_1!.*..___1:15 0% 6.990079. “~°7'5.719__ 30006558, 3, 4B¢b65ER02._~1,043208 16853049 204,9206
15 ||3= 019 7,0h5040 5952,661 34!767: 3,6TTALALF=NZ w] 11107A 1R9u22Y 204,0449
14 1|3u QR7 1.08648565% 6923 ,8%9 -2828“7! 3.3016209E-02. . =,07228b4 1455531 203.1b43
17 11%4,9%7 7.ShRTYO sqou.sas «313758¢ J,5TTR3URF«N2 =} 074233 1A56A40 202, 2047
18 uw ERa 7.351272 5A79, 184 . 2HOBRSY4__ $,34 =, 0884038 1855154 20y 302
19 111y, 81q Tp2hihi? Rd%e,bb 2835497 3,2787773F-02 =,9628525 1A59604 200,4°37
—2f !;su 785 7,8?5u10 5828,616 $3226120 . _3,0203865E-02 _~1,088092 18b0E87 139,4508
214 t11a,.7%5 7.50078k SHGL, 587 ® WPRTR2R1G 3, 2RUGTAGF =02 =, 0658140 185202 198,4393
22 113%0,6R% ? QB2°§L“______577“ anz 23133304 3,50BAD14E-02 _=1,047271 18035213 197,430
23 i)3u,b1n 7" 5R179% 5747,011 , 261209 3,2UB2015F«02 = 052234 1R5UARE 196,4126
24 1436, 584 7, U8E0TY §724,051 2850515 3,219275UE=02 _» 8409120 1RohdTe 1990600
25 113, T517 1,87uaaq §7n0,HRS5 3121825 I, 458405uFe02 =1,028007 1867748 194,0932
e 26 1]3%a, u“& 7,5%uuLb 677,434 ,2F%eTe3 . 3 2UG02ASEeN2 _ =,94977Y%% 1809124 193,5074..
27 194,039 1,°°;ann 56%3,762 s 317509 J,4RBO0NSFa02 =§,03403% 187T0une 192,5115
EQ"____JI!# 3oy TLe018%0_ 5629, ThA_____ ,29P897R___ 3, 244b6fa2Ew02 .. r,9503405 1871810 194,5044
29 t130, 307 7,A%0124 600,333 s 3055707 3,3582117F«02 =,98h0809 1873204 199,5304
I £134,2% 7.831%08 S5A2,612 2300538 3.339hT12E-02_.=,9777005 1470552 189,502
31 egwu LTS 8, 2RR8pR RSGT, 712 3326094 3,585500%46F N =), 0h]%40 1875719 188,493
32____4133 198 2,10%172 5531,4898 319090 3,3A128TAE-02 __=, 0892449 1877008 o BT, 405S
33 1138,!“1 A, 131127 5508, 453 23374440 3,3792073F=02 =,98K02060 {AYA3AY 16,3408
u__ﬁlﬂ_____4!3u 100 8 GbSEPﬂ___,,_.S“F1.271 W 30TTIITL L 3.3P0b499F02__ -, 9600218 16719634 1f5,5021
35 s;tn 054 T,QMnAn: S456,712 «302165% 3,2hoRbALFe02 w 9u3US22 168101% 184,2951
Zh usu,mn T,712RR8 5413 331,._,.6'02%52__;____3 1R20L0GEN2__ =, 9105549 jR4245% LK TL ) S
37 1313,943 7,77&unn S0 170 ¢ 3655197 3,CB0UBUUF~02 w,Quu3gY3 1R43878 §82,4440
38 1193,944 TA403075 _ 5389,37p S2670051 3.1249936F 02 _».B8RUT75689 §BB5332 181.5939
39 113%,870 7,00RR58 R3T0,1R2 2771397 3,0405305F=02 =, 8519027 L1REKKAY 180,8585
_..tm.___*,un B2y b, uA5202 £153,970 $P5938A1 P Y02TARTE-02 _=,7936701 188R535 189,2658
4y 1111,713 5.97u174 536} ,4% J2URUL B0 2,8250p91F«02 =, 75A79)5 %0274 179,8u70
42 1133,.732 5.104789 5333,301 DBOBYRYL_ 2,69110TTE«0R. =, h002148 18%2101 179.035%8
u3 1173, 6f4 4, 720744 §5329,522 ' JOURTIRY 2,00UA500FN? =, TU0%RNT 1A%39u0 179,6)98
"ﬂ__,__sjts huo U, 017224 S3P9,PR2 12252847 2,70069%0E=(? _ =, pBAGTYE 1495772 1190000
as 11133, 5nu 1 TSI §314,964 L22TUHRBUY 2,72UBBATF=02 = 6070%00 1R9T6ud 180,1778
b 1133 Sug 1 YTSTE Site,130 JAURTTAY £.,3700Rp2E~02__ w Ub12623 1899694 I1BOBM Y
u7 1113, sn; oo;e:an 53h0,R2U 1699857 2, UBTIUL0E=02 @ 5287120 1901837 184,969D
48 1133 458 A,y?b:u&?F-oz 5393,929 21700634 2,5047537E-02 =, 5153383 1903912 163,3230
49 1y, "1 =1,7t5384 5429,198 y 1178193 2,3830068Fw02 «, 3761680 1906101 185,547
50 1133 ANt »2,585017 547,779 213R0019 2,483 3M0E=CR_ =, 4400704 199R282 187.,3719
51 1111 3ia =S.2h1Al1 5528,154 3, Sleabqu-OE 2,93598539En02 =, 1322612 1910452 190,0574
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) i ATOP IJI ATHOSPHERIC THAJECTORY DPTIMIZAYION PROGRAM VERSION 3,00 1% MAY 1972
CASF FuHan? STAGF 3 CYCLE 10 PASS % PAGE 119
FUFL MINTMTZAYION Y0 EMEWGY
-
TIME VGT7K MGC ZE GAMID ¥Y171E RGIIN AMACH ARASE]
1 0, 911, 69748 a6t32,17 =5, 005947 2U58, 484 0, WI82u220 2738,601
2 tLpannona 6033.7204 He0s5:,72 =4, Uu93u8 -1 1.3 P} | R -3 1Y} ¥ ————— 1.5 L ¥ F§.1 _&7188,112 ———
3 2. 000000 915, 0174 us947, 4% =3,u27L6% 2463,312 « 3056078 ¢ 96LRH1E e7oT,312
f 3,.n0a0000 936,317 4936, 77 _*2.,b18205 L2485,040 LU5900by $I6TINYT e TIT e
S 4. n00000 937,7714 45901 ,91 “1.,BE1672 2lbb, s4u3 WB1PH272 28233 2Teh,41d
& £, nancon 017 ,Rk2h ASETT, Q1 ml,. 02492} 2467 ,081 »1667192 »3687908 £190,1748
7 R,0n0000 QIB.00RD 4%Reb,03 “,3ut0bpg 2467,342 $9207728 9689615 27492,25%
8 ?,000000 Q17 a0y d580b, 24 23356128 2461,253. 1,07uR24 TN TN 279,982
9 R 000000 637, RARY usR7b,13 »BURYSTE 2u87,129 1,22R79A I LTS 2790,435
10 8,0080000 217, 6008 HS893,74 1.,307538__ 2ubb, 815 1.,382774 »9bHG04 L 2747,40%
1 1h,0na0Nng o7, phAR ub918, 64 1.717439 2466,329 1,536p63% HBLT09 £782,967
12 11,60084 236, 6403 45949,94 2,12dbbk 2469,593 1,690674 L 9675671 TIT 00N
13 12,00000 015, 7837 u59488,32 2,5624%0 26464,536 1,Ba4puy 19666431 2769,394
14 1300000 934, FhOB UELEX IR E 2,901929 . 2Ub3, 062 1,99753} « 9656990 2760,782
15 14,00000 Q33,6528 46062 52 3, 150129 2uk2, 814 2,150699 29607518 2751,5%39
—14 15,0000p — 913,017 ab135,54 LPRTI ¥ A X p—-L )} P ¥ 2,30378g . 3637852 £741,T54
17 16,60000 032 014k ub194,28 3,517199 2480,271 2, 458hK29 J962TU98 2731,44%
18 1760000 S10,.92%1 Ah24% 85 I,6856%5% 2459,078 2,609312 Q616230 2120,.513
19 18, 60060 979, 5927 a63t1,94 3,88u0u9 2us7,721 2,761753 EEISY 2708,842
20 1950000 9748,3773 96375.6% 4,06b21R 2HSe,2Bu . 2,913952 L 3589920 2E9h,513
21 2000000 6927, 0RUY soudg uy 4,1R593p 2u54,910 3,06%200 9576560 ¢bdl, 959
—22 e P1,00000. 975, 706D —__46%11,11 4,319349 . 2053439 $,217525 « 9562332 enlo,u2
23 PP 00000 apU, 2k5% upShy Ab d,dubdnh 2451,.%07 3.34901A L95UTULE 265T. U066
24 23, 00000 §22.7124 ApbSl, 39 4.567712 2450,328 3,5202%5¢ 9532027 £eul, 67)
25 24,00000 LTI YY) Ho?eb, A U, bou7Gp 244l bo2 3,.6711%9 W5 I5BTY ebed, 8l
._zt\__.__.;srnnnon____ -919,7853 _ SUeBO4 S0 4,095543 . 2447,.249 3,82 T4s 9501171 615, ULT
27 Ph,nNONMD AT abB79,31 4,6h2157 2445,937 3,97225» $UETRH3 €b0), 749
w28 ____ 27,00000 917, 07RO 0993 ,B3_ U, b30920.__ . 2444,b604. §,122438 « 34732032 ehBB,r02..
29 PR,nnbnn 918, A1US urn2T, 34 4,562208 2443,u07 U, 272454 Iy 25746, 866
14 29,00000 814, 6243 47099, 39 H,U63806 24u2, 30} u,422239 SU4TRSH 2apd. 038
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