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VI.1 PERFORMANCE

Alrcraft performance modeling requires consideration of propulsion,
aerodynamics and weigit characteristics, and the interaction between
the subroutines may be quite complex. This is particularly true when a
large number of realistic physical constraints are included in the per-
formance specification. Table VvI.1.1 shows the interaction between the

subroutines as discussed in this volume of the study.

Table VI.1l.1

PERFORMANCE SUBROUTINES

PERFRM (70 cards) DEFINES MISSION
ACCEL ( 70) RECTILINEAR SPEED-UP
CLIMB (250) CONSTRAINED CLIMBING FLIGHT
DLAND (170) LANDING MANEUVER
TAKOFF (350) TAKLOFF MANEUVER TO FLAPS-UP
DERIV ( 90) DETERMINES DERVIATIVES AND CHECKS CONSTRAINTS FOR

TAKOFE ROUTINE

TAXI ( 25) FUEL CONSUMPTION DURING GROUND IDLE
TURN ( 40) CONSTANT ALTITUDE TURN MANEUVER
XRANGE  (340) CRUISE RANGE COMPUTATION
ASPEED ( 90) DETERMINING SPEED AT SPECIFIED POWER FOR EQUILIBRIUM

HORIZONTAL FLIGHT
RGBAL (120) CONTROL ROUTINE WHEN A RANGE OR ENDURANCE IS '

SPECIFIED IN INPUT '

VI.1.1l subroutine PERFRM

This subroutine is called only by MAIN, and it acts principally
to organize and unify the computations carried out by other performance

subroutines. The call has the form CALL PERFRM (ISEG' ICOND' IFLY)' The



mission segment number is I + Wwhich is associated with a specific

SEG
subroutine; i.e., as shown in Figure vI.1l.1, the mission segment varies

as follows:

Call TAXI

Call TAKOFF

Call ACCEL

Call CLIMB

Write Performance Data and Advance Is
Call XRANGE

Call DLAND

Call TURN

Return

SEG EG

[l
[}

O W N O WV > W N
-

The other call parameters are

;0. Write data heading and set I -1

I = COND
COND 1

1, Initialize weight, altitude, etc., and continue

1, Call all performance subroutines, unless I
IFLY = (2, Call TAXI and TAKOFF only

3, Call TAXI, TAKOFF and CLIMB only

oc” 99

The other significant input parameters to the subroutine will be
described as they are needed in the discussion to follow.

The program logic begins before statement 5, where ISEG is aug-

mented for later use;

- VI.l.1
Yege = Tspe * ! ¢ )

and the gross weight W 'né¢ altitude H are specified in terms of the
i d H__. i issi ents
input parameters wG' WTMISN' an loo The various mission segment

are then analyzed in the order implied by I The basic order is

SEG’
taxi, takeoff, climb, cruise, reserve, and landing with acceleration

between takeoff and climb and climb and cruise.

s S e b ee—— 40§



Compute Fuel Used
During Taxi Time

Compute Teckeoff Man-
curer: Variable
vians, Thrust, Alt.

l

Compute Climb
Per formance

Compute Cruise Per-

formance, Variable
Thrust

Compute
Turn Perform-
ance?

. Compute Level

Turn Performance

Compute Landing

Performance

{

Return

Figure VI.l.l Subroéutine PERFRM Flow Chart



For ISEG = 1, the subroutine TAXI requires as input the runway
altitude H, the initial time ST' and the taxi time, DELTT. It returns

the parameters

w = gro3s weight after taxi, 1b

WF = fuel burned in taxi, 1lb

ST = time at end of taxi, sec
and then if IDC # 99, ISEG
= 2, the subroutine TAKOFF is called, which computes the

is augmented.

For ISEG
time history of the take-off maneuver, fram grcund roll to a specified
height. The standard maneuver is divided into sub-segments, or "events,"

as follows:

(1) Begin ground roll

(2) Rotate aircraft

(3) Lift off

(4) Begin gear retraction

(5) Distance to an altitude of 35 ft
(6) Distance to an altitude of 50 ft
(7) Begin flap retraction

(8) End take-off

In addition, for multi-engine aircraft, the optional engine out
takeoff performance can be computed. This consists of the continued
takeoff performence to an altitude of 50 ft with an engine failed and
the accelerate-stop distance divided into the events,

(1) Begin ground roll

(2) Engine failure

(3) Remove power

(4) Apply brakes

(S5) Stop aircraft

The subroutine ACCEL (SPEED) is called, between mission segments
to accelerate the aircraft to the speed of the next segment. This subroutine

models the rectilinecar speed-up maneuver at constant altitude, during



which weight and speed change monotonically, until the velocity reaches
the value SPEED. SPEED may be specified in knots or Mach number.
wWhen ISEG is 4, CLIMB is called, with the altitude argument

if
[ CRyrr  Bygy = O (VI.1.2)

if
0
‘ Hrome'  Purs *
EMTURN is the Mach number during the turn. 1If turning performance is

desired it will be computed after the climb otherwise the climb is to

LT it will be

Henper ©

the cruise altitude CRhLT' If no value iz input for CR
defoulted to EMCRU'

The cruise portion of the mission (IS = 6) is analyzed by a call

EG
to subroutine XRANGE (wFCRU' wFRES)' where
wFCRU = fuel used during cruise, 1lb
wFRES = reserve fuel, 1lb

are calculated by XRANGE in terms of three different payloads and three
different Mach numbers.

Subsequently, I EG is advanced to 7, for which subroutine DLAND is

called, using the flzg ILER = 99, This subroutine computes the landing
field performance.

7t the optional turning performance is desirel, subroutine TURN is
called, after the climb segment. This brief subroutine calculates
aircraft turning performance at constant altitude, Mach number, and load
factor, and it calculates various characteristics of this steady state

maneuver. .

Vi.1l.2 Subroutine ACCEL

This subroutine models the thrust and drag characteristics of an
aircraft while its forward velocity is changed from an initial value
to a required final value.

The subroutine begins by calling TPALT, which returns various
atmospheric properties existing at the initial altitude. The static



pPressure Po is converted to lb per sq ft, and the speed of sound is
given in ft/sec as

sA = 49.1 SQRT (To) (V1.1.3)
The air density is a function of pressure, temperature and gravity,

RHO = P_/ [53.32 T_ G) (VI.1.4)
and these units are in slugs per cu ft. The single calling argument
of the subroutine is a command itach number or velocity, SPEED, which
must be greater than the current Mach number, EM, in order for the
positive acceleration modeling to be effective. If the calling argument,
SPEED, is greater than 5.0 the argument is considered to be the command
velocity in knots. The initial velocity in ft per sec is given by

V = EM ¢ SA ' (VI.1.5)

the time-step interval is 0.5 sec, and the velocity difference to be

made up is
DEL,, = XN sA -v (v1.1.6)

The initial value of time is then defined before the loop which
begins at statement 1. After augmenting the time, which is measured in
hours by the variable TIME, this value is compared to 0.2 hr. That is,
twelve minutes is considered time enough to accelerate to any practical
value of Mach number. The lift coefficient is

2
CL = W/ {.7 Sw Po EM’) (vi.1.7)

where other input parameters are

sw = reference wing area, sq ft

W = current weight, lbs

This value of lift coefficient and the Mach number are input to
subroutine DRAG, and the appropriate atmospheric properties are input
to subroutine ENGINE. Together, these permit computation of thrust in
lb'



Te P“ EN (vi.1.8)

P ’

fuel consumption in lb pes hr,

AN
WFUEL - wFUEL hh? ’ (v1.1.9)
true airspeed in knots,
TAS = EM SA/1.69 ’ (Vi.1.10)
and equivalent airspeed,
EAS = TAS/SQRT (RHO/.0023769) (vi.l.1l1)
where
ENP = number of engines
FN = thrust per engine, lb
EM = Mach number
RHO = a‘: density at altitude, slugs per cu ft
The acceleration is then cxpressed by Newton's Law as
DVDT = (32.2/W)*(T = C_*5,*.7 P_ EM%) (VI.1.12)

where the drag coefficient CD is known from the earlier call to sub-
routine DRAG. It is expected that the thrust exceeds the drag, so that
this forward acceleration is positive. 1If not, the subroutine merely
writes a number of output quantities before returning. Otherwise, the

velocity is augmented,
*V =V + DVDT * DT (V1.1.13)
and the Mach number is
EM = V/sA (Vi.1.14)
The aircraft weight and range are found, in 1lb and nm, as
W=W-W * DT/3600. (V1.1.15)

FUEL

R= R+ V * DT/6076. (vi.1.16)



and the fuel consumed

Wp = Wp + Vg DT/3600. (vi.1.17)
If tl current Mach number is less than the command value, the

tize is augnmented at statement 1, and the icop is repeated. Otherwise,

the final values of Mach number and true and equivalent airspeed are

calculated corresponding to the input value, xMN' at statement 2,

and a final line of output is printed.



vi.1l.3 Subzxoutine CLIMB

This is a subroutine of 250 cards which is . xiied in order to
combine acrodynamic characteristics of the aircrafc with {ts thrust
characteristics, to simulate che planar climb maneuver to the altitude
HENDCL' The external subroutines CLIFT, DRAG, ENGINE and TPALT are
called, and three internal functions are defined in this calculation.
Additional {nput quantities are constraints on pitch angle, sltitude
step size, maximum airspeed and atmospheric properties.

The subroutine first initializes a set of parameters, ending with
an estimated value of maximum lift coefficient C The input parameter

LL.
ICIM specifies the type of climh maneuver desired,

1, Climb at maximum rate of climb
ICIM = 2, Climb at maximum allowable operating speeds (VI.1.18)
3, Climb at specified equivalent airspeed

Following a write statement, the loop which begins at Statement 1
is the tiwme-varying outer loop governing the climb maneuver. It begins
with the call to TPALT, which returns static pressure Po' gravity G
and temperature To corresponding to the current (initial) altitude,

H (ft). The static pressure is expressed in lb per sq ft and the speed

of sound is given in kts,

5, = 49.1 (10)1/2/1.689 (VI.1.19)

and the local air density in slugs per cu ft follows according to the

equation of state,
RHO = P /(53.32 T G) (VI.1.20)
o [o)

the minimum climb speed is expressed in kts and based on the estimated

maximun lift coefficient, CLL,

vL = 1.1 SQRT(W/(1.426 sw RHO CLL)l (vr.l.gl)




where W is the current weight and sw the wing area, and the factor

1.1 provides a margin above the 3tall speed. 1If this velocity is less

than 50 kts, it is raised to 50.

Following the setting to zero of sever:.l integer variables, the
maximum allowable velocity at “h: current altitude is calculated as

limited by the allowable equivalent airspeed, VMO

. the maximum operating

Mach number, EM , the speed limit below 10,000 feel a’titude, or the

MO

cruise Mach number, EMCRU'

The next lines of the subroutine related these constraints on the

maximum velocity:

\' = VMO/SQRT(RHO/.0023769)

MAX

(a) 1I1f ICLM = 3 and vCLMB‘ VMO'

v
VYmax = Verms

/SQRT (RHO/ .0023769)

(b) 1f H<10000. ft and vMO> 250 kts,

v = 250./SQRT (RHO/.0023769)

MAX

(c) 1fV > S_EM (speed corresponding to maximum

MAX A MO
Mach number),

Vmax = Sa BMyo -

The velocity v2 is next defined as

mn Vyaxs Veru® Vi)

min(Vyaxr Very)
vhere

v = SA EMCR

CRU U

v /SQFT(RHO/.0023769)

=V
LIMIT LIMX

10

o =1

ICLM = 2 or 3

(VI.1.22)

(VI.l1l.23)

(Vi.1.24)

(vi.1.25)

(VI.1.26)

(VI.1.27)

(vi.l.28)



and

Mooy © cruise Mach number, from COMMON/UNIVX/

VLIHX ® aea level limit speed, from COMMON /TOCLM/
All of these velocities correspond to steady-state horizontal flight,

and are measured in kte.
The loop begins with the dynamic pressure and 1ift coefficient,

Q = 1.426 RHO v§ (VI.1.29)
- [ ]
C, = W COS(RGAM,)/(Q*s.) (VI1.1.30)
Horizontal
T = D + W sin(GAM)
Rate of Climb = V2 Sin(GAM) = VZ(T - D)/W
Figure VI.1.2 Force Equilibrium in Steady Climb
where the numerical factor accounts for the units of V_, (knots) and

2
of Q (ib per sq ft).
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The subroutine CLIFT returus the angle of attack, ALPHA, required

for this 11ift coefficient, and a rate of climdb muliiplier is defined
as

‘ 1. (DELTA“ = 0) ch.x.sx)

PHl =
l 1 4 V,(V,-V,)/(11.278 DELTA,)

The parameter DELTA“ is initially at zero, but it later measures the
altitude increment remsining to be climbed. The subroutine DRAC
returns a value for CD' and ENGINE returns a value for thrust per
engine, TA’ wvhich is multiplied by the number of engines, EN . The

| 4
rate of climb is expressed in ft per min as (see Fig. VI.1.2).

RCpon = 101.34 Vz(TA"cDSwQ)/“ (vi.1.32)
If the velocity V2 is too large, the rate of climb is negative so
that the end of this {terative loop is indicated by,

Vz - V2 - 10, {VI.1l.33)

- vVI.l,
Rcl RCpow (Vi.1.34)

1f V2 is now less than VL' as given by Eq. v1.1.21, insufficient

power is available for climbing, and the subroutine returns. Otherwise,
another iteration of the rate of climb loop is performed at this lower
speed, V,. However, when RC

2 FOW
statement 6, for computation of the flight path angle,

is positive, control passes to

R = ARSIN[RC__. ./(101.34 vz)]

GAM2 POW (VI.1.35)

When this is within 0.1 deg of its value on the previous iteration,
convergence has occurred and control passes to statement 7. Similarly,
the next seven lines are concerned with finding the flight path angle,
RCAM&' at which the pitch attitude angle is a maximum at T“EMAX’

and the corresponding rate of climb {s “CTETA‘

12



Assuming that I 1, such that the aircraft climbs at saxioum

cLM
rate, the equations between statements 9 and 18 are devoted to an

analysis of the rate of climb with the pitch angle comstraint, RCTETA'
relative to the rate of climb with the power constraint, RCPOW'
This portion of the program involves the use of rather complex iterative

procedures, including the three functions;

(xaxl)(x-xz)
(x3-x1)(x3-x2)

. (VI.1.36)
PART(X.Xl.XZ.XJ.Y)

2 2 2, _
BO2A(V,,V.,V.,U.,,U, ,U.) = vl(UZ-U3)+VZ(U3-01)+VS(01 uz)
1°°2°7°3°°1°°2°) 2[vl(us-u2)+v2(ul-u3)+v3(uz-u1)]

(VI.1.37)

- - - (VI.1,38)
ADEN(WI,HZ,US.ZI.ZZ.ZS) Zl(H3 H2)+22(H1fW3)+23(W2 Wl) .

When both of these constrainta have been satisfied, control passes to

statement 20, where the angle of attack is computed as

ALPHA = T“EMAX + EYEw - RGAMa * "ROTD (VI.1.39)

where

EYEw = {npul wing incidence angle, deg.

The 11ft coefficient is then found by a call to CLIFT, and the drag

cocefficient follows from a call to DRAG. The total thrust required in
the equilibrium climb condition {s found as

- *
TA W * PHI * RCTETA/(IOI.36 lod VZ) +CD Sw Q (VI.1.40)

and after division by the number of engines ENP’ subroutine ENGINE

returns the fuel flow rate per engine and other quantities related to
the propulsion system. Following computation of the equivalent airspeed

EAS, the altitude is compared with HENDCL'. and until {t is greater,
ghe integers

- (VI.1.41)
NQUO H/DEL“l + .05

13



e e

and

= N +1 - (VI.1.42)

YALE,, = Nquo

are found, so that the altitude

- ®
H9 YALEZZ DEL“ (V1.1.43)

will be the next value of H, whether or not H9 is less than RENDCL'
The apparent purpose of this logic is to develop an integral number of
additional camputational steps for the remaining altitude.

The closing computations involves the routine computations for

the rate of climb,

RC = RC, . /PHI, (VI.1.44)

and the flight path angle,

RGAMZ - ARSIN[RC/(IO]..IM*VZ)] » (VI.1.45)

which in degrees 1is,

CAMMA = RGAM, # RTOD , (VI.1.46)

and the 1ift coefficient,

- (VI.1.47)
FL W cos(kcmz)/(Q * sw) .

The angle of attack ALPHA 1s then returned in degrees by a call
to CLIFT, and the pitch angle is

THETAy = GAMMA - EYEw + ALPHA . (vi.1l.48)

Finally, the velocity is V = V2.

14



vi.l1.4 Subroutine DLAND

This subroutine models the landing maneuver in four segments; a
glide fronm S50 ft altitude, a flare to touchdown, a delay before braking
and a braked roll. Figure VI.1l.3 shows the flare and touchdown schematics.
The program begins with the specification of landing weight, which
is determined by the input integer IWLD' which is defined as
0, landing weight equals gross weight
1, landing weight equals weight at end of previous
I"LD N mission segment
2, landing weight equals input percent of gross weight

AMrp

-

T

Figure VI.1.3 Flare and Touchdown Maneuver

15




The next five cards specify the landing weight HL (1d) and the wing

loading WOS (lb per sq ft), and the i{nitial altitude is

- (VI . 1 [ ] 49)
Hin = Yapp * AlTinp
vhere
“APP = gpproach altitude above runway, ft

ALTLND = altitude above sea level of runway, ft

The subroutine TPALT again provides static temperature To and pressure
po at the initial altitude, which may then be modified for an increment
TDELLD to the temperature, and by converting the pressure to lb per sq ft.

The air density in slugs per cu ft is
RHO = Po/(53.32 G TAMB) . (VI.1.50)
where the ambient temperature, in degrees Rankine, is

- + / - .
TAMB ’I‘o TDELLD (VI.1.51)

and

G = acceleration of gravity, ft per sec2

The square root of the density ratio is useful in camputing the equiva-

lent airspeed at sea level. This factor is denoted by
SRDRAT = SQRT(RHO/.002378) (V1.1.52)

Next, the flight path angle RGAMI. the angle of attack ALPHA,
the approach altitude i{n'wing spans HOB, and the stall Mach number

EMS are defined, prior to a call of subroutine CLIFT, which returns

the appropriate maximum 1lift coefficient C The associated stall

LMX'®
speed (n ft per sec is given by

VST = SQRT[2. WOS/{(RHO * CLMX)) (VI.1.53)

16



and this is converted to the equivalent airspeed

= (VI . 1 . 54)
Vsreas * SRorar Vst

If the aircraft is single engine, and this velocity is less than
the maximum stall speed of 61 kts or 103.03 fps, per the Federal Air
Requlations Part 23, the maximum wing loading is calculated and printed
as
Vi.1l.55
WGS,, . = 12.6212 C o ( )

vhere the numerical factor is the dynamic pressure at sea level, in

1b per sq ft, corresponding to this stall speed.

The glide velocity in ft/sec is next defined as the product

v ) (vI.1,56)

Ver " Vmar Vst

where

VRAT = jinput approach speed margin (default value = 1.3)

and the height above the ground in wing spans at the beginning of the

glide is expressed as

- UI.lnSJ

HAPP = approach altitude, ft

B = wing span, ft
The Mach number and Reynolds number per unit length are given by

EM -VGL/SQRT(I.MG*SJ.JZ*T ) (v1.1.58)

(Y AMB

RE (VI.1.59)

vr = Vo *xv
where

XKV = kinematic viscosity, as returned by TPALT.

17



Next, the subroutine AERO {s called, wvhich returns a number of coeffi-
cients appropriate to the drag coefficient of the aircraft of interest.
The dynamic pressure is calculated by the usual equation, and 1if

IENCSZ = 1, subroutine ENCINE returns a value for idling thrust, TIDLB'

The flight path angle iteration loop begins at statement 7, where
the 1ift coefficient 18 computed in terms of the flight path angle,

CL = WOS * cos(RGAMl)/QGL (VI.1.60)

Here, RGAHI i3 the variable deing calculated in this loop, and it

is positive vhen the sink rate is positive. The wing lcading is WOS

1b per sq ft and the dynamic pressure QGL corresponds to the velocity,
VGL' The drag coefficient appropriate to the approach configuration

is returned by subroutine DRAG, and the positive rate of sink is
expressed for the idle thrust as

RS = 60.0 V (C.S. Q

. (VI.1.61)
IDLE e o Sw T ENp) /W,

GL _ IDLE

where the numerical factor is to get the units of ft/min.

This equation is followed by another for the rate of sink RS, in which
the actual thrust is expressed as TA' The equilibrium flight path angle
associated with RS is given by

RGAM, = ARSIN[RS/60.0 * VoL ] (VI.1.62)

and if this is within .1 deg of the previous value, convergence has

occurred. Otherwise, RGAM, = RGAM_ and control returns to statement

7, where the 1lift coefficiint is ricomputed according to Eq. VI.1.60,.
After this loop has converged, several constraints must be checked,

which may require the loop to be re-entered. The sink speed is checked

to see if it is limited by the idle thrust value found in Eq. V1.1.61 or

exceeds the maximum allowable value RSMx' If the maximum allowable value

is exceeded, the necessary thrust increase is computed to provide the
desired sink rate,

T, =C

- (VI.1.63)
A D sw QGL wL RSMx/6°'° VGL)

18



beiore reconverging to the flight path angle RGAMz.
At statement 15, the flare maneuver is initiated with computation

of the initial pitch angle and the final flight path angle at touchdown,

THETA = ARSIN{RS/60.0 VGL)) (vi.l1.64)

- (VI.1.65)
GAMTD SINKTD/VGL '

where

SINKTD = vertical velocity at touchdown (3 ft per sec or
input)

The input variable XLI-‘Mx indicates the maximum allowable load factor

in g's if less than 4., and the radius during the flare is computed as
. v - (VI.1.66)
R, = VGL/(G(XLFMx 1.)) .
and the altitude at which the flare is initisted is approximated as

- V2 2 _ oam? - (VI.1.67)
HFLAR VGL(THETA GAMTD)/[2. G(XLFMAX 1.)]

Otherwise, the flare radius is
2 (vi.l.e8)
= G - - edo
RZ VGL/[ (XLFP 1.))

where
o vl 2_ 2 (V1.1.69)
XLF VCL(THETA cmw)/(z LXK “rm) + 1.

However, if the input variable XLF is greater or equal to 4 it

MX
is taken as the flare height in ft,

(Vi.1.20)
Hptar © XLFyx
The computation continues with the air digtance from approach

altitude HAPP to intersection with the ground, if HFLAR ig less than
H

APP’

19




DL

L ® Mopp/ TAN(THETA) - (VI.1.71)

and from this point to touchdown (see Fig. VI.l.3).

- 2
DLTR Rz THETA/Z.(I-GAMTD/THETA). (V1.1.72)

The latter expression is a small-angle approximation to

cos (THETA)-cos (GAH.m)]

DLTR - Rz[}in(THETA)-Bin(GAHTD)-+ Tan(THETA)

If Hp ag ©xceeds H .., DL, = 0 and the air track distance is,

to first order,
- 2 - (Vi.1.73)
DLTR Rz[SQRT(Z “APP/RZ"GMH‘D) GAH.m) .

The touchdown velocity is expressed as the average of the stall
speed and the approach speed

Vo, = (V

(VI.1l.74
™ T+1.)Vs.r/2. )

RA

where VRAT > 1 is the ratio of approach speed to stall speed. The

delay distance, over which the velocity changes, is

DDELAY - VTD TDELAY (VI.1.75)

where TDELAY is input or has the default value 1 sec.

Other parameters which are then computed are the height in wing spans
above the ground and the Mach number at touchdown. These are given

respectively by
HOB = HTG/B (Vi.1.76)
and

L . . . . V L] - 7
EML - VTD/SQRT(I 4 * G * 53.32 TAMB) (VI.1.77)
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“TG = altitude at touchdown

These are required inputs to the subroutines CLIFT and DRAC,

vhich are next called. They return the gear-down lift and drag coeffi-

cients, cLRL and CDRL' The net drag i{s the sum of aerodynamic drag

and friction drag, which is proportional to the difference of weight
and 11ft. A one-dimensional equation of motion takes the form,

av _

av v _ 8
dt

Vi~ Bir-p-pw-u)

vhere the symboles have standard definitions and where | 1s the coef-

ficlent of friction. In the present case, D and L are both propor~-

ti-nal to V°, and the equation becomes separable, as follows:

vdv

= -2, Ay, dX
F._+A . ve T
RAT ¥ ARat

where

2
DLRL/[CLMm VSTl (vr.1.78)

Apat

F

- (VI.1.79)
ear = MWy - TOW

(VI.1l.80)
Dlep = Cpre ~ s L

and

Mlg

TOHL

friction coefficient

thrust to weight ratic at landing

The equation can then be {ntegrated, to give the ground roll

distance X as

] £ Trar .i (VI.1.81)
e -13.0287(W D DL..)] lo ohe
DL = -13.0287(Wog/(Dpyp Dlygy, 8|.7mr*“aa'r..
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where the numerical factor is the inverse of the product . .«a level
air density and gravity. The decceleration during the ground roll
maneuver in g's is the quantity

.2 (VI.1.82)
DOG VTO/(Z * G DLG)

Finally, the total landing distance is the sum,

+ (v1.1.83)
DLT = DLG DLTR + DDELAY + DLGL

The remaining steps in the subroutine relate to satisfying
a runway length constraint by iterating on the airplane‘'s wing
loading, wGs' This logic is dependent on the input value of runway
length requirement, xLDGRQ' and it requires two iterations on the wing
loading., An interpolation or extrapolation of the associated runway
lengths then develops a required maximum wing loading.

The procedure is described as follows, 1Initially ILER = 1 and
IwGS = 1, when DLAND is first called by MAIN. 1If DLT is found to be
less than the required value of runway length, the only remaining compu-
tations deal with conversion of velocities to knots and with augmenting

the runway length to meet FAR Part 25/121 regulations; i.e., the required
runway length in ft is

l)mR - DLT/.G . (V1.1.84)

On the other hand, if DLr exceeds the limiting value, xLDGRQ,
the initial values of wing loading and runway length are relabelled W

GsP
and xPAS’ and the wing loading is reduced by 30%;
Wes 7 +7 ¥es
After augmenting Iwcs. and setting th: subroutine argument to
1 =2 (vi.l.86)

LER

control is returned to the MAIN calling program. On the following itera-
tion, Iwcs = 2 and the shorter runway length DLT is found for the
reduced wing loading, ch. The sensitivity 1is found as
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SLOPE = (WGSP - "GS;/(xPAX - bL,

and the counter Iwcs is aurmented to 3, while ILER = 2, This slope
is positive unless an errc. has occurred, and the required wing loading

is found at statement 75 as

W =W + SLOPE * (X

(V1.1.88)
s = “osp *pas’ -

LDGRQ _ ''PAS

Finally, if the runway length requirement is met, no further
iterations are needed, and at statement 100, the counters ILER and

IWGS are set to 1, and the concluding cownputations ending with Eq.
V1.1.83 are pertormed.
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VI.l.. Subroutine TAKOFF

The simulation of the take-off maneuver requires consideration of
severasl smaller segments or "events." Each event is terminated when
a particular performance variable reaches a given value. These events
are summarized as follows, with key varinblée in parentheses:

all engine) at take-of! power:

(1) Begin ground roll (velocity)

(2) Rctation (velocity)

(3) Lift-off (1ift = weight)

(4) Begin -ar retraction (altitude)

(5) Alticude = 35 ft

(6) Altitude = 50 ft
. (7) Begin flap retraction (sltitude)
" (8) End of take-off (altitude)

One engine out: accelerate~stop distance

(1) Begin ground roll (velocity)
(2) Engine failure (velocity)
(3) Remove power {(time)

{(4) Apply brakes (time)

(5) sStop (velocity)

The take-off computation is represented by simultaneous integration
of the differential equations for velocity, flight path angle, distance

and altitude, using a time interval of 0.2 sec.

The subroutine DERIV, to be discussed in the next subsection, per-
forms the computation of the time derivatives, and at each time step,
updated values for weight, thrust, air density, etc., are found before
the integration subroutine INTS is called._

Subroutine TAKOFF begins with the definition of a linear interpola-
tion function of the form,

X-X
+ e (Y.-Y.) (VI.1.89)
17 X,-x, 721

YYY(X) = ¥

which defines a value YYY between Yl and Yz, when X falls between
x1 and xz. This is followed by initialization of some 30 numerical
factors, ending with the vector values T(1l)-T(ll), used by the integra-

tion routine.
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The subroutine TPALT then returns atmospheric properties at the
input altitude of the airport and runway, “APT' and the local speed
of sound and air density are given as
(V1.1.90)

SA e 49.1 SQRT(TAMB)

RHO = P_/[53.32 T, C] (VI.1.91)

AMB

vhere

TAHB = ambient airport temperature, deg Rankine
G = local gravity, ft per sec2

Po = local static preassure, lb per sq ft

The sea level stall speed is given in kts by

2w 1 . (V1.1.92)
v = SQRT [ ]( )
STLKT .0023769 Sw CLMAX 1.689

wvhere the symbols have their traditional definitions.

2

/N (VI.1.93)

= C
CLTO LMAX" RAT

is determined where VRAT is the input takeoff speed margin or has a

default value 1.10,
Speed increments are then used to define the engine failure speed, vl1, and
the rotation speed, VR,

(VI.1l.94)
= +
vl VSTLKT . Dvl

VR - V1 + DVR (VI.1.95)
where
Dvl = increment of "decision" speed above stall, kts

DVR = increment of rotation speed above Vl. kts

The loop between statements 180 and 186 finds the speed VEL for the
best rate of climb, beginning with the stall velocity. This loop uses
lift coefficient CL and the Mach number EM, as inputs to subroutine DRAG,
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which returns the drag coefficient, CD. Subroutine ENGINE returns

the thrust available, TA' and tcgether these permit computation of
the power required,

2
= *
PWRRQR .5 RHO Sw VEL CD VEL (VI.1.96)
and of the power available,
PWRAVL = '1‘A ENP VEL (V1.1.97)

The velocity is augmented by DELz = 10. feet per second, and the loop is
repeated, until the difference PWRAVL - PNRRQR is less than it was on the
previous iteration. The velocity increment is then reduced to 1 foot per
second, and the velocity is eventually found at which the available power
exceeds the required power by the maximum amount. This permits computa-

tion of the best rate of climb velocity in kts,

VI.1.98
Vep = -592087 VEL, # SQRT(RHO/.0023769) ¢ )
which must satisfy the constraints,
(VI.1l.99)
Ve < 250. kts

and

v <V (1

END — "CLMB

cm ©
The next important portion of the subroutine deals with the loop
between statements 1 and 300, which treats the ground roll, rotation,
1ift-off and climb phases of the take-off maneuver. The sequence begins
with the ground roll equation of motion, for which control passes to
statement 230. The Mach number and altitude are input to ENGINE, which
returns the thrust and fuel flow. The horizontal acceleration 1is the:

expressed as
T(8) = (32.16/w)[‘rA cos(ALPHAL) - D
- MU*(W-L-T lin(ALPHAR)] (vi.1.101)

A
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vhere all of the terms are time varying during this phase, except the
angle of attack and the friction coefficient. Control passes back to
statement 225, after setting 1H = 1, and the ground roll integration
continues after a call to INTM. Until the velocity exceeds VR' the
integration proceeds with T(5) = flight path angle = 0.

When the rotation speed is exceeded, interpolation develops values
for the time and value of the 1lift-off speed, TIMR and VW, using the
function YYY defined in Eq. VI.1.89. This Eequires setting IR -],
and the 1ift and drag coefficlents CLR and CDR are also found at this
time by linear interpolation. The time after the rotation, when a more

or less steady positive flight path angle has been acquired, is
TIMENO - TIMR + DELTVR (V1.1.102)

where DELTVR is input, or defaulted to 3.5 sec. During this brief
interval, of course, the exact dynamic response of the aircraft would
require consideration of the aerodynamic derivatives, the ground effect
on these derivatives and the aircraft inertia in pitch. These details
are not considered in this subroutine, which is intended to model the

aircraft as a point mass during the take-off maneuver.

Following the computation of angle of attack, it is tested whether
the vertical forces (1ift and upward component of thrust) exceed the
weight, with T(5) = 0. If so, the friction is set to MU = O, and
the take-off speed 1is calculated in kts as

- ' : (VI.1.103)
VTOKTS T(é)" 592087

The parameter values at lift-off are initial conditions for the fourth
event (gear retraction) and this is modeled by a reduction in drag coef-

ficient. This begins when the altitude equals HGR = 20 ft, and the

corresponding time is found by interpolation as Tc. The gear retracting

operation requires an interval of DT. = 7 sec. and the gear drag incre-

GR

ment falls linearly to zero over this time interval. The flag Ic is

set to 1 at the beginning of retraction, and the lift varies linearly

with time froam CLR to CLTO'

This permits computation of angle of attack during gear retraction.

at beginning and end of gear retraction.
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The next two events correspond to take-off altitude heights of
35 £t and 50 ft, and these occur at runway distances found by interpola-
tion as § and S ft, when 1

35 50 PAS
flag has been set at 2, the altitude exceeds 50 ft and control passes

= 1 or 2, respectively. When this

over the 23 statements dealing with these two events.
The flaps are deflected at the angle DFLPTO. and are to be re-

tracted at the input altitude HFLP = 400 ft. Retraction requires a

time interval which 1s calculated as D’I‘FL , which is defined as equiva-

lent to a retraction rate of 3-1/3 deg pei sec. Over this time interval
lift and drag characteristics vary linealy between flaps down and flaps
up conditions. The take-off maneuver terminates at the specified
altitude HMAX' If HMAx is less than HFLP it terminates when the flaps
are retracted.

Engine failure is simulated by repeating the ground run portion of
the subroutine, when the input flag is NFAIL = 0, This failure is
assumed to occur at the ground speed, Vl' where all parameters are
calculated by interpolation. The flag IM is set to 2, indicating engine
failure has been initiated, unless the total number of engines is
ENP = 1. The continued takeoff computations after engine failure is
handled by the same equations as the all engine takeoff except the
thrust is reduced by the loss of the engine. The continued takeoff
calculations are terminated at an altitude 50 feet above the airport.
The accelerat-stop computations after engine failure begin at
statement 400. Following initialization, the loop beginning at state=-
ment 920 integrates the equations of motion until the brakes are
applied or until the velocity is less than 1 ft/sec. This is done by
implementing the following logic:

(1) Engine thrust is reduced to zero 1.8 sec after failure is

initiated.

(2) Brakes are applied 3.5 sec after failure.

A closed form solution of the one-dimensional motion is then used
with the braking value of friction, MUB, and this computation has been
described in subroutine DLAND. The result is the incremental runway
distance DL_, which is the distance traveled after brakes are applied.

G
The total runway distance is then given by
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- vx.1.1°4
Dorop = T(6) + DL; . ( )

where T(6) is the runway distance preceding brake application.
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vi.l.6 Subroutine DERIV

This 90-card subroutine is called by TAKOFF, as an argument of sub-
routine INTS, and it computes the time derivatives of the afrcraft
position and velocity. The two kinematic equations are integrated to give
horizontal and vertical distance traveled, and the two acceleration equa-
tions in general yield the velocity and the flight path angle, while
ignoring the rigid body pitch dynamics of the aircraft. The accelerations
and velocities are limited by input values of the following quantities:

(1)
(2)
(3)
(4)
(5)
(6)

Maxi{mum load factor

Maximum velocity

Maximum 11ft coefficient (angle of attack)
Maximum pitch angle

Minimum (zero) load fazctor

No de~.celeration along flight path

In simplest form, the forces acting on the center of mass of the

aircraft are lift, drag, thrust and weight, and if the thrust is oriented

by the angle a-iw. the acceleration components acting on the aircraft

mass are

a-i T A4
%

6"””’

W=mg

Figure VI1.1l.4 Applied Forces During Take-off
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¢ = (g/W) [T cos(a - i) - D - Wasiny -uPN)

(VI.1.105)
Vy = (g/W) [T sin(a = i) +L=-Wcosy]

where H = 0 when the aircraft is airborne, and where the normal force

is otherwise:
FN aW-L~-7Ts8ina =~ iw). (vI.1.106)

The subroutine accounts for weight loss due to fuel consumption, and the
thrust varies accoiding to the speed and altitude, as found by sub-
routine ENGINE. The angle of attack is equal to the wing incidence
angle until the aircraft rotation is initiated during takeoff.

The subroutine begins with the modification of the angle of attack,
ALPHA, during the airborne portion of the take-off maneuver. As measured
by the load factor er' the angle of attack in degrees is increased

according to:

ALPHA + .1 X p> -85
ALPHA = { ALPHA + .3 8< X< .85
ALPHA + .5 Xp< .8

Whether or not the aircraft is airborne, subroutines CLIFT and DRAC
are called in mode 2, returning values of CL and CD. The next 12 lines
of code deal with the drag and 1lift increments due to landing gear and
flaps. These events occur at the times TG (begin ianding gear retrac-
tion) and T
DRAG are

FLP (begin flap retraction), and quantities returned by

CDGU = drag coefficient, takeoff flaps down and gear up

CDFU = drag coefficient, flaps up and gear down

The corrected coefficients of drag and 1ift are then

Cp = € = PCpg Spac’PTgr DCDFFFAC/D'I‘FLP

CL - CL - DCLFFFAC/DTFLP (Vi.1.107)

31



where DCDG and DCDF

DCLF is the lift increment due to flaps. The remaining factors repre-

sent the linear change of these increments over the time interval

are increments in drag due to gear and flaps and

DTGR or DTPLP'

Maximum and limit values of lift coefficient are then found, to

account for takeoff speed margins. If CL exceeds the limit value

CLLMT' the subroutine CLIFT returns & lower angle of attack, and a
second iteration from statement 1010 develops a lift coefficient less
than CLLMT'

The fuselage attitude angle may also limit the angle of attack, if
THETAF exceeds T“EMAX' In this case, the angle of attack is defined

in degrees as
ALPHA = THF}MX + I-IYE“ - T(5) *#57.29578 (vi.1.108)

where T(5) 1s the flight path angle. Control again returns to the
beginning of this loop, at statement 1000. Otherwise, the normal load

factor increment due to lift and thrust is found as
. K VI.1.109
X p = [C *QsW + T, sin(ALPHA)]/W cos(T(5)) ( )

and {f this exceeds when the aircraft is airborne, the angle

XLrvax
of attack 1s reduced by .1 deg for the next iteration. This reduction

is only .05 deg 1if the flaps have already begun to be retracted.

The equivalent airspeed is then calculated in kts as

. vI.1.110
EAS = T(4) * KTFPS * SQRT(RHO/RHOSL) ¢ )
where

KTFPS = .592087 and RHOSL = ,0023769.

This is required to be less than the velocity for maximum rate of

climb, V Otherwise, T(4) is reduced to this equivalent value and the

END’
velocity acceleration is set to T(8) = 0.
The tangential acceleration in the unconstrained case is then given

in statement 4200 as
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T(8) = (32.15/‘4)(1‘A con(ALPHAR! - D~-MU®F - WSIN(T(5))] (Vi.1l.111)

wvhere drag and normal force during takeoff are

- ®
D CD Qsw
- - - * Y X
FasW CL * QSW fA SIN(ALPHAR) (V1.1.112)
1f IOUT = 2 or T(8) 4ie positive, the normal acceleration T(9),

and horizontal and vertical velocity components T(10), T(ll), are
computed by straightforward equations before returning. If T(8) 1is
nggative. the drag exceeds tne thrust, so the angle of attack is re-
duced and the counter IALOP is augmented. If 20 iterations do not

develop a positive acceleration T(8), a lover flap deflection is sug-

1
gested by the print statement when I p " 20,
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Vi.1l.7 Subroutine TAXI

This is a very brief subroutine with the purpose of computing the
fuel burned while taxiing at ground idle. This is used to account for
taxi time at the start and end of mission. This fuel weight is sub-
tracted from the initial gross weight to provide the aircraft weight
at take-off.

At each time step, the subroutine is called, and it calls TPALT

for values of pressure and temperature, P , at the runway

AMB’ TAMB
altitude, H. These are input to the subroutine ENGINE, which returns
fuel flow per engine, FF, in 1lb per hr. This is multiplied by the

number of engines, ENP.

FF = ENP * FP . (VI.1.113)

Next, the weight of the fuel burned during the time interval DELTT
is

HFT = FF # DELTT (vi.1.114)

and this reduces the aircraft weight,

WHeW- WFT (VI.1.115)

The total fuel burned and the total taxi time are then augmented as

WF = WF + “FT . (vi.l.116)

and
ST = ST + DE:L'I'.r (V1.1.117)

1f KWRITE is nonzero, both input and output values of these time-

varying parameters are printed before control ie returned to subroutine
PERFRM.
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VI.l.8 Subroutine TURN

This is another very brief subroutine, which calculates certain
psrameters descriptive of the steady turn maneuver. The subroutine
begins Sy determining the static pressure Po and temperature T°
at the input altitude “TURN' by calling subroutine TPALT. The speed
of sound is then given in ft per sec by

- VI.l.lla
ASON 49.1 SQRT(TO) ( )

and the dynamic pressure in 1b per sq ft is

- : (VI.1.119
G ® 4 7# B2 ’

vhere EM, 1is the airplane's Mach number in the turn.

The load factor in the turn is the ratio of 1lift to weight, as shown
in Figure VI.l.5. With the load factor XLFrpy input as greater than
one, this permits the required 11ft coefficient to be found as

L=W XLFTRN

PHI

L cos(PHI) = W

Figure VI.l.5 Aircraft in Coordinated Turn
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ctht - xL'TRR "OSIQTURN ’ (VI.1.120)

vhere WOS 1s the wing loading in 1b per sq ft, as calculated s fevw
lines earlier. If this is less than the limit value C the bank
angle is found. Otherwise, the 1lift coefficient is C
limit load factor is

LTLMI'
LTLMT and the

. (VI.1.121)
XLFpen ® Crrer Quma/¥08

In either case, the bank angle is given by

PHI = ARCOS(1/XLF, (VI.1.122)

"y
as suggested by Figure Vi.l.5. The Mach number and lift coefficient together

imply a drag coefficient CDTURN’ as provided by subroutine DRAG, and
the ninimum thrust required for msintaining velocity during the turn is
equal to the drag,

TR = C

Ry = Sprury Yrurn Sw (VI.1.123)

The steady turn radius in ft is then found by equating horizontal
forces to the centripetal acceleration, or

o en? a2 (VI.1.124)
TRN o = EM7 Agy /(G #XLF,p o SIN(PHI)]

Finally, if IDC is not equal to 99, subroutine ENGINE determines
the thrust available at this flight condition, and if it is less than

that required, an appropriate message is printed before returning to
subroutine PERFRM.
1f IDC = 99 subroutine TURN is being used by subroutine ENGSZ to
determine the thrust required in sizing the engines to the specified

turn requirements.
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VI.1.9 Subroucine XRANGF

Tuis subroutine computes the cruise range using the Brequet range
equation, for both propeller and turtcjet aircraft. The equilidbrium,
in cruise, of 1ift and weight and of thrust and drag together lead to
cruise angle of attack and cruise velocity, for a particular power set-
ting. The equilibrium equations are nonlinear and must be solved itexa-
tively, and subject to several constraints.

The subroutine begins by determining static pressure Po and the speod
of sound ASON at the input cruise altitude, H, through a call to TPALT.
Initial values for aircraft weight and Mach number are also specified,
and the square root of the density ratio {s defined as

o0 REF

SQRDR = TI/T

o "REF

(VI.1.125)

vhere PREP = 2116,22 1b per sq ft and TREF = 518.67 deg R. This scale

factor will be needed at several points latevr in the progranm.

The subroutine ASPEED is called, the engine operating condition
for normal cruise power having been specified with the indicator KENG'
The Mach number returned as EMNP is the "normal power" value, and it

corresponds to the velocity in kts,

VELK = 29.07 EMNP SQRT(T,) (VI.1.126)

This also serves as an }nitial value for the loop between statements 20 and
30, which leads to the speed for the best "specific range," in nautical

miles per 1b of fuel;

SPECR - VELK/(FF ENP) | (VI.1.127)

wvhere FF 18 the fuel flow returned by subroutine ENGINE, and ENP is
the number of engines. This iterative loop varies the velocity, first
in stepa of 10 kts and, once the peak is surpassed, in 2 kt stepr. The

resulting ''best range" Mach number is dennted EMBRO'
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The next phase of the subroutine deals with cruise performance at
8 maximum of three fuel capacities and at three Mach numbers. The fuel
weights are input through COMMON/WGTRGE/ as

"FAMAX e maximum available fuel weight (minimum payload)

"FAMIN = minimum available fuel weight (maximum payload)

“FADES « design available fuel weight

The Mach numbers have been specified as

EHx = cruise Mach number, input as CRMACH' or defaulted to EMCRU

EMNP = normal power Mach number

EMBRG = maximum specific range Mach number

The parameter SPEED used by subroutine ACCEL is equated to one of

these Mach numbers, depsnding on the value of the input flag I , and a

number of other definitions are made at this point. e
The subroutine ACCEL returns the time ST, the range P and the

fuel weight DEL 1 required to accelerate from the "climb" Mach number

EM.p t° the "cruise" Mach number SPEED. The integers IDC and ISEGX

are defined as 1 an? 9 for later use in the subroutins ¥ iGINE, and

weight of available fuel is defined as W

mission weight and on W

which depends on the
The "mission weight,"

FAVLB'
Famax’ “ramin 2™ Weapgs:
WTMISN’ if input is a take-off weight which is less than the gross weight

but greatar than the empty weight of the aircraft.

After setting to zeéro the parameters OUT(I1,J) and RESF(I), the
index K is initialized at zero, before the loop 120 is entere.. This
loop is passed through for each of the three Mach numbers, EMx (K=l),
EMNP (k=2), and EMBRG (K=3). 1Initially, the Mach numbers are checked
to determine if they are within 'he operating envelope of the aircraft.
The velocity VMAx is expressed in kts, and if the operating velocity
Vx exceeds VMAX' then vx and EM are re-defined to correspond to V '
which must satisfy the maximum operating alrspeed and Mach number

constraints.
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For all but fixed-pitch propeller systems (i.e., for KODE ¢ 8), sud-
routines CTAER and ENGINE are called to determine the drag DRG and the
required thrust of the engines, Fqu. at the flight condition of inter-
est. These parameters are defined at statement 145 at the altitude, H,

and aircraft weight, W.

A longer, iterative process is required for fixed pitch propeller
systems, or KODE = 8. 1In this case the aircraft speed is determined by

the engine power sctting, to find a Mach number SMN at which thrust and

érag are in balance, i.e., at which

ERROR = (FNR

q - DRG)/DRG < .002 , (VI.1.128)

where FNRQ is the thrust as output by ENGINE and DRG is the drag as

output by CTAER.

On convergence of this loop, if shaft horsepower SHP 4is less than
available horsepower (“PAVLB)’ control passes to statement 146. Other-
wise the engine RPM 18 reduced by 5% and the loop is reinitiated. This
can be repeated until convergence occurs. The equations between state-
ments 146 and 145 are concerned only with the time spent in accelerating
to the cruise Mach number, and with the fuel consumption during this
interval, When KODE = 8 and I} = 0, as on the initial arrival at 14§,
subroutine ACCEL returns the aircraft weight and range covered during the
constant altitude acceleration to the Mach number SPEED. This is necessary
regardless of the iterations needed in the initial lcop between state-
ments 142 and 146.

The Breguet range constant at the start of cruise is then found in
units of nautical miles, as ‘
(Vi.1.129)

BREG, = Vx W

1 3600./(!-‘!"1 * 6076.1)

1

wvhere aircraft velocity in ft per sec is the product of Mach number and

the speed of sound,
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Vx - SMN ASON ’ (VI.1.130)

aircraft weight is W_ 1b and fuel flow is,

1

- * . L X
FFI FF ENP (VI.1.131)
where FF 18 fuel flow per engine in 1b per hr, and the subscript 1
indicates parametric values at the beginning of the cruise phase.

The fuel weight available for cruise is the difference

W L} (Vi.1.132)

¥ecru © “ravis T Yr1 T Weres

where

wFl = fucl weight used in taxi, takeoff, and climb, 1b

WFRES = reserve fuel weight, 1lb

Afrcraft and fuel weights at the end of cruise are "2 and HPZ'
respectively, and these are found by the same iterative procedure as
described above for the beginning of cruise.. The subscript 2 indicates end
of cruise and is used to specify fuel flow FF2, Mach number EMz, velocity,

v .5921 EM, A (VvI.1.133)

KTS2 2 “soN

and equivalent airspeed

v SQRDR, (VI.1.134)

kes2 ~ Vkrs?2

where BQRDR 18 defined in Eq. vr.1.125.

This permits the computation of the end of cruise Braguet factor
BREG2 by an eyuation similar to that of Eq. VI1.1.129, following which the

"average" factor is

BREG, = (BREG, + BREG,)/2 . (VI.1.135)

1
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The cruise range is then calculated as

- - (V1.1.136)
RCRNM BREGA ALOG([1./(1 WFCRUIWI)] :

and other parameters at the end of cruise are given as range Rz.
angle of attack ALPHZ, attitude angle THET 14ft coefficient C

11ft to drag ratio ZLODZ, and time STZ.

The array OUT(6,16) is then used for storing computed quantities
at start and end of cruise for the three Mach numbers, as indicated by
the counter K. A large number of WRITE statements follow, which are
self-explanatory, and these are followed by & redefinitfon of available
fuel; {.e., the first pass through the loop beginning at line 100 is
with the available fuel weight given by

2° L2’

Yeaves © Yramin = PElyer ' (VI.1.137)
while the subsequent passes define this weight as HF!”!x and wFADES'
respectively.

The closing computations deal with the specification of the output
parameters, at the design payload fuel weight, computed on the final
pass through XRANGE, which are used for checking range or endurance
requirements in subroutine RGBAL or operating cost in subroutine GACOST.

The input parameter I specifies the speed condition selected

CRUS
for the design mission rerforuance and the index

KK = 2(ICRUS +1) -1,

and the following parameters are defined:

R, = range after climbing, to start of cruise, nm
CLBNM

RCRNM

TCRHR

[]

cruise range, nm

time spent in cruise, hr

TCLHR = time spent in climbing to start of cruise, hr

M
E SAVE

Mach number at start of cruise
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nSAVE = gltitude of cruise, ft

"FCRU = fuel consumed in cruise, 1b

R = total range, after cruise, nm
ST = total time from take-off, after cruise, hr
U' = total fuel used, after cruise, 1lb
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V1.1.10 Subroutine ASPEED

This subroutine is used to calculate the maximum Mach number for
equilibrium flight at given values of weight, altitude and engine power
setting.

The subroutine is called by subroutines GACOST, XRANGE and PNOYS,
and it calls on subroutines CTAER, ENGINE, ITRMHW and TPALT. The itera-
tive method begins with an estimate of Mach number, to which corresponds
a thrust value based on the engine data, at a specified engine power
condition, KENGX. Subroutine CTAER then determines the cruise angle of
attack at which 1lift and weight are equal, and returns a value for drag,
whirh is compared with the thrust before modifying the Mach number.

The call arguments of ASPEED are the output Mach number XMN, alti-
tude (ft) H__, weight (1lb) wI

IN N
specification of certain parameters, a call to TPALT returns the static

, and engine power indicator KENGX' After

pressure Po and temperature To at the altitude HIN' The pressure is then
expressed in 1lb per sq ft and the density follows by the equation of state

as

RHO = Po/[53.32(32.2) To] (VI.1.138)

as expressed in slugs per cu ft. The Mach number to start the iteration
is then computed as the maximum value, corresponding to the maximum

i 1 .
operating airspeed VMO'

- . L] L] L]
XHN VHO/(29 o721 JﬁO*TJ 0023769) (VI.1.139)

The denominator of this expression is the speed of sound in kts, for

ToM * 0, the first
loop is entered in order to find the Mach number for minimum power

any values of air density and temperature. Since 1

required. The drag is initially set equal to the weight, and the Mach
number is reduced from the value xMN in steps of 0.1, until the value
of drag returned by CTAER is greater than the value on the previous
iteration. After this overshoot, the Mach number is increased by .0l
and on the next iteration,

DRG ) DRG,
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so control is transferred to statement 8, where xMIN is the Mach
number at which drag is a minimum.

The longer loop, between statements 4 and 10, begins by calling
CTAER at the Mach number xMN' The cruise drag returned is DRG, and
set equal to the required thrust

FNRQ = DRG , (VI.1.140)

before subroutine ENGINE is called, at the same values of Mach and alti-
tude. The thrust per engine is returned, in terms of which the total
thrust available is

F = ENP * TH (Vi.1.141)

NAV PENG

where ENP is the number of engines, which is input in the common state-
ment, UNIV.

Now, if thrust available, F exceeds the thrust required,

NAV FNRQ
on the first iteration (while JC = Q) it means that a velocity greater
than the "maximum" value VMO is possible, and control passes to the
write statement 20 before returning. Otherwise, the dimensionless

error is

- - (VI.1.142)
ERRy = (Frav ™ Furg'Farg

and this difference, together with its previous value, permits use of a
linear iteration procedure in subroutine ITRMHW, leading to a Mach
number for which thrust available and thrust required are more nearly
equal. If the error is less than .002, the computation is complete,

and the true airspeed in kts is found at statement 10,

.

following which the subroutine returns control to the calling program.
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VI.l.1l1 Subroutine RGBAL

This subroutine is called only by MAIN, and its purpose is to
compare the total range or endurance computed in XRANGE with an input
required mission range or endurance, RCRRQ' If R {24, it assumes

CRRQ
an endurance requirement is being specified.

RAG (1) = Tepur + Topur 1 Regpo < 24.)

If the error exceeds one percent, the aircraft gross weight is adjusted
and the aircraft entirely resized before reflying the mission to
generate an updated figure for range or endurance. This subroutine
controls the program flow during this resizing iteration to determine
the aircraft size required for the range or endurance requirement,
CRRQ

A flow diagram for subroutine RGBAL is shown in Figure VI.l.¢, which
outlines the calculations corresponding to the following logic. When
RGBAL is initially called, the range or endurance corresponding to
the initial gross weight is known, as is the range or endurance
requirement. Assuming the difference exceeds one percent, the gross

weight is changed by a scale factor, FAC There are two options for

resizing the aircraft, one holds wing 1o:;ing fixed, the other fixes
wing area, and is followed by reflying the mission and calculating the
new range or endurance. This permits linear estimation of the gross
weight needed to meet the required range or endurance condition.
Recomputation leads to a new range or endurance and to a new estimate
of the gross weight. A third iteration yields either less than 1 percent
error or the printing of an error "failure" message before returning
to MAIN.

The subroutine begins with the initialization of the gross weight

and range or endurance parameters,

- (V1.1.144)
wGRI(l) wG
RAG, (1) = R0+ R oo (V1.1.145)

where
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Range Does Not
Close Within
Tolerance

Decrease
Gross Weight

Input Range

Requirement

i

Compute

Range Error

Store Previous

Gross Weight

Approximate New
Gross Weight

1 to Meet Range

Requirement

<Lt

Y

Increase
Gross Weight

K 1

RANGE ™ FRANGE*

Figure VI.1.6 Subroutine RGBAL

Recompute:
Geometry (SIZE)
Aerodynamics

(FLAPS ,CTAER)
Engine (ENGINE,
ENGWGT)
Weights (WGHT)
Perxormance (PERFRM)]

]

Compute New Range
(XRANGE)

|
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W = input gross weight, lb

G

RCRNM = cruise range, nm
RCLBNM = climb range, nm
Tcnux = time in cruise/hrs
TCLHR = time to climb, hrs

vhere the climb and cruise times on the right are input through
COMMON/RANGX/, as computed in subroutine XRANGE. The scale factor
l-’A\Cw1 is input through COMMON/INRBAL/, and the range error is expressed
in dimensionless form as

R

(R R

Serr = Rermv * Rerpm ~ Rerrg?/Ferag (VI.1.146)
or as

RG T -R...)/R (VI.1.147)

erk = Teumr * Tcrur ~ Rerrg) /Rermg

depending again upon whether or not RCRRQ exceeds 24 in magnitude.

If this figure is below .0l in magnitude, the subroutine returns, after
printing the significant results, Otherwise, the flow depends on the
iteration number KRANGE' which 1s initially O.

- 4.
When KRANGE 0, the gross weight is f.icreased or decreased by

the scale factor, according to

FACWI .WG ’ RGERR >0 (VI.1.148)

1 RCgpg < 0

wc/FAcw
and subsequently KRANCE = 1 to indicate the first iteration is underway.
For subsequent iterations, when KRANGE = 1 or 2, gradient information

is provided by

SLOPE = ABS[(RG (VI.1.149)

grr - ROprpy)/ (Wg¥gy)]
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snd the updated gross weight is found as

- (V1.1.150)
“G - Hc RGERR/SLOPE

after previously defining "cx - Uc.
The wing loading is redefined as

WGS = WG/Sw (VI.1.151)

if ISWING = 1, and after some lines of output printing, control passes
to sratement 21. Subroutine SIZE is called twice, with NPC = 3 (to

initialize it) and NPC = 2 (to develop new values for wing and tail
geometric parameters).

This is followed by three calls to subroutine FLAPS, corresponding
to flap deflections in cruise, take-off and landing éonfigurations.
Lift and drag coefficients for the aircraft are returned for these flight
conditions, and Mach number and altitude are defined as input to sub-

routine CTACZR, which returns angle of attack, 1lift and drag in cruise.

Subsequent calls to subroutine ENCSZ return values of engine sizing
data, depending on flight condition and aircraft geometry. These are

followed by calls to subroutines ENCWGT, WGHT, and PERFRM, which finally
develops values for total range or endurance in the climb and cruise

configuratcion.

It is nnted that at most three iterations are possible through the
subroutine. If convergence occurs before the third iteration is complete,
the variation of gross weight and corresponding total range or endurance
is printed, together with the required cruise range or endurance, RCRRQ'

Before returning, the subroutine calls CTAER, OUTPUT and AEROUT,
to provide output of the final values of geometry, weight, and cruise,

takeoff, and landing aerodynamics.
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Vi.2 PERFORMANCE MODEL USER'S MANUAL

As suggested by the descriptive material in Part I of Volume VI,
the study of aircraft performance involves many subroutines and many
input/output parameters. The performance subroutines given in Table
Vi.l,1l are tabul-~ted alphabetically in this section, and it will be noted
that a relatively small number of input parameters (10 to 20) are
required by each.
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VI.2.1 Input - Subroutine ACCEL

VARIABLE DESCRIPTION

initial Mach number

N

number of engines
altitude, ft

desired velocity, kts, or (less than 5) desired Mach number
initial time, hr
wing arca, sq ft

initial gross weight, 1b

VI.2.2 Output - Subroutinre ACCEL

[VARIABLE DESCRIPTION :
EM = Mach number

R = range, nm
ST = time, hr
W = gross weight, 1b
WF = fuel consumed, 1b
S ————————————
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VvZI.2.3 Input - Subroutine ASPEED
DESCRIPTION

= Mach number
maximum operating Macn nunber
number of engines
altitude, ft
input altitude, ft
indicates engine power setting
0, do not write output

1, write output

maximum operating velocity, KEAS

gross take-off weight, 1b

input weight, 1b

Vi.2.4 OQOutput - Subroutine ASP@ED

VARIABLE NESCRIPTION
= drag, lb

= Mach number for cruise equilibrium
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VI.2.5 Input - Subroutine CLIMB

ALPHLO §= angle of attack for zero lift, deg

AR aspect ratio

DELH altitude increment in camputing climb performance, ft
DLMC4 = quazter chord wing sweep, deg

EM = Mach number

EMCRU = cruise Mach number

EMMO f= maximum operating Mach number

ENP = number of engines

EYEw = wing incidence angle, deg.

H = altitude, ft

HENDCL = terminal altitude for climb maneuver, ft

ICLM .= 1, maximum ROC; 2, maximum operating speed; 3, specified EAS
NRITE = write option

R = range, nm

SW = reference wing area, sq ft

VCLMB = climb velocity for maximum rate of climb, ft per sec
VLIMX = limiting operating climb velocity

VMO = maximum operating airspeed, kts

W = initial wgiqkt, 1b
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VARIABLE

ST
TA

DESCRIPTION

v1.2.6 Output - Subroutine CLIMB

Mach number
altitude, ft
range, nm

time, hr

engine thrust, 1b
weight, 1b

fuel consumed, 1b
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VARIABLE

v2.2.7 Input = Subroutine DERIV

DESCRIPTION

ALPHLO

AR

TA

TFLP

TG

TGU

THEMAX

VEND

= zero angle of attack

= aspect ratio

= drag coefficient, take-off flaps, gear up
= 1ift curve slope, per deg

= maximum lift coefficient

= quarter chord sweep, deg

» time irctrement to retract flaps, esec

» time increment to retract gear, sec

= Mach number

= wing incidence, deg

= altitudc above ground in wing spans

0, all engines
= (1, one engine out

2, accelerate-gtop on runway

= normal force friction coefficient

= product of wing area and dynamic pressure, 1lb
= afr density, slug per cu ft

= thrust, 1b .

= time of beginning flap retraction, sec

time of beginning landing gear retraction, sec

time gear retraction completed, sec
maximum fuselage pitch angle, deg
velocity for maximum climb rate

weight, 1b

maximum load factor during take-off




ALPHA =

ch =

CL =

DCDF =

DCDG =

DCLF =

HMAX =

IACCL =

THETAF }=

XLF

VARIABLE DESCRIPTION

vi.2.8 Qutput - Subroutine DERIV

angle of attack, deg

drag coefficient during take-off

lift coefficient during take-off

drag coefficient increment due to flaps

drag coefficient increment due to gear

lift coefficient increment due to flaps

altitude at end of take-off, ft

flag indicating limits on load factor or speed are reached
fuselage attitude angle during take-off, Aeg

locad factor
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Vi.2.9 Input - Subroutine DLAND

VARIABLE DESCRIPTION

ALPHLO =] zero~lift angle of attack, deg

ALTLND = altitude of runway above sea level, ft
AR = wing aspect ratio
B = wing span, ft

CLALPH = 1ift curve slope, per rad

DLMC4 = quarter chord sweep angle, deg
ENP = number of engines

EYEW = wing incidence angle, deg

HAPP = approach altitude, ft

HTGC = wing height above ground, ft

1, runway length constraint satisfied
ILER -

2, iterating on runway length constraint

1, first iteration in runway léngth computation

IWGS = (2, second {iteration in runway length computation

3, last iteration in runway length computation

0, landing weight is gross weight

IWLD - 1, landing weight is weight.at end of previous segment

2, landing weight 1is WLPCT times gross weight

MUB = breaking coéfficient of friction
RSMX = maximum rate of sink, ft per min
SINKTD = sink rate at touchdown, ft per sec
SW = wing area, sq ft

TDELAY = pilot's brake reaction time, sec

' ‘ (CONTIMNUED) '
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VARIABLE

DESCRIPTION

TDELLD

TIDLE

TROTID

VRATT

w

1]

incremental temperature above standard temperature, ol-‘
idle thrust, 1lb

ratio of reverse thrust to idle thrust

ratio of approach speed to stall speed

aircraft weight, lb

gross weight, 1b

wing loading, 1lb per sq ft.

landing weight divided by gross weight

landing length requirement, ft

maximum load factor during flare maneuver

vi.2.10 OQutput - Subroutine DLAND

VARIABLE

DESCRIPTION

TIDLE

WGS

DLT

DLG

DLTR

DDELAY

DLGL

DFAR

RS

VAPEAS

VSTEAS

VTD

DOG

THETA

CLMX

i

[

total idle thrust, 1lb

wing loading, 1lb per sq ft

total landing distance from obstacle height, ft
distanc¢e from obstacle to start of flare, ft
flare distance, ft

distance from brake application, ft

braked ground roll distance, ft

FAR 25/121 %actored landing distance, ft

rate of sink during glide portion, ft per min
approach speed, KEAS

landing stall speed, KEAS

touchdowi speed, KEAS

average decceleration during landing ground roll, g's
approach flight path angle, deg

landing maximum lift coefficient
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vI.2.11 Input - Subroutine PERFRM

VARIABLE DESCRIPTION

CRALT = cruise altitude, ft

= Mach number in turn

= altitude of airport, ft

HTURN J= altitude of turn, ft

IDC a control parameter

IFLY = input parameter to control mission computation

ISEG = 1 to B, mission segment indicator

MUB = braking coefficient of friction

TDELTO |= temperature increment above standard for ﬁission

TDELTX |= temperature increment above standard for engine
sizing

VLIMX = maximum take-off velocity, ft per sec

WG = aircraft gross weight, 1lb

WTMISN = start of mission weight, 1lb

.
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Vi.2.12  Input - Subroutine PGBAL

VARIABLE DESCRIPTION

DFLPLD = landing flap deflection, deg

DFLPTO = take-off flap deflection, deg

EMCRU = cruise Mach number

FACW1 = weight modification factor

HNCRU e cruise altitude, ft

EGWGT v { 0, propulsion weight and nacelle geomtry fixed input

1, propulsion weight and nacelle geomtry computed in ENGWGT

ISWING - { 0, hold wing loading fixed

1, hold wing area fixed

NTYE = input flag 1 to 13, describing engine type

NTYP = input flag 1 to 16, describing propeller type

RCLBNM = climb range, nautical miles

RCRNM = cruise range, nautical miles
RCRRQ = required total mission range, nautical miles or endurance, hrs
SW = wing area, sq ft
TCLHR = climb time, hrs
TCRHR = cruise tlme, hrs
WG = inftial gross weight, 1b
L ———

VI.2.13 Output - Subroutine RGBAL

I SR I S

DESCRIPTION
= final gross weight required to meet range condition,

! VARIABLE

WG

WGS = final wing loading, 1lb per sq ft

59



vI.2.14 Input = Subroutine TAKOFF

VARIABLE

= zero lift angle of attack, deg

AR = aspect ratio

B = wing span, ft

CLALPH = 1ift curve slope, per rad

CLMAX = maximum 1ift coefficient at stall

DELTVR « time required to rotate fuselage in take-off, sec.

DLMC4 = quarter chord sweep angle, deg
DVR = increment of rotation speed above decision speed, kts
DVl = {ncrement of decision speed above stall speed, kts
EYEW = wing incidence angle, deg
GRCD - drag coefficient increment of landing gear
HFLP = agltitude at which flaps are retracted, ft
HTMAX = maximum take-off altitude, ft
MUB = Braking coefficient of friction
H {0, one engine is out
NFAIL -
1, all engines operative
UM = rolling coefficient of friction
VCLMB = velocity for best rate of cli;b, kts
VRAT = margin of take-off speed above stall speed (greater
than one)
W = current aircraft weight, 1b
WF = current fuel weight, 1lb
WGS = wing loading, lb per sq ft
XLF = load factor during takeoff
XTORQ = required field length, ft

Sara— —ﬂ-----------------------J
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VI.2.15 OQutput - Subroutine TAKOFF

VARIABLE DESCRIPTION
ALPHA = angle of attack, deg
CcD = drag coefficient
CL = lift coefficient
DTFLP = time required to retract flaps, sec
DTGR « time required to retract landing gear, sec.
H = gltitude during take-off, ft
HMAX e cutoff maximum altitude, ft
Qsw = product of dynamic pressure and wing ares, 1b
RELI = Reynolds number per ft of length
RHO = air density, slugs per cu ft
ST = time end of take-off
TA - total engine thrust, 1b
TFLP = time at start of flap retraction, sec
TFLPU = time at end of flap retraction, sec
TG = tire of start of gear retraction, sec
TéU | = time at end of grear retraction, sec
VEND = best rate of climb speed, kts
VLIMX | - ¢onstrained rate of climb speed, kts
W = ajircraft wcight, 1b
WF = welight of fuel consumed, lb
XTO = all-engine runway distance needed to clear 35 ft

altitude, ft

DsTOR = accelerate-stop distance, ft

s35 = engine-out distance to 35 ft altitude, ft
S35ALL = all-engine distance to 35 ft altitude, ft
SFAR25 = FAR 25 factored takeoff distance, ft

S50 - all-engine distance to 50 ft altitude, ft

6l
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VvI.2.16 }n-ut « Subroutine TAXI

= time interval, hr
ENP number of engines
H altitude, ft
0, do not write output
KWRITE
1, write output
ST initial time, hr
TA engine thrust, 1b
W initial aircraft weight, 1b
initial burned fuel weight, 1b

vi.2.17 Output - Subroutine TAXI

VARIABLE DESCRIPTION

il » final time, hr

= final aircraft weight, 1b

= final burned fuel weight, 1lb
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Vv1.2.18 Input = Subroutine TURN

VARIABLE DESCRIPTION

maximum lift coefficient in turn
Mach number in turn

number of engines

altitude of steady turn, ft

performance or engine sizing control parameter
wing area, sq ft
aircraft weighe, 1b

desired load factor in turn

VI.2.19 Output - Subroutine TURN

VARIABLE

TRTRN

XILFTRN

DESCRIPTION

thrust required in steady turn, 1b

load tactor in turn

63



~y

CRMACH

FRES!

H

HNCRU

HPAVLB

KODE

SHP

WF AMAX

WFAMIN

WG

WTMISN

ZLQD

]

V1.2.20 1Ilnput - Subroutine Input - Subroutine XRANGE

VARIABLE DESCRIPTION

cruise Mach number

wing compressibility Mach number

Mach numoer at end of climb

maximum operating Mach number

number of engines

wing incidence, deg

reserve fuel fraction (1.0 equals 45 min)
(greater 10. equai: lbs

altitude, ft fuel)

desiyn cruise altitude, ft

horsepower available

engine operating condition indicatcr

shaft horsepower

time to begin cruise, sec

maximum operating air speed, kts

weight, 1b

fuel weight, 1lb

maximum weight of available fuel, 1lb

minimum weight of available fuel, 1b

gross weight, 1b

weight at start of mission, 1lb

lift to drag ratio
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vI.2.21 Output - Subroutine XRANGE

VARIABLE DESCRIPTION

Mach number

_ SR

= Mach number used in cost calculations

= Mach number used in RGBAL calculations

FPMN = Mach number used in fixed pitch propeller iteration
H = altitude, ft
OUT(6,16)- flight conditions at start and end of cruise, for three
' Mach numbers
PCRPM = percent of rated rpm
PO = static pressure, lb per sq ft
R = total range, nm
RCLBNM = climk range, nm
RCRNM = cruise range, nm
ST = total time, hr
TCLHR = c¢limb time, hr
TCRHR = cruise time, hr
W = weight, 1lb
WP = fuel weight, 1lb
WFCRU = cruise fuel weight, 1lb
reserve fuel weight, 1lb
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VI.3 PERFORMANCE MODEL PROGRAMMER'S MANUAL

The flow charts in the following pages toe;low the order shown in
Table VI.1l.1, and it will be noted that the nominal mission sequence
of Figure VI.1l.l makes iterative loops largely unnecessary. That is,
each mission segment requires calling a different subroutine concerned
with the segment, and the output of each segment acts as the input to
the next. The individual segments are al: . straghtforward, although
the flight condition must satisfy variou constraints, as tested by a

sequence of 1F-tests.
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VI.3.1 Subroutine PERFRM, Mission Computation Control Routine

Subroutine PERFRM controls the mission computations in GASP.

of mission segments covering:

1.
2.
3.
4.
5.
6.
7.

are controlled by PERFRM.

program.

Taxi
Take-of f
Acceleration
Climb

Range
Landing

Turns
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The routine PERFRM is called from the main



PERFRM

[SEGP=1SEG
KWRITP=KWRITE

—>@ i
{isEG=15EG+1 |
k!

C sec r29
—>
C 1COND >
Y
(:;7 KWRITE
Y

WRITE (6}

A [COND=1
W=y

e conr \ ¥o -
C WIMISN ) Atﬁ {w WTMISN I

y
IH=HUO I
. =99
1DC H=HPORT
[ -
ST=100
R=R0O0
g
( et =9 -
{ 1S8EG ) » RETURN

C s ) evrumn 0 TSEG=8
. i iy

Fiscox=1si6 |
y
ISEG |' CALL TAXI '

5 @‘#&5‘%3 i

Pigure VI. Subroutine PERFRM, Detailed Flow Chart
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PERFRM 2

(59

KWRITE )b KWRLTE=2 [RENDCL=HNCRU)
e 29 trrro-oeg( emiury )£ {FENDCLEITIURN ]
; - —— —
\

[CALL TAKLOFE (TDELTO)

CALL CLIMB(HENDCL)

TOLLTO= IDLTOX (:7 10C
KWR1TE=RKRLTP
ISEGP=2 y RETURN
o
(: 10C =23 (%)
¥ 3 RETURN

EM=EMCRU

: H=HNCRU
{ 4

ICALL XRANGE (WECRU , WERES)
Iserrn=emeru ] .

A » ( InC RETURN
C ISEGP F—-——{spﬁsowumx] é

< J

3

CALL AUCCLL (SPEED)

l 1SEGP - I
!

C e =99 RETURN

Y
=99
% ( I0C ———= RETURN

CALL DLAND (ILER)

H=ITTURN
EM=EMTURN

|

. ™ 1y ISEG=4 =99
CALL TURN(TRTRN IDC R
( ) Immm3"’4 ETURN Q)
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V1.3.2 Subroutine ACCEL, Acceleration Segment

This routine canputes level flight accelerations under the control

of PERFRM. Several subroutines are called by ACCEL during these calcula-
tions including:

TPALT~--Atmospheric Properties
DRAG--Drag Calculations
ENGINE--Propulsion Characteristics

Major outputs computed by this routine are weight, range and time changes

during the acceleration.
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ACC

WJ=W
ST.I=ST
WFJ=WF
RJ=R

r
PO=PO*144,
SA=49.1*SQRT(TO)
RHO=P0/53,32/T0/G
XMN=SPEED

\_>5.0

EL

CALL TPALT (H,GALT,PO,FKALT,TO0,G, XKV)

o

SPEED ) —i-

XMN=SPEED/SQRT (RHO/.0023769)/ (SA/1.69)

et

(: EM
X

). 2XMN |

% RETURN

CABS(hM—XMN) <0.0005

Y
C o )20
krRllL ) -

Figure VI.3.2

FWRITE (6) ]
X
’ — N
C KWRITE 3 R WRITE (6)
“
VIIMASA
DTF=0.5
TIME=0.
1C=0
ST=ST+.5/3600.
1C=1C+1
TIME=TIME+0. 5/3600.

C -1

[ CL=W/SK/ (0.7*PO*EM*EM)

y

71

CALL DRAG(1,EM,999.,CL,
CALL ENGINE (FN,SFC,SFN,

EMD,CD)

WFUEL FAR,PO,T0,EM,H,5)

Subroutine ACCEL, Detailed Flow Chart




C

ACCEL 2
T=FN*ENP
WFUEL=WFUEL*ENP
TAS=EM*SA/1.69
EAS=TAS*SQRT (RHO/ . 0023769)
! WRITE (6)ST,R,
) =1 : >0 WF,W,H,TAS,EAS,
1 \_ KWRITE )1 > EM,EMD, T, WFUEL
- w
DVDT= (32, 2/W) * (I-CD*SW* 0. 7*PO*EM*EM)
. 20. .
DVDT XMN=EM
R=RJ
[ WE=WFJ
V=V VDT ADT ST=STJ
EM=\/SA W=WJ
W=WW-WEUEL*DT/3600.
R=R+\V*DT/6076.
WE=WE+WEUEL*DT/ 3600.
EM= AMN

C

Y

)
- g

TAS=EM*SA/1,69
EAS=ATS*SQRT (RHO/.0023769)

y

o

j -

WRITE (6)ST, K, WF, ]

W,H, TAS,EAS, EM,

EMD,T,WFUE

C KWRI'TE ) 20,
-
C KWRITE ) £,
v
RETURN
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V1.3.3 Subroutine CLIMB, Climb Calculations

This routine computes pianar climb segment characteristics. Atmospheric
properties along the climb path are determined from TPALT. Required lift
coefficient is found from CLIFT and drag coefficient from DRAG. Propulsion
system characteristics are obtained from ENGINE.

Climb paths may be flown at maximum rate-of-climb, at maximum allowable
airspeed, at a specified equivalent air speed. Three functions PART,

BOZA, and ADEN are defined and used in subroutine CLIMB.
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CLIMB

FUNCTION DIFINITIONS

PART(XXX,X111,X222,X3 . .11)=(((XXX-X111)*(XXX-X222))/
((X333-X111)*(X333-X222)))*Y111

BO2A(V11,V22,V33,U1,U2,U3)=(V11*%2% (U2-U3)-V22**2%(U1-U3)
#V33*42% (U1-U2))/(2.*(-V11¥% (U2-U3)+V22* (U1-U3)-V33* (U1-U2)

ADEN=W1,W2,W3,21,22,23)=23% (W2-W1)+Z2% (W1-W3)+21* (W3-W2)

RTOD=57.2957795
INDIC=0
DELTAH=0,
ICIMP=1CLM
ALPHA=12,

CALL CLIFT(1,ALPHA,CLL,ALPHO, CLALPH,HOB, AR, DLMC4 , EM)

<
C KWRITE j‘ =0 >
y
(:7 iy ) 2l WRITE (6)
T - HENDCL |
-2
G I
; - HENDCL
Y -3 i
(:7 ICIM *j) = > WRITE (6) <E==)
‘ . HENDCL
‘ - l B
WRITE (0) i

PO=P0*144,
SA=49,1*SQRT(TV)/1.689
RHO=P0/53.32/T0/G
TAMB=TO

PAMB=PQ .
VE=1.10*SQR7{W/ (SW*1.42636*RHO*CLL))

C w )= ——{Vi=s0]
-t

1LC1=0

LC2=0

1.C3=0

KKkK=0

1CIM=TCIMP

VMAX- VMO/SQRT (RHO/ . 0023769)

v

Figure V1.3.3 Subroutine CLIMB, Detailed Flow Chart
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CLIMB 2

<
C v )2 vams )=MfRRvCINB 500
' — x (RHO/ . 0023769)

C H ) >1000

) >
" v
< 250 g
C_wo ) -~
VMAX=250. /SQRT (RHO/ . 0023769 +
C 1GLM =3 VCLMB <VMAX £ UMAX=VCLMB/SQRT
r (RHO/.0023769)
y
L v2ck=\MAX ] :
- N

*:
( vax ) ZCAENMO | B TSAEeo

\
C VMAX =VacK INDIC=1

-f R |

I vCru=EMCRU*SA ]

\

C w 2VLRY 2=VCRU

e

A
VLIMIT=VLIMX/SQRT (RHO/ . 0023769)

Y

C ey ) =loand VLIMIT | FosvTTNIT )
R — -

RGAMI=0.
RGAM3=0.
EM=V2/SA

2636*RHO*V2**2

Q
CL=W*COS (RGAM1) / (Q*SW)

1,
=W

* o

L

CALL CLIFT(4,ALPHA,CL,ALPHO,CLALPH,HOB, AR, DLMC4, EM)
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©

CLIMB

TA=ENP*TA
RCPOW=101.34*V2* (TA-CD*SW*Q) /W
‘ z awy
C repow (101 34%V2) .
20
C RCPOW —
] >
C o )

1CLM —)—L——»——-

V2=V2-10.

RC1=RCPOW

)

T

> .

) =VL @

WRITE(6)

o

» RETURN

-

WRITE (6) g———— RETURN
N'

P

[RoAM2=ARSIN

(RCPOW/ (101.34*v2)) |}

<

@,

ABS (RGAM2-RGAM1) *RTOD))- 1
J
r
(ai=reaen ] 0
- ~
Y
CL=W*COS (RGAM3 )/ (Q*SW)
y

r(i‘\l,l, CLIFT(4,ALFHA,CL,ALPHLO, CLALPH,HOB, AR, DIMC4, liM)I

v



CLIMB

RCTETA=101.34*V2

RCGAM4=ARSIN (RCTETA/ (101.34*V2))

\

(ABS (RGAMA-RGAM3) *RTOD)

Y

<

.1

fRGAM3=RGAMA ]-————@
-

{
C
|1

p WS

(: o ]
Kkk-1 )
<RCP1
- U‘ on| C RCT1 ’-—-—-’—-‘
® ® f
y
Lel=LCH+1 v
RCP3=RCP2 ( V2 VL [Tca-1_F=(30)
RGP 2=RCPL
RCP1=RCPOW : X
RCT3=RCT2 Vo=V2-8
RCT2=RCT1
RCT1=RCTETA*PHI >
V33=V22 LCA=(
V22=V11
Vii=\2 C >VMAX
>—— (V1]1=VMAX |
* ) A V2 [ ] .
> -
(:: LC1 ﬁj)¢4=l y
f V2= v11\-———>—-<:)
’7
j] - KKK=
‘ |1<i1-1 )
R(il > R(pLJ
) ( V22 >VMAX [V 22-VMAX |
( 1.C1 >———-Y -
) 1—-—-—-<—-———
V2=V22
b
‘V< RLr? > RCPI KKK=1 <:>
V2 <V,
L :
Y
byoavoo 5;—————v——~—(:)

o —
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Q—
RCTA=RCP1

CLIMB

RCTA=PART(V2,V22,V33,V11,RCT1)+PART(V2,V11,V33,V22,RCT2)

+PART(V2,V11,V22,V33,RCT3)
RCPA=PART (V2,V22,V33,V11,RCP1)+PART(V2,V11,V33,V22,RCT2)

+PART(V2,V11,V22,V33,RCP3)

? Q RCPA

-

SRCTA

w4

Y

[ 3

RCTA=RCPA

VRCTA=V2
VTEST=ADEN(V11,V22,V33,RCP1,RCP2,RCP3)

Y

Y

) =0

VTEST

v 4

-

VRCTA=V11

.
_— 3

V33,RCP1,RCP2,RCP3)]

Y

22

“dy

Y

[ VRCPA=-BO2A(VIL,V

1

> 22l
C VRCPA } =VRCTA »-

-
-t

L

f

LC4=0
V2=VRCTA

1 KKK=1

V2=VRCPA

g
'

1

ALPHA=THEMAX+EYEW-RTOD*RGAM4 |}

CALL CLIFT(1,ALPHA,CL,ALPHO,CLALPH,HOB, AR, DLMC4 ,EM)

, A

GAMMA=

|'FHETAF

=THEMAX

RGAM4*RTOD

ROGAMMA=RGAMA

| CALL

21

DRAG (1, EM, H, CL,

V=V2
RC=R

CTETA

Y

JEMD, CD)

TA=TA/ENP

TA=V*PHI*RCTETA/ (101.34*V2)+CD*SW*Q

KENG=4

v
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CLIMB 6

KENG=1

CALL ENGINE(TA, ISEC,SEN 7 BAR, PAMB, TAMB, EM, H, KENG)

PACENPHTA
F="TA*TSEQ

O——

[TR5=V*SQRT(RH0/ . 0023769) |

C KWRITE ) =0

r -
<:; KR TTE ~0 H ) #1000
y =~ Y Y

WRITL(O)ST R, N, W, 1,
V, EAS, EM, EMD, CL, CD, ALPHA |
GAMMA,THETAE , RC,TALF

—ll

(: y =HENDCI, KWRITE >':9""‘

A ) \
NQUO=H/DELH+ . 05 Wi TE (0)HENDCL,
YALL22=NQUO+ 1

HO Y ALE22*DELH

__/-—~‘

ST,WF,W,R ]

i

L »RETURN

Y

(: HENDCL 4:} 219

Q——]

10
R=R+DELTAIL/ (6076, 1*SIN (RGAMMA) /COS (RGAMMA) )
W-W=DELTAH*E/ (60. *RC)

V-V

ST=ST+DELTAH/ (RC*60.)

W WS DELTAIYE/ (00, *RC)

to
3
! 1

1
(:j“M:Qag ) B
Y \

y
” ™\ 10000 _ . ,
( J > t)ELTAH=HENDCL-H
y

' \ HO={ENDCIL,

orEA-0, 0 Q)

INDIC=0.0
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CLIMB

— “\_>RCPOW
R(,'I'HL TA*PHL) )

__‘f:’ -
C 1.0 )«il—b-——-

y
RC=RCTETA
GAMMA=RGAMA*RTOD
RUGAMMA = RGAMA

THEVAE="THEMAX ——b—-@
\' -\

* g

RC=RCPOW/PHI
RGAM2=ARSIN(RC/ (101, 34*V2))
GAMMA=RGAM2*RTOD

RGAMMA= RGAM2
CLEW*COS (RGAM2 1/ (Q*SW)

CALL CLIFT(S,

FHECEAE = GAMMA - EYEW+ALPHA

ALPHN, CL, ALPHLO, CLALPH,HOB, AR, DLMC4 , EM)

]

A
FHETAL PHEMAX
GAMMA= RGAMI*RTOD Y
ROGAMMA=RGAMY
RC=RCTETA

\: 2

-

y -t

RC - RCPOW,/ PHT
ROAMIARSIN(RC, (101.34%V2)
GAMMA L RGAM2

CLWACOS (RGAM2) / (Q*SW)

CALL CRIEFTCH ALPHN L ALPHO, CLALPH, HOB AR DLMC A, EM)

1
FHET A =GAMMA - EY B ¢ ALPHA
Vvl

-

TR |

£0




VI.3.4 Subroutine DLAND, Landing Calculations

Subroutine DLAND computes landing segment characteristics from an
analysis of terminal glide, flare, touchdown and braking roll measures.
Atrospheric properties for the landing field are computed from TPALT.
Routine CLIFT and DRAG provide landing aerodynamic characteristics,

propulsion system characteristics are obtained through the routine ENGINE.
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DLAND

VRAT=VRATT
TIDLE=0.
\
(  xuoorg #99999. o  [Twip-o.
- I )
WL-W
Y
C o = WL=WLPCT*WG

- J

WOS=WL/SW )

(;7 INLD 4:>—i9——>____

WL=WG
WOS=WGS

—

iin=tiarpearting

y
CALL TPALT (HIN,GALT, PO, FKALT,TO,G, XKV)

TAMB=TO+TDELLD
PO=PO*144,

RHO=P0O/ (53.32*G*TAMB)
DRAT=RHO/. 002378
SRDRAT=SQRT (DRAT)
RGAMT=0.

ALPHA=30,

HOB=4999,

EMS=0.0

CALL CLIFF(3,ALPHA,CLMX,ALPHLO,CLAPH,HOB, AR, DLMC4,EMS)

A
VST=SQRT (2. *WOS/ (RHO*CLMX))
VSTEAS=SRDRAT*VST

4

C XD ) 2l e JVGL=VRAT*VST
HOB=HAPP/B

$103.03 EMG=VGL/SQRT (1.4*G*53, 32*TAMB)
C VSTEAS )~--——‘~———>——~‘ GL= 5*RHO*VGL*VGL

Ewesniny 10 021200 ——— [WRITE (6) WGSMAX

Figure V1.3.4 G“ubroutine DLAND, Detailed Flew Chart
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xS

DLAND 2

l

[ CALL ENGINE(TIDLE,TSFC,SEN,FF,FAR, PO, TAMB,EMC,HIN, 2)
— ]
A
TIDLE=ENP*TIDLE
TA=TI0LE

(:; TENG jj}~5‘

y

\
CL=WOS*COS (RGAM1) /QGL

\
l CALL DRAG(3,EMG,HOB, CL,EMD,CD)

Y
RSIDLE=67. 2*VGL/WL* (CD*SW*QGL-TIDLE)
RS-067. 2*VGL/WL* (CD*SW*QUL-TA)

¥ R
C RS ) - > WRITE(6)RS p——>RETURN
‘ N
RGAM2 = ARSTIN(RS/ (67, 2*VGL))
( R(L\.‘-i.‘-R(I;’\MlJ s 001745 @

Lreany jeans
. : WRITE (6)
RS ) RSIDLE ]

Y
[ ey RGAM1=ARSIN(RSIDLE/(67.2'VGL)1
) =RSMX Ao g
(: RS 4:)_———_——>~— TA=TIDLE
C ABS(RS-RSMQ .1 >
! !
[ 72 CDESWHQUL-WLARSMX/ (62, 7*VGL)) 7

THETA=ARSIN(RS/07. 2*VGL
RI= (VGLAVGL) / (G* (XLEFMX-1.0))
HEAR=YOL*VOLY (PHETA*THETA-CAMTD*GAMTD) / (2. *G* (XLEMX-1.0))

. 1‘11
(i HELAR -:>~ AR > My

y

RN ()
DR R (SQRU (2. *HAPP/RIY +GAMTD*GAMTD) - GAMTD)
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DLAND

DLGL=HAPF/TAN (THETA)

DLTR=( (RZ*THETA}/2.)* ((1.0-GAMTD/THETA) **2)

VID= (VRAT+1,)*, 5*VST

DDLLAY = VTD*TDLELAY

HOB:=UTB/R

EML-VID/SQRT (1. 4*G*53. 32*TAMB)

CALL CLIFT(1,EYEW,CLRL,ALPHLO,CLAPH,HOB, AR, DLMC4 , EML}
CALL DRAG{T7 ,EMELHOB, CLRL, BMD,CDRL)

Y
DiRL=CDRL- (MUB*CURL) I

ARAT=DLRL/ (CLMX* (VST/VTD) **2)
TOWL=-TIDLE*TROTID/WI.

i

Y
( TIDLE =0

| —_— ] TOW

Y Cwmm )

1
FRAT=MUJ- TOWL
ALN=ALOG [FRAT/ (FRAT+ARAT))
DLG=-13, 0287*WAS*ALN/ (DRAT*DLRL)
DOG=VTD** 2,/ (DLG*2, *()
DET=DLG+DLTR+DDELAY+DLGL

, T\ =90099,
) ¢
C XLDGRQ b
Y ¥
- =3 -
L wes ) >
=9

¥

LT ) =XLDGRQ '
Y

WOGSP=WGS
XPAS=DLT
WGS=. 7*h0S
IWGS=TWGS+1,
LR

m

»RETURN
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DLAND 4
SLOPE= (WGSD-WGS)/ (XPAS-DLT)
IWGS- IWGS+1
PR
Y
( SLOPE 4;}—1Q*——
X2
WOS=WGSP
WRITE (0)WGS
RETURN
WGS-WGSP-SLOPE* (XPAS-XLDGRO
RETURN
1LER=
THETA=THETA*57.29
VGL=VGL/ 1,689
VAPEAS=VGL*SRDRAT
VSTEAS=VSTEAS/1. 689
DEAR-DLT/. 60
=Q
(:ikWRITF , j) { -
WRITE (0)YTAMB, TDELLD,
ALTLAND,WOS, WL, 1Y PP, DLT,
DEAR, DEGL,DLTR, DDELAY,
DLGL KRS, XEEMY, TDELAY ,MUB,
VAPEAS, SINKTD, TIDLE,
TROTID, VGL,VSTEAS, DOG,
THETA, CLMX, TA
w '
( ABS('I‘.»\-'I‘ID!,ED =1 > WRITE (6) —»—] WRITE (6) b~ RETURN
[4 — ’N




V1.3.5 Subroutine TAKOFF, Take-off Calculations

Subroutine TAKOFF computes take-off performance through ground roll,
rotation, lift-off, gear retraction, initial climb, and flap retraction.
The take~>ff trajectory is integrated and derivatives are computed by
subroutine DERIV. Atmospheric properties are computed by TPALT.
Aerodynamics are obtained from CLIFT and DRAG. Propulsion characteristics
are obtained from ENGINE. Inteygration is performed by the utility routine

INTH.
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TAKOFF

YYY (XXX, X1,X2,Y1,Y2)=Y1e(XXX-X1)*(Y2-Y1)/(X2-X]1)

!

HMAX=[{TMAX+H FUNCTION

WSTO-W DEFINITION
WESTO=W
LOUT=0

TG=999.
TFLP=999,
MU=UM
M=0.
[ACCL=0.
IM=0,
IR=0.
1PAS=0.
XLOST=1.
[FL.=0.
1G=0.
DCDG=0,
DCDE=Q,
DCLE=0Q.
HGR=50,
DIGR=7T,
HLEP=400,
DTELP=DLFPTO/3.33333
; N -
Ly p 2 { 1 P=
<:f D1ILL____‘I > .,DTFLPI.OOI]
]
HAPT=H

C o ) SOATTHELR) L CMAGHAPTSRFLP
— J

T(1)=4
T1SAV=T(1)
T(2)=0.
T(3)=.2
T =0.
T(5)=0.
T(o)=0.

]( / ) =HAPT
T(11})=0.

'

Figure VI. 3.5 Subroutine TAKOFF, Detailed Flow Chart
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TAKOFF 2

—»—{ D0 8200 I=1,11 |

\
4 PT ; =T i

——— 8200_CONTINUE]

ALPHA=EYEW
PALPHA=ALPHA

W

CALL TPALT(T(7),GALT,PO,FKALT,TO,G, XKV)

TAMB: TO+TDELTO
PO=PO*144.

SA=49. 1*SQRT (TAMB)
RHO=P0/53.32/TAMB/G
ALPHA=30.

CALL CLIFT(2,ALPHA,CLMAX,ALPHO,CLALPH,99. ,AR,DLMC4,0.)

r
VSTLKT=SQRT ((2.*W)/ (. 0023769*SW*CIMAX))/1.689
CLTO=CLMAX/ (VRAT**2)

VI-VSTLRT+OV]

RN LeDVR

WRITE(6)VSTLKT,
VRAT,CLTO

\

(:7 U =1————’—————1WRITE(61|

"
3

DLLZ=10.

DIFFN=-999,

N=1

VIL=VRAT*VSTLKT*1.689/SQRT (RHO/.0023769)
Y

CL=(2.0*W)/RHO*SW*VEL**2)

FM=VEL/SA

4
CALL LRAG(1,EM,HOB,CL,EMD,CD)

[ CALL ENGINE(TA,TSFC,SFN,F,FAR, PO, TAMB,EM,T(7),5) }

|
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D

3N
ﬁOAV*RS
&

>

TAKOFF 3

PWRRQR= (. 5*RHO*SW*VEL**2*C@; *VEL
PWRAVI =TA*VEL*ENP

C four p——a [ P WRAVL=PWRAVL®XLCST
¥ - ’
C PWRAVL <PRRRQR
! !

[ DIFFL=PWRAVL-PWRRQR ]

(C oieey ) CRIEEL ::}

y
DIFEN=DIFFL Y Y
VELIN=VEL

179 < VEL=VELN

DELZ=1.0]

C iD=

{ vii-viL+bELZ]

(59

| '

VEND=VELN
VEAD=VEND*Q. 592087 *SQRT (RHO/.0023769)

(:7 VEND > VEND=25(

Y
C oviwp - ) VLIME

t""‘uﬁvgl‘IMB ]
(j' ICLM =3 Y

-l
il

L imx:vinn |

WRITE {6)VEND

T(1)=TISAV
ALPHA=PALPHA
CVLPHAR= (ALPHA- 1EYEW) *. 01745

.t

l L «—P720 CONTINUE )

» D0 9120 1=2,7
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TAKOFF

@

Y

MU } £0 - @
¥

16

aYaYa¥Ye

: +
Tm_mpg < HGR

HHH=HGR+HAPT
TG=YYY (HHH,L,PT(7),T(7),PT(2),T(2))
ToU=TG+DTGR

( xwriTE ) =0 e Y
' 29
e )_iL WRITE (6)
<: VR 1 TG, TGU

V\

I e
C 1FL )” >

C ooy I (30
Y
HHE-HELP#HAFT

TELP=YYY (HHH, PT(7),T(7),PT(2),T(2))
TELPU-TELU+DTFLP

y

C KWRITE

"
2

Y

!

\~ U

:
C DELPTO #0 WRITE (6)
. TFLP, TFLPU
y
1FL=1
C o )2
{ T
( IM } =2 >
T Y
(e )=v @
}.Aﬁ j »
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[PERP SIS

TAKOFF S

TIM1=YYY (V1,PEAS,EAS,PT(2),T(2))
VVV=YYY (V1,PEAS,EAS, PVKTS, VKTS}

WRITE (6)

{ TIMI,VW,V1

Wi=YYY(V1,PLAS,EAS,PW, W)
WE1=YYY(V1,PEAS,EAS,PWF,WF)
TA1=YYY(V1,PEAS,EAS,PTA,TA)
ALPHA1=YYY (V1,PEAS,EAS,PALPHA,ALPHA)
CDI=YYY(V1,PEAS,EAS,PCD,CD)
CL1=YYY(V1,PEAS,EAS,PCL,CL)

RHO1=YYY (V1,PEAS,EAS, PRHO, RHO)

'

Do 70 1=2,11

Tli=YYY(Vl,PEAS,EAS,PTi,Ti)

Y
o SIS

C ENP )- 21 > Ix1.0sT= (unp-1.) 7ENP]
I}

il
IMAX=50.
[M:D
Y
C MU =0
!

C s =R 100
C IR \, =1 > (80)

TIMR=YYY (VR,PEAS,EAS,PT(2),T(2))
VVV=YYY (VR,PEAS, PAS, PVKTS, VKTS)

Y

A
C xware =0 CLR=YYY (VR, PEAS, EAS, PCL,CL)
— CDR=YYY (VR, PEAS, EAS, PCD,CD)
TIMEND=TIMR+DELTVP

\i

VVV,VR

—_\)

WRITE (6)TIMR l
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230

TANOFF

( 7@ ) ez, -

o

ICL= ((CLTO-CLR)/DELTVR) *(T(2) -TIMR) +CLR '

( T(2) ) =riveno o fcr=CL
> 4
‘L -t
C1, ALPHLO, CLALPH, HOB, AR, DLMC4 , EM) |

{GALL CLIFT(S,ALPHA,

| ALPHAR= (ALPHA-EYEW) *. 01745 I

cx.*o*swnA'sm(Ax.PuA@ o <(W*COS(T(5)))

Y
(C vwrire )20 — —
WR1ic(6)T(2), |
T(6) ,VIOKTS,EAS f
; — PWF=WF
Do 227 I=1,11 PNl
PEAS=EAS
- PVKTS=VKTS
PTisT, PCL=CL
v PCD=CD
" ] -— PTA=TA
{227 _conTIRUE § PALPHA=ALPHA
y < PRHO=RHO

C w D
(T(i) ) Rt

CALL INTM(T,4,2,1.,1.,1.,1.,1.,1.,DERIV)

!

| CALL TPALT(T(7),GALT,P0,FKALT,TOG, XKV

l

C ~ 92

—>—]WRITE (6) |— RETURN

1 e i A . i



TAKOFF

TAMB=TO+TDELT
PO=P0*144,

SA=49. 1*SQRT (TAMB)
RHO=P0/53. 32/ TAMB/G
RELI=T(4)/XKV
PAMB=PQ

HOR= (T (7) +HTG-HAPT) /B
EM=T (4)/SA
VKTS=T(4)*.592087
EAS=VKTS*SQRT (RHO/ . 0023769
QSW=. S*RHO*SW*T (4)**2
KENG=5

TA=ENP*TA

C m - TA=XLOST*T
i -l

C w )=z . [(F=xiosi+rJ)
} _—

Y

ROC=T (11)*60
GAMA=T(5)*57.29578
T(8)=(32. 1b/w) * (TACOS (ALPHAR) -QSW*CD-MU
* (W-CL*QSW-TA*SIN (ALPHAR) -W*SIN(T(5)))

)
C e )22 T(8)=0.
y =~ '
THETAF=T(5) *57, 29578 EYEN:

C '

T(1)=T1SAV}

[cALL INTS(T, 4,2 11, 1. 1.,1.,1.,DERIV) ]

C KNRITE ) <0 > 225

;

a3

e



TAKOFF

WRITE (6) TDELTO,HA! 7',
T(2),T(6),WF,W,T(7),VKTS,EAS,EMM
T(8),CL,CD,ALPHA,GAMA, ROC, XLF,

TA, F, THETAF

y
WF=F*T(3)/3600. +WF

Lw=w-F*1(3)/3600, |
C s )22

Corny-mery )<35 o 260
y

HiHH=35. +HAPT
S35=YYY (HHH, PT(7),T(7),PT{6) ,T(6)
C oor )= S35ALL=S3
%
A
XT0=535

Y

( KWRITE ) 20,

: ToUT=0
WRITE (6)535 VA 260)
ol
=0 (  rour =1
Y A [
( xrorq  )-=2999%., 1 (C ieas 2
Y

C KSIZE 'j—ﬁ-»RETURNA( T(7)-HAPT )_Ls_ﬁ._j

Y
( xsize )2l

Y

( - ) S 1,005*XTORQ

Y
( KS1ZE )'1 >
, y

I1ZE=2 >

24

% RETURN



i e

TAKOFF 9

HHH=50. +HAPT 7
SSO-YYY(HHH.PT(?),T(?).PT(6).T(64
L1PAs=2

N\ S0

Cxwm're ) >

C M =5 WRITE (6)T(2),WF,W
T . T(7),VKTS,EAS,EM, T (8), Y
¥ S CL,CD,ALPHA,GAMA, ROC,

C pps =HMAX XLF,TA, F, THETAF

— ) @

Y HSAV=HMAX +HAPT
M=0 STSAV=YYY (HSAV,PT(7),PT(2),

I - | T(2))/3600. +ST
WFSAV=YYY (HSAV, PT(7),T(7) , PWF, WF)
WSAV=YYY (HSAV, PT(7),T(7),PW,W)
EMSAV=EM

(409

DO 9201 I=2,11 ENP =1
| - S

T=TY C 10UT =1 @

Y
T ’ C NF:IL =1 @

T(1)=T1SAV T
IACCL=0.,
EAS=0.

10UT=2
MU=UM HHAPT f——>— )

y WF=WFSTO
W=W1 W=WSTO
TA=TA1*XLOST
CL=CL1
CD=CD1
RHO=RHO1
ALPHA=ALPHA1

CALL 1NTS(T.4.2,1..1..1..1..1..1..naRxV)--——-—————(:::>
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v

iy

.y
RS

TAKOFF 10
[ QSW=. S*RHO*SW*T (4)**2
Al =
t1.0
4 C 1y )=t >
* >
™\ 2T1(2)+1.8
T(2) >— =
Cg D =
(:; T(2) :), 2T1(2)+3.5 .
[CALL INTM(T,4,2,1.,1.,1.,1.,1.,1.,DERIV)
| I >
f
MU=MUB

i) SVR .

4

DLRL=CDR-MU*CLR:]

J

-

ARAT=DLRL*QSW/W
ALN=ALOG (MU/ (MU+ARAT) )
DLG=-13.0287*WGS*ALN/D
DSTOP=T (6) +DLG

!

WRITE(6) |
DSTOP, S35

ST=STSAV
WF=WFSAV
W=WSAV
H=HSAV
EM=E!

ASAV

¥
C wmme )%
Y

RETURN -

WRITE (6) , Y
DSTOP, S35
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Vi.3.6 Subroutine DERIV, Time Derivative Calculation

Subroutine DERIV computes the instantaneous flight path and velocity
derivatives required by subroutine TAKOFF. Routines CLIFT and DRAG

provide serodynamic characteristics. Propulsion system characteristics
are computed from ENGINE.
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ACCEL=0.0
IALOP=0.0
E { tour =2 [ ALPHAR= (ALPHA-EYEW)*, 01745
. ‘_ e ——————C————. S—————
: C wowr )22 - 2000
Y
\ #0
. C MU ) ~> ‘
Y
C e )22 >—

o !
( I .A.I EH%:EIEH&#I. l .
i C  wr <0.95 [ ALPHA=ALPHA# . 1 Y

[
)<0:85 ALPHA=ALPHA® . 3
i

C . xr .
C

K
XLF <0.80 ALPHA=ALPHA®, 5
) ME— el s

ALL CLIFT(2, APHA. CL,ALPHLO,LALPH,HOB.AR, DLMC4,EM

(19

\

)

C

CALL DRAG(2,EM,HOB,CL, EMD, CDGU)
C @ <16 1234

-~

DCDG=CD-CDGU
GFAC=T(2)-TG ﬁ

‘ ~ ;TGU .
C T(2) ) > EFACsDTGR |

-
' S
C T(2) < TFLP
i -

CALL DRAG(4,EM, HOB,CL,EMD, CDFU

Figure VI.3.6 Subroutine DERIV, Detailed Flow Chart
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DERIV 2

CALL CLIFT(1,ALPHA,CLFU,ALPHLO,CLALPH,HOB,AR, DLMC4 , EM A

DCDF=CD-CDFU
DCLF=CL-CLFU
FFAC=T(2)-TFLP

!
>TFLPU

<1238> —— i
CD=CD-DCDG*GFAC/DTGR-DCDF*FFAC/ DTFLP

CL=CL-DCLF*FFAC/DTFLP
ALPHAR= (ALPHA-EYEW) *. 01745
CLMAXC=CLMAX-DCLF*FFAC/DTFLP
CLLMT=CLMAXC/ (VRAT**2)

<CLLMT
1 =
C a )———A2000)

)

C w )£ . T(5)=0
; ,

)
4
C ror )2 (2200)

THETAF=T(5)*57.29578-EYEW+ALPHA

Y

<THEMAX
C THETAF ) -

ALPHA=THEMAX+EYEW-T(5)*57, 29578 !

, -
XFL= (CL*QSW+TA*SIN(ALPHAR) )/ (W*COS(T(5)))

Y
Cr )

] -
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Py

P

DERTV 3
( xr )= -— J'
= -
1
o) -

s

l ALPHA=ALPHA-.1 l Y

C ro2 >TELP ALPHA=ALPHA® 05 @

L d

[ —
{EAS=T(4) *. 592087 *SQRT (RHO/ . 0023769) ]

3 O
VEND
C TS ™\ = - 4200
Y

T(4)=VENF*1.689/SQRT (RHO/ . 0023769)
T(8)=0.
IACCL=2

!

T(8)=(32.1b/W)* (TA*COS (ALPHAR) -QSW*CD-MU* (W-CL*QSW-TA I
*SIN(ALPHAR) ) -W*SIN(T(5)))

o

C Tout ) = > 1'
¥ ~ 2ACCEL
C &) ) >
f
(  raor )=20 >
WRITE(6)T(2),T(8)
ALPHA, CL,CD Y *
—A
-t
ALPHA=ALPHA- . 1
LLALOP=1ALOP+] ~
C o 2TELP o (R TPHA=ALPHA: .05 @
= = =
™\ #o T(9)=0.
MU J - T(10)=T(4)—" RETURN
| T(11}=0.




i

DERIV 4

T(9)=(32.1b/W*T(4)))* (CL*QSW+TA*SIN(ALPHAR) -W**COS(T(5)))
T(10)=T(4)*COS(T(5))
T(11)=T(4)*SIN(T(5))

v

RETURN
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VI.3.7 Subroutine TAXI, Taxi Calcule*ions

t Subroutine TAXI computes taxi fuel rvequirsments. Subroutine TPALT
supplies atmospheric conditions at the runway altitude. Subroutine ENGINE
supplies propulsion system characteristics during ground idle.
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TAXI

CALL TPALT!H=GALT=POI?KALT:TO;G;XKVE'

PAMB=P0*144.
| TAMB=T(

CALL ENGINE (TA, TSFC, SFN, FF,FAR, PAMB, TAMB, 0. ,H, 2

{ WRITE (6)ST,

-— R, WF,W,H, FF
WFT=FF *DELTT
WeW-WFT
WF=F oWFT
C wrie )22 o WRITE (6)ST,
- R,WF,W,H, FF

RETURN

Figure VI.3.7 Subroutine TAXI, Detailed Flow Chart
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VI.3.8 Subroutine TURN, Turning Performance

Subroutine TURN computes steady state turn mansuvers. The routine
TPALT provides atmospheric properties durirg the turning maneuver. Drag
coefficient is obtained from DRAG and propulsion system characteristics
from ENGINE.
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Vot ey

[ e

o

s )
o5

a3
:

PO=P0*144 .
ASON=49. 1*SQRT(T0)
QTURN=. 7#PO*EMT*EMT
CLRQT=XLFTRN*WOS/QTURN

<
C CLRQT ) =CLTIMT >

CLRQT=CLICLMT
XLFTT=CLRQT*QTURN/WOS 4

WRITE (6)
CLRQT, XLFTRN

CALL DRAG(1,EMT,999.,CLRQT, EMD,CDTURN) §

TRTRN=CDTURN*QTURN
TRNRAD=EMT*EMT*ASON*ASON/G/XLFTRN/SIN(PHI*.01745)

!

WRITE (6)HTURN, EMT,
XLFTRN,CLRQT, PHI,
TRTRN, TRNRAD

~)_=99
mc . ) -+ RETURN

, 1
WRITE (6) -
TA, TRTRN

Figure VI.3.8 Subroutine TURN, Detailed Flow Chart
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Vi.3.9 Subroutine XRANGE, Cruise Range Calculationv

Subroutine XRANGE computes cruise performance in GASP. Calculations
are based on the Brequet equation. Atmospheric properties are computed
by TPALT. Maximum speed is obtained from ASPEED. Cruise aerodynamics
are computed by CTAER and propulsion characteristics from ENGINE.
Accelerating flight paths are computed by ACCEL.
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TR

e o

XRANGE

KWRITI=KWRITE

ST1=ST

NOFUEL=0

R1=R

WF1=WF

Wi=W

DELWGT=WG- (W1+WF1)
HN1=H

INDFP=0

CALL TPALT(HN1,GALT,PO,FKALT,T0,G,XKV)

P0=P0*144.
ASON=49, 1*SQRT(TO)
EMX=EM

SQRDR=SQRT (P0*518.67/ (2116.22*T0))

y
@D e O

Y

TSEGX=0

KENG=3

Y

Coe 2 —

CALL ASPEED (EMNP,HN1,W1,KENG)

SPECR=0.

DELV=-10.

ITOM=0

VELK=EMNP*29.07*SQRT(TO)
i

@’i

EM=VELK/29.07/SQRT(T0)

(e )N,

D)

- 4

| SPECRP=SPECR

Y

N\ £l
C KWRITI ) >

KWRITE=0.

Y

Figure VI.3.9 Subroutine XRANGE, Detailed Flow Chart
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sawy

DELV=2.0
1TOM=1

-

EMBRG= (VELK-DELV)/29.07/SQRT (TO)] .

Y

IDC=1

ISEGX=9
WFAVLB=WFAMIN
WFAVLB=WFAMIN-DELWGT

¥

( wroes =WFAMIN

WFAVLB=WFAMAX

Ce—— =
FDO 105 I=1,6

—»D0 105 J=1,16

QuUT(I1,J)=0.

!

~%] 105 CONTINUE

!

~—»D0 107 I=1,3

{

RESFi=0.

-<-| 107 CONTINUE I

WRITE (6)
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o,

- o
prasen s

XRANGE 3

( KODE )—ts——b—

INDFP=1

F=1.05 {

FF=1.01

JC=0

JX=0

ERROR=1.

SMN=EMX
¥ -

[K=K+1

( xooe )28 o

K=2 Y

ICRUS=1

EMNP=EMX
' -

C « )= - [

—— N

C K )2 > {Ev=EMP])
] -

C « =3 [EV=EMBRG
; -t

C 2EMRAG [EM=EMMO]
I ——

C m )-=20000 . Kvawx=250./SQROR/. 5921
; — ’

C w SVMAX

[VX=VMAX |

EM=VX/ASON

-

SMN=EM

W=W1

Conn_ ) [rTe0)
1 —‘—

v
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ST R

XRANGE 4

CALL CTAER

[ KWRITE=KWRITI
ENRQ=DRG/ENP

¢ CALL ENGINE (FNRQ, TSFC,SFN, FF,FAR,P0,TO0, SMN,HN1,4)

@D = ———

!

g ERRM1=ERROR
ERROR= (FNRQ-DRG) /DRG

Y

( ass(error) )—=-202 >

{ Y
x )0 >

{[PCRPM=_ y5*PCRPM |—-—

Y f ~
WRITE (6)
SMN, JC

o »
'

FF1=FF*ENP

VX=SMN*ASON
BREG1=VX*W1*3600./FF1/6076.1
WFRES=FF1*,75*FRESF

Y
( eress )220 Kirres-rresF)
; < J

VKTS1=VK*,5921

VKES1=VKTS*SQRDR

CL1=CL

EM1=SMN

EMD1=DMACH
LPH1=AD

acmy
‘
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XRANGE

D ————— T ———
THET1=AD-EYEW

» ZLOD1=ZLQD
L WFCRU=WFAVLB-WF1-WFRES
W2=W1-WFCRU
WF2=WF1=WFCRU
WeW2

¥

« ( wew )= 400

C‘.Zg'a_j_a_._

!

JC=0
F=1.05

FF=1.01 ﬁ
BMAX=EMMO
JX=0
ERROR=1. .

FPMN=SMN

( wrmm )2 {KRITE=D )
r -t

CALL CTAER

KWRITE=KWRITI
FNRQ=DRG/ENP

lCALL ENGINE(FNRQ,TSFC,FF,FAR,PO,TO,SMN,HN1,4iI
Y

C e ) E2—0s 180

!

ERRM1=ERROR
ERROR= (FNRQ-DRG) /DRG

CABS (ERROR)

;
C

( (176 SMN

f:,iggﬁx |
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&

=

s
“%

XRANGE

WRITE (6)
SMN, JC

FF2=FF*ENP

INDFP=0

EM2=SMN

VX=EM2*ASON

VKTS2=VX*, 5921

VKES2=VKTS2*SQRDR

BREG2=VX*W283600. /FF2/6076.1

BREGA= (BREG1+BREG2) /2,

RCRNM=BREGA*ALOG(1./ (1.-WFCRU/W1))

R2=R1+RCRNM

EMD2=DMACH

ALPH2=AD

THET2=AD-EYEW

CL2=CL

ZLOD2=ZLQD

VAVG= (VKTS1+VKTS2)/2.

ST2=ST1+RCRNM/VAVG

KK=2*K-1

OUT (KK, 1)=ST1

OUT (KK, 2)=R1

OUT (KK, 3)=WF1

OUT (KK, 4)=W1

OUT (KK, 5)=HN1

OUT (KK, 6)=VKTS1

OUT (KK, 7)=VKES1

OUT (KK, 8)=EM1

OUT(KK,9)=EMD1

OUT (KK, 10) =ALPH1

OUT (KK, 11)=THET1

OUT (KK, 12)=CL1

OUT (KK, 13)=ZLOD1

OUT (KK, 14)=FF1

OUT (KK, 15) =BREG1

OUT (KK, 16) =OUT (KK, 6) /OUT (KK, 14)

OUT (KK+1,1)=ST2

OUT (KK+1,2)=R2

QUT (KK+1, 3)=WF2

OUT (KK+1,4)=W2

OUT (KK+1,5)=HN1

OUT (KK+1,6)=VKTS2

OUT (KK+1,7)=VKES2

OUT (KK+1,8)=EM2

OUT (KK+1,9)=EMD2

OUT (KK+1,10)=ALPH2

OUT (KK+1,11)=THET2

OUT (KK+1,12)=CL2

OUT(KK+1,13)=ZLOD2

OUT (KK+1,14)=FF2

OUT(KK+1,15)=BREG2

OUT (KK+1,16)=0UT (KK+1,6)/
OUT (KK+1,14)

RESF (K) =WFRES

112

= (WFAMIN-DELWGT)
WFAVLB ’-—.—
C "WRITE (6) l

T ———]
=WFAMA

X

§|
| B 1

[ —— J
f( WTMISN )-ﬂ’. WRITE (6)
Y eu—

'.a

I e
( wrapes  )cHEAMAX
Y

(  vraves )—ﬂm—x—»}
ST —— <

KODE WRITE (6)

WRITE (6)WFAVLB,OUT(1,J), |
I=1,6,J=1,6) ,RESF,,1=1,3

=1

=WFAVLB @

(  noruee

Y
(  wranes
v




XRANGE 7

WFAMAX =WFAVLB (s
3
&
() —=—

(  vwrapes )WEAVLE

¢
l WFAVLB=WFADES = —p— @

WRITE(6)
{ —_\r‘
NOFUEL=1
' y

f WEAMAX >WFAVLB @

oy
KWRITE=KWRITI

KK=2* (ICUS+1)-1

RCLBNM=OUT (KK, 2)

RCRNM=0UT (KK+1,2) -OUT (KK, 2)

TCRHR= (OUT (KK+1, 2) ~-RCLBNM) /OUT (KK, 6)
TCLHR= (OUT (KK, 1)

EMSAVE=OUT(1,8)
Y
C rooe )= {EFSAVE=0UT (KK, 8) ]
! - J
L —
HSAVE=0UT (KK, 5)
H=HSAVE

WFCRU=OUT (KK+1, 3) -OUT (KK, 3)
WFRES=RESF (ICRUS+1)

R=0UT (KK+1,2)

ST=0UT (KK+1',1)

WF=OUT (KK+1, 3)

| Y
) WRITE (6)
it R,ST

T

. RETURN

%
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V1.3.10 Subroutine RG Range Balanc Calculation

Subroutine RGBAL balances the range computed by XRANGE against a
desired input range value by adjusting the take~off gross weight. The
following subroutines are required in this resizing procedure:

SIZE-=-Alrcraft Geometry

FLAPS, CTAER--Aerodynarics

ENGINE, ENGWT--Engine Performance Size

WGHT=--Weights

PERFRM--Performance

XRANGE--Cruise Range

114



KRANGE=0
NSC=11
| RGERR1=1

C RCRRQ

{WRITE (6,202)

KWRITE ~ JtO —
—
( mancs ) 20—on

(RGERAL-AGERR]

%
RG I":_IRR;(:R:C:RN:M-+R-C—-_7_jLBNM-RCRRQ) RCRRQ

Y
( rereq <24

"RGERR= (TCLHR+TCRHR-RCRRQ) 7/ RCRRQ

!

( as(roerr) <l —»

100

}
( rravce )-—=3 —)
!

( xrance >0

10 >

WG=FACW1*WG

( roerm )0 fWG-(1./: ACW1) *HG ]

S

— Y

SLOPE=ABS (RGERR-RGERR1)/ABS (WG-WG1)
WG1=WG
WG=WG-RGERR/SLOPE

| KRANGE=KRANGE+1

LHGS=WG/SW |

NPC=3

CNAC=0.

1 WRITE (6) RCERR,

RGERR1,WG,WG1

Figure V1.3.10 Subroutine RGBAL, Detailed Flow Chart
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o,

CALL SIZE

IFLAP=1
DELLED=0.
DELFD=0.

CALL FLAP

DELFD=DFLPTO

CALL FLAPS

IFLAPS=2
DELFD=DFLPLD

KSIZE=1
I1DC=0

1
C KWRITE g KWRITE=2

—

EM=EMCRU
H=HNCRYU

C KWRITE
T -

NACDRG=0

CALL ENGSZ

( TECWGT = CALL ENGWGT (NTYE , NTYV
-+

J
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CALL WGHT

ICOND=0
ISEG=0

CALL PERFRM(ISEG, ICOND, IFLY)

( rerrg )=

|

WWRITE (6) RGERR,
RGERR1,WG,WG1 ,SLOPE

WRITE (6)RGERR,
RGERR1,WG,WG1,SLOPE
-/

EM=EMCRU
H=HNCRU

CALL CTAER
CALL OuUTpPUT
CALL AEROUT

RETURN
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