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TRAJECTORY MODULE OF THE NASA AMES RESEARCH CENTER

AIRCRAFT SYNTHESIS PROGRAM ACSYNT

Iizchael E. Tauber and John A. Paterson .

Ame's Research Center

SUM3ARY

A program was developed to calculate trajectories for both military and
commercial aircraft for use in the NASA Ames Research Center aircraft synthe-
sis program; ACSYNT. The function of the trajectory module was to calculate
the changes in the vehicle's flight conditions and. weight-, as fuel is consumed,
during the flying of one or more missions. The trajectory calculations
started pith a takeoff ', followed by up to 12 phases chosen from among the fol-
lowing: climb, cruise, acceleration, combat, loiter, descent, and paths. In
addition; a balanced field.l.ength was computed. The emphasis was on.rela-
tivel_y simple formulations and analytic expressions suitable for rapid compu-
tation since. a prescribed trajectory had to be calculated many tines in the
process of converging an .aircraft design, or finding an optimum configuration.
The trajectory module consists of about 2500 cards and was operational, as

'	 part of the ACSYNT program, on a CDC 7500 computer:

INTRODUCTION

Computerized aircraft design at the conceptual., or early preliminary
design level, has proven to be a practical engineering tool (refs. 1-3). The
development of such a program requires the efficient integration of many dis-
ciplines such as the aircraft's geometric layout, weight estimation, aerody-
namics, propulsion, and trajectory analysis. This report contains a descrip-
tion of.a program which was developed to calculate trajectories for both
military and commercial: aircraft and was used in the NASA Ames Research Center
aircraft synthesis program, ACSYNT. The function of the trajectory module was
to calculate the changes in the vehicle's flight conditions and weight, as
fuel is consumed, during the flying of one or more missions. The trajectory
calculations started with a takeoff, followed by up to 12 phases chosen from
among the following; climb, cruise, acceleration, combat, loiter, descent,
and paths. In addition, a balanced field length was computed. The emphasis
was..on.'relatively simple formulations and analytic expressions suitable for
rapid computation since a prescribed trajectory had to be calculated many
times in the process of converging an aircraft design, or arriving at an opti-
mum configuration. The trajectory module consists of about 250.0 cards and was

' operational, as part of the A.C8YNT program, on a CDC 7600 computer. Although
it could potentially be modified, the program is presently not suitable for
stand--alone computations since it depends on inputs from a propulsion module

;.	 for thrust aiid fuel flow rate, and an aerodynamics module for lift and drag
I	 coefficients...
t
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GENERAL, PROGRAM DESCRIPTION.

The function of the trajectory module is to calculate the changes in the
flight conditions and weight that take place in a vehicle during the flying of
one or more missions. Any number of missions may be . flown during a given com-
puter run, where each mission is divided into phases, and particular phases
may be further subdivided into legs. A given mission may have up to 12 phases,
selected in any order from among the following 7 types: climb, cruise, accel-
eration, combat, loiter, descent; and paths. The trajectory module (called 	 f

TRAJ hereafter) consists of 16 different subroutines otganized as shown in the
block diagram below. The arrows point in the direction of called subroutines.

4

FROM ACSYNT CONTROL

r
TRAJA

	

	 j

ICALC = 3

ICALC=2OR 3

TiA1lN	 TRA3Q1 MIS-SON	 CONVRG	 TRAJQQ

'iAKEOF	 CLIMB	 CFi1115E	 ACCEL	 COMlBAT	 LOETER

I GOLDEN I

A brief description of the above subroutines follows:

TRAJA -- This is the master control program for TRAJ. ICALC is a control
variable passed from ACSYNT control to TRAJA and informs TRAJA what
tasks are to be performed. 	

i

TRAJ'IN -- Reads all input data for TRAJ.

TRAJOI -- Prints all input data for TRAJ.	 }

MISSON -- Secondary control. program for TRAJ. Calls all necessary subroutines
needed to fly one.mission. Subroutines for each phase of the mission
are called in the same order as the various phases of the mission are .
read in by TRAM.	

j

ICALC=1

2
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TAKEOF - Performs all calculations required during takeoff.	 This is always
the first routine called by MISSON._	 It is not counted as a phase of
the mission.

CLIMB - Performs all calculations of'a climb phase.

CRUISE - Performs all calculations of a cruise phase.

ACCEL - Performs all calculations of an acceleration phase.

COMBAT --. Performs all calculations of a combat phase.

LOITER - Performs all calculations of a loiter phase.

bESCNT - Performs all calculations of a descent phase.

PATHS - Performs all calculations of a paths phase. Input consists of up to
50 pairs of altitude vs velocity (or Mach number) data points.

GOLDEN Performs golden section type of search for (1) Breguet altitude or
(2) maximum endurance altitude or (3) optimum endurance Mach number.

CONVGR -- Converges vehicle on gross weight. Process consists of taking esti-
mated gross weight, calling an MISSON to get computed gross weight,
compering estimated and computed. gross weight to get a new value of
estimated gross weight, and repeating this process until vehicle
weight has converged to within a specified tolerance limit.

TRAJOO - Prints all output data for one mission.

TRPLOT - .Computes and writes onto tape various parameters which are to be
displayed by some graphics device.

CONTROL PROGRAM — TRAJA

This is the master control program for TRAJ. ACSYNT control communicates
with TRAJ only through this program. When ACSYNT control calls TRAJA,.it
always sends a value for a variable called ICALC which tells TRAdA what tasks
are to be performed by TRAJ.

Briefly, when ICALC = 1, TRAJ reads and prints all TRAJ input data. When
ICALC Z; TRAJ executes.for mission 1 (the basic mission). When ICALC = j;
TRAJ makes one final execution of mission l and prints output. Further, if
other missions exist (missions 2, 3, 4, . . .), then these missions are exe-
cuted o.ver and over until they have . converged, on_ gross. takeoff- weight,-.with the
airframe kept fixed as it existed after mission L was completed. ' The output .

..of these conver ged missions , is then^-	 printed:

After mission 1 has been completed, the fixed airframe ;weight is computed
by the equation.,

3



WFIXED WGTO WFTOT T4PL

VGTO is the gross takeoff weight of the co verged vehicle, TUTOT iswhere	 T

the. total fuel weight, and WPL is the payload weight.

INPUT-TRAJ1N

This. routine reads all the TRAJ input data. The data consist of two
parts. The first part consists of general input data which is not specific to
any one mission. This part is store& in core memory only. The second part is
the data relevant to some particular mission. This second part is stored on
scratch tape where it can be read back into core memory, mission by mission,
as it is needed.

The general TRA T J nput data consists of the following 40 variables:

(1) TTXTOl - Ti7.ne, during takeoff at first power setting

(2) TIbIT02 - Time during takeoff at second power setting

(3) FRME -.Fuel reserve, as fraction of total fuel

(4) DESLF	 Design load factor

(5)'ULTLF	 Ultimate load factor

(6) RANGE - Aircraft range

	

	 fOR'G]WAL PAGE IS
ID.P,P

(7) WFUEL - Total internal f uel weight	
, -GOB QUALM'y

(8) WFEXT - External fuel weight

(9)^=AP - Weight of internally trapped fuel

(10) MENDUR. - Mach number used for final endurance calculation

(11)QM&X

(12)XDESC

(13) WKF UEL

(14) CFXACH

(15) NORUSE

(16) IPSIZE

(17) IFST01

Maximum dynamic pressure

Initial guess for horizontal distance covered during descent

Fuel multiplication factor

Cruise Mach number

Number of cruise legsin mission

Power setting for sizing engine

Power setting during first part of takeoff
k

4



(18) IFST02 - Power setting during - second part of takeoff

(19)'IBREG . .- Breguet altitude :sea rch indicator

(20) IENDUR - Endurance altitude: search indicator

I.

	

	 21)°-I7'RINT -.Diagnostic . print. indicator

(22) KERROR -- Error print indicator

.(23) NLECCL . Number of Legs per climb phase

(24)NLECCR -- Number of. legs per cruise phase

(25)NLEGLO - Number of legs per loiter phase

(26)MILCOM -- Takeoff obstacle height indicator

The following quantities are used in the landing field computation:

(27); VnANb WLANH = WGITO IMAM* WFTOT

(28)FLFAC - FLLAND (XAIR + XGRLAN)JFL,FAC

(29)DECEL - Deceleration factor

The following quantities are used for the plotting routine:

(30)IPLOT	 Plotting indicator

(31) HMTNP - Minimum altitude

(32)HMAXF.' - Maximum altitude

(33)DELHP -- Altitude interval to be used

(34)SMMINP - Minimum Mach number

(35). SMMW Maximum bfach rsmoer

(36)Dam. Mach number interval to be used

(37)WCOMBP Aircraft weight used

The following quantities are used for multimission computations:

(38) AMISS -- Humber of missions per job

(39) FWGMAX`- Maximum Weight factor used. in convergence

{	 {40) 'COL	 Convergence tolerancei

5
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The. input for . each. -mission consists of 2 variables which apply to the
whole mission j and a series of 14 . varidbles.which ap -iy to each phase of the
mission.

The-two general variables are:.

NPIUSE The number of phas es in the mission

.(2) 1UL. Payload Weight (no t. nee dea . for mission 1, where itissupplied
b	 'the weights module)y

The following 14 variable! are input for each phase of the missio
although no single phase makes use of all 14 variables.

(1) HSTART Starting Mach number.	 If	 MSTART > 0, then starting Mach number
is set equal to MSTART.	 If	 MSTART < 0, then starting Mach

V number is set equal to.final Mach number from preceding phase.

(2) MEND Ending Mach number

...(3)	 HSTART Starting.altitude.	 If	 HSTART	 0, then starting altitude is set
equal to HSTART. 	 If	 HSTART < 0, the starting altitude is set
equal to final altitude from preceding phase.

(4) HEND Ending altitude.	 I n CLD1B,. if	 IBREG = 0	 or	 HEND > 0, then
-A

ending altitude is set equal to HEND- otherwise, ending altitude
is determinecib	 making a : Breguet ... Search.T

(5) x Horizontal distance covered

(6) TIM. Time

(7) INT Number of turns

.(8) VIND Constant indicated airspeed (for climb)

(9) IP Power setting :j
I	 maximum afterburner power

=.2	 intermediate (commercial maximum . takeoff power)
= 3	 maximum continuous power
= 4	 thrust	 drag (ctuise)

5	 idle

(10) IX Indicator -which tells whether horizontal distance covered during
CLIMB, ACCEL^ or DESCNT will be added, subtracted, or ignored
iii computing horizontal distance to be covered durin g CRUISE
phase..

(11) Weapons drag lodicator

(12-) 1PRT Print indicator

6
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(13) TB	 - Bombs. drop indicator.

(Y } EA	 AMO drop indicator

!(	 The table below indicates which inputs may possibly be needed for each of
i	 the seven types of phases.

1-2.	 2	 3	 4.. 5 6 7	 8	 9 lO 11. 12 13 14
PHASE MSTART MEND HSTART HEND X TZI NT VIND IF IX IW IPRT IB IA

cLiiIB	 ,^	
^.	

,^	 ,^	 ,^	 ,^	 ,^	 J	 3 	 ,^

CRUISE	 f	 3 	 3 ,^	 ,^	 3 3
ACCEL

COMBAT	 V

TOTTER : 	} 	 3 	 3 	 3 ^^

DESONT	 3 	 3 	 3 3

PATHS `:. `. Mach vs h table.	 3 	 3 	 ti^	 3 	 3

MISSION

The primary function of this subroutine is to call all the subroutines
needed to. fly one mission. For example, if a given mission consists of three
phases such as climb, cruise, and descent, then MISSON will first call TAKEOF

:

	

	 (always called first for all missions), then CLIMB, Chen CRUISE, then DESCNT.
The order of the called subroutines is determined by the order of the various

i	 phases of the mission as read by TRAJIN..

After this, MISSON 'computes used, reserve, total,, and internal fuel
weights according to the following formulas:

I,fFUSED = I+TlTUEL	 (WGTO -- W - f (W) )
14 RES = WFUSED/ (1. - FRFURE) - INFUSED
WFTOT = I^ rMSED + WFRES + WFTRAP
ItiTFUEL = WFTOT - I0EXT

where WFUSED is the weight of the fuel used, WGTO is gross takeoff weight,
W is the landing weight of the vehicle, f(W) is the weight of all missiles,
bombs, ammunition, and external, tanks jettisoned during the mission, TOTUEL is
a multiplying factor, ETRES is the reserve fuel, weight, FRFURE is the fraction
of fuel kept in reserve, I,TFTOT is the total fuel weight, 14FTRAP is the weight
of fuel trapped in the fuel tanks, WFUEL is the weight of internal fuel, and
WFEXT is the weight of fuel stored in external tanks.

r

	

	 Xext,.the.landing field length is determined by the following sequence of
equations . (ref. 0 4.

WLAND = WGTO - WKLAND*WFUSED
VS`FALL = SQRT[2.*BLAND/(SWTNC *CL*RHO)]
VSCREN = 1.3*VSTALL

7
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r
OTDOWN = 1.15*VSTALL

XAIR = [ (VSCREN *2 -- WDOTiN) /64.4 + 50. ] *RLD
XGRLAN = VTDOT{ N**2/ (64.4*bECEL)
FLLAND -'(XAIR.+ XGkLAN)/FLFAG

F

1 .

where WKLAND, DECEL, and FLFAC are input to TRAJ (see TRAJZN writeup), RHO is
sea level air density, CL is lift coefficient at landing, and RLD is lift to
drag ratio.

Next, the endurance altitude and endurance time are calculated based on s
the approximate (input) Mach number (MENDTIR).	 (The results of the approximate
calculation for endurance altitude and time were only intended for use in the t
economics module of ACSXNT and are never used within TRAJ for performance or
fuel calculations.)	 A golden section type of search is performed to find the

E	 " endurance altitude corresponding to the maximum value of the endurance factor
(RLD/SFC).	 Using this value of the endurance factor, the endurance time is.
calculated from	 RLD/SFC[TdGTO/ (TdGTO - WFTFSED) ] .

Finally, the gross weight of the.vehicl:e is calculated using the equation

14CCALC = INIXED + OPL + WFTOT

where 14PL is the payload and WFIXED is equal to 14GTO -- WFTO.`f -- ITPL calculated
just once after mission 1 has been converged. 	 TJGCALC is needed for transfer

' back to CONVGR.

3

. Takeoff

- The first calculation performed in subroutine TAREOF is the determination
of the total static thrust of the aircraft, and the corresponding value of
SFIC.	 The fuel used during startup and taxi is based on the static value of the a
SFC for a power setting which is input (IPST01) and for an input time
(TINT01) .

The takeoff balanced field length is computed using an expression from
k	 .` reference 4, which is written

r 0.01163 Td	 __]	 32.0F`LTO	 2.10	 + 0.374 TOOBHT	 + 2.7	 +
(ktPCL7S

T	 _ 0.04	 P

where FLTO is in ft, WS in psf and	 p	 in slugs/ft 3 .	 The lift coefficients CL2	 is evaluated at 1.2 
Vstall 	

where

2 TJG TO

V	
_

stall	
SPCLst' all

kt	is the thrust lapse factor during takeoff and the program uses the average
of the value at takeoff and the value at a velocity of 1.2 Vsta11:	 "OOBHT

1	 g
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where TNAVB and SFCAV-E are the values averaged between static and takeoff
conditions.

The total fuel used is the sum of the values for startup, taxi, and
takeoff

1%FTO = WFT01 + WIFT02

Climb

The program can calculate climb in either of two modes, When VIND > 0,
climb is calculated using a constant indicated airspeed. When VIND < 0,
climb is calculated using an approximate minimum fuel path. If the aircraft
is to cruise at Breguet altitude (IBREG > 0),, the program performs a search
for the ending altitude; otherwise ending altitude must be input (IBREG = 0).

The forces acting on the airplane during climb vary with altitude, neces-
sitating dividing the climb phase into a finite number of legs. The condi-
tions changing with altitude include the temperature, pressure, and density of
the ambient air, and the weight and Mach number of the vehicle. Also, since
the available power decreases at an ever greater rate as the ceiling altitude
of the vehicle is approached, it is desirable to decrease the altitude incre-
ments of the legs as altitude increases.

The total number of legs in a climb phase is given by the formula

NLEGS = total interval - 
H2 

dH 
=fHH2

	

dH
average step size	 f (H)	 4000 -- 0.05 H

H
i
	 1

rM

4000 - 0.05 H;
= 20 

Qn^4000 - 0.05 Hz)

i
9
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where H, is the starting altitude of the phase, H,,, is the ending altitude
of the phase, and f(H) is an expression giving step size as a function of
altitude. A further restriction on NLEGS is given by the relation
3 < NLEGS < 20. The above formula can be overridden by giving NLEGCL a posi-
tIve integer value, in which case, NLEGS = NLEGCL. This, however, will cause
all climb phases in all missions of a run to have the same value for NLEGS.

Once the number of legs in a climb phase is determined, the distance
climbed during each leg is given by the formula:

1 + (LEG)(e - l)/NLEGS
DELIi = 

`n 1 + (LEG - 1)(e - 1)/NLEGS] (H2 - HI)

where LEG is the current leg being executed by the program. This causes the
step size to decrease logarithmicall y with increasing altitude.

Summing forces in the axial direction, the equations of motion give

;' V 	 D
At = g(Ta - W - sin Y)

while in the normal direction

L + T sin a = 14 cos )

which gives two equations in three unknowns. The three unknowns are T, L, and
D, or y.

For the approximation to the most economical or fastest climb, the rela-
tion for y comes from reference 5, and is

2
sin y ._ 5 T _

1^ (1W `Em + 3
3	 —

6W	 6Em
	
kT.T14 ^2sn Em + ^E 7+ 3

where

CL

Em

2C —CDL
DL

For the constant indicated airspeed climb,

sin Y = 9h
Wt

F `	 10

tfi

t



where, now

V = Vind	 Vind

p^ F

and where o is the density ratio referenced to the sea level value. By dif-
ferentiating the equation for velocity with respect to time, we find that the
relationship between time and altitude is

llh -
Vind +^

At = 
Vind	 2go1 • 5

2
T _ P SL indCDS

W	 2W

We now have all the necessary terms for calculating flight-path angle.

The fuel used is calculated from

EWE, = E (sfc)T At

and the equivalent ground distance travelled during climb is

EX = EV cos y At

Cruise

The starting altitude for the cruise phase will be the input value
(HSTART) if HSTART is positive. If HSTART = 0 and IBREG = 1, then the
starting altitude will be determined by a Breguet search. The ending altitude
will be the same as the starting altitude only if the input value (HEND) is
set equal to -1. Otherwise, the airplane will be allowed to climb with each
leg of the cruise phase as fuel is burned off.

At the beginning and at the end of the cruise phase a test is made to
determine whether the fuel used to that point exceeds the weight- of the fuel
stored in the external tanks if these are present. If it does, then the
external fuel tanks are dropped immediately.

In general, the horizontal distance travelled in a given cruise phase is
calculated using the formula

XCRUSE = X + DXCRUS + XDESC
4

where XCRUSE is the actual horizontal distance that will be traversed in the
cruise phase, X is the nominal horizontal distance input for that phase,
DXCRUS is the algebraic sum of the horizontal distances traversed in the pre-
ceding climb and acceleration phases (but following the preceding cruise

11
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phase if one exists), and XDESC is the horizontal distance traversed in the
last descent phase of the mission. An estimated value for XDESC is inputted
and used for the first iteration of the mission, and the calculated value from
the previous iteration is used for all succeeding iterations of the mission.
DXCRUS-is set to zero at the beginning of the mission and is reset to zero at
the end of every cruise phase. The calculated value of horizontal distance
traversed in a climb or acceleration phase will be added or subtracted from
DXCRUS or ignored depending on whether . TX for that phase is +1, --1, or 0,
respectively. Similarly, XDESC will be positive, negative, or zero depending
upon whether 1X for the cruise phase under consideration is +1, --1, or 0,
respectively.

When X is given a negative value, then the formula for XCRUSE becomes

XCRUSE = RANGE/NCRUSE + DXCRUS + XDESC

where RANGE and NCRUSE are input at the beginning of the run.

The number of legs in a given cruise phase (NLEGS) is given by the fol-
lowing inequalities:

X < 100, then NLEGS = 2

100 < X < 300, then NLEGS = 3

300 <- X < 1000, then NLEGS = 4

1000 < X < 3000, then NLEGS = 5

X >_ 3000, then NLEGS = 6

The cruise consists of an approximation to the most efficient flight path
which uses a stepwise cruise-climb path. There are two options for determining
the initial cruising altitude: (1) the Breguet altitude, found by maximizing
the value of (V/sfc)(L/D) as function of altitude and (2) altitude is
specified.

The summation of forces tangential to and normal to the flight path are,
respectively,

T cos a = D and L = W

From these relations, the weight of fuel used is

CDW(sfc)
 V-PEWF

= E cos a 	 W AX

where AX is the distance flown at each altitude and the cruise altitude is
increased, as the aircraft burns fuel, according to the relation

0

12
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and CL is kept. constant at• the value corresponding to (Z/Wmax; otherwise,
CL is determined by the input values of Mach number and altitude.

The cruising time and the equivalent ground distance covered are,
respectively,

t - E 
V 

and X = EAX

Acceleration

The purpose of the acceleration phase (ACCEL) is to increase the Mach
number of the vehicle from an initial low value to a specified higher value.
The phase is divided into steps with the size of the Mach number steps being
0.02 between Mach 0.87 and 1.1 and equal to 0.05 elsewhere.

The aircraft is assumed to accelerate at a fixed altitude. The equation
of motion along the flight path is

dV

dt - g ( ja cos a - W)

from which we can calculate the fuel used to be

xp[l^ (sfc)T	
])Wp

=W1-e g Tcos a - D dV

The time required to accelerate is

t 	 Wdy

g f Tcos a - D

and the equivalent ground distance covered is given by

X- 1	 WdV

g f Tcos a - D

Combat

In the combat phase, the acceleration and turning capabilities are calcu-
lated an,' also the amount of fuel used by performing combat at a faxed alti-
tude, a) '--r for a specified time or a fixed number of turns. The airplane's
potential azcelezttion capability is expressed as the "specific excess power,"
for which the expression is derived below.

13
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The specific energy (sum of potential and kinetic energy per unit air-
plane weight) is

E	 Vz
ES = Td = h+ 2g

and differentiating the specific energy with respect to time gives the spe-
cific power

_ dEs_ dh VdV
Ps - dt
	

It + g dt

Summing forces along the flight path gives

Tcosa --D --Wsiny=mdt

Dividing both sides by W and multiplying by V

V(T cos a - D)V dV

	

W	 = V sin y + g dt

and, since

dh

	

dt	
V sin y

we get

P _ dEs - V (T cos a -- D )
s	 dt	 W

The relations for turning radius and turning rate are, respectively
(ref. 6)

	

__ Vz	 d9 _	 V
R g tan	 and dt	 R

where the airplane bank angle, 0, is related to the load factor, n, through

cos ^ = n

The load factor is iTritten as

L + T sin a

	

n =	 W

and cannot exceed the structural design load factor.

_7^';,I
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m
Two types of turns are considered. These are: (1) sustained, or coordi-

nated turns for which P s = 0, equiring the solution of the equation
T cos a = D to obtain the aerodynamic parameters needed to find the load

a factor and (2) instantaneous turns corresponding to the maximum value of Ps
and limited by either the maximum lift coefficient, Co x, or the structural

design load factor of the airplane.

The time required to complete a turn is

_ 2nR
t - V

and the fuel used during combat turns is

W1, = ET(sfc)Nt

where N is the number of turns required.

Loiter

The starting altitude for the loiter phase will be the input value
(HSTART) if HSTART is positive. If HSTART = 0 and IENDUR = 1, then a
search will be made to determine the most economical starting altitude.

The Mach number will change from leg to leg or remain constant throughout
the loiter phase depending on the input value of MSIt RT. Ordinarily, a search
for the most economical loiter Mach number will be made for each leg of the
phase. However, whenever MSTART is positive, the Mach number will remain
equal to MSTART throughout the phase and the altitude in each leg will
increase to take advantage of the reduced fuel weight.

Each loiter phase is divided into legs, the number of which depends on
the amount of time to be spent in the phase. The number of legs is equal to
the time in hours rounded up to the next higher integer, but is not allowed
to exceed six.

There are two options for determining the loiter flight conditions:
(1) most economical loiter altitude and/or velocity is found by maximizing the
value of (L/D)/sfc as a function of altitude, velocity, or both, and (b) alti-
tude and/or velocity is specified.

The fuel used is calculated from

EWE, = ET(sfc)Ot

where t is the loiter time. As the aircraft burns fuel, the loiter altitude
is increased, or the speed decreased, to maintain the most economical flight
condition according to the relation

i
_ 2W

P	 CLSV2	
^` rG
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Since loitering generally consists of flying in circles, it may be 	 .
desirable to fly in a smaller circle than that corresponding to the most 	 2
economical one. To decrease the loiter circle size, more lift is needed. The
equation of motion normal to the flight path is

4V

L+D tan a^

	

	
2

V2
1 + gR

where R is the loiter circle radius. The exact solution is a tedious itera-
tion between CL , CD , and a, since

	

f :.	 22 L (V
CL - CD tan cc = P

V2 S l + Rg

However, for most cases of practical interest

C tan a << CD	 L

and, we have used the simple approximation

2W 

CL PV2S l 

+ (
g

V2)2-

Descent

The most economical descent path is the flattest descent with engines at
idle power setting. The aircraft should fly at (L/D)max, thus CDi = CD, and

for flight with thrust much less than drag, the optimum descent angle is
approximately (ref. 6)

2CDo

sin g
:	 CL

Summation of forces normal to the flight path gives

L = Wcos y

	µ'.	
resulting in the following expression for the speed

2W cos

	

`	 V =	
CI,P S

The descent time is calculated from

-Ah
EAt W 

E V sin y



`	 while the fuel used is

EWF ET(sfc)At
R

and the equivalent ground distance covered is

EAX = EV cos y At

OUTPUT-TRAJOO

The output quantities are listed in tabular form and consist of 19 quan-
tities representing values at the end of each phase. in addition, there are
eight values giving a fuel weight. If there are combat phases, an additional
21 values of combat parameters are printed for each combat phase. Lastly,
there are 12 miscellaneous quantities printed.

The following 19 quantities are printed for each phase:

(1) Mach number

(2) Altitude

(3) Lift coefficient

(4) Angle of attar:k

(5) Fuel used in phase

(6) Flight time in phase

(7) Flight velocity

(8) Specific fuel consumption (installed)

(9) Specific fuel consumption (uninstalled)

(10) Total thrust (installed)

(11) Total thrust (uninstalled)

(12) Drag coefficient

(13) Lift-drag ratio

(14) Weight at end of phase

(15) Engine airflow rate

(16) Dynamic pressure

(17) Horizontal distance covered

17
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(18) Engine installation drag coefficient

(19) Pressure recovery

The following eight quantities give a fuel weight:

(1) Fuel weight during takeoff with first power setting

(2) Fuel weight during takeoff with second power setting

(3) Mission fuel weight

(4) Reserve fuel weight

(5) Trapped fuel weight

(6) Internal fuel weight

(7) External fuel weight

(8) Total fuel weight

The following seven quantities are printed for each combat phase for each
of three conditions: Ig flight, sustained, and instantaneous — making a total
of 21 combat parameters in all. They are:

4	 i
;. (1) Specific excess power

(2) Load factor

(3) Turning rate

(4) Radius

(5) Angle of attack

.' (6) Lift coefficient

(7) Drag coefficient

The following 12 -riscellaneous quantities are also printed out:

(1) Total mission time

(2) Total mission range

(3) Takeoff field length (total run)

(4) Landing field length (total run)

(5) Landing field length (ground run)

-. l

,'f
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(6) Weight used for landing calculation

(7) Takeoff weight

(8) Landing weight

(9) Endurance Mach number (input value)

(10) Endurance altitude

(11) Endurance time

(12) Loiter radius

PLOTS-TRPLOT

This routine c:^Ir_tilates various parameters which are written onto tape
so that they can later be displayed graphically. The main part of this rou-
tine calculates certain parameters which may be displayed graphically on a
plot of altitude vs Mach number. These parameters are:

(1) PSIG = specific excess power at lg

(2) NZS = load factor during turn

(3) TDOTS = sustained turning rate

(4) NZI = maximum instantaneous load factor

(5) PSI = maximum instantaneous specific excess power

(6) TDOTI = maximum instantaneous turning rate

(7) Q = dynamic pressure

These parameters are calculated for a certain range of values of altitude and
Mach number with beginning, ending, and incremental values of each being
input.

The inputs to the routine are:

(1) IPLOT = 0, no print, no plot

= 1, print, no plot

- 2, no print, plot

3, print, plot

•	 (2) HMINP = minimum altitude

OR'G NAL PAGE IS
opt
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(3) BMAXII = maximum altitude

(4) DELHP = altitude interval

(5) SMMMINP = minimum Mach number

(6) SMMAXP = maximum Mach number

(7) DEUIP : Mach number interval

(8) WCOMBP < 0, aircraft weight taken from first COMBA T phase

0 < WCOMBP < 1, aircraft weight equals WCOMBP times takeoff weight

WCOMBP > 1, aircraft weight equals WCOMBP

The second part of this routine calculates landing field lengths at alti-
tudes of 0, 4000 ft (1219 m), 8000 ft (2438 m), and 12,000 ft (3657 m).

s
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PROGRAM LISTING

35

44

4`

5C

55

C-----------
C ICALC = 1
C-----------
10 TIMTOI=5.0

TIMTU2=l.O
FRFURE=.C5
DLSLF=2.5
LLTLF=3.75
RANGE=1000.
wFUE L = 10:+OC .
6FLXT=0.4
WFTRAP`100.
LMAX=70'0.
XUESC=BD.
nKFUEL=1.0
LkMACH=.i9
WKLAND=.57
FLFACK.6
DECELs n 25
NCRUSE=2
1PSIZEa0
IPSTOI=5
IPST02=?

)RIGIUAL PAGE Is
Op POOR QUALITY

SUBROUTINE TRAJA
	

76/76	 OPT=2
	

FTN 4.5+410

	

1
	

SUBROUTINE TkAJA (ICALC,NERRORsLCEOsKGPRNTsIGPLTI
LXTERNAL MISSON
REAL MSTARTpME?4DsN7sMENDUR
CEOrUN /TRAJCM/ ALPHA,ARWYCDsCDL$CDOsCLsDESLFsDRAGsEN,HNsKPs
1 FLD,SMNYOMAXsRANGE,SFCsSWINGYTHRUST,TWPULTLFsWYWAMHUNYPIETANKs
2 WFUELswGTOkT,WMISS9-WTOTsWPLWTPMSTART(12)sHSTART(12),TIM(12),
3 PS1GT(12)sTDOTST(12)sNZST(12),PSIT(12),TDOTIT(12),NZIT(12),
4 WBOMBS,WFEXT,SFCU,THRSTUsCOINSPsPRTOTtWKFUEL.PCRMACH,FLTtljX(12),
5 FLLAND,TENDUR,BLRANGsBLTIME,TIMTOIsTIMT02sWFTO,PNAMEI(12),

	

1C
	

E PNAME2(12),SMNT(12),HNT(12)sWFT(12)sTIMET(12),XT(1,2),CLT(12)s
7 COT(12)sALPHAT(12)sCLIT(12)sCDIT(121PALPHIT(12)sWFUSEDsWLANDs
8 UV(12),RLUT(12),SFCT(12),TNT(12)sCET(12),DY(1B),
9 IAOsIPS,ITSsIWS,IBS,NPHASE,IDY(14)
COMMON /TRAJEX/ ALPIGT(12)sCDINST(12),CD1GT(12),CL1GT(12)sDECELs

	

15
	

1 DELHPPDELMP,DXCRUSPFLFAC,FRFURE,HEND(12)sHENDURsHMAKPsHMINP,
2 HPATH'[(5')IsMEND(12),MENDUR,NT(12),PRTUTT(12)sRADIT(12)s
3 RADST(12)sSF,SFCUT(12),SMHAXP,SMMINP,
4 TNUT(12),VINO(12)sVELT(12)sVPATHT(50),WART(12),WCOMBP,WEELT(12)s
5 hFRES,WFTOT,WFT01sWFT02sWFTRAPsWKLANDsXDESCsXGRLAN,FWGMAX,TOLs

	

2t
	

6 WFIXED,WGCALC,WPLjWGTOsDUMY(82)sIA(12)1IAS,IB(12)sIBREGsIENDUR,
7 IMISS,IP(12),IPHASE,IPLOT,IPRINT,IPRT(12),IPSIZEsIPSTOI,IPST02,
8 IW(12),IX(12),KERRORsMILCOMsNCRUSE,NLEGCL, N LEGCR s NLEGLO , NMI SSs

9 NPATHYIDUr..Y(b)
DATA PATH/4HPATH/

	

25
	

WPL=WPLWT
WGTO=WGTOWT
IF (KGPRNT.E0.0) GO TO 5
KSTORE=K£RROR
KLRRORs2

	

3C
	

IF (ICALC.cG.l) GO 70 10
IF (ICALC.EQ.2) GO TO 20
IF (ICALC.E0.3) GO TO 30
IF (KGPRNT4NL-0) KERROR=KSTORE
PLTURN

21
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SUBROUTINE TKAJA	 76/76	 OPT-2	 FTN 4.5+410	 C

IBREG-0
IENDUR-0

6c IPRINT-O
KERRORx2
IPLOT-J
liMINP-J.4
HMAXP-40000.

65 DE LHP=40:X1.
SMMINP-.3
SMMAXP-.9
DELMP-.1
WCGMBP-.7

70 MILCOM-0
MENDUR-.5
NLEGCL-0
NLEGCkx"
NLEGLG-0

75 NMISS=1
FiNGMAXxl.2
TI;L=.001
CALL	 TRAJIN
CALL TRAJOI

80 C-----READ MISSION I FROM TAPE 22.
12	 ImISS-1

REMIND 22
READ	 (22s22CO)	 NPHASEPWPLTRA

22GO	 FURMAT(I10PE15.8)
85 DG	 15 IPHASE-1sNPHASE

READ	 (22s2201)	 PNAKE1(IPHASE)PPNAHE2(I PHASE) sMSTART(IPHASE)s
1	 MENU(IPHASE) PHSTART(IPHASE)sHEND(IPHASE)PX(IPHASE)sTIM(IPHASE)P
2	 NTIIPHASE)PVIND(IPHASE)PIP(IPHASE)sIX(IPHASE)PIWCIPHASE)P
3	 IPRT(IPHASE)PIB(IPHASE)PIA(IPHASE)

9C 2201	 FGRMAT(2A4s2Xs7El5.3/E15.$s6I10)
IF	 (PNAMEI(IPHASE).NE.PATH) 	 GO	 TO 15
READ	 (22s2200)	 NPATH
READ	 (2212202)	 (HPATHT(I)PI-1PNPATH)
READ	 (22 P 2202)	 (VPATHT(I)PI-1DhPATH)

95 2202	 FORMAT(8F15.6)
15	 CONTINUE
C--•---END OF READING MISSION 1 FROM TAPE 22.

IF	 (ICALC.EC.3)	 RETURN
WFIXEDs0.0

lOL SF-ULTLF/OESLF
ALPHA-0.0
CL=G.0
DRAG-0.0
HNXO.D

105 SMN-0.0
W-a.0
IF	 (KGPkNT.NE,O)	 KERROR-KSTORE
RETURN

C------------
11C C	 ICALC - 2

20	 CALL MISSON( ICALCPNERRORPIGEGoKGPRNT)
IF	 (KGPRNT.NE.0)	 KERROR-KSTORE
RETURN

22
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SUBROUTINE TRAJA	 76176	 OPT-2
	 FTH 4w5+4.;-	 0

IN

115 C-----------

-	 —
1

C	 ICALC - 3
C-----------
30	 IF	 (NMISS.E4.1)	 GOTO 40 !

KCALC-2
120 CALL MLSSONCKCALC9NERRORsIGE qsKGPRNT)

IF	 {NERR(JR.GE.2) 	 RETURN
40	 CALL TRAJGO

IF	 (IMISS.GE.NMISS) G q TO 70	 ALp^`.^E^S
IF	 (IMISS.GE.2)	 G q TO 50

125 WGEST-WGTn	 ^+ ^QOp,
WGMAX=FWGMAX*WGEST
%FIXED-WGTO—WFTOT—WPL

C-----READ NEW MISSION FROM TAPE 22. 1
50	 IMISS-IMISS+1

130 READ	 (22s22G0)	 NPHASEsWPLTRA
DO 60	 IPHASE=IsNPHASE,
READ	 (22s2201)	 PNAMEI(IPHASE)sPNAME2(IPHASE)sMSTART(IPHASE)s

1 MEND(IPHASE)YHSTARTCIPHASE)sHEND(IPHASE)PX(IPHASE)sTIMCIPHASE)s i

2	 NT(IPHASE)s:;NDCIPFIASE)sIP(IPHASE)PIX(IPHASE)sIW(IPHASE)p
135 3	 YB(IPHASE)sIA(IPHASE)

IF	 (PNAMEI(IPHASE).NE.PATH)	 GO TO 60
READ	 (ZZs2200)	 NPATH
READ	 (22.22C2)	 (HPATHT(I),I-1s NPATH)
READ	 t Z2p 2202)	 t_VPATHT (I)s.I_=-, p NPATH) ,`3

14C 60	 CONTINUE
C------END OF READING NEW MISSION FROM TAPE 22. .+

WPL-WPLTRA
^"WGESTI=WGEST

IF	 (IPRINT.E0.0)	 GO	 TO 65 ;_)
1 rt5 WRITE	 (u:600)	 IMISSsWGESTPWGMAXPWFIXEDpWFTOTsWGT q sWGCONVsWPLs

1 WGESTIsWGCALC
600	 F0RMAT(1Hlrl8H CHECK	 FOR MISSIONP12123H BEFORE CALLIMG C q NVGRI/

1	 9H	 WGEST-sE13.6s4Xs7H	 WGMAX-s E13.6s4Xs7HWFIXED u PE13.6/ ^ `f

Z 9H	 WFTUT=pE13.b y 4Xs7H	 WGTOBiE13.6s4Xs7HWGCORVasE13.6/
15C 3 9H	 WPL-sE13.6s4X,7HWGESTI-,E13.6s4Xs7HWGCALC=sE13.6)

65	 CALL CONVGR(MISSONsWGEST1sWGCONVsWGMAXITOLPIPRINT)
IF	 (IPRINT.EQ.0)	 GO TO	 40
WRITE	 (6x601)	 WGESTPWGMAXsWFIXEDsWFTOTsWGTO*kGCONVsWPLPWGEST1: =,

1 WGCALC
15. 601	 FORMAT(22H AFTER CALLING CONVGR t/

1 9H	 WGEST=tE13.bs4Xs7H	 WGMAX-sE13.6,4Xs7HWFIXEDOYE13.6/
2 9H	 XF.TOT=iE13.6s4Xs7H	 WGTU= s E13.6s4Xs7HWGCONV=aE13.6/
3 9H	 WPL-sE13.6s4Xa7HWGESTI n DE13.694Xs7HWGCALC =PC13.6)

''!GU TO 40

16C 76	 IF	 (IPL(3T.GT,-O)	 CALL	 TRPLOT(NERRORsIGEOsKGPRNT)
IF	 (KGPRNT.N^:;.0)	 KERROR=KSTORE

- }GGTO 12
END



0SUBROUTINE TRAJIN	 76/78	 0P T v, 2	 FTN 4.5+410

1 SUBROUTINE TRAJIN
kEAL MSTARTSMENDPNT ► MENDUR
CGMHON /TRAJCM/	 ALPHAsAR PCOYCDLs::DBPCLsOESLF9DRAGPENPHNPKPA

1	 RLDPSMNxJMAXsRANGEsSFCSSWING#THRUS Tip TWSULTLFSWsWAMMUNSWETANKs
F 2	 WFUELSWGTO ,WTsWMIS5sWTDTSWPLUTsMS TART( 12)sHSTART(12)sTIM112)s

3	 PS1GT(1212T00TST(121sNZST(i2)PPSITil21sTOOTIT(12) ► NZIT(IZ)S
4 WBOMBSsWFEXTsSFCUsTHRaTUPCDINSPPPRTOTPwKFUELsCRMArHsFLTOsX(12)S
5	 FLLANDSTENDURSBLRANGsBLTIMEsTIfiTOISTIMT02-WFTDPPNAME1(12)s
b	 PNAMEZ(12)SSMNT( 12) SHNT(12)PWFT(12)sTIMET(12)PXT(12)YCLT(12)s

10 7 CDT(12) SALPHAT112)sCLIT(12)sCD1T(lZ)SALPHIT(12)PWFUSEDSWLANDS
e	 OT(12)sRLOT(1Z)sSFCT(IZ)PTNT(12)PCET(12)sDY(16)r
4	 IAOSIPSsITSsIWSsI8SsNPHA3ESIDY(14)
CCMMON	 /TRAJEX/	 ALPIGT(12) SCDINST (12)SCDIGT(12)SCLIGT(12)sDECELs
I DELHPaDELMPaDXCRUSsFLFACsFRFUREsHEND(121PHEN0URsHMAXPsHMINPS

15 2	 HPATHT(50)PMEND112)PMENDURsNT(12)SPRTOTT(12)sR9017 (12)S
3	 RAOST(12)SSFPSFCUT(121SSMMAXPsS1{MINPS
4	 TNUT(12)PVIND(12)nVELT(I2)PVPATHT(50)fWART(.12)sWCOMBPPWEEA,T(12)s
5	 WFRESPWFTUTPWFTOI.stiFTO ZPW FTRAPSWKLANDPXDESCSXGRLANSFWGMAXSTOLs
b	 6FIXEDPUGCALCPWPLsWGTOPOUMY182)PIA(12)sIASsIB(12)sIBREGsIENDURa

ZO 7	 MISS,IP(12)PIFHASEPIPLOTsIPR1NTsIPRT(12)PIPSIZEsIPST01PIPST02s
8	 IW(12)SIX(12)YKERROfisMLLCGMPNCRUSEsNLEGCLoNLLGCRPNLEGLOsNMISSs
4	 NPATHsIDUMY(b)
DATA PATH/4HPATH/
NAMELI ST/ TMtTA/TIMTOlsTIMT02YFRFUREsuESLFsULTLFPRANGEPWFUELS

25 1	 WFEXT.VWFTR/,Pst)14AXiRXDE5CPWKFUELiCRMACtipWKLANDsFLFACsDECELsNCRUSEs
2	 IPSIZESIP5TOIPIPST02SiBREGPIE^(OURSIPRINT ► KERRORPIPLOTPHMINPS
3	 HMAXPs DEL HPsStililNPsSMMAXPSDELMP),NCGMBPsri1%.:l1M¢MENDURsNLEGCL9
4	 NLEGCRSNLEGLO#NMISSSFWGHAXsTOL
READ	 (5 ► TRDATA)

30 REhIND	 ZZ
DO	 10	 IHISSr-ISP)MISS
READ	 (5s50G)	 t4PHASES4PLTRA
WRITE	 (22x22001	 NPHASEPWPLTRA

500	 FORM4T(IlOPE10.0)
3b 2200	 FORMAT(1lOsr15.81

C	 READ	 IN THE	 FOLLOWING WORDS FOR EACH PHASE
C	 PHASE(2 PARTS).	 STARTING MACHS	 ENDING MACHS	 STARTING ALTITUDES
C	 ENDING ALTITUDES	 HORIZONTAL DISTANCES	 TIMES	 NUMBER OF TURNS#
C	 CCNSTANT INDICATED AIRSPEED CLIMB ►	 POWER	 SET7INGs	 RANGE	 INCREMENT

40 C	 INDICATORS	 NEAPONS	 RELEASE	 INC'ICATOR P 	BOMBS	 RELEASE	 INDICATORS
C	 AMMO RELEASE	 INDICATOR.

DO 10 IPHASE=1SNPHASE
READ	 (5x501)	 PHAME1(IPHASE)PPNAME2(IPHASL)PMSTART(IPHASE)s

1	 MEND(IPHASE)PHSTART(iPHASE)SHENO(IPHk,SE)PXCIPHASE)sTIM(IPHASE)s
45 2	 NT(IPHASE)PVIND(IPHASE)SIP(IPHASEISIX:IPHASE)SIW(IPHASE)s

3	 IPRT(IPHASE)sIBIIPAASE)PIA(1PHASEI
501	 FCRNAT(2A4S2XS7E10.01E10.QSbllOI

WRITE	 (22s2Z01)	 PNAME1(IPHASE)PPNAME2(IPHASE)SMSTART(IPHASE)s
1	 MEND(IPHASE)sHSTART(IPHASE)sHEND(IPHASEISX(IPHASE)STIM(IPHASE)S

50 2	 NT(IPHASE)SVIND(IP*iASE)PIP(IPHASE)SIX(IPHASE1sIW(IPHASE)S
3	 1 PRT(IPHASE)PIB(IPHASE)sIA(IPHASE)

2201	 FORMAT(2A4S2XS7EI5.8/E15.6S6IIO)
IF	 (PNAMEI(IPHASE).NE.PATH) 	 GO TO 10
READ	 (5s5JC')	 NPATH

5F READ	 (5S532)	 (HPATHT(I1SIa1SNPATH)
READ	 15s532)	 (VPA7NT(I) ► iv1,NPATH)

5G2	 FLkMAT(BE1060)

24
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SUBROUTINt TRAJIh	 76116	 OPT=2
FTN 4.5+410

WRITE	 (22P2200) NPATH

WRITE	 122,!22021 (HPATHT(I )PI-IPNPATH)

+ 6C	 WRITE	 (22,2202) (VPATHT(I)pl- lPNPATH)

2202	 fORMAT(8E15.81
10	 CONTINUE

RETURN
END =`
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SUBROUTINE TRAJ q I	 76/76	 OPT n Z	 FTN 4.5+410	 0

1 SUBROUTINE TRAJOI-
C	 PRINTOUT OF TRAJECTORY INPUT

REAL MSTARTsMENDsNTsMENDUR r
' COMMON /TRAJ.CMI	 ALPHA1ARWsCD1CDLsCDO,CLsDESLFs DRAG, ENsHNsKPs =	 i

5 1 RLDsSMNsQMAXs RAN GE1SFCsSWINGsTHRUSTsTWsULTLFsW9WAMMUNsWETANKs
2 WFUELsWGTOWTPWMISSPWT qTPWPLWTPMSTART(12)sHSTART(12)sTIM(12)1
3 P51GT(12)sTDOTST(12)sNZST(12)1PSIT(12)sTDOTIT(12)sNZIT(12)sT

4 W8 q MBSsWFEXTsSFCU1THRSTUsCDINSPsPRTOTsWKFUELsCRMACHsFLTOP X(12)s
- 5 FLLANDsTEhDURs3LRANGIBLTIMEITIMTOIsTIMTO2sWFTDaPNAMEI(lZ)s

a_..„

1C 6 PNAME2(12)sSMNT(12)sHNT(12)1WFT(12)PTIMET(12)sXT(12)sCLT(I2)s
7 CDT (121sALPHAT(1211CLIT(12) 9CDIT(12}sALPHIT(12)2WFU5 EDP WLANDs
8 WT(12)3RLDT(I2)sSFCT(12)sTNT(12)sCET(12)sDY(IB)s
9 IAOrIPSrITS-*IWSsIB5sNPHASEsIDY[141
COMMON	 /TRAJEX/	 ALPlGT(12)sCDINST(12)sCD1GT(12)sCL1GT(12)sDECELs

15 1 DELHPIDELMPsDXCRUSsFLFACIFRFUREsHEND (12)sHENDURsHMAXPsHMINPsL
HPATHT(50)*MEND(12)sMENDURsNT(12)sPRTOTT(12)sRADIT(12)s

3 RADST(I2)sSFPSFCUT(12)aSHMAXPsSMMINPs
4 TNUT(12)sVIND(12)sVELT(12),VPATHT(50)YWART(12)sWCOMBPsWEELT(12)s f
5 WFRESsWFTOTsWFTOlPWFTDZi WFTRAPsWKLANDsXDESCsXGRLANiFWGMAXsTOLs

2C 6 hFIXEDYWGCALCsWPLsWGT0r0UMY(82}s1A(12)sIASsIB{12 }118REGsIENDURr
7 IMISSsIP(12)sIP HAS EsIPLOTsIPRINTsIPRT(12)sIPSIZEIIPSTOIsIPST029
8 IW(12)sIX(121,KERR0RsMILC0MsNCRUSEsNLEGCLsNLEGCRsNLEGL0sNMISSs a
9 NPATHPIDUMY(6)
DATA PATH/4HPATH/

Z5 WRITE	 (6s 600)	 TINT q1sMENDURsNCRUSEsIPL qTsTIMT02PQMAXsI PSI ZEsHMINP9
I FRFUREsXDESCsI PST G1sHMAXPsDESLFsWKFUELAI PST O2PDELHPsULTLFs
2 CRMACHsIBREGISMMINPsRANGEsWKLAND IIENDURsSMMAXPsWFUELsFLFACs

y
#

3 IPRINTsDELMPsWFEXTPDECELsKERRORsWC OMB P ip WFTRAPsNLEGCL,NLEGCRs
4 NLEGLOsFWGHAXYTOLsMILCOMsNMISS

3L" 600 FGRMAT(1H1s25Xsl6HTRAJECTORY INPUT///
1 1Xs8HTIMTOl	 =sF4.1. f 	 7XsBHMENDUR n sF6.0s	 4XPBHNCRUSE	 =sI2s
2 3X,8H IPLOT = sI2	 I	 IX,8HTIMT02 = sF4.ls	 7XPBH	 AMAX =sF7.D9
3 3Xs8HIPSIZE	 x sl2	 s	 3Xs8H HMINP	 =1F7.C/	 ZXI8HFRFURE	 =sF5.2s
4 6XsBH	 XDESC	 =rF6.ls	 4Xs8HIPST01 = sIZ	 s	 3XsBH HMAXP =sF7.01

35 5 lXs8H DESLF	 = s F5. 2,.6Xs8HWKFUEL = sF6.3s	 4XPBHIPST02 =sI2s
6 3Xs8H DELHP =sF7.01	 IX1BH ULTLF = sF5.21	 6XsBHCRMACH =1F693s {3	 s ":9
7 4Xs8H	 IBREG = r I2	 s	 3XsBHSMMINP, O PF6.31	 IXsBH RANGE	 =sF7.0a {	 .:
8 4Xs8HWKLAND =sF6.3s	 4Xs8HIENDUR = sIZ	 s	 3Xs8HSMMAXP =sF6.3/

y	
:,

9 IXs8H WFUEL	 = sF8.0s	 3Xs8H FLFAC =sF6.3s	 4XsBHIPRINT =sI2s ?5	 .:
4£ 1 3Xs8H DELMP	 = sF6.31	 1XsBH	 WFEXT	 =sFB.Ds	 3Xs8H DECEL	 =sF6.3s

2 4Xs8HKERROR u p 12	 1	 3Xs8HWCUMBP =aF9.2/ lXs8HWFTRAP =sF890s
3 3Xs8HNLEGCL = sI2	 s	 SXsBHNLEGCR = sI2	 s	 3XsBHNLEGLO % sIZ/ i
4 1Xs8HFKGMAX	 =sF6.3s . 5XsBH .	TGL	 =,F6.3s	 4Xs8HMILCOM	 = sI29 ='C ;_:.

3Xs8H NMISS	 =sI2)
45 REWIND 22

DG 10	 IMISS=11NMIS5
READ	 (22sZ200)	 NPHASEsWPLTRA

2200 FORMAT(IlOsE15.8}
IF	 (IMISS.EQ.l)	 WRITE	 (61601)	 IMISS

50 601 FORMAT( /// 	 24Xs7HMISSIONsI2/1
19XP66HMACH MACH	 ALT	 ALT	 HORIZ	 NO.	 IP =
2 IX	 IW/75H PHASE	 START	 END	 START	 END	 DIST	 TIME	 TURNS `i6

`3 VIND	 IPRT	 IB	 IA/)
IF	 (IMISS.GT.I)	 WRITE	 (69602)	 IMISSsWPLTRA

55 602 FORMATM/ 24X17HMISSIONPIZs12H	 (PAYLOAD =1F8.0s4H LB)//
1 9XP66HMACH	 MACH	 ALT	 ALT	 HORIZ	 N q .	 IP
2 IX	 IW175H PHASE	 START	 END	 START	 END	 DIST	 TIME	 TURNS

26
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FTN 4«5+410	 0.

3 VINO IPRT 18	 IA/)
DG 1C IPHASEaIRNPHASE
READ (2284201) PNAMEI(IPHASE)sPNAME2(IPHASE)PMSTART(IPHASE)s

1 )(END(IPHASE)sHSTART(IPHASE)eHEND(IPHASE)sX(IPHASE)YTIM(IPHASE)s
2 NT( IPHASE) RVLND(IPHASE)sIP(IPHASE)sIX(IPHASE)eIW(IPHASE)s
3 IPRT(IPHASE)sIB(IPHASE)sIA(IPHASE)
FORMAT(2A4s2Xa7E15.81EI5.8 ► 6IlO)
}TRITE (bs6C3) PNAME1(IPHASE)ePNAME2(IPHASE)sMSTART(IPHASE)s
1 MEND( IPHASE)sHSTART(IPr1ASE),REND(IPHASE)sX(IPHASE)7TIM(IPHASE)R
2 NT(IPHASE)sVIND(IPHASE)RIP(IPHASE)sIX(IPHASE)NIW(IPHASE)s
3 IPRT(IPHASE)RIB(IPHASE)sIA(IPHASE)
FORMAT(IXsA4sA3sF5.28F6.2s2FB.OsF7.1sF6.1sF6.1sF7.lsI4sI58I4/

1 I65sI5,I4)
IF (PNAMEl(IPHASE).NE.PATH) GO TO 10
READ (22822001 NPATH
READ (22s2202) (HPATHT(I)sI:1sNPATH)
READ (2282202) (VPATHT(I)sI=1sNPATH)
FIiRMAT(8EI5.8 )
WRITE (6s604) NPATH
WRITE (6.605) (HPATHT(I)RI.1aNPATH)
WRITE (bs606) (VPATHT(I)sI$1sNPATH)
WRITE (6s607)
FORMAT(9X ► BH NPATH =r I3)
FGRMAT ( 9X ► 5HHPATHT xs7Fds0l ( 17Xs7F8.0))
FORMAT (9X88HVPATHT ¢s7FB.0/(17X87F8.0))
FORMAT(/)
CONTINUE
RETURN
END

owGTNm, PAG h
OF POUR QUALITY

6C

2201
65

603
70

75	 22C2

8C	 6L0
r^

4
6 L 5
6Cb
607
10

85
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FTN 49 5+420	 05

SUBROUTINE MISSDN(ICALCPNERROR,IGEUAKGPRNT)
REAL LOITPMENDUR
COMMON /TRAJCH/ ALPHAPARIIjPCDjCDLPCL)OPCLsDESLFPDRArPENPHNjPKPs
I RLDPSMN,QMAXsRANGEsSFCPSWIHGYTHRUS ► sTWPULTLF.PW,WAMM UNsWETANKs
2 kFUELPWGTOWTiWMISSsWTUToWPLWTiMS TART( 12)sHSTART1121s TIM( 12)s
3 PSIGT(12)PTDOTST(12)sNZST(12)sPSIT(12)PTDOTIT(12)PNZIT(12)s
4 WBOMBSsWFEXTASFCUsTHRSTUPCOINSPPPRTDTsWKFUELPCRMACHPFLTOPX(12)s
5 FLLANOPTENDURsBLRANGsBLTIMLsTIMT0IPTIMT02sWFTOPPNAHEI(12)s
E. PNAME2(12)sSMNT(I2)sHNT112)sWFT(12)PTIMET(12)YXT(12)PCLT(12)s
7 CDT(12)sALPHAT(12)PCLIT(12)PCDIT(12)PALPHIT(12)YWFUSEDsWLANDs
(i QT112)PRLAT(12),SFCT(12')nTNT(12)sCET(12)sDY(18)s
4 IAOPIPSsITSPIWSsIBSPNPHASEPIDY(14)
COMMON /TRAJEX/ ALPIGT(12)PCDINST(12)PC01GT(12)sCL1GT(12)PDECELs
1 DELHPsDELMPsDXCRUSsFLFACsFRFUREsHEND(12)PHENDURPHMAXPsHMINPP
2 HPATHT(50)sMEND(12)PMENDURPNT(12)PPRTOTT(12)sRADIT(12)s
3 RADST1121sSFsSFCUT(12)DSMMAXPsSMMINPs
4 TNUT( 12)PVIND ( 12)DWELT ( I2)PVPATHr ( 50)PkART ) 12)PWCOMBPPWEELT(12)s
5 WFRESsWFTOTPWFTOIPWFTO2PWFTRAPPWKLAND.PXDESCRXGRLANsFWGMAXsTOLs
b kFIXEDsWGCALC o WPLswGTOsDUMY(82)PIA ( I2)sIASPIB(12)PIBREGsIENDURs
7 IMISSPIP(12)PIPHASEPIPLOTPIPRINTPIPRT(12)sIPSIZEPIPSTOIPIPST02s
8 IW(12 ) sIX(12 ) PKERRORsMILCDMPNCRUSEsNLEGCLPNLEGCRPNLEGLOsNMISSs
9 NPATHPIDUMY(b)
DATA CLIMI4HCLIM/
DATA CRU114HCRUI/
DATA ACCE14HACCEI
DATA COMB 14HCOMBI
DATA LOIT/4HLOIT/
DATA DESC/4HDESC/
DATA PATH14HPATHI

C SET ULTLF SO AS TO MAINTAIN RATIO BETWEEN ULTLF AND DESLF
20	 ULTLF*SF*DESLF
C	 SET WEAPONSs BOMBSP AMMOs AND TANKS DROP INDICATORS To I*
C	 THIS WILL CAUSE HERO TO CALCULATE DRAG INCREMENTS
C	 FOR WEAPONSs BRMBSm AND TANKS UNTIL SAME TRAJECTORY PHASE
C	 SETS THEM Tit ZERO: IF THE AMMO INDICATOR IS CHANGED
C	 TO ZERO BY SOME TRAJECTORY PHASEs THIS BILL AFFECT
C	 THE CALCULATION OF WFL^SED*

IWSUI
IB5 n 1
IASwl
ITS=l

C SET SUM OF HORIZONfkL Di§TANCES COVERED DURING CLIMB AHD
C ACCELERATION PHASES TO ZERO AT BEGINNING OF MISSION * NEW VALUE
C WILL BE CALCULATED IN EACH CLIMB AND ACCELERATION PHASE AND
C WILL BE SET BACK TO ZERO AT END OF EACH CRUISE PHASE*

OXCRUS=0*0
C SET BLOCK TIME AMD BLOCK RANGE TO ZERO SO THAT THEY CAN BE
C ACCUMULATED IN EACH PHASE.

BLTIME*0&0
BLRANGw0m0
CALL TAKEOF( ICALCsNERRORPIGEOPKGPRNT)
IF (NERROR.GE * 2) GO TO 160
IF (W * LTeWPL) GO TO 130

C-----PERFORM ALL PHASES OF MISSION IN THE ORDER THEY WERE READ IN*
DO 120 IPHASE =1PNPHASE
IF (PNAMEI(IPHASE).ER.CLIM) GO TO 40
IF (PNAi4EI(IPHASE) * EQ * CRUI) GO TO 50

28	 -

r
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IF (PNAMEI ( IPHASE ) oEQ.ACCE) GO TO 60
IF (PNAMEI ( IPHASE ) oEQ.COMB) GO TO 70

60 IF	 ( PNAME1 ( IPHASE) . EQ.LOIT)	 GO TO 80
IF	 (PNAMEI ( IPHASE) . EQ.DESC)	 GO TO 90
IF	 (PNAMEI ( IPHASE) . EQ.PATH)	 GO	 T12 , 100
kRITE	 (6,601)	 IPHASE

601 F ORMAT(/47H	 TRAJECTORY -..INPUTUNDEFINED- USES NAME FOR PHASEs13/)
65 GO TO 160

40 CALL CLIMB(ICALCsNERRQRsIGEOAKGPRNT)
Gtr TO 110

50 CALL CRUISE (ICALC,NERROR,IGEO,KGPRNT)
GO TO 110

7C 60 CALL ACCEL(ICALC i NERRORpIGEU^ KGPRNT)
Gl1 TO 110

70 CALL COMBAT(ICALC,NERR(3Rp.IGEOt.KGPRNT)
GO TO 110

80 CALL LOITER (ICALC l NE .RRORrIGEOy KGPRNT)
75 GO TO 110

90 CALL DESCNT,,(ICALCs . Nj R RQR,_ IGEOlFtGPRNT)
GO TO 110

100 CALL PATHS(ICALC,NERROR,IGEGj KGPRNT)
11C IF	 (NERROR.GE.2)	 GO TO 160

so IF	 (W.LT.WPL)	 GO -TO 130	 .
120 CONTINUE
C-----COMPUTE USEDs	 RES.ER- Es- T DTA)..F—AND-INTERNAL FUEL- WEIG)-HTo
130 WFUSED-WGTO-W

IF	 (IkS.EQ.0)	 WFUSED=WFUSED-WMISS
85 IF	 (IBS.EQ.0)	 WFUSED-WFUSED-WBOMBS

IF	 (IAS.EQ.0)	 WFUSED*WFUSED-WAMMUN
IF	 (ITS.EQ,C)	 WFUSED*WFUSED-WETANK
WFUSED*WKFUFL*WFUSED
WFRES*WFUSEDI(1.-FRFURE)^-WFUSED

90 WFTLTusiFUSEC+WFRES+WFTRAP
WFUEL*WFTOT-WFEXT
IF	 (WoGEo WPL) 	 GO TO 140
IF	 (KERRURoEO.2)	 WRITE	 (6,602)

602 FORMAT(/37H FUEL WEIGHT	 EXCEEDS	 AVAILABLE WEIGHT /)
95 WFUEL-WGTO-WPL

GO TO 160
C-----CALCULATE LANDING FIELD LENGTH.
14C RHO-900236

IAG-12
lOC CALL TRAJ01(2)

CALL AERO(ICALC,NERROR^IGEO,KGPRNT) f)R^G.
IF	 (NERRaR,GE.2)	 GO TO

OP 

p
^^^	

I$
CALL TRAJOIVvKLAND*WFUSED60 QUALI

105 VSTALL-SQRT(29*WLAND/(SWING*CL*RHO))
VSCREN - 1.3*VSTALL
VTDOWN*1.15*V STALL
XAIR-(( VSCREN**2-VTDOWN**2)164.4+50.)*RLD
XGRLAN=VTODWN**Z/(64.4*DECEL)

1lC FLLAND-(XAIR+XGRLAN)/FLFAC
C-----CALCULATE ENDURANCE ALTITUDE AND TIME.

• SMN-MENDUR
CALL GOLDEN(2300.,55006.,2,12,XX,Y,NERROR,IGEOPI(GPRNT)
IF	 (NERRORoGto2)	 GO TO 160

29
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115	 HENDUR=XX
TENDUR-Y*ALOG(WGTOI(WGTO—WFUSED)1

C-----CUMPUTE GROSS WEIGHT.
WGCALC-4FIXED+WPL+WFTOT
IF (IPRINT.EQ,O) Gq TO 160

12C	 WRITE {6:603} WGTOpwFUSEO,WFRES,WFTDT,kFUkLRWPL.$W,
1 wLAND, XGRLANPFLLANDsHEt1DUR ,TENUURowGCALC

603	 FORMATI///7X,7HLANDING///3X,6HWGT0 - E14.7,1Xp8HWFUSED -E14.7,
1 2X,7HWFRE5 -E14.7,2X,7HWFT0T -E14.7r2X,7HWFUEL -E14.71
2 4X,5HWPL -E14.7 p 6X,3HW -El4.7 p 2Xp7HwLAND -E14.7,

125	 3 1X,SHXGRLAN -E14.7 p 1X,8HFLLAND =E14.7/1Xs8HHENDUR -E14.7p
4 1X,8HTENDUR -E14.7,1Xr8HWGCALC =E14.711

160	 RETURN
EhD

30

r
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^.	 SU.BROUTINE TAK.EOF	 76176	 OPT*2	 FTN 4, 5+410

I SUBROUTINE TAKEOF ( ICALCPNERRORPIGEOPKGPRNTI
COMMON / TRAJCM / 	ALPHAPARWPCDPCDLPCD q PCLPDESLFPDRAGPENPHNPKPP
1 RLOPSMNPQMAXPRANGEPSFCPSWINGPTHRUSTPTWoULTLFPWPWAMMUNPWETANKP
2	 WFUELPWGTOWTPWMISSPWTOTPWPLWTPMSTART ( 12)PHSTART ( 12)PTIMil2)P

5 3	 PS1GT(i2)PTDOTST ( 12)PNZST ( 12)PPSIT ( I2)PTDOTITEIZ)PNZIT(12)P
4 WBOMBSPWFEXTPSFCUsTHRSTUPCDINSPPP R TOTPWKFUELPCRMACHPFLTOPX(IZIP
5 FLLANDPTENDURPBLRANGPBLTIMEPTIMTOIPTIMTOZPWFTOPPNAMEI(12) P

6	 PNAME2(lZ)sSMNT(12)PHNT(12)PWFT(12)PTIMET(12)PXI(IZIPCLT(12)P
7 CDT(12)PALPHAT(12),CLIT(12)PCDIT(12)PALPHIT(12)2WFUSEDPWLANDP

10 S	 OT(12)PRLDT(12)PSFCT(12)PTNT(12)PCET(1Z)PDY(1S)o
9	 IAOPIPSP1TSPIWSPIBSPNPHASE,#IDY(14)
CO!MUN	 /TRAJEX/	 ALPIGT(I2)PCDINST(12)PCDIGT(12)PCLIGT(12)PDECELP
1 DELHP>DELMPPDXCRUSPFLFACPFRFUREPriEND(12)PHENDURPHMAXPPHMINPP
2 HPATHT(50)PMEND(12)PMENDURPNT(12)PPRTOTT(12iPRADIT(12)P

15 3	 RAOST(12)PSFPSFCUT(12)PSMMAXPPSMMINPP
4	 TNUT(12)PVIND(12)PVELT(12)PVPATHT(50)PWARi(12)PWCOMSPPWEELT(12)s
5 6FRES)WFTOTPWFT01PWFT02PWFTRAPPWKLANDPXUESCPXGRLA14PFWGMAXPTOLP
6 WFIXEOYwGCALCPWPLPWGT qPDUMY(B2)PIA(12)PIASelB(12}PIBREGPIENDURP
7	 IMISSPIP(y2)PIPHASEPIPLOTPIPRINTPIPRT(12)PIPSIZEPIPSTOIPIPSTO2P

2C 8	 IW(12)PIX(121PKERRORPMILCOMPNCRUSEP1iLEGCLPNLEGCRPNLEGLOPNKISSP
9	 NPATHPIDUHY(b)
DIMENSIUN ANS(4)

C-----CALL PROP TO SIZE ENGINE.
IPS-IPSIZE

Z5 H14-0.
SMN-U.
CALL TRAJ01Q)
CALL PR0P(lCALCPNERRORPIGEOPKGPRNT)
IF	 (NERROR.GE * 2)	 RETURN

30 CALL TRAJ01(1)
C-----CALCULATE STARTUP AND TAXI FUEL USED*

IPS-IP STOI
CALL TRAJ0I(2)
CALL PRUP ( lCALCPNERRORPIGEOPKGPRNT)

35 IF	 ( NERRORQGE . 2)	 RETURN
CALL TRAJ01(l)
TN nTHRUST*EN
WFTO1-.Olb7*TIMTOI*SFC*TI(

C-----BEGIN FIELD LENGTH CALCULATION.
40 HNTO - HSTART(1)

HN*HNTO
CALL AT62(HNPANS)
RHO-ANS(l)
A-ANS(4)

45 C-----GUESS STALLING MACH NUMBER*
SMN-*25
IAD-14
CALL TRAJ01(2)
CALL AEKO ( ICALC:NERRORPIGEOPKGPRNT)

5C IF	 (N£RROR.GE.Z)	 RETURN
CALL TRAJ0I(1)
CLS-CL

r C-----CALCULATE STALLING SPEED,
VS-SQRT(2.*WGTOI(RHO*CLS*SWING))

55 V2-1.2'*VS
SMN2-V2/A
SMN*SMN2

31
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CALL TRAJ01(2)
CALL AERO ( ICALCENERRORf IGEOfKGPRNT)

6C IF (NERROR.GE.2)	 RETURN
CALL TRAJ01(1)
CL2 nCL

C-----FIND THRUST AT END OF TA' ( EOFF.
IPS n IPSTO2

65 CALL TRAJDI(2)
CALL	 PROP ( 1CALCENERR 0 RsIGEOfKGPRNT)
IF	 (NERROR . GE.2l	 RETURN
CALL TRAJOI(1)
TNwTHRUST*EN

70 TN2-TN
SFC2-SFC -

C-----FIND STATIC THRUST.
S MN-0.
CALL TRAJOI(Z)

75 CALL PROP ( ICALCPNERRORfI4E0jKGPRNT)
IF	 (NERROR . GE.2)	 RETURN __
CALL TRAJ01(1)
TN=THRUST*EN
TNO=TN

80 SFCO-SFC
C-----CALCULATE AVERAGE THRUST AND SFC DURING TAKEOFF.

TNAVE-.5*(TN0+TN2)
SFCAVE-.5*(SFCO+SFC2)

C-----CALCULATE TAKEOFF FIELD LENGTH REQUIRED.
85 IF	 (MILCOM.EQ.0)	 TOOBHT=50.0

IF	 (MILCOM.NE.OI	 TOOBHT=35.0
FLTO - 2.1U*(.374 * TOOBHT +. 01163 *WGTO/(RHO*CL2*SWING))*

1	 (2.7+1.0/(TNAVE/WGTO-.04))+32.0/.SQRT(RHO)
C-----CALCULATE TAKEOFF 	 FUEL USED.

90 IF	 (TIMTO2.LT.0.0)	 GO TO 10
IF	 (TIM TOE.EQ.0.0)	 GO	 TO	 20
HN-0.
IPS-IPSTU2
CALL TRAJ01(2)

95 CALL	 PROP(ICALCENERRORPIGEOfKGPRNT)
IF	 (NERROR.GE.2)	 RETURN
CALL TRAJOI(1)
TN=THRUST*EN
WFT02=.0167*TIMT02*SFC*TN

lOC GO TO 30
10	 WFT02-TNAVE*SFC*FLTO/(1800.*V2)

GO TO 30
20	 WFT02-0.0
C-----CALCULATE TOTAL FUEL USED FOR STARTUPP 	 TAXIf	 AND TAKEOFF.

105 30	 WFTO-WFTOI+WFTOZ
W-WGTO-WFTO
IF	 (IPRINT . EQ.0)	 RETURN
WRITE	 (6f 600)	 WGT02WFTOIPWFTOZPWFTOPWiPHNTOfCLSPVSPV2sSMNZfCL2f

1 TN27SFC2 , TNOfSFCOpTNAVEsSFCAVE,FLTO
110 600	 FORMAT ( 1H1f6Xf7HTAKEOFF // 13Xf6HWGTO	 =E14.7f2X,7HWFTOI - E14.7f	 ^

1	 2Xf7HWFT02 =E14.7s3Xf6HWFT0 =E14.7f6Xf3HW n E14.71
2 3X f 6HHNT q -E14.7p4Xf5HCLS -E14 * 7R5Xp4HVS -El4s7t5Xf4HV2 -E14.7f
3 3X f 6HSMN2 =E14.7/4Xs5HCL2 =E14.7f4Xf5HTN2 -E14.7f
4 3Xf6HSFCZ -E14.7s4Xf5HTN0 -E14.7f3Xf6HSFCO -E14.7/

115 5 2Xa7HTNAVE - E14.7f1Xf8HSFCAVE	 - E14.7f3Xf6HFLT O -E14.711
RETURN
END

32
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•	 SUBROUTINE CL-I13-B	 76176	 OPT-2	 FTN 4.5¢410

1 SUBROUTINE CLIMB( ICALCsNERRORsIGEOsKGPRNT)
REAL MSTARTsMEND
COMMON /TRAJCMI	 ALPHAsARWPCDsCDLsCDOsCLPUESLFADRAGPENsHNsKPo
1 RLDsSMNsQMAXsRANGEsSFCsSWINGsTHRUSTsTWsULTLFsWsWAMMUNsWETANKs

5 2 WFUELsWGTOWTPWMISSFWTOTPWPLWT.*MSTART ( 12)sHSTART ( 12)sTIM(12)s
3	 PSIGT(12)sTDOTST(12)sNZST(12)sPSIT(12)sTDOTIT(12)sNZIT(12)s
4 WBOMBSPWFEXTsvFCUsTHRSTUsCDINSPsPRTOTsWKFU£LsCRMACHsFLTOsX(i2}p
5 FLLANDPTENDURPSLRANGsBLTIMEsTIMT01PTIMTUZAWFTOsPNAMEI(12)s
6 PNAMEZ(12)sSKNT(121sHNT( 12)PWFT ( 12)PTIMET ( 12)PXT ( 12)sCLT(12 )s

10 7 CDTt121sALPHAT(12)sCLIT(12)sCDIT(12)PALPHIT(12)sWFUSEDPWLANDs
B	 QT(12)PRLDT(12)sSFCT(12)PTNT(12)PCET(12)sDY(16)s
9	 IADtIPSsITSoIWSsIBSsNPHASEsIDY(14)
COMMON / TRAJEX/	 ALPIGT(12)aCDINST(12)sCD1GTtl2 ) sCL1GT ( 12)sDECELs

1 DELHPsDELMPsDXCRUSsFLFACsFRFUREsHEND(12)sHENDURPHMAXPsHMINPs
15 2 HPATHT(501s MEND ( 12) sMEMDURsNT ( 121sPRTOTT ( 12)sRADIT(12)s

3 RADST ( 12)sSFsSFCUT ( 12)sSMMAXPsSMMINPs
4 THUT(12)sVIND ( 12)sVELT ( 12)sVPATHT ( 50)sWART(12)PWCOMBPsWEELT(12)s
5 WFRESsWFTOTPWFTOIPWFTCZwWFTRAPswKLANDiXDESCPXGRLANsFWGMAX #TOLs
6 WFIXEDPQGCALCPWPLsWGTOPDUMY.(82)s LA C IZ)sIASsIB(12)sIBREGsIENDURv

Z 7	 IMISSPIP t 121sIPHASEsIPLOTsIPRINT , IPRT(l2)sIPSIZEsIPST01sIPSTOZs
8 IW(12)sIX(12 ) sKERRORsNILCOMsNCRUSEsNLEGCLsNLEGCRsNLEGLOtHMISSs
9 NPATH,IDUMY(6)
DIMENSION ANS(4)
IF	 (lPRT ( IPHASE) 9 NE.01	 WRITE	 ( 6s600)

25 600	 FORMAT111/16H	 CLIMB_PH_ASE/I)
C------FIX STARTING ALTITUDE

IF	 (HSTART ( IPHASE)oGE.0 . 01	 HNIIT - HSTART ( IPHASE)
IF (HST ART ( IPHASE) . LT.O,O)	 HNIN T-HNT ( IPHASE — 1)

C------FIX ENDING ALTITUDE
3C HNFIN -HEND ( IPHASE)

IF	 ((IBREG . EQ@0)90Ro ( HEND { IPHASE).GT.0.0))	 GO	 TO	 40
SMN-MEND ( IPHASE)
CALL GOLDEN( 2000 . a60000omis12YXXPYPNERRORsIGEOsKGPRNT)
IF	 (NERROR . GEo21	 RETURN

35 HNFIN-XX'
40	 SMN-MSTART ( IPHASE)

IF	 (MSTART ( I PHASE I . LT.0.0)	 SMN- SMNT(IPHASE-1)
IF	 (HNFINoLT . 80000.)	 GO TO 43
NLEGSx20

4C GO TO 45
43	 NLEGS=20.*ALOG((4000.—.05*HNINT)/(41000,—.05*HNFIN))+.5

IF	 (NLEGSoLTo3)	 NLEGS-3
IF (NLEGSoGT.20)	 NLEGS=20

45	 IF	 (NLEGCL . GT.0)	 NLEGS -NLEGCL
45 NLEGSI=NLEGS+1

B1=HNFIN-- HNINT
B2=1.718282 / FLOAT ( NLEGS)
IF	 (Bl.GT.L.0)	 GO TO	 50
SMNT € IPHASE)=SMN

5C HNT ( IPHASE)-HNFIN
CLT(IPHASE)= Oo 0
ALPHAT ( IPHASE)=OoO
NFT(IPHASE)=Co0
TIMET(IPHASE)=0.0

55 SFCT(IPHASE)uO.0
TNT(IPHASE)-Q.O
CDT(IPHASE)=0.0

33

.;y

(

}
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._x

1^
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RLDTIIPHASE)=D.0
f

60
WEELT ( IPHASE);w
WART ( IPHASE) = .Q

' RETURN
' 50 HhaHNINT

TIME-0*0
WFUO.O

65 XCLIMB-0.0
VINDFS= 3.0
IPS=IP ( IPHASE) =`'
IAO-B
IF	 (VIND(IPHASE).LE.Oe)	 GO	 TO	 60

70 C----- INITIALIZE CONDITIONS FOR CONSTANT INDICATED AIRSPEED CLIMB.
IF	 (IPRT ( IPHASE) . NE.0)	 WRITE	 ( 6P601)

602 FORMAT( / 34H CONSTANT	 INDICATED AIRSPEED CLIMB/!) )
IF	 (MSTART ( IPHASE) . GE.O.)	 VINDFS=1.689 *V1ND(IPHASE)
IF	 (MSTART ( IPHASE).LT,O.)	 VINDFS - VELT(IPHASE-11

75 CALL AT62(HNs ANS)
RHOP=ANS{1}
CL-2.*W /(. 002378 *VINOFS ** Z*SWING)
CALL TRAJ01(2)
CALL AERO(ICALCPNERRORPIGEOJKGPRNT)

8C IF	 ( NERIZOR . GE.2)	 RETURN
CALL TRAJOI{1} +^
CALL TRAJOI(2)

'

CALL	 PROP(ICALCpNERRORiIGEOvKGPRNT)
IF	 (NERROR.GE * 2)	 RETURN

85 CALL TRAJ01(1) *`.
TN=THRUST*Eh f	 T
TNU-THRSSU*EN tt

60 IF	 IIPRT ( IPHASE) . E4.0) GO TO	 70 ► [,a

WRITE	 ( 6x602)	 WrHNINTsHNFINPSMKsHN '-
9C 60Z FORMAT( / 6Xp3HW -E14.7 , 2X,7HHNI N T n E14 . 7 p 2X p 7Hr !NFIN -E14.7p

a

1 4X p 5HSMN -E14.7PSXs4HHN =E14.7/) t,.

70 DO 140 LEG-I,NLEGSI

`t IF	 (LEG.LT.NLEGSI)	 GO TO 80
IF	 (IBREG * ER_60.GR.HEND ( IPHASE) . GT * 0.)	 GO TO 140

95 HNl-HN
_;. CL1 -CL

AL1'HAl=ALPHA
SFC1=SFC	 _ --
TNI- TN

100 C01=CD
"i

_	 —
WTOTI-WTOT	 -
HLOW=HN1

=y
,,

^. HHIGH=HN1+3000.
SMNSAV-SMN

105 SMR-AM1N1 ( 5MNrMEND ( IPHASE))
CALL GOLDEN(HLOWsHHIGHPIP BsXXsYsNERRORsIGEOsKGPRNT)
SMN=SMNSAV
HNFIN = XX !z

DELH -HNFIN—HN1
110 HN-HNl

_ CL=CL1	
- {

ALPHA -ALPHAI
SFCxSFCl

.

Tit-TNI

-	 34.. F

f:

!1

t
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'j 115	 CD-CDI
WTGTxWTOTI
IF	 (NERROR . LT * 2 * AND * DEL.H@GT . 0 * 005*HN)	 GO TO	 81 y

.' 4	 NERRGR-0
GO TO 140

12C	 80	 UELH - BI*ALOG( ( 1*+FLOAT ( LEG)*BFI /( I.+FLOAT ( LEG-1)*B2))
81	 IF	 (VINDFS * GT.O * )	 GO	 TO 120

CALL AT62(HNxANS)
RHO = ANS (1)

A-ANS(4)
125	 IF	 (LEG * EQ * 1)	 VEL-SMN*A

;. IF	 (LEG.GT.1)	 SMN-VEL/A
,... IF	 (SMN.LT.C.0)	 NERROR-2

IF	 (SMN * LT * C.4)	 WRITE	 (6x610)	 IPHASEPLEG
610	 FORMAT(//1I/34H *****FATAL ERROR IN CLIMB• 	 PHASE-xI2x7H	 LEG-xIZ/

13C	 1 27H *****NEGATIVE MACH NUMBER911/1/)
IF	 (SMN.LT.C.0)	 RETURN
Q-.5*RHU * VEL**2 #`Y
QS-Q*SWING	

^»	

_ 3

s CALL TRAJ31(2)
135	 CALL PROP(ICALCsNERRGRxIGEOxKGPRNT)

IF	 (NERROR.GE .2)	 RETURN
CALL	 TRAJ41(1)
TN-THRUST*EN

:..

TNU-THRUSU*EN
o

14C	 IF	 (TN/W * LT.1.5)	 GO TO 90 ;.`..
C-----EXECUTE FOLLOWING SECTION ONLY IF TN IW 	 * GE.	 1.5r.` SING-1.0

IAO-0

CALL TRAJJI(Z)
145	 CALL AERO(ICALCPNERRORxIGEOxKGPRNT) I

IF	 (NERRORm GE.2)	 RETURN
CALL	 TRAJ01(1)
CD-CDO
GO TO 100 ._4..

15C	 C---•-- EXECUTE	 FOLLOWING SECTION ONLY	 IF TN / W	 .LT.	 1.5
90	 CL=(w/QS)*SQRT(2.—.444*(TN/W)**2)

=' CALL TRAJ01(2)
CALL	 AERO(ICALCYNERRORxIGEOPKGPRNT) z

155	 IF	 (NERRGR.GE.2)	 RETURN
CALL TRAJ01(1)
CL-CL—TN*SIN(ALPHA157.3)/QS

:i.; CALL	 TRAJJI(2)
CALL AERO(ICALCxNERRORxIGEOPKGPRNT)

16C	 IF	 (NERROR * GE.2)	 RETURN
:,. CALL	 TRAJ01(1)

ElSAX-.5*SQRT(CL**2/(CDO*(CD—CDUI))
Al-TN*EMAXIW
A2-SQRT(A1**2+3*)

j ; 165	 SING-.8333*TN/W—.167*A2/EMAX-1.5/(EMAX*(Al+A2))
•:a,. IF(SING.LE4,O)	 SING-0*0

¢ IF(SING.LE.0.0)	 GO	 TO	 110
COSG-SQRT(I.0—SING**Z}

1C0	 DELT-DELH/(VEL*SING)
# 17C	 IF	 (DLLT.GT.D * Q)	 GO TO	 110

NERROR-2s

35 E

s
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SUBROUTINE CLI1:B	 7b176	 OPT-2
	

FTN 4.5+410	 0

kPITE (6,603) IPHASE9LEG
603	 FORMAT4111/134H *****FATAL 'ERROR IN CLIMB. PHASE-,I2a7H	 LEG=,IZ1

126H *****NEGATIVE DELTA TIME*/////)
175	 RETURN

110	 DVDT=32.2*(IN-CD*QS-W*SING)/W
IF (D.VDT.LT.O.) SING=AMAX1(0.s(TN-CD*QS)/W)
IF (SINr.LE * 0.1 DVDT=32.2*(TN-CD*QS)/W
DRAG=CD*QS - - -° __ _.

L80	 IF(SING*LE*0.0) DELT-60.0
DELV=DVDT*DELT
IF(SING.LE.0.0) COSG-1#0
IF(SING-LE.G.0) DELH*0.0
DELX=V£L*DELT*CDSG/6080.

185	
VEL-VEL+DELL ...`.___ _.___.. _-•--

DELWF=TN*SFC*DELT13600.
C-----TIME TO CLIMB

TIME=TIME+DELT/60.
C----FUEL USED DURING CLIMB

L90	 WF-WF+D_ELWF
C------GROUND DISTANCE COVERED DURING CLIMB

XCLIMB-XCLIMB+DELX
HN-HN+DELH

	 --	 -------__	 _.

"W-DELWF
195	 IF (W.GT.WPL)^GO TO 115T
^.__..._._...	 _ IE. (KERROR.EQ.2)_ WF2 3E 0605) iPHA5E9zE^^.,,.

605	 FORMAT(/126H W.LEoUPL IN CLIMB. PHASE-sl2s7H	
LEG=s_Z.ZI).._.-

RETURN
115	 IF (IPRT(IPHASE)eEQ.0) GO TO 140

i00	 WRITE	 LEGt5MNpHNv 	 EMAX,AI,
1 A2,SING,CII5G,DLLTaDVDTsDELVs DEL XsDELWFvWyWFsTIME,XCLIMB

_-_	 606M_FORMAT( /4XPSHLEG -I2/ 4Xv- 5N- SMN j& E14 * 7a5Xr4HHN xE14e7.*4Xv
1 5HRHO =E14.7a6Xs3HA uE14.7s4Xs5HVEL -El4.714X,5HSFC -E14.7s5X,

_2_4HTN = E14.7s2Xi7HALPHA -+E14 * 7, 5X,4HCL =E14 * 7p4X,5HCDO -E14. 7 15Xs..
:05	 3 4HCD -E14.7,3Xs6HEMA7S = E1.4.7s5Xa4HA1 -4. 	 =E1-F.7s3X,

4 6HSING -E k4 ._7/3_Xa6HC_DSG - E 14 * 7,3Xo6HDELT -E14_.7s3Xs6HDVDT -E14070
5 3Xa6HDELV =E 14.7,3Xs6HDELX -s7/? 	 =E14.7s6X93HW =,
6 E14 * 795X, 4HWF- =E14.7s3Xs6HT IME -E14, 7PgAs7HXCLIMBREZ4.71)

GO TO 140
'-10	 C------------------_------------_	 ----------

C	 START OF CONSTANT INDICATED AIRSPEED SECTION
C--^--	 ---- ---- -------------
120	 HN-HN+DELH

	 ._.. 	 _.. .._--

__	 C ALL_ AT62( HNaANS)
5'	 -- _	 .--_--	 RHD II ANS (1)	 --•- •- —	 - - — - ---	 .. _. -------	 -

A=ANS(4)
Cl-.5*(RHO+RHOP)	

^_-

C2=SQRT(C1)C3=20.51*C2`^..—__.	 _...._. -----	 -	 •---	 .. ...

12C	 C4-C1*CZ
C 5= 32. Z*C3*OEL HIVINDFS-.02438*V INOFS*( RHO-RiioP) IC4
C6-32.2*(TN/W-.001189*VINDFS**2*CD*SWING/W)DELT-05106-- __- --- --	 --	 - -	 - - - -- -

IF (DELT * GT.D.0) GO TO 123
23	 NERROR-2	 -	 -

WRITE (6960 7) IPHASEPLEGsDELHsVINDFSsRHDPRHOPATN,*WaCD9SWINGsDELTs
. -	 _ ]. C1,C2aC3,Cst,C5aC6  .—_._.._ ....__._

	 _._.	 -_. ^_-

607	 FORMAT(1111/34H *****FATAL ERROR IN CLIMB * PHASE-sI2r7H	 LEG=,I2/

36
ll^^^ta^^w:a^'s."^r7rxa►k^3.^2s.^s:k^k`s'^.^.^,^'b.x.'s'^,1E.^D'•4rk^^^1^T 7^X.11w"L.^1.'i^.k^1k ^^^11$^7I..^ iC'1o^8.:^.H^ 8̀.3 ^.1, ^ A g L t ; ^ : t
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230

235

240

245

25C

260

265

270

275

28C

285

SUBROUTINE CLIMB
	

76176	 UPTx 2
	

FTN 4.5+413
	

0

140H *****NEGATIVE DELTA TIME IN VIND CLIM3,/5Xs5HDELH6sE12.5i2X:
2 7HVINDFS x sE12 . 5s2Xp4HRHOR P E12.515XaSHRHOP=r£12 . 5p2Xr3HTNupEl2.5p
3 2Xs2HW-sE12.515Xs3HCD-sE12o5s2X#6HSWING-,FE12.5s2Xs5HDELT;sEl2.5/
4 5Xi5HC1—C 6lEl3 . 5/E13 ..5/El3 .5/E13 9 5IE13 . 5/Ei3 . 5/////1
RETURN

125	 TIME-TIME+DELI/609
VEL-ViNOFSISQRT(RHO/.002378)
SMN-VEL/A
IF (SMN . LT.O.a) NERRORx2
IF (SMN . LT90.13) WRITE ( 6#613) IPF1ASEsLEG
IF (SMN . LTo0 . 0) RETURN
SING -DELHl(VEL*DELT)
IF (SING.GT.l.) $ING-1.0
COSGmSQRT(1.WSING**2)

XCLIMB=XCL IMB+D
^ QB° • - --- -	 PAGE,

	

EL
x	 GR OIN	 E IS

C AL L T R A J 01(2 )	 OF POOR QUALITY
CALL PROP( ICALC#NERRORsIGEOsKGPRNT)
IF (NERROR.GE.2_)_Rkl!RN
CALL TRAJ0I(1)
TN-THRUST*EN
TNU-THRSTU*EN
DELWF-TN*SFC*DELT/3600a
WF-WF+DELWF
W-W—DELWF
IF (W=GT.WPLI GO TO 130_
IF (KERROR.EQ.2) WRITE (6,605) IPHASEsLEG
RETURN

130	 C7.1.—(DELHI(VINDFS*DELT*C3)1**2
IF (C7.LT.0.) C7x0.0
CL-2.*U*SQRIIC7)/(.002378*VINDFS**2*SWING)
IAO-8
CALL TRAJ01(2)
CALL AEROiICALCsNERRORsIGEOsKGPRNT)
IF (NERROR.GE.2) RETURN
CALL TRAJ01(1)
RHOPxRHO
IF (IPRT(IPHASE).EQ.0) GO TO 140
WRITE (6s608) LEGPVINDFSsSHNiHNsDELTsDELXsC6sVELaDELWFsW#TNsCL$CD

606	 FORMAT(/4Xs5HLEG -I2/
1 IXA8HVINDFS x E14.7s4Xs5HSHN u El4.7s5Xs4HHN - E14.7s
2 3Xr6HDELT -E14.7#3Xs6HDELX n El4.715Xs4HC6 - E14-7s
3 4Xs5HVEL m El 4.7s2Xs7HDELWF # i4.7s6Xs3hW xE14.7!
4 5Xs4HTN -E14.715Xs4HCL m E14.7a5Xs4HCD -E14.71)

C-------r------------------------------------------------
C	 END OF CONSTANT INDICATED AIRSPEED SECTION
C—.. -------w-----------a-------------------------
14C	 CONTINUE

CALL AT62(HNsANS)
A-ANS(4)
SMN-VELIA
RHO*ANS(1)
Q-.5*RHO*VEL**2
DXCRUS-OXCRUS+XCLIMB*FLOAT(IX(IPHASE))
BLTIME-BLTI14E+TIfiEl60.

BLRANG%8LRANG+XCLIMB
C-----TEST FOR WEAPONS DROP

37

u



SUBROUTINE CLIMB	 76/7r	 OPT-2
	

FTN 4.5+410	 05

IF	 (Iw(IPHASE).EQ.o)	 GO	 TO	 150
W=W—WMISS
Iw5=U

C-----TEST FOR BO INBS DROP
!90 150 IF	 (I8(IPHASE)oEQ.0)	 GO	 TO	 160

Wow—wBOMBS
IBS-O

C-----TEST F03 AMhG DROP
160 IF	 (IAt1PHASE).EQ:0)	 GO	 TO	 170

?95 w-W—wAMMUN
IAS-0

170 IF	 (IPRT(IPhASE).EU.0)	 GO	 TO	 1BO
WRITE	 169609)	 SMN,HNpVELPXCLIMtl,DXCRUS,TIME,WF,W

609 FOkMAT1/4X,5HSMN -E14.7,5X,4HHN	 -E14.7,4X,5HVEL	 OE14.7,
30C 1	 1X,BHXCLIhB	 =E14.7,ZX p 8HDXCRUS	 -E14.7/3X,6HTIME	 - E14,7r

2	 5X,4HWF	 m E14.7,6X,3HW	 -E14.7/)
160 SMNT(IPHASE)-SMN

HNI(IPHASE)=HN
CLT(IPHASE)=CL

305 ALPHAT(IPHASEI=ALPHA
WFT(IPHASE) n wr
TIMET(IPHASE)-TIME
VELT(IPHASE)=VEL
SFCT(IPHASE)=SFC

31Q TMT(1PHASE)-TN
CDT(IPHASE)-CD
RLDT(IPHASE)-RLD
WEELT(IPHASE)uW
WART(IPHASE)-WTOT

315 QT(lPHASE)aQ
SFCUTtIPHASE)=SFC_U___
TNUT(IPHASE)=TNU
CDINST(IPHASE)oCOINSP
PkTOTT(IPHASL)-PRTOT
XT(IPHASE)=XCLIMB
RETURN
END



SUBROUTINE CRUISE	 76/76	 OPT-2	 FTN 4.5+410	 0

I

Y

5

10

15

20

25

30

35

40

43

5C

55

SUBROUTINE CRUISE(ICALC,NERRI]R>IGEOsKGPRNT)
REAL MSTART
COMMON /TRAJCM/ ALPHA, ARW,CDPCDL,CDQ,CL,D ESL FsDRAG,ENaHNaKP,

1 RLDsSMN,JMAX,RANGE,SFCsSWING,TWRUSTPTWsULTLFsWsWAMMUNPWETANK.P
2 IaFUELsWGTOWT,WMISSPWTOT,WPLWTsMSTART(12),HSTART(12)sTIM(12)s
3 PSIGTI121aTDOTST(12),NZST(12)a PSI r(12),TDOTIT(12)PNZIT(12)s
4 WBOMBS ► WFEXTsSFCUsTHRSTUaCDINSP,PRTOT,WKFUELsCRMACHsFLTOaX(12)s
5 FLLAND,TENDUR,BLRANGsBLTIMEaTIMTOI,TIMTO2sWF TOP PNAMEI112)r
6 PNAME2(IZ)sSMNT(12),HNT(12)sWFT(12)sTIMET(12)sXT(12),CLT(12),
7 CDT(12)sALPHAT(12),CLIT(12)PCDIT(12),ALPHIT(12)sWFUSEDsWLANDs
8 QT(12)PRLD7( 12) sSFCT(12)PTNT(12)sCET(12)sDY(18)s
9 IAOsIPSsITSsIWS,IBSsNPHASE,IDY(14)
COMMON /TRAJEX/ ALPIGT(12),CDINST(12)sCD1GT(12)aCLIGT(12),DECEL,
1 DELHPsDELMP.PDXCRUS,FLFACtFRFUREsHENf)(12)PHENDURPHMAXP,HMINPs
2 HPATHT( 50)s MEND ( 12),MENDUR ,NT(12),PRT07T( 12)sRADIT(12)s
3 RADST(12)sSFsSFCUT(12),SMMAXPsSMMINP,
4 TNUT(12)sVIND(12),VELT(12),VPATHT(50)sWART(12)sWCOMBPsWEELT(,12),
5 WFRES ► WFTOTsWFTOIaWFTO2sWFTRAPsWKLANDsXDESC,XGRLANsFWGMAXsTOLs
6 WFIXED,WGCALCsWPLPVGTO,DUHY(82),IA(12)sIASsIB(12)sIBREG,IENDUR,
7 IMISS,IPI12),IPHASEsIPLOTsIPRINT,IPRT(12)sIPSIZE,IPSTOl,IPST02,
8 IW(12),IX(12)sKERRDRsMILCOM,NCRUSEPNLEGC1sNLEGCR,NLEGLOPNMISS,
9 NPATHsIDUMY(6)
DIMENSION ANS(4),HNTAB(10)PSHTA8(10)
DATA HNTABI0.,5000.,10000.s15ODO.,20000.a25D00.s30000*,
1 35000.s37000.a100000./
DATA SHTAB/345DQ.,329U04s31400.,3050o.s29400.s28200.,27110.,

1 25950., 2o9oo., 209($o. /
DATA DMON/0.0/
IF (IPRT(IPHASE).NE.0) WRITE ( 6s600)

600	 FORMAT(///19H	 CRUISE PHASE//)
C-----TEST FOR TANKS DROP—

IFU (IWS.^EQ00) WFUSED = WFUSED-WMISS	 ORIGIXAt
IF (ISS.EQ.0) WFUSED-WFUSED — WBDMBS	 Off` poOR QUALITY
IF (IAS.EQ.0) WFUSED n WFUSED—WAMMUN
IF (ITS.EQ.I.AND.WFUSED.GE .WFEXT) W-W—WETANK
IF (ITS.EQ.l.AND.WFUSED.GE .WFEXT) ITS=0
IP5 -IP (IPHt,SE } __ .__.

	 --	 - -- - .

SMN-MS TART( IPHASE)
HN-HSTART(IPHASE)
IF IMSTART(IPHASE).LT.O.0) SMN=SMNT(IPHASE-1)
IF (HSTART(IPHASE).LT.0.0) HN-HNT(IPHASE-1)
IF (IBREG.EQ.O.OR.HSTART(IPHASE).NE90.0) GO TO 10
CALL GOLDEN {i!000.,60(lOOealsl21XXsY,NERROR,IG EDP KGPRNT)
IF (NERROR.GE.2) RETURN
HN-XX

1G	 CALL AT62(HNaANS)
RHO-ANS(l)
A-ANS(4)
VEL-SMN*A
CL-2.*W/(RHD*SWING*VEL**2)
IAO-8
CALL TRAJ01(2)
CALL AERO(ICALC ► NERRf3R,IGEOsKGPRNT)
IF (NERROR.GE.2) RETURN
CALL TRAJOI(l)
COSA-CG3IALPHA/57x3)

39
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TIME-0.0 'F
WF=0*0

6 C IF(X(IPHASE).GE*J.)XCRUSE-X(IPHASE)+DXCRUS+XDESC*FLOAT(IX(IPHASE))
IF(X(IPHASE) * LT * U.)XCRUSE n RANGE/FLOAT(NCRUSE)+DXCRUS+ 4

1	 XDESC*FLOAT(IX(IPriASE)) { 3
IF	 (XCRUSE	 .LE.	 DXCRUS-0*0y0.)
IF	 (XCRUSE	 .LE.	 *)	 GO TO 90V

6: IF	 (X(IPHASE).LT.100.)	 NLEGS=2
IF	 ((X(IPHASE).GE.100.).AND.(X(IPHASE).LT.3UD.)) 	 NLEGS-3
IF	 ((X(IPHASE) * GE * 300.).AND * (X(IPHASE) * LT.1000,))	 NLEGS=4
IF	 ((X(IPHASE).GE * I040.).AND.(X(IPHASE).LT.300u * ))	 NLEGSx5.,
IF	 (X(IPHASE) * GE * 3000.)	 NLEGS-6

7C IF	 (NLEGCR.GT.0)	 NLEGS-NLEGCR
DELX=XCRUSE/FLOAT(NLEGS)
IF	 (IPRT(IPHASE) * EQ * 0)	 GO	 TO	 20
WRITE	 ( 6s60I)	 W,SMNsHNYRHOsAsVELsCLsALPHAsTIMEsWFsXCRUSEsDx'.RUSs

I	 DELXsIAO,IPS
75 601	 FGRMAT(16Xs3HW	 = E14.7s4Xs5HSMN	 =E14.7s5Xs4HHN	 4 E14.7s4X,'" , fl:HL? _ ='k

1	 E14.7s6Xs3HA =E14.714XP5HVEL -E14o7s5Xs4HCL 	 -E14 * 7s2Xor	 .—PHA
2	 El4.7s3Xa6HTIME -E14.7,v5Xs4HWF 	 x El4.7/1Xs8HXCRUSE	 -E14.7s;f,Xs #
3	 8HDXCRUS	 -E14.7s3X26HDELX	 -E1447s4Xs5HIAO = I2s16Xs5HIPS =I2/) 7

20	 GO 50 LEG=lsNLEGS
80 IF	 (HEND(IPHASE).EQ. — l.)	 GO	 TO 21

RHOI=RHO
RHQ2 . 2.*W/(CL*SWING*VEL**2) .°=
CALL	 TAINT ( HNTABsSHTABsHNsSHsl0slsNERRADMON) =
HN-HN+2 **SH*(RH01—RH02 )/( RH01+RH02}

8; CALL	 AT62(HN)ANS) = 3

A-ANS(4)
VEL-SMN*A

.'

i3qRHO=2.*W/(CL*SWING * VEL**2)
C=.5*RHO*VEL**2

1'9C QS-0*SWING # ',
GO TO 22

21	 HN-HSTART(IPHASE)^^^''
CALL AT62(HNsANS)
A=ANS(4)

95 KHOwANS(l)
VEL = SMN*A r.
0=.5*RHO*VEL**2 i
CS=Q*SWING
CL-W/QS

lOC 22	 CALL TRAJ0I(2)
CALL	 AERO ( 1CALCsNERRJRPIGEDPKGPRNT)
IF	 (NERROR . GE * 2)	 RETURN
CALL	 TRAJ01(1)
DRAG=CD*QS

105 CALL TRAJ JlQ)
CALL	 PROP ( ICALCsNERRORsIGEOsKGPRNT)

-'	 s
€
iIF	 (NERROR.GE * 2)	 RETURN

CALL	 TRAJOI (1) .^''
TN n THRUST*EN

110 TNU-THRUSU*EN
IF	 (ABS(DRAG/TN-1.0).LE * 0.03)	 GO TO	 30
IF	 (XERR0R . EQ.2)	 WRITE	 ( 6s602)	 IPHASEsLEGsDRAGsTN

6C2	 tQRMAT(/	 17H IN CRUISES	 PHASEsI2s5Hs	 LEG,I2s	 46Hs	 THRUST	 DOES NOT 1 '`
1	 MATCH DRAG	 WITHIN	 3	 PERCENT./7H DRAG 	 =sEl2 * 5s4Xs4HTN 19 sE12* 51) I

40
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051

15 30	 DELWF-.8444*W*SFC *CD*DELX * SQRT ( 2-*RHO *SWING /( CL*W)) / COSA
C-----FUEL. USED DURING CRUISE

WF-WF+DELWF
DELTx6080- * DELX/VEL

C-----CRUISING TIME TO TARGET
20 TIME nTIME + DELT/60.

h-W—DELWF
C-----TEST FOR TANKS DROP

WFUSEDxWGTO—W
IF	 (IWS - EQ.0)	 WFUSEDxWFUSED—WMISS

25 IF	 ( IRS.EQ , C)	 WFUSEDxWFUSED —WBOMBS
IF (IAS.EQ,G)	 WFUSED - WFUSED—WAMMUN
IF	 (ITS . EQ.l.AND . WFUSED . GE .WFEXT)	 W-W—WETANK
IF	 (ITS . EQ.l.AND . WFUSED . GE .WFEXT)	 ITS-Cl
IF	 (IPRT ( IPHAS£) . EQ.0)	 GO	 TO 40

30 WRITE	 (b,603)	 LEG,RHQI,RHO2,SH,HN,A,VEL,RHO t UPQS,CDsDRAG , TN,SFC,
1	 DELWF,WF,DLL	 ,^TIME,W

603	 F1JRMAT(/4Xs5HLEG - T-2/3X,6HRHOl	 -E14.7,3Xs6HRHOZ	 -E14.7s5X,4HSH n
I E14.7,5X,4HHN -EI4.7,69:3HA -E14.7/4X,5HVEL x E14.7,4Xs5HRHO -
2 E14.7,6Xs3HQ x E14.7,5X,4HQ3 n E14.7 i 5X,4HCD -E14.7/3X,6HDRAG n

35 3 E14.7,5Xs4HTN -E14.7s4X,5HSFC 	 -E34.7s2X,7HDELWF -EI4.7,5Xs4HWF 	 n
4	 E14.7/3Xs6HDELT -E14.7s3X,6HTIME -El4.7sbX,3HW -E14.7/)

40	 IF	 (W.GT-WPL)	 GO TO 50
IF	 (KERROR.EQ,Z)	 WRITE	 (6,6041	 IPHASE,LEG

604	 FORMAT(/127H W.LE.WPL	 IN CRUISE.	 PHASE-,l2,7H	 LEG-,I2/)
--	 —40 RETURN

50	 CONTINUE
BLTIME-SLTIML+TIME/60.
BLRANG;BLRANG+XCRUSE
DXCRUS-G.0

.45 C-----TEST FOR WEAPONS DROOP
IF	 (IW(IPMASE).EQ.0) 	 GO	 TO 60
W-W—WMISS	

--I WS-0
C-----TE S T FOR BOMBS DROP	 ORIGINAL PAGE IS

.50 6e	 IF ( IB(IPHASE) . EQ.6) GO TO 70	 Or POOR QUALITY
W-W—WBOM8s
IB5-0

C-----TEST FOR AMMO DROP
70	 IF	 (IACIPHASE).EQ,O)	 GO TO 80

L55 W-W—WAMMUN
IAS-0

80	 IF	 ( IPRINT . EQ.0)GO TO90
WRITE	 (6P605) ^W ' --	

_ _.

605	 FORMAT( 1 6X,3HW n E14e7/)
L60 90	 SMNT(IPHASE)xSMN

HNT(IPHASE)-HN
CLT(IPHASE)xCL
ALPHAT ( IPHASE) -ALPHA
WFT(IPHASE)-WF

165 TIMET(IPHASE)-TIME_
VELT ( IPHASE)-V£L
SFCT ( IPHASE) -SFC

-TNT(IPHASE) x TN
CDT(IPHASE)-CD	

- --17C RLDT ( IPHASE) a RLD'
WEELT ( IPHASE)aW

1

t
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kART(IPHASE)wWT0T'
QT(lPHASE)wQ
SFCUT(IPHASE)uSFCU
TNUT(IPHASE)uTNU
CDINST(IPHASE)=CDINSP
PRTOTT(XPHASE)-PRTUT
XT(IPHASE)NXCRUSE
kE7URN
END
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1 SUBROUTINE ACCEL ( I.CALCjPNERRORsIGEOsKGPRNT)
REAL MSTARTsMEND
COMMON /TRAJCM / ALPHAPARWPCDPCDLpCDOPCLADESLFpDRAGaENPHNsKP ►

1 RLUsSM No QMAXsRANGEsSFCsSWIN G iFTHRUSTsTWsULTLFswsWAMMUNsWETANKp
5 2 WFUELsWGT O WTsWM.TSSvWTOTsWPLWTsMSTART ( 12)sHSTART(12 ) s TIM( 12)s

3	 PS1GT ( 12)PTD O TSTI12 ) aNZST(1z)iPSIT ( 1Z)aTD qTIT ( 12)INZIT(12)v
4	 kBOMBSsWFEXTsSFCUsTHRSTUsCDINSPPPRTOTPWKFUELsCRMACHsFLTOPX(IZ)s
5	 FLLANOPTENDURsBLRANGsBLTIMEsTIMTOlsTIMTUZP W FTO'PNAMEI(12)s
6	 PNAMEZ ( 12)sSMNT ( 12)sHNT ( 12)sWFT ( 12)sTIMET ( 12)sXT ( 12)PCLT(12),

1C 7 CDT( 12)PALPHAT(12)sCLIT(12)sCDIT(12)sALPHIT(12)sWFUSEDPWLANDs
8 OT(12)sRLDT(12)sSFCT(1Z)sTNT(12)sCET(12)sDY(18)s
9 IAOsIPSsITSsIWSsIBSsNPHASEsIDY(14)

COMMON _/ TRAJEX / 	ALPIGT 12)iC-QIN -$TI12)sCDIGT(12)sCL1GT(1Z):DECEI.s
1 DELHPsDELMPsDXCRUSsFLFACsFRFUREsHEND( 12)sHENDURsHMAXPsHMINPs

15 2 HPATHT( . Sol s MEND ( 12)sMENDURpMTJ1..2)sPRTOTT ( lZ).rRADIT(12)r
3 RAOST(12)sSFsSFCUT(12)sSMMAXPsSM^.4INPs
4 TNUT(12)sHIND ( 12) PVELT(.12) s VPATHT ( 50)sWART ( 1Z)sWCOMBPsWEELT(12)s
5 WFRESsWFT q TsNFT01sWFTGZsWFTRAPsWICLANDPXDESC.PXGRLANoFWGMAXsTOLs

_	 6 WFIXEDsWGCALCsWPL9NGTDfDUMY ( 8Z)sIA(12)sIASPI BI 121PIBREGsIENDURs,
ZC 7 IMISSsIP ( 12)sIPHASEsIPLOTYIPRINTsIPRT ( 12)sIPSIZEsIPST01sIPST02s

8	 IW(12 ) sIX(12 ) sKERROR. s MILCGRP NC. RUSEsNLEGCLsNLEGCRrNLEGLOs NMISSp
9 NPATHP IDUMY (6 )
DIMENSION ANS(4)
IF	 (IPRT(IPHASE)aNE.0)	 WRITE	 (6s600)

Z5 600	 FGRMAT (/1/ 25H	 _	 ACCELERATION PHASE//)
IF	 (MSTART ( IPHASE ) aLTv0oO)	 SMN-SMNT ( IPHASE-1)
IF	 (MSTART ( IPHASEI . GE.0a0)	 SMN-MSTART ( IPHASE)
IF (HSTART ( I PHASE) aLT.O.0) 	 HN=HNT(IPHASE-1)
IF (HSTART(IPHASE).GE.0.0) HN-HSTART(IPHASE) 	

GRIGrNAL30 CALL AT62(HNRANS)	 OF	 PAG2 
RS

)
	 POOR

A-AN S (4	 QU
RHO-ANS(1)
TEMP -1.8*ANS(3)
SGTEMP - SQRT(TEMP)

35 IPS - IP(IPHASE)
IAO.B

C-----COMPUTE INTEGRALS SUMWF AND SUMOT BY TRAPEZOIDAL RULE
SUMWF-0.0
SUMDT-0.0

4C XACCEL-oa0
TIMECR-0a0
FUELCRx0a0
WF-0a0
TIME-0.0

45 LEG-0
IF	 (IPRT(IPHASE).E0a0)	 GO TO	 10
WRITE	 (6s601)	 LEGsHNsAPkH qsTEMPsSUMWF ► SUMDTsSMNsWsIAOsIPS

601	 F qRMAT 1 14Xs5HLEG - I215Xs4HHN - E14.7s6Xs3HA =El4+7s4Xs
1 5HRHO -E14.7s3Xs6HTEMP -E14.7.-2Xs7HSUMWF -E14.7/2Xs7HSUMDT -s

5G 2 E14.7s4Xs5HSMN F E14a7s6Xs3HW -E14a7s4Xs5HIAO -I2910o5HIPS	 -121)
10	 IF	 (MSTART(IPHASE)aGE.MEND(IPHASE))	 GO TO 120

IF	 (SMNT ( IPHASE-1) a GE. MEND( IPHASE)) 	 GO TO 120
C-----START OF LCDP.
2C	 LEG n LEG+l

55 IF	 (LEG.GTa50)	 GO TO	 8D
CALL TRAJ01(2)
CALL PROP(ICALCsNERRORsIGEOsKGPRNT)

s

A
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IF	 (NERRUR.GE .2)	 RETURN
CALL	 TRAJOI,(1)

60 TK- THRUST* EN
TNU-THRSSU*EN
VEL=SMN*A

30 CL-2.*W/(RHO*SWING*VEL**21
CALL TRAJ01(2)

65 CALL AERO(ICALCsNERRORsIGEOrKGPRNT)
IF	 (NERROR.GE * 2)	 RETURN
CALL TRAJ01(1)
DENOH- TN *C q$ (AL PHA/57.3)—.5*CD*RHO*SWING*VEL**2
YkF-SFC*TN/DENDM

70 YDT=I./DENDM
IF	 ((YWFrGT * 0.0) * AND.(YDT.GT40 * 0))	 G q 	 TO	 50
DTIME=60.
DFUEL-TH*SFC*0TIhE/3600.
W-W—DFUEL

75 IF	 (W.GT.WPL)	 GO TO 40
IF	 (KERROR.EQ.21	 WRITE	 (6}602)	 IPHASEsLEG

602 FORNAT(1126H W.LE.WPL IN 	 ACCEL.	 PHASE x sI2s7H	 LEG-YI2/)
RETURN

40 DXCR-VEL*DTIME/6080.
BG TIMECRm(TIMECR+DTIME)/60.

FUELCR-FUELCR+DFUEL
XACCELnXACCEL+DXCR
GO TO 30

50 IF	 (LEG.EQ.1)	 GO TO 60
,85 SUMWF-SUMWF+*5*(YWF+YWFPI*(SMN—SMNP)

SUPtDT-SUMDT+.5*(YDT+YDTP)*(SMN—SMNP)
DELX=47625*(YDT+YDTP)*(SMN—SMNP]*VEL*W*SQTEMP/6080•
XACCEL-XACCEL+DELX
WF=(EXP(1*525*SUMWF^SQTEMP/3600*)-1.)*W

90 DELWF-WF—WFP
W-W—DELWF
TIMEwl.525*SUMDT*SQTEMP*W/60.
DELT-TIME—TIMEP

60 IF	 (IPRT(IPHASE).EQmQ)	 GO TO 70
95 WRITE	 (6s603)	 LEGPTNi SFCsVELsSMNsALPHA.*CLPCDsDENDMsYWFsYDTYSUMWFs

1 DELWFs SUMDTs DELT.* DELXs XACCEL
603 FCRMAT(14Xs5HLEG =I215Xs4HTN -E14.7s4Xs5HSFC -E14.7s4XP

15HVEL	 -E14.7s4Xs5HSMN -E14.7s2Xs7HALPHA -E14.7/5Xs4HCL -E14.7,5Xs
2 4HCD -E14.7s2Xs7HDENOM -E14.7s4XPSITYWF -E14.7s4Xs5HYDT =E14971

100 3 2Xe7HSUMWF -E14.7s2Xs7HDELWF =E14.7s2Xs7HSUMDT -E14.7.*
4 3Xs6HDELT m E14e7i3Xs6HDELX -E14.7llXs8HXACCEL -E14.71)

C-----MAKE TEST TO SEE IF YOU ARE DONE. IF SOs JUMP OUT OF LOOP.
70 IF	 (SMN.GE.MEND(IPHASE))	 Gil TO 80

YWFP-YWF
105 YDT_P-YDT

5rnr -SHN
WFP=WF
TIMEP-TIME
IF	 (SHN * LE..87.OR.SMN3GE.1.1)	 0ELSMNx.05

110 IF	 (SMN.GT..87.AND.SMN.LT.1.1)	 DELSMN-.OZ
SMN-SMN+DELSMN
IF	 (SMN.GE.MEND(IPHASE))	 SMN-MEND(IPHASE)

C-----END OF LOOP. GO BACK TO START OF LOOP.
GO TO 20

44
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r

115

120

I25

130

135

14C

1415

150

155

160

165

C-----FUEL USED DURING ACCELERATION RUN
80- 	WF-WF+FUELCR
C-----TIME ELAPSED DURING ACCELERATION RUN

TIDE-TIME+TIMECR
BLTIME-8LTIHE;+TIME160.	 QR^^
BLRANG-BLRANG+XACCEL'

pAG
IF (KERROR•EQ. 2) WRIT (6 P 604) IPHASE	

op poop QU ,
604	 FORMAT(/26H W.LE.WPL IN ACCEL. PHASE-sI21)

RETURN.
90	 VEL-SMN*A

Q=.5*RHU*VEL**2	 - -
__	 DXCRUS-DXCRUS+XACCFLtF(,OATt_IX[;P.HASE))

C-----TEST FOR WEAPONS DROP
IF (IW(IPHASE)vEQ•Q)_ 5Q_TO -109 - __..
W-W-WMISS
IWS-0

C-----TEST FOR BULBS DROP
100	 IF ( IB(I PHASE) . EQ.O} GQ T'0-J3.0

W-W-WBOMBS
IBS-0

C-----TFST FOR AMMO DROP
110	 IF (IA(IPHASE) aEQ.0 ) GO TO 120

W x W-WAMMUN
IAS-O-

120	 IF (IPRT(IPHASE).EQ.0) GO TO 130
WRITE (6s605) SUMWFsSUMDTPTINEs YELP QsXACCELsDXCRUSsWFsW

605	 F0RMAT(/2Xs 7HSUfiWF -E14.7 ► 2Xs 7HSUMDT -E14.7s 3Xs 6HTIME -
1 E14e7s4Xr5HVEL -E14.7s6Xs3HQ =El4.7/1Xs8HXACCEL -E14.7s1Xs
2 8HDXCRUS -EI4.7s5Xs4HWF -E1 tt.7s6Xs3HW n E1497/)

130	 SMNT(IPHASE)-SMN_
HNT(IPHASE)-HN
CLT{IPHASE)=CL
ALPHAT(IPHASE)-ALPHA
WFT(IPHASE)-WF
TIMET(IPHASE) -TIME
VELT(IPHASE)-VEL	 _-
SFCT(IPHASE)-SFC
TNT(IPHASE) -TN
CDT(IPHASE)-CD
RLDT(IPHASE)-RLD
W£ELT(IPHASEI -W
WART(IPHASE)-WTOT
QT(IPHA SE)-Q
SFCUT(IPHASE)-SFCU
TNUT(IPHASE)-TNU
CDINST(IPHASE)-COINSP
PRTOTT(IP-iASE) -PRTOT
XT(IPHASL)-XACCEL
RETURN
END
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1 SUBROUTINE COMBAT( ICALCsNERRORsIGEOtKGPRNT)
REAL	 MSTARTsNTPNTURNStLIFTsNZSsNZIsNZSTPNZIT
COMMON	 /TRAJCM/	 ALPHAsARWsCDtCULPCOOsCLsDESLFsDRAGsENsHNsKPt	 R

1 RLDsSMNs2MAXs RANG EsSFCPSWINGPTHRUSTtTWsULTLFsksWAMMUNsWETANKp,
2 MFUELA'W OWTsWMISSsWTOTsWPLWTtMSTART1121sHSTART(12}sTIM(12)s
3	 PS1GT(12)sTDOTST(12)sNZST(12)YPSIT(12)sTDOTIT(12isNZIT(12)2
4	 WBOMBSPWFEXTtSFCUsTIiRSTUsCDINSPNPRTOTPWKFUELsCRMACHsFLTOP X(12)'9
5 FLLANDsTENDUR:BLRANGsBLTIMEsTIMTO-	 7IMTO2tMFTOtPNAME1(12)t
E	 PNAME2(12)sSMNT(12)tHNT(12)sWFT(lEisTIMET(12)sXT(12)sCLT(12)s

;C 7 CDT(12)PALPHAT(12) sCLIT( 12)sCDIT(12)sALPHIT(12)sWFUSEDsWLANOP
8	 QT(12)sRLDT(I2)PSFCT(IZ)sTNT(12)sCET(12)sDY(IS)s
9	 IACiIPSsITSsIWSAIBSsNPHASEsIDY(14)
COMMON ITRAJEX/	 ALPIGT(12)PCDINST(12)sCD1GT(121sCL16T(12)tDECELs

I	 DELHPsDELMPtDXCRUStFLFACtFRFUR£sEiEND(12)sHL14DURPHMAXPtHMINPs
15 2	 HPATHT(50)sMEND(12)tMENDURPNT(12)PPRTOTT(12)sRADIT(12)s

3	 RADST(12)sSFsSFCUT(12)sSMMAXPsSMMINPt
4	 INUT(12)PVIND(12)sVELT(12)sVPATHT(50)PWAPT(12)tWCOMBPPWEELT(12)s
5 yiFRESsWFTOTtWFTOI.PWFTO?-YWFTRAPPWKLANDsXDESCsXGRLANsFWGNAXsTOLs
6	 WFIXEDPWGCALCsWPLsWGTDtDUMY(82)sIA(12)tIASsIB(I2)sIBREGtIENDURs

20 7	 IMISStIP(12)tIFHASEsIPLOTtIPRINTsIPRT(12)sIPSIZEtIPST01sIPST02t
8	 IW(12)sIX(12)tKERRORP MILCOMtNCRUSEtNLEGCLsNLEGCRsNLEGLOs NMI SSs
9	 NPATHsIDUMY(6)
DIMENSION ANS(4)
HN=HSTART(IPHASE)

25 IF	 (HSTART(IPHASE).LTa0.0_}	 HN n HNT(IPHASE- 1)
CALL AT62(HNsANS)
RHO n ANS(1)
A=ANS(4)
SMN nMSTART(IPHASE)

30 IF	 (MSTART(IPHASE).LTa0a0)	 SMN=SMNT(IPHASE-1)
VEL=SMN*A	 —
Q=.5*RHO*VEL$^2
n5=Q^SWING
XCDMB=O.0

35 IF	 (IPRT(IPHASE).NE.0)	 WRITE	 (6x600)	 W,HNsRHOsA,SMNsVELPQ#QSaXCOMB
600	 FORMAT(!1/19H	 COMBAT PHASE ///

' 1 GXs3HW =E1_4.7s5Xs^4HHN x E14a7t4Xr5H RHO =E14.7s6Xs3HA =E14a7s
2 4Xt5HSMN =E14.7I4X.5HVEL = E14.7s6X:3HQ =E14a7t5Xs4HQS =E14.7s
3 2Xs7HXCOMB -E14.711

40 C--------------	 - -
C	 ONE G FLIGHT
C. --------------

--

IAOSB
45 CALL TRAJ01(2)

CALL AERO(ICALCsNERRORtIGEDP KGPRNT)
IF	 (NERRORaGkoZ)	 RETURN_
CALL TRAJ01(l)
DRAG-CD*QS

50 IPS=IP(IPHASE)
CALL	 TRAJ01(2)
CALL PROP(ICALCsNERRORsIGEOsKGPRNT)
IF	 (NERROR.GE.2)	 RETURN	 •
CALL TRAJ01(1)

.55 TN=THRUST*EN..
TNU=THRSTU*€N
PS1G=(TN—DRAG)*VEL/1t
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SUBROUTINE COMBAT 76176	 OPT=2	 FTN 4.5+410

PS1GT(IPHASE)-PS1G 	 ___......___.._
ALPIGT(IPHASE)=ALPHA"

6c. CLIGT(IPHASF)=CL
CD1GT(IPHASE)-CD
IF	 (IPRT(IPHASE).EQ.0) 	 GO TO 10
WRITE	 (6s601)	 IAOsCLsCD,ALPHA,DRAGsIPS,TNsSFCrPSIG

601 FORMAT (IIXs12HONE,G FLIGHT/ ./_4Xs5HIAO -I2s17Xr4HCL -EI4.ls
65 1 5Xr4HCD =E14.7s2Xs7HALPHA =E14.7s3Xs6HDRAG =E14.7/

2 0s5HIPS -I2117Xr4HTN . =E14.7,o4X,5HSFC =E14.7p3Xs6HPS1G *E1407/)
C--.,. --------------
C SUSTAINED TURNS
C------------------

7G 10 NZS=1.001–	 _.....__ ......
IFtPS1G.LE.0.)	 GO	 TO 40
IAD=4. ----
CALL TRAJ01(2)
CALL AERO(ICALCsNERRORpIGEOsK.GPRNT)

75 IF	 (NERROR.GE.2)	 RETURN
CALL TRAJ01(1)
LIFT=CL *Q8

C LOAD FACTOR _	 _
NZS=(LIFT+TN*SIN(ALPHA/57.2958)l/W

Be IF	 (IPRT(IPHASE).EQ.D) 	 GO TO 20
WRITE	 (6s602)	 IAOsCLsCDPALPHAsLIFTsNZS

602 FORMAT(tIXs15HSUSTAINED TURNS J / 	 4Xp5HIAO n I2a17Xs4HCL =E14.71_-
15Xr4HCD -E14.7s2Xs7HALPHA = E14.7s3Xs6HLIFT =E14.7/
2 4Xs5HNZS	 =E14.7/)

85 20 IF	 (NZS.LE.DESLF)	 Gq 	 TO 30
IAO=6
CALL TRAJ01(2)
CALL	 AER [](ICALCr!4ERRQRsI_GEGja—KGPRNT)
IF	 (NERRDR.GE.Z)	 RETURN 

90 CALL TRAJ01(1)
NZS-DESLF
IF	 (IPRT(IPHASE).EQ.0)	 GO TO	 30
WRITE	 (6)603)	 IAOy CLsCDsALPHAsDESLFsNZS

603 FORMAT(/4Xs5HIAO =I2jv17Xs4NCL_! 9 E14.7a5Xs4HCD 	 =E14.7.9
95 1 2Xs7WA LPHA a El4e7j,2Xj,7HDESLF = E14e7/4Xs5HNZS xE14*711

30 IF	 (NZS.GT.I.0)	 GO	 TO 50
4C IF	 (KERROR.EQ.2)	 WRITE	 (6s604)	 IPHASEsNZS
604 FORMAT(//36H INSUFFICIENT LIFT	 IN COMBAT.	 PHASE=sI2s5Xs

14HNZS-s1PElI.4)
l0E NZS=16001

WRITE	 (6s605)	 N "c5	 --
605 FORMAT(/4Xs5HNZS	 uE14.7/)
50 PHI-ARCOS(I.GINZS)
C TURN RADIUS

105 RADIUS=VEL¢*2/(32.2 *TAN(PHI))
C TURNING TIME OR	 NUMBER OF-TURNS.

TIME-TIM(IPHASE)
NTURNS-NT(IPHASE)
IF (TIME.LE.D.0) 	 TIME n NTURNS*RADIUSI(9.55*VEL)

110 IF	 (NTURNS.LE.0.81	 NTURNS=9.55*TIME*VEL/RADIUS
XCOMB=VEL*TIME*60.16080.
BLTIME-BLTIME+TImE160.
BLRANG=9LRANG +XCON6

C FULL USED DURING TURNS

0s	 .
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SUBROUTINE COMBAT	 7C/76	 UPT=2	 FTN 4.5+410 0'.

115 kF-SFC*TN*TIME/60. ?:
C	 CD'MBAT	 ENERGY *	 {

CE=3600.*WF*PS1G/(SFC*TN)
TDOTS=57.3*VEL/RADIUS
BADS=RADIUS

L2C IF	 (IPRT(IPHASE).EQ.0)	 GO	 TO	 60 3

WRITE	 (6,606)	 PHIsRADIUSsTIME,NTURNSsWF,TDOTS,XCOMB
6G6	 FORMAT(14Xs5HPHI	 -E14.7sIX,8HRADIUS	 x Ei4.7s3X,6HTIME	 -E14.7,

1	 1X,8HNTURNS = E14.7s5Xs4HWF	 -E14.712Xs7HTDOTS	 -E14.7.r -,
2 2Xs7HXCOMB -E14.7/)

L25 6G	 SMHT(IPHASE)-SMN
HNT(IPHASE)-HN
CLT(IPHASE)-CL
ALPHAT(IPHASE)=ALPHA
WFT(IPHASE)-WF

LBC VELT(IPHASE)=VEL
TIMET(IPHASE)=TIME
SFCT(IPHASE)=SFC 1
TNT(IPHASE)=TN
GOT(1PHASE)=CD

135 RLDT(IPHASE)-RL â g
WART(IPHASE)AWTOT
QT(IPHASE)aq
SFCUT(IPHASE)=SFCU
TNUT(IPHASE)-TNU

140 CDINST(IPHASE)=CDINSP = ;:
PRTUTT(IPHASE)-PRTOT
XT(IPHASE)-XCOMB
TD qTST(IPHASE) =TDOTS
RADST(IPHASE)=BADS VA

145 tvZST(IPHASE)=NZS
CET(IPHASE)-CE

C-----------------------------------
C	 MAXIMUM INSTANTANEOUS CONDITIONS >`;' °'1
C------------------------------------

150 IAO-5	
------

CALL	 TRAJ01(2) t ;

CALL A€RO(ICALCsNCRRdRsIGEQiKGPRNT)
IF	 (NERROR.GE.2)	 RETURN
CALL TRAJ0I(1)

155 CLMAX=CL
	--	 — -	 -

;_.	 F

LIFTKCLMAX*QS
C	 LOAD FACTOR

NZI=(LIFT+TN*SIhtALPHA157.Z9561)/W
IF (IPRT(IPHASE).EQaO) GO TO 70

16C	 WRITE (6,6M IAOv-CL,CD,ALPHAsLIFT,NZI
607	 FOkMAT(11Xs14HINSTANTANEOUS TURNS// 4Xs5HIA q

1 5Xs4HCO -E1'•,7,2Xs7HALPHA =E14.7s3X,6HLIFT
2 4Xs5HNZI -E14.70

70	 IF (NZI.LE.DESLF) GO TC 80
165	 IAO=6

CALL TRAJ01(21'	
--

CALL AERO(ICALCsNERRORsIGEO,KGPRNT)
IF tNERRUR.GE.2) RETURN
CALL TRAJOI(1)

17G	 NZI-DESLF
IF (IPRT(IPHASE)aEQa0) . GO TO 80

-I2,17Xs4HCL -E14.7s
=Ei4.7/
	

-, r

L	 5

ti
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WRITE	 ( 6x608)	 IA[lpCLsCDsALPHApDESLFsNZI
608 FORMAT(/4.Xs5HIA0 -12s17Xx4HCL - E14-7s5X p 4HCD -E14.7s

1 ZXs7HALPHA -E14.7x2Xs7HDESLF - E14.7 / 4Xx5HNZI - E14.7/)
M	 175 80 IF	 CNZI.GT.1.0)	 GO TO 90

IF	 (KERROR.EQ.2)	 WRITE	 ( 6x609)	 IPHASEsNZI
6C9 FORMAT (// 36H INSUFFICIENT LIFT IN COMBAT.	 PHASE - sI2,5Xs

1 4HNZI-olPE11.4)
RETURN

18C C PS FOR MAXIMUM INSTANTANEOUS TURN	 RATE
90 DRAG - CD*05 ORIGINAL PAGE IS

PSI- (TN*COS(ALPHA/57.3)—DRAG)*VEL1H OF POOR QU,4 LlTyALPHI-ALPHA
CLI-CL

185 CDI-CD.—
PHImARCOS(1.0/NZI)_

C MAXIMUM INSTANTANEOUS TURN RATE AND RADIUS
RADIUS-VEL**2/(32.2*TAN(PHI);
TDOTI=57.3*VEL/RA0IUS

19C RADI = RADTUS ._
W=W-WF
IF	 (W,GToWPL)	 GO TO 100.
IF	 (KERROR . EQ92)	 TRITE	 ( 6x610)	 IPHASE

610 FORMAT (// 27H	 We LE & WPL IN COMBAT.	 PHASE-s12)
195 RETURN

C TEST FOR WEAPONS	 DROP.
1C0 IF	 (Ik(IP-IASE).EQ.O1 	 GO	 TO	 110

WAIT—WKISS
IwS-0

20C C TEST FOR BOMBS	 DROP
110 IF	 %IB ( IPr(ASE) . EQ.0)	 GO	 TO	 120

we-W-WBOMBS
Ibsw0

C TEST FOR AMMO DROP
205 12C IF	 (IA(IPHASt).EQ.0)	 GO TO 130

W a k-WA MMUN

IAS-0
130 IF	 (IPRT(IPHASE).EQ.0)	 GO TO	 140

}TRITE	 (6x611)	 DRAGsPSIsPHIsRADIUSs TOOT I?W
210 611 FORMAT( / 3X96HORAG -E14r7s4Xs5HPSI -E14.7x4Xs5HPHI -E1447s

1	 IXsBHRADIUS	 - E14.7sZXx7HTOOTI	 - E14.7 // 6Xx3HN - E14s71)
140 WEELT(IPHASF)aW

PSIT ( IPHASE)=PSI
TD[ITIT( IPHASE)-'TDOTI

215 RADIT ( IPHASE)-RADI
NZIT(IPHASE)-NZI
ALPHIT ( IPHASE)-ALPHI
CLIT ( IPHASEI-CLI
CDIT ( IPHASE)-CDI

22C RETURN
END

0

^	 _-^-• -^--- ..^....a.L. _a.,.. 	 ....._:,.___	 .' ...._-^----^_^^:..w,.^_._.i. ^a- 	 r_.::^^=:.1 -rte_



SUBROUTINE LOITER
	

7017&	 UPT=2
	

FTN 4.5+410	 05

	

1	 SUBkOUTINE LOITER(ICALCsNERRORsIGEO,KGPRMT)
REAL. MSTARTsKPsNZL(]IT
CGMHGh /TRAJCM/ ALPHA,ARWsCDsCDL, COOP CLsDESLFsDRAGsEN,HNpKP,

1 RLOiSMNPQHAXsRANGksSFCPSWING, THRUST PTWFULTLFstir:41AMMUNPWETANKs
	5	 2 wFUEL,WGTOWTYWMISSsHTOT,HPLWT,MSTART(12),HS TART (12)sTIMC12),

3 PS1GT(12),TDOTST(12)sNZST( 12 )sPSIT(12)sTDOTIT(12)sNZIT(12),
4 WBDMBSsWFEXT,SFCUsTHRSTUsCOINSPsPRTOT,WKFUEL,CRMACHsFLTO,X(12)s
5 NLLANDsTENt)URsBLRANGsBLTIMEsTiMTJl,TIMT02sWFTOsPNAMEI.(12)s
6 PNAME2(12)9SMNT(121sHNT(12),PWFT{IZ)sTIMET(12),XT(12)PCLT(12)s

	

1C	 7 CDT(12)sALPHAT(L2)sCLIT(12)aCDIT(12)sALPHIT(12),WFUSED,WLANDs
8 GT(I2),RLDT(121sSFGT(12),TNT{12)sCET.(121,DY(18),
9 IAOsIPS,ITSsIWSPIBSsNPriASEsIDY(14)
CUMMUN ITRAJEX/ ALPICT(12),CDINST(12)sCD1GT(12)sCLIGT(121sDECEL,
1 DELHPsOELMPsDXCRUSsFLFACsFRFURE :HEND(12)ar(L:NOURsHMAXPsHMINPs

	

15	 2 HPATHT(50)sMEND(12),MENDURsNT(12),PRTOTT(12)sRADIT(12)A
3 RADST(12)sSFsSFCUT(1 )P SMMAXPsSMMINP,
4 TNUT(12)sVIND(12)sVELT(12)sVPATHI(50)PWART(12)PWCCMBPsWEELT(12)s
5 WFRESsdFTOTPWFTOI,wFT02PWFTRAPPWKLAND,XDESCYXGRLAN,FWGMAX.$TOLs
6 WFIXED,WGCALC,WPLsWGTOsDUMY(82)sIA(12)sIAS,IB(12)sISREGclENDUR,

	

.D	 T IMISSsIP(12)sIPHASE,IPLOTsIPRINTsIPRT(12),IPSIZE,IPSTOI,IPST02,
8 IW(12)sIX(12)sKERRORrMILCQMsNCRUSEsNLEGCLsNLEGCRsNLEGLOsNMISS.9
9 tvPATH,IDUMY(6)
DIMENSION ANS(4)sHNTAB(10),SHTAB(10)
DATA HNTAB/0.,50DO.s30000.,15000.s2UOjC.,25QO0.s30000.3

	

25	 1 35D00.,37000.,100000./
DATA SHTAB/34500.s329OD.,31400.s3O5OO.s29400.s2B200.s27110.s

1 25950.s209CD.s20900%/
DATA DMON/0.01
IF ;IPRT(IPHASE).NE.0) WRITE (6s600)

	

30	 600	 FORMAT(///19H	 LOITER PHASE//)
IPS n 4
SMNIN=MST'ART(IPHASE-) ._
IF (MSTART(IPHASE).LT.4.0) SMNINaSMNT(IPHASE -1)
SMN-SMNIN

	

35	 HN-HSTAKT(IPHASE)
IF (HSTART(IPHASE).LT.0.0) HN;HNT(IPHASE—l)
IF (16NOUR.EQ.OoGR.HSTART(IPHASE)eNE.OrO) GO TO 10
CALL GOLDEN (ZssOC.s65000.),2s12,XXsYsNERRORsIGEO,KGPRNT)
IF (NERROR.GE.2) RETURN

	

4C	 HN-XX
1D	 CALL AT62(HNsANS)

RHO-ANS(1)
A:ANS(4)
VEL-SMN*A	 —	 -

	

45	 IF (SMN.GT.C.0) CL-2.*W/(RHO*SWING*VEL**2)
TIME=TIM(IPHASE)
NLEGS=TIME/60.+1.0
IF (NLEGS.LT91) NLEGS=l
IF (NLEGS.GT.6) NLEGS=6

	

5C	 IF (NLEGLO.GT.0) NLEGSMNLEGLO
DELT=TIME/FLOAT(NLEGS)
kF=0.0
XLOIT n0.0
IF (IPRT(IPHASE).EQ.0) GO TO 20

	

55	 WkITE (6s601) SMNINsSMNsHN,RHOsAsVEL PCL,TIMEsNLEGS,DELTsWF,xLOIT
601	 FORMAT(/ZX,7HSMNIN =E14.7s4X,5HSMN %El4o7,5Xs4HHN

1 E14.7l rtXs5HRHO =E14.7s6X,3HA - E14.7/4Xs5HVEL = E14.7s5Xs4HCL =s

50

9
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2 L14.7 p 3Xp6HTIHE -E14.7p2Xp7HNLLGS =IZs15Xy6HDELT -E14.715XP
3 4HNF xEL4.7s2X,7HXLUIT NE14.71)

60	 20	 DO 90 LEG=1sNLEGS
11- (SMNIN.GTe0e0) GO TO 30

C-----PERFORM OPTIMUM LOITER MACH NO. SEARCHe
CALL GOLDE:q(.3s.493jpSoXXsY9NERRORiPIGELIPKGPRNT)
IF (NERROk,GE92) RETURN

65	 SMN-XX
VEL-SMN*A
Ii- (LEG.EQ.1) CLOUH=2a*W/(RHO*$WING*YEL**2)
CL-CLDUK
GO TO 4D

7C	 C --- GPTION TO INCREASE ALTITUDE - AS A/C WEIGHT DECREASES 9 MACH KEPT CONST
30	 RHO1-RHO

RH02-2.*W/(CL*SWING*VEL**Z)
CALL TAINI(HNTABPSHTABsHNYSFiplOplpNERR)DMON)
HN=HN+2.*SH*(RHOl—RHO2)I(P.H01+RH02)

75	 CALL AT62(HNsANS)
A-ANS(4)
VEL-SMN*A _
ECHO-Z.*W/(CL*SWING*VEL**2)

C----END OF INCREASE ALTITUDE OPTION
BC	 40	 IAO-8

CALL T R A J C 1 (z )	
ORIGINAL PAGE ISCALL AERO(ICALC.eNERRORpIGEOPKGPRNI)

IF (PERROR.GE.2) RETURN 	 OF POOR QUALITY
CALL TRAJ01(1)

B5	 DRAGAa5*RHO*SWING*CD *VEL**Z
CALL TRAJ01(2)
CALL PROP(ICALCsNERRORpIGEOsKGPRNT)
IF (NERROR.GE.21 RETURN
CALL TRAJ0I(1)

9C	 TN¢THRUST*ERE
TNU*THRSTU*EU

C-----CHECK LOITER RADIUS.
RALOIT-X(IPHASE)
IF (RALOIT.LE * 0.0) GO TO 60

95	 NZLOIT-(a5*CL*RHO'*SWING*VEL**2+TNWSIN(ALPHA/57.3))/W
IF (NZLOIT.LT.1.30(}01) NZLOIT=1.00001
CCrSPHInI./NZLOIT

C-----RADIUS FOR OPTIMUM LOITER.
RLOIT-(5.11E-6*YEL**Z*COSPHI)ISQRT(1.—COSPHI**Z)

00	 IF (RLOIT.LE.RALOIT) GO TO 60
DO 50 J=la3
DRAGPaDRAG
CL=(WI(SWING*e5*RHD*YEL**2))*SQRT(1.+(5.ILE--6*VEL**2/RALOIT)**2)
%AO-8

05	 CALL TRAJ01(2)
CALL AERO(ICALCpNERROR9IGEUsKGPRNT)
IF (NERROR.GE.2) RETURN
CALL TRAJ01(l)
DRAG-m5*kHO*SWING*CD*VEL**2

IC	 IF (ABS(DRAGIDRAGP--1e0)aLEe0e03) GO TO 60
IF (JaE0.3) WRITE (6p6021 IPHASEPLEG

602	 FORMAT(/155H INSUFFICIENT THRUST FOR REQUIRED LOITER RADIUS, PHASE
1=sI2f7H	 LEG-,,12h
CALL TRAJO1121

51
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` lE CALL PROP(ICALC,NLxROR,IGLO,KGPRNT) `-3

IF	 (NERkOR.GEo2)	 RETURN ~	
3

CALL	 TRAJ31(t)
{f

T(,=THRU3T*kN
.. TNUaTHRSTU*EN

2G 50 CONTINUE
i' 60 TEST=DRAG/TN ;;

IF	 E(At3S(TLST-1.0).Lt.0*05). AND•( SMNI N ► LE * O.U))	 GO	 TO	 70
iw iF	 (TESi.c;T.i.0)	 TN-DRAG

CD-2.*TN/(+MH0*SWING*VEL**Z)
Z5 DPAG=*5*RHL*SwING*CD*VEL**2

IF	 (KERRORo E0.2)	 WRETE	 (6,6031	 I PHA 5E,LEG,TE5T 4
603 FE•RMAT(//:7h	 IN	 LOiTtR,	 PHASE 1 12,jH,	 LEG,I2,Bh,	 DRAG	 -,F6.3s -

_` 1	 7H OF	 TN.128H CD CHANGED TO MATCH	 THRUST. /)
''. 70 DELWF=SFC*rh*DELT /60. t

30 wF=wF+DEL%F
w -w-fiELwF
OELX=VEL*DELI*60./oJUUs
XLOIT%XLUIT+DELX
IF (IPRT(IPHASE).EQ * 0) GO TO 80

35

	

	
whlTc (6,604) LEii,SMNiN,SMN,ALPHA3I:L,CUO,CU,KP,RH q 1,RH02,SH,HN,A,

1 FHO, VtL,ORAG,TN,DELWF,.IF,N,DLLX,XL q IT,SFC,NZLOIT,COSPHI,RLOIT
6114	 FLRhAT(/4X,:HLEG -I2/2X,7HSMNIN =EI4.7,4X,5HSMN -E14.7,

1 2X,7HALPHA -E14.7,5Xs4HCL -E14.7,4X,5HCDO & E 14.715X p 4HCD =E14.7,
2 :Xj4HKP =hl4,7,3X,6riRHO1 • E14a7j* 3X,6fiRHO2 n E14.7s5X,4HSH oEl4.7/

.40
	

3 5X,4HHN = E14.7,6X,3HA -E14 * 7,4XA5HRHO z L14@794X p 5HVEL =x14.7,
4 3X,6HDRAG x kl4.7/5X74HTN -E14 * 7,2X,7HDELWF -E14.7,5X,4H4F -L14.7s

EXp3HW n E14.7i3X,6HOELX -E14.712X,7HXLCIT = E14.7,4X,5HSFC -E:;,4.7,
6 1X 8HNZLOIT -E14.7,IX,BHCOSPHI =c14.7,2X,7HRLCIT -E14*7/)

8C	 IF (W.GT.wPL) GO TO 90
'45
	

.^ (KERR(JR,E4.2) WRITE (6,6056 iPHASE,LEG
6C5	 FFRMAT(1/27H W.LE.WPL IN LOITER. PHASE-,I2,7H 	 LEG-,I2/)

RETURN
90	 CONT;NJE

0-.5*nHf*VLL**2
15C

	

	
bLTIMEL'dLTiME+TiNE/60*
BLRANG* B!. RANb+XLO I T

C-----TEST FOR wtAPONS DROP
IF (Iw(IPHASE).EQ.0) GO TO 100
W-W-WHISS

155
	

I4S-0
C-----TEST FOR BOMBS DROP
1C0

	

	 IF (IB(IPHASE).c0.01 GO TO 110
w-w-dBOHBS
IBS-o

160
	

C	 TEST FOR AMHU DROP
110	 IF (iA(IPH4SE) * EQ.01 Gil TO 120

W=W—NAMKUN
IAS-0

I20	 SMNT(IPHASE)-SMN
165
	

HNT(IPHASE)-HN
CLT(iPHASE)-CL
ALPHAT(IPHASE)-ALPHA
WFT(IPHASE)-WF
TIMET(IPHASE)=TIME

17C

	

	
VELT(IPHASE)-VEL
SFCT(IPHASE)-SFC
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TN7(IPHASE)xTN
CDT(IPHASE)xCD
RLDT(IPHASE)=RLD

11 75	 WEELT(IPHASE)-W
WART(IPHASE)-WTOT
QT ( I PHA Sf: ) - 0
SFCUT(IPHASE)=SFCU
INUT(IPHASE)=TNU

18C	 CDINST(IPHASE)=CDINSP
PRTOTT(IPHA5E)-PRTOT
XT(IPHASE)-XLOIT	 tORIGINAL PAGE IS
RETURN
END	 OF POOR QUALITY



SUBROUTINE DESCNT	 76/76	 OPfz- 2	 FTN 495+410

	

I	 SUBROUTINE DESCNT(ICA,LCPRERRORsIGE qsKGPRNT)
REAL KP
COMMON /TRAJCM/ ALPHAsARWsCDs CDLPCDOPCLPDESLFsDRAGsENsHNvKPP

1 RLDsSHNPQMAXPRANGEsSFCP SWINGY THRUSTYTWPULTLFsWsWAMMUNsWETANKY

	

5	 2 WFUELPWGTOWT p WMISSPRTOTPWPLWTPMSTART(12)sHSTART(12la TIM( 12) s
3 PSIGT(12)sTD q TST(.12)PNZST(12)sPSIT(121sTD qTIT(12)sNZIT(1P)s
4 wB qMBSsWFEXTPSFCUsTHRSTUPCDINSPPPRTOTsWKFUELPCRMACHPFI.TOsX(12)P
5 FLLANOPTENDURPBLRANGsBLTIMEsTIMTOIPTIMT02PWFTDPPNAMEI(12)s
6 PNAME2(12)PSMNT(12)PHNT(12)sWFT(1Z)PTIMET(12)sXT(12)sCLT(I2)P

	

iG	 7 COT( 12)PALPHAT( 1,2)sCLIT(12)sCDIT(12)sALPHIT(12) aWFUSEDPWLANDs
8 QT(121PRLDT(12)s SECT(121sTNT(12)sCET(,12)9DY(18)s
9 IAGsIPSPITSsIWSsIBSsNPHASEPIDY(14)

COMMON I'TRAJEXI ALPIGT(12)PCDINST(12)iCUIGT(12)PCLIGT(12)PDECELP
1 DELHPPDELMPPDXCRUSPFLFACy,'= RFUREsHEND (12)sHENDURPHMAXPPHMINPP

	

15	 2 HPATHT(50)sMEND(12)sMENDURPNT(12)PPR UTT(12)PRADIT(12)P
3 PADST(12)sSFsSFCUT(12)sSMMAXPPSMMINPs
4 TNUT(12)PVIND(12)sVELT(12)PVPATHT(50) WART(12)sWCOMBPsWEELT(12)s
5 WFRESPWFTOTsWFT q 1P WFT q2sWFTRAPsWKLANPRXDESCsXGRLAfljFWGMAXPTOLs
6 4FIXEDPWGCALCsWPLPWGT qPDUMY(82)PIA(IZ)sIASsIB(12)PIBREGsIENDURs

	

2C	 7 IMISSPIP(12)sIPHASEsIPLOTPIPRINTPIPRT :12lsIPSIZEPIPSTQIPIPST02P
8 IMF(12)PIX(12)sKERRORPMILCOMiNCRUSEPNLEGCLPNLEGCRYNLEGLOPNMISSY
9 NPATHsIDUMY(b)
DIMENSION ANS(4)
IF (IPRT(IPHASE).NEoD) WRITE (6P600)

400	 FORMAT(!//20H	 DESCC;NT PHASE//)
HhlhT n HNT(IPHASE--1)
HNFINsHEND(IPHASE)
IPSs5
VEL-VELT(IPHASE-11

	

3[	 NLEGSu5
DELH x (HNFIN —HNINT)I FLOAT (NLEGS}
HN=HNINT
TIMEsD*O
WF-0.0

	

3:	 kDESC=o.O
IF (IPRT(IPHASE).EQ.0) GO TO 10
WRITE (6f6L1) HNINTsHNFINsCLPRLDPVELsHNPDELTPTIMF_sXDESCsWF

6G1	 FORMAT(/2Xp7HHNINT $ E14.7s2Xs7HHNFIN sE1(t.7p5Xs4HCL
1 E14.7P4X p 5HRLD A E14.7P4Xs6HVEL s E14.745Xs4HHN dEl4.;,v3Xv6HDELT sp

	

4C	 2 E14e7s3Xs,5HTIME -E14.7s2Xs7HXDESC -E14.7s5Xs4HWF -E14.71)
10 DO 30 L,EGSIPHLEGS

CALL AT62(HNsANS)
kNOsANS11)
A=ANS(4l

	

45	 SMN-VEL/A
CALL TRAJ31(2)
CALL PROP( ICALCsNERRORsIGEQsKGPRNT)
IF (NERRORr ..2) RETURN
CALL TRAJOIt1}

	

5C	 ThuTHRUST*EN
TNU-THRSTU*EN
IAQ=9
CALL TRAJ01(2)
CALL AERO(ICALCsNERRORsIGEOsKGPRNT)

	

55	 IF (NERR qR.GE.2) RETURN
CALL TRAJ31(1)
CLaSQRT(CDU/KP)

54
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SING-2.*C00/CL
C0SG=SORT(!.—SING**2)

6C	 VEL-SQRT(2.*w*CDSG/(CL*SWING*RHO))
DELT--DELH/(VEL*SING)
	 ORIGINAL

A^
TIME-TIMr+UELT160a	

()F POOP,^u^ isDELWF-SFC*TN*DELT/3600.
WF-WF+DEL4F	 `

65	 DELX=VEL*DELT*CDSG/6080.
XDESC-XDESC+DELX
kN-HN+DELK
W-W—DELWF
IF (IPRT(LPHASE).EQ.0) GO TO 20

TC	 WRITE (6s6021 LEGsRHO,AsSMN#TN,SFCo DEL V,VELPCOSGPSIHGPDELTsTIME,
1 DELXsXDESCsHNsCLyCDsKPsDELWFPWFsW

602	 FORMAT(/4X,5HLEG -I2/4X,5HRHO -E14.7,GX,3HA -E14.7,4Xs
15HSMN -E14.7t5X y 4HTH a E14c7s4Xs5HSFC -E14.7/3X y 6HDELV -E14.7s4Xjp
2 5HV=L -E14.7s3X,6HCOSG -E14.7s3Xs6HSING -E14.7s3Xs6HDELT -E14.7/

75	 3 3Xy6HTIME -El4.7>3X y 6HDELX -E14.7s2X,7HXDESC -E14.7s5Xs4HHN °s
4 E14.7,5Xs4HCL_-cl4.715Xp4HCD -E14.7s5Xs4HKP -E14.7 y 2Xs7HDELWF -,
5 E14.T,5Xs4HWF -E14.7s6Xr3HW -E14.7/)

20	 IF (W.GT.WPL) GO TO 30
IF (KE• RROR.EQ.2) WRITE (6,603) IPHASE,LEG

80	 603	 FORMAT(//28H W.L£.WPL IN DESCENT. PHASE- p 12s7H	 LEG-s 1211
RETURN

30	 CONTINUE
CALL AT62(HNsANS)
A-ANS(41

85	 SMNuVEL/A
RHO-ANS(11
Q-.5*RHO*VEL**2
BLTIME-BLTIKE+TIME160.
BLRANG=BLRANG+XDESC

90	 C-----TEST FOR WEAPONS DROP
IF (IW(IPHA5E) * E0.0) GO TD 40
WNW—WMISS
IWS n O

C-----TEST FOR BOMBS DROP
95	 4C	 IF (IB(IPHASE).EQ•0) GO TO 50

w-w-WBOMBS
ISS-0

C-----TEST FOR AMMO DROP
50	 IF (IA(IPHASE).EQ.0) GO TO 60

lOC	 h-W—WAMMUN
,IAS-0

60	 IF (IPRT(IPHASE).EQ.0) GO TO 70
WRITE (6j,6041  HN, AF SMNs RH(1s Qs D XCRUS s W

604	 FORMAT(/5X,4HHN -El4&7:6X,3HA -E14.7,4Xo5HSMN -E14.7s
105	 1 4Xs5HRHO -El4.7,6Xs3HQ ttE14.7/1X y 8HDXCRUS -E14.726X,3HW -E14.71)

70	 SMNTCIPHASE)-SMN
HNT(IPHASE)-HN
CLT(IPHASE)-CL
ALPHAT(IPHASE)-ALPHA

310	 WFT(IPHASE)-WF
TIMET(IPHASE) n TIME
VELT(IPHASE)-_VEL
SFCT(IPHASE)=SFC --
TNT(IPHASE)-TN

55
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1:35	 CDT(IPHASE)=CD
RLDT(IPHASF)-RLD
WEELTCIPHASE)=W
WART(IPHASk'aWTQT
CT(IPHASE)wQ

120	 SFCUT(IPHASE)-SFCU
TNUT(IPHASE)-TN U
CDIHST(IPHASE)KCDINSP
PkTOTT(IPHASL);PRTOT
XT(IPHASE)-XDESC

125	 PETURN
LND
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FTN 4.5+41)	 05

s
I SUBROUTINE PATHS (ICALCsNERRORsIGEDsKGPRNT)

FEAT,	 KP
COMMON /TRAJCM/ ALPHA,ARWsCD,CDLsCDO,CLsDESLFsDRAGsENsHNsKPs
1 RLDsSMNsRMAX,RANGE,SFC., SWINGS THRUST,TW,ULTLFsW,WAMMUNsWETANK,

"	 5 2 WFUELsWGTOWTsWMISS,WTOTsWPLWTsMSTART(12)sHSTART(12)sTIM(12)s
3	 PS1GT( I2)sTDOTST( 12)sNZST( 12 ),PSIT(12),TVDTIT(I2)sNZIT(I2)s
4 WBOMBS,WFEXT,SFCUsTHRSTUsCDINSPsPRTOTPWKFUE:LsCRMACHsFLTOsX(12)s
5	 FLLAND,TE:NDURsBLRANGPBLTIMEsTIMT01sTIMIOZ,WFTO,PNAMEI(1Z),
E	 PNAME2(12),SMNT(12)sHNT(12)sWFT(1Z1sTIMET(1Z)sXT(1Z)sCLT(12)s

iC' 7 CDT(12)sALPHAT(12), CLIT(12),CDIT(12),ALPHIT(12),WFUSED,4LAND,
8	 QT(I2),RLDT(12)sSFCT(12)sTNT(I2),CET(12)sDY(18)s
9	 IA q,IPSsITSsIWSsIBS,NPHASEsIDY(14)
COMMON	 /TRAJEX/	 ALPiGT(12)sCDINST(12)sCD1GT(I2),CL1GT(12)sDE:CELs
1 OLLHP,DELMPsDXCRUSsFLFACsFRFUREsHEND(12)sHENDURsHMAXPsHMINPs

15 2 HPATHT(50)sMEND(12)s MENDURsNT(12),PRT q TT(12),RADIT(12)0
3 PADST(12)sSFsSFCUT(12)sSFIMAXP,SMMINPs
4 TNUT(12)sVIND(12)iVELT( 12)sVPATHT(50)sWART(12)PWCOMBPsWEELT(12)s
5 WFRES,WFTGTsWFTOZ,WFT02sWFTRAP,WKLANDsXDESCsXGRLANsFWGMAXsTOLs
6	 WFIXED,WGCALCsWPL,dGTUsDUMY(82)sIA(12),IAS,IB(12)sIBREGsIENDURs

20 7	 IMISSsIP(12),IPHA5EsIOLOTPIPRINT,IPRT(12),IPSIZEsIPSTOI,IPST02s
8	 IW(121,IX(12)sKERRORsMILCOMsNCRUSEPNLEGCL9NLEGCR,NLEGLO,NMISSs
9 NPATHsI0UMY(6)
DIMENSION AN5(4)
IP5xIP(IPHASE)

Z5 TIME-0.0
XPATH-0*0
kF-D.0
IF	 (IPRT(IFHASE).NE.3)	 WRITE	 (6,600)	 IPSsTIMEsXPATHsWFPW

600	 FORMAT(I//17H	 PATH	 PHASE:///4Xs5HIPS	 -IZ,15Xs6HTIME -E14.7,
3C 1	 2Xs7HXPATH =E14.7,5Xs4HWF 	 -E14.7,6X,3HW	 =EE14*7/)

DG t)O	 I=2sNPATH
LEG-I-1
HI-HPATHT( I--1 )
H2 nHPATHT(I)

35 HN=.5*(Hl+H2)
D ELL=

ORIGINAL PAGE ISCALL AT62IHNsANS)
A T 62 (

OF POORRHO-ANS (1)	 QUALITY
A-ANS(4)

4C VM1=VPA7HT(I—I)
VM2=VPATHT(I)
VM-.5*(VM1+V112)

C--•---MAKE TEST TO SEE WHETHER VM IS MACH OR VELOCITY.
IF	 (VM.GT.I(•.U)	 GO TO 10

45 SMN1-VM1
5KN2nVMZ
SMN=VM
VtLl=SMNI*A
VEL2- SMN2*A

5C VEL -SMN *A
GC TO 20

IC	 VEL1-VM1
VEL2-VMZ
VEIL-VM

55 SPNI-VELI/A
SMN2-VELZ/A
5MN=VELIA

57

1
i
1
1	 I

7
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20	 DELV-VEL2—VELI
C-----CALL PREP TO (7ET TNs	 SFC *

60 CALL	 TRAJOI(2)
CALL	 PROMIICALCsNEKRLIR,IGEOsKGPRNT)
IF	 (NERROR.6E.2)	 RETURN :.
CALL TRAJ 3I(1) 3

TN=THRUST*EN.
65 TNU-THRUSU*EN .:.

C-----CALL HERO TO GET CDOs KP.
IACE-1
ALPHA-5.0 #	 ''
CALL	 TRAJOI(2) f

7C CALL A£KD(ICALC,NERRORPIGEOsKGPRNT) i	 a
IF	 (NERROR.GE.2)	 RETURN
CALL	 TRAJ01(1) r̀i
Q=^5YRHO*VEL**2
QS:Q*SWING

755 C1-QS/W
C2aVEL*DELV/(32.2*DELH)+1.0
C3-TN/W—C1*C00
C4=(C2f9p)**2
C5-SQRT(.25*C4**2—C4*CBI(C1*KP)+C4/C1**2l i

BC C-----CALCULATE FIRST APPROXIMATION TO CL.
CLI-SQRT(—.5*C4+C31(CI*KP)+C5)

C-----CALL AERO TO GET CDs 	 ALPHA.
CL-CLl
IAOx8

85 CALL	 TRAJ01121
CALL AERO(ICALCsNERRORsIGEOPKGPRNT)
IF	 (NERROR.GE.2)	 RETURN
CALL	 TRAJ01(l)
Cb-((TN/W)*CGS(ALPHA/57.3)—C1*CD)/G2

9C C-----CALCULATE SECOND APPROXIMATION TO CL.
CL2-SQRT(I.—C6**2)/C1

C-----CALL	 AERO TG GET C(_}s	 ALPHA.
CL-CL2'
CALL	 TRAJ01(21

95 CALL AERO(ICALCsNtRRORsIGEOsKGPRNT)
IF	 (NERRDR * GE.2)	 RETURN
CALL TRAJ01(1)

C-----CALCULATE FLIGHT PATH ANGLE.
SING-((TN/lv)*CQS(ALPHA/57.3)—CI*CD)/C2

LOG IF	 ( ( SING . GE.O.0) . DR.(DELH . LE.0.0))	 GO TO 3D
NERROR-2 l
WRITE	 (bsbCl)	 IPHASEsLEG

601	 FORMAT(11//133H *****FATAL ERROR IN PATH. PHASE w vl2s3Xs4HLEG -,I2i 	 l
I. 41H *****INSUFFICIENT THRUST TO Fu,LOW 	 PATH./////)

LOD RETURN
r_'30	 IF	 (SING.GT.1.01	 SING $ 1.0

C-----CHECK CAPABILITY TO HATCH PATH ALTITUDE.
DELHC-V L*DELV*SING/(32.2*SSING*C2—SING))
IF	 (A8S((DELHC—DELH)/DELH) * L£.0.2)	 GO	 TU 40	 I^`

LIO NERRORx2 ^_-
WRITE	 ( bsbC2)	 IPHASEsLEG

602	 FORMAM///133H *****FATAL ERROR IN PATH. PHASE-sI2s3Xs4HLEG -s I2/
1 44H *****PATH ALTITUDE DEVIAT10N EXCEEDS LIMIT./////)
RETURN

58
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•	 15	 40	 DELT-DELH/(VEL*SING)
CDSG=SQRT(l.-SING**2)
DELX-VEL*DELT*CQSG16080.^ 0 p4o
DELWF=TN*SFC*DELT/3600.	 RTIME-TIME+DELT/60.

2C	 XPATH+XPATH+DELX
WF-kF+DELWF
k-W-DELWF
IF {IPRT(IPHASE).EQ.0) GO TO 50
WRITE (6s603) LEGs HIP H2sHNPDELHtSHN1pSMN29SMNsVEL12VEL2sVELsDELVs

25	 1 RHf]m A;INISFC9ALPHAsCD qsKPsQsC1sC29C3sC4sC5sCL1sC6sCL2pCLsCDs
2 SINGsCDSGsDELHCsOELTPDELXsDELWF9TIMEP XPATHsWFsW

603	 FORMAT(/1Xs5HLEG -I215Xp4HH1 -E14.7 p 5X p 4HH2 -El4.7s5Xs4HHN -E1497s
1 3Xs6HDELH -E 14&7s 3Xp6HSMN1 a E14.713X p 6HSMNZ A E l4.7s 4Xp 5HSMN -
2 E14.7s3Xs6HVELI -E14.7s3Xs6HVEL2 n E14.7s4Xt5HVEL =E14971

30	 3 3Xs6HDELV -E14.7 p 4Xs5HRHO -E14.7 p 6Xs3HA =E14.7s5Xs4HTN -E14.7p
4 4Xt5HSFC -E14.7/2WHALPHA -E14o7s4Xp 5HCD q -E14.7s5Xs4HKP =E14.7s
5 6Xs3HQ -E14.7s5Xs4HC1 -E14s7/5Xs4HC2 =El4.7s5Xs4HC3 sE14.7s
6 5Xs4HC4 -E14.7s5X p 4HC5 =E14.7s4Xs5HCL1 -E14.715X p 4FlC6 -E14.7s
7 4X t 5HCL2 -E.14.7s5Xs4HCL zEE14.7s5X#4HCD -E14.7t3X p 6HSING -E14.7/

35	 8 3Xs6HCOSG -E14.7s2X p 7HDELHC -E14.7t3Xt6HDELT -El4.7s3Xs6HDELX -
9 L14.7s2Xp7HDELWF -E149713Xs6HTIME -E14.7s2Xs7HXPATH -E14.7s
15X p 4HWF -L14.796Xs3HW -E14.7/)

50	 IF (W.GT.WPL) GO TO 60
IF (KERR qR.EQ.2) WRITE (6x604) IPHASE9LEG

40	 604	 FORMAT(1125H W.LE.WPL IN PATH. PHASE- p I2s7H	 LEG-I2/)
RETURN

60	 CONTINUE
HN-H2
SPIN-SMN2

45	 VEL=VEL2
BLTIME-0LTI?.b+TIME/60.
BLRANG-BLRANG+XPATH

C-----TEST FOR WEAPONS DROP
IF (IW(lPHASEI.E:Q.G) Gq TO 70

5C	 W-W-WMISS
IWS-U

C-----TLST FOR 80148S DROP
70	 IF (IB(IPHASE).EQoo) GO TO 80

W-W-WBOMBS
55	 IBS Ica

C-----TEST FOR AMMO DROP
8C	 IF (IA(IPdASE) .EQe0) GO TO 90

W-W-WAMMUN
IAS=0

6C	 90	 IF (IPRT(IPHASE).EQ'.0) GO TO 100
WRITE (616C5) W9HNs5MNsVEL

605	 FORMAT(/6Xp3HW -E;14.7s5Xs4HHN s E14o7j,^.Xs5HSMN -E1407s
14X,5HVEL -E14.7/)

100	 SPNT(IPHASE)-SMN
65 HNT(IPHASE)-HN

CL T (1PHASE:)-C L
ALPHAT(IPHASE)-ALPHA
WFYaIPHASE)-WF

F	 T1ME7(IPHASE)-TIME
7C	 VLLT(IPAASL)-VEL

SFCT(IPHASE)-SFC

59
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TNT ( I PH AS E ) w T N
CDT(IPHASE)zCU
RLDT(IPdASE) n kLD

175	 tEELMPHASE)-W
WART(IPHASE)-WTOT
QT(IPHASEI=U
SFCUT(IPHASE)-SFCU
TNUTCIPHASE)-TtlU

180	 CDINSTCIPHASEI*CDINSP
PRTDTT(IPHASE)-PRTOT
XT(IPKASE)%XPATH
RtTURN
END

14
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1 SUBROUTINE TRAJOG
C	 OUTPUT OF kESULTS	 FROM TRAJECTORY ROUTINE

REAL NZSTPNZITsNZ1GsMENDURPLOIT
COMMON /TRA4CM/	 ALPHAsARWsCDsCDLsCDdPCLsDESLFPDRAGPENPHNPK'Pi

e 1 RLDPSMNi4MAXsRANGEPSFCPSWINGsTHRUSTPTWoULTLF*WPWAMMUNvWETAN KP

2 WFUELPWGTOWTPWMISSsWTDTPWPLiiTsMSTART(12)sHSTART112)sTIM(12)e
3 PS1GT(1Z)2TDOTST(12)PNZST(12)sPSIT(12)sTDOTIT(12)sNZIT(12)s
4 WBOMBSPWFEXTsSFCUsTHRSTUsCDINSPsPRTOTPWKFUELsCRMACHsFLTOPX(12)r
5 FLLANDsTENDURsBLRANGPBLTIREPTIMTOLPTIM702PWFTOPPNAMEI(12)s

1G 6 PNAMEZ(12),PSMPiT(12)sHNT(IZ)sWFT(12)sT1MET(1L)sXT(12)sCLT(12)s
7 CDT(12)pALPHAT(12)sCLIT(12)sCDIT(12)PALPHIT(12)sWFUSEDPgLANDs
8 UT(12)PRLOT(12)PSECT(12)PTNT(12)PCET(12)PDY(16)s
4 IAOPIPSsITSsIWSPIBSPNPHASEsIDY(14)
COMMON	 /TRAJEX/	 ALPIGT(12)aCDiNST(12)sCD1GT(12)sCL1GT(12)sDECLLP

15 1 GELHPs!]£LMPPDXCRUSsFLFACsFRFUREsNEND(12)PHCNDURsHMAXPsHMINPs
2 hPATHT(50)sMEND(12)sMENDURsNT(12)sPRTOTT(12)sRADIT(12)s
3 RADST(12)sSFPSFCUT(12)PSMMAXPPSMMINPs
4 TNUT(12)YVIND(12)sVELT(1Z)sVPATHT(50)sWART(12)YWCOMBPPWE£LT(12)s
5 kFR ESP WFTOTPWFT01;pWFTO2sWFTRAPPWKLANDsXDESCsXGRLAN,FWGMAXPTOLs

2C 6 WFIXEDPWGCALCPWPLsWGTq PO UMY(82)PIA(12)sIASsiB(12)sIBREGsIENDURs
7 IMISSsIP(12)PIPHASEPIPLOTPIPRINTPIPRT(12)91PSIZEsIPSTO1sIPST02s
8 1W(12)sIX(12)sKERRORsMILCGMsNCRUSEPNLEGCLsNLEGCRPMLE GLOP NMIS$s
9 NPATHrIOUMY(6)
DATA C06B/4HCOMB/

25 DATA LOIT14HL0IT/
WRITE	 (616CC)	 iMISSiWPL

6CC FORMAT(1H1s24Xs17HTRAJECTORY OUTPUT//
1 24X)7HMISSI qNPI2sl2H	 (PAYLOAD	 =PF8.3s4H L81//
2 67H PHASE	 M	 H	 CL	 ALPHA	 WFUEL	 TIME

30 3 VEL/9XP57HSFC(I)	 THRUST(I)	 CO	 LID	 w	 WA
4 0/9Xs57HSFC(U)	 THRUST(U)	 CDINST	 PR

35

601
4C

lc

602
45

so

55

5X)
DO 10 IPHASE=lPNPHASE
WRITE (6)6011 PNAME1(IPHASE)s PNAME2(IPHASE)PSMNT(IPHASE)s

1 hNT(IPHASE)sCLT(iPHASE)PALPHAT(IPHASE)sWFT(IPHASE)sTIMET(IPHASE)s
2 VELT(IPHASE)sSFCT(IPHASE))TNT(IP rEASE)PCDT(IPHASE)ARLDT(IPHASE)s
3 wEELT(IPHASE)sWART(IPHASE) POT( IPHASE)sSFCUT(IPHASE)PTNUT(IPHASE)s
4 COINST(IPHASE)sPRTOTT(IPHASE)sXT(IPHASE)
FLRMAT(/1Xs2A4sF4.2sF11.GsF1D.4sF8o2sFlO.1sF8.2sFBOOI

1 F13o2sF11.OsF10e4sF8 ► 2sF10.1)F8o2sF8oO/
2 F13e2sF11.LsF1De4s18XsF8.2sF8.Ob

CONTINUE
WRITE (6s 602) WFTOlsWFTOTsWFT02sWFEXTsWFUS EDP WFUELPWFRESsWFTRAP
FORMAT ( Irt1s20XsI2HFUEL SUMMARY 1 114H TAKEOFF FUEL/

1 9Xs7HWFTOI &p Fee0s5Xsl2HT q TAL FUEL =sFBeD/
2 9X)7HWFT02 =sF8e0s5Xs12H EXTERNAL aPF8e01
3 16H MISSION FUEL =sF8e0s5XP12H INTERNAL zPF8o0/
4 16H RESERVE FUEL x PF8e0 / 16H TRAPPED FUEL wsFB.0)
J=D
NZIGalsO
TDOT1GR0e0
RAD1Gw0a0	

-^—	 - - -^

PSS-000
DD 30 IPHASE • IsNPHASE M .
IF (PNAMEI(IPHA5E).NE.00M8) 60 TO 3D
IF (J.NEsU l GO TO 20------ - - -- -
kRITE I6s603)
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6C3	 FORMAT (/// 19X,28HADDITI q NAL COMBAT PARAMETERS//13X y }
I 5LHC qNDiT1GN5	 PS	 NZ	 TQ qT	 RADIUS	 ALPHA	 CL	 CD)

60 J=1
20	 WRITE	 (6.@604)	 SMNT ( IPHASE).@ PS1GT ( IPHASE ) YNZ1GsTD OT1G,,RADlGs

1	 ALPIGT ( IPHASE ) aCLIGT ( IPHASE ) PCD1GT ( I PHASE ) sH N T ( IPHA SE ] s PS S p }	 `
Z	 KZST ( IPHASE ) FTDOTST ( IPi-LASE)mRADST ( IPHAS6 ) PALPHAT ( IPHASE)i
3	 CLT ( IPHASE ) PCDT ( IPHASE ) PPSIT ( IPHASt ) PNZIT ( IPHASE)pTDOTIT ( IPHASE ) s

55 4	 KADIT ( IPHASF ) ,PALPHIT ( IPHASE )PCLIT (IPHASE ) PCDIT(IPHASE)p
5	 CET ( IPHASE)

r

604	 FORMAT(/3H M-RF5.2215H	 1 G FLIGHTPF8elyF6a2pF7e2yFS.OpF7.2s
F6a2F7a2p F8o0F7 a21 F7.3 p F8 . 4/3H H =mF6 * 0Y13H .	SUSTAINEDP F9 .1p	 p	 p

2	 F7a3pF8.4l13Xpl0HMAX.	 INST.yFBolyFb.2p F7 oZpFB.Or F7o2.tF7.9pFB.41

7C 3	 13Xal5HCOMBAT	 ENERGY.!n1_Ex8a.6) a
30	 CONTINUE I

WRITE	 (6.@605)	 6L TI ME P BLRANGsFLTOs FLLAN D .@ XGRL Atli- kLAND p WGTO	 Wp
1 MENDURPHENDURPTENDUR k

605	 FC°RMAT1//lRX p 23H	 BLOCK TIME	 -PF7.3s7H	 HOURS/

75 1 35H	 BLOCK RANGE xsF?.lp7H	 Na M.1 #
2 35H TAKEOFF	 FIELD LENGTH(TOTAL RUN) 	 z fF7a0 p 6H	 FEET/
3 35H LANDING FIELD LENGTH(TOTAL RUN) 	 x sF7 * 0s6 H	 FEET /
4 35H LANDING	 FIELD	 LENGTH(GROUND RUN)	 =vF7.0p6H	 FEET/ #+.
5 35H	 WEIGHT FOR LANDING CALCULATION xp F8.U p 7H POUNDS/

8C 6 35H	 TAKEOFF WEIGHT = p FB.0 p 7H POUNDS/

7 35H	 LANDING WEIGHT -yF8.D p 7H POUNDS!
8	 35H	 ENDURANCE MACH NO.	 n pF5al/
9 35H	 ENDURANCE ALTITUDE	 xp F7.O p 6H	 FEET/ ^.

1 35H	 ENDURANCE TIME	 upF7o3y7H	 HOURS)

85 DO 40 IPHASE =1sNPHASE
Y:

IF	 (PNANiEl(IPHASE)oNE.LOIT)	 G©	 TO	 40
kRITE	 ( 6:6G6)	 X(IPHASE) }

606	 f-ORMAT ( 20XF15HL q ITER RADIUS = y(6.2p4H	 N.	 Me) {

4C	 CONTINUE
9C RETURN

END

62 ;	 .
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1 SUBROUTINE TRPLOT { NERRORs]IGEOrKGPRNT)
REAL LIFTYNZSPNZI
COMMON 1TRAJCM/ ALPHAsARWPCDPCDL.9 CDOsCLsDESLF.9 DRAGsENsHNsKPs

1 RLD.9 SMNs 4MAXoRANGE.9 SFCsSWING.9 THRUSTsTW.9ULTLFPWsWAMMUNsWETANKs
5 2 6FUELsWGT O WTrW M ISSsWTOTs.WPLWTPMSTART ( 12)PHSTART(12): TIM( 1.2)a

3	 PS1GT(1Z)rTOOTST(12)sNZST(12)sPSIT(12)sTDOTIT(12)sNZIT(12)s
4 WBOMBS .PWFEXTsSFCUsTHRSTUsCDINSPsPRTOTrWKFUELPCRMACHsFLTOsX(12)P
5	 FLLANDPTENDURPBLRANGsBLTIMEsTIMTDIPTIMT029WFTOsPNAMEI(12)D
6 PNAME2(12)sSMNT(12 ) sHNTIIZ)PWFT ( 12)sTIMET ( I2)PXT ( 12)sCLT(12)s

IC 7 CDT ( 1Z)PALPHAT(12)sCLIT ( 1Z)sCDIT ( 12)sALPHIT ( 12)sWFUSEDsWLANOP
8	 QT(12)PRLDT(12)PSFCT(12)sTNT(I2).9CET(12)sDY(18)s
9	 IAOsIPS.9 ITSPIWSPISSsNPHASEsIDY(14)
COMMON / TRAJEX! ALPlGTIlZ. ) sCDIN5T(12 ) sCDIGT(1,2)sCL1GT ( 12)sDECELs
1 DELHPsDELMPsDXCRUSsFLFAC.9 FRFUREsriEND ( 121sHENDURPHMAXI ' sHMINPs

15 2 HPATHT ( 50).9MEND(12)*MENDURrNT ( 12)sPRTOTT(12 ) aRADIT(12)s
3 RADST ( 12)PSFsSECUT [ 1Z)sSMMAXPPSMMINPs
4	 TNUT ( 12)PVIND ( Z2)sllELT ( 12)PVPATHT(50)PWART(12)PWCGMBPsWEELT(12)s
5 WFRESPWFTOTsNFTOl o WFTDZPWFTRAPPWKLANDsXDESCsXGRLANsFWGMAXsTOLs
6 kFIMEDpUGCALCPWPLPWGTQPDUMY ( 82)yIA(12)sIASsIB(1Z)sIBREGsIENDURs

2L 7	 IMIS5 2 IP(12 ) sIPHASEolPLOTPIPRINTPIPRT ( 12)PIPSIZEmIPSTDIPIPST02P
8	 IW(12 ) sIk(12 ) sKERRORP II ILCOMsNCRUSEsNLEGCLsNLEGCRPNLI_ GLOsNMISSs
9 NPATHPIDUMY(6)

DIMENSION ANS (4)
DATA COMB14HCOMBI

25 C------IPLDT _- 0s	 NO PRINTS NO PLOT _.
C-----IPLOT $ 1P	 PRINTs	 NO PLOT
C ----- IPLOT a 2s NO PRINTs	 PLOT
C-----IPLOT 4 3s	 PLOT/P^RINT.9
C-----WCOMBP .LEo Oti s W w W FROM LAST COMBAT PHASE

3C C-----WCOMSP BETWEEN O.0 AND I * Os W w WC O MB P*WGTO
C-----WCOMBP	 gGTo IeOs	 W m' WCOMBP__

C-----CALCULATE COMBAT PARAMETERSo
J20
DO 10 IPFIASEcIoNPHASE

35 IF ( PNAME1(IPHASE) . NE.COM0) GO TO 13	 ORIGINAL PAGE ISJuIPHASE
10	 CONTINUE	 OF POOR QUALITY

IF	 (J.EQ.0)	 IPSa2
IF	 (J.GT .01 	 IP S-IP(J)

40 JMlAJ-1
IF	 (JM1.E0,0)	 JMlml
IF	 ((WCO t(BP.LE.0 . 0) * AND.( ,I.EQ.D))	 Wo.7*WGTO
IF	 ((WCOMB Pe LE.OeO).1rND.(,)oGT oO)1 	W-WEELT(JM1)
IF	 t(WCOMBP * GT.OaO).A(4D.(WCOMBP * LE, 1 * 0)1	 W mtWCOMBP*WGTO

45 IF	 (4COMBP.GT.1.())	 :179WCOMBP
NH ra ( liMAXP—HMlNP) BDELliP+1. D
Nf t - (SMMAXP —SMMINP) /0ELllP+1.0
IF	 ((IPLOT . EQ.1)oOR n (IPLOTeEQ.31)	 WRITE	 (6x6()0)	 HMINPPHNdAXPs

1	 DELHP P SMMINPsSMIIAXPPDEL)iPsWCOMSPsIPLDT.,QMAXPW
5C 60C	 FORMAT(1H1s9H	 HNINP' -1= 7.0110H	 HmAXP =F700110H	 DELHP sF7e01

1 10H	 SNMINP	 x F6o2 / hUtl	 StriHAXP =F6.2 / 10H 	 DELHP -F6.2/
2 IGH	 WCOMBP	 >=F992110H	 IPLOT m 12110H	 AMAX aF7.0/
3 1i:H	 W	 =F8.1/ / a5H	 H	 m	 PS1G	 NZS	 TDUT:
4	 NZI	 PSI	 TDOTI	 Q/)

55 IF	 (IPI.OT . GE .2)	 WRITE	 ( 42.9601)	 NHsNMvDELHPoDELMPPQFIAX
601	 FCjRMATl2I8s3F8*2)

DO 40 IHalaNH

63
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60

65

70

75

BC

85

90

95
20

lOC

105

11C

30

HkzFLOAT( IH-1)*DELHP
CALL AT62 (tiNsANS)
RNO-ANS(1)
A=ANS(4)
DU 46 IM-1PNM
SMN-FLOAT( Iii-1)*DELMP+SHHINP
VEL-SHN*A
Om.5*RHO*VEL**2
OS-0*SkI NG
CLAN/0S
IAan e
CALL 7RAJOI(2)
CALL AERlJ (2sNERR1lRi IGEAsKGPRNT)
IF (NERROR.GE.Z) RETURN
CALL TRAJOl(1)
DRAG-CD*9S
CALL TRAJOI(2)
CALL PAOP(27MERRORsIGEDaKGPRNT)
If- (NERROR.GE.2) RETURN..,_
CALL TRAJOI(l)
TNaTHRUST*Eh
PS 1G- ( TN — DRAG) * VE L/W

NZS-1.001
IF (P51G9LE a0 .) GO TO ZJ
IAD-4
CALL TRAJOI(2)
CALL AERO(2sNERRDRrIGEOPKGPRNT)
IF (NERROR,GE.2) RETURN
CALL TRAJ31(1) ..,
LEFT-CL*US
NZS-(LIFT+TN*SIN(ALPHA/57.3))/K
IF (NZSsLE.DESLF) GO TO 20
IAO-6
CALL TRAJ01(2)
CALL AERO(2aNERRORsIGEOPKGPRNT)
IF (NERROR.GE.2) RETURN
CALL TRAJU^ d )_ ______

NZS=DESLF
IF (NZS.LE.I.0) NZS-1.001
PHI-ARCO5(1.0/NZS)
RADIUS-VEL**2/(32.2*TAN(PHI))
TDOTS-57.3*VEI !o:,DlUS
IAO-5
CALL TRAJJI(21
CALL AERO(2#NERRORsIGEDRKGPRNT)
IF (NERR0R * 6E.2) RETURN
CALL TRAJOI(l)
LIFT-CL¢0S
NZI-(LIFT+Th,*SIN(ALPHA/57.3))/W
IF (NZI.LEoDtSLF) GO TO 3G
IAO-6
CALL TRAJ01(2)
CALL AERU(2#NERRORPLGEOPKGPRNT) 	 a

IF (NERRORoGE.2) RETURN
CALL TRAJ01(1)	 w
NZixDESLF
IF (NZI * LE * 1.0) NZI-1.()01	 s
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SUBROUTINE TRPLOT	 76176	 OPTa2	 FTN 4.5+410	 05

N
15 DRAG ai:O *QS

PSix(TN*COS(ALPHA/57.3)—DRAG)*VEL/W
PHIxARCOS(1*0/NZI)
RADIUS -VEL**2/(32.2*TAN(PH1))
TD qTI=5793*VELIRADIUS

2G IF	 ((IPL qT.ka.l). qR9(IPLOT.E0.3))	 WRITE	 (6#602)	 HN#SMNs
1 PS1GsNZSPTDOTSsNZIsPSIsTDOTIsQ
IF	 (IPLUTaGE.2)	 WRITE	 (42#602)	 HN#SMNsPS1GsNZS#TD0TS#NZI#PSIs

1 TDOTIs Q
602	 FORMAT( F7.0sF6.2s1P7E11.3)

25 40	 CONTINUE
C-----LANDING FIELD LENGTHS AT ALTITUDES OF 0 # 4000#	 8000# AND 12000 FT.

IF	 ((IPLOF.EQ.I).0R^(IPLOT.EQ.3)) 	 WRITE	 (6#603)
603	 FORMAT( 1H1s8X#33HLANDING FIELD LENGTH CALCULATIONS//

1	 ECH	 'ALT'	 W.t1lN. _.	 FLLAN(WKIN)	 WGT q 	 FLLAN(W
30 2GTD1//)

WhIN a WGT0—WFTOT— WPL, -
IAD-12
D q 50 Ialp4
HN-(I-1)*4000

35 CALL AT62(HNsANS)
R H O g A N S (1)	 ORIGINAL PAGE

I5CALL TRAJ0I(2 )	 OF ,POOR QUALITYCALL AERD(2sNERRORsIGEOsKGPRNT)
IF	 (NERR q R.GE.2)	 RETURN

4G CALL TRAJ01(1)
VSTALLaSQR)(2.*WMIN/(SWING*CL*RHO))
VSCREN-1.3*VSTALL
VTD qWNal.15*VSTALL
XAIR=((VSCREN**2—VTDOWN**2)164.4+500 )*RLD

45 XGRLAN n VTDOWN**21164.40DECEL).
FLLANla(XAIR+XGRLAN)/FLFAC
VSTALL$SQRT(2.*WGT q/(SWING*CL*RHOI)
VSCREN-1.3*VSTALL
VTDOWNz 1a15 *VS TALL

5C XAIR-((VSCREN**2—VTD q WN**2)/64a4+50.)*RLD
XGRLAN-VTDOWN **2/(64.4*DECEL)
FLLAN2-(XAIR+XGRLAN}/FLFAC
IF	 (()PLOT.EQ.1).0R.(IPL0T.EQ.3)I	 TRITE	 (6#604)	 HN#WHIN#FLLAN1s

3	 WGT qsFLLAN2
55 6C4	 FURMAT(F7•0j4El5a6)

LF	 (IPLQT.GE.2)	 WRITE	 (42.,6041	 HNpWfiINsFLLANlAWGTOsFLLAN2
50	 CONTINUE

kETURN
END
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SUBROUTINE COLGEN	 76176	 OPTm2	 FTN 4.5+410	 +

	

I,	 SUBROUTINE GOLDEN(XMlNPXMAXiIXYPNMAX;,XX.PYPNERRORPIGEOpKGPRNT)
C-----THIS ROUTINE USES THE GOLDEN SECTION METHOD TO FIND
C	 THE X CORRESPONDING TO THE MAXIMUM Y IN THE INTERVAL
C	 BETWEEN XMIN AND XMAX.

	5	 C-----IF IXY a 1s THEN X - ALT n AND Y a GREG. FACTOR
C-----IF JXY = 2 1 THEN X - ALT. AND Y n ENDUR. FACTOR
C-----IF IXY s 3 s THEN X a MACH AND Y s ENDUR. FACTOR

COMMON /TRAJCM/ ALPHAsARWsCOsCDLsCDO,CLPDESLFPDRAG,ENPHN,KPs
1 RLOPSMNPQMAX P RANGE sSFCsSWING,THRUSTPTWPULTLFPWPWAMMUNPWETANKP

	

10	 2 WFUELPWGTOWTsWMISSPWTOTPWPLWTsMSTART(12) P H5 TART( 12)s TIM( 12)P
3 PS1GT(121sTDOTST(12)sNZST(12)PPSIT(12)sTDOTIT(12)PNZIT(12)P
4 WBOHBSPWFEXT,SFCUPTHRSTUPCOINSPPPRTOTiWKFUELsCRMACHsFLTOPX(12)s
5 FLLANDsTENDURPBLRANGPBLTIMEPTIMT01sTIMT02sWFTOsPNAMEI(12)s
6 PNAME2(12)sSMNT(12)PHNT(12)PWFT(12)sTIMET(12)PXT(12),CLT(12)s

	

15	 7 CDT(12)PALPHAT(12)PCLIT(12)sCDIT(12)sALPHIT(12)PWFUSED,gLANOr
8 QT[12)PRLDTC12)jSFCT(12),#TNT(12)#CET(12)PDY(18)s
9 IAOsIPSPITSPIWSPIBSPNPrIASEsIDY(14)
COMMON /TRAJEX/ ALPIGT(12)sCDINST(12),CD1GT(12)PCLIGT(12)PDECELs

1 DELHPYDELMPPDXCRUSPFLFACYFRFURE,HEND(12)sHENDURlHMAXPPHMINP,

	

2C	 2 HPATHT(S0IYMENDtl2)PMENDURPNT(12)PPRTOTT(12)PRADIT(12)o
3 kADS3(12)PSFPSFCUT(12)PSMMAXPPSMMINP,
4 7NUT(12),VIND(12)sVELT(12)sVPAIHT(50)sWART(12)PWCOMBPPWEELT(12)P
5 WFRESPWFTOTPWFTO1sWFT02skFTRAPoWKLANDPXDESCsXGRLANsFWGHAXPTOLP
6 WFIXEDowGCALCsWPLPWGTOPDUMY(82)PIA(12)sIASPIB(12),IGREG,IENDURs

	

25	 7 IMISSPIP(12)PIPE(ASEPIPLOTPIPRINTPIPRT(1Z)sIPSIZEPIPSTOIPIPST02s
8 l^t(12)sIX(12)sKERRORsMILCOM,NCRUSEsNLEGCLsNLEGCRsNLECLOPNMISSP
9 NPATHPIDUMY(6)
DIME N SION ANS(4)
IPSAVE*IPS

	

30	 KCALC62
I AOstB
IPS :4
IF ((IPRINT.GE.2).AND.(IXY.EQ.11! WRITE (6P6OO)
IF ((IPRINT,GE.2)9AND.(IXY.EQv2)) WRITE (6x601)

	

35	 IF [(IPRINT,GE.2).AND.(IXY.EQ.3)) WRITE (6,602)
600	 FORMAT(/22H SEARCH FOR GREG. ALT.123H	 ALT.	 GREG. FACT.,	 e

1 5Xs4HMACHP8Xt2HCL/8Xs2_HCDp7XP6HTHRUSTP3XP3HSFC)
601	 FORMAT(123H SEARCH FOR ENDUR. ALT./23H	 ALT.	 ENDUR, FACT.P

i 5XP4HMACHs8XP2HCLP8Xs2HCDs7Xs6HTHRL?STP3XP3HSFC)	 ,r

	4C	 602	 FORMAT( /23H SEARCH FOR ENDUR, MACH/23H	 MACH	 ENDUR. FACT.P
1 5XP 4HMACHP8XP2HCLPBX,2HCDP7Xs6HTHRUSTP3Xs3HSFC)

X lAXMIN

X2=XMAX
XX=X1

	

45	 NxD
XBEST n XX
YBEST*-1.
IF (IXY.LE.2) HN-XX
IF (IXY.EQ.3) SMN=XX

	

50	 IRETRNm1
C-----------------------------------
C	 START OF FUNCTION EVALUATION
C---------------------------------	 4

10	 14=N+1

	

55	 CALL AT62(HNPANS)
RHOaANS(1)
A-ANS(4)
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XXxX3

90 IF	 (IXY.LE.2) HN-XX
IF	 (IXY.EQ.31 SMN-XX
IRETRN-3
GO TO 10

40 Y3-Y
95 50 x12-.5*(X1+X2)

DELXxABS(X12—X3)
X4-XIZ+DELX
IF	 (X3.GT.XI2) X4=XIZ—DELX
XXxX4

OC IF	 (IXY.LE.2) HN-XX
IF	 (IXYoEQ.3) SMN-XX
IRETRN-4
GO TO 10

6C Y4-Y
05 IF	 (Y3.GE.Y4) GO TO 90

IF	 (X4.LT.X3) GO TO 70
X1xX3
YI-Y3
GO TO 80

1L 7C X2-X3
Y2-Y3

SC x3-X4
Y3-Y4

GO TO 110
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SUBROUTINE GOLLEN	 76/76	 OPT-2
	

FTN 4.5+410	 0'.

VEL-SMN*A
CLx2.*W/(RHU*SWING*VEL**2)

613 CALL	 TRAJ01(2)
CALL	 AERO(KCALCPNERROR,IGEOsKGPRNT)
IF	 (NERROR.GE.2)	 RETURN
CALL	 TRAJ01(1)
DRAG=45*RH q*SWING*CD*VEL**2

65 CALL	 TRAJ0I(2)
CALL	 PRJP(KCALCPNERRQRsIGEOsKGPRNT)
IF	 (NERR qR.GE.2)	 RETURN
CALL	 TRAJOI(1)
IF	 (IXY.EQ.1)	 Y=3600.*VEL*RLOISFC

70 IF	 (IXY.GE .2)	 Y-RLD/SFC
IF	 (NERROR.EQ.1)	 Y--1.0
IF	 (1PRINT.GE.2)	 WRITE	 (6x603)	 XXPYmSMNPCLPCDPTHRUSTPSFC

603	 FERMAT(1XpG9.3yG13.4sGl4.3p2GIZ.4iG13.6.oG17.3)
IF	 (Y.GT.YSEST)	 XBEST-XX_

75 IF	 (Y.GT.YBEST)	 YBEST-Y
C----------	 --- --

C	 END OF	 FUNC T ION	 EVALUATl&
C-------------------------------

GO TO	 (20r30#40p60)DIRETRN
80 20	 Y1-Y

xx-x2
IF	 (IXY.LE.2)	 HN-XX
IF	 (IXY.EQ.31	 SMN-XX
IRETRN-2

85 GO TO 10
3c	 Y Z- Y	 IDRIGIKAX PAGE IS

TAU-.5*(SQRT(5.)- 1.) 	 OF POOR QUALITY
X3-X2— TAU*(X —X )
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SUBROUTINE GELDEN	 76176	 UPT a 2	 FTN 495+413

115	 40	 IF (X3.LT.X4) GO TO 100
XI-X4
Y1-Y4
GO TO 110

1CG	 X2-X4
120	 Y2=Y4

110

	

	 IF {NaLE. HMAX) GO TO 50
XXRXBEST
Y=YBEST
IF (Y.EQ.—I.0) NERROR-2

125	 IF (NERROR.EQ.29 WRITE (61604) XXPYsIXY
604

	

	 FORMAT(35ti ***FATAL ERROR IN GOLDEN ROUTINE./
1 5Xp3HX - p E12.5r2Xs3HY =sE12.5 p 2Xe5HIXY -P15)
IF ((IPRINTaGEa27.11R.(KERRORmEQ.2)) WRITE (6+605) XXDY

605	 FORMAT(/35H MACH OR ALTITUDE SEARCH CONCLUDED./
13C	 1 5Xs3HX -pEl2.5 p 2Xy3HY =9E12.5)

IPS-IPSAVE
RETURN
END
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