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INTRODUCTION

A set of computer programs has been developed for evaluating the
performance of powered-lift STOL aircraft. Included are a static per-
formance summary and dynamic calculations of takeoff and landing per-—
formance. This report describes the input, output, options, and calcu-
lations for each program. The programs are written in FORTRAN IV and
are currently available on TSS 360.

This report is in three independent sections corresponding to the
three programs:

(1) Static Performance

(2) Iikeoff Performance

(3) Landing Performance
The static performance program computes sets of longitudinal equilibrium
trimmed flight conditions and displays them in a éonvenient format. The
takeoff program estimates the takeoff and climbout maneuver of an aircraft.
It includes the effects of rotation technique, engine failure, emergency
thrust, gear retraction and ground effects. The landing program estimates
the flare and landing rbll maneuver. It may also be used to estimate the
braking distancé portion of a fejected takeoff.

The programs are structured for powered-lift aircraft where the aero-
dynamics are functions 6f thrust and velocity as well as angle of attack
and flap deflection. The engine model in each case will accommodate a
tﬁrust split between the'fan air which interacts with the aerodynamics and
a vectorable gas generator stream which contributes independently to the

aircraft accelerations. The engine out capability of these programs is in
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general restricted to those airplanes where an engine failure and compensa-
tion produce insignificant 1ift and drag changes other than those directly
related to the reduced thrust. The application of these programs to dif-
ferent powered-lift concepts is discussed in the text. The programs are

not limited to a specific speed or 1lift coefficient range.
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NOTATION

Horizontal acceleration, body or earth axis, ft/sec2
Vertical acceleration, body or earth axis, ft/sec2
Body station, increasing aft, ft

Mean aerodynamic chord, ft

Drag coefficient

Jet thrust coefficient, Tc/qS

Lift coefficient

Lift coefficient at stall

Pitching moment coefficient

Acceleration due to gravity,_ft/sec2

Altitude

Moment of inertia in pitéh,about aircraft C.G., slug—ft2
Incidence of the horizontal tail, deg or rad
Incidence of the wing, deg or rad

Pitcﬁihg moment, ft 1b

Mass of the aircraft, slugs

Load factor capability, g's

Number of engines

Dynamic pressure, psf

Range, ft

Wing area, ft

Horizontal tail area, ft2

Specific fuel consumption

Thrust (cold) interacting with aerodynamics
Thrust (hot) vectorable

Flight path velocity, ft/sec, kts
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Rotation velocity, kts

Horizontal component of velocity, ft/sec

Vertical component of velocity, ft/sec

Velocity at initiation of engine failure, kts

Gross weight of airplane, lbs

Water line, increasing up, ft

Horizontal force, body and stability axes

Vertical force, body and stability axes

Angle of attack, fuselage and wing, deg

Elevator deflection, positive with trailing edge down, deg
(Augmentor) flap deflection, positive with trailing edge down, deg
Flight path angle, deg or rad

Braking coefficient

Rolling friction coefficient

Thrust deflection angle, positive down, deg

Air density, slugs/ft3

Pitch attitude, deg

Downwash angle, deg

/

: AN l_gb-)(
Z

Sketch to Show Positive Directions
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STOL STATIC PERFORMANCE

The computer program described in this seétion provides a static
performance summary for a powered-lift aircraft, where the aerodynamic
lift, drag, and moment coefficients are functions of thrust coefficient
as well as angle of attack and flap deflection and where a portion of the
engine thrust can also be deflected. A longitudinal equilibrium flight
condition may be specified by angle of attack; flight path angle, thrust
level and deflection, velocity, and flap deflection. With four of these
flight variables prescribed by the user, the program varies the other two
and elevator deflection in an iterative procedure ﬁntil the equilibrium
point is reached. The program includes the computation of stall speed
and maneuver margin and the effects of temperature and altitude.

The program is an outgrowth of 6ne set up specifically for the Aug—
mentor Wing Research Aircraft early in 1971. That program was generated
from the C8-A simulation program by S. M. Sinclair at Ames and then sub-
stantially revised by The Boeing Company.1 When the need arose for a more
generally applicable powered-lift trim program, some further modifications
were made. In the current program there is a choice between using tail-on
aerodynamic data or using tail;off data and providing a downwash routine.
The number of engines can be varied. Although the program was derived for
an augmentor wing, where the aerodynamics are related to the relatively
cold thrust from the fan and there is a deflectable hot thrust stream, it
is applicable to other powered-lift systems, as described in the program

input section.

1. The Boeing Company program number TEA-282, documented in their letter
6-7240-00-152 from R. H. Ashleman to D. D. Few, February 18, 1971.
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The sections which follow describe the trim algorithm, program input,

program output, and the programmed equations.

Trim Algorithm and Stall Speed Calculation

The trim algorithm seeks a longitudinal equilibrium flight condition
by iteratively reducing the body x- and z-axis .accelerations of the air-
craft below prescribed tolerance levels. The method is to vary two of the
flight conditions, alpha, gamma, thrust, and thrust deflection, to reduce
the accelerations, while varying elevator deflection to maintain zero
pitching moment. At each stage in the iteration toward trim, the required
change in acceleration is equal to minus fhe residual acceleration of the
previous stage. If the two variables of the trim mode in use are desig-

nated V, and V2 then the required change may be approximated:

1
A aax aax
-a_ = Aa ZE\EAV1+572—AV2
Ja Ja
-a_ = ta, = ﬁ-zl— AV, +ﬁ AV,

where a,a, are the residual accelerations from the previous stage
Aax,Aaz are the required acceleration changes to trim
Vl,V2 are the trimming variables, two of a, v, Vv, Th
Bax Baz are the sensitivities of the accelerations to changes
avi’avi in V1 and V2

These equations are solved for the adjustments to Vl and V2 to be applied

before the residual accelerations are recalculated. The actual steps
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applied are somewhat smaller than these calculated values to avoid con-
vergence problems due to nonlinearities in the system.

When the trim mode chosen is to vary flight path angle (or rate of
climb), the program computes the stall speed in addition to the requested
equilibrium conditions. The stall speed is found by a Newton-Raphson
search for the velocity at which the load factor capability, n, is 1.0g.

Expressions for the partial derivatives and the accelerations from
which they are taken are shown below. (Only partials with respect to the
two variables of the trim mode in use are required.) The rest of the pro-

gram equations are included in a separate equations section.

w [Cb'wr e R = ('t-rc‘.' ﬁ‘,n.ox;} L >')(en3 -9 s 6

Az %_n__'\/ C‘—Tc‘(’ uﬂ)mF-r CD'TC]’ A LAl Ze“‘d + 3(}1_5@

bO‘ = “%%E(_Camr - bs('-":) A '*F"' ("' C“TCT B_('_Q-) C.c-’ﬂxq (.4’)9

S -cz’% [(.’C‘-ror + 33(%3 A (Coer s %%)C"”*;J 90

aum d )
= - oo © Lz __q —aen O
D ___T .B(.\zg__-r .
3Tk St Th e
dax (. - Doz .
STh = m &V e'ﬂ\"iﬁ\mo



Program Input

The program'input has been set up to facilitate parametric variations.
The major part of the airplane data is input to the program through block
data routines to be described later. These routines include airplane con-
stants and all the aerodynamic and engine data in table lookup format.
Then for any run, only a few data cards are required to select configura-
tions, velocities, and trim mode, as described below.

A trimmed or equilibrium flight condition is specified by the follow-
ing variables: angle of attack, flight pa;h angle, thrust, thrust deflec-
tion angle, flight speed and flap deflection angle. During the trimming
procedure two of these quantities are varied and the remaining four are
held fixed at their input values. Elevator deflection is varied simultan-
eously to maintain zero pitching moment. In each of the three trim modes
available, flap deflection and flight speed are held constant and angle of
attack is varieq. The modes are:

Mode 1. Thrust and thrust deflection are prescribed. Angle
of attack and flight path angle are varied to trim.
Mode 2. Thrust deflection and flight path angle are prescribed.
Angle of attack and thrust level are varied to trim.
Mode 3. Thrust and flight path angle are prescribed. Angle of

attack and thrust deflection are varied to trim.

Equilibrium conditions are determined for all combinations of the prescribed

variables. When the trim mode requested is to vary flight path angle, the

stall velocity corresponding to CLmax is also computed.
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The input for a run consists of a title card and a NAMELIST data set
(INPUTS) which must conform to the 360 NAMELIST convention. The user need
only set those variables for which he wishes to change from the default

values. The most frequently used input variables are:

"Igig;S" DESCRIPTION Mﬁﬁ: DsziggT
DFLAP Flap settings, deg. 10 0.
PWR Po&er settings, in whatever units used 10 0.

in block data II

GAMZ Flight path angles, deg. 10 0.
R@C Rates of Climb, ft/min 10 0.
DEFL Hot thrust (Th) deflection anéles, deg. 10 0.
VKN@TS Flight path velocities, knts. : 10 0
HZ Altitude, ft. 1 0.

WT Gross weight, lbs 1 As set in

- block data IV

DELTAT Std day temp deviation, °F 1 0.
CHNRAC Constant r/c code 1 0.

:

0. GAMZ input
= 1. ROC input

M@DTRM Trim condition code (Integer) 1 -2
<0 Vary a & vy (Set PWR, DEFL)
= 0 Vary o & hot thrust (Set GAMZ or ROC, DEFL)
> 0 Vary o & deflection angle (Set PWR and GAMZ or ROC)
I0EQ Engine out code (Integer) 1 0

0 All engines operating

1 One engine out (for propulsion systems where insignificant
asymmetry is produced, see page 12)

Additional variables may be changed in namelist INPUTS from their values
v
set in the block data routines. These variables, as defined in the block
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data sections, are:
CDT, CDE, CLDE, IW, IT, AOT, AlT, SW, SHT, CBAR
Data sets may be stacked, but note that input values are carried
over between input data sets.
Once the block data routines have been compiled, a run deck will be
of the following form:
LOAD block data routines
CALL program
Title card
4INPUIS
Set desired variables name = value separated by commas
4END
Additional title and input sets

ZEND

Aerodynamic Data

The program is most simply used if the aerodynamic data is available
with tail on. If the data is not available in that form, then a downwash
calculation must be provided by the user. Only a non-functioning dummy
routine exists in the program, because the subroutine originally in the
program was specific to the Augmentor Wing Research Aircraft. The user
must provide a subroutihe of the following form:

SUBROUTINE DWNWSH
' COMMON/AER@XX/EPS,XA,ZA
COMMON/TRMC@N/DF ,NUR, CNU, SNU, THROTL, GAMMA , ALPHA,

1CA, SA, THETA, ALT , DELTAT , DE, MODTRM, GAIN, G, OMASS
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Any statements required to compute EPS = epsilon, the
downwash angle, at the horizontal tail, in degrees.

RETURN
END

Other labelled commons which may be needed appear in the block data

description.

Effect of the Propulsion System

The program was derived for an augmentqr—wing configuration where the
aerodynamics are related to the relatively cold thrust from the engine fan.
This thrust is labelled Tc' The aerodynaﬁic coefficients are functions of
jet thrust coefficient CJ, as well as angle of attack and flap deflection,
where CJ = Tc/qS. The thrust from the hot core géses, which is labelled
Th‘ can be deflected through the angle v, where zero v is the undeflected
case. The hot thrust Th makes a separate contribqtion-to the normal and
longitudinal accelerations of the aircraft.

The program can be used for other powered-lift aircraft, or even for
conventional airplanes; if one treats these other propulsion systems as
special cases of the augmentor-wing situation. In externally blown flap
configurations, the aerddynamics are functions of total thrust. To use
this program set TC to the total mixed thrust and Th to zero. Then the
calculated thrust coefficient will be (Total Thrust)/qS and there will be
no deflected thrust. In this case, the user must select the power setting;
and alpha, gamma, and elevator angle will be computed for equilibrium.

For configurations where the aerodynamics are uﬁrelated to the pro-

pulsion system, use T, as the total thrust and set Tc to zero. In this

h
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case the total thrust can be deflected through the angle v. The thrust
coefficient CJ is zero. All three trim modes are available in this situ-
ation. A conventional airplane would correspond to this second situation
with no thrust deflection. The following sketch illustrates the different
applications that can be made. These are applicable to the takeoff_and
landing performance programs as well.

The engine out capability of these programs is in general restricted
to those airplanes where an engine failure and compensation produce insig-
nificant 1ift and drag changes other than Fhose directly related to the
reduced thrust. In cases where a significant asymmetry is produced, a
separate set of aerodynamic data must be provided for the engine out sit-

uation, including the required corrections for lateral and directional

trim.
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Output

A set of trim conditions corresponding to the requested velocities is
generated for each combination of the flaps, powers, flight path angles,

and/or thrust deflections input. A summary of the output symbols is shown

below.
Szmbol Dimension Description

Run Title Information:

Wt GW LBS Gross weight
ALT FT Altitude

At DELTA T °F At in reference to a standard day

6f FLAPS DEG Flap setting

iT I TAIL DEG Tail incidence in ref. to W.L.
APT RAD Zero lift line of the tail

iw I WING DES Wing incidence in ref. to W.L.

W S WING FTZ- Reference wing area

ST SH TAIL FT Horizontal tail area
CBAR FT Mean aerodynamic chord

FROM C.G. AFT DOWN
MOM CTR xx xx CBAR Positions with respect to the center of
TAIL xx xx CBAR gravity of moment center, horizontal tail,
ENG THR xx xx CBAR engine thrust point, and engine inlet point
ENG INL xx xx CBAR

Output Head Line:

Va VEL Knots TAS Flight path velocity
Y GAMMA DEG Flight path angle
R/C Ft/Min Rate of climb
v NU DEG Hot thrust deflection angle
op ALPHA F DEG Fuselage angle of attack
8 THETA DEG Body attitude
e DE ) DEG Elevator deflection angle
G ALPHA Tw_ﬁiwnwashDEG Horizontal tail angle of attack
€ EPS S used DEG Downwash angle at MAC horizontal tail
cJ 9 Cold thrust coefficient
AX FT/SEC Residual tangential acceleration
AZ FT/SEC Residual normal acceleration
pwr POWER SETTING Power setting in units used in input
T HOT THRUST LBS Hot thrust
'I‘h COLD THRUST LBS Cold thrust



Symbol Dimension
RAM DRAG LBS
CL TRIM
CLWB

wa
CDWB

ow
CMWB

MWb
CL M TRIM
CL M WB
ALPHA M DEG

C

Lmax

N G
V-VMIN knots TAS
V/VMIN

ENGINE LIMIT
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Description

Ram drag
Trimmed lift coefficient

With downwash calculation:

tail-off 1ift, drag, and moment coeff.
Without downwash calculation:

tail-on untrimmed coefficients

Trimmed max. lift coefficient

Tail off (or tail-on untrimmed) max. lift coeff.

Fuselage angle of attack at C
Lmax

Load factor capability

Difference between '"VEL'" and stall speed

Ratio of "VEL" and stall speed

(Blank) - No limit encountered

MAX - Power setting limit exceeded

TBLE - Power setting outside table range



- 16 -

(\;(Qt;g E%ua{-‘no--\s

57557 . _
2P = (i = LSSLE-L ¥ al€) (51807 +4E)/51867)
]
where At is +he deviaticn Lrom standard +<m,3e.rcd-u re, ©F

Q”ogﬁ v(\,- where Vo is the c‘:a\'\t Fa“‘\\ Velc,c;‘*:’ ‘v Ft/Se’(
C'S = TC/Z SN

Cwa = ":“’\'\ (dp +(:."J) c.')‘ g\'_)

>

Coon = Fn (xprig, C5, S¢)
meb = 4w (wptiw, C3, 5*3

Wit tail-cn c'.erod.jno.m\(‘, date ! ¢ -~ 0.

Lot

Witk  tail-off dcd’cL) downwash celcolaticon r€7usr'd$ to get E.
o(_r = OlF - 6. f‘t'r

. » , S -
C ——A\T'n(otr—l\OT)*g‘—

L
teu o

Total 1ift and drcgf)'..
C‘ffor = Co

L3

+ + C
wn beah | telev

®ror C°..;b ¥ CD:c.'.l ¥ C’belcv

heve (
Dfou'nl and Cbe

ave 'm?uf clua_“-klfies cond ?
lev

-Ye
Letev — S?:_ x gt‘, * §Sf /573



1)

- 17 -

Thruste
Th = F“’ﬂ (Pwu‘, <~\+' Va)‘ loss &\d—cr ® Cﬂc“)‘lnc.‘s cPexa*‘u\cj

Tc = Ftn (r.\wr, (’..l{‘) Va..)" foss fackers = engines C‘thc“*i“ﬁ
)

. B
bemd\"(?\‘;) = '¢+V\<Pwﬁ') Q\*}Va\ * en:)'.n(S o

Pe.f aXl "3

Theust deflection vaa\eb':
Csx = QCSﬂN' A CLS V4 ces tFN + s.‘f\pN gl YN
CSZ = CQS/}N ~ Qc".e » §-n‘<PN * SlnﬂN
- ‘,.nﬂ,\,i ecs Yy * Sin 53” rees Ay sinvx ccs Py

wWhere 'ﬁN'q)Nl P cove installaticn et Awngles of
the nezzle.

FO“ ﬁo’v S(PN b g’” = O) C 6‘—x = CoSs 0 and CSZ:‘S-'\ D.-

E hs'u\e ‘¢orc_<s ’

Xens = Th sCSX - R.umdra3 CLs |

Zé'ﬂs = _T\,-\ e CSZ - Rﬁ.m df‘('g,(f‘) Sin Xp

Ent;)'u ne ymowme nt:

Sce, T
c £ c

- Ra mc\ro.j [(WL“"Q ~ Wil \ BSe'-.)s.' nAg

where €u¢ denctes C’.“ﬂ\v’\t’_ mlet  ana eng de netes

het throst reaction P"""‘t‘

If r*a.w\drc‘.rj 18 inmcluded i dhe CD npul, +his teem s 2eve,

01



E'evq+cr

- 18 -

deflectivn to trim Pii‘chinﬁ mowment ¢

T . S W eo -
CS = W [C-ow #( Le wl—,ﬁc)mo\'z -— Cmojh

e .
St L

Scey T B'J : w — W ]
_ ~me + L.(ﬂ = ‘5.‘“ NF‘)

\ (8
-('wa * ( "\:"_" Cecs X . =
-M n {1y Bsﬁ_:.gst‘a _ W‘_c‘ - W
%ﬂ—] /[m“ g wsdp b "
95w &
| - S 1 / Ci..g .
s'.ﬂf)('_—_)] g% C‘—"’c\'-l ( -;:7—-§)

where mc denoctes moment c,e,v\-\'er) tz devctes
: v )

hovi zontal 4ol 7uour¥er- cthoed 'Pos'.'ﬁ en, (CLSc = B_'Q:e.

Rero dcjncxmlc e rces, S"i‘fub: l -’4’3 AxXEes:

% Sw ¥ Cbrcr

b

Xs
Z$= 'z Sw * CLI'CT

Rero dynamic ferces, boc\sj ax€s:

XIA = XS cos OLF - Zs Sin D(F

'ZA'-'Zs Coo K + Xs sin xg

Total -FO\"CCS) looc_l-j OXES ;&

XB.';: XA + XCV\<)

‘.ZB = ZF\ t Zenﬂ



- 19 -
Residual accelereticns®

ax = Xg/m - q s 6
az’= 2g /o * q Sin e
Margin calculations:
T (ey, 5
£4n (C3 S¢)

)

% C - yoey

N

CLMC\.—X

Lmax +rim — Cmex + ACL v vy whevre

Gum =1 Coyp * S ccsxe - Con

c wis
| BS( - Bsm (V] w \
b [ Ly~ - Mc
- CL * ( & Ceo X + —4— Sin 'x’:)
“w' c &

0 \ ) -
whe'—e (bwa (mwb) C va ) dF ) Meﬂa (& ‘\ Cy*' G—CL IR

Load factow CCLPC-...b‘i ”-hj :

o] : E‘I S"W"' cL. + Th - (QSZ ceS a;f-CS"XsunNr;S]

Max +rim

/( Wt = ccs X) Lor o at wchcu(

F"'ljhf Pcc\'\n ' c\.ncj\e, ot sta) S|>c=.ecl:
K‘— s'n'\"l [( r]., + (CSX cesxg - C52 .;.,,,.xF) - wab v Sw
’Rv-mdraj)/wt]

F;)i"" ﬂ-’\)szN .:. ¢N=(’): CS‘Z CL'SaF* ng S‘.V\MF = S‘V) (O(F_.'.O)

CS5X cos e ~CSZ sinap= cos (ot V)



- 20 ~

BLOCK DATA ROUTINES

A description of the block data subroutines required to input aero-
dynamic and engine data and airplane constants is given on the following
pages. Each routine is of the form:

BLOCK DATA
COMMON statements
DATA statements to set all variables described

END

Block Data I. Aerodynamic Data

Common Statements:

COMMON/AROTB1/NARO(3) ,ATAB(31),CLTAB(900),CDTAB(900) ,CMTAB(900)
COMMON/ATBLS /CLTAB1(150), CLTAB2(150) ,CLTAB3(150) ,CLTAB4(150),
lCLTABS(lSO),CDTABl(lSO),CDTABZ(lSO),CDTAB3(150),CDTAB4(150),

2CDTABS5 (150) ,CMTAB1(150) , CMTAB2(150) ,CMTAB3(150) , CMTAB4(150),
3CMTAB5(150) ,CLTAB6 (150) ,CDTAB6(150) , CMTAB6 (150)

COMMON /CLMX/NCLX(2) , TABCLX(21) ,CLWBMX (90) ,NAX(2) , TABAX(21) , ALPHMX(90)
COMMON/TLON/TAILON

Data to be Input:

Stability axis aerodynamic coefficients

CL,CD,CM = ftn(a&, CJ, Gf) ' CJ = TC/qS. (See section on propulsion system)
a. =0, +1
W F W
CLmax’aC = rtn(CJ, df)
Lmax
TAILON 1. to input tail-on data

0. tail-off (In this case see section on aerodynamic data.)

NARO(1) Number of values of o at which CL’ CD’ CM to be input (>2)

W
NARO(2) Number of values of CJ at which CL’ CD’ CM to be input (>2)
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NARO(3) . Number of values of Gf at which CL’CD’CM to be input
(2§NARO(3)§6)

NARO(1) + NARO(2) + NARO(3)<31 NARO(1) * NARO(2)<150

ATAB NARO(1) values of G NARO(2) values of CJ, and NARO(3)
values of Gf, each Set monotonically increasing (31 entries)

CLTAB1 Matrix of 1lift coefficients C. = ftn(aw,CJ) for the first
Gf, . varying most rapidly

CDTAB1 Matrix of drag coefficients CD = ftn(aw,CJ) for the first
Gf, o varying most rapidly

CMTAB1 Matrix of pitching moment coefficients- CM = ftn(aw,CJ) for

the first 6f, G varying most rapidly

CLTAB2-6, CDTAB2-6, CMTAB2-6 Aerodynamic coefficients at the remaining
flap settings, parallel to the above. Use as many as required.

These data are combined into the vectors in common / AROTBL/ and three-
dimensional lookup carried out (TVIN).

NCLX(1) Number of values of CJ at which CLmax to be_input (>2)
>
NCLX(2) Number of values of &, at which C, to be input (>2)

NCLX(1) + NCLX(2)<21  NCLX(1) * NCLX(2)<90

TABCLX NCLX(1) values of C. followed by NCLX(2) values of Gf, each

set monotonically increasing
CLWBMX Matrix of values of CLmax = ftn(CJ,Gf), Cy varying most rapidly
NAX, TABAX Same as NCLX, TABCLX above for a , a . at C

- ClLmax W Lmax
ALPHMX Matrix of values of a = ftn(C.,8.), C, varying most
C J*E J

rapidly Lmax

Block Data II1 Thrust

Common Statements:

COMMON/PROTAB/NPRO(3),PTAB(ZZ),HOTTH(BOO),COLDTH(300),
]EMFTAB(BOO),ETATAB(300),BLOSS(12),NOE,PMAX
COMMON/BOUND/V1,VG,V2

.
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Data to be Input:

Tos T, Ramdrag = ftn(power setting, altitude, velocity)

(Be sure you have read section on effect of propulsion system.)

Tc = Tc * eta * bloss * engines operating

i
T, = T, * bloss * engines operating
h hi
Ramdrag = Ramdrag * engines operating
NOE Number of engines (at full power)
NPRO(1) Number of power settings at which thrusts to be input
(ZiNPRO(l)ﬁlZ)
NPRO(2) Number of altitudes at which thrusts to be input (>2)
NPRO(3) Number of velocities at which thrusts to be input (12)

NPRO(1) + NPRO(2) + NPRO(3)<22 NPRO(1) * NPRO(2) * NPRO(3)<300

PTAB NPRO(1) values of power setting, NPRO(2) values of altitude,
NPRO(3) values of velocity at which thrusts to be input, each
set monotonically increasing

PMAX Maximum allowable value of power setting
HOTTH Matrix of Th = ftn(power, alt, vel) for one engine, in 1bs,

power varying most rapidly, then altitude, then velocity
(TVIN 3-dimensional lookup)

COLDTH Matrix of Tc = ftn(power,élt,vel) parallel to Th

EMFTAB Matrix of Ramdrag = ftn(power,alt,vel) parallel to Th ‘

ETATAB Matrix of cold thrust efficiency = ftn(power,alt,vel) parallel
to Th

BLOSS Bleed loss efficiency = ftn(power setting), NPRO(1) entries

Applied to both hot and cold thrust

Bounds for stall velocity search.

vl Minimum speed in ft/sec for which aerodynamic data is avail-
able, given the old thrust data being input above.
c, = (Tc)/(1/2pv 8) (Or speed to which any stall velocity
search should be bounded.)
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V2 Corresponding maximum speed

VG A starting velocity within the above range

Block Data III. Moment Arms

Common Statement:

COMMON/ CGTRMS/CGT 1, CGT2 ,CGT4 ,CGT5,C6T6,CGT7,XE, ZE

Data to be Input:

Distances from C.G. to various engine positions, tail and moment center
in terms of mean aerodynamic chord.

WL = water line, increases up

BS = Body station, increases aft

CGT1 (WLCG - WLMC)/c

CGT2 (BSCG - BSMC) /o Moment center p051t10?

CGT4 (BSCG - BSTQ)/E Horizontal tai} quarter chord position
CGT5 (WLCG - WLIQ)/c

CGT6 (WL.CG - WLE;)/S Engine inlet position

CGT7 (BSCG - BSEI)/c

XE (BSCG - BSENG)/E Engine hot thrust exit position or point
ZE (WLCG - WLENG)/c of application of hot thrust vector

Note that on the program output these distances are shown as "how far"
down, "how far" aft, so that for the horizontal positions the signs will be

shown opposite to those input above.

Block Data IV. Airplane Constants and Initializafions

Common Statements:

COMMON/APCON/IT,IU,Sw,SHT,STOSW,CBAR,WT,AOT,AlT,ALPHT

REAL IT,IW
COMMON/COEFF/CLWB,CDWB,CMWB,PDCL(B),PDCD(B),TCLCOF,TCDCOF,CDT,CDE,

1CLT, CLDE
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COMMON /NOZANL/BETNOZ , PHINOZ ,PSINOZ

COMMON /TRMCON / DF ,NUR, CNU, SNU, THROTL , GAMMA, ALPHA, CA, SA, THETA, ALT,
DELTAT ,DE,MODTRM, GAIN, G, OMASS
COMMON/TRMPRM/DFLAPS(IO),PWR(lO),GAMZ(lO),ROC(lO),DEFL(lO)
1VKNOTS (10) , CONROC, HZ '

COMMON /ENGN/TH, TC, CJ ,XENG, ZENG ,MENG,, IOEO, RDRAG, C5X, C52

Required Initializations:

DATA HZ,MODTRM,DELTAT,G/O.,—2,0.,32.174/

Default altitude to zero, trim mode to varying gamma,
standard-day temperature deviation to zero, and set g

DATA DFLAP,PWR,DEFL,GAMZ,ROC,VKNOTS/lO*O.,10*0.,10*0.,10*0.,10*0.,10*0./
Default the input vectors to zero

DATA CONROC/0./
Default constant rate of climb flag to zero

DATA IOE0/0/
Defauit to no engine out

Data to be Input:

Airplane dimensions and derivatives:

WT Default value for gross weight of airplane

10) | Wing area, ft2

SHT Horizontal tail area

CBAR Mean aerodynamic chord, ft

Iw Incidence of the wing, radians

CDT Coﬁtribution of tail to total drag coefficient in terms of

wing area. (Zero for tail-on aero data.)

CDE Contribution of elevator to total drag coefficlent in terms
of wing area

ke



CLDE

IT

BETNOZ
PHINOZ
PSINOZ
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BCL/86e, per radian, in terms of tail area

Incidence of the horizontal tail, radians. (Will be printed
but only used with downwash calculations.)

Installation offset angles of the hot thrust deflection nozzle,

radians. (See equations.)

Following quantities only used with downwash calculation:

AOT

AIT

Zero lift angle of attack of the horizontal tail, radians

Linearized 1lift curve slope of the horizontal tail, per radian,
in terms of tail area
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STOL TAKEOFF PERFORMANCE

TAKOFF is a computer program for estimating the takeoff and climbout
maneuver of a SIOL aircraft with powered-1lift characteristics. The pro-
gram includes the effects of rotation technique, engine failure, emergency
thrust, gear retraction, and ground effects. It is an outgrowth of a sim-
ilar unpublished program for conventional aircraft by V. R. Corsiglia of
Ames Rgsearch Center

For the powered-lift aircraft, aerodynamic lift, drag, and moment are
functions of thrust level and velocity as well as angle of attack and flap
deflection. Tail-on aerodynamic coefficignts CL’ CD’ CM are input to the
program in tabular form as functions of thrust coefficient and angle of
attack for a specified flap deflection. The engine model has been set up
to accommodate the augmentor wing system, where the total thrust is split
between a hot thrust part which is exhausted through vectorable nozzles
and a cold thrust part which interacts with the aircraft aerodynamics.

The program is applicable to other powered-lift aircraft, however, as
described iﬁ the-input section.

For purposes of the computer analysis, the tékeoff maneuver is divided
into four segments:

(1) ground roll to rotation veloéity
(2) rotation-to the commanded maximum angle of attack, usually
including liftoff
(3) transition to the climbout condition
(4) plimbout
The options available and calculations carried out will be described sep-

arately for each segment. The equations for all segments are included in
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the computations section.

Ground Roll to Rotation Speed

The first segment of the takeoff maneuver, to be called ground roll
for convenience, extends from brake release until the aircraft has accel-
erated to the selected rotation velocity, VR' The distance is integrated
from an initial time, position, and velocity, which need not be brake re-
lease. This allows the calculations to be restarted, as demonstrated in
the sample output. When the velocity, Vl’ at which an engine fails is
reached, thrust adjustment begins. Thrust and ramdrag from the failed
engine are reduced to zero over the winddown interval, DTl. Meanwhile,
after a delay, DT2, for the pilot to respond to the failure, the remain—
ing engines are moved to full emergency thrust over a time period, DT3.
This period of thrust change, shown schematically‘in figure 1, normally
extends into the rotation segment.

Prior to rotation, angle of attack is held at a constant input value
and elevator deflection'is taken to be zero. Ground effect factors as a
function of altitude are applied to CL and CD from the initiation of ground

roll until the aircraft is out of ground effect.

Rotation

wWhen the aircraft reaches the rotation velocity, VR’ an elevator step
change Se, is input. Provided this elevator step is sufficient to trim
the aircraft pitching moment and still 1lift the nose gear at VR’ TAKOFF
iterates to find the elevator pattern for which the aircraft will just

rotate to the commanded maximum angle of attack. The quantity determined



Failed Engine ) Other Engines

T . Emergency ?
e power
Normal . Normal
power power
-Engines moving
to full power
Pilot rea;tion
- and response
Winddown
0 —> >
tyr tyy + DT | : tyy tyy + DI2 7tpre + DT3
(V=V1) (tpre)

- Figure 1.- Thrust changes when an engine fails.
(Ih, Tc’ and Ramdrag)
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Se,

Technique for Determining t1

a. Initial guess t1 = tROT + DTR1

b. Compute rotation

da

c. . If at t = to x4t > .03 rad/sec,
decrease tl'
(if t1 < taor reduce Se,)
do _
If 3% < 0 before a = O ax—rot’
increase t, . :
1 [N
\O
]

d. Repeat b and c until

do
Idt < .03 rad/sec at t = tq

Figure 2. Time history of Ge and trial and error technique
for determining tl'
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' by the program is the time period the full elevator step is to be held
before the elevator is returned at a specified rate. The procedure is

shown in figure 2. Liftoff usually occurs near the end of rotation.

Transition

During the transition segment, the aircraft moves from the maximum
rotation position to the climbout condition. Ground effects can be in-
cluded until the end of transition. Angle of attack is commanded by the
user as a function of altitude during this segmeﬁt. When the gear retrac-
tion height is reached, TAKOFF begins to retract the gear by removing the
gear increment from the drag coefficient. After a time period, DT4, the
gear is fully retracted. During transition and climbout, elevator deflec-—

tion is that which is required to maintain zero pitching moment.

o

Climbout

Several modes of climbout are available: constant rate of climb,
constant pitch attitude, constant load factor, constant flight path angle,
and constant velocity. In each case TAKOFF adjusts angle of attack as re-
quired to maintain the»climbout mode as closely as possible without losing
velocity; Optionally the power setting may be reduced for climbout. There

will be discontinuities between transition and climbout.

Program Input

Input to the program is in two sections. The aerodynamic coeffiéients
and engine data are input through a block data subroutine described in the
next section. Airplane constants and the variables to specify a particular
takeoff situation are input on a series of twelve data cards as shown on

the following .pages.
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Input Data Set

Card Column  Format Variable
1 1-80 20A4 IDENT
2 1-8 F8. SMAX

9-16 F8. W
17-24 F8. SREF
25-32 F8. VR
33-40 F8. V1l
41-48 F8. AIMAX
49-56 F8. SFC
57-64 F8. HMAX
65-72 F8. PWR
73-80 F8. EPWR

3 1-8 F8. NU

9-16 F8. ALO
17-24 F8. HGEAR
25-32 F8. DCDG
33-40 F8. DT4
41-48 F8. CBAR

Use

Title information
Terminal distance, ft.
Airplane gross weight, 1lbs.

. 2
Reference area for CL,CD,CM in ft
Speed at which rotation begins, knots
Speed at which engine failure begins,
knots (Enter high value if engine

failure is to be omitted)

& ax? maximum angle of attack reached
in"Yotation

S?ecific fuel consumption (1lb of
fuel/hr)/(1b of total thrust)

Terminal altitude above runway, ft
Power setting during normal operation

Power setting during emergency oper-
ation after engine failure

Angle of thrust vector from airplane
reference line, deg. Positive down

Angle of attack during ground roll
prior to time VR reached, deg

Altitude above runway at which to
begin gear retraction, ft. Set =0
for fixed gear

ACp , CD increment due to gear
beiﬁgagown, a positive quantity.
Set = 0. for fixed gear

Time required for gear to retract, sec

Mean aerodynamic chord, ft
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Card Column Format Variable
3 49-56 F8. ICG
57-64 F8. XCG
65-72 .F8. XGR
73-80 F8. ZGR
4 1-8 F8. 2CG
9-16 F8. XEI
17-24 F8. ZEL
5 1-8 F8. DT1
9-16 F8.. DT2
17-24 F8. DT3
25-32 F8. MU
33-40 F8. CMDE
41-48 F8. CLDE
49-56 F8. CDDE
5764 F8. DEO
65~72 F8. DET
73-80 F8. NOE

Use

————

Mbment of inertia ia pitch about air-
plane C.G., slug-ft

Dimensionless distance with respect to
CBAR, from moment center aft to C.G.

Dimensionless distance w.r.t. CBAR
from moment center aft to main gear

Dimensionless distance w.r.t. CBAR
from moment center down to main gear

Dimensionless distance w.r.t. CBAR
from moment center down to C.G.

Dimensionless distance w.r.t. CBAR
from C.G. aft to engine inlet

Dimensionless distance w.r.t. CBAR
from C.G. down to engine inlet

Time from initial engine failure
until complete loss of thrust, sec

(>0)

Time from initial engine failure
until pilot has reacted and completed
throttle adjustments for emergency
thrust, sec (>0)

Time required by engines to reach
full emergency thrust after throttles
adjusted, sec (>0)

Rolling friction coefficient of gear
on the runway

Derivative of C, 3C, /3§ , 1/deg, in
terms of dimensionless Sistance

Vv '\] 3 3
"V ‘\7 3 8
Derl ative Of CD CD/ 6 > l/deg

Value of Sé after step change at
beginning 6f rotation, deg.

Béelat, deg/sec

Number of engines
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Card Column. Format Variable
6 1-5 I5 NOH
6-10 15 MXPRNT
11-15 15 TCPRNT
7 1-8 F8. XTH
9-16 F8. ZTH
17-24 F8. DTR1
25-32 F8. w
33~-40 F8. vVZ
41-48 F8. HZ
49-56 F8. AUGRAT
57-64 F8. SZ
65-72 F8. TZ
Transition:
8 1-70 7F10. H

Use
Number of altitude entries in tran-
sition tables for ALGE, FCLGE, FCDGE
(2<NOH<7)

= 1 to print trial rotation calcula-
tions. Otherwise not

= 1 to print cold thrust, T_ . De-
c
faults to print hot thrust, Th

Dimensionless distance w.r.t. CBAR
from C.G. aft to the engine hot
thrust reaction point

Corresponding distance down from C.G.

Initial guess of length of time

(TL - T T) that total elevator step
will beRgeld, seconds. Defaults to
1. second

Incidence of the wing.

Initial velocity, kts (VZ<VR)
Runway elevation, ft

Augmentation ratio. (Used in extra-
polating CL’ CD beyond table limits -
see computations section. Set AUGRAT=0.
for no extrapolation.)

Initial distance, ft

Initial time, sec

NOH values of altitude above runway
at which transition tables input, in
ascending order and no two identical.
The aircraft is out of ground effect
and climbout begins at H(NOH).
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-Card Column Format Variable Use
9 1-70 7F10. ALGE NOH values of angle of attack as
' functions of altitude during transi-
tion
10 1-70 7F10. FCLGE NOH corresponding multiplicative cor-

rections to CL for ground effect

11 1-70 7JF10. FCDGE NOH corresponding multiplicative cor-—
rections to CD for ground effect

The factors FCLGE and FCDGE are also applied to C and C
. L D
during ground roll and rotation.

Climbout:

12 1-6 A6 MODE Designated mode of climbout. Values
ROC, THETA, LDFCTR, GAMMA, VEL cor-
respond to constant rate of climb,
pitch attitude, load factor, flight
path angle, and velocity, respectively.

7-12 . Fé. VALUE The value of the mode of climbout
with units ft/min (ROC), degrees
(THETA, GAMMA), knots (VEL)

13-16 F4.2 §22:§§ Multiplicative factor to reduce
power setting for climbout. (Thrust
is- discontinuous from tramnsition to
climbout.)

Sets of data cards may be stacked. Follow the last set with: Z%END.

Effect of the Propulsion System

The program was set up for an augmentor-wing configuration where the
aerodynamics are related to the relatively cold thrust from the engine fan.
This thrust is labelled TC. The aerodynamic coefficients are functions of
jet thrust coefficient CJ, as well as angle of attack and flap deflection,
Whére CJ = Tc/qS. The thrust from the hot core gases, which is labelled

Th’ can be deflected through the angle v, where zero v is the undeflected
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case. The hot thrust Th makes a separate contribution to the normal and
longitudinal accelerations of the aircraft.

The program can be used for other powered-lift aircraft, or even for
conventional airplaneé, if one treats these other propulsion systems as
special cases of the augmentor-wing situation. In externally blown flap
configurations, the aerodynamics are functions of total thrust. To use
this program set Tc to the total mixed thrust and Th to zero. Then the
calculated thrust coefficient will be (Total Thrust)/qS and there will
be no deflected thrust.

For configurations where the aerédynamics are unrelated to the pro-
pulsion system, use Th as the total thrust and set Tc to zero. In this
case the total thrust can be deflected through the angle v. The thrust
coefficient CJ is‘zero. A conventional airplane would correspond to this

second situation with no thrust deflection.

Limitations

The engine out capability of the takeoff program and the others is in
general restricted to those airplanes where an engine failure and compen-
sation produce insignificant 1ift and drag changes other than those directly
related to the reduced thrust. In cases where a significant asymmetry is
produced, a separate set of aerodynamic data must be provided for the en-
gine-out situatiqn, including the required corrections for lateral and |
directional trim. For the takeoff calculation, all-engine and engine—out
results would have to be éombined to estimate takeoff performance with

failure at a particular speed. This would only be approximate.
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Further limitétions on the class of airplanes for which the programs
are appropriate are minimum speed and rotation pattern. For the takeoff
and landing calcﬁlations, extrapolation of aerodynamié data to high CJ
values is provided to allow computation during ground roll. Nominal zero
velocity is taken at one f.p.s. in calculating these coefficients. The
takeoff calculation is restricted to that class of airplanes for which
rotation for takeoff can be represented as a control input Gi and esti-
mates of CyM; and Crg are available. While this does mnot require &84
to be elevatzr deflection, the control input will be referred to as ele-

vator (Ge) throughout the report.

Engine and Aerodyﬁhmic Data

A block data subroutine is required to input the engine thrust and
aerodynamic tables. It must include the following statgments:
BLOCK DATA |
COMMON /AERO/ THLTAB(150), THCTAB(150), XTAB(25) ,
1XYZ(3), NXYZ(3), PARDER(3), NALCJ(2), ALCJI(25), XY(2),
2CLTAB (150), CDTAB(150), CLOSS(150), BLOSS(10), NPWR,
3NOTH, NOV, NAL, NCJ, RAMDR(150), DFLAP, CMTAB (150)

c C., and C

1 %p M are defined as functions of alphaw and CJ, where CJ =

(total cold thrust)/(Q * Sref)’ tail-on untrimmed. To define CL and

CD for a given flap setting, the following variables must be set:
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NAL Number of values of alphaw (where o _ = a, + iw) for aerodynamic

W F
tables CL’ CD, CM = ftn (aw,CJ). Must be >2.
NCJ Number of values of CJ for aerodynamic tables. Must be >2.

(NAL + NCJ < 25 and NAL * NCJ < 150)

ALCJ NAL values of alpha (in deg) followed by NCJ values of CJ, each

set being in increasing order with no two identical.
CLTAB Table of CL values as function (aW,CJ), O varying most rapidly.

CDTAB Table of CD values as function (aW,CJ), o varying most rapidly.

Gear down.
CMTAB Table of CM values as function (aW,CJ) parallel to CL’CD'

DFLAP Flap setting for which CL, CD input, deg. Used in estimation of

C C. when C

L’ Sp out of range. See computations section.

J

The thrust provided by each engine is defined as a function of power, eleva-
tion, and velocity, modified by loss factors. For each engine:

Th‘= TH1(pwr,.H, V) * BLOSS(pwr)

T_ = THC(pwr, H, V) * CLOSS (pwr, H, V) * BLOSS(pwr)

Ramdrag = RAMDR(pwr, H, V)

The following variables must be set:

NPWR Number of power settings for thrust tables. Must be >2 and <10.
NOTH Number of elevation settings for thrust tables. Must be >2.
NOV Number of velocity settings for thrust tables. ‘Must be >2.

(NPWR + NOTH + NOV < 25, NPWR * NOTH * NOV < 150)

XTAB NPWR values of power followed by NOTH values of elevation above
sea level (ft), followed by NOV values of velocity (knots). Each

set must be in increasing order with no two identical.
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. THITAB Table of hot thrust values for one engine as function (pwr,H,V),

power varying most rapidly, then elevation, then velocity.

THCTAB Parallel table of cold thrust values for one engine. Total cold

thrust is used to compute CJ.

CLOSS Parallel table of multiplicative correction factors for losses

in cold thrust.

BLOSS NPWR multiplicative correction factors for bleed valve loss as a

function of power setting. VAppligd to both hot and cold thrust.

RAMDR Table of ramdrag levels for each engine parallel to the thrust

tables.

Program Output

Output from' TAKOFF consists of a summary of the input data and a time
history. The variables which are computed and printed at intervals of .1
second are:

velocity gamma distance elevation

av alpha da | QEE

F . .
dt , dt d_tz
thrust ' CD CL weight
6e load factor

In addition the time history shows the beginning of engine failure and
rotation, liftoff, and the beginning of climbout. The thrust level printed
is the hot thruszTh.unless the flag TCPRNT has been set to request TC to
be printed. |

Optionally the output includes the repeated time histories calculated

during the iteration of the rotation sequence. This is rarely required.
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Computations

The following integrations are carried out by the program:

_ 4y .
vV = fdt flight speed
Yy = f%% flight path angle
s = fﬂi range
dt
_ 44 .
H = fdt elevation
A, = fgg angle of attack
F - 'dt &
do dza
Fro IEE— time rate of change of angle of attack

The required derivatives at any time T are computed by the equations
shown below. The expressions common to all segments of the takeoff maneu-
ver are shown before those specific to certain segments.

Fuel consumption
T- Told
= - * * ——
W= W~ Sfe* (T, +T ) * 3555

Dynamic pressure

p = ftn(H)
q = .5pV2
Thrust

Th~= ftn(pwr,H,V) * bleed loss factor * N
Tc= ftn(pwr,H,V) * bleed loss factor * cold loss factor * N
Ramdrag = ftn(pwr,H,V) * N

(Thrusts are adjusted at engine failure as shown in figure 1.)

CJ = TJqS
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Trim elevator

S crim = [CLqS(xcg cosa = ;cg SlnaF) + CDqS(xcg sinopt+ zcg cosuF)
+ CyaS + T, (zth cosv - xth sin v) - Ram(zei cosop+ xei sinop)l/

aC

On ground:
BCM
8 =6, + Ntfre(xgr - xcg + n(zgr - zeg))/( - Y qS)
trim trim e

where Ntfrc = CLqS + T

h‘sin(aF +v) - W

Aerodynamic adjustments
Gear drag reduction

T-T

FDCDG = - ( =—) AC for T>T and limited to - AC
‘gear time Dgear g Dgear

Ground effect factors
FCL, FCD = ftn(H)
For climbout FCL,.FCD = 1,

.Extrapolation for CJ beyond table limit CJ
I

ACL

io * -
Aug. Ratio (CJ CJI)sin (aw + Gf)

ACD

- * -
Aug. Ratio (CJ CJI)cos(aW + df)

Aerodynamic coefficients

, 3C,
) %
[fen(ay,C )+ AC + 5= 6] * FCL

extrap e

(¢}
I

oC
D
—_— %
[ftn(aw,CJ)+ ACD + FDCDG + 6e] FCD

88
extrap e

(@)
[l

CM = ftn(aw,qJ)

Net force

Ntfrc = CLqS + Th sln(aF +v) - W
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Derivatives

av.
dt

DqS - Wsiny - Ramdrag]

= %-[Th-cos(aF+ v) = C

On ground:

dv dv
av _ SV, % *
& - ac T Ntfrc * g/W

%%-= g[Ntfrc/W + 1. - cosy]/V

On ground:

dy |
dt 0.

ds
dt

Vcosy

an
dt

Vsiny

Quantities dependent on takeoff segment

Ground roll (V < VR)

6o = 0.
U.F=Ot°

do _ da _
dt dt2

)

t on < .
Rotati (aF “max rotation

e = 8¢, step input
Sde .
IfT > T §g = 8g, * 52—'(T - Tl)
where T1 is end of held elevator step
aC

. _ M
Moment = (Ge Ge ) Y qSc

dza

—— = Moment/I
dt? €&
da - d a

dt dt2

Nose gear lifts if is positive.
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)

Transition (H < Hmax ground effect

§ =
e e .
trim .
ap = ftn(Hd)
QE_=_d._2£___'O
dt dtz

)

Pwr = Pwr * thrust factor for climbout

Climbout (H > Hmax ground effect

Determine alpha according to climbout mode, updating

CL’ CD at each iteration
BCL
e trim
BCD
Cp = ftn(aw,CJ)+ FDCDG + 5= 8 )
. e trim
do _ §39.= 0
dt dtz

Reduce o if necessary to maintain g%-i 0.
Climbout modes

Constant velocity

Search for o such that %%

0.
Constant ROC
Eq = (CL%OSY - CDsiny)qS/W + ThSin(aﬁ+v+y)/W - .1 - Ramdrag/W * siny
Search for a such that Eq = 0.
Constant pitch attifude
0= 6 - y where 6 is the specified value
Constant load factor
Load factqr = (CLqS+-Thrsin(gf+v))/(Wcosy)

Search for o such that Load factor = specified value
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Constant gamma

Search for a such that it -

dy . o,

Summary of Moment Arm Definitions

XCG .

ZCG

XGR

ZGR

XTH

ZTH

XEI

ZEI

Moment

Moment

Moment

Moment

C.G.

C.G.

where Wi,

I

Bg

BSc - BSmc
center aft to C.G. —__&—E—————
Loe ~ WL
center down to C.G. ac z <
Bg__ - Bg
center aft to main gear ——EI-?;——EEE
. Mipe = MLgr
center down to main gear =
) BSen - BSc
aft to engine hot thrust reaction pt & = 2:4
' Wep ~ WL
. . cg eng
down to engine hot thrust reaction pt T
ine 1 BSei ~ PSeq
aft to engine inlet point 5
. ; . chg B w'Lei
down to engine inlet point =

water line, increases up

body station, increases aft
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STOL LANDING PERFORMANCE

LAND is a simple performance program with trimming, landing and open-
loop longitudinal plane maneuvering capabilities. The program is specif-
ically structured for a class of power-—augmented lift aircraft for which
the aerodynamic lift and drag coefficients are functions of thrust level
and velocity as well as angle of attack and flap deflection. The mathe-
matical model has only two longitudinél degrees of freedom with the pitch-
ing moment equation being replaced by a command angle of attack during the
maneuvering flight computations. Tail-on lift, drag, and moment data
must be tabulated in coefficient form as functions of angle of attack,
thrust coefficient, and flap deflecfion. The thrust coefficient expresses
the influence of engine thrust level on the aerodynamic effectiveness of
the lifting surfaces. The engine model will accommodate a split in the
total thrust beé&een a hot thrust part which is exhausted through vector-
able nozzles and a cold thrust part which interacts with the aircraft
aerodynamics. It is applicable to other powered-1lift systems as is de-
scribed in the input section.

The program performs the iterative computation to trim the aircraft
in an equilibrium fligﬁt condition prescribed by program input. At touch-
down, the program executes a landing roll computafion which may include
braking, thrust reversal, thrust change and 1ift dumping, all prescribed
by program inpuf; Maneuvering flight segments are controlled by subroutine
CNTRL. The supplied CNTIRL maneuver is a simple flare control. It allows

for increments in angle of attack and thrust specified by the user as a
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function of time. For any other flight maneuver the user may supply a
subroutine specifying angle of attack as a function of time, height, range
or any other flight variable(s) accessible to the computation.

The program description which follows includes an outline of the
program input requirements, a discussion of the trimming technique, and

description of the landing roll calculation and of the control subroutine.

Trim Algorithm

A trimmed or equilibrium flight condition is specified by: angle of
attack, flight path angle, thrust, thrust deflection, flight speed, and
flap deflection éngle. During the trimming procedure, two of these Qar—
iables and elevator are varied until the residual x- and z-axis accelera-
tions of the aircraft have been reduced below prescribed tolerance levels.
In the three programmed trim modes, angle of attack is yaried along with
gamma, thrust, or thrust deflection.v

At each stage in the iteration toward trim, the required change in
acceleration is equal to minus the residual acceleration of the previous
‘stage. If the two variables of the trim mode in use are designated V1

and V., then the required change may be approximated:

2
da_ da_
A Tty Ty, it e, N2
1 2
da da
—a- = -Aa = =2 A, + =2 AV
a, z 3Vl 1 8V2 2

where a , a_ are the residual accelerations from the previous stage

Aax, Aaz are the required acceleration changes to trim
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Vl’ V. are the trimming variables, two of a, vy, v, T

2 h
Bax Baz are the sensitivities of the accelerations to changes
ovV,? Vv,
i i in V1 and V2

These equations are solved for tﬁe'adjustments to Vl and V2 to be applied
before the residual accelerations are recalculated. The actual steps
applied are somewhat smaller than'theée calculated values to avoid con-
vergence problems due to nonlinearities in the system.

Expressions for the accelerations in stability axes and the required
partial derivatives are shown in the equations'list. (Only partials with

respect to the two variables of the trim mode in use are required.)

Landing Calculation

In the normai mode of operation the aircraft is first trimmed in the
equilibrium flight candition speﬁified.and flown through a maneuver pre-
scribed by the control (CNTRL) subroutine. If the resulting flight path
reaches ground level, a landing roll and braking sequence is initiated.
The prescribed rolling friction coefficient takes effect immediately upon
touchdown. The braking coefficient may be applied after a specified de-
lay interval. Change in power setting, thrust reversal and lift dumping,
if desired, begin after a reaction or delay time from touchdown and are
completed within a time interval prescribed by input. The user specifies
' the final power setting and hot thrust vector aﬁgle to be used during
braking. The flag NODUMP controls the thrust coefficient after touch-
down, maintaining the éppropriate value for the power setting (NODUMP=1)
or reducing the coefficient to zero, simulating spoiling of the power

induced 1lift (NODUMP=0).
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The trimming and landing roll functions may be used independently by

setting flag NOLAND (see input list).

The equations used are shown in the equations section.

LAND Input

Input to the program is in two sections. The engine and aerodynamic

characteristics of the airplane are input in tabular form through a block

data subroutine.

Library routines BVIN and TVIN are used for two~- and

three-dimensional table lookup. Characteristics of a particular landing

are input by a set of five control cards. Control sets may be stacked.

Input Data Set

Card Column  Format Variable
1 1-80 20A4 TITLE
2 1-8 F8. ZOBS

9-16 ,F8.A MUR
17-24 F§. MUB
25-32 . F8. DTB
33-40 F8. %)
41-48 F8. S
49-56 F8. DT
57-61 I5 NOLAND
3 1-8 F8; VAPP

Use
Any desired title

Obstacle height

H rolling friction coefficient

R

g braking coefficient

Delay time after touchdown before
brake applied

Aircraft weight

Reference area for aerodynamics
Time step for integration

= 1 Trim only

0 Regular trim and land

-1 Omit trim and calculate brak-
ing distance (ZOBS should be 0)

Approach speed, knots
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Card Column Format Variable Use

9-16 F8. APPPWR Approach power setting. If MODIRM = 0
(see card 4), this value of APPPWR
will be replaced by trim value

Thrust reversal control

17-24 F8. REVPWR Power setting at completion of thrust
reversal for braking

25-32 F8. DTREV Delay time after touchdown to begin-
ning of thrust reversal, sec

33-40 F8. REVTIM Time interval for change in power,
1lift dumping, and deflection of thrust
to reverse position, sec

41-48 F8. REVNU Deflection of hot thrust at full
reversal, deg

49-53 15 NODUMP = 1 to prevent 1lift dumping

0 to dump lift by sloping cold
thrust (and thereby CJ) to zero
at thrust reversal

54-58 15 ~ NOREV = 1 hot thrust not reversed. Nu
maintained at nu trim. (Dump
and power change continued)

= 0 to reverse thrust (deflection
to REVNU)

Trim control

4 1-5 I5 MODTRM = -1 to trim by varying alpha and
gamma
= 0 to trim by varying alpha and
hot thrust, T
= 1 to trim by varying alpha and
thrust deflection v.
. f
6-13 F8. GAMMA Fixed value of gamma for trim of
MODTRM = 0 or 1
14-21 F8. NU Fixed value of thrust deflection if
MODTRM = -1 or O
22-29 F8. DFLAP Flap deflection

30-34 15 NOE Number of engines
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Card Column Format Variable Use

Flare control using provided subroutine CNTRL

-5 1-8 F8. FLRTIM Length of time over which Ao
: for flare is applied, secs
9-16 F8. ALPINC Ao for flare, deg
17-24 F8. DTFLAR Delay from Tobefore begin flare, secs
25-32 F8. PWRTIM Length of time over which power incre-

ment for flare applied, sec

33-40 F8. PWRINC Power increment for flare, units of
power setting

41-48 . F8. DTPWR Delay from T0 before flare power
change begun, sec

Follow the last stacked data set with: ZEND

Effect of the Propulsion System

The program was derived for an augmentor-wing configuration where the
aerodynamics are related to the relatively cold thrust from the engine fan.
This thrust is labelled Tc' The aerodynamic coefficients are functions
of jet thrust coefficient CJ, as well as angle of attack and flap deflec-
tion, where CJ = Tc/qS. The thrust from the hot core gases, which is
labelled Th’ can be deflected through the angle v, where zero v is the
undeflected case. The hot thrust Th‘makes a separate contribution to the
normal and longitudinal accelerations of the aircraft.

The program can be used for other powered-lift aircraft if one treats
these other propulsion sysfems as special cases of the augmentor-wing sit-
uation. In externally blown flap configurations, the aerodynamics are
functions of tOtal»fhrust. To use this program set TC to the total mixed

thrust and Th to zero. Then the calculated thrust coefficient will be

K
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(Total Thrust)/qs and there will be no deflected thrust. In this case,
the user must select the power setting, and equilibrium alpha, gamma,
and elevator angle will be computed. (MODTIRM = -1)

For configurations where the aerodynamics are unrelated to the pro-

pulsion system, use Th as the total thrust and set '1‘C to zero. In this

case the total thrust can be deflected through the angle v. The thrust
coefficient CJ is zero. All three trim modes are available in this sit-

uation.

Airplane Descriptibn

Engine and éerodynamic data are input in tabular form through a block
data subroutine. Some geometric constants are also included in that
routine. The subroutine must be of the following form:

BLOCK DATA |
COMMON/C/CLTAB (400) ,CDTAB (400) ,NALCJ(3) ,ALCJ(25),
1DFLAP , AUGRAT
COMMON/THR/THTAB (100) , TCTAB (100) ,RAMTAB (100) ,NPV(2),
1PV (25),NOE,CLOSS (100) ,BLOSS(10)
COMMON /M/CMTAB (400) , DETRIM, XCG, ZCG,XTH, ZTH,
1CMDE, CLDE,CDDE ,XEI,ZEI, IW

REAL IW
Data statements to set all input variables to be described.

. 3
.
.

END .-
The input variables to be included are defined below. Be sure you have
read the section on the effect of the propulsion system before continuing.

Aerodynamics (Tail on data, untrimmed, C_ = Tc/qS)

J

NALCJ(1) Number of values of alphaw at which C ,CD,C

. _ A L
to be input. (aw = aF + 1w) (>2)

M



NALCJ(2)

NALCJ(3)

NALCJ (1) * NALCJ(2) * NALCJ(3)

NALCJ(1) + NALCJ(2) + NALCJ(3)

ALCJ

CLTAB

CDTAB
CMTAB

AUGRAT

CLDE
CDDE

CMDE

»Geometgx
XCG

ZCG

XTH

ZTH
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Number of values of C_ at which C ,C C

1]
be input. (>2) I D

Number of values of §_ at which C_,C_,C,, to
. B f LD M
be input. (>2) '

A

400,

25

IA

NALCJ (1) wvalues of a (deg), followed by
NALCJ(2) values of C followed by NALCJ(3)
values of §_. (deg) ag which CL,C ,C.. to be
input, each set monotonically increasing

Matrix of C. as a function of a s

O varying most rapidly, then CJ, t

Hen 3

Parallel matrix of CD values, gear down

Parallel matrix of CM values

Augmentation ratio, used to extrapolate C_,

C. for C_ beyond table range. The method of
exXtrapolation is shown in the equations section.

If no augmentation, input 1.
To avoid extrapolation of CL’

CD input O.
BCL/QGe, 1/deg
BCD/BGe, 1/deg

BCM/BGe, in terms of wing area, 1l/deg

Bscg B BSmc
c Distance from C.G.
W - . to moment center of
ch Lnc data
c .
Bscg - Bseng
c Distance from C.G.
. W to engine hot thrust
Leg Leng " exit point




Bg., — Bs

XEI ' cg ei

c Distance from C.G.

_ to engine inlet point
ZEI | ‘ chg WLet :

c

W - Waterline, positive up

Bg - Body station, positive aft

Engine

NOE Number of engines

NPV(1) ’ Number of power settings at which thrust to
be input. (>2)

NPV(2) Number of velocity settings at which thrust
to be input. (>2)

PV NPV(1l) values of power level followed by
NPV(2) values of velocity (knots) at which
thrust to be input, each set monotonically
increasing

THTAB Matrix of hot thrust in pounds for one engine
as a function of power and velocity, power
varying most rapidly

TCTAB Parallel matrix of cold thrust values

RAMTAB Parallel matrix of ramdrag values

CLOSS Parallel matrix of multiplicative cold loss
factors

BLOSS Vector of multiplicative bleed loss factors
as function of power setting, applied to
both T, and T

h c
Th = NOE * THTAB(pwr,vel) * BLOSS(pwr)
T¢ = NOE * TCTAB(pwr,vel) * CLOSS(pwr,vel) * BLOSS(pwr)

Note that NPV(1) * NPV(2)<100, WPV(1l) + NPV(2)<25, NPV(1)<10.
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The Control Subrouéine

The control subroutine provided allows for flare control by increments
in angle of attack and thrust as a function of time. The timing and incre-
ments are input by the user (see data card 5). This routine may be replaced

by a user subroutine of the following form:

SUBROUTINE CNTRL
COMMON /CNT/ ALTRIM, NUTRIM, FLRTIM, ALPINC, DTFLAR, PWRTIM,

1PWRINC, DTPWR |

COMMON /D/ TDWN, TH, TC, MU, G, Q, OMASS, LIFT, DRAG, VEC(31),
1RAMDR, DTREV, NODUMP |

COMMON /T/ VA, GM, ALPHA, NUR, APPPWR, PWR, MODE, S, W, DF, NOCONV

REAL NUR, NUTRIM
Any desired manipulation of ALPHA (radians) or PWR setting
based on altitude (VEC(6)), velocity (VA fps), time (VEC(2)),
touchdown time (TDWN) etc. :

RETURN
END

If no control statements are inserted, the trim value of alpha will
be maintained. (ALTRIM (radians)) For a braking distance calculation

without trim, zero alpha will be mgintained.
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APPENDIX

Sample output from the three programs is shown on the following
pages. The output corresponds to the baseline configurations of a jet-
powered STOL augmentor wing design for which an analysis of takeoff and
landing performance was previously reported.1 All calculations for that
analysis were done with the computer programs described in this report.
The sample output in this appendix shows:

(1) Static performance - engine out full power in the take-
off configuration, 41.196f and thrust undeflected.
(2) Takeoff performance - nominal all engine takeoff to 35
foot barrier (initial pértion of ground roll omitted).
(3) Landing performance - nominal lanaing from 35 foot barrier
at 70.6°6 . and T/W = .2, hot thrust deflected 90°.
The aerodynamic data ahd engine assumptions used for these rﬁns are

available in the referenced report.
1

el

1. Post, S. E., Gambucci, B. J., and Holzhauser, C. A., An Analysis of the
Takeoff and Landing Performance of a Jet—-Powered STOL Augmentor Wing
Design, NASA TM X-62,176, August 1972.




&INPUTS

DFLAP= 41.,09999, 9%0.0
PWR= 3840y 9%0.0
GAMZ= 10%0.0
ROC= 10%0.0
DEFL= 10%0.0
VKNOTS= 50.0y 60.0, 70.0y 80.0,
WT= 48000.,0

HZ= 0.0

DELTAT= 0.0
CDT= 0.0

CDE= 0.0

CLDE= 1.695999
IW= 0.0

IT= 0.0

AOT= 0.0

AlT= 0.0

SW= 600.0

SHT= 156.0

CBAR= 9,679999
ISTAR= 0.0

OR3= 0.0

OR3CC= 0.0

10EO0= 1

CONROC= 0.0
MODTRM= =2

&END

90.0,

100.0y

110.0,

3%0.0

STATIC

-.8g_



RUN TITLE - ENGINE OUT TRIM AT BASE THRUST FLAP 41.1
GW 48000. LBS S WING 600.00 FT*%x2 SH TAIL 156.00 FT*%2
ALT 0. FT FROM C.G. AFT DNWN CRAR 9.68 FT
DELTA T 0. DEG F MOM CTR -0.000 0.000 CBAR
FLAPS 41.1 DEG TAIL 4,080 -1.180 CBAR
1 TAIL 0.000 DEG ENG THR 0.208 0.176 CBAR
AOT 0.000 RAD ENG INL -0.775 0.176 CBAR
I WING 0.000 DEG CLWB IS TAIL-ON UNTRIMMED
VEL GAMMA R/C NS ALPHA F THETA DE ALPHA T EPS cJ AX AZ
{KNOTS) (DEG) (FT/MIN) (DEG) {DEG) (DEG) (DEG) (DFG) (DEG) FT/SEC2  FT/SEC2
53.9 -5.21 -4 Q8 4 Do Otk 2T .54 -25,70 Akl ek kX 1,640*******1&#****#***#
60.0 ~0.20 -21.1 0.0 22.13 21,96 —14,97 sskirrespdrsaxss 1,325 0.0049 0.0419
70.0 3,57 441.5 0.0 12.59 ° 16416  =5,51 #xkskaxkxkasxrs 0,978 0.0234 0.0470
80.0 5.61 792.0 0.0 5482 11.43 048 Hudktsxaiaksss 0,753 0.,0239 0.0343
9040 6431 1001.5 0.0 1.70 8.01 4,64 wEREREETEExEExEEE (0,598 00,0179 0.0087
100.0 6422 1097.9 0.0 -1.05 5.17 T oB7 mxdickkkxxiddksdr 0,486 0.0126 -0,0233
110.0 5.81 1128.5 0.0 -3.10 2.72 10,37 s¥xkxsksxssrsxs 0,404 00,0143 -0.0445
VEL POWER HOT THRUST COLD THRUST  RAM DRAG  CL TRIM  CD TRIM CLWR CDWR CMWB
{(KNOTS) SETT ING {LRS) (LBS) (LBS)
53,9 38.0 3180,0 9690.0 1188 .92 %xxkxsan &% 0D ORRTRxFXFXREX  (,9%87 ~0,9543
60.0 38.0 3180.0 9690.0 1323.,00 6.3910 0,2405 6.5055 0.2405 -0.5866
70.0 38.0 3195.0 9738.0 1499 .40 4.,7359 ~0.1426 ° 64,7779 -0.1426 -0.2358
80.0 38.0 3210.0 9786.0 1675. 80 3,6450 -N.2472 3.6411 =~0.2472 =-0.0155
90.0 38,0 3225.0 9834 .0 1852.20 2.R924  -0.2388 2.R567 -0.2388 0.1295
100.0 38.0 3240.0 9882.0 2028,60 2.3532  ~0.1975 | 2.2927 =0.1975 0.2366
110.0 38,0 3255.0 9930.0 2205.00 1.9522 -0.1563 1.8726 -0,1563 0.3162
- VEL CL M TRIM CL M WB ALPHA M N V=-VMIN V/VMIN ENGINE LIMIT
(KNOTS) (DEG) (6) {KNOTS)
5349 7.820 8.018 32,74 1.002 0.0 1.0000
60.0 7.086 T7.273 32,07 1.115 6.1 1.1128
70.0 6.369 6.551 31.03 1.358 16.1 1.2982
80.0 5.831 6.003 30,26 1.621 26.1 1.4837
90.0 5.391 Se541 29.55 1.893 36.1 1.6692
100.0 5.031 5.156 28.94 2.175 4641 1.8546
110.0 4,762 4,871 28.48 2,484 5641 2.0401

STATIC

_69_



BASE CASE TAKEOFF

T/W=38% ALL ENGINES

STOL TAKE-OFF SIMULATION
ROTATION WITH STICK PNSITION ASSIGNFD

TRANSITION WITH ASSIGNED CL+CDyALPHA TAKEOFF
CLIMBOUT WITH ASSIGNED RATE 0OF CLIMR, — -
THETA, LOAD FACTOR, FLIGHT PATH
ANGLE, OR VELOCITY

INPUT UNITSee.VEL=-KNOTS, TIME-SECy DIST-FT, ANGLE-DEGy DENSITY-SLUGS/FT**3, THRUST yWETGHT-LRS, RATE OF CLIMB-FT/MIN

SMAX
ALMAYX
ALO
XCG6
MU
NOE
XTH
SFC

H
ALGE
FCLGE
FCOGE

MODE=

3000.
12.0
0.0
0.000
0.030
4o
0.207
0.000

VEL

W

SFC
HGE AR
XGR
CMDE
XE1
LTH
AUGRAT

0.
12.0
1.000
1.000

VALUE=

48000.

0.000
Se

0.620
-0.02930
-0.775
0.176
1.3

35.
6.0
1.000
1.000

79.70

SREF 600. VR 72.0 vl 999.0

HMAX 40.0 NU 0.00 PWR 38.0 EPWR 38.0
nCDG 0.020 NT4 5.00 CBAR 9.7 ICG 0.2300F 06
ZGR 1.240 nTl1 1,0 D12 1.0 D13 1.0
CLDE 0.0078 CDPE 0,00000 DEO -45,0 DET 45,00

ZE1 0.176

DTR1 1.000 I 0.0 vi } 70.0 HZ 0.0

7C6 0.000 S7 85647 Tz 13.6

THRUST FACTOR 1.00



TreitF

TIME VEL GAMMA DIST HT Dv/DT ALPHA NAL/DT D**2 AL THRUST cn cL W DE LOAD
SEC KNOTS DEG FT FT FT/SEC**2 DEG DFG/SFC NEG/SFC#*%x2  LBS LBS DEG. FACTOR
13.6 70.0 0.00 856.7 0.0 1.29 0.0 0.0 0.0 4260. ~0.905 3,427 48000. 0.0 0.713
13.7 70.4 0.00 868.6 0.0 .27 0.0 0.0 0.0 4261, -0.891 3.410 48000, 0.0 0.718
13.8 70.9 0.00 880.5 0.0 Te24 0.0 0.0 0.0 4262, -0.876 3.394 48000. 0.0 0.723
13.9 71.3 0.00 892.5 0.0 7.21 0.0 0.0 0.0 4263, -0.R61 3.378 48000. 0.0 0,729
14.0 71.7 0.00 904 .6 0.0 7.18 0.0 0.0 0.0 4263, ~-0.847 3.362 48000, 0.0 0.734
BEGIN ROTATION
1441 72.0 0.00 912.8 0.0 ‘7409 0.0 0.0 Sed 4264 -0.838 3.001 48000. =45.0 0.660
Tl= 14.5175 TR= 14,0675 ’
14,1 72.1 0.00 916.8 0.0 7.08 0.0 0.2 5.7 4264, ~0.833 24996 48000. =—45.0 0.662
14.2 T2.6 0.00 929.0 0.0 7.03 O.1 0.8 6.7 4265, -0.818 2989 48000. -45.0 0.668
14.3 73.0 0.00 941.3 0.0 6.98 0.2 1.5 7.8 4266 -0.801 2.992 48000. =—45.0 0.677
14 .4 T3.4 0.00 953.7 0.0 6.91 0.4 2.4 9.1 4267, -0.7R1 3.008 48000, -45.0 0.688
14,5 73.8 0.00 966.1 0.0 6.81 0.6 3.4 10.7 4268, -0.759 3.039 48000. =45.0 0.703
l4.6 T4.2 0.00 97846 0.0 6.70 1.0 4ol 10.1 4268, ~0.733 3.117 48000, =-41.3 0,730
14.7 T4e6 0.00 991.2 0.0 6.57 1.5 Sels 9.2 4269, -0.705 3.215 48000. <-—36.8 N.761
14.8 75.0 0.00 1003.8 0.0 6e4l 2.1 6.3 8.5 4270, -0.674 3.329 48000. -32.3 0.797
14.9 753 0.00 1016.5 0.0 6.25 2.8 7.1 7.9 4271. -0.642 3,453 48000,  -27.8 0.R36
15.0 75.7 0.00 1029.3 0.0 6.10 3.5 7.9 7.3 4271 -0.612 3.584 48000, -23.3 0.877
15.1 761 0.00 104241 0.0 592 4ol 8.6 6.9 4272, -0.580 3,727 48000, -18.8 0.922
15.2 T6ett 0.00 1055.0 0.0 5.72 542 9.2 645 4273, -0.5464 3.876 48000, <-14.3 0.969
LIFTOFF
15.3 T6.6 0.00 1063.7 0.0 5.54 5.9 9.7 642 4273, -0.516 3.975 48000, -1l1l.3 1,000
15.3 T6.7 0.00 1067 .9 0.0 5443 6.2 9.8 4o 8 4273, ~-0.502 44025 48000, -9.R 1.016
15.4 77.0 0.06 1080.9 0.0 5.07 7.2 10.1 0.7 4274, ~0.458 44179 4R8000. -5.3 1.064
15.5 77.3 0.19 1094.0 0.0 4461 8.2 10.0 -3.5 4275, -0.408 4.358 48000. -0.8 1.119
15.6 77.6 0.39 1107.0 0.1 4417 9.2 9.4 ~7.8 4275 -0.368 44509 48000, 3.7 1.167
15.7 T77.8 0.66 1120.2 0.2 3.71 10.1 8.4 -12.1 ' 4276 -0.329 44651 48000, R,2 1:211
15.8 78.0 0.98 1133.3 0.4 3.19 10.9 7.0 ~16.4 4276 -0.2R8 4,772 48000. 12.7 1.250
15.9 7842 1.35 1146.5 0.7 2.70 11.5 Sel -20.7 4276, -0.254 4,873 48000. 17.2 1.283
1640 78.3 1.77 1159.8 1.0 2.28 11.9 2.9 -25.0 4277 ~0.232 44951 48000, 21.7 1.309
16.1 T8.4 2e14 1170.8 lets 2.01 12.0 0.6 -28.4 4277, -0.223 44992 48000, 25.5 1.324
-16.1 -78.5 2.19 1173.0 1.5 2.08 11.7 0.0 0.0 4277 -0.235 4,712 48000, ~6Hols 1.251
1662 T8.6 2454 1186.3 2.0 1.91 11.6 0.0 0.0 4277, -0.237 44697 48000. ~643 1.251
16.3 7847 2489 1199.5 2.7 1.74 11.5 0.0 0.0 4277, -0.240 4.681 48000. -642 1.250
1646 78.8 3.23 1212.8 3.4 1.59 11.4 0.0 0.0 4278, -0.244 4,663 48000, ~6.1 1.248
16.5 78.9 3.58 1226.1 4.2 lota 11.3 0.0 0.0 4278, ~0.249 4,645 48000, ~6.0 1,267
16.6 79.0 3.91 1239.4 5.1 1.30 11.1 0.0 0.0 4278, -0.254 4.625 48000. ~5.9 1.244
16.7 79.0 4425 1252.8 6.0 1.17 11.0 0.0 0.0 4278, -0.261 4,603 48000, -5.8 1.241
16.R 79.1 4458 126641 7.0 1.06 10.8 0.0 0.0 4278, ~0.268 44581 48000. -5.6 1.237
16.9 79.2 4490 1279.4 8.1 0.95 10.6 0.0 0.0 4278, 0,277 44557 48000. -5.5 1.233
17.0 79.2 5.21 1292.7 9.3 0.86 10.4 0.0 0.0 4278, -0.2RA 44,532 48000, ~5.4 1.228
17.1 79.3 552 1306.1 10.6 0.77 10.2 0.0 0.0 4279 . -0.295 44506 48000, ~5.2 1.223
17.2 79.3 5.82 1319.4 11.9 0.69 10.0 0.0 0.0 4279, -0.305 Lot T8 48000, ~5.1 1.217

..-[9:



1332.7
1346.1
1359.4
1372.7
1386.1
1399.4
1412.7
142640
1439.3
1452.6
1465.9
1479.2
1492.5

BEGIN COMSTANT VELOCITY

1496.1
1505.8
1519.1
153244

152842

17.3 79.3 6e12
17.4 79.4 6440
17.5 79,4 6.67
17.6 79.4 6.93
17.7 79.5 7.17
17.8 79.5 7.41
17.9 79.5 7.63
1840 79.5 7.83
18.1 79.5 8.03
18.2 7945 8.20
18.3 79.6 836
18.4 79.6 851
18.5 79.6 8.63
VELOCITY =  79.7 KNOTS
35 FT ABOVE RUNWAY
18.5 79.6 8.67
1846 79.6 8.78
18.7 79.6 8.95
18.8 79.6 9.10
40, FT ALTITUDE REACHED
18.8 79.6 9.05
W=  4B8000. LBS PHO=

13.3
l14.7
16.3
17.9
19.5
21.2
23.0
24.8
2646
28.5
30.5
3244
34.4

35.0
36.5
38.6
40,7

40.0

0.61
0.53
0.46
0.40
0.36
0.32
0.30
0.28
0.30
0.31
0.33
0.35
0.39

0.41
-0.00

0.00 .

0.00

-0.00

0,002375 SLUGS/FT*x%3
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00200020020
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4279,
4279,
4279,
4279,
4279,
4279.
4279,
4279
4279,
4279,
4279,
4279,
4279,

4279,
4279.
4279,
42794

4279.

-0.314
~-0.322
-0.332
~0.361
-0.351
~0.362
-0.373
-0.384
-0.398
-0.410
-0.422
~0e434
~0.447

=0.450
~0.411
-0.422

-0.432

-0.428

4,446
4,614
4,380
4,365
4,308
4,271
4,233
4,193
4.143
4,101
4.059
4,016
3.972

3,960
4.097
44,062
4.030

4,042

TARCCEF

48000,
48000.
48000.
48000.
48000.
48000.
48000,
48000,
48000.
48000,
48000,
48000,
48000.

48000.
48000,
48000.
48000.

48000.

-4,9
-4.8
-4.6
~4.5
-4.3
~4,2
-4,0
-3.8
-3.7
-3.5
-3.4
-3.2
-3.0

-2.9
=3.5
~-3.4
=342

1.210
1.202
1.194
1.186
1.177
1.167
1.157
1.147
1.134
1.123
1.112
1.101

1.089

1.086
1,125
1.116
1.107

1.110
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LANDING T/W=.20 70.6 FLAP 68 KT LANDING

WT= 48000, MUR= 0.030 APPPWR= 20.0 VAPP= 68, DFLAP = 70.6
S = 600, MU B= 0.300 REVPWR= 20.0 REVTIM= 1.00 RFVNY = 114.0
DT= 0.2 DTB= 1.0 NDTREV= 0.0 10NRS= 35.0 NODUMP = 0
MODE = -1 GAMMA= 0.0 NU= 90,0 NOF = 4 NAREV = 0
FLARE CONTROL TIME INT . INCREMENT DELAY
ALPHA 2.0 7.0 0.0 . Theust deflechion +o 11H°
POWER 2.0 3.0 1.0 corvespends to Fhrust
TRIM CONFIGURATION reversal 407 effective
GAMMA= -6.90 ALPHA= 616 NE= 4454 Ny= 90.00
APPPWR= 20,0
AX= -0.003 AZ= 0. 009
TIME DISY ALT VEL AX(G) AZ(G) TH TC LIFT DRAG GAMMA ALPHA Nt) DE
0.0 0.0 35.0 68,0 -0.00 0.00 2240, 6826. 45410.4 553546 ~-6490 6.16 90,00 4,54
0.2 22.8 32.2 68.0 -0.00 0.00 2240, 6876, 45410.4 5535.6 -6.90 6.16 90.00 4,54
0.4 45.6 29.5 68.0 -0.00 -0.01 2240. 6826, 46039,2 5772.4 -6.87 6.86 90,00 4,15
0.6 68.4 2647 67.9 -0.01 -0.03 2240. 6826, 46729 o4 - 610047 ~6479 7.56 90,00 3.74
0.8 91.1 24.0 679 -0.02 -0.04 2240. 6825, 47312.5 6331.3 -6,68 8.26 90.00 3.33
1.0 113.9 21l.4 67.8 -0.,02 -0.05 2239, 6825, 4T7T875.1 6558,5 -6+54 8.96 90,00 2.91
1.2 13646 18.8 6747 -0.03 ~0.06 2239, 6825, 48410.1 6781,.1 -6.36 9.66 90.00 2.47
1.4 159,3 1643 675 -0.04 -0.08 2273. 6927. 49070.5 7063.3 ~6.14 10.36 90.00 1.79
1.6 181.9 13.9 67.3 -0.05 ~-0.09 2306, 7028, 49643,3 7369,.8 -5.88 11.06 90,00 1.09
1.8 204.5 11.7 67.1 -0.06 ~0.10 2339. 7129, 50170.3 Th66.9 -5.58 11.76 90.00 0,38
2.0 227.0 9.5 66.8 -0.07 -0.12 2373, 7231, 5064649 7953.1 -5.24 12.46 90.00 -0.36
242 249.4 - 7.5 6645 -0.09 -0.13 2406, 7332. 51272 .9 R4T7la.1 -4,87 13.16 90.00 -1.13
24 271.7 5.7 6641 -0.09 ~0412 2439, 7433, 50992.4 8275.8 4,47 13.16 90,00 -1.54
2.6 293.9 4.0 65.7 -0.10 -0.12 2472. 7534, 50830.7 R274.0 -4,09 13.16 90,00 -1.98
2.8 316.0 2.5 6543 -0.10 ~-0.12 2505 . 7634, 50664,5 R?271.6 -3.72 13.16 90,00 -2.43
3.0 337.9 1.2 6449 -0.11 -0.11 2538, 7735, 50468 44 8264 .9 -3436 13.16 90,00 -2.91
TOUCHDOWN
3.2 ° 358.9 0.0 b4 ot -0.12 -0.11 2571. 7836, 5025043 8255.2 0.00 13.16 90.00 -3.41
3.2 359,7 0.0 6443 -0.08 -0.00 2504, 6268, 35276.0 3403.1 0.00 0.00 94,80 0.00
3.4 381.3 0.0 64,0 -0.08 -0.00 2501. 6211. 35105.2 - 3404,9 0.00 0.00 94,98 0.00
3.6 402.9 0.0 63.6 -0.09 -0.00 2434, 46464, 20113.3 3555.4 0.00 0.00 99,78 0.00
3.8 42443 0.0 63,3 -0.10 -0.00 2367. 3077. 24197.1 3kh22.0 0.00 0,00 104.58 0,00
4.0 445,6 0.0 62.9 -0.11 -0.00 2299. 1510, 15933,.9 3529.0 0.00 0.00 109.38 0.00
4,2 46647 0.0 62.1 -0437 -0.00 2234, 0. 6986.0 3370,.9 0.00 0.00 114,00 0.00
404 487,.3 0.0 60.5 -0.37 -0.00 2234, 0. 6810.4 3301.0 0.00 0.00 114,00 0.00
4,6 507.6 0.0 59,1 -0.37 -0.00 2232. O 6467.9 3164.3 0.00 0.00 114,00 0.00
4.8 52743 0.0 577 -0.37 ~0.00 2232. O, 6177.8 3045.5 0.00 0.00 114,00 0.00
5¢0 546.5 0.0 5643 -0.37 -0.00 2232. 0. S886,.2 2924,2 0.00 0.00 114.00 0.00
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10.6
10.8
11.0
11.2
lle4
116
11.8
12.0
12.2
12.4
12.6
12.8
13.0
13.2

565.3
583.6
6014
618.7
635.6
652.0
66749
683.4
698.4
T12.9
726.9
740.5
753.6
76642
778.4
790.1
801.4
812.1
822.4
832.3
841.7
850.6
859.1
867.1
874.6
881.7
888.4
894 .5
900.2
905.5
910.3
914.7
91845
922.0
925.0
927.5
929.6
931.2
932.4
933.1
933 .4
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~0.37
=037
-0.37
-0.37
-0.37
-0.37
-0.37
~0.37
-0.37
-0.36
-0.36
-0.36
-0.36
~0.36
-0.36
-0.36
-0.36
-0.36
~0.36
-0.36
-0.36
~0.36
-0.36
-0.36
-0.36
-0.36
-0.36
~0.36
-0.35
-0.35
-0.35
-0.35
=0.35
-0.35
~0.35
-0.35
-0.35
-0.35
-0.35
-0.35
-0.35

-0.00
-0.00
-0.00
-0.00
~0.00
-0.00
~0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00

2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232,
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232.
2232,
2232.
2232.
2232,
2232.
2232.
2232.
2232,
2232.
2232.
2232.

2232+

2232.
2232.
2232.

560241
5325.3
5056.0
4794 .0
4539,3
4291.9
4051.8
3818.9

 3593,2

3374.6
3163.2
2958.9
2761.7
257146
2388.4
2212 .3
2043.1
1880.9
1725.5
1577.1
1435,6
1301.3
1173.6
1052.7
938.5
A31.0
730.1
635.9
548.3
467.3
392.9
324.9
26345
208.6
160.2
118.1
82.6
53.4
30.5
14.0
3.9

2R05.5
2689 .4
2575,9
2464.9
2356.5
2250.6
2147.2
2046 .4
1948.1
1852.2
1758,9
1668.0
1579.7
1493,7
1410.2
1329.2
1250.6
1174.4
110046
g2 . R
913.9
847.5
783.4
721.7
662.3
605 .2
550.5
498,0
447.9
400.1
354.6
311.3
270.3
231.6
195.1
160.9
128.9
99,1
Tleb
46,3
23.1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

LantanG

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00~

0.00
0.00
0.00
0.00
0.00
0.00

114.00
114,00
114.00
114,00
114,00
114.00
114.00
114.00
114.00
114.00
114.00
114.00
114.00
114,00
114.00
114,00
114,00
114,00
114,00
114,00
114.00
114,00
114,00
114.00
114.00
114.00
114.00
114,00
114.00
114.00
114,00
114.00
114,00
114,00
114.00
114,00
114,00
114,00
114.00
114,00
114,00

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
N, 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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