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GLOSSARY OF TERMS

The following is a list of terms consisting of symbols, acronyms,

and abbreviations used throughout this repor*

TERMS

APL

"ASW

BV

cT

CTOL
DOoC

F.

FAA

FAR

T it
HESCOMPF

h

HLH
hr .
ISA

IAS

kg
km
kt
ib

MCAIR

DEFINITION

A Programming Language used in operator interactive
mode -

Anti-éubmarine, Warfare

Boeing Vertol Company

Rotor Thrust Coefficient ]
Conventional Takeoff and Land'mg- Aircraft
Direct Operating Costs

.;'E"‘a,hrenheit

Federal Aviation Administration

Federal Aviation Regulation

Feet ‘

Comnputer program to calculate the operational and
economic parameters of a design helicopter

Altitude, feet {meters)
Heavy Lift Helicopter
Hour

International Standard Day (Sea Level Pressure 29.92
Inches Mercury, Témperature 59 degrees, F.

Indicated Airspeed, Knots (meters per sec )
Thousands

Kilo;)gra.m

Kilometer

Knot - Na,t;.tical Mile Per Hour

Pounds (Mass)

Mach Number, ratio of aircraft velocity to velocity of
sound (under same conditions) '

McDonnell Aircraft Companv

Meters



TERMS DEFINITION

min Minute (Time

N/A Not Applicable or Not, Available

NASA National Aeronautics and Space Administration

nm Nautical Mile (6080 ft, 1852 m).

o Rotor Solidity

No. Number

NRP Normal Rated FPower

RC Rate of Climb, ft/min (m/min)

ROI Return on Investment

SL Sea Level or Short Landing

sm Statute Mile

STO Short Takeoff

USE'S U.S. Forest Service

UTTAS Utility Tactical Transport Aircraft System

VASCOMP Computer program to calculate the operational and’

economic parameters of a design aircraft

VL Vertical Landing

Vmc Maximum Cruise Speed, kts (m/sec)

Ve Maximum Endurance Cruise Speed, kts (m/sec)
mr Maximum Range Cruising Speed, kt (m/sec)

VOD Vertical Onboard Delivery (Navy Mission)

V/STOIL Vertical or Short Takeoff and Landing Aircraft

VTO Vertical Takeoff

‘?fa Airflow Rai;e, lbs/sec (kg/sec)

Wee Fuel Flow Rate @ Normal Cruise, lbs/min (kg/min)

%fcl Fuel Flow Rate @ Climb, lbs per min (kg/min)

%fh Fuel Flow Rate @ Hover, lbs/min (Kg/min)

T?fﬂ Fuel Flow Rate @ Loiter, lbs/min (kg/min)

%fmc Fuel Flow Rate @ Maximum Cruise Speed, lbs/min '(kg/min)‘



DEFINITION

Fuel Flow Rate @ Maximum Endurance Cruise Speed, lbs/
min (kg/min)

Fuel Flow Rate @ Maximum Range Cruise, lbs/min (kg/min)
Fuel Flow Rate @ Maximum Rated Power, lbs/min (kg/min)

Fuel Flow Rate @ Takeoff, lbs/min (kg/min)

vii



A. ADVANCED CONCEPT V/STOL AIRCRAFT LINEAR
DEFINITION CURVES

In déveloping a methodology and the computer programs for con-
ducting mission analysis, it was found that problem solving was facilitated‘
if the aircraft performance parameters were expressed as coefficients
of linear expressions, In this manner all integrations were ‘pos sible in
closed form and the programming was more easily developed. This step
was not taken, however, without first ascertaining that it was not only a
practical means of expressing the parameters, but that it was also valid
within the accuracy constraints of the calculations being performed.
Performance data of a contemporary helicopter was obtained from the
‘Operations handbook and converted to linear expressions. These linear
expressions were used to derive such operational information as time,
fuel consumed and distance traveled to climb and descend; and time and
fuel consumed in flying a given distance as applied to a defined flight
profile. The results of the '"linearized! solution compared favorably with
the solution to the flight problem when solved directly from the operational
tables., The two results differed by three to four percent. Thus, it was
concluded that it was feasible for the purposes of this study to linearize

the performance data.

Parameters linearized included the aircraft speeds, rates of climb

and fuel flow rates and the expressions took the following form:

Function = Kl + Kz x altitude (ft) + K, x weight (Ibs)

3

In the figures which follow, it will be seen that speeds generally
have positive values for Kz and KB; rates of climb have negative values

for Kz and K3; while fuel flow rates have negative values for KZ'

The principal intent of this appendix is to provide the curves not
presented in Volume I so as to complete the data set for readers possibly
interested in understanding the deviations of the assumed values from those
calculated for these parameters. As was pointed out in Volume I, linear

representations were made to match the computed curves in the regions



where the results tend to be most critically influenced by the parameter
beinig linearized. For example, for an aircraft which genérally cruise

at high altitudes and would seldom see prolonged cruise in the lower levels,
linear curves were matched at the high altitudes to minirnizé the error here.
This :sometimes resulted in significant errors in the curves at lower
altitudes, but did not affect the results since the curves were not used at

the lower altitudes. However, if missions specified low altitude cruise,

it was necessary to redefine the parameters for the low end of the altitude

range.to minimize the error. This action was seldom required, however.

In.some instances relative to the tilt rotor and the advanced
helicopter speed and fuel parameters, it was necessary to define two
segment linear curves to provide a reasonable match between the assumed
and calculated performance curves. When this requirement became
apparent, the analysis programs were modified to accept two segment
curves using a specified altitude at which the change over would be

accomplished.

For each concept an analysis of the linear coefficient parameters
versus i:he original non-linear functions was performed. This was done
’z')y- using the Aerospace methodology to "fly'" the design missions ised by the
Navy study design contractors., In this appendix, following the series )
+of curves for the performance parameters for each concept are tables*
and figures which define the design mission parameters and indicate the
differences in the results of the Ae:;'ospace computations from those
provided by the design contractors. In a few instances, these comparative
analyses permitted the calibration of the Aerospace values to those of the
conftractors. When this was practical, it was done to better match the

contractor data.
L

A table comparing the advanced helicé)pter performance is not avail-
able since the contractor reéport did not contain the necessary tabular infor-
-mation. The advanced helicopter mission profile was similar to that of
the. tilt rotor; however, ranges, times, and fuel consumed differed con-~

siderably.



Altitude

True Airspeed

1000 1090 £t
s L 10 |-
[
5]
\?rm = 254 « 0,0092 x h {Ibs/min)
1 =
— == 1,05 % Computed
Assumed
0k 1} ] 1 i |
B 50 100 150 200 250 300
Ib/min
[ ] ] 1 1 i I i 1
[ 20 40 50 80 100 120 140
kg/min
Fuel ¥low Rate
Figure Al-1 Lift Fan Takeoff Fuel Consumption Rate
mfsec knots
250 -
a00 | ’
2001 Alrcraft Weaght
1000 lbs
. {1000 kg) -
A501L 300
100}, 200
S50 100 |
- Azsumed Value
V e =20+ 0.00388 x b+ 0.004 x w (kts} —— —— Actual Value
ok [} 1 I | 1 | H
0 5 10 15 20 25 30 35
1000 ft
- 1 1 1 1 i ] 1 1 ! 1
] 1 2 3 4 - [ 7 8 9 10
1000 m
Altikude

Figure Al-2 Lift Fan Maximum Endurance Cruise Speed



True Ajrspeed

3

True Alrspeed

m/isec knots

250 500 —
Awrcrail Weight
1000 ft
{1000 kg)
2001
150
Assumed Value
200 :
100} — — = Actual Value
v = 120+ 0.00305 % h + .004 x w (kts) LLS L Lamiting Value
mr
501 100 - .
> Below 10,000 ft FAR Part 91 Limits Speed to 250 kts/IAS
1] . 0 ] 1 1 1 ] 1 i
1} 5 10 15 20 25 -30 35
rooo it
L 1 I 1 ] 1 ] 1 1 1 1
0 1 2 3 4 5 [ 7 8 9 10
. 1000 m
Altitude
Figure Al-3 Lift Fan Maximum Range Cruise Speed
m/sec knots
500,
250L -
4004 N
200
T N ;>>>>>>>>’
100 f * 200
\mc = 480 - 0.00167 x h (kts}
'
5ol 1ok /
/
W FAR Part 91 Limnitation (250 kts [AS)
oL 0 | 1 ] L L | l
0 1o 1 20 25 30 35
1000 ft
: l I I ] 1 1 ] ] I 1
1] 1 2 3 4 5 6 7 8 9 10
1000
Altitude

Figure Al-4 Laft Fan Maximum Cruise Speed



mnfmin

1400 —

1200 e

1600

800

Rate of Climb

400 be

200 |

kg/min

S50 b

40

30

Fuel Flow Rate

20l

ft/min
5000

4000

3000

2000
Alrcraft Weight

1000" 1bs
{1000 kg)

1000 L.
Rof €=6750 - 0,1 x h - 0.07 x w ({ft/min},
Service Celling = 36, 000 {ft}
0 1 | } ] i
o 5 10 15 20 25 30 35
1000 ft
L 1 1 i [} ] [] i i [ 1
] I 2 3 4 5 [ 7 8 9 10
1000 M
Altitude
Figure Al-5 Lift Fan Climb Rate
1bs/min
1 o
20 oy «
\ ™~ Ajreraft Weight '
\ 1000 ft
{1000 kg}

100

80

b0

—m———n  Aszumed Value

—— e Actual Value

ol
Wy * 67-0.0015x h + 0.001 x w (Ibs/min) -
[} I i | 1 i | 1

) 1 To o A 30 %5
1000 £ .

L i ) 1 1 1 3 ] ! 1

0 1 2 3 4 5 6 7 8 9 10
1000 m

Altitude -

Figure Al-6 Lift Fan Climb Fuel Consumption Rate

! Pl
QU DIy



Foia o ta

Fuel Flow Rate

Fuel Flow Rate

kgfrmn Ibs fmun
T0
30f- Ajreraft Weight
1000 ft
— {1000 kg)
60 45 (29, 4
5
20
151 Assumed Value
Actuzl Yalue
& < 6.3-0,000216 x h+ 0.00126 x w (Ibs/min)
fme
} 1 1 [ | 1 ] |
0 00 5 jLej 15 20 25 30 35
1000 £t
1 1 1 | 1 ] 1 I 1 I i
V] 1 F 3 4 5 [ 7 8 9 10
1000 m
Altitude
1 Figure Al-7 Lift Fan Maximum Endurance Fuel Consumption Rate
kg/min 1bs/mun
34 L
30 |
26 .
22 b
18 |
Assumed Value Aircraft Weight —~ —
14 b — e Actual Value 1000 1bs —
) {1000 kg)
o
Wﬁ_m_ = 12.75 - 0. 000431 x h + 0.00145 ¥ w (lbs/min)
LN -
0 0 1 1 i ] - 1 | [
0 5 10 15 20 25 a0 35
1000 fit ;
L 1 I I 1 I ] I 1 1 ]
0 1 2 3 4 5 6 "7 8 9 10
1000 m
Altitude

Figure A1-8 Laft Fan Maximum Range Fuel Consumption Rate



Fuel Flow Rate

Fuel Flow Rate

kg/min 1b/
90 200 -~
80 L.
160 s\ Alrcraft Werght
(L N 1000 1=
\ (1000 kg)
60 fm [ =
\\
120
50 L
40
80
30 b Asasumed Yalue
— == Actual Value
. —
20 |- o . B
40 1= W o T 92-0.00206 x b 4 0.001 X w {lbs/iin}
10 =
. 0 1 | 1 l | |
0 ¢ 5 10 15 20 25 30 35
1000 ft
[ [ 1 1 1 L ] 1 1 1 :
[ 1 z 3 4 5 6 7 8 9 10
1000 m
Altitude
Figure Al-9 Laft Fan Maximum Gruise Fuel Consumption Rate
kg/mn 1b/mun ;
100 |-
200 -
Aircraft Weight
80 1— 1000 }bs
{1000 kg}
150
60 b
100
40 e et Annuned Value
o Actual Valua
50
20 =
sl
Wg, = - 0,0l x b + 0,006 x w {1b/min) '
E VTC Operating Envelope
o bk 0 [ 1 ] l ] I 1
0 5000 * 10,000 15, 000
1000 {t
[ 1 1 I 1 ] I 1 I
0 1040 2000 3000 4000 5000
100 m
Altitude '’

ORIG ..

Figure Al-10 Lift Fan Hover Fuel Consumption Rates

P
QUAE%S’



Table Al - 1 Lift Fan Mission Performance Comparison VOD Design

Mission (Payload 5000 lbs)

Note. The mission performance shown here differs from that shown in Figure 5-} due
to different mission parameters, fuel reserves, and cruise speed assumptions.

Range ~ 100 NM

Figure Al - 11 Payload/Range Comparison - MCAIR Design ve. Aerospace

MCAIR Study Aerospace Analysis
MISSION SEGMENT Wt Fuel Dist Time Wt Fuel Dist Time
(1b) (Ib) (nm)} {hrs} (1b) (1b) (n1n) (hrs}
T.O. Wt. 45,000 45, 000
Warmup and Takeoff 44, 345 645 -- 0.042 | 44,593 407 - 0.04
Climb 42,969 1,376 82 0,227 | 42,304 | 2,288 160 0.53
Cruise 28,385 14,594 1918 4,640 | 30,651 | 11,654 1570 3.75
Descent to S. L. b - - - 38, 461 2,190 370 0. 60
Loiter® - -- - -~ | 27,629 832 -- 0.33
Landing 26,511 950 -- .333 | 27,472 165 - 0,02
Reserves 924 953
TOTAL - 18,489 2000 5.24 - 18,489 2000 5.27
a At end.of segment
b No distance credit, no time or fuel allowance
¢ Included in landing
24
29
w
=T
o STOGW = 45,000 1bs
g OWE = 21,511 ibs
, 12 18489 lbs Internal Fuel
=
o
-]
B 8
& MCAIR VOD
Pesign Mission
4
o 1 1 A i ]
4 8 12 16 20 24 28 32
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Table Al - 2 Boeing Vertol Tilt Rotor Design Mission Summary- .

BOEING VERTOL AEROSPACE
SEGMENT Time Fuel Speed Time Fuel Speed
Min Lb Kts Min b Kts
1. Load  N/A N/A N/A 5 N/A N/A
2. Warmup N/A
3. Takeoff (sl 90°) N/A 99.1 | N/A 5 28 N/A
4. Cruige Out 37.5% 1052.4 240 39 1087 219
(150 nm, sl-ISA)
5. lst Loiter (sl-ISA) 30 1637.8 139 90 1602 136
6. Howver {s1-154) 60 1780. 1 N/A 60 1779P N/A
7. 2nd Loiter {s1-ISA) 90 1427, 1 132 90 1369 123
8. Cruise Back 46, 4% 881.3 194 47 955 174
(150 nm, sl-ISA}
9, Land N/A N/A N/A 1 27 N/A
Reserve - 756 - -—- 753 -—
Total 323.9 7641,2 - 338 7638 -

2 Defived - not given in Reference

b Ames data calibrated to BV data

kg 1000 1b
6 g
12
5 ka 10 Hover 1ime = 1 hr
Foeing Vertol Data
w—— § = Aerospace Data
4 = 8-
R 2,
i
3, 6|
.E' B - - Design Payload
P 1
3 = *Nominal Design Mission
4
1 \ i
B 24\ x
.
N S
" 1 | ) i 1 ]
ot 0 100 Z00 300 300 500 T0g To0
nm
L ! [ 1 1 1 1 I I 1 L 1 1
0 2 3 4 5 6 T 8 9 10 11 12 13

km

Mission Radius of Action

Flgure Al1-22 Tilt Rotor Variation in Loiter Time
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15
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o
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*
2L .
o 1 ] 1 | L ] 1
0 100 200 300 400 500 600 700
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L | ! } 1 ] I ] 1 ] { l ! |
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Figure Al-23 Tilt Rotor Performance - Variation in Hover Time
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Figure Al-24 Advanced Helicopter Normal Rated Power Fuel Consumption Rate
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Figure Al-26 Advanced Helicopter Maximum Range Cruise Speed
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Figure Al-34 Advanced Helicopter Rates Power Fuel Consumption Rate
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AL MISSION ANALYSIS COMPUTER PROGRAM DOCUMENTATION

Formal documentation of computer programs developed during
this study, and the programs themselves, are not deliverable items under
the contract. Therefore, the documentation of this appendix is principally
to provide the interested reader with additional detail of the programs, and
to refresh operator understanding of these programs. in the event of significant
time lapses between use. It is written to fulfill those needs only, and does

not attempt to conform to any standard specification in presentation of detail. -

The programs were specified to provide a eapabiiity to solve
mission analysis problems of a general nature. Since they were developed at
the same time mission and aircraft were being defined, it was necessary to
. '"'second guess'; what features would be required. As missions and aircraft
definition became available, additional features were specified and added to
the programs. Although all program features have been checked out, the
missions defined in this'studs-; did not necessarily employ all of the programs'

broad range of capabilities.

These programs were developed by Mr. Richard W. Bruce of The
Aerospace Corporation. He may be contacted in the event that additional '

information regarding their development or operation is desired.
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1.0 OVERVIEW
The following sections contain the technical descriptions of the com-
putetr programs developed to'analyze the-airc:ra'ft and mission cc?mbinations.
These programs have been written in APL for use in an interactive mode of
ope:t:a;.tion vi:a;.a typewriter consc;lé. Thivs inte;'ac;tive ‘approach' provides the
pser'wii;h an extremely versatile analysis capability by allowing modifications
to aircraft or missions to be made within moments of the time the output
re'sul‘l;s have been displayed, In this manner, parameter studies of a wide
‘‘variety mé,y be made on the spot by elirﬁinatin‘g thé long turnaround ’;:imes-

more typical of batch computer operation.

Three basic programs have been developed. The first, program
fATRCRAFT, serves as the input device for all nec':essar}‘r aircraft data to be
‘later anal‘yzed; The second.,_program MISSION, plays a similar role for a,1'1

necessary mission data. ‘ Tl:le last, program FLIES, provides tl:;e bridge.: to
merge any aircraft with any mission, and also provides the analysis of-the

characteristics, performance, and economics of the combination.

All three programs are simple to operate, and take only a few
seconds of computer central processor time, However, the mathematical
treatment used in the merge analysis in program FLIES is quite sophisticated

and provides results with demonstrated accuracy.
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2.0 PROGRAM AIRCRAFT

2.1 Purpose

Program AIRCRAFT is an interactive program written in APL
designed to serve as the mechanism for inputting and storing all necessary
aircraft configuration, performance, and cost data which will 1a.te:'r:' be
analyzed, Everything that must be known about the aircraft to be a;nalyzed
is systematically requested of the user and then stored via program
AIRCRAFT under a designated I.D, Program AIRCRAFT performs a task
analogous to that of manually filling out load sheets for use as input to a
batch {e.g. FORTRAN]) computer program, But AIRCRAFT does it
automatically by prompting the user to input requested data in an inter-

active manner. In summary, program AIRCRAFT performs the following:

a) Interactively requests all required aircraft configuration,

performance, and cost data needed for analysis.
b) Assigns desired I,D, to aircraft,

c} Stores the aircraft data in the computer system in a form

suitable {or analysis,

d) Provides a hard copy of all the data suitable for recording

and publishing.

2.2 Input /Qutput

The Input/Output of program AIRCRAFT is accomplished via a
typewriter console which has been connected to a computer with an APL
compiler. Upon execution of AIRCRAFT (see Sect. 2.5) the first data

eniry will be requesied of the user via the console. When the first data
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entry is completed, the program will request the second data entry and so

on until the user is notified that all required aircraft inputs are complete.

Shown in Table 2 1 is a typical Input/Output for program AIRCRAFT.
All of the information to the left of the equal signs (=) comprises the requests
by pergra,m AIRCRAFT to the user. All information to the right comprises
the user responses to the requests. Table 2,1 represents the actual hard
copy product of program AIRCRAFT since it identifies all the data together
with the designated aircraft I, D, This output is suitable for use as a
record of this particular aircraft's configuration, performance, and cost

coefficients and can be included in published reports if desired.

For analysis purposes, however, the data are stored in the computer
disc file for later use in the form of a vector whose elements contain the
aircraft data in known locations (see Sect's. 2.3 and 2.4). The vector
corresponding to the aircraft described here is shown in Table 2.2 and can
be called up at any time by simply typing in the aircraft I, D., in this case

TILTROTOR,

2.3 Nomenclature - Symbols and Subprograms

Program AIRCRAFT performs virtually no mathematical operations
and therefore requires very few symbols. There are no subprograms
contained in AIRCRAFT. A number of symbols have been created for
identification or bookkeeping purposes, however, such as those that are

shown in Table 2. 1. For example,

WTO

Normal Mode Maximum Takeoff Weight - Ilbs.
WXI, = Alternate Mode Maximum Takeoff Weight - Ibs,

etc,
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L2

AIRCEAFT

1

INPUT THE FOLLOWING AIRCEAFT FARAMETERS AS REQUESTED.

IF NOT APPLICABLE, ENTER ZEKO.

NOXMAL MOULE MAXINUM TAKEOFF WEIGHT - LbS. ¥T0=33000

ALTERNATE MODE MAXINUM TAKEOFF WEIGHT - LBS, WXL=33000

OPERATING WRIUGRT ENFTY - LES.

MAXIMUN FASSENGENR CAPACITY - NO.

MAXIMUN FUEL CAPACITY - GALS.

Table 2.1

WEM=18738

PMX=23

MP(=11u40

Program AIRCRAFT Input/Output



8¢

CLIMB SPEED,VCL,IN KNOTS FOR GIVEN ALTITUDE
H,IN FEET AND AIRCRAFT WEIGHT,W,IN POUNDS IS:

VCL = V1 +

VCL = V4 +
ENTER
ENTER
ENTER
ENTER
ENTER

ENTER

VaxH

VExH

Vi
2
V3
v
V5

Ve

+ V3xK
+ Vexy

KTS.

KTs./FT.

KTS./LB,

KTS.

KFS5./FT,

KTS./LB.

3 NORMAL MODE

3 ALTERNATE MODE

V1=112
Vz= 003
V3=.00339
V=112
V5=.,003
V6=.00339

Table 2. 1 Cont,



YA

CRUISE SPELD,VCk,IN KNOTS FOR GIVER ALTITUDE
H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS I5:

Ve k
VCR

YCR

7 + (V8xH + Vaxy

.
>

V10 + Y11xH + V12XW .3

Vie + F17xH + ViBxW

ENTER
ENTEK
ENTEKR
ENTEh
ENTEKR
ENTER
ENTER
ENTER
ENTER

ENTER

21
V7
]
Ve
F10
Vi1
iz
Vig
)

Vvisg

[

FT,

kTS,

Krs./FT.

KIS./Lb,
KTS.
KT8./FT.
KTS$./Lb.
kTS,
KIS./FT.

Kr8./Lb.

NORMAL MODE

ALTERNATE MODE

Table 2.1

.
k]

H < #1

=z H1

H1=16000
¥7=396
¥B8=".001396
¥9=".003
vio="2
Fi11=,00629
V12=.00667
V16=611
F17=".00736

V18=".0073606

Cont.



0¢

SEARCH SPEED,VLS,IN XNOTS FOR GIVEN ALTITUDE
H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

VLS = V13 + Via4xH + V15x¥

ENTER V13 - KTS. V13=22
ENTER Vi4 - KT'S./FF. Vih=.,00277
ENTER V15 - KTS5./LB. ¥15=.00381

RATE OF CLIMB,ROC,IN FEET PER MINUTE FOR GIVE!] ALPITUDE
H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

ROC = K1 + R2xH + KR3xy H NORMAL MODE

ROC = Ru + R5xH + R6xW¥ 3 ALTERNATE LODE
ENTER R1 - FT./MIN. R1=7757
ENTER R2 - FT./MIN./FT. R2=".1389
ENTER K3 - FT./MIN./LB. R8=" . 146H¢
ENTER R4 - FT./MIN. f4=7757
ENFER RS - FT./MIN./FT. £5=".1389

ENTER R6 - FT./MIN./LB. R6=" .1464!

Table 2,1 Cont.



RATE OF DESCENT,ROD,IN FEET PER MIWUTE IS:

EOD = R7 : NORMAL MODE
ROD = R8 3 ALTERNATE MODE t
ENTER RT(AS POSITIVE VALUE) - FT./MIW F7=1000

ENTER RB{AS FOSITIVE VALUE) - FT./MIN. R8=1500

IDLE AND TAXI FUEL CONSUMPTION,FIT,IN POUNDS PER
MINUTE FOR (::'IVEN ALTITUDE H,IN FEET IS:

FIT = K1 + K2xH
ENTER K1 - LBS./MIN. K1=5.8

ENTER K2 -~ LBS [MIN./FT. K2=0

Table 2,1 Cont.



(A%

TAKEOFF FUBL CONSUMPTION,FTO,IN POUNDS PER MINUTE FOR GIVEN
ALTITUDE ,H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

FTOQ = K3 +
FTO = K6 +
ENTENR
ENTER
ENTER
ENTER
ENTER

ENTER

Kiaxqd + K5x¥

KT7xH + K8xW

K3
K4
KS
K6
k1

KB

- LBS./NIN.
- LBS./MIWN.
- LBS,/MIN,

- LBS./KIN.

»a

we

/FT.

/LB,

LBS./MIN./FT.

LES./MIN./LB

NORMAL MODE

ALTERNATE MODE

.
Ll

K3=38
K4=".00085
K5=0

K6=38
X7=",00085

K8=0

CLINB FUEL CONSUMPTION ,FCL,IN POUNDS PER MINUTE FOR GIVEN
ALTITUDE ./ ,IN FEET AND AIRCRAFT WEIGHT,W,IN POUNDS IS:

FCL = K9 + K10xH + Kllxy

FCL

ENTER
ENTER
ENTER
ENTER
ENTER

ENTER

A9

K10

K11

K12

Kis

Kiu

K12 + K13xH + Kiuxy

- LBS./MIN.

- LBS./MIN

- LBS./MIN.

?

LFT

- LBS./MIN.

- LBS./MIN.

- LBS./MIN

/LB,

/LB.

/FT,

NORMAL MODE

ALTERNATE HODE

Table 2,1

K9=38
K10=",00085
K11=0
K12=38
K18=",00085

K14=0
Cont,



xgrva® 8003 40

£¢

IVNIDTEO

g1 HOVd

CRUISE FUEL CONSUMPTION,FCR,IN POUNDS PER MINUTE FOR GIVEN
ALTITUDE ,H,IN FBET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

FCR

FCR

FCR

ENTER K15

ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER

K16

K117

K18

K19

K20

K27

K28

K29

K15 + K16%H + K17xW ;
K18 + K19xH + K20x¥ ;

K27 + K28xH + K29xW¥

LBS./MIN.

LBS./MIN,/FT.
LBs.
LBS.
LEBS.
LBS .
LBS .
LBS.

LBS .

/MIN./LB.

/MIN.

/MIN, /FT,

/MIN./LB.

/MIN.
/MIN./FT.

/MIN./LB.

NORMAL MODE °

ALTERNATE MODE

Table 2.1

.
H

.
>

H < Hl

g 2 H1

K15=35
K16=".0007245
K17=0

K18="12
K19=.000217
K20=.00119
K27=35
kza:'.ooovzus

K28=0

Cont,



e

HOVER FUEL CONSUMPTION,FHO,IN POUNDS PER MINUTE FOR GIVEN
ALTIPUDE H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

FHO = K21 + K22xH + K23xW

ENTER K21 - LBS./MIN. X21=4.78
ENTER K22 - LBS./MIN./FT. K22=".000822186
ENTER K28 - LBS./MIN./LB. K23=.00089864

4

LOITER/SEARCH FUEL CONSUMPTION,FLS,IN POUNDS PER MINUTE FOR
GIVEN ALTITUDE.H,IN FEET AND AIRCRAFT WEIGHT ,W,IN POUNDS IS:

FLE = K24 + K25xH + K26x§

ENTER X24 - LBS./MIWN. . - x24="6
ENTER K25 - LBS./MIN,/FT. K25=.000236
ENTER K26 - LBS./MIN./LB. K26= 000794

Table 2.1 Cont,


http:K21=4.78

ge

AIRCRAFT COST NEW - DOLLARS
AUXILIARY EQUIPMENT COST - DOLLARS
INSURANCE PREMIUM - PERCENT VALUE/YEAR
CREW SALARY - DOLLARS/YEAR BACH
MAINTENANCE ,LABOR - HRS./FLT.HR.
MAINTENANCE ,PARTS - DOLLARS/FLT.HR.
NOMINAL FLIGHT CREW (W/0O EXTRAS) - NO.
TYPE FUEL USED - ENTER A;GAS Ok JP

FUEL COST -~ DOLLARS/GAL.

LUBRICATION €0ST - DOLLARS/HR.

Table 2.1

CAC=2830000

CAX=50000

INS=8

N

SCR=20000

MLA=0

HPT=300

VFC=2

TPR=JP

CFL=.5

Cou=1

Cont,


http:DOLLARS/FLT.RR
http:RRS./FLT.HR

9¢

IS NORMAL MODE FUBL CONSUMPTION TO
BE USED TO COMPUTE FUEL RESERVE?
ENTER YES OR NO

AIRCRAFT SERVICE CEILING ALTITUDE,HSC,IN FEET
FOR GIVEN AIRCRAFT WEIUAT ,W IN POUNDS IS:

RSC = ¥1 + Y2x¥
ENTER ¥1 - FT.
ENTER Y2 - FT./Lk.

ENTKEL THE DESIGNATED I.D. FOR THIS AIRCRAFT

ALL REQUIRED AIRCRAFT INPUTS ARE NOW COMPLETE.

1

Table 2.1

NMF=NO

¥1=54333

Ye="1.1111

AID=TILTROTOR

Cont.
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0
TIVE aypge,

&rr
ST

. Le

TILTROTOR

53000 33000 18738 23 1140 112 0.003 0.00339% 112 0.003 0.00339 396 ~0.001396 0.003 2 0.00629 0.00667 22
0.00277 0,00381 7757 ~0.1389 ~0.14644 7757 ~0.1389 ~0.14644 1000 1500 5.6 0 38 ~0.00085 0 38 ~0.00085
0°38 0.00085 0 38 0.00085 O 35 ~0,0007245 0 ~12 0,000217 0.00119 4.78 ~0.00082216 0.00089864 6 0.000236

0.000794 2830000 50000 8 20000 ¢ 300 2 1 0.5 1 0 1.01 58333 "1.1111 16000 611 ~0.00736 ~0.0073606 35
T0.0007245 0

Table 2,2  Data Vector Stored by Program AIRCRAFT



The total list of bookkeeping 'symbols is defined in Table 2.l and therefore

does not need to be redefined here.

2.4 'Detailed Description

Program ATRCRAFT has been written in APL to operate in an
interactive mode via a typewriter console in communication with a computer.
The purpose of this description is to detail the specific operation of this
program and equations used without getting into the details of APL pro-
gramming, AIRCRAPFT has no equations to be solved which makes it
rather simple to describe under these ground rules. For the record, a
copy of program AIRCRAFT is conta.in'ed ifhv Table 2. 3 and will present

no difficulty in being understood by someone familiar with APL,

Basically, upon execution of AIRCRAFT, a 75 element vector,
AID, is set up, and requests for data fr om the user begin. As the
desired data are entered they are systematically placed in designated
locatior}s in AID. For example, WTO is placed in AID [1] » WXL in
AID {2] , etc. These locations are evident by inspection of the program
listing in Table 2.3. When all the required data has been entered, an
aircraft I. D, is requested, i.e., TILTROTOR. The program then

terminates and the data may be saved for later use,

A complete description of the way the aircraft configuration,
performance, and cost data are used is contained in Sect. 4. What is
meant by some of the data required, e.g. Alternate Mode Maximum
Takeoff Weight, is described in Sect. 4 as well. It may provide some
clarification at this point, however, to note that the general aircraft
performance equations describing speed and fuel consumption are

represented as linear functions of altitude and aircraft weight. For
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example,

VCL = V1 +-V—2‘-I—I+V3'W
where

VCL = climb speed - knots

H = altitude - feet

w = aircraft weight - Ibs

V1, V2, V3 = empirical coefficient.
2.5 Execution of Program

Program AIRCRAFT is executed by simply typing AIRCRAFT on
the APL console., The program then carries the user through its
operation in an interactive manner. The user need only to have the

desired aircraft data inputs at his disposal to be entered as requested

by thé program,. -
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(1

71

(8l

rel

[10]
f11)
(127
{131
L14]
L15]
[i81]
£171]
f18]
{197
[201
(213
[22]
(2531
[24]
[25]
[2673
(271
(281
{251
£301]

ATRCkAFT
JP+1

AVG AS+0

ATL+175

AIU[ =0

AID[66 ]+

YES+1
H0+0
LR
tt
11
T
11
L
Tt

"INRUT PHE FOLLOWING AIRCEAFT PARAMETERS AS REQUESTED.'
'IF NOT APPLICABLE, ENTER ZERO.' )

tt
tr
1t
Tt
11

(! ROnMAL MODE MAXTIMUM TAKEOFF WEIGHT - LBS. ¥To="
AID{1 1% ’

1T

11

'+ ALTERNATE MODE NAXTMUH TAKEOFF WEIGHT - LBS. WXL="
AIDE2 1+ 2l) ’ .
11

T1

[+ OFLRATING WEIGHT EMPTY - LBS WEM="'

Table 2, 3 Program AIRCRAFT Listing



1%%

GO o G DWW W
w13 n F Oty

AIDI[31+e3
1
e

! MALTMIN PASSENGEE CAPACITY - HO.

AIDTu 1+l

Tt

T !

' R AXIMUM FUEL CAPACITY - GALS.

AID[5 J+afl
11

T
T

"CLIMB SEEEL,VCL,Id KNOTS FOR GIVER ALTITUDE'!
Vg, Iy FEET 4kb AIRCRAFT WEIGHT ,W,Ik POUNDS IS:'

Tt
tt

tYOL = V1 + V2xf + ¥Ex¥ 3 NOKMAL MOUE!

it

VJOL = U4+ /5xH + v6x¥ 3  ALPERGATE wODE'
LR}

7=t E¥TER V1 - KTS.
AIDL6 d+2ll )
11

(Ll ENTEE V2 - KT§./FT.

AID{7 J<2d
tr

L= ENTKE V3 = KTS./LEB.
AID[ 8 J«all
11

0+* ENTER Vu - KTS.

Table 2.3 Cont,

PMX="

HFC="!

Vi='

2=

Vit



(A%

(611
{621
[631]
[64]
(65]
(6]
(671
(681
697
[70]
[71]
(721
(731
f7u]
£751]
{761
(771
[7s]
[7583
L8071
{81]
£82]
[83]
[64]
(851
[86)]
(871
(88]
[89]
[90]

ATDL9 ]+t
Tt

! LNTER V5 - RTS./FT,
ATU[ 103+

Tt

e ! , EntThbr Ve - KPS./L5.

AID[11 1«2l
tr
rt
Tt

Tt

'CrUISE SkbsD,VCk,IN KNOTS FORk GIVEN ALTITULE'
YU, IN FEcY AND AILRCEAFT WEIGHT.W,Id FOUNDS I5:'
te

re

YWCh = VT + VE8xH + Vax¥ H NORMAL MODE'

' . . ;. ko< BL*
YWCR = V40 + V11xH % V12x¥ ;  ALTERNATE HODL'

rr

"WOK = V16 + V1Txk + Vi8x¥ s Ho2 HL
Tt

Cj« ! ENTEK H1 - FT.

ATD{59 ]«

1t

et EiTén V7 - KT3.

AID[12 J<al

Tt

[ty t LNTEL VB - ATS./FP.

AID[13 J=«all
1,1

Table 2, 3 Cont.

H1=!

FER



XITIVAD ¥00d f0
SI @oVd {IVNIDIJO

4%

[91]
£92]
{93}
[9u]
[95]
[96]
£s71]
(s8]
£ss]
(1007
(1011
(162
[1065]
{1083
£1057
{10673
£107]
£1687
L1063
L1103
£1111

f112] .

[113]
(117
[115]
(116
[117]
[118]
[119]
[120]

" ENTER
ATU[ 14 J«af
Tt

g’ ENTEK
AIDLES Jealh
Tr

LA ENTER
AITD[16 1«2l
Tt

e ! ENTok
AID017 1«2t

11

{=" Enfeh
ATULT0 w2y

te

e ENTEE
AID[713+aly

it

et © ENTEE

Alpr7z2l«alt
Ty

It
Tr

V9 - KTS./LEB.

¥10 - LKT8.

V1l - kT8./FT7.

v¥12 - kT8./L5.

vie - KIS.

Vi7 - kTS./FT.

vis - KTS./Lk.

'SEARCH SPEEV,VLS,IN KwGTS FOk GIVEN ALTITUDE!
YH,IN PEET 40D AIRCRAFT WEIGHT,W,IN FCUNDS IS:!

1t
T

1
e ENTER

TWLS = V13 + V14xH + V15xy¥’

¥13 - KT§.

Table 2. 3

Cont.

vyg="

Vig="

Jii="

ie="

AVER

V1g="

F13="



1474

[12211
[122]
{1231]
£124]
£125)
{126]
{127)
£128)
f129]
[130)
(131l
[132]
{1331
(184)]
1351
{1867
[137]
{158)
{1391
{1407
L1413
[iu2]
C1435]
L1uy]
{145]
L1461

L1w7]

[i1u8]
[1b89]
{150}

AID(18]+alh
tr

<! ENFER V14

AID[19]+20

tt

et ENTuk V15

AID[20 ]2l
e

Tt
Tt

- KPS./FT.

- XTS./LB.

Viy="

vis="

YRATE UF CAIMB,ROC,IN FEET EPER WINUTE FOR GIVEN ALTITUDE!
YH,IN FERT AND ATRCRAFT WEIGHT,W,IN POUNLS IS:'T
11

1t

YROC = ki + R2xH
tt

YROC = k4 + KSxH
1t

(" ENTLE K1
ATDE21 )« olk

T

! ENTER B2
AID([2270+20

11

G+ ENTER nr3
ATpL28])<all

11t

(- * ENTEx R4
AIDL24 J«2ly

T

+

+

h3xy H NOR#AL MODE'
Rexk 3 ALTEKNATE MODE!

FT . /MIN.

BT /MIN./FT

F? /I, /LE

FI./aIN.

Tahle 2.3 Cont,



nb Wo0d o0

KLITV
§1 HOV

N4

Ty NIDIHO

{151
f152%
[153]
[154]
£155]
[156]
{157]
[1587
[15%9]
[160]
{161]
[162]
{163
£164]
[165]
(16617
{1671
[168]
[169]
L1701

1717 .

(1721
(1737
L174]
[175]
[176]
{1773
{1781
£17¢63
[180]

et EwThk RS - FT./MIW./FT.
ATDL25Jwel)

1T

Qe ENThEk ko - FT./WIN./LE.
AID[ 26 J+2if

tt

[ 384
t1

"RATE GF DESCEAT ,ROU,IN FEET PER MINUTE IS:'

t
tt

YROU = 47 H NOR#MAL MODE!

sy

Q

L
i

= &4 3 ALIERVATE MOUE!

U+ ! ENTER R7(AS FOSITIVE VALUL) - ¥T . /MIN.
AIDL27 ]+2d
1t ’
el ENTLh R&(AS FUSITIVE VALUE) - FT./tln.
AID[28])+20

tr

Tt

11

"ILLE Al PAXI FUEL CONSUMPTION,FIT,IN FOUNDS EEA!
"WINUTE FOh GIVEN ALTITUDE H,IN FEET It

tt
s

TEIT = K1 + K2xi!

t

et QNTE& K1 ~ LES./MIN.

Table 2.3 Cont,

K1="



9%

[181]
[1821]
[183]
L1841
£1851]
£186]
£187)
L1881
[189]
[190)
£191]
£192]
193]
1941
£1951]
[156]
{1971
[1561
[199]
[200]
[2011]
[202]
[zu3]
{2048]
[205]"
(20861
{2071
[208]
(2091
[210]

ATDEGZ9 J+alh

te

{fe? ENTER k2 -
AID[30 ]« *

11
11
T

LES./MIN./FT:

YPAKEOFF FUEL CONSUMPTION,FT0,IN POUNDS PER WINUTE FOR GIVEN'

VALTITUDE B, IN FEEP AND AIRCRAFT WEIGHT,W,IN POUADS IS:!
tr

tr

'FTO

Tt

YETU = Kb + K7xH +
T

(1 ExTkn k3 -
ATD[31 ]+l

Tt .
O+ ENTER K4 -
ATU(32]+alb

Tt .

L ENTER K5 -
AID[33]«2[Y

Kt

A3 + Kuxy +

T ENTehk Kb -
AID[3Y J+2lh

Tt

(1 ENTER KT -
AIV(353+aff

1

KS5xy 3 NORMAL MOUDE®

K8xy H ALTERNATE MODE!T

LES./MIN.
LBS./MIN./FT.
LBS:/MIN./LB.
LBS./uIN.

LBS./MIN./FT.

Table 2.3 . Cont,



\

RITTVAD "O0d J0
B H9vd TVNIDIE0

Ly

r

(2111
[212]
[213]
[214]
{2151
(2161
[227])
[218]
[z19]
[220]
[221]
[222]
{225]
[224%]
[225]
[2286]
[227]
£228]
[229]
[230°]
£231]
(2321
(2331
(2347
£255]
[236]
[237]
[238]
{259]
[240]

st E¥TER K8 - LBES./WIN./LE. kg="

AID(a6]+a

LIS
te
1t

'CLIME FUEL CONSUMPTION,FCL,IN POUNDS PER MINUTE FUR GIVEN

VALTITUDE H,IN FELT AWD AIRCRAFT WEIGHT.W,IN POUNDS IS:'

T .

11 .

YFOL = k9 + K1OxH + Kilx¥ s NORHMAL HODE!

Tt

VECL = K12 + K13xd + K14x¥ 3 ALTERNATE WOLE'

1

G+t ENTEK Ky - LBS./MIN. Ky=*
AIDI37 st :

11

{f+* ENTER KtG - LBS./MIN./FT K10="
AID(38 J«ely '

Tt *

(et ENTER KAl - LbS./MIN./LB Eli="
AIDT39)«ely ' .

Tt

P ENTER K12 - LBo./MIN. K12=*
AID[U40 I«

Tr

(e ! LNPEAE K13 - LBS./0Ik./FP k13="
ATU[4%2 142l

1t

(! ENTER k14 - LBS./Miy./Lb K1y="
AID[4 2]« oft

Table 2, 3 Cont,



8%

[241]
[282z]
(2433
[2447]
[245])
[246]
{247)]
fz2u8]
(2491
(2501
{2511
2521
(2551
[254]
[255]
£256]
[257]
f258]
2597
{2601
[261]
[262]
{263]
f264]
[265]
(266
(2671
[268]
[269)
£2701]

'CRUISE FUEL CONSUMPTIOHN,FCk,IN POUNDS PER HINUTE FOR GIVEN!
VALTIMUDE JH,IN FEET ANDU AIRCRAFT WEIGHT,W ,IN POUNDS I5:!

YFCE = K18 + K19xH + X20x§ ;

Tt

11

Tt

Tt

YPCR =

t

Tt

"ECE =

tr

! EWTEk
AID[Y 3 3«2}

1t

et ENPEK
AID{bYL J«2ff

rr

et EATEER
ATL[4S J+2[f

tt

et ENTER
ATL[46]«sld

11

(e ! ENTEK
ALY 7]+

Tt »
! ENThk
AIb{ug])ealt

K15

K16

K17,

K18

k19

K15 + K16xH + K17x¥ 3

t

t

1

K27 + K28xhH + K29x¥

LsS5./MIN.

LBS./HIN./FT.

LBS./MIN./Lb,

LES./i#IN.

LES . /MIN./FT.

LeS./uIN./LB.

NORMAL HODE'

ALTERNATE MODE!

Table 2,3

g < Hi?t

gz H1t

Cont,

K15=t
X16="
K17=1
K1g="
K19=!

K20="



EIFTVOD 900d J0
g1 @OV TVNIDIEO

6%

L2711
[272]
{2751
{274

[275}

[276]
£277]
[2786]
(2751
[280]
[281]
£282]
2831
(28y4]
[285]
[2851]
[287]
{288]
[289]
[290]
[291]
{292]
£293]

L2y}

[245]

{2961

(2971
(298]
[299]
[3001

e ! ENTLE K27 - L65./MIN. k27=!
AID[ 73]+

1r

urs EBkThk K28 - LBS./MIN./PT, x28="
AIDLTE 1+

11

T ! ENTER K29 - LBES./MIV./LE. K29="
AIDLT5 1«sll .

Tt

Tt

1t A
VHOVER FUEL. CONSUMETION ,FHO,IN DOUNLS PER HMINUTE FOR GIVEN'
VALTL#UDE B, I FLET AND AIRCRAFT WEILaT,W,IN POUNDS IS:' ’
11

11

YPHU, = A21 + K2%xk + k23xy!

11

e ENTER K21 - LBS./MIN. K21="
AZUIH9 1«all, .

Pt

[T 1 ENTER K22 - LES./MIN./FT. K22="
ATDL50 Jeall . B
171

(e * EkTtk K2% = LES./HIN./LB, K23="1
ATL{51 7«2l .

11

11

Tt

"LOITEh/SEARCH FUEL CONSUMPTION,FLS,I% EOUNDS FEE MINUTL FOR'

Table 2. 3 Cont,



09

£301]
[302]
[303]
[3ou4]
£305]
[306]
{3071
L[30&]
£309]
£310]
£3111]
{312]
[313]
[314]
[315]
[3161]
(3173
(318]
[319]
[3201]
3211
[322]
[323]
[324)
[325]
£326]
3271
[328]
[329]
{3301

Tt

tr

'FLS = K24 + K25xH + K2BxW

tt '

fe' - ENTEK K24 - LBS./h.

AID[52 J«2fy

1t

e' - EWTEk K25 - LbS./MIN./ET.
AID[55)«af] :

tt

Ot ENTER k26 - L6S./MIN./LE.
AID[5Y I+l

1t

e

L

11 -

e ATZCKAFD COSP NEW - DOLLAKS
AID[S55 7«20y

1t

t.r

et AUXILIARY EGUIPMENT COST - DOLLARS
AID(56 J«aly :

Tt

Tt

(et INSURANCE PREMIUM - PERCENT VALUE/YEAR
AID[ST I+l

T .

11

0O+« ChEW SALARY ~ DOLLARS/YEAR EACH

Table 2.3

Cont.

"GIVEN ALTITUDE,H,IN FEED AND AIRCRAFT WEIGRT,W,IN POUNDS IS:'

CAC="

cax="

INg="

SCR="



149

[331]
[332]
£3331]
33u4]
(3357
[338]
[337)
[338]
£339]
3407
L3341l
[3452]
[343]
(3441
[3u5]
[346]
[547]
i3u8]
£549]
£3501]
f351]
[352]
[553]
[354]
[355)
[3561]
[3577
[358]
£3593
[560]

ATD(58 j«aly

1t

Tt . .

et MAINTENANCE ,LABOE - HRS./FLT.HE.
AID(59 J+afy

Tt

11

Ge' . MAINTENANCE,PARTS - DOLLARS/FLT.HE.
AIPL60Teely

Tt

Tt . .
[« MOMIwAL FLIGHT Chid (W70 BXTRAS) - N
AID[B11+al ‘ ’
Tt N

LN |

<1 PYFE FULL USED - ENTELR Avs4sS O JE
AID[62Twafi .

Tt

L 4

[t FUEL COST - VOLLAGS/GFAL.

AID[63 1+l S

11

11 ' ‘ -

Wil LUBKRICATION COST - LULLARS/hk.
AIDE 6 J<gafl

Et

Tt

! IS NORkMAL MOUE EUEL CONSUMFTION TO'

' LE USED TQ COWMFUTE FUEL EESERVE?!

e ENTER YES Qk NO

Table 2.3

Cont,

MLA="
MPP="
NEC=T
TEF="
CFL=

CLy=1

WMF=1



25

[361]
(3621
£363)
[364)]
{3865
{366]
{307]
L3568

‘L369]

{370]
(371]
{3721
£3731]
{3747
(3751
[876]
[3771
[378]
[37%]
£3as01]

.[381]

[3821
(3831
[384]
[385]
[586]
{367]
{35881
[389]

AID[65 J+all

Tt

1t

"ATKCHAPT SERVICE CEILING ALTITUDE HSC,IN FEET!
"FOR GIVEN AIKCEAED WEIGHT ,W,IN. POUNDS IS:'
Tt N
|'.1

'ESC = Y1 + Y2xi!

11

M ENTEA Y1 - FT.

ATLEBTI+2l)

11

=" ENTRA Y2 - FT./LE.

ATV68J+all
t1

1t
L
11
1

1

U'ENTER THE VESIGWATED I D. FOR THIS ATRCEKEAFT
aly, '+AID?
vt

rr
Tt

VALL wbQUIRED AIRCEAFT INPUTS ARE NOW COMELETE.'

Table 2.3

ALp=?

Cont,



3.0 PROGRAM MISSION
3.1 Purpose
Program MISSION is an interactive program written in APL
designed to serve as the mechanism for inputting and storing all
necessary miésion characteristics and data which will later be analyzed.
Everything that must be known about the mission profile to be analyzed
is systematically requested of the user and then stored via program
MISSION under a designated 1. D. Program MISSION performs a task
analagous to that of manually filling out load sheets for use as input to
a batch {e.g., FORTRAN) computer program. But MISSION does it
automatically by prompting the user to input requested data in an inter -
~active manner. In summary, program MISSION performs the following:
a} Interactively requests all required mission characteristics
and data needed for analysis,
b) Assigns desired I, D. to mission.
c) Stores the mission data in the computer system in a form
suitable for analysis,
d} Provides a hard copy of all the mission profile data suitable

for recording and publishing.

3.2 Input/Qutput

The Input/Output of program MISSION is accomplished via a
typewriter console which has been connected to a computer with an APL
compiler. Upon executionr of MISSION (see Sect. 3.5) the first data entry
will be requested of the user via the console., When the first data entry is
completed, the program will request the’second data entry, and so on,

until the user is notified that all required mission profile inputs are com-

plete.

53



The mission profile is comprised of mission segments shown in

-

Table 3. 1 which can be arranged in any desired order and repeated in any
desired manner. The mission profile is communicated to the program by
the use of segment I,D)s shown in this table. For example, if the desired
mission is a LOAD followed by WARMUP, TAXI, CONVENTIONAL TAKEOF
ENROUTE, and CONVENTIONAL ILLAND, the I.D, sequence 1, 2, 3, 4, 7, 9
would be specified. If the mission is one in which the same sequence of"
segments is repeated a number of times a convenient option exists to
accomplish this in the program without having ,;‘.o re-input the repeated seg-

ments over and over again, For example, if the mission profile is,

V/STOL SEGMENT SEGMENT 1I.D,

LOAD

WARMUP

TAXI

SHORT TAKEOFF
ENROUTE

SHORT LAND
SHORT TAKEOFF
ENROUTE -
SHORT LAND
SHORT TAKEOFF
ENROUTE

SHORT LAND
SHORT TAKEOFF
ENROUTE

SHORT LAND
UNLOAD

—_ —
N ONMO~NM O] U W N

> 3 repeats
of previous
3 segments

—

b
NS )

the simplified input option used to replace the above segment I, D,

string is,

54



23]

V/STOL MISSION SEGMENT

LOAD

WARMUP

TAXI

CONVENTIONAL TAKEOFF
SHORT TAKEOFF
YERTICAL TAKEOFF
ENROUDE
DESCENT %
CONVENTIONAL LAND
SHORT LAND
VERTICAL LAND
UNLOAD

REFUEL

LOITER

HOV ER

SEARCH

STANDHY

INACTIVE

*ENROUPE INCLUDES MANEUVERING ,CLIME,

CRUISE, AND DESCENT

SEGMENT I.D

We-aonF won

**UESCENT SEGMENT IS ONLY TO BE USED

FOLLOWING LOITER yHOVER,OR SEARCH

v

Table 3, 1

Mission Segtnents and Segment I, D. 's



l1st part of-mission

D
WO O~ W N

99 character signals a repeat.
3 designates number of previous segments to be
repeated.

3 3 designates number of times
. previous 3 will be repeated,
12 Gonclusion of mission.

Shown in Table 3.2 is the Input/Output for program MISSION.
The Input /Output is shown for all 18 mission segments that can be used to
construct a mission to illustrate the type of mission data required for
each segment. The 18 segment string illustrated does not, of course,
rep;'esent a possible miésion. All of the information to the left of the
eqi:la.l signs (=)'c%>mprises the requests by program MISSION to the user,
All information to the right comprises the user responses to the requests,
Ta.i:le 3.1 represents the actgal hard copy product of program MISSION
since it identifies all the data together wiﬂ; the designated mission I, D,
This output is suitable for use as a record of this 1:.>a.rticular mission'’s
profile, characteristics, and cost, and can be included in published report
if desired.

For ana.ys.s purpuses,.nowever, the data are stored in the com-
puter disc file for later use in the form of a matrix whose elements con-
tain the mission data in known locations (see Sect's. 3.3 and 3.4). The
matrix corresponding to the mission segment string just described is
shown in Table 3. 3 and can be called up at any time by simply typing in

‘he mission I.D,, in this case DESCRIPTION,

56



O ¥00q a0
UVNIOINO

f1]
d

KXy
EL.#9y,

LS

MISSIOF 1 2 3 34 56 7 8 9 1011 12 13 14 15 16 17 18

INPUT THE FOLLOWING MISSION PARAMETERS AS REQUESTED:

SEGMENT KO, 1t LOAD

TIME TO LOAD - MINUTES
PASSENGERS LOADED - NO.

CARGO LOAVED - Lb§S.
IS5 ATRCRAFT COWFIGUKRATION NORMAL?

ENTER YES OR fi0 -

SEGMENT w0. 2 WARMUE
TIME TO0 WARMUP - MINUTES

SEGMENT §O. 3 T4
" FINME TO TAXI - WINUTES

PLO=15
WNPL=5
¥CL=2000

WAC=YES

THU=5

rrk=2

Table 3.2  Program MISSION Input/Output



85

SEGMENT RO. 4 CONVENTIONAL TAREOPRF

TIME TO TAKEOFF - MINUTES
ALTITUDE AT TAKEOFF - FEE?
IS5 TAKEOFF MODE WORMAL? ENTER YES OR NO

SEGMENT NO. & ShORT TAKECHF

TIME TO TAKEQFF - MINUTES
ALTITUDE AT TAKEQFF - FEE?
IS TAREUFF MODE NORMAL? ENTER YES OF NO

SEGUENT NO. 8 VERTICAL TAKEOFF

PIME TO TAKECEFF - MINUTES
ALTITUDE AT TAKREQFF - FEET
I5 TAKEGFF MODE NORMAL? ENTER YES|0E NO

SEGHENT w0. 7 ENROUTE

ENRQUTE LISTANCE - N.MT.

HAXIMUM ALTITUDE - FEED

MINInUM ALTITULE - FEE?T

Is CLINMb MODE NORMALY ENTER YES OR NO
IS5 CRUISK MOLDE NORMAL? ENTER YES Ok NO
IS VESCENT MODE WNORMALY ENTHER YES OR NO

SEGMENT NO. 8 DESCEANT

DESCENT DISTANCE - N.MT.

Table 3.2

TTo=1
HT0=0
NTO=YES

TT0=1
HTO=0
NTO=YES

rPo=1,
HTO=0
NTO=YES

XTR=100
H4%X=10000,
fMiN=1000
HCL=YES
NCR=YES
NDC=YES

XoC=10

Cont'd.



64

SEGHENT NO. 9

CONVENFIONAL LAND

TIME TO LANL - MINUTES
ALDPITUDE AT LANUIAG - FEET

SEGMENT wO. 10
/

SHORT LAND

TINE PO LAND - MINUTES
" ALTITUDE AT LANVING - FEET

 SEGuENT NO. 11

VERTICAL LAND

TIME FO LAND - NINUTES
ALTITUDE AT LANDING -~ FEET

SEGMENRT NO. 12

UNLoAD

TIME TO UNLOAD - MIWUTES
EASSENGEXS UNLOADED - NO.
CAKGO UNLOADED - LbS.

L8 ATRCRAFT CONFIGURATION NORMAL?

ENTER YES

SEGMENT NO. 13

OR &0

REFUEL

TIME T0 KEFUBL - MINUTES

FILL TO WMAXIMUM ALLOWABLE

CA4PACITY?

ENTER F¥ES OR NO

Table 3.2

PLD=1
HLD=Q

TLL=1
ELD=0

TLD=1
HLD=0

TYL=15%
NEU=5
¥Ch=2000

NAC=YES

TRF=20

HXC=YES

Cont'd.



09

SEGMENT NO. 1% LOITER

LOITER TIME - MINUTES
LOITER ALTITUDE - FEET

SEGHENT NO. 15 HOVER

HOVER TIME - MINUTES
HOVEk ALTITUDE ~ FEET

SEGMENT NO. 16 SEARCH

SEARCH TIME - MINUTES
SEARCH ALTITUDE - FEET

‘GMELT NO. 17 STANDBY

STANDEY TIME - MINUTES

SEGMERT HO. 18 INACTIVE

INACTIVE TIME - MINUTES

REQUIRLL MISSION SEGMENT INPUPS ARE WOW COMPLETE.

TLT=15
HLT=5000

THO=5
HREO=0

TSR=60
HSRk=1000

TSB=y5

. PIN=6Q0

Cont'd.



19

I5 aIkCRAPT FUELED 70 MAXIMUM ALLOWABLE
CAPACITY AT START OF MISSION?
ANTER YES OR NO .

ENTER AVERAGE DAILY HOURS
AYATLABLE FOr OPELATIONS

IS MISSION HAZARDOUS? © ENTER YES UK NO
ENTER BXThkA CkEW KEQUIREL - NO.
ENTEE REUIREL FUEL- KESERVE - MIN.

ANTER MISSTON RELATED COSTS - DOLLARS/FLT .HE.

ENTER THE DRSTGNAPRL T.Ii »nk THTS LTQSTHN

ALL REQUIRED WISSION INFUTS ARE NOW COMFLETE.

Table 3.2

HAC=YES

gpP8=18

HEM=RD

EXC=9

kSV=45

MHEC=0

HID=0RSCRIPTION

Cont'd.
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DESCRIPTION

1 1 15 5 2000 1 0 0
2 2 5 0 0 0 0 0
3 3 2 o 0 G 0 0
4 4 1 0 C 0 1 0
5 5 1 0 0 0 1 0
6 6 1 ] 0 0 1 0
7 7 100 10000 1000 1 1 1
8 8 10 0 0 0 0 0
G g 1 0 0 0 ] 0

10 10 1 o 0 0 ] 0

11 11 1 0 0 C 0 0

1z 12 15 ~5 2000 1 ] 0

13 13 20 1 0 0 0 0

14 14 15 0 0 5000 0 0

15 15 5 0 0 0 0 v

16 16 60 0 0 1000 0 0

17 17 45 0 0 0 0 0

18 18 600 0 0 0 0 0

19 0 0 0 0 16 0 v

20 0 0 0 ] 45 1 0

Table 3.3 Data Matrix Stored by Program MISSION



3.3 Nomenclature - Symliols and Subprograms

Program MISSION performs virtually no mathematical operations
and therefore requires very few symbols, There are no subprograms
contained in MISSION, A number of symbols have been created for

.identification or bookkeeping purposes, however, such as those that are

shown in Table 3,2. For example,

TL.O = Time to Load - Minutes
NPL: = DPassengers Loaded - No.
etc,

The total list of bookkeeping symbols is defined in Table 3.2 and therefore

does not need to be redefined here.

3.4  Detailed Description
’ f’rogram MISSION has been written in APL to operate in an inter-
active mode via a typewriter console in communication with a computer,
The pu"rpose of this‘description is to detail the specific operation of this
program and equations used without getting into the details of AP;L‘
prograrr;ming. MISSION has -no equations to be solved which makes it
rather simple to describe under these ground rules. For the re.co-rd, .
a copy of program MISSION is contained in Table 3. 4 and will present no
diffiéulty in being understood by someone familiar with APL.

B.asicall-y, up;on execution of MISSION, an (NM + 2) x 8 matrix,
MID, is set up (where NM is the number of segments in the mission to be
characterized) and requests for data from the user begin, As the desired
. data are entered they are systematically placed m designated eiement
locations in matrix MID. For example, TLO is placed in MID [J;3:]

and NPL is placed in MID. [J; 4] where the row-number J corresponds
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tol the mission segment corresponding to a LOAD. These locations are
evident by inspection of the program listing in Table 3.4. When all the
required data has been entered, a mission 1. D, is requested, e.g.,
DESCRIPTION. The program then terminates and the data may be

saved for later use.

A complete description of the way the mission profile, character-

istic, and cost data are used is contained in Sect. 4.

3.5 Execution of Program

Program MISSION is executed by typing MISSION followed by the
numerical string corresponding to the mission segment 1. D.'s desired
on the APL console. The program then carries the user through its
operation in an interactive manner. The user need only to have the
desired mission data inputs at his disposal to be entered as requested by

the program.

It is important to note that a mission must begin with a LOAD
mission segment. This is required for purposes of initialization

{see Sect. 4.4.1).
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{220
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[24]
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£27]
£28]
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LYES+1

wi+0

wli<p0OMS

Ihi+ N+ 2

DIM<8xblif
MID= A\ LIMN
wIL={MM,8)ph Il
wWID{; 3«0

MID( 311+ vium
HID(;21+«0S, 0 0
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t
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1
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-

Tt
J+1

PP+ (v/0HM5=99
+COx1~TT
fiaelim=3
Ml N E A
LIM+8xlah

MIU=\DIM

BID+{MMh,8)pM
HID(31+0
BIDT; 1 T il

Table 3.4

INPUT Puf FOLLOWING MISSION PAKAMETERS AS KEGQUESTEL: !

Program MISSION Listing
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XXI<0MS199
HID(MMy31+£XT
MIDLHM ;4 +0MS[XXT+1
MID[Mb ;8 1+OMSLXXI+D
B1«XXT-MID[MM:% ]
B2«efXT-1
G<MID[ MY :.5)
OMS1+{XXT-1)40MS
OMB2«(XXT+2)+0MS8
OMS+0MS1,0M82
MILL;2]«0M5, 0 0

1T

"MISSION SEGMENTS '381;" THROUGH ';B52;' WILL GE CYCLED

|;G;1

"CORRESPONDING MISSION PARAMETERS WILL BE INPUT OWLY ONCE.'

0ot

Tr

"SEGMENT NO. ';d;° Y3 8TofoMS(d]; 1

TIMES.!

+(01,02,03,04,Cu,Pu,€5,017,FG,CB,CG,F7,F8,C9,010,011,012,C13)f0MSfJ]]

1 €1t

[« IIME T0 LOAD - MINUTES
MID[J;3]«2l

[« 1 PASSENGERS LOADED - NO.

MIU[J 3% J+al

O CARGO LOADED - L5S.

HID[J 35«2l

f IS AIRCERAFT CONFIGURATION NORMAL?!
=" ENTER YES OR W0

HID[S 36 5+2

11

Table 3.4 Cont'd.

rLo="
WEL="

¥oL=1

HAC="
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[61]
621
[63]
feu]
£651]
[661]
{671
(e8]
[69]
{701
{71]
[72]
[73]
{741
[751]
[761
£77]
(781
(791
(801
[811
[82]
[83]
f£su]
£85]
£861]
fg71]
£881]
{89]
[g0]

+00x 1 (NM2J+J+1)

+(1h

cz: !

W1 PIME T0O WARMUF - MINUTES
MIDLJ; 3]«

+C0x1{NMzJ=J+1)

+C14
£3:7!

B« ! TIME TO TAXI - MINUTES
MIDLJ ;3 ]+ ]

*COx1(WM2J+J+1)

+C1
cu:tt '

O« TIME T0 TAKEOFF - MINUTES
MID[J;3)«20

0! ALTITPUDE AT TAKEOFF - FEET
MID[J;6]«28

O« IS TAKEOFF MODE NORMAL? ENTER YES OR NO
MIDLJT;71«ell

+00xt (NMzJ+d+1)

> 14
c5: 1t

! ENROUTE DISTANCE - N.MI.
MIDLJ; 3]+l

[+ ! MAXIMUM ALTITUDE - FEET
MIDCJIs4d+e

Q! MINIMUM ALPITUDE - FEET
MIDUJ ;5 )+l

O«' IS CLIMb MODE NORMAL? ENTER YES OR NO

MIDIJ;61«all

Table 3.4 Cont'd.

rRU="

rex="

rPO=1
HPQ="

Nro="

XTR="
HMX ="
HMN="

Nep=t
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Lo1]

L921]

£931]

(94 ]

[95]

[s61]

£973]

{98]

[991]

L1001
{1017
£102]
[103]
[104]
[105]
[108]
[107]
{108]
[109]
(1101
f11113
f1121
[113]
(11413
[115]
(1161]
f117)
[1181}
(119}
[120]

0+ I§ CRUISE MODE NORMAL? ENTER YES Ok NO

MIDLS 37«2} '
" IS DESCENT MODE NORMAL? ENTER YES Ok NO

MID[J:8]+«20 !
+00x1(NMaJ+J+1)

+C14

ci17:1!

0« DESCENT DISTANCE - N.MI.
MIDLJ;3]+20

+C0x1 (FM2J+=d+1)

+(14

Cga !t

! TIME T0 LAND - MINUTES
MID[J;3]+ed

fl+1 ALTITUDE AT LANDING - FEET

MID(J36)«el]

*C0x (AMzJ+T+1)

(1Y
sy P

[f+ T TIME 70 UNLOAD - MINUTES
MIU[J;3]+2l .

O+« PASSENGERS UNLOADED - NO.
BID(J ;4 J+=al)

0+ CARGO UNLOADED - LES.

MIDLJ ;5 1+-2[]

! IS5 AIRCHRAFT CONFIGURATION NORMAL?'
(O« ENTER YES OR NO
MID[J36]«2fl

te
+C0x1{NMzJ+JT+]1)

Table 3.4

Cont'd.

NCR="T

NpC="

Xoes="'

TLD=!

HLD="!

TUL="
NPUs"

Weu="

NAC=?
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L4217 +C14

C122]1C8: !

£123] O« TIME TO REFUEL - MINUTES
(1241 MID(J ;31«2

(12521 7

(1261 ' FILL T0 MAXIMUM ALLOWABLE!
£127] O+ CAPACITY? ENTER YES Ok NO

(1281 MID{J341+200

£229] +C15x 1 {(MID[J3u]=1)

C130] 't .
[131] (i«' ENTER MINUTES OF FUEL DESIPFT
(132] MILLJ;5]«ely

[1331015:+C0x v {NMzJ«d+1)

{1341 +C1iw’

f1353Cg: '’

£1361 (<’ LOITER TIME - MINUTES
(1371 MID[J ;312

£138] (<" LOITER ALTITUDE - FEET

(139] MID[J ;6 ]+«
L1401 +COx1(NMzTJ+I+1)
L1811 +C1u -~

(1u423C10:1!

[1u3] QO+ HOVEE TIME - MINUTES
C14u] MIV[T338]+20

{1451 (O« HOVER ALTITUDE - FEET

L1461 MIDLJT16])+e]]

[147] +COx1(NMzd+d+1)

L1481 »+C14

C1u8]011:7"

(1503 (M« SEARCH TIME - MINUTES

Table 3.4

Cont'd.

TRF=!

MXC=1

MFD="?

TLT="

HLr="

THO='

HEO="

TSR="
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[151] MID[J;3 ]+l

{1527 (! SEARCH ALTITUDE -~ FEET HSF="
{1531 MIDES ;6 )«el

[154] +C0x\ (WMzT«T+1)

{1551 +C1u

f156]C12:"!

£157] M+! STANDBY TIME - MINUTES 78B="1
£158]) MIDLJ;31+2l

£159]) +COx1(NMad+J+1)

[160] +C1y

[i611C238: 17

L1621 O« INACTIVE TIME - MINUTES PIN="
1631 MID(J ;3 1«2l

[164] 2COox\ (NM2T+Jd+1)

[1651014: !

[i6B] '!

[167] 't

[168] !

[169% 'REQUIRED MISSION SEGMENT INPUTS ARE NOW COMPLETE .!

[170] !

[27131 ¢!

f172] !

[173] ¢

Li74] 1

[175] 1!

{176] !

{1771 ! IS AIRCRAFT FUELED TO MAXIMUM ALLOWABLE!

{1783 ¢ CAPACITY AT START OF MISSION?'

[178] [« ENTER YES OR NO MAC=T
(1801 MIDLMM;7])<ef]

Table 3.4 Cont'd.
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T161]

Li

Table 3. 4

(1823 "
‘183 *+C1ex (MID[ MW T1=1)
18] ¢ ENTEK MINUTES OF FUEL DeSIKEL'
11857 [i«! AP START OF uI8SICH
S1861 NIDiMM: 81«2l
1871 T
‘18] 1! ;
(1891C16: " ENTEK AVERAGE DAILY HOURS!
S190] i+ AVAILAELE FOR OQOPERATIONS
191] MIL(mh=~238]«2f
1921 !
(193] ¢t , .
(194 I+ I8 MISSI10N HAZARDOUS? ENTER YES OR RO
(195 MIVLMM-1;3 0«2y
1961 't
157] v .
(1g8] [« ENTEK EXTRA CREW REQUIRED - NO.
11998] MID[MM-134 )+el T
2007
(2013 !
12023 It ENTELk REQUIRED FUEL RESEEVE - MIN.
12037 MILLMM36 I«2[y T
?Ouj T
2067 ! .
2000 O+ ENTEN MISSION RELATED COSTS = DOLLARS/FLT.HE.
207) MIDLMM~1:5 T+l . '
(208 11
2087 7
21071 ¢
Cont'd

MFD=?

opg=t

= I

HZh

=

EXC="

hSy="

MRC="


http:DOLLARS/FLT.RR
http:I1-t-I;6j+9.EJ

2L

£2111]
f212]
[2131]
[2141]
[215]
[216]
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f218)
£2151
£220])
[221]

Tt
Tt

Ue"ENTEr ThE LESIGNATED I.D. FOR THIS MISSION
e, "+MIL" T

I
e

tt

"4LL REQUIRED MISSION INPUTS AKE NOW COMPLETE.'
1

11 )
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Table 3.4

Cont'd

MID='



4,0 PROGRAM FLIES

4.1 Purpose

Program FLIES is an interactive program written in APL de signéd
to merge and analyze the aircraft and mission data contained in programs
AI]‘R’CRAF_T: and MISSION discussed in the previous sections, Program FLIES
computes the dista;nce, time, fuel consumption, and cost for a specified
aircré,f;: to perform a s;pecified mission. It pr.esents a cofnplete running and
summary account of all important parameters of the mer-ged ‘aircra;ft and
mission combination to enable performance and cost analyses and comparisons

to be made. In surhmary, program FLIES pérforms the following:

a) Merges theaircraft and mission.
b) Computes performance and costs.

¢) Provides diagnostic information such as, RAN OUT OF GAS,
MINIMUM ALTITUDE NOT ATTAINED, etc., to aid program

user to make required modifications.

d) Provides a hard copy of all the data suitable for recording and

publishing.

4,2 Input/Output

The Input/Output of program FLIES is accomplished via a typewriter
console which has been connected to a computer with an APL compiler.
Upon execution of FLIES %sae Sect. 4.5) the first data entry will be requested
of the user via the console. . When all requested data have been entered
program FLIES will begin execution of all corr;putaltiong and v'vill output all
performance and cost data to completion. The time taken to complete a
run will depend upon the complexij:y' of the mission being analyzed but is

typically about 5 minutes. The actual computer time is much less, usually

73



a few seconds for a single pass through one aircraft/mission combination.,
The output for the run is exhibited in hard copy printout obtained at the
typewriter console during execution. Some output is saved within the
computer corresponding to the most recent cas‘e analyzed to aid the user
in making adjustments or modifications if necessary or as an aid in

diagnostic analysis of the program.

Shown in Table 4. 1 is a representative Input/Output for program
FPLIES., The first entry shown, i.e., TILTROTOR FLIES OFFSHOREOIL,
is the command required to execute FLIES for the case where it is desired
to merge and analyze the aircraft TILTROTOR with the mission OFf‘SI—IOREOIL
(see Sect. 4.5)., Following the execution commanfl, all information to the
left of the equal signs (=) comprises the requests by program FLIES to the
user. All information to the right comprises the user responses to the
requests. All subsequent output shown in Table 4. 1 represents the results
of computations performed automatically without further user interaction
required. Table 4.1 contains the actual hard copy product of program FLIES.
This is suitable for use as a record of this particular aircraft/mission merge

and can be included in published reports if desired.

Four output options are available to the user for convenience and
flexibility. They are designated

i, Total

2, Performance

'3, Economic

4., Summary
The total output format is that shown in Table 4.1, The remaining formats
are subsets of the total output and are shown in Tables 4.2 through 4, 4

respectively.
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TIL?ROTIR FLIES OFFSHOREOIL

OUTEUR FORMATS ARE: 1. TOT4L 2. PERFORMANCE
. ’ 3. EBCONOMIC L, SUMMARY .

ENTEK1,2,3,0K &

IS AIRCRAFT UTILIZATION KNOWN? ENTEK YES OR NO

ENTEL ATKCRAPT UPILIZATION - HRS./YE.

MOUDE COMEBLETELD ELAPSED ELAPSED

DISTANCE TIME
N.MI. HES.
LOAD .0 .25
WARMUP .0 .03
TAXT L0 .02
SHUEY I'ALEOFF .0 .02
ENKUUTE : ' 160.0 .36
CLIMB (14000 FT. #AX) ( 25.0) { .10)
CRUISE { 6.5} { .02)
VESCENT ( 69.5) { .23)
VERTICAL LAuD .0 .02
UHLOAD .0 .25
STANDEY O .75
LOAD .0 ;25
VEETICAL TAKKOFF .0 .02
ENROUTE 100.0, .35
CLIME(1800U FI., HAX) ( 21.2) ( .09)
CRUISE . { 8,2) ' .03)
DESCENT . { 70.8) ( .23)
VERTICAL LAND : .0 .02
UNLOAD .0 .25
KEFUEL, .0 - .25
STANLBY . .0 .75
xz ALTEANATE AIRCKRAFT CONFIGURATION
Table 4.1

FUEL
USED
LBS.

11
38

538
190)
3y )
31y)

W w
e B e B wr b an

528

172)
42)

314)

[ B - e o]

"

Program FLIES Input/Output - Total Format

1

YES
=1000

FUEL
REMAINING
LES.

7638
7627
7621
7583

7045

7014
7014
7014
7014
6976

6uug

6418
Gu18
7638
7638

CARGO
ONBOARD
LBS.

500
500
500
500

500

500
500
500

500

500

PASSENGERS
ONBOARL
No.

13
15
15
15

15

“15

10
10

10

o oo

AT RCEAFT
WEIGHT
LBS.

29876
298865
29859
25821

29233

29252
25752
25752
28252
28214

276886

276586
25156
26376
26376

LOAD
FACTOR

.58
.53
.53
.53

.53

53
.00
.00
.3k
.34

34

.3k
.00
.00
.00



9L

TOTAL MISSION

ELAPSED  ELAPSED -FUEL

AV AILABLE
PAYLOAD TON
MILES

DISTANCE TINE USED
N.MI, HES . LBS.
200.0 5.58 1220°
ATECRAFT MISSIONS
UPILIZATION - PER YEAR
HES./MISSION  HRS./YR. MAXIMUM — ACTUAL
.83. 1000 iueo 1209

DIRECT OPERATING COSES
FLIGHT CREW
FUEL+0IL
INSURANCE

MAINPEN ANCE ,LABOR
MAINTEN AWCE ,FARTS

DEPRECIATION
TOTAL DOC

MISSION RELATED COSTS
POTAL MEC

OTHER COSTS
INTEREST
TOTAL OC

TOTAL COSTS

694

PER MISSION
33.08
91.86
80.03

.00
248,12

101.23

554 .34

.00

38.59
38.59
EPER MISSION

592.93

DOC/WISSION FAYLOAD TON MILE 1.85

Table 4,1

Cont'd,

MISSION
PAYLOAD TON

MILES

300

PER FLIGHT HOUR
40.00
111.07
96,77

.00
300.00

122.40

570.24
.00

45 .66
46 .66
PER FLIGHT HOUR

716.89

LOAD
FACIOR

Ly
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TILTROTORK FLIES OFFSHOREOIL

QUTPUT FOKMATS ARE: 1. TGTAL 2. PERFORMANCE
" 3. ECONOMIC 4. SUMMARY

ENTER 1,2,3,0R &

IS AIKCRAFT UTILIZATION KNOWN? ENTER Y£5 Ok NU

ENTek ATRCKAFT UTILIZATION - BRS./YR.

MOUE CUMFLETED ELAPSED ELAPSEL  FUEL -
DISTANCE PInE USEL
N.MT. HRS. LBS.
LOAL .0 .25 0
WARMUE .0 .03 11
TAXTI .0 .0z 6
SHOKI TALEORF .0 .02 38
ENROUTE 100.0 .36 538
CLInMb (14000 FT. M4XY ( 28,0} ( .16) ( 1906)
CRUISE ( 6.5) ( .g2) ¢ 34)
DESCENT ( 69.5) C .23y ( 318}
YERPICAL LAND .0 - .02 31
UnLoAL .0 .28 o
SPAHLBY .0 .75 0
LOAD .0 .25 0
VERTICAL TAKEOFF .0 .02 38
ENKUUTE 100.0 .35 528
CLIMB (18000 FP. MAX) ( 2t.2) (¢ .09) ( 172)
CRKUISE ( 8.2) ( .03) 42)
DESCENT ( 70.8) ( .23) € 31u4)
VERTICAL LAND .0 .02 30
ULUAD .0 .25 0
REFUEL .0 .25 0
STANLBY .0 .75 ",

x=ALTERNATE AIRCRAFT CONFIGURATION

Table 1,2

Program FLIES Input/Output - Performance Format

Ygs
U=1000

FUEL,
REMAINING
LES.

7638
7627
7621
7583

7345

7014
7018
7014
7014
6976

GUUSE

6418
6418
7638
7638

CARGO
ONBEOARD
LBsS.

500
500
509

1500

500

500
500
S00

500

500

PASSENGERS
ONBOARD
o .

15
15
15
15

15

13

10
19

10

oo o0

ATRCEAFT
WwEIGHT
LES.

26876
29865
26859
29821

29283

29252
25752
25752
28252
28214

27686

27656
25156
26378
26376

LOAv
FACTOR

.98
.53
.53
.53

.53

.53
.00
.00
.34
.34

-3
.00
.00
.00



8.

TOTAL H#ISSION ELAPSED ELAPSED FUEL

LOAD
DISTANCE TIME USED FACTOR
¥.MI. HRS. LBS. -
200.0 3.58 1220 L4y
AIRCRAFT ' MISSIONS AV ATLABLE MISSION
UPILIZATION PEF YEAR ° P4YLOAD TON  PAYLOAD TOR
BES./MISSION  HRS./YR. MAXIMUM  ACTUAL NILES MILES
© .83 ) 1000 1480 T 1209 69y 300
TOTAL (OSTS PER MISSION PER FLIGHT HOUR
592,93 716.89
DOC/MISSION PAYLOAD TON MILE 1.85

Table 4.2

Cont'd.
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PILTROPOR FLIES OFFSHOREOIL

QUTPUT FUORMATS AkE: 1. TOTAL

. . 3. BECONOMIC
ENTék 1,2,3,0k 4

IS AIRCRAFT UTPILIZATION KNOWN? ENTER YES OR Ho

2. PERFORMARCE
L. SUMMARY

YES
ENPEE AIRCRAFT UTILIZAPION - HES./Yk. L 7=1000
TOTAL MISSIOW ELAPSED  ELAPSED  FUEL
DISTANCE TIME USED
.mI. HES . LBS.
200.0 3.58 1220
AIECRAFT MISSIONS AV ATLABLE MISSION
UPILIZATION PER YEAE PAYLOAD TON  PAYLOAL TON
HES./MISSION . HRS:/YE. MAXIMUM — ACTUAL MILES MILES
.83 1000 1460 1209 694 300
" Table 4.3

Program FLIES Input/Output - Economnic Format |

LoAD
FACTOR
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FLIGHT CREW

FUEL+0IL
INSUKANCE

DIRECT QPERATING COSTS

MAIYTENANCE,LABOK
MAINTENANCE ,FPARTS

DEPRECIATION

POTAL DOC

TOPAL MEC

OPHER COSTS

INTEREST

TOTAL OC

TOTAL COSTS

HISSION EELATED COSTS

DOC/MISSION PAYLOAD TON MILE

Table 4.3

PER 4ISSION

33.08
91.86
80.03

.00
248.12

101.23"°

554,34

.00

38.59

38.59

*ER MISSION

5%2.93

1.85

Cont'd,

PER FLIGHAT HOUK

40.00
111.07
96 .77

.00
300.00

122 .40

670.24

.00

46.66

46 .66

PER FLIGHT HOUk

716.8%
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TILTROTOR FLIES OFFSHOREQIL

QUTPUT FORMATS ARE: 1., TOTAL

2. PERFORMANCE

] 3. ECONOMIC 4. SUMMARY
ENTEK 1,2,3,0f b 4
IS AIRCRAFT UTILIZATION KNOWN? EINTER YES OR NO YES
ENTEK AIRCRAFT UPILIZATION - HRS./Y&. ¥=1000
TOTAL MISSION EFLAPSED  ELAPSEL ~ FUEL LOAD
. DISTANCE TIME YSED FACTOR
¥.MI. HES. LBS. -
200.0 3.58 1220 i
AIRCRAFT HISSIONS AV ATLABLE MISSION
UTILIZATION PER Yz Ak - PAYLOAD TON  PAYLOAD T5i
HKkS./MISSION  HRS./YE. MAXTHUM — ACTUAL MILES MILES
.83 1000 1460 " 12008 e 300
TOPAL COSTS PER MISSION PER FLIGHT HOUR:
' 592,93 716 .89
DOC/MISSION PAYLOAD TON MILE 1.85

Table 4.4 Prograrm FLIES Input/‘Outpil‘t - Summary Format



4.3 Nomenclature - Symbols and Subprograms

Program ¥FLIES performs a large variety of functions including
iterative solution of simultaneous differential equations that describe
‘aircraft performance involving climb, cruise, descent, loiter, hover, and
search. This has required the use of subprograms and the creation of
numerous mathematical symbols. The subprograms and symbols are
identified in this section to serve as a reference to the detailed program
description contained in Sect. 4.4. Table 4,5 lists the subprograms used
in prog‘ram FLIES by name and the functions they perform, Table 4. 6 lists
the im;;orta,nt symbols used throughout together with their meaning,.
Additioila.l symbols used in program FLIES that are used for intermediate
computations only are not included in Table 4. 6. Also not included in
Table 4.6 are the symbols that have been previously defineé. in Tables 2.1

and 3. 2.

4.4 Detailed Description

Program FLIES has been written in APL to operate in an interative
mode via a typewriter console in communication with a computer. The
purpose of this description is to detail the specific operation of this program
and equations used without getting into the details of APL programming.
FLIES is designed via branch instructions to compute mission and aircraft
characteristics, performance, and costs, for each separate mission segment
. in the order they occur. In a sense, FLIES has been modularized into
separate sections to accomplis‘h this. For example, one module is used for
the LOAD and UNLOAD mission segments, another for the ENROUTE

segment, etc. For each of these modules all of the following quantities are

calculated as indicated in Table 4. 1:
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Subprogram Name

OUTPUT

CLIMB

CLIMB 1

ITCL
ITCL 1
CRUISE

DESCENT
SUBALT
SUBCLIMB
SUBDESCENT
DOWN

ECON

Table 4.5 Subprograms Used In’
Program FLIES

Function
Formats aircraft and mission output as each mission segment and associated
parameters are calculated.
Calculates aircraft climb performance for general case.

Calculates aircraft climb performance for special case.

Tteration routine used to calculate time to climb in CLIMB and SUBCLIMB.

Tteration routine used to calculate time to climb in CLIMB 1.
Calculates aircraft cruise performance.

Calculates aircraft descent performance based on specified descent rate,
variable descent distance.

Computes aircraft altitude reached when trip distance does not permit cruise
altitude to be reached.

Computés aircraft climb performance when trip distance does not permit
cruise altitude to be reached.

Computes aircraft descent performance when trip distance does not permit

cruise altitude to be reached.

Computes aircraft descent perfox;mance based on unknown but constant
descent rate and specified descent distance.

Computes summary total mission performance, direct, indirect, and other
costs of operation.
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SYMBOL

Table 4, b

DEFINITION

CAR
CM
CRX
DELF
DELT
DELX
FMX
FTOT
HCL
HCR
HF

L6

L7

L8

L9
Llo
L1l
L12

Amount of carge
Cargo - miles

Maximum availapie cargo

Important Symbols Used
in Program FLIES

(Refer also to Tables 2.1 and 3, 2 for previously
defined symbols not included here)

Fuel consumed in mission segment

Elapsed time in mission segment

Elapsed distance in mission segment

Maximurm fuel allowable

Total fuel consumed in mission

Altitude at maximum point in climb

Altitude of cruise

Final altitude after descent

Flight crew direct operating cost per mission

Flight crew direct operating cost per flight hour

Fuel and oil direct operating cost per mission

Fuel and oil direct operating cost per flight hour

Insurance direct operating cost per mission

Insurance direct operating cost per flight hour

Maintenance, labor, direct operating cost per mission

Maintenance, labor, direct operating cost per flight hour

UNITS.
Ib

lb - mi

$/hr

$/hr

$/hr

$/hr
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SYMBOL

Ll4
L15
L1é6
L17
L18
L19
120
L21
122
123
L24
125
L26
L27
.30

 MIX

MPY
PAX
PM
REMEF
ROD

Table 4, 6 Cont'd.

DEFINITION

Maintenance, parts, direct operating cost per mission
Maintenance, parts, direct operating cost per flight hour
Depreciation direct operating cost per mission

Depreciation direct operating cost per flight hour

Total direct operating cost per mission
Total direct operating cost per flight hour
Mission related costs per mission
Mission related costs per flight hour
Total costs per mission

Total costs pe.r flight hour

Load factor for mission segment

Direct operating cost per payload ton mile
Load factor for mission

Mission payload ton miles

Available ton miles

Maximum possible mission per year
Actual missions per year

Number of passengers

Passenger miles

Fuel remaining on aircraft

Rate of descent

UNITS

$

$/hr

$

$/hr

$

$/hr

$

$/hr

$

$/hr
$/ton - mi
ton - mi
ton - mi
no/yr
no/yr
no

pass mi
ib

ft/min
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SYMBOL

's1

52
SiD
TCL
TCR
TDC
TMR
TTOT

UPM

WEGCL
WFCR
WFEDC

CWLE

WMX
WO
WWE
XCL
XCR
XDC
XTOT

Table 4, 6 Cont'd,

DEFINITION

Interest cost per flight hour

Interest cost per mission

Character matrix containing mission segment names

Time to climb

Time to cruise

Time to descend

Fuel reserve

Total mission elapsed time
Aircraft utilization per year
Aircraft utilization per mission
Fuel consumed during climb

Fuel consumed during cruise
Fuel consumed during descent
Weight left for fuel (after payload
Mazximum takeoff weight allowable
Aircraft weight at beginning of mission segment
Aircraft weight without fuel

Climb &istance

Cruise distance

Descent distance

Total mission elapsed distance

UNITS
$/hr

min
min
min
min
hr
hr/yr



Elapsed distance
Elapsed time

Fuel used

Fuel remaining
Cargo onboard
Passengers onboard
Aircraft weight
Lioad factor

When these calculations have been completed for all the segments comprising
the mission the following summary quantities and calculations are performed:

Total elapsed distance

Total elapsed time

Total fuel used

Aircraft utilization per mission and year

Missions per year - maximum and actual

Available payload ton miles

Mission payload ton miles
Finally, the direct operating, mission related, and other costs are computed
(see Table 4. 1) together with the direct operating cost per payload ton mile,

which is a parameter that can be regarded as a single valued measure of

overall combined cost and performance.

Throughout program FLIES diagnostic information is provided to the

user as an 2id in making design modifications. The diagnostics are provided
only if certain necessary conditions are vioclated. For example, if the fuel
onboard the aircraft is exhausted during execution of one of the mission
segments the diagnostic RAN OUT OF GAS results. Information is provided
to enable modification to the input to be made, in this example, the amount of
gas short of that required. ‘Diagnostic information as it applies to each
module in program FLIES is discussed in each appropriate section and is

summarized in Sect. 4. 4.11.

In the following paragraphs, the separate modules and subprograms
are described in detail. Shown in Tables 4.7 through 4. 17 are the complete

program listings for program FLIES and its subprograms. The details of
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this description will be mostly involved with the solution to the simultaneous
differential equations used for aircraft performance in the ENROUTE,

DESCENT, LOITER, HOVER, and SEARCH mission segments.

4,4.1 Initialization

To initialize the aircraft/mission merge accomplished in
program FLIES, the takeoff Wei’g'ht.a.nd aititude, passengers, cargo, and
fuel onboard for the béginning of the mission are detfermined by the '
following equations. Those pa—ré,meters that are n?t. defined by egquations

are inputs (see Tables 2.1 and 3.2). Independent variables are defined

in "Table 4. 6.
WO = WEM + REMF + WCL + 200 (NPL + EXC) (1)

If the aircraft is fusled to maximur capacity at the.start of the mission,

MAC =1, and

REMF = FMX ; WLF > FMX (2)

WLE ; WLF < FMX (3)

If maximum capacity fueling is not-desired, MAC =0, and

REMF = MFD {(K15 + K16 (10000) + K17 (WWE)) {4)
where
FMX =6 (MFC) ; TPF =0 (Aviation gasoline) (5)
- 6.7 (MFQ); TPF = 1 (JFjet fuel) (6)
WLF = WMX - WWF (7)

WMX = WTO ; NAC = 1 (Yes answer to normal aircraft configuration) (8)
= WXL ; NAC =0 (No answet) {9}

WWEF = WEM + WCL + 200 (NPL + EXC) . : {10)

Equation 4 is an estirmate of the initial fuel based on the aircraft cruise con-

diftion fuel consumption rate ‘defined in Table 2. 1.
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For the purpose of this estimate a cruise altitude of 10,000 [t is assumed
and the aircraft weight is assumed to be WWF. Equations 5 and 6 allow
flexibility in the choice of fuel used, either aviation gas or JP (jet fuel),
and account for their different weights, namely, 6 and 6.7 lbs per gallon,
respectively. Equations 8 and 9 allow! either a "normal" or altérnate .
ai:rcraft con;fiéy_;ration to be used at the ’_option of the user depending on the .
in}j;ut specified (NAC) in program MISSION. The passengers loaded, NPL,
extra crew, EXC, and cargo loaded, WCL, used for ini;cializa.tion are
obtained from the first mission segmeant which is always specified as a
LOAD segment (see Sect. 3.5). Passengers and extra crew are assumed
to weigh 200 lbs each. The weight of the nominal crew is included in the

empty operating weight of the aircraft. Finally,
HO = HTO (11)

where HTO is obtained from the first takeoff segment occurring in the
mission. Equations 1 through 11 appear in statements [38] through [57]

of program FLIES.

4.4.2 LOAD and UNLOAD

Aside from the requirement that a LOAD segment must start the
mission for initialization purposes, LOADS and UNLOADS may occur at
any point in the mission any number of times. -The same logic module is
used in program FLIES for both LOAD and UNLOAD since the only difference
between the two involves whether weight is being.added or subtracted from
the aircraft. Besides doix;g the bookkeeping on the status of the number of
passengers, PAX, and amount of cargo, CAR, onboard at any time, the
LOAD and UNLOAD module accounts for the time taken to load or unload,

DELT. The mission segment load factor, L24, is computed in this module
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according to the following relationship.
124 = ((CAR + 200 (PAX))/(WMX - WEM - REMF - 200 EXC) (12)

This, of course, is the ratio of the actual payload to the available payload.
Othe'r quantities computed are the required fuel reserve, TMB, and the
maximum weight available for cargo, CRX. These parameters are
calculated to provide diagnostic information to the program user. " TMR

is defined as,

: TMR = RSV ((T1 + T2 (10000) + T3 (WO)) (13)
where

Tl = K15 ; NMF = 1 (14)

= K18 ; NMF = 0 (15)

T2 = K16 ; NMF = 1 (16)

= K19 ; NMF = 0 (7

T3 = K17 ; NMF = .1 (18)

= K20 ; NMF = 0 (19)

This required fuel reserve is based on either the normal (NMF = 1) or
alternate (NMF = 0) mode aircraft cruise fuel consumption rate coefficients
defined in Table 2.1, a cruise altitude of 10, 000 ft and the current aircraft
weight, WO. If after a LOAD, WO has increased such that the fuel remaining,
REMF, is less than the required fuel reserve, TMR, the program halts and
provides diagnostic information to this effect. Other diagnostic information

is provided if necessary and is discussed shortly.

CRX is defined by the relationship,

CRX = WMX - WEM - REMT - 200 (PAX + EXC) (20)
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If at any time the cargo loaded exceeds the maximum available weight for
cargo defined by Equation 20, program FLIES halts and provides di’agn(')jstic.
notification to the user. Diagnostic information of this nature is of value
to the user of an interactive program in that it allows him or her to make

the necessary input modifications with minimum turn around time.

The conditions under which diagnostic notification will be given to .

the user in the LOAD and UNLOAD module are shown helow.

-

PAX > PMX

CAR > CRX

WO > WMX

REMFL O : )

If { REMF < TMR —— halt
PAX < O

. CAR < O
REMFE > FMX

. REMF > WFL

The principle logic for thé LOAD and UNLOAD module is contained in .

statements [ 61] througﬁ [84] of program FLIES.,

4.4.3 WARMUP and TAXI

Segment time, DELT, fuel consumed, DELF, fuel remaining,
REMEF, etc., involve similar computations for WARMUP and TAXI and

therefore a sing;le module is used for both of these mission segments. In

this case,
JELT = TWU/60 or TTX/60 (21)
JELF = TWU (K1 + K2 (HO)) (22}
or TTX ((KI + K2 (HO)) , (23)

"TMR is also updated (recalculated) using Equations 13 through 19. The

following condition will result in diagnostic notification to the user.

_If REMF < TMR—» halt
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Statements [90] through |[99] of program FLIES contain the

logical operations for this module.

4.4.4 CONVENTIONAL, SHORT, and VERTICAL TAKEQFF

All computations for segment time, fuel consumed, fuel remaining,
etc., are performed in a single module for each of these mission segments.
However, it.is recognized that these segments are different from one

another in performance and for this reason an alternate takeoff mode option.

is provided. For example, the user may designate the conventional takeoff

mode as "normal' and a short takeoff mode as Halternate. " Similarly; the
short takeoff may he designated normal and the vertical takeoff as alternate.
' This flexibility allows any con;bination of these segments to be used in a
mission with distinct performance characteristics allocated to each. In

" this way, higher fuel consumption rate coefficients can be used for vertical
takeoff, if desired, in cormmbination with low-er ra.teé for short takeoif

within the same mission‘. Takeoff times may also be ddjusted to suit the
particular takeoff mode and will be handled a;p;opriately by this module.

For this case,

DELT = TTO/60

DELF = TTO ((K3 + K4 (HO) + K5 (WO)); NTO = 1
= TTO ((K6 + K7 (HO) + K8 (WO)); NTQO = 0

HO = HTO

TMR is updated using Equations 13 through 19. The following condition .

results in diagnostic notification to the user.
I REMF < TMR —— halt

Statements [247] through [259] of program FLIES contain the

logical operations for this module.
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4.4.5 ENROUTE

The principal calculations performed in this module are those ‘
made to determine the following quantities:
TCL, TCR, TDC

XCL, XCR, XDC Climb, cruise, descent distance
WFCL, WFCR, WFDC Climb, cruise, descent fuel consumed

Time to climb, cruise, descend

The climb, cruise, and descent profile adopted for analysis is schematically

illustrated in Figure 4. 1.
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(;3 / Subaltitude,
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\ \
\ \

Altrtude \

Takeoif
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| ... Enroute
| Distance

Landing
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| Descent

Distance

Figure 4.1 Schematic Climb, Cruise, and Descent Profile
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The climb profile is determined assuming that the best rate of climb is
maintained until the desired climb altitude is reached. In general, the rate
. of climb is not constant, but rather is a linear function of altitude, H, and

aircraft weight, W, as defined in Table 2.1, namely,

F

ROC = H = RI +R2 (H) + R3 (W) ' : (26)

This fesults in the monotonically decreasing climb rate shown in

Figure 4. 1,

', Cruise is assumed to occur at constant altitude. In some missions
the en route distance is too short to allow the aircraft to reach cruise
altitude. In this case no cruise is performed and 1l:he aircraft climbs to
a lower subaltitude as indicated. In either case descent is assumed to

occur at a constant rate, ROD.

The takeoff and landing altitudes need not be the same although they
a'.re shown that way for simplicity in Figure 4.1. The minimum. altitude
shown in the schematic profile; is a constraint placed on the climb portion
of the en route segment. It represents a mountain or other altitude
‘obstacle tha;t must be overcome by the aircraft: Takeoff or landing altitudes

are not affected by this constraint.
H

In the ENROUTE mission segment, time to climb, TCL, is first

calculated through simultaneous solution of the rate of climb (Eq. 26) and

r

climb fuel consumption rate, FCL, where

FCL = WF = K9 + K10 (H) + K11 (W) (27)
WF = fuel consumed ) (28)
W = WO - WF (29)
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Réwriting the above,

H - R2 (H) + R3 (WF) = R1 + R3 (WOQ)
K10 (H) - WF - Kil (WF) = - K9 - Kll (WO)

Multiplying Eq. 31 by R3/K11 and then adding Eq. 30 results in,

H+ (R3KIO = R2)H = R3 WF = RI - R3K9
KI1 Kil Rl

Differentiating Eq. 30,

H - RZH + R3WF = 0
o.- WtF = RZI:I‘—- '}i
R3

Substituting Eq. 34 into Eq. 32 and clearing terms,

H + (K11 - RZ)I.-I + (R3 KIO'- R2 K11) H = R1K3 - R3Kl

The nature of the coefficients in Eq. 35 results in.a solution of the
general form,

H | - C e .mzt +

1 + C.2 e A
¢ ;
where Gl and C2 are determined from the initial conditiong,
H=HO at £t = 0
W = WOat t = 0
WE = 0 att =0
It can be shown that;
: 2
my = b + B~ - 4ac
2a
m, = -b - \/bz -~ 4ac
2A

e
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(31)

(32)

(35)

(36) -

(37)
(38)
(39) .

(40)
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where,

a =1 (42}
b = Kil - R2 (43)
¢ = R3KI10 - R2ZKI1 (44)

Finally, it can be shown that,

A = RI Kil - R3K9 {5)
R3 K10 - R2KIl '

C, = Rl + RZHO+R3WO - m, HO + m; A (46)
e |
C, = HO - A - C, (47)

Equation 36 is solved interatively for t = TCL when H = HCL. All
_computations shown in the above eguations 1v.=,ad.:i'.ng_2;r to the iterative
solution for TCL appear in étatements [1] through [19] of
program CLIMB, statements [1] through [6] of ITCL,
sta:tements [1] through [10] of GLIMBI, and statements [1]

through .‘r6fi of I’I‘CLI.‘

Simultaneous solution of Egs. 26 and 27 also provides a second

order differential equation for WF, namely,

WF + (K1l - R2) WF + (KIOR3 - KIIR2) WF

!

= - K9R2 + KI10R1 + (K1‘0R3 - Kl1R2} WO .(48)

The nature of the coefficients in Eq. 48 results in a solution of the
general form,

+ 5, e 72"+ B (49)
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By employing the initial conditions of Egs. 37, 38, and 39 it can be shown

that,

B = KIOR1 - K9R2Z + WO
K10 R3 - KIl1R2

[
I

K9 + K10 HO + K11 WO 1 Bm,

mo - my

3

Equation 49 then px:ovides

WF = WFCLatt = TCIL

The above equations leading to solution for WFCL are contained in
statement [8] of program ITCL, statements [7] and [17] of

CLIMBI, and statement’ [10] of ITCLI.

The solution for XCL is obtained by integration of the equation

for climb speed in Table 2.1. Then

TCL

XCL VCL dt

0

TCL

= X " [K1 + K2H + K3W] dt
0

£

where
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Substitution of Egs. 36 and 49 into the above expression results in,

TCL
mlt mz‘{:
XCL = Vi + V2 (Cle + Cze + A
O
mlt mzt
+ V3 | WO - fle - fze - B dt {56)
. Subsequent integration leads to
mlTCL ) mZTCL
XCL = V1 (TICL) + V2 Cle + V2 Cze + VZ(A) (TCL)
m m
St 2
mlTCL mz'I'CL
+ V3 (WO) (FTCL) - V3 fle - V3 fze
m m
1 2
- V3 (B) (TCL) -~ V2 C1 - V2 C2
s 2
+ V3£, + V3 fz (57)

Computation of XCL takes place in statements [24] and [25] of CLIMB,

and statements [ 6] , [12) , [13] , and [16]  of CLIMBI.
Cruise takes place at H = HCR = constant. Solution for TCR,

XCR, and WFCR is obtained from integration of the cruise fuel consumption

rate,

-

FCR = WF = K15 + Klé6 (HCR) + KI7W) (58)

and cruise speed,

VCR

V7 + V8 (HCR) + VW) (59}
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Substituting Eq. 29 into Eq. 58 and incorporating appropriate. initial

conditicns yields upon integration,

th
WE = a; e + D (60)
where
D = K15 - + Kl6 (HCR) + WO (61)
K17 - K17
a; = -D | (62)
m, = -K17 {63)

At t = TCR, WF = WFCR

. Substituting Eq., 29 and 60 into Eq. 5y anu e unepraliug proviues 4

golution for XCR, namel%r,

XCR = V7 (TCR) + V8 (HCR) (TCR) + V9 (WO) (TCR)
. m,TCR

_ V9 (A) (TCR) - D (yg_) (e 37 ) (64)-
K17

At this point in the soluti10n to the en route equations, XCR and WFCR‘

cannot be evaluated becatJ:se TCR is not known. Howewver, TCR must

have the value such tﬁat the cruise and descent portion of the enroute

segrrhle‘nt can be completed in the distance remaining after climb. There-

fore, the cruise and desdéent equations must Be solved together iteratively

to meet this condition. When this is done, Eqgs. 60 and 64 provide the

cruise fuel consumption and distance, respectively.

The next step, then, is to develop the equations for descent. As
mentioned previously, the rate of descent, ROD, is a constant and is

input via program AIRCRAFT. Then, for a specified landing altitude, HLD,
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and therefore (since R7 is input positive),

TbC = HCR - HLD
R7

Integrating Eq. 65 gives,

H = -R7t + HCR

For the descent, the fuel consumption rate, FDC, is obtained from

the normal cruise fuel consumption rate, FCR, such that FDC is 75%

of FCR when the rate of descent is 1000 f&/min.

The relationship

is shown in Figure 4.2, where FAC is the ratio of descent to cruise

fuel consumption rates.
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Figure 4.2 Descent Fuel Consumption Rate Factoxr
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Making use of the above ‘relationship, whei

1 - .00025 ROD

FAC

then,

FDC FAC (FCR)

It

FAC (ths + K16H + K17.W)

Substituting Egqs. 29 and 67 into Eq. 70 yields,

WF = FAC ((Kl5 + K16 (-R7 t 4+ HCR) + K17 (WO - WF))

\
Upon integiation,

where,
F = KI5 + K6 HCR + WO + Kl6 _R7
K17 K17 K174 FAC
.E = - Klé6 R7
C K17
g, = - F
m, = -K17 (FAC)

4

Att = TDC (Eq. 66), WF = WFDC

For purposes of this analysis, the descent speed is assumed to be the

- £ ~
same as the normal cruise speed. Therefore,

¥

VDC = VCR = V7 + V8H + V9 W

Substituting Eg. 29, 67, and 72 into the above results in,
VDC = V7 + V8 (-RT7t+ HCR)

4+ V9 (WO - gl'em4t - Bt - F)
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Integration of Eq. 79 provides the descent distance,

V7 (TDC) - V8R7 (TDC)® + V8 (HCR) (TDG)

XDC =
2
m4TDC
+ V9 (WO) {TDC) + V9 gle -V9 {F) (TDCG)
X1v
- V9 (®) (rpC)® - V9 g
2 K17

The method used to solve for the cruise and descent parameters

derived above proceeds through the following stepé:

a) Estimate (guess) a value of TCR
" b) Solve for XCR (Eq. 64)

c) Solve for XDC (Eq. 80)

d) Compare XCR + XDC with XTR - XCL

e) If (d) not arbitrarily small, choose new value of TCR and repeat

process {0 convergence,

The method used to provide successive approximations to TCR makes use
of Newton's Rule. This method has provided very rapid, fool proof, con-
vergéence for 5.11 parameters discussed previously, in addition to TCR,

in which iterative solution was required. In"Newton's Rule, if X = X, is

the first approximation to the solution X = & of £(X) = 0, then the

sequence
Xk 41 = Xk - ‘f (Xk) ) (81)
£
£ (Xk)
will converge quadratically to X = £. for the class of solutions discussed

in this analysis.

Computation of XCR takes place in statements [2‘.5] and | 46] of
program CRUISE. Computation of WFCR is contained in sta:tements [24]

and [45] of CRUISE. XDC is computed in statements (1] , [12] .
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[13] ., [19] ., [20] , and [21] of program DESCENT
and again in the iteration routine statements [29] through [31]
[34] through [36] , and [48] through [50] of program
CRUISE., WFDC is coinputed in statements [14] and [17] of

DESCENT and [32] , [37] , and [51] of CRUISE.

As mentioned previously, some missions will have en route
distances too short to allow the aircraft to climb to the desired cruise
altitude. In such cases no cruise is performed, and a subaltitude is
reache;i at which time descent begins. The program modules SUBALT,
SUBCLIMB, and SUBDESCENT perform the necessary performance
computations in this instance. The performance parameters, i.e.,
time, distance, and fuel consumed, obey the solutions pr‘evious}.y derived.
The basic logic for the subaltitude computations is simply an itera.tio.n
routine (Newton's Method of Successive Approximations) to solve for
the subaltitude, HCL, such that the resulting climb and descent distance,

XCL + XDC, is ec;_lual to the specified en route distance, XTR.

Throughout the development of the previous equations describing
the aircraft climb, cruise, and descent performance, the most general
solutions have been presented. It should be noted that numerous
singularities (cases where these solutions blow up) exist that have not
been discussed. For example, if K17 = 0 in the expression for cruise
fuel consumption rate, FCR, (Egq. 58), the solution presented ilere (Eq. 60)
would appear to "blow up', since there are terms being divided ]ay Ki7.

It should not be interpreted from this that a problem exists. When
K17 = 0, for this example, there is a different mathematical solution
for WEFCR which has been derived and accountedi for within the program

but has not been included in this discussion for the sake of brevity. All
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possible solutions to the aircraft performance equations. have been
incorporated within the analysis but only the most general solutions have
been discussed here. The interested user may refer to the program

listings for the special solution equations if desired.

Summeary calculations performed in the ENROUTE module are
segment time, DELT, fuel consumed, DELF, fuel remainiﬁg, REMPF,

etc. In this case

(IrCL. + TCR + TDC)/60

DELT

DELF WFCL + WFCR + WFDC

I}

vrLa, the segment distance, need not be computed since the individuak
di'stances XCL, XCR, and XDC have been determined such that their

sum is equal to DELX = XTR as input.

Additional computations made are cargo miles, CM, and

passenger miles, PM, where

CM = CAR (DELX)

PM

PAX (DELX)

TMR, the fuel reserve estimate, is also updatedfa.ccording to Egs. 13
through 19. The following conditions will result in diagnostic

notification to the user..

REMF £ O
if { REMF < TMR— halt
HCT, < HMN
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Statements |123) through |140] of program i Llid contain e Logical

operations for the ENROUTE module.

4.4.6 LOITER, HOVER, SEARCH

After an ENROUTE mission segment has been performed it may be
£

desned to LOITER I—IOVER or perform{ a SEARCH I'IllsSlOIl before landing
(or beg1nn1ng an;;:her en route segment) Each of these mission segments
takes place at a constant specified altltucie as input by program MISSION,
Therefore, the aircraft performance equations have identical 'solu‘.tions to

“those develcfped‘ for aircraft cruise, however, the coefficients Pave different
N Lo ' 3

values. For LOITER and jSE:ARCI—I, the airc:i:a:ﬂ: speed is given by,

VLS = V13 + Vi4 (}i) + V15 (W) (86)
_and the fuel consumption b:y,

FLS = K24 + K25 '(I-I) + K26 (W (87)

Therefore, for a specified loiter altitude; HLT, or search altitude,
HSR, Egs. 60 through 63 can be used to determine fuel consumption
with an ap]_:;ropriat;‘e change in coefficient vall;.es, ‘ Similarly, search
distance, XSR can be obtainéd from Eq. 64 Whé;re V7 is n‘ow Vi3, HCR
is HSR, TCR ié TSR, ete. Otherwise the solut'ion‘ has the same form.
It is reasonably stipulated that the loiter segment takes place in zero

elapsed distance.

For HOVER, the speed is zero and the fue_l consumption rate is"

given by,.
FHO = K21 + K22 (H) + K23 (W) - (88)

Again,- for a specified hovér altitude, HHO, and hover time, 'THO,

Egs. 60 through 63 are used with appropriate change in coefficients
. 2 .
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i.e., HCR becomes HHO, K15 becomes K21, TCR becomes THO, etc.

Summary calculations performed in this module are,

"DELT = (TLO or THO or TSR)/60 (89)
DELX = XSR for SEARCH {90)
- O for LOITER, HOVER (91)

TMR is updated via Egs. 13 through 19. The follbwing conditions will .

résult in diagnostic notification to the user,
H
If REMF £ O — halt
REMF < TMR
Statements [1-97] through [219] of progrdm FLIES contain the

logical operations for the LOITER, HOVER, SEARCH module.

4.4.7 DESCENT

'The DESCENT missign segment is a special segment to be used
only after a LOITER, HOVER, or SEARCH. It is not to be confused
with the descent that takes place in the ENROUTEf segmeﬁt. The
DESCENT module is designed to be used for those situations in which
it is desired to descend at a constant but unspecified rate in a gpecified
distance, whereas the descent that takes. place in the normal ENROUTE

segment is at a constant specified rate but in an unspecified distance.

If the '"special'' descent begins at H = HO and ends at H = HLD,

then the rate of descent is,

H = - [HO-HLD (92)
—TDhC
The altitude at any time t is:'sthen,
H = HO - { HO - HI.D (93)
~—~%DC
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The fuel consumption rate for descent 1s,
FDC = FAC (K15 + K16H + K17W)
Substitution of Eqgs. 29 aﬁd 93 into'Eq. 70 results in,

BO -{ HO- HLD } t
TDC

WEF = FAC l:KlS + K16

+ K17 (WO - WF)}

Integration of Eq. 94 yields, ‘

mSTDC ;
WEFDGC = 'b1 (e ° -1 + Gt + L
where,
. = K15 + Klé6 HO 4+ WO + Klb HO - HI.D
G = -~ Klb HO. - HIL.D
K17 TDC
'~b1 = - L
m, = - FAC (K17)

The descent speed is assumed to be the same as the cruise speed,

therefore,
VDC = K7 + K8 H + K9 W

Integration of Eq. 78, after substitution of Eq‘s. 29, 93, and 95, results

in

XDC = V7 (TD) + V8 (HO)TDC) - vs(:ea{o - I—ILD) TDC
. i 2 Y
: TDC
+ V9 (WO)(TDC) - V9 bye 5 - V9 (L)(TDC)
: ‘1m - .
. 5
- V9 (GHTDC) + V9 b,
. 2 . m,
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(94)

(95)

(967

(97)

(98)

" (99)

(78)

(100)



Equation 100 is iterated using Newton's Method of Successive Approximation
to obtain TDC such that XDC is satisfied. Once TDC has been determined,
Eq. 92 is evaluated to obtain the resulting descent rate, and Eqg. 951s used

to obtain the fuel consumed during descent.

Summary calculations performed in the DESCENT module are,

DELT = TDC/60 (101)
DELX = XDC (102)
DELF = WFDC

TMR is updated via Egs. 13 through 19. The following conditions

result in diagnostic notification to the user.

If REMF £ O ,—~—= halt
REMF < TMR.
Solution for TDC, XDC, and WFDC is contained in subprogram -
DOWN. Statements [ 178] through [191] contain the logical

operations for the DESCENT module.

4.4.8 REFUEL

A REFUEL mavy be performed at any point during the mission that
the aircraft is on the ground, i.e., either before ‘ta:keoff or a:fter landing.
Two refuel ofptions exist. The first fills the aircraft to the ma.ximunlm
allowable subject to tank capacity or takeoff weight constraints. ’I‘he>
second"fills the .aircraft such that a specified num‘!oer of flying minutes
can be achieved. The option selected is made by ;:he user during _exe‘cution'
of program MISSION, If the first option is selected, MXC = 1 (See

Tahle 3.2) and.
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DELF FMX - REMF ; WLF < FMX (103)

WLF - REMF ; WLF < FMX (104)

:If the second option is selected, MXC = O, and,’
DELF = MFD ((K15 +.K16 (10000) + :Kl? (WQ)) ‘(105)_
where

MFD = minutes of fuel desired '(106)

For the REFUEL module, DELF is interpreted as the fuel loade
on the aircraft. 124, the aircraft load factor, is updated in this
module according to Eq. 12. The following conditions result in

diagnostic notification to the user.

REMF > FMX -
I REMF > WLEF — halt
WO > WMX

Statements [146] through- [172] of program FLIES contain the

logical operations for the REFUEL module.

4,4,9 CONVENTIONAL, SHORT, and VERULCAL LANU

All computations f_or segment time, fuel consumed, fuel're-
maining, etc., are performed in a single module for each of these
mission seg.xnents. I-Ioweiveri for the purpose;of this ana,lysi-.s, con-
ventional and short landing fuel consumption is based upon cruise fuel

N 3
consumption rates. and vertical landing fuel consummption is based on

hover fuel consumption rates. For this case,

DELT = TLD/60° (107) -
DELF = TLD ((KI5 + K16 (HLD) + K17 (WO)) (108)
: Conventional and Short Land‘ ’
= TLD ((¥21 .4+ K22 (HLD) + K23 (WO}) (109)

DELF

;. Vertical Land
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TMR is updated using Eqs. 13 through 19. The following condition

results in diagnostic notification to the user.

If REMF < TMR halt

Statements [105] through [117] of program FLIES contain the

logical operatlons for this module.

4,4.10 STANDBY and INACTIVE

During a mission there are occasions when the aircraft will be

active but in a STANDBY mode., These times, TSB, are included as

3

part of the total mission time, but do not enter into aircraft utilization

(engine on) calculations,

There are also periods of time that occur within those hours of

the day that are normally available for aircraft operation but are clearly

unrelated to a mission. During these time periods, TIN, the aircraft

is considered to be INACTIVE. For these cases,

DELT TSB/60 ; Standby (110)

TIN/60 ; Inactive (111)

Statements [225] through [230] and. [236] through [ 241]

contain the l;agical operations for the STANDBY and INACTIVE modules.

4.4,11 Summary of Diagnostics

Diagnostic information is provided to the user if certain necessary
conditions have been violated! This information serves as an aid in
making design modifications interactively. Diagnostic information as
it applies to each module in program FLIES has been discussed in the

previous sections and is summazrized in Table 4. 18,
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v 4 FLIES M

f13
r2]
£3d
[u]
£5)
(6]
£71

Te1”

[el

£101
£11]
r12]
{13]
Ca4]
[15]
[16]
{171
£183
[19]
{20}
{211

(221

[23]
C2u3
{25]
[26]
£271
[28]
[29]
[30]

11

tt

1t.

YES<1

NG<0 X

MPY+l+0

\QUTEUT FORMATS ARE: 1. TOTAL

! 3. ECONOMIC
ket ENTEE 1,2,3,08 4

B+l -

11

(k118 AIRCRAFF UTILIZATION XNOWN?
LS+

+D11x%1{L5=0)

2. PERFORMANCE'
4. SUMMARY'

ENTER YES OR NO

[«1ENTER ALRCRAFT UTILIZATION - HRS./YR.

U«all
+D13

L0110 ENTER WUMBER OF MISSIONS PER YEAR . MPY=?

NPyl
U13:+01x1 ((B1=3)v(B1=4))

B
Tr

'

t

rr

'"MODE GOMPLETED ELAPSED
' . DISTANCE
! N.MI,

tt
Tt

ELAPSED  FUEL FUEL CARGO PASSENGERS
FIME USED  REMAINING . ONBOARD ONEQARD

HRS. LBS. LBS. LBS.

Table 4.7 Program FLIES Lasting

No.

ATRCRAFT
WEIGHT
LBS.

LOAD?
FACTOR?

=t



rANY

[31]) CL:Dbeph[31]

[32] WbS<DL-2

[33] XxI+M[DD;5)

(34l CoeM{DD34]

[35) NieMLDD35)

[36] NAS+NES+(COXNN)

[37] oJ+1

{38] Wwr+A[31+ald 3514200807 ;4 H8(DD-134]

[39] Wax<AC21+(4010-4T2])xMF ;6]

(40} Fux+A[51%6-(6~6.7)x4[62]

(41] WLE+YMY-FHF

[42] T1<4[46)+(A085]-40u6])xA4[65]

(431 T2+AL871+(A[48]-ACu7])=4(65]

(48] P8«4l483+(Alu5T-Alu8]1)xA[65]

(45] D1 (8EDD;7]=0)

(467 REMP«FMY

(477 +D9x (WLF2FHX)

(48] BEMB«ALF

ug)] D%

[S0] D1:REMPMEDUD; 81xATWI T+ (AL4Y 1210000 )+ A[H S IxVWF
(511 DS:XTOr«PTOT«FTOT+CM+EM«PAX+C ART b+ T IN+TLO+ThF+L26+L30+0
[521 WO+AL[3)+REMF+200xM4[DD~1 34 ]

[53] L1«M[;2114

[587 Lo<«M[32115

[55]1 La«mli;2016

[561 La+l/(L1,02,03)

[57) Ho«M[L4;6]

{581 J1+0

(59] 8h«1

[607 £O:+(PL,F2,E2,P11,P11,F11,P4 ~ ~ ©3,F3,F1,P5,P8,P8,P8,FS,P10)[MJ32]]

Table 4.7 Cont'd.
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RIFTVOD 9004 10

S gV TYNIOTIO

-~

(611 P1:DELX+0

(621
[63]
[641
[65)
{66]
{67]
[68]
{sgl
{701
(713
(72)
{73]
L74]
[75]
[76]
L7731
[78]
{791
£80]
r81]-
[82]
(a3l
Lau]
£657
{861
[87]
[88]
[89]

DLLT«M[J 331560

NOor<+M[J36]

TLO+TLO+DELT

DELF+0

PAX<LAX+M[T 341

CARC &R+ J35]
FOHO+MIT 35 1200500 34 ]

TMR<M[ DD ;6 1xT1+(T2%10000)+T3x¥0
TFOT<TTOT +DELT
WhXeAC23+(A01]~402])x(J:6]
CRE+NMY AL 3 1+ REMF+ 200 PAX+M[ DD~134 ]
AP+0.0005x X -AL 31+ REMF+200xM{ DD~1:4 ]
Eou+(C 4R +200%PAX) +WMX A1 3 1+ REMF+200x4[ DD-134 ]
oUTEUT

+21x1 (PAX>4[4])

+58% 1 (CAR>CHL)

+Z2%1 (WO>iVMX)

+Z4x1 (KEMFS0)

+Z3x%1 (REMP<TMA)

+Z5x1(PAX<Q) .

+26%1(CAR<Q)

+Z 7%\ (hEMF>Fik)

+E10x1 (REMF>WLE)

Sli+Sk+1 -

>y 1 ((JsXXI=1)A (T L))

e+

+FOx1 (V¥ AS28N)

B0

(901 £2:DELE+0

Table 4.7
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¥il

£911
fg2}
[93]
fou]
f95]
[e6]
[a7)
{s8]
{99]

LELT«M{d 331460
DELF+M{d 53 )% 4029 1+ AL30 % HO
REMPCREMF-DELE
KO+WO-LELF
TTOT+TTOT+DELT
FIUT«FTOT+DELF
TMieML DD ;6 1xT1+(T2x10000)+T3%¥0
OUTEUT
T +Z3x1 (REMP<TME)

(1001 Sw+Sk+1

[101] =B ((J=XXT-1)A{J1<¥N) }

[102] J«J+1

L1037 +FOx1 {(NAS251/}

[104] +EX

[ 10513 :DELX+0

{1067 DELT«M{J ;3160

[107] kO«M(JS ;6]

(1006] DE1+M[J333xA049 1+ (A[50 IxH0)+A[51)x¥0
{109 DE2«M[J;31%ALs 51+ (A[4Y4 IxH0)+A[ 45 Ix70
{1100 LALE<DE2+(DEL-DE2)x(M[J321=11)
(1111 KkEkMP<REMP-DELF

C112) WO«WO-LBLF

[113] TPPOT<PTUF+LELT

L114] FRUT<FTOT+DELE

[1157 TMA<M(DD36 IxT 1+ (T2x10000 )+T3xK0
L1161 CUTHUT

[117] +53%\ (RhiF<Tuh)

{1181 Siy«si+1

L1197 =By xa ((J=XXI-1)A (1<) )

{120] J+J+1
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RIFTY,

g1t

® 9004 ap
IV aVNIOTNG

i

[121] +E0x1{NAS25N)

[122]

+BX

(123184 00Ty

{1243
[125]
[126]
(127]
[128]
{125]
£130]
(1311
f132]
f133]
L1543
[135]
{1363
(1573
[138]
(1397
(1407
£141]
[142]
[143]
[asu]
(1457

LVESCHHT
DELX+M[J ;3]
DELP+(TCL+TCR+TDC )60
DELFP«iiPOLAWECRYAFDC
RENP«REMF~DELE
XTOTXTOT+0ELA
TPUD+TTOT +DRET
FIOT+FTOT+VELR
ChCM+YCARXDELX
PArelpk PAXX DELX

Tithela[ DD 6 1T 1+ (T2x10000 )+ T3x¥0
OUTFUT

L26+L26+L24xDELY
L30«L30+DELAx AV

+ZUxy (REMFS0)

+43%1 { REMF<T1R)

+Z29x 1 (HOL<m(S35])
SN+SN+1

FEAx A ((T=XXT-1)A(J1<iN)
I+

+P0x 1 (¥AS2SH)

+Px

(146 1F5: DELY+0

{1473
{1467
£149]
[150]

DELT+M(J33]:60

ThP<ThF+DELT
WHE«A[31+CAR+200xPAX+4 [ DD~1 31 ]
WLE~WMHX~WWE '
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[151) DE1«PMX-KEMF

[152] DE2+NILF-REMP

01531 VE3«(t[J 351 AL43 7+ (ALY X 10000 )+ (AF45 IxW0 ) ) -REME
L1547 +D10x1{M(S;u1=0)

(1551 REMP«FMX

(1561 DELF<DE1

L1573 D12\ (WLF2FMY)

[158) REMF<WLF

[159] LELF«DE2

[1603 +D12

(18611010 hEMPeML 3 S T% AL 3 1+ (AFBY4 1% 10000 )+ ALk § Tx¥0
[162] UELF<+DE3

1681012 ¥0«0+DELF

{164 DELF«0

(1651 PIOP«ITOT+DELT

£1686] CRAHMX-AL31+REMF+200%xEAX+Y4[ DD-131]

(1671 AP+0.0005xHMX-AL31+REMF+200xM4[ DD~134 ]

[168] L24+(CAE+200xPAX) +iMX ~AL 3+ REMF+200x4( DD~134]
£165] OUTEUT

£270) +27x 1 (REMF>FMY)

L1717 +210x (REMP>WELE )

[172]7 +72%1 (WO>¥MX)

[173] Sh+sy+1

CATR] +Edx  ({J=2 X I-1) A {T1<HN) )

[175] Je+1

(1787 +POxt (N AS25N)

[177] +PX

L1781P6: LOWN

£179] HO+#CQ-DELF

[180] DELX«M[J;3]
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OJJ
! 1V332121£3

40
Iy,

{0y
Vd

L1t

‘T181]

DELP<TDC360

{1821 ROL+{HO-HF):TD(
[183) hEMP+REMF-DELF
(184 1 XTOT«XTUT+LELX
£1851 PPOP<TTUP+DELT
(1861 FIUT<FIOT+LELE
(1673 PuR«M[DD;6IxP1+ (72210000 )+ T340

[188]
[189]

OUTEUT
L26+L26+L25xDELA

[190] +Z4x1 (REMFL0)
[191] +E3x 1 (REMF<THE

{1921
[193]

Sk+5Sn+1
PV x L { (J=XAI-1IA(J 1<k} )}

{154 J«J+1

[195]1 +POx1 (¥ AS2SN)
[196] +FX

[1971P8: DELT<ULJ ;3]4bu

[198]
[159]
2001

201]

(2021
(2081
[204]
{205]
(2083
£207]
[208]

fo+Ml736] ,
Q1+AL52]+(ATug1-AT52] )= (M[J:27=15)
Q2+AL53)+CA[50]-4053] )2 (MFJ;2]=15)

Q3+A05u 1+ (ALS1I~A[54] )% {MES 32 ]=15)

Qu+Af 181360

R5+A( 1960

GE+AL20]:60

+D19x1(Q3=0} .

S1¢{Q1+(§2xH0) +§3xW0) 33

DELF«S1x1~%~Q3xM[J33] K
DELX«(M]J32]1=16) x{ QBXDELEF+E3)+MIJ ;5 1x Qu+ (@5 HO )+ J6xF0-81

[208] +U2 ;
[ 2101019 : GELF+}E J 3 3]1x g1+ Q2% HO
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£211} DELX+ (WU ;20=16) x5 3 Ix @i+ (95 H0)+ (Q6x70) -M[J 3310 . 5% 6= @1+ 02 xHO

£ 212102 :WO=WO~DELF

[ 218 nEMF«REMI-DELF

£214] TTOP<ITOP+UELT

(2151 FPOT+FTGY+DELF

£216] TMR+M[LL36I%T1+(T2x10000 }+P3x¥0
{217] oUTRUT

[218] +Z4x 1 (REMF<0)

L2193 +&3x (REMP<TME)

[220] Sh+Sy+1

L2217 +BVx ((F=X2I-1)A(J1<N))
[222] o+J+1

[223] +POx1(NAS=5K)

(2241 +Px

[2251F9: LELL«C

[226] LELF+0

[227] LELT<M[J;31:60

£228) TSb+PSB+LELT

(2291 TPOPTTOT+DELT

(2801 oyrevT’

(2311 Sy+SN+1

[232] +B/%1 ((T=XXT=1)A (J1<HN))
£235] Jedtl

[234] +EOx1(N4S25N)

[235] +F¥

[236]F10:LELL+0

(2371 DELF+0

£238] LELT«M[J3;3]+60

[239] TIi+TIN+UELT

{2401 TrOP«TTOT+LELT
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" [2u1] OUTEUT °

[242] SN+SH+1 ‘

[243] +F¥x1 ((J=XXI-1)A(J1<NN})

[2ul] J+d+1

[2u45) +FOx1(NAS2SN)

[246] +EX

{2u71P11:DELY+0

{2u48) DELT+M{J 331360

{2491 HO«M[J3B)

(2507 DE1<M{J;31xA[31)+(A032IxH0)+A[ 33 K0
(2511 DE2<M[J;31%AL34 J+{A[351xH0)+41 36 Jx¥0
(2521 DELF«DE2+(DE1-DE2)%k[J 373

(2551 AEMF«REME~DELF

(254 WO=¥O=DALF

[(255] TTOT«ITOT+LELT

{2567 FTUT+«FTOT+LUELR

(2577 ik DD;6IxT14(T2x10000 }+T3xH0
£2581 OUTPUT .

[255] +Z3x1 (REMF<INk)

{2601 Si+SN+1

{2617 +EWx1 ({J=XXI-1)A(J1<kV))

[262] J«J+1

[263] +Fox\ (¥AS25K)

[264] +FX

[265 17 : J+J+1-CC

[266] J1+J1+1

[267] +FO , .

[268)PX: L26+L26+XTOT

[269] ECON

L2701 +0
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2711811

2727 ¢ .

(278] "wx*uAXIMUM PASSENGER CAPACITY EXCEEDED BY *jEAX-Afu)
[274] »0

[275])22:1"

[276] !

£277) '%%*xPAKEOFF WEIGHT LIMITATION EXCEEDED BY '3[W0-WhXs3' LBS.!
£278] +0

(279123 :TTT«(TME-RENF Y2 T1+ (T2% 10000 )+ T3x50

{2807 t¢t

[2811 "

L2821 '#x*FUEL ONBOARD INSUFFICIENT FOR ‘:MDD;613' MINUTE RESERVE BY 'i[TTT:' MIN.'
[263] +0

[284]32y:17

[285] !

(2861 "#xxRdv OUT OF GAS bY '3[ ~EEMF;' LBS.'

£287] +0

[z88)28: 11

[269] "

(290 '»**UNLOUADED 100 wANY PASSENGEES bY ';-EAX

[291]1 +0

[292]z8: "

[293] 't

L2947 'x*xUNLOADED TOO MUCH CARGO BY 'i-CAR;' L[BS.!

f295] +0

[286]27:1"

(2977 .

(298] "wxxMAXIMUM FUEL CAPACITY EXCEEDED BY ';TREMF-FMX;' LES.®
[299] »0

(306728

{3017 !

1
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YA

(3013 'f :
(3021 "#++MALIMUM CARGO CAPACITY EXCLEGED BY ';TCAR-CKX;' LES.'

[303] +0
304 329; '

[308] *!

L3OB] "wwwxhININUM ALTITUDE NOT ATTAINED BY *3iM[J;51-HCE;® FT.'

[307] »0
[308]Z210:""

[309] ! .
(810} '"***TAKEQFF WEIGHT LIMITATION EXCEEDED BY ' sTREMP-JLF;t LBS.!
¢ .
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[1]
{21
£33
[4]
{51
6]
£7]
[&]
9]
r1e)
[11]
£12]
[13]
[147
£15]
(16]
[173
[18]
[19]
[26G]
£21]
[22]
[23]
£24]
[25]

v

C261

[27]

OUTEGT?
+C0x1((B1=3)v(B1=4))
+U1x1 {NOR=1)
AST=tx!
-2

U1:487+

U2 U3 (MLJ32]=7)
+uxy (MJ32]=8)

OUT(,SID[M[J32151),(10 1 DFT DELX),(9 2 DFT DELT),($ O DFT DELF),(S O DFT REMF)
OUT<OUT,(12 0 DFT CARY,(10 0 DFT PAX),(13 O DFT W0),AST,(8 2 DFT L2u)

T

+Z0x 1 {NAS> SN )
" x=ALTERNATE AIRCRAFT CURNEIGURATION!
+(0

Ja. '

OUT+'ENROUTE', (23 1 DFT DELX),(9 2 DFT DELT),(S O DFT DELF),{(9 0 DFT REMF)
OUT+OUT,(12 0 DFT C4k),{(10 0 DFT FAX),{13 O DFT ¥0),AST,(8 2 DFF Lo4)

ouT

QUT<' CLIMB(',(5 0 DFI HCL),' FT. MAXx) (',(6 1 DFT XCL),")

our

QUT«" CRUISE ('.(6 1 DFT XCit},')  (',(4 2 DFT TCR:60},')
our

QUT«' DESCENT ('s(6 1 DFT | XDCY,')  (',{(4 2 DFT TUC:60)},')
ouT .

L s

+00x1(NAS>SH)

"= ALTERVATE ATRCRAFT CONFIGURATION'
0

(",(4 2 DFT TCLs50),"')Y (',{(S O DFP? WFCL),'}!

(",{5 0 DFT WFCR),*)!

(',{5 0 DFT ¥FDC),")!

(281 U4 :0UT«'DESCENT(',(5 O DFT ROD),' FT/MIN)',(9 1 DFT M[7331),(9 2 DFT DELT)Y, (9 O DFT DELF),{9 O DFT KEMF)
OQUT<OUT (12 0 OFT CAR),(10 O DFT EAX),{13 O DFT W0),AST,{(8 2 DFT L24)

£29]
[30]
{31]
[32]

ouT
+C0x1(§AS>S5N)
"%=ALTERNATE AIRCRAFT CONFIGURAE:ION !

[33]1 Co: =0

v

Table 4. 8

Subprogram OUTPUT Listing



t’%ﬂﬂ)&.ﬁo
d IVNIDRIO

N
a9,

X1rty,

51

€21

v JLIMB
Q1+ACL2u4]+{AC213-4024))=M[J;6])
Qa+AL25]+(A022]3-4E25])=xM[J36]
Ga+A[26]+(A023]-4026])xM[JT36]
Qu+ALu0)+(AL371-Alu0))xild;56]
QS+AL411+(A038]-4[81])xM[J;6]
R6+ALu21+{A039]1-4A[42])xM[J;8]
@7+{AL9)+{A(6]-AL9)xM[7;6]1)%60
Q8+(AL10)+(A0(71-A0210]) =4[ 73613460
Q9+ {A011]+(A[8]-4{11])xM[J;6])%60
HOL+L/(MLJ;43,(A067]+40683xK0))
+014x1({Q3%Q5)=Q2x46)
51+Q6-Q2
52+(Q3xQ5)-Q2xgs6
S53+(51x51)-ux52
S4+((853%0.,5)-51)%0.5
56+-{(53%0.5)+81)x%0.5
S6+({Qg1xQB)-03xg4)t52
S7+(Q1+((Q2-Su)xH0)+{(Q3xW0)+(S4x56))+(55-54)
S58+H0-{S56+57)
S9+«N0+{(@5%Q1)-QuxQ2)+32
S10+(Q4+(Q@5xH0)+(Q6xF0)+59%S4)+55-54
S11+-(510+59)

ITCL
XCL+(@1xPCLY+({@8x((S8x*xSuxTCL)+S4Y+((STx*S5xPCLY+55)+(S6xPCL))+@9x(511854)+510+589

Y XCL+XCL+(Q9xWOxPCL)-(Q9x((SF11x*xSuxTCL)+S4)+((510x*55xPCL}+35)+(S9=xPCL))+@8x(58+54)+37+55
+D30 .
Di4: CLIMEB1
D30:WNFCR+WFCL
HCR+HC
)

Table 4. 9 Subprogram CLIMB Listing



. P2l

v CLIMB1
[11 +D15x1(Q2=Q6)
(2] ~+Di6x1((Q2=g6)A(23=0))
(3] @L0«QLrgaxio
(4]  Qi1+((Q10xQ10)+2%Q3IxQuxHY-HCL)%0.5
(51 TCL+~(QL0-Q11):@3xgh
[61 XCL«(TCLx(QT+(GBxH0)+QIXN0) )+ (TCLXTCLx0 . 5% ((£8xg1)+ (83X 0) ~QOx QU )Y ) -PCLxTOLRICLxGBx Q3% Qu3 6
(73 WFOL+QuxTCL -
{81 -3t
{91 151410« ({Qixg6) ~GIxGH) :56-G2
101 @L1+(g1+{Q2xH0)+(@3xK0) -010)3(76-Q2
{111 ITCLv- .
{12] _xcw(Q'JxTCL)+(QexHOxTCL)+(anamxzmxfcz,xo.5)+(Qexwoxrc‘m»e(ggxmse(Qs—Qz))+(Qexanx*(as—ez)xTCL)%Qs-Q2
£13] XCL«XCL+(Q9KQ15xTCL)-(QerlleCLH(QBXQ‘H%(QS-QZ))+(Q9><Q15xTC'LXT('LXO.5)'+(Q9><Q16x*(Q6-Q2)KT(‘L)%QS-QSE
(183 =+031
[151 16 :TCL+(HCL=-10) +G1
(16] XC‘L+(TC‘L><((Q7+Q8xH0)+Q9x;JO))+(TCLxT(’LXO.sx(QBXQ‘I)—(QQXQH)HQQXQSxHO))—TC‘LxT('LxT(‘beBKQbXQl%E
[17] WFCL+TCLxQu+ (G5xHO Y+&5%@LxTCLx0.5
£18] b31:+10
¥

Table 4. 10 Subprogram CLIMB 1 Lasting


http:TCtxTCLxO.5x

g¢1

Y ITCL )
1]  TOL+HCL+{QL+G3x¥0}
[2] B0:513+7CL
£3)  B14+(S6-HCL)+(S5Bx#5uxS13)+57x*55%513
{41 515+(Sux5BxxSU*513 1+ 55x ST x55x513
{5} TCL+51%3-514:515
(6] &6+ |ML-51%
[7) +B0ox1(516>0.01}) .
[8} WFCLe59+(S11x#*SuxTCL)+510%x*%S5xT L

v IPCL1
(1] TFCL«HCL3 (§1+Q3x¥0)
[21 D17:7«ICL
[3]  q12«H0+(QL0xT)+ (@1 1x* (R6-Q2}xT)-(FL1+HCL)
(41 Q13+Q10+(56-82) xQ11x* (g6-§2) xP
(5] fFCL«T-Q12+9153
(6] Qlu+|TCL-T
[71 =+D17x1(@14>0.01)
£81  @15¢((@5%xQ1)-quxQ2)*Q6 g2
9] @1«(Qu+(Q5xHO)+(Q6xH0)-Q15)+Q6-62
[10] WECL+(QUSxTCLY+ (Q16x % (Q6-@2)xTCL) -Q15

Table 4. 11  Subprograms ITCL and ITCL 1 Listings


http:07xi(Ql4>0.0t
http:BOxrC6lS>O.Ol

P YAl

(1]
[21
i3]
f4]
£5]
{6]
i7]
8]
{9]

{107

[11]
f12]
£13]
(147
{15]
[18]
[17]
£1i8]
{1g]
f201]
{211

‘T22]

[23]
24}
[25]
[26]
£27]
f28]
[29]
£30]

9 CRUISE

+D3x 1 (HCF2A069]) -
@1+A[46 1+ (A4 3]-Alu8 D =Ml 37]
Q2+ALY7 3+ (ATHYE J-AT8 7 1) ([ J 571
@3+Alu8 3+ (A4S ]-Alu8 ) =ML 37]
Qu{AL15 1+ (AT 121240157 )M F 5711260
Q5+{A[16 % (AL 131-4[16] >3 711560
g6+{ALL7 3+ (AL18 31-AL17 1) =4[ J 37 1)260
+Dl4
U3:Q1+AL73]

G2+4[74]

@3+4[75]

Qu+A{707+60

GS5+AL711%60

g6+4(72]460
D s XCieMEd 33 1-XCL+X D0

PeXChTQu+ (Q5xHCR)+J6%H0

VEPT1

WECk+0
50 1 ¥OHO+YEC

TORT+UET

KUXCLAXCHAADC-40 S 53]

+D1x1{R3=0)

S1+{@L+ (G2=ECR)+53x50) 203
WFCR+S1x1-%-Q3xTCk
ACa+(QExVFCRE Q3 )+T0 Ax G (Q5X HC K )+ G6X¥0 =51
HO+HO-¥ECK .

+D5% 1 (413=0)

513+ (@LI+LG12xHC R+ (§13%0) -$12)+Q13
RLC=(TUCxAT12 3+ (AL 13 IxHOR Y+ AL 14 1xW0~-513) £60

XDCXDC+{TDCXTDC0 . 5% (AL 131%x810) -4 14 1x512) 260

Table 4,12

Subprogram CRUISE Listing



Let

[313
£32]
[33]
(3]
[35]
£36]

[37]

fag]
[39]
401
[41]
fu2)
(433
[44)
{45]
[uB]
(473
(48]
[49]

i50],

{51}
[52]
[53]
(547
(553
[56]
[57)
(58]

XEC+XDC+ (AT 14 I S132419x60 ) x 1 -% Q1 3IXTD("
WEDC+S13+(TDCXS12) =51 4%%-Q1 3xTH(

+D6

DS: XDC+ (PDCX AL 12 1+ (AT 131xHCR)+ AL 14 IxH0) +60

XDC+XDC+TDERTHC=0. 5% ( (AT131=x@10) ~ (AT 14 Ix @11 )+ AL 14 1< Q12xHCKk}+60

XDCwXLC-(PDO*TOOXTOCx 40 18 Ix Q122010 ) +60%6
WEDC«TDOK (QUI+QL2xHCR) + TUCG 5% 012%§10
Loz B1S5<XCIAXCRXDC-HTT 53]

R16+R14~R15

CRAT<R162UET

DB T+R153817

TTCE+DET

+40x1 ( (| R15)>0.01)

+D2

DL WECHTC Bx QL+QaxHC &

ACEATC R Gu+ (QSx HO K+ { Qbx/0) “TCR%0 5% QBx Q1+ Q2xACK

HO+¥Q-¥FCR
XLCe(TLOx AL 121+ (AL13 IxECR )+ AT 14 3xW0) 260

KLOXDO+TUCRTHOR0 .. 5% {{AM 13 IxG10) - (A7 18 1 QU1 )+ Al 14 1 Q12%HCR)+60

XLC+XD0- (FDCRTOCKTLC* AL 14 1X Q12X Q10) $60%6
WEDCTDCx ( Q1+ @L2%ACK)+TDC%0 . 5%G12%G10
RASYCLAXOR+XDC =ML ;3]
F16+R14%f15
R1T+R162DET
DTk 153k17
P«TCR+DET
"+BOxt (| k15)>0501)
v2:+10 '
v

Table 4,12

Cont'd.


http:XCL+XCR+XDC-M[-J;.31
http:BOxI((-IRI5)>0.0V

8¢1

{11
r2j
[3]
[4]
[sl
(6]

. 7]

£83

{9]

{1031
{113
i12]
[13]
C14]
{151
[161]
{17]
£18]
£19]
L20]
[21]
[221
[23]
L2u]
£25)
[26]
£27]
[28]

V DESCENT
Q10+-AL281+(AL27 ]1-AL28 1) =M[ ;8]
FAC+1+310%0.00025
HO+W0-WFCKR
A1L1=FACxA{43]

Q12«FACxA[u4 ]

QLIVFACKALLS ]

TDO«{MLJ+1; 6 J-HCE)}+Q10

+[32x%1(g13=0)

S12+812x310+413

S13+{ Q1+ (QU2xHCE )+ (§13%¥0) -512) 2413
KIC+(TDCxAL 123+ (AT 13 = ECR )+ AL 14 IxV0-513)260
XDCXLC+(TDORTDC=0 .52 (AL131%210) «A0 14 1x512) 760
XDC«XDC+( AL 14 Ix51 3341 3%60) x 1-% =1 3xTDC
WEDC+S13+(TDCx512) -8 13% %=1 3xTU(
+D33x1 (ML S 1 31>XCL+XDC)

D34 x1 (MLJ 3 31=XCL+XIC)

SUBALT

+D34
U3 XDC+(TDCx AL 121+ (AL 13 )= BCR)+ A 18 IxK0) 250

XDC<XDC+TRCxTHCX0,5x ( (AL 133%Q10) ~ (Al 18 IxG11)+ AL 18 Ix Q12xHCR) 260

XIC<XDC=-{TOCxPLCXTOC* AL 18 1x@1.2%Q10) #6065
WEDC+TUCx ( QU+ QL2xHOR)+TDC%0 . 5% Q12xQ10
+033x1 (ML T3 1>XCL+X0C)
D3 (M3 3)=XCL+XDC)
SUBALT
+034

D33:CRUISE

D34 s WOHO -HFDC

¥

Table 4. 13

Subprogram DESCENT Listing



621

£11
{2]
[3]
4]
[s1
[6]
£7]
£al
[e3
£10]
[111
L12]
[13]
[14]
[15]

{16]

[17]
[18]
(19]

¥ SUBALT

Hel /ML 34],(AT671+AL681XW0) )
VELE< 1000 ) .
WO+WO+WFCE ’
WECL+0
B0 /0« 0+¥FCL

RO L~HC k«H+DELH
HAR+XCL+XDCM[J 33 ]

SUBCLIMB

WO/0-¥FCL

SUBUBSCENT
R15«XCL+XDC-MLJ 53]
R16%k15~R15

F1T+R18 2 VELY

DELH<R153 k17

HeHCL+DELH

+B0x1 ( (| DELH)>0.01)

TCR+D :

WECR+Q -

XCh«0

Table 4, 14

Subprogram SUBALT Listing


http:4BOxi((jDFLH)>O.0A

0e1

[1]
relr

£33
(%]
£5]
(61
(71

£1]
2]
[3]
[u]
{53
6]
£7]
£el
£9l

V SUBCLIMB
+Dx1 {((Q3%xQ5)=0Q2%g6)
ITCL '
XCL+{Q7XICL)+(QBX((SBK*SuxfﬂL)%Sh)+((STX*SSxm?L)%SS)+(SGxTCL))+QQX(811+SM)+510%55
XCL+XCL+(Q9*W0XTCL)-(Q9X((511X*SM*IWL)%S4)+((SlOX*SSXITL)*SSJ+(SQXTTL))+Q8x(38+34)+37+85
+30 ’

o14:CoIiMba

30+ 0

v

-V SUBDESCLNT
TUC+ ([J+1;6 1-HCEI+G10
+D32x1(g13=0)
S13={@L1+( Q1 2xECH)+(Q13xF0)-512):313
XLC+(TLCx AL 12 1+ AL13 I<ECR)+ AL 14 1xW0-513) 460
XDORDCH(TDOXTDO%0.5%x (AL 13 1% @10) -4 14 Ix512) 260
ALCCXDC+(AL 1% 12813+ @1 360y x 1~*—13xT0C
WEDCS13+(TO0*812) -§13%%-Q13xTDC
+D3n i
L32:XDC+(TDCx ALL2 1+ (Al 13 IxHC )+ AT 18 J%70) 60

L10]  XDC<XDO+TOORTUC%0 5% ({AL13 1xQ10) - (AF 14 1x@11)+ A0 14 IxQ12xHCR) £60
[11]  XDCeXDC-{TDOxIDOxTUCx A1 14 1x Q12X Q10) :60%6

[12] WFOCTLE% (QUI+GL2xBCR)+TOC%0 . 5% Q12%Q16

{131 D340

v

Table.4,15  Subprograms SUBCLIMB and SUBDESCENT Listings


http:XDC+(TDCxT'DCxO.5xCAEl3)xQtO)-AF14'iSl2)+.6O

1€l

v LOWN
[1)  HoeM[J-136]
(21 @1+4A(43]
£33 Q2+ALu4]
4] g3<4lus)]
[5]  Quei{12]:80
[61 @5+4L131:60
(71 @6«4L14]360
[8)  HF«MLJ+1;8]
(91 el ;375 Gu+ (45xA0)+56xY0
[10] LhD+ 1
[11] A0C<ulJd33]
[12] BO:TBC+T+LET
[13] Rlu<XLC-hlJ ;3]
[14] FAC«1-(HO-HF)x0.00025:T0C
[15] =+D1x{Q3=0)
[18] S1+q2x{HF-HO)+G3=TOC
[17] 52+(@1+(G2xH0)+{GIxV0) =S 12FAT)+43
[18] XIC+TDCxgu+ (Q5xHO)+ (Q5%Q . 5xHF-HQ) +56x/0-82
[19] ALO+XLO+@6x32x (1-*-FAC=Q3IxTOC) + FACX Q3
[20] XDO«XDO-TOCKTLC*0 5% GEx 51
[21]  UELP+(TLC*S1}452%1=%=F 4 % G3xTDE
[22] R15<XDC=M4[J43]
£23] AB«k14-A15
(241 A17+k16:LETP
[25] LET«R15%A17
{26 T«TGC+DET
£273 +BOx1((|515)>0.01)
£28] =2 ’ -
[291 L1:XDCCTDOx G4+ (§5% 0. SxHF+H0)+ 46X Y0
£30] XDO+XDC-TDOXTDOXD (5% G6x Q1+ 2x Ho+ (HF-HG) +3

Table 4. 16

Subprogram DOWN Lasting


http:4B~xi((ITlS)>0.Ol

{311
[32]
L33l
C3u]
£35]
[36]
(373

DELP«TLUC* @L+ @2 HO+0 . Sx (HF-HO)
H15+XDC-MLT33]

k16+K14-F15

F17+E16+LET

DET<R15+k17

T<TUC+DET

+B0x1( (| Rk15)>0.01}

[38] v2:m0

26T

Table 4. 16

Cont'd.


http:TCxQ1+Q2xHO+O.5x

£etl

(13

[2]
£33
{u]
£5]
[6]
71
(8]
{91
£10]
L11]
[12]
{13]

Cat]

[15]
[16]
(171
{183
L1831
{20]
f21]
[22]
[23]
ras3
£257
£26]
[27]
[28)
[291
301

v EBCUN
11
tt
"TOTAL MISSION ELAPSED  ELAPSED  FUEL
' DISTANCE — TIHE — USED
* W MI. ARS. LBS.

1t

(80. 1 DFP XT07),($ 2 DI £TOT),(S 0 DFT FTOT),{53 2 DFT L26)"
i1

11

tt

Uk« TUP-TLO+TRE+TIN+TSE
U<l={~L8) xU=MFYxU/En

MPY<l s UM

L1+{MIDD-134 J+Al61 T %Al 581y

LBLTxIEY

L9wFTOT+6~(6~6.7)x4[62]
LG«Al64 1+L9% A6 1+ VB

L&+LGxYEM .
D1 (ALST I+ (AMST =Ml D0-1331) I (AT55 3+ A[56 1) 0. 0042+
L10+L11xUEM

L13+415%1x10

L12«L153%YEM

L15+4[60]

DAL 5=y )
17+{0.0525%4755 1+ 4056 )2

LA6«L17xUEM

L1S«LT+LI+L11+L13+L15+L17

L1B«L19xUEM

L21+Mf bu-1451

L20~L21 %/ Ep

Table 4. 17 Subprogram ECON Listing

Loap!

FACIOR'

-



¥ET

[311 L27+(0.1xPM)+CMx%0.0005
£321 =+D2x1{L27=0)

(33] L25+L183L27

[34] D2:MIX+365xLM[DD-1;61sTTC
£35] 851+(0.0162x4[551+4(567)¢
£36] S2«S1xUBM

[37] L23«L15+L21+51

£38) L22«L18+L20+52

{39} AIRCRAFT MISSIONS AV ATLABLE MISSION'
[40] T UTILIZATION, PER YEAR PAYLOAD TON  PAYLOAD TON'
{41l ' HES./MISSION  HRS./YR. MAXIMUM  ACTUAL MILES MILES?

[‘-I- ) ] 1t .

(431 (10 2 DFP Urw),(13 0 DFT U),(11 0 DFT MIX),(10 O DET MEY),(11 0 DFT L30),(14 O DFT L27)
4y tt .

[45] 't
[ug] 1t
(47 sD1xe((B1=2)v(B1=4)) :
[48) 7 DIRECT OPERATING COSTS PER MISSION FER FLIGHT HOUR'
[4g] ¢
£50) ¢ FLIGHT CREW',(23 2 DFT L6),(16 2 DFT L7)
(511 FURL+OTL', (26 2 DFP L8),(15 2 DFT 19)
[52] ! INSURANCE',(25 2 DET L10),(18 2 DFT Li1)
[53] LI | ;
Csu] ! MAINTEN ANCE,LABOR', (17 2 DFT £12),(16 2 DFT L13)
[555 * MAINTENANCE,PARTS', (17 2 DFT L1%),(16 2 DFT L15)
[56F '1
£571 ! DEPRECTATION',(22 2 DFT L16),(16 2 DFP L17)
[58] Tt
(58] - TOTAL POC',(25 2 DFT L18),{16 2 DFT L19)
[60] tr

Table 4. 17 Cont'd.



ALIIVOD 9004
ST E[ﬂV&'{IVNISmg

S¢l

(613
(621
[63]
[6u)
(65]
[66]
[67]

[68]"

(691
(703
[71]
(723
[73]
[7:]
{751
[761
{77]

MISSION RELATED COSTS

t
t .
' TOTAL MRC',{(25 2 DFT [20),(16 2 DFP L21)
11

: OTHER COSTS'
1t

'

t

t

t

INTEREST', (26 2 DFT $2},{(15 2 DFT 51)

1

TOTAL C',{28 2 DFT §2),{18 2z LFT 81)

1

D1t OTAL COSTS PER MISSION

tt

(60 2 DFT [22},(18 2 DFT L23)

LI

+D3x1(L27=0} .
! - DOC/MISSION PAYLOAD TON 4ILE',(iG 2 DFT L25)

4319
v

Table 4. 17, Cont'd,

PER FLIGHT HOUR'



9¢1

CONDITION

PAX > PMX
WO > WMX

REMF < TMR

REMFEF < O

PAX < O

‘CAR < O

REMF > FMX
CAR > CRX
HCL < HMN

REMF > WLI

Table 4. 18 Summary of Diagnostic Information

DIAGNOSTIC

Maximum passenger capacity exceeded by (PAX - PMX)
Takeoff weight limitation exceeded by (WO - WMX) lbs

Fuel onboard insufficient for (RSV) minute . :
reserve by (TMR - REMF)/((T1 + T2 (10000) + T3 (WO)) min

Ran out of gas by \(-REMF) ibs

Unloaded too many passengers by (-PAX)

Unloaded too much cargo by (-CAR) lbs

Maximum fuel capa.,ci,ty exceeded by (REMF - FMX) lbs
Maximum cargo capacity exceeded by (CAR - CRX) 1bs
Minimum altitude not attained by (HMN - HCL) ft

Takeoff weight limitation exceeded by (REMF - WLF) 1bs



4.4, 17 ‘L'otal Mission Summary

Upon completion of the individual mission segment analysis, the

following mission summary parameters are computed and output.

Total mission elapsed distance

Total mission elapsed time

Total mission fuel used

Total mission load factor

Aircraft utilization per year and mission
Missions per year, maximum and actual
Payload ton miles, available and mission

Total mission elapsed distance, XTOT, is,

XTOT = DELX, +DELX, . ., . -I-DELXn

1 2

where the DELX are the individual mission segment elapsed distances,

Similarly, total mission elapsed time is,
TTOT = DELT1 + DELT2 +. . .+ DELTn_
and total mission fuel used is,

FTOT = DELF, + DELF, +. . . + DELF_

The total mission load factor, 126, is a distancelweighted function of the

5

individual segment load factors, namely,

L24 DELX, + L24 DELX. +. . . + L24 DELX
1 1 2 A n 'n

L2e =

DELXl +DELX, +. . . +DEI_:X'I1

2
Aircraft utilization ﬁer year, U, is either inpu‘t to the program, or
calculated if it is not known beforehand. 1In the latter case, it is

necessary to input the actual missions per year, MPY, anticipated. If

U is calculated,

~

U = MPY (UPM)

where

If

UPM. utilization per mission -

TTOT - X (TLO+ TRF + TIN + TSB)

137

(112)

(113)

(114)

(115)

(116)

(117}



If U is input, MPY is calculated from
MPY = U/UPM (118)

‘Maximum missions per year, MIX, is obtained.from the average daily hours
availab;e/ for aircraft operation OPS, by the relationship,

MIX = 365 ( } (OPS/TTOT) . (119}
Where |} denotes the next lowest integer value of OPS/TTOT, This
‘disallows the use of fractional rnissions computed on a daily basis to be
included in the yearly total, For example, if OPS = 16 hrs and TTOT = 3 hrs
the nufnl;;ar of missions that can be c‘ompleted in a day (mathematically) is
6/3 = 5,33, But, the actual number of missions that can be cpmpleted‘ in a

day is 5 (or  5.33).

Mission payload ton miles, 1.27, is obtained from the relationship,

200 PM + CM

L2t = 5000

(120)

It'is recalled that passengers are assumed fo weirh 200 Ibs each. Division
by 2000 converts lbs to tons,
_Available ton miles, L30, is

1320 = AP, DEIX, + AP.DELX, +... + AP DELX (121}
1 1 2 2 n n

where, AP is the available payload given by,

AD = WMX - WEMiol(E)L(FJMF - ZOO'EXC - (122)

and the subscripts in Eqg. 121 refer to individual mission segments,

XTOT, TTOT, FTOT, L24, and L26 are accurmulated sequentially
in each individual mission segment module in program FLIES.

*L.30 and AP are calculated in statements [73], [137] and [167] of FLIES.
U (or MPY), UPM and MIX are,calc;llated in statements [11], {12], [13], and

[34] of program ECON.

138



4.4.13 Direct Operating, Mission Related, and Other Costs

Economics of operation of a mission and aircraft combination

are broken down into direct operating, mission related, and other costs.

Direct operating costs involve expenses for the flight crew,
aircraft fuel, oil, insurance, maintenance requiring parts and labor, and
depreciation. Flight crew cost per'flight hour, L7, is related to crew

salary, SCR, and crew size, N¥FC, by the-expresgainn
L7 = (NIFC + EXC){(SCR)/U

Fuel and o¢il cost per hour, L9, is

L9

CFL (FTOT) + CLU ; Aviation gas
6 UPM

CFL (FTOT) + CLU ; JP jet fuel
6.7 UPM

where CFL is fuel cost per gallon, and CLU is lubrication cost per

flight hour.

_ Insurance is ioased on the value of the aircraft for any give
year. When the aircraft is new the insurance premium is much higher
than in later years after depreciation. The approach taken in this study
was to base the yearly insurance costs on the average value of the air-
craft over a useful lifetime of 20 years. Therefore, this approach
does not differentiate between the insurance premium of a 10 vear old

contemporary aircraft and a new advanced concept.

Representative aircraft value data, for two medium 1ift
helicopters and two business jets, were found to yield an average aircraft

value equal to 42% of its new price over a 20 year period. Insurance costs
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per flight hour, L1l, are based on this average value by,
L1l = 0.42 INS (CAC + CAX)/100

.where INS is the annual insurance premium rate in percent, CAC and
CAX are the aircraft new cost and auxiliary-equipment costs
respectively.

Aircraft maintenance labor cost, L13, and maintenance parts

cost, L15, per flight hour are,

C L13 10 MLA

L15 MPT

I}

Here,it is assumed that hourly labor costs are $10 based on contacts

with various operators.

Depreciation costs per flight hour, 1.17, have been based on
the same representative aircraft data used to obtain average aircrait
- values for insurance purposes. In this case it is found that over a
20 year period a typical aircraft, if properlgnainta:ined, depreciates
to a level salvage value equal fo about 15% of it.s new cost, For this
analysis, the total 85% depreciation has been assumed to be equally
spread over the 20 yea:t' life resulting in. a straight line 4. 25'% per year

depreciation value. Then,
1.17 = 0.0425 (CAC + CAX)/U

Mission related cos—ts fall into a separate category from
direct operating costs. For example, an operator of a helicopter’
airline, also engaged in: construction work, can expect higher costs
to result for his heavy lift work missions due to reduced engine and

transmission life. On the other hand, his airline service missions
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will not place the extra strain on engines and transmissions and will
therefore_};e less costly. The extra costs associated w’ith the heavy‘
work missions typify an example of the mission related cost .category.
Mission related costs per flight hour, MRC, are input‘via. program

MISSION.

Interest costs are not generally included within the direct
operating cost category. In this study they have been listed as other
costs. For this purpose, interest cost has been based upon 80%
financing of the new cost of the aircraft and auxiliary equi;;_m.ent over
an 8 year period at 8 1/4 percent simple interest per year. This
results in total interest costs equal to 32. 4% of the original investmel}t,
or 1.62% per year over a 20 year span. The interest cost per flight

hour, S1, is then
S1 = 0.0162 (CAC + CAX)/U

Finally, a parameter that can be regarded as a single
valued measure of overall combined cost and performance has been
defined to be the direct operating cost per mission payload ton mile,

1.25, according to the relation

125 = (L7 + L9 + 1,11 + L.13 + LL15 + L17){(UPM)/L27

where L27 is defined by Eq. 120.
All eqﬁations for direct operating, mission related. and other
cosis, together with total direct operating cost per mission payload ton

mile are contained in statements [14] through [35] of program

ECON.

141



4.5 Execution of Program

Program FLIES is executed by typing the aircraft I.D. designated
by program AIRCRAFT, followed by FLIES, followed by the mission L. D.
designated by progr‘am MISS;[ON. Using the example shown in Table 4. I,
the typed execution sequence would be TILTROTOR FLIES OFFSHOREOIL.

Program FLIES then carries the user through its operation.
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A3 " Ad Hoc Modification to Computer Program FLIES

This appendix briefly describes the on-line modifications maae to the
basic programs in order to expedite the analysis, or to provide additional
output options. It is not necessary to be highly skilled in APL to make ‘these
changes. Average user familiarity with APL and with these programs are
the onl.y prerequisites, (A listing of these prograin modifications are on file

at The Aerospace Corporation),

Mod. 1. Parametric Changes to Aircraft Definition Parameters

To avoid time consumed in changing single aircraft parameters
(i. e., fuel capacity) and utilizing program FLIES on successive runs, an
inﬁn;tt routine that set successive values for an identified aircraft parameter
was written to modify program FLIES; to cause it to recycle the specified nuniber

of times.

Mod, 2., Parametric Changes to Mission Definition Parameters

For the same reasons which prompted Mod. 1. three mission
parameters were identified as being the principal ones requiring parametric
study}, namely, enroute distance, passengers, and cargo. This Mod allows
any, or all three, of these parameters to be set to n values and the program

cycled n times.

Mod., 3. Estimated Fuel Requirement

As written, thc:: analysis programé ‘either fuels the aircraft for a
specified number of minutes, or tops the tanks. Unless the analyst can
estimate the correct fuel load, the mission is run for an aircraft with a full
fuel load. This sometimes results in an unrealistic situation. This mod
causes the. program FLIES to execute once without providing output. The
fuel required as cieterrrﬁned by the first run'is used to set the aircraft fuel

capacity for a second run. Thus, the second run is made with an approximately

correct fuel load. Since the wéight of the aircraft is different between the two

runs,its performance will be different on the second run compared to the first.
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This at times can result in insufficient fuel and causes the violation of the -
reserve fuel constraint. To preclude this, a fuel estimating factor is defined
in the aircraft parameters (parameter No. 66) which may be used to increase
the.estimated fuel load by a few percent-to accouﬁt for any increased fuel
consumption, Normally the fue‘l estimating factor is set at one (no increase)
until shown that it must be increased a few percent.

Mod. 4. Supplemental Qutput

¥

When running FLIES for parametric studies it is generally more
expedifious to select the summary output mode to save time since all of the
detailed output is not generally required. However, some of the output

. suppresseéd in the summary mode is useful. T his mod collects selected output
_ parameters such as take off weights, cruise altitudes, computes average

cruise speeds, fuel consumed, and appends them tothe normal sﬁrnmary output.
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A4 LIFT FAN V/STOL AIRCRAFT PERFOKMANCYH
CALCULATIONS

The lift Fan V/STOL aircraft data provided by NASA Ames Research
Center was in the form of design, rather than operational performance
data, Therefore, it was necessary to use the basic aerodynamic design
and engine data available to develop the required information such as air-
craft climb and cruise performance as a function of weight and altitude.
Additionally, fuel consumpti-on data for the various flight conditions was
required. This appendix describes the methodology in deriving these opera-

tional data.

In Section A4a the mathematical derivation of performance by use
of the aerodynamic equations is explained. This development was done by

Dr: Julian Wolkovitch, a consultant to The Aerospace Corporation,

Section A 4b describes how the Wolkovitch equations were used to
develop a program in APIL language to perform the calculations required to
give the coefficients used in the aircraft mission analysis programs. This
development was done by Mr. Arnold Hansen of The Missile Systern Design

Department, The Aerospace Corporation.

Section A4c contains an example calculation using the computer
programs, while Section A4d contains a listing of the programs for refer- .

ence,
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DERIVATIONS

A, 4,a Performance Derivations

Introduction

The performance calculation method summarized here is based on
that used by Lippisch {Ref. A.1) for performance estimation of ducted fan
aircraft. The essential feature of Lippisch's method is that engine lift and

drag effects are represented as the sum of two terms:

(1) An internal mass flow term representing the change in the
momentum vector of the air that actually passes through the
engine and fan, This air has a mass flow mj slugs/sec and
a jet exit velocity Vj fps. The fully developed cross-
sectional area of this flow is assumed to equal the total fan

area Aj ftz.'

(2) An external mass flow term representing a hypothetical mass
flow m which is initially parallel to the relative wind vector
Vo and which is deflected through an angle ej + o, parallel
to the direction of the internal mass flow (see Fig. A, 4-1),
This external mass flow is not accelerated, it is assumed to

remain at speed Vo throughout,

Aerodynamic Equations

The lift and drag due to the engine-induced internal and extemal
mass flows are denoted L. and Dp respectively. From Fig. A.1 resolving

P
normal and parallel to the flight path we have:

Dpz mj Vo -mLj Vj_cos (6j+a)+mo Vo'"mo Vo cos (9j+0t) (A_l)

Lp= mj Vj sin(ejrl-a) + movo sin(9j+0£) (A.2)
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FIGURE A 4-1 Forces Acting on A Lift-Fan Aircraft



Il

where @, =.jet deflection ahgle relative to fuselage reference line
J B

o

angle of attack measured relative to fuselage reference line

Neglecting the effects of pitcﬂ{ng moment trim requirements, the power-

off lift and drag L. and P, can be calculated from the standard

w w
expressions:
2\
Dy = <CD0 + CL) x1l/2 p Vozs {A.3)
’ ’ TeA
dC :
L .1 2 1
LW = e (a_ao) Tpvo S, for a<o stall (A.4)
dC . 2mTA
h = lift-curve slope A
where T:T—':aL Ht-cu Pe T (A/0.87) * €05 M4
Oy ~ zero-~lift angle of attack
p = air density, slugs./ft3
=  wing reference area, f‘c2
CD = drag coeffidient at zero lift
o
! . ai . . _ 2
x CL =  power~off lift coefficient = LW/(IIZ) P VOS
e = span efficiency factor.
A= agpect Ratio

J‘F-l/f sweep anglé of quarter-chord iine
Given the airplane geometry,. plus the airspeed and air density, the con-
s.taﬁts in Eqs. ALl through A. 4 can be calculated from standard handbooks
(e.g., Ref. A.3) except for mj, m_, and Bj' It is assumed that mJ. and
Qj are selected by the pilot to meet specified trim conditions; this then

leaves m_ as the sole remaining quantity to be specified,

It is convenient to express m. in terms of m /m.j which is the

ratio of entrained to internal mass flow. The following empirical formula
- !

1
At low Mach Numbers - Reference A, 2
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was found to match manufacturer's data on total lift and power-off lift for

given m. and Oj.

j
™o = 0.035647 + 6. 363896 Vo 16. 8803 Vo i +19. 9242 V03
roa ’ v.,] V. ’ v,

j J J J
v 4

O
- 9.44418 -.\—r-J— (A. 5)

mj is related to VJ by the continuity equation,

m. = p. A. V. A.6
J pJ 3} ] ( )
where AJ. = jet exit area, ftz
. . -3
pj = jet density, slug-ft

The jethas been assumed to be '"cold"; that is, it has the same density as
the ambient atmosphere, and Aj has been set equal to the total atrea of all

fans.

Trim Equations

Trim equations are obtained by equating the total lift and drag to the
inertial and gravitational forces acting normal andparallel to the flight path

respectively. This gives, from Fig. A, 1,

*
- — .V + cos (-
L, + L 5 o YtV (-7) (A.T)
a— Y 1 -
D, + D _—-Lg“ . ¥V, + Wsin (-y) (A 8)

where the dot denotes differentiation with respect to time

W = gross weight, 1bs.
" g = acceleration due to gravity, fps2
Y T

flight path angle to the horizontal, positive for climb
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The airplane flight deck attitude to the horizontal, 8, is given by
6= a+ Y

Thrust and Péwer Eguations

The net propulsive force of all engines including aerodynamic

induced effects, T, is given by:
2 2 1/2
T = (L + D) ’ (A.10)
P Y

The ideal gas power, i.e., the power that is required to produce the thrust
T, assuming no losses in the airflow (e.g. no swirl, uniform jet velocity),
and no engine losses, is given by:

2 2
Pi = 1/2 xnj (Vj - VO) (A.11)

where Pi is measured in 1b-ft—sec“1.

Performance Calculation

Based on engine manufacturer's data, curve-fit formulas were
derived for engine fuel consumption as a functionof g, T, and V. A
digital computer program was written to solve Eqs., A-1 through A-11,
The input to the program includes the trim conditions Vo, v . Y, v s W, p,
and the airplane geometric and aerodynamic parameters, CD s ao, e,
etc, The program iterates on Bj and m, until the specified t:9m conditions

are satisfied. I then calculates the fuel consumption.

Unlike conventional aircraft, a lift-fan aircraft can be flown at
various airspeeds while maintaining a constant attitude and altitude. This
can be achieved by controlling the jet deflection 0. so that the jet provides
the difference between weight and wing lift. For flight conditions when the
wing can provide all the required lift, the program results indicate that it
is most economical in terms of fuel consumption té direct the jet approxi-

mately parallel to the flight path.
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A.4, b Computer Programs FLYER and FLYERCRIT

1.0 Introduction -

This s-ection of Appendix A-4 describes two groups of computer pro-
grams which have been developea to determine the performance character-
istics of lift-fan vectored-thrust VSTOL aircraft. These programs utilize
aircraft design information and operating conditions as input data and
deliver as output performance parameters such as thrust, power, fuel
consumption, and specific range, The first program group, called FLYER,
computes performance for airspeeds below and including critical velocity
for a given value of attack angle. (Critical airspeed is maximum airspeed,
attained when the sum angle of attack and jet deflection angle is zero; thus,
is the powered lift phase of flight), The second program group, called
FLYERCRIT, computes performance only for critical airspeeds for a
range of attack angles (aerodynamic phase of flight). Performance is deter-
mined from relationships given in Section a of this appendix, suitably
rearranged for computer solution, The programs have been tested and
were successfully used in the. VSTOL design studies described in Volume I

of this report,

The following paragraphs discuss the input data required and the -
method of submitting the data; the calculations performed; and the output
data produced. Appendices define terms and symbols; show sample calcu-

-lations and program outputs; and present program listings and descriptions.

2.0 Input Data \

Table A 4-1 lists the input data required to operate the FLY and
FLYCRIT programs, and Figure A 4-2 depicts the VSTOL aircraft and

some of the variables involved in describing its performance.
¢

The coefficients listed in Table A 4-1 are used to determine cer-
tain variables as functions of other variables. For example, COEFWSCAL

contains eight constants used to calculate scaled fuel consumption rate as
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a function of scaled engine thrust and Mach No. The equations for these

functions are presented in later sections of this report. These coefficiente

are placed in the computer workspace (for APL computé.tion) prior to

program execution..

The re'rna;ining input quantities are specified by the operator during
program execution via the FLYIN or FLYINCRIT subroutines. The

computer "'asks' two questions in the initial portions of each run and

requires responses from the operator:

(1)

(2)

Question: SHOULD SEARCH BE FOR GIVEN VELOCITY OR
GIVEN ATTACK ANGLE ("ARSPD' or 'ALFA')? )

This question is asked only during execution of FLYCRIT.
The response ARSPD causes attack angles to'be computed
for given airspeeds, whereas the response ALFA causes

critical velocities to be computed for given attack angles.

Question: IS COMPLETE OR PARTIAL INPUT DESIRED?

-The response COMPLETE activates a mode in which the

input quantities are requested by name and the subsequent

-values entered by the operator are automatically assigned

to the appropriate variables. The response PARTIAL
causes this mode to be bypassed and results in the comment
SPECIFY NEW INPUT AND THEN PUNCH— 0. The operator

_may then input changes to previously specified variables in

the normal APL manner (e.g., W+« 10000) sihnce no auto-
matic assignments are provided in this mode. “After
completing input, the operator types—0 and execution '1:3
resumed. The bypass mode is provided to obviate the need
for complete respecification of input when only a few cha.ngies

are desired,
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TABLE A 4-1 INPUT DATA

* Symbols . No. of
ltem Algebraic APL Programs Values

Coefficients:

Atmospheric Density CCEFRHO

' Entrained-to-Jet Mass Flow Rati. COEFMOMJT

Reduced Pressure . ' COEFPR

Reduced Temperature COEFTR

Mach No. COEFVS

Scaled Fuel Flow COEFWSCAL
Aircraft Gross Weight W w 1
Wing Area s 5 1
Wing Aspect Ratié A A 1
Wing Span Efficiené:y e E . 1
Zero-Lift Drag Coefficient Cpo Cho 1
Quarter-Chord Line Sweep & Q, OMEGA 14 1
Zero-Lift Attack Angle . ALFO 1
Attack Angle o ALF #*
No. of Fans Operating N NOFA 1
Jet Density Pj RHOJ 1
Altitude h ALT l or more
Airspeed ' v ASPD 1 or more
Flight Path Angle ¥ GAM 1
Flight Path Angle Ratio ? BAMD 1
Flight Path Acceleration v VDOT 1

* 1 only in FLY,INI(group_ FLYER); 1or more in FLYINCRIT (group FLYERCRTT
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‘r'—_f / HORIZONTAL
Sy o
V.
V J
Vi
D -- drag W - weight
L - lift o - attack angle
V. -~ wvelocity (airspeed) Y - flight path angle
V. - jet velocity f. - jét deflection angle

T

FIGURE A 4-2 Schematic of Lift Fan VSTOL Aircraft



The final column in Table A 4.1 lists the number of values which
may be input for each variable. Most of the variables are restricted to
single values., However, multiple values may be specified for altitude,

airspeed, or attack angle subject to the following conditions:

(1) Only a single value of attack angle can be input in executing

FLY.

-

(2) Multiple values may be input for either attack angle or air-
speed in executing the FLYERCRIT group. If the response ARSPD was
given to the above question involving SEARCH, then the inputs for attack
angle will merely be ignored. However, at least one input must be

specified to avoid execution problems.

{3) If problem execution time exceeds a certain limit (typically
30 seconds), the computer system will automatically suspend operations
and require a comnmand from:the operator in order to resume execution.
This automatic suspension causes two problems: (1) in some computing
routines, resumption of execution may not occur exactly where suspension
occ.urre_d,- and may introduce computing errors; (é) the output format will
be cluttered with undesirable information. These problems can be-avoided
by limiting the number of values for altitude, airspeed, and/or attack angle
so ifha.t_execution is compléte;ci in less than 30 seconds of computer time.
The operator can determine the approximate limiting number of input
values by performing.trial runs and noting ela.psefi computer time. The
latter information is obtained by typing OAI both iaefore and after program

execution.
Some additional comments regarding operator input are as follows:

(1) Some of the input requests ask for inputs to more than one
variable in a single line. The operator must type a vector string in
conventional APL manner containing exactly the number of elements

requested,
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(2) The request for jet density may be answered either.by typing
a nuinber or by entering the literal vector 'RHO'., The latter response

makes jet density equal to atmospheric density.

(3) The operator need not be concerned with avoiding airspeeds
greater than the critical speed since such values are automatically dis-

carded during the computations.

3.0 Calculations

Three groups of calculations are performed in both programs:
(1} Atmosphere-Related Properties; (2} Jet Characteristics, and (3)

Performance, Symbols used are summarized in Table A 4-2,

3.1 Atmosphere-Related Properties

Atmospheric density, reduced pressure, reduced temperature, and
sonic velocity are functions of altitude, The following relationships were
derived via regression analysis using data from the 1969 NASA Standard

Atmosphere tables,

Density: (1-1)
-1, 668 3 .7 2.735 2 2,266 : -
P= ot h™ 4 2 b - 2222 h o0, 0765 1b/cu ft
10 10 10 _

Reduced Pressure: (1-2)
6 - _ 2.844 33 . 5,020 1,2 . 3.592 h + 0.9997
R U TS 0% |

Reduced Temperature: {1-3)

_ 1.857 3 8. 729 2 5,862
e = L h - . h - . + 0- 9982
A qol5 1011 106
Sonic Velocity: ) (1-4)
. 1,174 3 6 2 .

Vg = =2=36%2 w7 - .306  n* _ 3.180 h + 1115.3 fps

S 10 108 103 P
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TERMS

Aspect Ratio

Jet Area

. fet Area per Fan

Quadratic Coefficient
Quadzatic Coefficient
Zero-Lift Drag Coefficient
Lift Coefficient (Power -Off)
Quadratic Coefficient
Weight Coefficient

Lift Curve Slope

Drag

Drag Attributed to Propulsic
Span Efficiency
Gravitational Acceleration
Altitude

Climb Rate

Interim Computing Factors

Laft

Lift from Propulsion
Jet Mass Flow
Entrained Mass Flow
Mach Number

No, of Fans

Power

Table A 4-2 Symbols

ALGEBRAIC APL
A A
A, AT
2
A, ATl
jl
A AQ
q
B BO
q
CDO CDoO
CL CL
(] cQ
C W= K3
w
ac; /do DCL
D D
D DP
P
e E
g 32.2
h ALT
}.1 60X Y x SIN GAM
KN KN
L L
L, LF
P
M MJ
J
M MO
o
M MACH
N NOFAN

P PWR

"COMMENTS .

Located in DOMISC [9] and DOMISCCRIT [13]

Located in DOMISC [§] and DOMISCCRIT [13]

For example, K32 corresponds to K32
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TERMS

Specific Range

Wing Area

Specific Fuel Consumption
Thrust

Scaled Thrust

Velocity, Airspeed
Acceleration

Critical Velocity

Jet Velocity

Aircrafl-to-Jet Velocity Ratio
Somec Velocity

Weight

Fuel Consumption Rate

Scaled Fuel Conswnption Rate

Attack Angle,

Zero-Lift Attack Angle
Flight Path Angle

Flight Path Angle Rate
Reduced Pr(;ssure

Reduced Temperature

Jet Deflection Angle
Entrained-to-Jet Flow Ratio

Circular Function: Pi

Table A 4-2 Symbols (Cont'd)

ALGEBRAIC

APL

v [J)= 0.5925-FC
s -

FC « TH

TH

THSCAL

V, ASPD

VDOT

VCR

VI

VR

Vs

W

FC
FCSCAL

ALF
ALFOQ
GAM
GAMD
PR

TR
THETAJ
MOMJT
FI

COMMENTS

Located in DOMISC[9]and DOMISCCRIT[:3]

V is in fps; ASPD 15 1n n. mi /hr.

Located in DOMOMIP [1]

Not explicit in Listing but computed in
DOMISC [6] and DOMISCCRIT [7]

Not explicit in listing but computed 11
DOMISC [7] and DOMISCCRIT [it]
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TERMS

Atmospheric Density
Jet Density

Quarter-Chord Line Sweep Angle

Coefficients for.

p= £ (h)
n= f (V/Vj)
6, = ¢ ()
O = £ (1w

_s= f {h

v
Ws= (M, TS)

Table A 4-2 Symbols (Cont'd)

ALGEBRAIC

o

APL

RHO
RHOT

OMEGAl

COEFRHO
COEFMOMJ
COEFPR
COEFTR
COEFVS

COEFWSCAL

COMMENTS,



3.2 Jet Characteristics

Equations in Section a of this appendix define the lift and drag

necessary to operate with given flight path characteristics:

L = —‘gl VY + W cos (-7) (2-1)
D = “%' V- + W sin(-7) (2-2)"
where:

~ 1lift

~ drag

~ gross weight

~ gravita.tiona.l acceleration
airspeed

~ acceleration

~ flight path angle

Qe << @ g U
2

~ flight path angle rate

Lift and drag are also related to aircraft design characteristics, jet

properties, and flight conditions:

L = M.V, sin (0 +e) +m, Vsia(6;+e)+1/2p VISCy - (2-3)

D = m¥ -m V. cos (0 ,+a) +mV ;mov cos (gj +c?z) (2-4)
s 120 vzs,cDO +1/2 v%s __fe%

where: !

m:j ~ jet mass flow

vj ~ jet vélocity
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0. ~ jetangle
o ~ attack angle

m_~ entrained mass flow

5 ~ wing area

o ~ zero - lift attack angle

e ~ wing s_pa.'n efficiency

A  ~ aspect ratio

CDO~ zero - lift drag coefficient

p ~ atmospheric density

CL ~ 1ift coefficient (power off} = dCL (¢ -q)
dot
2 A
_%E.I:‘_ = = cos {1
do (2 + L) 1/4
0.87

Where 91/4 = sweep angle of quarter - chord line

Another pertinent relation is the continuity equation for the jet:

.= p. A, V,
my = A A Y

p. ~ jet density

A, ~ jetarea

=NX.Aj1

N ~ number of fans operating

A. ~ jetarea per fan
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The preceding equations were combined and rearranged into forms

suitable for computer solution, as follows:

(1)

(2)

(3)

An expression for critical velocity was derived by combining
equations {2-1) and (2-3)}, setting ( Bj + O =0), and solving
forv({(v= 1V ) )

cT
v = K +‘/K 2+2K W cos (-7 ' (2;9)
cr 32 32 3]
where:
_ S
K31 = CL (2-10)
K = WY

32 g
An expression for jet velocity at critical aircraft velocity was
derived by combining equations (2-2), (2-4), and (2-7): - .
v = V Vv &L g PRy (2-12)
g = cr cr —
20
2

For airspeeds less than the critical velocity, it was necessary

to derive an expression for jet velocity assuming jet deflection
angle is known. This was done by combining equations (2-3),
(2-4), and (2-7):

v, = B °F v By %% (2-13)
] A
q
where:
Ay =gy (2-14)
B, =k, kgkyg (2-15)
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1'{3 k, -L (2-16)

Q
il

q 6
k, - = Vv _ (2-17)
" = m_ / mj = f (V/V) (see Section -A. 4. c for (2-18)
a specific e Tt
k, = 1/2 pV?s (2-19)
kg = sin (6, +o (2-20)
x, =G, 22y
kZO = Pj Aj (2-22)

'Equations (2-9) and (2-12) were programmed directly, However,
since jet deflection angle (Gj) is not known, it is necessary to follow a six

step iterative procedure, which was programmed in subroutine SOLV 3:

Step 1: Select a range of values for jei: deflection angle, all
values greater than attack angle. Then execute Steps 2 through 4

for each angle,

Step 2: Solve equations (2-13) and (2-18) for jet velocity and
mass flow ratio. This is performed by successive approximation

in an iteration loop until consistent values are produced.

Step 3: Solve equation (2-7) for jet mass flow rate,
Step 4: Solve equation (2-23) for drag. (This equation is

equivalent to equation (2-4):

D=m, V+m.V, (K, -)+m.K,K, + K,K (2-23)
J jjol il

2 374
where:
Kl- = 1 - cos (GJ. +a) (2-24)
K = G + K2 (2-25)
4 DO 6 .
- Tel
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Step 5: Solve equation (2-2) for drag.

Step 6: Subtract the results of Step 4 from tl';e results of Step
5 and call the differences ''drag errors'', Select by interpolation

that value of jet deflection angle which gives zero drag error.

This six-step procedure was repeated twice with successively
smaller ranges of jet deflection angle in order to reduce interpol'ation
errors. Subsequently, values of jet Velocity and flow rate were determined
for the selected jet deflection angle and then performance calculations were

executed.

3.3 Performance

The following performance characteristics are computed in sub-
routines DOMISC and DOMISCCRIT:

Power:
P = 1/2 m, (ij - v (3-1)
Thrust:
e 2 1/2
T = (LP + DPZ) {3-2)
where: :
LP ~ lift from propulsion system
= (rn‘j Vj +rn0 V) sin(9j+0!) . (3-3)
= mj KS (Vj + Kz) % (3-4)

DP ~ drag attributed to propulsion system
= mj vV - mj V cos (Gj +o) + mOV {l-cos (Gj +a))
(3-5)
= mj | V - Vj' (1 - Kl) + K1 Kz (3-6)

¥ Includes induced effects
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Fuel Consumption:

Figure A 4-3 is a schematic of a fuel consumption chart showing scaled
fuel consumption per fan as a function of thrust per fan amd Mach No. The

following calculations are performed to derive total fuel consumption:

Scaled Thrust:

T o= LI 1 * (3-7)
s N 6,

where N~ No. of fans

Scaled Fuel Consumpiion: (3-8)

W = £ (T, h M)
s s
where M~ Mach No, = V/VS ik (3-9)

(A specific example of equation (3-8) is shown
in Table A 4-3)

Total Fuel Consumption: (3-10)

W =WSN6A ,/GA

Specific Fuel Consumption: (3-11)
FFC = —
W
Specific Range: (3-12)
R - L.
s W
Weight Coefficient: {3-13)
W
= = W
Cw 1/2 pV&S K
: 3
Climmb Rate: {3-14)

h = V sin?

* Includeé induced effects.

#% Approximation for small induced effects.
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Scaled Fuel Flow, Wg = N.§ \/9— ‘
TA VYA

Scaled Thrust, Tg = ﬁ‘g"‘
: A

FIGURE A 4-3 - Schematic of Fuel Consumption Chart
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4.0 Program Qutputs

Table A 4-3 lists the parameters that appear as program outputs;
Table A 4-4 illustrates the output format. Output consists of both
computed results and a partial relisting of input data, with separate
tabulations made for each altitude. The number of parameters listed is
restricted by printing width limitations and the desire to avoid unnecessarily
detailed output. Outputs for the FLYER and FLYERCRIT differ only
slightly: ‘

(1) Jet deflection angle is not listed for FLYERCRIT since it
is the opposite of attack angle (GJ. = -¢t). The space thus

made available is uged to print Mach Number,

(2) Drag error is a dia,gno‘stic: which shows the degree of con-
vergence achieved in the search for jet deflection angle in
FLYER execution, and is not pertinent to FLYERCRIT,
Small values of drag error correspond to superior converg-
ence. Convergence errors tend to be largest for near-zero

and near-critical airspeeds.
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TABLE A 4-3 PROGRAM OUTPUTS

Symbols

Items Algebraic APL Comments
Weight, 1b w w
Flight Path Angle, deg ¥ GAM
Flight Path Angle, deg/sec ? GAMD
Acceleration, ft/sec? \.f vDOT
Attack Angle, deg o ALF
Airspeed, m mi, /hr v ASPD
Fan {Jet) Mass Flow, slugs/sec m; MJT
Jet Velocity, fps Vj vJ
Jet Deflection Angle, deg &5 THETAJ In FLY Only *
Mass Flow Ratio M MOMJT
Engine Power, I.G, HP P PWR
Scaled Thrust, lbg Tg THSCAL
Specific Fuel Consumption, lbm/hr/lbf SFC FC <+~ TH
Fuel Rate, b, /hr w FC
Specific Range m mi. /lby, Rg 60 x V x SIN GAM
Weight Coefficient Cw -W K3
Climb Rate, fpm h 60 x V % SIN GAM .
Drag Error, lbg - DRAG - DODRAG Diagnestic in FLYER Qdy
Mach Number M MACH ' In FLYERCRIT Only



A.4, ¢ Sample Caléulations

Sample cé.lcula.tions were peffo rmed using the FLYER and FLYERCRIT
groups of programs for the following expressions for scaled fuel consumption

rate and entrained-to-jet mass flow ratio,

Ws = 509.1+ 1371 x M +0. 183xTS+0.556XMXTS (B-1)
+1.189x 107° x TSZ +4.434% 108 x M - TSZ
-1,199 x 10"10 x 'J.‘S3 -1.53 x 10"10 xMx TS3
M = 0.0356+6.364xV_-16.88 x vr2 (B-2)
+19.92er3 -9, 44’4xvr4 for osvr <1
- v
where Vr = 5. (B-3)

J

U = 0forV <0andV 21
T r

Three program outputs are shown in Table A 4-4. The first shows
results for a 3 degree attack angle, airspeeds of 100, 200, and 327.7
(critical) n.mi. /hr, and altitudes of 0 and 10, 000 ft. Complete input is
shown. The second example shows results for critical velocities at attack
angles of 2, 4, and 6 degrees, also with complete input. The t}aird example
shows results for 200, 327.7, and 400 n.mi, /hr critical airspeeds and with

only partial input.
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Table A 4-4 Example Computer Program Runs for Determination of VSTOL Performance

. _WHENCE
THIS IS WORKSPACE USTOL IN AGCCOUNT NO. 10306
IT IS 10141 A.Me ON TUESDAY, NOVEMRER 14, {975

FLYCRIT

SHOULD SEARCH BE FOR GIVEN AIRSFLEDS OR GIVEN ATTACKh ANGLES ('ARSFD' OR 'ALFA')? ARSFD

Ig ‘CDHPL&TE' OR '"PARTIAL' LNFUT DESTRED? FARTIAL

SPECTFY NEW INFUT AND THEN FUNCH '=0°
FLYINCRITL19]

ASPDE200 327,7 400

40

WT= 28000 LIt !

ALTITUDE TS © FT.

ATTALK CRITICAL
ANGLE, AIRSFEED,
DEGREES HN.MI./HR
8.019 200.0
3400 27,7
2+02 4000

ALTITUDE IS 10000 FT.

ATTACR
ANGLE,
DEGRELS

10.86
4,07
.74

CRITICAL
ATRSFEED,
NeMLls/HR

200.0
3277
400.0

MACH

+ 303
+496
+ 605

MACH

313
+313
Y- L

FLYGHT PATH ANGLE= 2 DEG
FLIGHT PATH ANGLE RATE= 0.05 DIIG/SLC ;

FAaN
[FLOW,
SLUGS/SED

572
846.0
103.73

FAN
Fl.OW,
SLUGS/ZNC

371
4.5
i01.4

ACC=

i FPSPS

JET
VELQGTTY,

FFE

a3

635

T4H4

JET
VELOGITY .
Fps
an

624
74y

HMASS
[LoW
RATI

cOOT
016

4470

MASE
FLOW
[RATTD

AODH
A3TY
4424

ENGINF
FOWER
I+G+HP

3337
1.
2007

ENGINE
FOWER ,

1+GoHF.

3300
6364
2640

SCal.lD
THRUST,
l.H

4434
700
Y

SCaLED
THRUST,
LIt

4992
844tk
10824

SFC,
LBA/HR/
LRF

+ 245
* 99G
P97

SFCy
LI/ HR/
LEF

+TH3
896
+ 9208

FUEL
RATE 4
LEB/HR

4544
7004
Fi70

FUEL
RATE ,
LE/HR

3669
3333
&P0¢

YFECIFIC
RANGE ,
N«MI./LE

+ 0430
+ 04468
+ 0436

SFECIFIC
RANGE,
M+MI./LE

+Q545
+0614
0579

WETGHT
COEF +

+477
+$78
+120

WEIGHT
COEF.

+ 449
+ 242
I K- 24

CLIHMR
RATE,
FPM

706.8
1158, 1
14§3,7

CLIMB
RATE,
FPM

7046.8
145844
1413.7



2Ll

-

Table A 4-4 Example Computer Program runs for Determination of VSTOL Performance (Cont'd)

WHENCE *

THIS IS WORKSFACE VSTOL IN ACCOUNT NO. 10304

IT IS 10134 AsM. ON TUESDAY, NDVEMEER i1, 1975

FLYCRIT

SHOULD SEARCH BE FOR BIVIN ALRSFEEDS OR GIVIN ATTACK ANGLES «'ARSFD!

IS 'COMFLETE' OR 'PARTIAL' INFUT DESIRED? COMPLETE

AIRPLANE WEIGHT (LES) IS 28000

(1) WING AREA (SQ.FT), (2) ASFECT RATTO, AND (3) $SPAN

€1} ZERD-LIFT DRAG COEFFICIENT AND (2) 1/4 HORD LINE

ZERO-LIFT ANGLE OF ATTACK (DEG.) 15 0

NDMINAL ANGLE(S) OF ATTACK (DEG.) ARE I 3 4

(1) NUMBER OF FANS ODPERATING AND (2) JET ARCA PER FAN

JET DENSITY IS EITHER 'RHO' (AMRIENT) DR THE FOLLOWING

FLIGHT ALTITUDE(S) (FT.) ARE O 10000

AIRSFEED(S) (N.MI/ZHR) ARE 100 200 400

FLIGHT FATH (1) ANGLE (DEG), (2) ANG,

WT= 28000 LE } FLIBHT FATH ANGLE= 2 DEG

ALTITUDE IS O FT.

ATTACK CRITICAL
'ANGLE, AIRSPEED,

DEGREES N.MI./HR MACH
2,00 4020 + 608
3,00 3277 ARG
4.00 2835 +A29

ALTITUDE IS 10000 FT.

ATTACK CRITICAL
ANGLE, AIRSFEED,

DEGREES N.M1.,/HR MatH
2,00 448.8 v 734
3.00 382.0 398
4.00 330,53 317

FLIGHT FATH ANGLE RATE= 0.05 DEG/SLL

FaN
FLOW,
SLUGE/SEC

34,0
84.0
5.6

FAN
FI.0W,
SLUGS/SEC

147.8
P72
8354+1

All=

1 I'FSPE

JET
VELOQGTTY »
FFS

T&7
6353
bad

JET
VELOCITY,
F1E

870
MY
&8

MFFICLENCY ARE 432 4.7 .75

SUEER

{8G.FT.} ARE 3 19

ANGLLE (DEG.) ARE

(SLUGS/CU.FT): KKHD

MASS
FLOW
RATIO

vAGHS
3016
vdat

MaSS
[FE. (b
KATIO

+ 3874
4213
A5 4

ENGTNE
FOWER,
T.B.HP

124953
THe1
34642

ENGYNE
FOUWER ,
I.G.HP,

13996
H709
Hré7

SCALED
THRUST,
I B

G448
7R3
3904

YCAI ED
THRUST,.
I K

3473
F0207
a719

OR 'ALFA'YT ALFA

03 30

RATE {(DEG/SRCY, AND (3) ACCILERATION (FrSFE) ARE 2

SFC,
| i/ HR A
LEF

799
+ 998
P77

SFC,
LIM/HR/
| B&F

+ 958
P20
198

05

FUEL.
RATE,
LB /HR

9I39
TO06
nYTR

FUEL
RATE .
LE/HR

04860
6472
5385

SFEGTFIC
RANGE ,
NoMI,/LE

‘0435
0448
L0475

SFECIFIC
RANGE ,
NoMIL. /LR

L0528
+ 0590
L0614

WEIGHT
COEF .,

0B
+ 178

+ 238 .

WEIGHT
COEF

+118
178
238

CLIME,
RATE ,
FPi

1420, 7
1158.0
§004.9

CLYME
' RATE,,
FFM

16568
13501 |
1167.9
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Tables A 4-4 Example Computer Program runs for Determination of VSTOL Performance (Cont'd)

WHENCE )
THIS 18 WORKSPACE USTOl, TN ACCOUNT NO. 10304
IT IS 10134 AMe ON TURSDAY, NOVEMOIR 1, 1973

FLY
IS "COMPLETE'" OR 'PARTIALY INFUT DESTRRED? COMPLUTE

ALRFLANE WELOHT (LUE) 1§ 23000

(1) WING AREA (SR.FTY, ¢2) ASPLICT RATIO; AND (3) SPAN
(1) ZERQ-LIFT DRAG CUFFI"TCTENT AND (2) 1/4 CHORD LINE
(1) ZERO-LIFT AND (2) NOMINAL ANGLESY OF ATTACK (DEG.)
(1) NUMIPER {IF FANS OPNCRATING AND () JET ARCA MR FAN
JET DENSITY TS RLITHER 'R0 CAMIIINT? O THE FOLLUWING
FLIGHT ALTITUDE(S) (FT.) ARE 0 10000

ALRSPLED(S) (MNL.ML/ZHR) ARE 100 200 400

FLTGHT FA&TH (i) ANGLE (DEG), (2) ANt RATE (DEG/SIIC),

W= 28000 LL § ANGLF OF ATi= & DFG 3

FLIGHT PATH ANGLE RATE- 0.03 DEG/SKC ¢ ACC= 1 FPSPY

ALTLITUDE 18 O FI.

CFFICLONLY ARE 432 4.7 45

SWEELF ANGLE (DEG.) ARE .03 30
AKE. O 3
(§RT4) ARE 3 19

CSLUBS/ZCULFTYE RHD

AND (3 AGCELLRATION (FFPIPS) ARE 2 .05 4

FLIGHT MATH aNGLE= I DEG

= AN JET JETeDEFL. HMASS CNGINE SCALED X Gy FUEL SFEGCTFIC
ALRSFEED, FEAW VLELOCATY, ' ANGLL, FL.OW FOWER,  THRUST , LEM/IHRS RATE, RANGE , WEIGHT
NI AR SLUGs/8ICC Fr8 DEGRELS  RAT10 Fofd e 1P i.n LIt LI/HR N.MT/LE COEF
100.0 371 402 47,8 + 2104 TI44 25078 A48 11447 L0087 .95
200.0 &2 0 458 P Y} + 7458 D403 § 80614 1378 fo4sa 0192 477
JAT.7 Béh.0 LEL) RRCRRY) LH016 TR 7023 278 TO04 + 0448 478
ALTTTUDE TS 10000 FT.

. AN JET Jr1epiivle MASS ENGTNF SCALED e, FUEL SPECTFIL i
ALRSFEED, FILW VELOCTTY, ANGLE , FLy FOUCR,  FHRUST, L.ItM/HRZ RATE, FRANGE, WETIGHT
N«MT./HR SLUGK/SEG Fis DEGRETS  RATIO TetioHFy L K . LI LR/HR MNeMI. /LE COEF.
10040 37,7 474 4t HI03 8O3 159 +A48 11741 +O0RS 2,596
200.0 &34 1 4éb 23 h Ty 5919 0084 348 433 0174 + 649
3820 P Y T30 T B {370y 10333 + 7210 HATD 0520 178

CLIME DRAG
RATE, ZRROR
FFM LE
353.4 +0
706.8 0
1158.0 -,op
CLIME DRAG
RATE, ERROR
FPM LE
333.:4  -,0
704.8 .0

1330+ ~.0
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A.4.d Program Descriptions and Listings

This section presents listings and brief descriptions of the 15
programs and subprograms and the utility functions used in the computer _
solution of VSTOL performance. It also lists the six groups of coefficients
employed. The descriptions are given below and the listings are presented
thereafter in Table A 4-5,

The group FLYER contains nine programs and subprograms and

the six groups of coefficients used to compute VSTOL performance for
single values of attack angle and for airspeeds less than or equal to the

critical velocity:

Program FLY

Program FLY is the main or driving program. The following line-
by-line degcription refers to gsymbols listed in Table A, 4-3 and to equation

numbers contained in the main text of this Appendix:

(1) Subprogram FLYIN is called and operator-supplied input is
received.

(2) Subprogram RUNVAL is called to provide a partial listing of
input data. (This is most useful when only partial input is supplied in
FLYIN.)

(3) Output double spacing is commanded,

(4) M is set equal to 5 to specify a fifth-order curve fit in execu-

ting the utility function FIT at line 20 of SOLV3.

(5-7) DRAG, DCL, K4, and K6 are determined via equations .2-2,
-6, -24, and -21. These lines perform or call for computations for a
single value of altitude and constitute the outermost (No. 1) loop of the

program,

(8) I1is the counter for altitude values. Here it is initialized by

setting it equal to zero.
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(%) This line both updates the counter I and performs conditional
branching. If computations have been made for all submitted values of

altitude, the program terminates,

(10-11) RHO, VCR, K32, and K31 are computed via equations 1-1,
2-9, -10, and -11.

{(12) A vector (number string of velocities is formed by caten-
ating VCR to another vector of airspeeds specified in input, This operation
eliminates all airspeeds greater than the critical velocity and thus obviates

concern for submitting airspeeds greater than critical airspeed in input.

(13-14) LIFT, K20, and AJ are computed via equations 2--1, -22,
and -8,

{15-19) These lines call for computations of MJ, VJ, and THETAJ
for a single value of airspeed less than critical velocity, and constitute the
" inner (No, 2) loop of FLY.

(15) J is the counter for velocity values and VOUT is a vector

used to assemble output data as it is computed. Here they are initialized

by equating to zero and to an empty vector, respectively.

{16) This line both updates the counter J and performs conditional

branching. If computations have been made for all airspeeds less than the

critical velocity, execution branches to line 20,

(17) Subprogram SOLV3 is called and MJ, VJ, and THETAJ

are determined for one value of airspeed,

(18) Subprogram DOMISC is called and PWR, TH, MACH, and
¥FC are computed for this same value of airspeed. Additionally, output data

is assembled by catenation to the vector VOUT.
(19) Execution is returned to line 16,

(20-24) After completion of the loops in lines 16 - 19, values of
K3, K1, and K5 are computed via equations 2-19, -24, and -20 for critical
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velocity., (Note that K1 and K5 are equal to zero.) THETAJ is set equal
to negative ALFA, and MJ and VJ are determined via equations 2-7 and
-12. Finally, subprogram DOMOMUJP is called and the results are
assigned to MOMJP (MOMJIP is described below under SOLV3).

(25) DOMISC is called again and the variables listed above

(line 18) are determined for the critical velocity,

(26) Another double space is called for output.
. (27) Subprogram FLYOUT is called and output is displayed -

for-a single value of altitude (ALT),
(28) Execution is returned to line 9.

Subprogram F LYIN

FLYIN is called by FLY for submission of input data. Lines 1 - 3
permit the operator to either input all data requested in lines 4 - 12 (listed
in Table 1 of the text) or to enter a suspénded mode in which input -can be
submitted for selected variables by conventional APL assignment methods.
With the exceptions of ALT and ASPD, only single values can be submitted
for each variable. A combined number of up to eight sets of values can
be submitted for ALT and ASPD (e.g., two values of ALT and four values
of ASPD can be specified). Submission of a greater number of values
causes computing time to exceed 30 seconds and triggers an automatic
program interruption. This is undesirable since: (1) resumption of execu-
tion may cause inadvertent updating of some variables; and (2) program

output becomes cluttered.

Subprogram RUNVAL

This program lists input values of W, ALF, GAM, GAMD and
VDOT, which are useful information when executing repeated or paramietric

runs using the partial input mode in FLYIN.

176



Subprogram SOLV3

SOLV3 is called by FLY to solve for MJ, VJ, and THETAJ fof
\ILT(I) ahd ASPD(J) (the Ith value of ALT and Jth value of ASPD) for ASPD
ess than VCR, I contains an outer loop which is executed four times to
refine the selection of THETAJ and an inner loop which is executed as many
imes as required (typically 20.to 25) to refine the computation of MOMJ,

[he following is a line-by-line description.

(1) CNTR is a counter used to identify the number of execu-
ions of the oufer loop. It is initialized at 3 and subsequent updating is
lecremental,

{2) CQ and K3 are computed via equations 2-19 and -16.

{(3) This step specifies an initial set of THETAJ values as a

rector quantity. It selects values in ten one-degree increments greater
than ALFE and in ten degree increments beyond that to a maximum value of-

90 degrees.
(4-23) These lines constitute the outer 10(.)p mentioned above,

(4) - MOMJ typically has a value between zero and unity. This
step initializes MOMJ by setting it equal to 0. 5.

(5-15) These steps constitute the inner loop mentioned above.

(5} DOAQBQ is called and values of AQ, BQ, and K5 are

computed via equations 2-14, -15, and -20,

(6) The range of THETAJ values is reduced to include only
;hose values which yield positive values of the term (TERM) inside the ’

radical in equation 2-13 because imaginary solutions are not acceptable.

(7-8) The range of values of TERM and MOMJ are also reduced
:0 ‘be consistent with the THETAJ range, F ’

{9) DOAQBQ is repeated to reduce the range of AQ, BQ, and
X5 also. - ’ -
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(10-11) K1, MJ, and VJ values are determined for each THETAJ
via equations 2-24, -7, and -13,

(12) DOMOMJIP is called to define MOMJIP as a function of
ASPD and VJ via equation B-2 in Appendix B, MOMJP is a "primed"
MOMJ which ig a vector of trial values for MOM.J.

(13) This line tests the difference (error) between the MOMJ
value {either from line 4 or from previous passes through the loop)} and
the MOMJP determined in line 12. If the differences are less than 0, 01,

execution branches to line 16; otherwise, execution passes to line 14,

(14) Refined values of MOMJ are computed for each value of

THETAJ., The rate of change is limited to prevent solution divergence.

(15) Execution returns to line 5 for further passes through the

inner loop.

(16) This line terminates execution of SOLV3 (returns to line
17 of FLY) if three executions of the outer loop have been performed.

‘Otherwise, execution passes to line 17 of SOLV3,

(17) This line branches execution to line 20 if two passes through
the outer loop have been completed., Otherwise, execution falls through to
line 18,

(18)  Subprogram DODRAG is called and drag is computed for
each value of THETAJ via equation 2-23. That value of THETAJ which
produced the least error between the drag thus .computed and that determined

in line 5 of LY is selected as a nominal value of THETAJ for further compu-

tations. -
(19) Execution is branched to line 21.
(20) Subprogram DODRAG is called and drag is computed for

each value of THETAT via equation 2-23, as in line 18, A new nominal

value of THETAJ is determined by performing a fifth order curve fit to the
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data. This method is more costly in computing time, but produces results
superior to the method used in line 18. It is used only for the final pass

through the ocuter loop.

(21) This line returns execution to line 4 if the outer loop has
been executed fewer than four times. Otherwise execution falls throuch to
line 22,

(22) A range of THETAJ values is defined using the nominal"
THETAJ defined in lines 18 or 20 as a central value, The range is

narrower for later passes through the outer loop.

{23) Execution is returned to line 4.,
SUBPROGRAM DOAQBN: See line 9 of SOLV3
SUBPROGRAM DOMOMJB: See line 12 of SOLV3
SUBPROGRAM DODRAG: See line 18 of SOLV3

SUBPROGRAM DOMISC:

DOMISC performs various ''miscellaneous' computations which
are possible once values for MJ, VJ, and THETAJ have been determined;

it also assembles output‘ data in a suitable forms:

{1) PWR is computed via equation 3-1,
2) LP is computed via equation 3-4,
(3) DP is computed via equation 3-6.
(4) PR is computed via equation 1-2,
{5 TR is computed via equation 1-3.
{6) MACH is computed via equation 3-9,
{7) THSCAL and TH are computed via equations 3-7 and -2,
(8) FC is computed via equation 3-10,
{9) Output data is assembled in the vector VOUT,
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Subprogram FLYOQOUT

FLYOU'];’ prepares the output data in the proper format and provides
appropriate headings and descriptors. Appendix B illustrates the output.

‘Group FLYERCRIT -~ contains six programs and subprograms and

the six groups of coefficients used to compute VSTOL performance for

multiple values of attack angle or multiple values of critical velocity:

Program FLYCRIT

Program FLYCRIT is the main program. The following is a line-
by—line description. A comparison with program FLY will reveal that

FLYCRIT is a similar but much simpler program.

(1) Subprogram FLYINCRIT is called and operator-supplied

input is received,

(2} Subprogram RUNVALCRIT is called to provide a partial
listing of input data (most useful when only partial input is specified in
FLYINCRIT).

{3} Output double space is commanded.

(4-6) DRAG, DCL, K4, and K6 are computed via equations 2-2,
-6, -24, and -21.

(7) VCR is determined by converting ASPD (in n., mi/sec)
to fps, since it is assumed that specified airspeed are critical velocities

when this program is executed.

(8-24) These lines perform or call for computations for a single

value of altitude and constitute the only loop used in the program.

(8) Iis the counter for altitude values, Here it is initialized

by setting it equal to zero,

{9) This line updates the counter I and performs conditional
branching. If computations have been made for all submitted values of

altitude, the program terminates,
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(10} RHO is computed via equation 1-1.

(11) DOVCRIT is called and either VCR of ALF wvalues are
determined, according to a specification submitted in executing
FLYINCRIT, ({(See the descriptions of these subprograms,)

(12-13) LIFT and K20 are computed via equations 2-1 and -22,

(14) VOUT is the vector used to assemble output for display.
This line initializes VOUT by establishing it as an empty vector,

(15-19) K3, Kl, and K5 are comr;uted via equations 2-19, -24,
and -20; note that K1 and K5 are equal to zero, THETAJ is set equal to
negative ALF, and MJ and V.J are determined via equations 2-7 and ~12.
Finally, DOMOMUJP is called and the results are assigned to MOMJ and
MOMJIP (MOMJP was described earlier under SOLV3),

QZO) Subprogram DOMISCCRIT is called and PWR, TH,
MACH, and FC are computed.

(21) This line calls for a double spacing.

{22) Subprogram FLYOUTCRIT is called and output is dis-

played for a single value of altitude (ALT).
-(23) Execution is returned to line 9,

Subprogram FLYINCRIT

FLYINCRIT is called by FLYCRIT for data input and is similazr
to subprogram FLYIN. Lines 1l and 2 permit the operator to specify
whether ASPD or ALF will be the independent variable, Lines 3 - §
permit the operator to either submit all data requested in lines 6 - 15 or
- to enter a suspended mode in which input can be specified for selected
variables by conventional APL assignment methods, With the exceptions
of ALT, ASPD and ALF, only single values can be submitted for each
variable. A combined number of up to 100 values can be submitted for

ALT and eitﬁg:r ASPD or AFL \r;;ithout exceeding a 30 second computing
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time and thereby receiving an automatic interrupt (see the discussion of
FLYIN)., If ASPD was specified as the independent variable in line 2, the
values of ALF specified in line 10 are ignored. Conversely, if ALF was

specified in line 2, the values of ASPD specified in line 14 are ignored,

Subprogram RUNVALCRIT

This program lists input values of W, GAM, GAMD, and VDOT,
which are useful information when executing repeated or parametric runs

using the partial input mode in FLYINCRIT,

Subprogram DOVCRIT

DOVCRIT responds to the instruction given in FLYINCRIT as to
whether ASPD or ALF is the independent variable. If ALF was specified,
the branch from line 1 transfers execution to line 2 where VCR, K32,
and K31 are computed via equations 2-9, -10, and -11. If ASPD was
specified, line 1 branches execution to lines 4 - 6 where K6, ALF, and .
K4 are determined using va.ria’cionsi of equations 2-9 and -5 and equation
2-25,

Subprogram DOMISCRIT

This subprogram performs the same computations executed in
DOMISC (see description of DOMISC), The primary difference resides
in that it executes a loop in lines 9 - 12 in order to determine FC

values,

Subprogram FLYQUTCRIT

FLYOUTCRIT prepares the output data in the proper format and
provides appropriate headings and descriptors. Figure A 4-4 illustrates

the output.

182



£31

Table A 4-5 Computer Program for Determination of VSTOL Performance

THIS
IT 18

FLY

v
£91
£21
[31
L4]
L[5]
[ %]
L7l
£81
E9]
L6l
Ci$3
C£12]
C131
Ci43
Ci53
E161
L1771
Li81
£i19]
£201
L21]
[221
£23]
£24]
£25]
£26]
£aza
£283

[
L2
£3]
L4]
€51
E£61
L7l
cal
|- Je|
£101
Ci11
£i21
Ci33
F143
£i5]
Ei63

L

v
(]
€231

i
2

WHENCE
IS WORKSFACE VSTOL IN AGCOUNT NOD, 10304
1044 A.M. ON TUESDAY. NOVEMBER 11, 1975

JGRP FLYER
FLYIN FLYOUT soLv3 DOARBR DOPRAG DOMOMJF DOMISC RUNVAL COEFRH( COEFFR GCOEFTR GCOEFVS COEFUWSCAL EOEFMOMJS

«FLYEQdw
FLY

FLYIN

RUNVAL

LN

Mes

DRAGHWX {SIN=GAN) ~YDOT-32,2
DCL&(2XPI%A-2+A—0,87)xCOS OMEGAT 4

K4¢CDO+ (~PIXEXA) X (K&€RCLAPIX{~180) XALF-ALFQ) +2

10
TESTI!HC (14 pALT)STeI+53/0

RHO4{~3220 xALTLT 1.COEFRHO

VR (K324 CCRIDCUXBAMDXP I -3, 251 80 ) A2 1 XK1 xUXCOS - GAMI k- 2) =KF 1 #RHOXSXKS
U+ CLUCREW+4) /U+ASFD-0,5925) , VER

LIFTUX (COS-GAM)Y+VXGANDXPI-32, 2x {80

K20+ (AJ«NOFANXAJL ) XRHOJ

VOUT+1 J=0
TESTJH ((pWV) LJed+1) /DOLAST

30LV3

DOMISC

+TESTJ
DOLASTIK3¢0,5xRHOXS2VCRAD

K1eK5:0

THETAJ&-ALF

MJEKD0RUI60  FXVEST ((VEJT42) =~ {DRAG-K4XKZ) x4-K20) # -2
MOMJEHOMJP +DOMOM P

paMIsc

"

FLYQUT
FTESTI

vFLYINEODT»

FLYIN

COHFLETE{+PARTIAL <0

INTYPE¢£ENPUT 'IS ''COMFPLETE'' (OR ''FARTIAL'' INFUT DESIRED? '

F(INTYPE=0)/PARTIN

WeaINPUT 'ALRFLANE WEIGHT (LIs) IS ! .

'S A E' ASSIGN2INPUT '(1) WING AREA (SQ.F1), (2> ASPEC! RATTD, ANB (3) SPAN EFFICIENCY ARE °

'CDO OMEGA14' ASSLGNAINFUT (1) ZERDO-LIFT PRAG COEFFICICNT AND () /4 CHORD LINE SWEEF ANGLE (DEG.,) ARE '
'ALFO ALF' ASSIGN&INKFUT ' (1) ZERO~LIFT AND (I) NOMINAL ANGLES OF ATTAGR (DEG.) ARE *

'NOFAN AJ1' ASSIGN+TNFUT ' (1) NUMEER OF FANS OPERATING AND ¢2) JET AREA FER FAN (SO.FT.) ARE '

RHOJLEINFUT 'JET DENSITY I§ ELTHER ''RHO'' (AMRIENT) OR THE FOLLOWENG (SLUGS/CUFT): *

ALTEVECTOR2TINPUT *FLIGHT ALTITUDRELS) |(FT.) ARE ' ,

ASPDEVECTOR=INFUT 'AIRSPEED(S) (N-ﬁI{HR) ARE -~ !

'GAN GAMD VDOT' ASSIGN=INFUT 'FLTIGHT FATH (1) ANGLE (DEG), (2) ANG. RATE (DEG/SEC), AND (3> ACCELERATION (FPSPS) ARE '
30 "
FARTINI'SPECIFY NEW LNPUT AND THFN FUNCH ''40''*

TaFLY LN« INP

INPL'S

=RUNVALLC~

RUHVAL

'WT= ', (%W, LR 3 ANGLE OF A1T= ', (%ALF),' DEG ; FLIGHT FATH ANGLE= ', (*GAM),' BEG'
"FLIGHT PATH AHGLE RATE= ', {+GaHD) ' DEG/SEG ;  AQC= * . (*VYDOT}, ' FFSFS"
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Table A 4-5 Computer Program for Determination of VSTOL Performance (Cont'd)

WHENCE
THIS IS WORKSFACE USTOL IN ACCOUNT ND. 40306
IT I8 10:48 A.H. ON TUESDAY, NOVEMBER i1, 1975 '

+SOLV3ILde

v SOLY3
Lil CNTR&3
L21 CRE~LIFFLII=-K&XK3I+0 . SXRHOXS XV, D42
L32 THETAJETHETAJ, ( CTHETAJ¢-ALF = L1 0) L1 0T INDMTH) ZNOMTH« = 4045% 130
£41  DOHOHJ4 1 HOMHI0,.5
L5]  REDOD:DOARER
CH1 THETAJ&(LNTH+0< FTERM« (D% ) -4 XAQXCRE) / THETA.)
L71 TERMH¢LNTH/ TERH
L83 HOMJeLNTH/HOMJ
5] DOARER
L4101 RKie$-COS THETAJIALF
Ft43 HJeR202VUJe(-DU=-TERMA-2)-2%A
L4121  MOMJIPCDOMOMIF
Li32 -(0=+/0,01 | MONJIP-MOMI) /SRIFD
L1141 MOMJECHMOMIX T =MOHJPT O, 4) #HOMJIPXMOMJE O 4
Ci5] =REDO
Ei4] SKIPZ2:9(CNTR=0)}/0
L3471  S(CNTRZS)/FITDRAG™
Ci81 THETAJ¢THETAJEK41 1L/ K4S ¢ |BRAG-DONRAGT
C493 STESTCNTR
L2031 FITDRAG! THETAJ«(@DRAG+ 2XDDRAG) +dTHETAL F I TODRAGE +2 XDDRAGE | L /DRAGT ~DODRAG
L2433 TESTONTR? - {O=CNTReCNTR=1) /DOHOMIG
L421  THETAJETHETAJ (-0, SXCNTRA3) 0., 05% (GHTRAZ) X121
231  -2DOMOME

»DOARRQACO]y
+ DOARERR
(] EQ-CRICVIIIAMOM I} XA KI0XKS«SIN THETAJ 1AL

+DOMOMJPLD )~
v Z«DOMOMJF
E43] L& 00T 2VRI ACS VR XCOEFMOM U4 o XNCURULDT=UJd 0 o 4, 14

vDODPRAGLOIw
v ZEDODRAG
Cid ZEHIRVLIT -V I0 ] =11 2+ (KIXKA Y+ KA aK2 M. b

»DOMESCLOdw
v DOMISC
kil PURE (=1 100) XMJIX (VIA2)-YLJIAD
a2l LPeMIXKE 2V KD
L31 DPEMIRVEIT - (V%] =Rt Y =hD2XKY
C4] PREALTEIILEOEF PR
L5] TREALTLTILCOEFTR
L&l HACHEVL HI-ALT LIJ1LCORFYSE
[731 THECAL&-{+PRYNOFANI X THEC(LFAZ) tDF #2) &~
L&l FCENDFANX (TRA~2) XPRX{, (THSCALA0Q, 13) o4 X4 HACH) 4 , x COEFWSCAL
L?1 VOUTEVOUT, (0 SF2TXVEIT0, M, Vs THETAD HOM e FUR, { TH=FR)Y , {FC=THY  FL, (UEJIXO SP2T-FC) , (W-K3) , (S0%ULJIXSIN GAM) , DRAG-DODRAG
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Table A 4-5 Computer Program for Determination of VSTOL Performance {Cont'd)

WHENCE
THIS IS WORKSPACE VSTOL IN ACCOUNT N, 10304
IT IS 1051 A.M. ON TUESDAY, NOVEMBER 14, 1973

wFLYQUTED]y
v FLYOUT:FLD
[ 'ALTITUDE IS *3ALTEIZ:' FT.*
£23 '
£31 MATTE L (CpUOUT) =13, 132 2VOUT
C413 FLDB& 8 1 §4 41 4 011 1 9 48090939 0104103 9 & 421
L33 ' FAN JET JETDEFL. MASS ENGINE SCALED SFC, FUEL SPECIFILC CLIME DRAG' CENTER HATT

L&l *AIRSPEED, FLOW, VELOCITY, ANGLE, FLOW POWER, THRUST, LDH/HR/ RATE, RANGE, WEIGHT RATE, ERROR, ' CENTER MATT

E72 "N MI./HR SLUGS/SEC FPS DEBREES KATIO I.G.HP. LB LBF LR/HR N.HI./L® COEF. FFM LE' CENTER MATT
£8J '

[?] FLD¥MATT

E§i01 !

v

COEFRHO
“{, 8687541 11TE™14 2,735323504E7% ~0.000224564253 7.4512574995
COEFFR
-2, H44375221E715 5,0251 334396710 “3.5P14680044E75 (. P99TAPII40
COEFTR
1.854684742E715 "8, T2BPS2BLEET11 T5.B62045147E"S6 0,9981874023
COEFUS '
§,i73B01514E742 ~4.3042BI581E™8 T0.0031 03153124 11153246514
. COEFUWSCAL
5,090%09091E2
1.370699201E3
1 .B30555556E" 1
5456477646F0E71
1 +1B7373939E"5
4.,434731735E76
“1.i79494947E710
T .520720290E710
COEFMOMY
0.035464734884 6.363896005 ~14.88032324 19.9242902 T9.,444179412
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Table A 4~5 Computer Program for Determination of VSTOL Performance (Cont'd)

WHENCE
THIS 1§ WORKSFACE VUSTOL IN AGCOUNT NO. {0304
IT IS §0:52 A.M. ON TUESDAY, NOVEMBER 11, 1978

JGRF FLYERCRIT

FLYCRIT FLYINCRIT FLYOUTCRIT DOMISCORIT DOVCRIT RUNVALCRIT COEFRHO COEFPR COEFTR COEFVS COEFMOMJ

COEFWSCAL

. *FLYCRITLOI~

v FLYCRIT
Lil FLYINCRIT
E23 RUNVALCRIT
k] '
[ DRAGEWX (SIN-GAM) -UDOT-32.2
53 DCL@(E*PIXA-"+Q 0. B87IXCOS OHEGAT4
L&l hAFCDO+CAPTXEXAI X (K&EDCLAFI X (=180 ) x ( ALF«VECTOR ﬁlF) ~ALFO) A2
] VCR€ASFD~0.5925
cel 10
C71 TESTI!4(({4pALTIZICI+i}/0
E101 RHO€(-3220)xALTLIJLGOEFRHD
Ci11 DOVCRIT
121 LIFTeWx{COS-GAM)+VORXGANDRPI~32,3%180
L13] K20+{AJeNOFANXAJS ) XRHOJ
C141 VOUTe"!
K151 K3¢0.5XRHOXSRUCRAZ
Ei61 KitKS+0
E17] THETAJ&-ALF
C181 NWJ+K20XVI+0.SXUCR+{{UCRAZ) = (DRAG-KAXKI) X 4~K20 ) k=2
Ci91 DOMISCCRIT
£201 !
E243 FLYOUTERIT
C22]1 +TESTI

vFLYINGRITLAI»
v FLYINCRIT
[} ALFAE] +ARSPD+0Q

£3a3 SRCHTYPE#2INFUT 'SHOULD SEARCH BE FOR GIVEN AIRSPEEDS OR GIVEN ATTACK ANGLES (' 'ARSPD'' OR ''ALFA'')7 °

L3] , COMPLETE€{ tFARTIALGO

E43 INTYPEC2INPUT IS *'COMPLETE'' OR ''PARTIAL'' INFUT DESIRED? !
L[53 HACINTYPE=0) /PARTIN

E£5] WeaINFUT 'AIRPLANE WEIGHT (LES) 18 °

[ '$ A E' ASSIGN&INPUT '(1) WING AREA (SQ.FT), (2) ASPECT RATIO, AND (3) SPAN EFFICIENCY ARE °
L83l 'CDO OMEGA14' ASSIGNaINFUT '(f) ZERO-LIFT DRAG COEFFYUIENT AND {(2) 1/4 CHORD LINE SWEEF ANGLE (DEG.) aR

£71 ALFO&xINPUT *ZERO-LIFT ANGLE OF ATTACN (DEG.) IS '
Ci0] ALFe=INPUT 'NOHMINAL ANGLE(S) OF ATTACK (DEG.) ARE '

L4411  'NOFAN AJ1' ASSIGNLINPUT '({) NUMHEER OF FANS OPERATING AND (2} JET AREA FER FAN (§Q.FT.) ARE °

C123  RHOJLEINPUT 'JET DENSITY IS EITHER ''RHO''(AHMEIENT) OR THE FOILLOWING (SLUGS/CU.FTY!
£13] ALTeVECTORLINPUT 'FLTGHT ALTITUDE(S) (FT.) ARE °*
L1142 ASPDEVECTOR2INPUT 'AIRSFEEP{(S) (N.MI/HR) ARE ‘'
L1531 'GAM GAMD VDOT' ASSIGNaINPUT 'FLIGHT PATH (1) ANGLE (DEGY, (2) AN3. RATE (DEG/SEC),
Ci63 40 .
C171 PARTINI'SPECIFY NEW INFUT AND THEN PUNCH ''40'''
L1187 JSaFLYIN&INP
C1?1 INPE'"

v

vRUNVALCRITCOdw

v RUNVALCRIT !
E1] 'WT= ', (¥W),' LB } FLLGHT PATH ANGLE= *,(¥GAM),' DEG’
£21 'FLIGHT FATH ANGLE RATE= ',{¥GAMD},' DEG/SEC ; ACC= ',(*VYDOT;,' FFSPS'

AND (3} ACCELERATION (FPSPS) ARE '



Table A 4-5 Computer Program for Determination of VSTOL Performance (Cont'd)

WHENCE
THIS IS WORKSFACE YSTOL IN AGCOUNT NO. 10306
IT I8 10154 At DN TUESDAY, NOVEHEER i, 1973

vDOVCRITCOdw
v DOVCRIT
X} +(SRCHTYPE=ARSFD) /DOALF
ek} UCRF(K32+(((NBQFUXGAMDXPI-32vEXiDO)#E)+2XK31KU*CUS—GAM)**Q)—K31bRHOKSxﬁé

(=X €31 =0
EE’ EE? L4] DDALF:K&*((UCRXUXGAHDXPI—32.2K180)+uxCUS-GAH)—O.SxRHDxSxUCR*E
L) fon) CL3] ALFEALFO+1 80 xKé-PIxDCL
8 E L&d KACCDO4 (~FIXEXA) XK&4D
v
wg vDOMISCCRITCOS»
v DOMISCCRIT
£y i3 HOMJIeFCs-" " .
C: L2171 PWRE(—§§ 002 RMJX (U LAZ) =YORAD
£31 LP&#MJXRS XV 1 K2

L51 FPREALTLIILCOEFPR
LaT TREALTLIILEOEFTR
L7 MACHVYCR-ALTLITLEDEFVS
[N: %} THSCAL & CxFRYNOFANY XTHe CCLP#2) 4 DPAD) &2
L9l I1¢0
CYOT TESTIII+((oPUR)<ITII4§)/DOVOUT
Ci41 FCFFC,NOFANK(FR*—QLxPRX(,(1HSCALEIIJ*O,13)°.X1;MACHEIIJ)+.XCDEFNSEAL
L1231 HDHJFMDHJ,((1kVR)AOﬁUR)XCUEFHUMJ+oxN(URFUCRElIJHUJEIIJ)"'ﬁO,14
C131 ATESTII
C143 DUUOUT:UUUI@ALF;(0.5925XUGR),MACH;ﬁJ,UJ,HGHJ,FNR.(TH—PR).(FC—TH),FC;(UCRXOn5935—FC),(W~H3),&0XUCR*SIN GAN
* v
vFLYOUTCRITCO)w
v FLYQUTCRIT
L1t "ALTITUDE IS ';ALTLCIZZY FT. !
C21 '
£3] HATTERCIZ, pALF) pyYOUT
'LA47 FLDEB 240 1 41 3411 14 092 480900350 104 10 3 % 4
[0 'ATTACK CRITICAL FAN JET MASS ENGTNE SCALED SFC, FUEL SPECIFIC CLIMB * CENTER MATT
&1 'ANGLE, AIRSPEED, FLOW, VELOCITY, FLOW POWER, THRUST, LEH/HR/ RATE, RANGE, WEIGHT RATE, ' CENTER MATT
E71 'DEGREES N.HI./HR MACH SLUGS/SEC FPS RATIO I.G.HF+ LB LEF LB/HR N.ML./LH COEF. FFM ' CENTER MATT
£a3 i
L21 FLD*HATT
Liol
v
COEFRHU
"1 6875643 ITETTA 2, 735323504879 T0.0002265446253 7.4652574995
COEFFR
T2iB443V5221{ETS 5,025 3343VET10 T3.5214BOR44ETS 0, FHITAPRIAN
COEFTR
1.8B366B4TI2E™15 ~0,728952364E" 1 T BA20ASTATE S 0.7981874005
COEFHDH.S
0.0353647368B4 6,363894005 ~14.88030304 19.9240402 "9, 444179442
COEFVS
1.473800514E712 ~6,306282581E78 T0,003183193124 1115.306514
COEFWSCAL
3+090909094ED
1. 370699201E3
1,830555556E‘L
$+564976690E1
1+189393939E75
1+434731935E7 &
T I79494949E7 10
“1.3097202B0E" 10

=
[ep) C47 DPEMJIXVCR~- (VIR -K1 ) ~K2xK{
=

L81


http:VR)XCOEFMOMJ+.XN(VR(-VCR[11J-VJEII]).AO

Auxiliary Functions

~ Table 4 A-6 on the following page lists several functions used to
simplify program coding and input-output operations:

(1) SIN A computes the sine of angle A, where A is

expressed in degrees.

(2) COS A computes the cosine of angle A, where A is

expressed in degrees,

(3) VECTOR A converts the quantity A to a vector string if
only a single element is specified in A, Otherwise, A would remain a

scalar and could not be indexed,

(4) INPUT STATEMENT permits operator-supplied input to
be requested without receiving the gratuitous carriage return and spacing
otherwise associated with such operations, and thereby produces a less

cluttered output record,

(5) LI ASSIGN NO permits asgignments to be made to several
variables in a single line operation, LL is a literal vector, containing
names of variables separated by a single space and NO is a numerical
vector containing as many elements as names in LL, The first number in
NO is assgigned to the first name in LI the second to the gecond; etc.

(6) Y FIT X performs a regression analysis of order M,
treating X as the independent variable and Y as dependent. X and Y must
contain the same number of terms, and that number must be at least one

greater than the value of M,

(7) HED CENTER MAT performs automatic centering of

column headings above the individual columns of a two dimensional array

of output. HED is a literal vector containing the column headings

separated by single spaces, and contains as many names as columns in
the array MAT. The variable FLD specifies the field and decimal character-
istics of the desired output of MAT., Field widths should be at least two

spaces greater than the respective column headings.
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Table A 4-6 Auxiliary Computer Program for Determination of VSTOL Performance

WHE NCE

THIY 1§ WORKSFALRE VSTOL TN ACCAHINT NO. 40304
17 4y

[}

1.

L1l
£2]
L3
L4

Lil
L2l
[
41
L513
L4l
Lv2
Lal
rel1
£Liol
Lii1
Pi21
L1371
CiaT

w

10357 AMe ON TUESDA

yHINLOTe
ZeSTN A
Zefooa-140

vCUSIO)y
£eCOS A
LZe200A-180

sWFCTORLI
ZEVECIOR A
H+CtLpA)Y A SKTH
Itiph

-0

SKTFIZ+A

e MMPUTED v

ZEINFUT STAFCMONTA -
ZECoA2 v, Qollehe STATFHENT
L

vAYSIONIM Y

LL ASSTGN MOFNFNN

L&

NI_&+NO

[ Y L
TESTEL ({1 tpNID) LT ¢ 370
ACONSLLYY )AL ), T (NNENLL Y )AL
ML &-NNENLL

LIL&NVLL
CATEST

eFTILO T

Z¢Y FIT X

2EYHXe X0, M

vOENTERET T w

ZEHED CENTER MATHIEADERINOCOLIFLDMATFWIDICFNTHFTUNDSNES 3

HEDSHED  QOPHEADERe§E0p"
NOCAL&CoMATI L]
WIDELFTIND e NOGOL ¢ T 040
FLOMATERINOCQL, , ) pFILLDe CIXNOCOL Y ol
TESTLIH(C eNOCOL Y JTe 1 H ) ZRLESUNE

WIDEF e FLRMATED S I AFLDMATED S L4 €0 MO X T/ - X0 #1744 00l F 7«4k

HTEST

KESUMITICENT#CNTLDMATTd £ ) (WAL §) 2

o

TESTJE2 OO b NOCOL 5 e 4 ) 2001

LPTENDEJIC] CENTIUY =0 52 p bk A0 (7 4 ENeHIIO !

HEADIZRLLF TENDLJ 1T phLADI+HEAD
HED +NYHED

MEST
QUTECLFTENDT 3= 4 1« pHEARY AHEADER

1

TOVE[REL] AR ] He ,riATT 31



BEST SBILILIEBIRS

FROM

U.S. Service Industries in World Markets: Current
Problems and Future Policy Development
PB-262 528/PAT 423p PC$11.00/MF$3.00

Federal Information Processing Standards Redisler:
Guidelines: for Automatic Data Processing Physical
Security and Risk Management. Category: ADP
Operations. Subcategory: Computer Security
FIPSPUB-31/PAT 87p PC$5.00/MF$3.00

Federal Personnel Management Handbook for
Librarians, Information Specialisis and Technicians
PB-261 467/PAT 287p PC$9.25/MF$3.00

Handbook for Sampling and Sample Preservaticon of
Water and Wastewater
PB-259 946/ PAT - 278p PC$9.25/MF$3.00

Historical Trends in Coal Utilization and Supply
PB-261 278/ PAT 631p PC$16.25/MF$3.00

Electronic Message Systems for the U,S. Postal Service
PB-262 892/PAT 60p PC$4.50/MF$3.00

Interagency Task Force on Product Liability Legal Study
PB-263 601/PAT 1274p PC$31.25/MF$3.00

NATIONAL TECHNICAL INFORMATION SERVICE

NIOSH Analytical Methods for SET P
PB-258 434/PAT 63p PC$4.50/MF$3.00

Interagency Task Force on Product Liability—
Briefing Report: Executive Summary
PB-262 515/PAT 56p PC$4.50/MF$3.00

NIOSH Analytical Methods for SET Q
PB-258 435/ PAT 40p PC$4.00/MF$3.00

Mini and Micro Computers in Communications
ADA-031 832/PAT 72p PC$4.50/MF$3.00

Fuel Consumption Study. Urban Traffic Control System
(UTCS) Software Support Project
PB-259 003/FPAT 71p PC$4.50/MF$3.00

MEDLARS Indexing Manual. (Part 1): Bibliographic
Principles and Descriptive Indexing, 1977
PB-254 270/ PAT 134p PC%$6.00/MF$3.00

Coal Transportation Capabifity of the Existing Rail
and Barge Network, 1985 and Beyond
PB-260 597/PAT 152p PC$6.75/MF$3.00

Proceedings of the Workshop on Solar Energy Storage
Subsystems for the Heating and Cooling of Buildings,
Held at Charlottesville, Virginia on April 16-18, 1975
PB-252 449/PAT 191p PC$7.50/MF$3.00

HOW TO ORDER

When you indicate the method of pay-
ment, please note if a purchase order is not
accompanied by payment, you will be billed
an additional $5.00 ship and bill charge. And
please inelude the card expiration date when
.1]ing American Express.

~Normal delivery time takes three to five
weeks, It 1s vital that you order by number

METHOD OF PAYMENT

or your order will be manually filled, insur-
ing a delay. You can opt for airmail delivery
for $2.00 North American continent; $3.00
outside North American continent charge per
item. Just check the Airmail Service box. If
you're really pressed for time, call the NTIS
Rush Handling Service (703)557-4700. For a
$10.00 charge per item, your order will' be
airmailed within 48 hours. Or, you can pick
up your order-in the Washington Informa-
tion Center & Bookstore or at our Springfield
Operations Center within 24 hours for a
$6.00 per item charge.

[} Charge my NTIS deposit account no.
[ Purchase order no.

[] Check enclosed for $

NAME

You may also place your order by tele-
phone or if you have an NTIS Deposit Ac-
count or an American Express card order
through TELEX. The order desk number is
(703) 557-4650 and the TELEX number is
89.9405,

Thank you for your interest in NTIS. We
appreciate your order.

[ Bill me. Add $5.00 per order and sign below. {Not avail-
able outside North American continent.)

ADDRESS

O Charge to my American Express Card account number

CITY. STATE. ZIP

Card expiration date

Signature

[ Atrmal Services requested

Clip and mail to

Wational Technical Information Service
U.5. DEPARTMENT OF COMMERCE
Springfield, Va. 22161

{703) 557-4650 TELEX 89-9405

Quantity
ltem Number Paper Copy| Microfiche Umit Prige* Total Price™
(PC) (MF)
All prices subject to change. The prices Sub Total
above are accurate as of 7/77 Addinonal Churge
Enter Grand Tolat

Foreign Prices on Request.



http:PC$7.50/MF$3.00
http:PC$31.25/MF$3.00
http:PC$4.50/MF$3.00
http:PC$6.75/MF$3.00
http:PC$16.25/MF$3.00
http:PC$6.00/MF$3.00
http:PC$9.25/MF$3.00
http:PC$4.50/MF$3.00
http:PC$9.25/MF$3.00
http:PC$4.50/MF$3.00
http:PC$5.00/MF$3.00
http:PC$4.00/MF$3.00
http:PC$4.50/MF$3.00
http:PC$1I.00/MF$3.OO
http:PC$4.50/MF$3.00

