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ABSTRACT

The conceptual phase of a hellcopter design
Includes comparison of configurations which will meet
the specified performance requirements. To perform
this comparison, the designer must have the proper
tools at hand. This thesls presents an interactive
computer program for the conceptual design of tandem
rotor helicopters. It 1is intended to complement the
existing single rotor helicopter design program written
for the Helicopter Design course, AE-4306, taught at
the Naval Postgraduate School, Monterey, California.

This program manages the myriad of interrelated
parameters by prompting for input, providing the
opportunity for changes, and displaying the results.
This relleves the (student) designer of the tedious
calculations and bookkeeping, thus allowing time for a
more thorough analysis of the design.
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I. INTRODUCTION

A. BACKGROUND

Helicopter Design, AE-4306, as taught at the Naval
Postgraduate School requires the "Conceptual Design" of
a specific mission-capable helicopter as one of the
course requirements.

Conceptual Design is the first of five phases where
configurations are compared; cost, welght and size are :'
estimated; feasibility 1s studied; and then follow-on ]
recommendations are made [Ref. 1]. It is the first of z
these, comparison of configurations, which prompted
this thesis.

Tandem rotor helicopters have been successfully
employed since March of 1945 when the PV-3 Dogship was
developed for the U.S. Navy. As with all else 1in
aviation, humble beginnings give way to technology and
ingenuity, so that by the mid 1960’s, Boeing Vertol had 2
developed the H-46 Sea Knight and H-47 Chinook. Both "
are still currently in use, flying today in all four
U.S. armed services, various commercial operations K
(logging, oil production, etc.) as well as servicing in 2

other countries such as Japan, Canada, Great Britain .
and Sweden. %
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To the casual observer the appeal of the tandem ‘
rotor scheme 1s obvious--both rotors provide thrust 1in
the correct direction (up) and therefore a fraction of
the power isn’t wasted pushing the helicopter sideways,

as in the tail rotor configuration. Although somewhat
true, this observation does require clarification.
Tail rotors typically absorb 10 to 20 percent of the
engine power required to hover [Ref. 2]. This

decreases in forward flight because of translational
11ft effects which produce a decrease 1in main rotor
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torque. This provides a slight reduction in tail rotor
power. Tandems also have a power penalty due to
interference effects found where +the two rotor disks
overlap. Analytically, this 1is accounted for by
correcting induced power with a ‘"rotor interference
factor", K, which has been determined empirically to be
a function of the rotor shaft spacing ratio [Ref. 3 and
Ref. 4]. For forward flight, another factor must be
included, K, the "induced power correction factor". A
combination of these factors results 1in losses
comparable to those of the tail rotor configuration,
depending on the regime of flight. It is noticeable
that tandems appear better in hover and 1low forward
velocities with the single rotor having advantages at
medium to high forward velocity. However, these
apparent respective advantages are not clearly defined,
nor are they easily quantified.

Reference [5] is an interactive program for
conceptual helicopter design, but is restricted to the
single rotor configuration. This thesis project sought
to complete the designer’s "tool box" with the
development of a Tandem Rotor Helicopter Design
program. Configuration selection could then be based
upon design superiority and mission requirement rather
than philosophical whim.

Aside from the nebulous factors discussed above,
there are distinct advantages and disadvantages to a
tandem rotor system. Some advantages of the tandem
rotor design are:

- Anti-torque 1s encumbent in the counter-
rotating rotor system.

- No tail rotor losses or side force that
require compensation.

- nghter drive system due to smaller diameter,
ﬁheg rpm rotors (therefore less speed
uction)
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~ Much larger range in center of gravity
locations.

- Relatively small effect 05 wind direction on
hover capability. [Ref. 2

As lmportant as the advantages of a given system
are, its limitations must be considered also.
Disadvantages, relative to single rotor systems, are:

- Greater directional 1instability, due to
decreased distance from center of gravity
position to taill surface.
- High moment of inertia about the vertical
axés due to transmission mass located at each
end.

- Higher induced power required on aft rotor
due to the forward rotor downwash.

- Vibration--twice as man¥ rotors_tend to
produce greater vibratlion problems_than a
single rotor configuration. fRef. 2]

Although some of these are significant problems,

none are insurmountable. Furthermore, the
technological developments of the past 20 years are
updating the previous solutions to these design

problems with current computer and material technology.
For example, the Army 1is currently updating its H-47
fleet to the "D" model Chinook and the Navy and Marine
Corps are upgrading thelir H-46's through the
Survivability, Reliability and Maintainability

(S R & M) progranm. Both programs are 1intended to
extend service 1ife well into the next century.

B. OBJECTIVES

The primary objective of this thesis project was to
write a computer program for the conceptual design of
tandem rotor helicopters. Secondary goals included:
interactivity for design flexibility; user friendliness
so people will use 1it; compactness, for microcomputer

application; and accuracy so the results are
meaningful. All of this required the development of a
substantial amount of program software.
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The program will be availlable to students taking

y the Helicopter Design course, AE-4306. This will
provide the option to easily design a helicopter of
either rotor system scheme depending on the specific

K, mission that it will be required to perform.
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IT. APPROACH AND SOLUTION

% WY

The initial intent of thils project was to integrate
a tandem rotor design section 1into the existing
Helicopter Design program written by LT Bob Drake [Ref.
5]. This, however, proved hopeless as the differences
in design, equations, input and output became apparent.
The problem then became to develop the program in a s
format compatible with reference 5, but be totally §
independent. n

PR AR XARARY

"User friendliness" is a key phrase commonly heard
these days 1n the computer business, and with good
reason. People want to use the computer as a tool to
accomplish a given task without themselves becoming a
slave to the green screen and microchip. To this end,
Tandem Rotor Helicopter Design was writiten as a menu

—

S B E Y Y A

driven, interactive program that would, to the maximum
extent possible, trap errors and return to a menu or
input field without terminating the program.

Microsoft GWBASIC was chosen as the language, not
only to be consistent with Reference 5 but also because
of its compatibility with IBM, and all true
compatibles. Furthermore, since there was only a small

' '."11{7" v .,

‘v v "¢
.

amount of serious number crunching to be done, vast p
speed was not required; hence, GWBASIC was the loglical ;
choice.

o

The program 1s formatted 1Into a sequence of
chapters that roughly correspond to the Helicopter
Design Manual [Ref. 1]. Although tandems are different

in some respects, they share many similarities with
their single rotor cousins. Therefore, the program
references the design manual frequently, and also .
provides additional, tandem rotor specific, information Tﬁ
when appropriate. This provides the student designer .J
o d
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hard copy reference material to complemern”
"{information" and "help windows" that are bui.:*
the program.

Each chapter 1s designed to run as a follow-on
the previous, with provisions to make changes
desired. New data 1s then entered, when prompted, {n°‘'.
specific input flelds. When data entry Is complete !he
computer will calculate the results and display them on
an output field, usually on the same screen, so that
input and output <can be viewed simultaneously. The
"ANY CHANGES?" prompt will then appear allowing the
adjustment of parameters to meet design specification.
Once a design 1s refined, a print-screen command gives
a hard copy of the results, then the appropriate menu
selection proceeds to the next section or returns to
the mailn menu. All chapters are linked via the "chain"”
command which not only passes control and executes the
next program, but also passes all variables.

One important feature of thilis program is the use of
FLASHUP WINDOWSR [Ref. 6] to display menus, information
and help to the wuser. Thils outstanding application
software allows addition of wuseful documentation that
can be easily accessed by the user. By simply pressing
ALT-F1, with the cursor on the appropriate 1lilne, a
"help window"” wi1ll be displayed for each major 1input
parameter, pressing "Enter" clears the window and
returns to the input 1llne. Information windows will
display automatically when a particular chapter or
section is selected and will remain as long as desired.
Again, "Enter" clears the window and proceeds with the

program. Menus function {n much the same fashion,
except that they remain until the user makes a
selection, elther by pressing the first character

(letter or number) In the menu 1line or by using the

11
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"up"-"down" arrow keys to highlight the 1tem then
pressing "Enter" to execute the selection.

For this project the Helicopter Design Manual [Ref.
1] and Helicopter Performance [Ref. 3] were the primary
source of equations, In addition, several other
resources were tapped 1n the development of the
analytical routines of the program. Power requirements
for tandems are computed using equations developed from
a combination of momentum theory and test data. This
set of semi-empirical equations was found to be the
most accurate when compared to actual H-46 and H-47
test data [Ref. 4]. Welight estimation used parametric
equations, speclally developed for tandem rotor
helicopters in [Ref. 7].
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ITI. RESULTS

Conce, tual helicopter design i{s based on a myriad
of {nterrelated parameters which constantly requlire
changes and {teration to meet the design specification.
This program handles the tedlous calculations and

bookkeeping allowing the designer to delve deeper Into

the intricacles of the design. Thus the engineer will
spend his time evaluating options, optimizing
parameters or conducting trade-off studles, Instead of
performing mindless hand calculations. Furthermore,
this program |s designed to teach, as well as belng a
tool. The optional "help windows" and information
screens all serve to help the novice hellicopter
designer learn the process. Once the process 1is

learned, the designer can qulickly refresh hils memory
without interrupting the continulity of the program. In
short, the Tandem Rotor Hellcopter Design program
complements existing software, 1s easy to use, and
gives excellent results for Conceptual Design.

Appendix A contailns the Tuser's guide" to the
program. It {s 1Intended to help students get started
and use the program regardless of thelr experlience
level with personal computers.

Appendix B shows results for a conceptual design of
a hellicopter with design parameters similar to those of
the H-4o.

Appendix C ts the program listing.

13
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IV. CONCLUSIONS AND RECOMMENDATIONS

Computer assisted design 1s a rapidly expanding
aspect of the engineering world--and with good reason.
Virtually all aspects of design are easier, faster and
more accurate with the advent of the modern digital
computer. Furthermore, microcomputers have become so
common that the power of the computer is available to
virtually everyone.

Tandem Rotor Hellcopter Design is a small addition
to the vast amount of software that 1is being developed.
wWith {t, the student can work through the conceptual
design of several hellcopters in a fraction of the time
that it previously took for just a single design.

It 1s recommended as a follow-on to this theslis
that graphics routines be integrated into the program
that will plot directly the important relationships
between parameters. For example, the Power -vs-
Velocity graph which shows induced, profile, parasitic,
as well as total power and high speed effects could be
plotted directly from the results produced in chapter
5. This would provide an immediate visual presentation
of how the design should perfornm.

Another recommendation would be the addition of a
"blade optimization” routine similar to the one in the
Single Rotor Helicopter Design program [Ref. 5]. This
program however, should run separately from the
remainder of the program since blade optimization 1is
more "detalled"” than "conceptual" design.

Finally 1t {s recommended that microcomputers
recelve more emphasis in the Aeronautical Engineering
curriculum. A course that includes an introduction to
personal computers as well as baslc operation
procedures would be of great value to the students.
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APPENDIX A
TANDEM ROTOR HELICOPTER DESIGN
USER’'S GUIDE

1. INTRODUCTION

This program 1s designed as a menu driven,
interactive design tool that will perform the
bookkeeping and i1terative <calculations required 1in a
conceptual design. Since no tandem rotor design manual
is available, information screens are displayed
automatically when amplifying Iinformation was deemed
appropriate. These will remain until the "Enter" key
is pressed to continue. Also avallable, in most
chapters, are "help windows" which are not normally
displayed but are there if required. A notice {ALT-F1
for help) will appear to the right of the title if
"help" 1s available. These "help windows" can be
accessed by first locating the cursor on the
corresponding input line, then press the "Alt" and "F1"
keys (ALT-F1). Pressing "Enter" clears the window and
restores program execution. Finally the Hellcopter
Design Manual [Ref. 1] 1s referenced extensively
throughout the program. Though not totally compatible
with tandem design, the program does follow this design
manual where possible. Thus, the Tandem Rotor
Helicopter Design program complements the Helicopter
Design Manual [Ref. 1] with additional tandem rotor
specific information.

15
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2. BASICS |
a. HARDWARE

COMPUTER: 1IBM PC or compatible with 128K of RAM.

MONITOR: Colﬁr if possible, but monochrome will
work.

PRINTER: An¥ that will respond to the "Shift-
PrtSc" option.

b. GETTING STARTED
Place the program disk into drive A and turn on the

e e s o ardrddide VAL bl

computer. The "system" as well as all other support
5 software are on the disk for wuser convenience. The
program will be loaded and run automatically, so relax
and let the system work. If the computer is on, Just

insert the disk and press the CTRL-ALT-DELETE keys
simultaneously to reboot the system.

c. USING THE PROGRAM

The main menu 1Is the first display seen and will
serve as a road map for progressing through the

program. At the end of each chapter, control will be
transferred back to the main menu to select the next
option or quit if so desired. Selections can be made

in one of two ways. First, use the up-down arrow keys
to move the cursor to highlight the desired 1{tem, then |
press "Enter". The second option 1s to simply press
the first letter or number key of the desired menu
item; program execution will begin immediately.

Once established within a chapter, follow the
prompts and input the data as requested. If a mistake
is made -DON'T WORRY- the opportunity will be provided
to change any item once all data i1s entered. Note that

some variables require a positive, non-zero value. If
zero or a negative number {Is entered a window will
appear to advise you of the error. Press "Enter" to
clear the window and then enter the correct number. A

similar window appears {If an error 1s made when
16
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selecting an item to change. Again, press "Enter" and
continue.

Each chapter 1s organized 1into a series of spread
sheet type screens that show input and output together
(1f possible). When the input parameters have met the

requirements, press the Shift-PrtSc keys simultaneously
for a hard copy.

d. SPECIAL INSTRUCTIONS

This section provides a brief synopsis of each

chapter in the program. Each chapter correlates, by
number, directly to a corresponding chapter in the
Helicopter Design Manual ([Ref. 1], with one notable
exception; Chapter 4 1s reserved for a future blade

optimization program since tail rotors don’t really fit
into the tandem rotor design scheme.
(1) CHAPTER ONE
This contains a brief 1introduction and is
included for those who do not have access to this
user’s guide.
(2) CHAPTER TWO
Chapter Two performs the preliminary rotor
design for the helicopter. This follows the Helicopter
Design Manual [Ref. 1] in determining the major
parameters that will effect the eventual performance of
the hellicopter. Note that one rotor is designed to
carry half the gross welght and the two rotor system is
assembled in Chapter Three.
(3) CHAPTER THREE
This 1s the Tandem Rotor System Design segment
of the program where two 1{dentical counter-rotating

rotors are put together as a system. Any of the 13

{input varliables can be adjJusted to observe {ts effect

on power, figure of merit, disk loading, etc. When
17
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these are acceptable, proceed to the weight estimation
portion of the progranm.

Weight estimation 1s based primarily on power
required, but power is a function of weight, hence an
iterative process. As with previous sections, 1input
the requisite information at the prompts and the
computer does the rest.

(4) CHAPTER FOUR

Blade optimization 1{s to be 1included at a
later date.

(5) CHAPTER FIVE

This chapter 1incorporates the effects of
retreating blade stall, advancing blade shock losses,
high altitude hover, and various survivability/safety
additions to the total power required. Total power
required will be needed to select the engines 1In the
next chapter.

(6) CHAPTER SIX

Engine and transmission selection are the
topic of this chapter. To complete the analysis,
specific engine data is required. Table VI-1 in the
Helicopter Design Manual [Ref. 1] provides a summary
of six generic engines that are representative of
currently available, power plants. If a specific
manufacturer’'s data is avallable it too can be used.

(7) CHAPTER SEVEN

This section computes the range and endurance
for the helicopter being designed. Chapter 7 should be

reviewed before beginning. Once the data 1s entered it
will take a few minutes to solve the equations, so be
patient; the computer will beep when it 1is done.
(8) CHAPTER EIGHT
This chapter 1s reserved to calculate all of
those requirements that don't fit elsewhere. Due to

18
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the differences between tandem and single rotor design
some of these are completed in earlier chapters. Check
the design gross and empty weight as determined back in
Chapter 3.

Maximum hover altitude was specified back 1in
Chapter 5 and used in determining engine power
required. However, the maximum power 1is often in

forward flight, thus a higher than specification hover
celling will be available.
(9) CHAPTER NINE

This provides a final summary of the
helicopter’s designed performance and geometric
parameters.

(10) CHAPTER TEN
Chapter 10 computes an estimate of cost based
on a set of parametric equations that incorporate
component weights (Chapter 3), the inflation rate and
expected production quantity.
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APPENDIX C
VARIABLE DEFINITIONS AND PROGRAM LISTING

1. Units and Constants

weight = pounds

alrspeed = knots

velocity = feet per second
length = feet

angles = degrees

power = horsepower

fuelflow = pounds per hour
temperature = degrees Fahrenheit

PIE = 3.1415927
RHO = sea level density
CH = mach number at sea level

2. Chapter Two Variables

MGW = specification maximum gross weight
GW = rough estimate gross weight
MIW = estimate of manufacturer’s empty weight
VITIPMAX = maximum tip velocity
= rotor radius
M = revolutions ?er minute
= rotational velocity in radlans per second
= thrust coefficlient
blade solil
number of
main rotor
main roto
average 1

P
'
T

de chord

ade aspect ratio

coefficient

= bladé dr coefficient

= disk loading

= advance ratio

= maximum blade loading

X = maximum forward velocitY in feet per second
SMX = maximum true airspeed 1n knots

dit;

b ages
la

r bl

ift

a

orx
o
"

i
1
b
f
g
n

HaZ2OOO> QWO
=

>

= Induced power
= profile power
- garasite power
= total power
= figure of merit
= percent difference 1n weight
equivalent flat plate area
E = number of people, including crew
weight of passengers_and crew
L ="weilght of speéclal equipment
ertical area presented by rotors as seen
rom_the front
otal main rotor blade area
= component welight
seful load
fuel welight 1in pounds
type of landing gear
orward rotor height above the ground
rspeed in feet pér second
g
g
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induced power in forward

flight
profile power in forward flight
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.......

Pélg = %arasite power in forward flight
T(I) = total power in forward flight

alrspeed counter 1In knots

p
1
ENGN = number of engines installed

Chapter Four Variables

Blade optimization program to be added at a
later date.

Chapter Five Variables

ALFA = blade 1ift curve slope
IST = main rotor twist angle 1n degrees
= main rotor twlst angle in radlans
AST = stall angle of attack for rotor blades
in degreés
SPEC = specification altitude
effective disk area
m
)

ain rotor tip veloclity
= airspeed Iin knots
advance ratio
= blade angle of attack at 90 degree poslition
= blade angle of attack at 270 degree
position
MACHVEL = local mach number as a function of
altitude
IP = mailn rotor blade tip mach number
0 = mach number advancing at 90 degree
position
RT = main rotor blade critical mach number
D ifference between M90 and MCRT
n rotor blade critical mach number for drag
er¥ence
= local tip mach number in hover
- %?gaéttip mach number Iin forward
cification hover celling
t coefficlient at _hover celling
oss at hover ceiling
otor induced power at hover ceiling

P LSBT B0
QO OE

> 0N
\NOo o~

NO¥—~1 i
o

mOT
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—o—® Q.
<=

SOIPI;IO:EC')<

MmN~ RO XK

aQ
]

llective angle 1n degrees
e angle Iin radlans

—

v
1c_angle 1n degrees
ngle 1n radlans
e airspeed in knots, specification
= maximum airspeed In knots,
specification
= alrspeed for maximum power required
= alrspeed for minimum power required
R = total power to HIGE at hover celll
%ressure ratio
emperature ratio
= maximum rotor shaft horsepower required
= inlet losses
percent loss due to 1Inlets
= added horsepower for inlets
sses due to engine ailr partlical separators
ercent loss due to EA
added horsepower for EAPS
sses due to engine exhaust diffusers
ercent loss dué to EEDS
= added horsepower with EEDS
= horsepower required to operate engine
devices
iN = percent power requlired for engine devices
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MICSLOST = horsepower absorbed by engine,
transmissions and accessories

PCTMISC = percent power reguired for engines,
ransmissions_and accessories

RSHPLOST = to%al power lost between engines and
rotors

PCTLOST = pegcent power lost between engines and r
rotors

ESHP = engine shaft horsepower required to provide

rotor power

6. Chapter Six Variables

NENGSEL = number of engines competing for selection
MDT = maintenance down time
MTBF = mean time between failure
MT?R = mean time between replacement
C
G

= engine dry welght
X) = éngine shaft horsepower at mil
= specific fuel consumption at mi
number of engines
= initial cost
= operating cost per hour
= Ereventative maintenance per engine per
our
) = mean_time between maintenance action
verage flight hours per year
rcraft service life
verage flight hour per flight
engine yearly malntenance cost
engine yearly operating cost
= number of englne replacements
engine life-cycle cos
engine research and development costs
= engine availabilitY
= engine maintainability
= engine rellabllity
reglacement costs
salvage _ costs
) = iInstallation engines weight
transmission weight
transmission power rating
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Seven Variables

~

—_

- sgecific fuel consumption
aft horsepower
= fuel flow 1in ?ounds per hour
slope of the fuel flow versus horsepower
curve
H = zero horsegower intercept
gressure ratio
emperature ratio
pecification altitude
= specification temperature
Bhantom horsepower
= maximum range velocity in knots
= maximum range fuel flow
R = maximum range referred horsepower
= maximum rangé horsepower
NP = maximum endurance velocity {n knots
= SHP for maximum endurance
E = maximum endurance referred horsepower
= maximum endurance fuel flow
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10.

TASCR = crulse velocity
PTCR = cruise power In horsepower
FFCR = cruise fuel flow
MXR = specification maximum range
TFUEL = total fuel required

Chapter Eight Variables

See program listing for variable definition.

Chapter Nine Variables

All variables are the same as above.

Chapter Ten Variables

) = total cost
= inflation rate
= quantity to be produced

%ég} = component cost
Q
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E 1 'PROGRAM "TR1.BAS"
. % KEY OFF : FLG2=0
&. ’l*******‘l**lil*lli*l“l‘“l!&ilill!lii*l‘llllii*ll**l&
3 14 ' » **» TANDEM ROTOR HELICOPTER DESIGN **#
1’?***llili&***l&**l**l**i*lllillli&&l’i‘l&lﬁllilll*i*i{
16
3 &8 ; **% ADMIN / CONTROL ***
21 PRINT"~L=TANDEM14"
25 COLOR 1,1,1:PRINT"~C=ALL/":CLS: LOCATE 1,1,0
é%SPRINT"~w=T_R MENU/'": INPUT" ",XX : PRINT"*C=ALL/"
35 ON XX GOSUB
! 50,100,3000,4000,5000,6000,7000,8003,9000, 9500, 95
e 40’ GOTO 25
b 5@ LOCATE 1,1,0: PRINT"~W=INTRO/": INPUT" ", X1
8% ?RINT"~C=ALL/" : RETURN 25
95 COLOR 1,1,1:LOCATE 1,1,0:PRINT"~W=R U SUREﬁ"
39 INPUT"",ANS: IF ANS 2 ! THEN 25 ELSE SYSTE
98
}?8 ; *x% PRELIMINARY ROTOR DESIGN **+
120 COLOR 2 1,1:LOCATE 1,1,0: PRINT"~C=ALL/":
PRINT"*W=PRELIM/": INPUT X2
125 COLOR 15, 1 PRINT"~C=ALL/"
139 CNT = @
140 CLS: LOCATE 1,27 PRINT "* PRELIMINARY ROTOR
DESIGN *"
150 PRINT
160 PRINTMéw , 1. DESIGN MAX GROSS WEIGHT [lbs] (2.1)
ig@égéiﬁi " -MTW 2. ESTIMATE OF EMPTY WEIGHT [lbs]
gsé RINT # "~ 3. ROTOR TIP VELOCITY (2.3; 700 fps
recommended) VT = "
%98)PR NT BL , 4. DISC LOADING [lbs/ft~2] (2.4 ; FIG.
ggo4)?éiﬁ® w o . ROTOR  RADIUS [ft]
10 ?éiﬁféé&"';" - ROTATIONAL VELOCITY [rpm]
'géé'ééiﬁf wo - i} THRUST COEFFICIENT
3¢ PRINT "n° "7 5. SPECIFICATION MAX AIRSPEED [knots]
2.7) ..TASMX = "
40 'PRINT U . ADVANCE RATIO (2.7)
25@ PRINT "% 6. MAX BLADE LOADING (2.7; FIG.2-%;
cT/s) ...... MBL = "
260 "PRINT "™ S . ROTOR  SOLIDITY (2.7)
ggéégﬁiﬁi"*"é" "" 7. NUMBER OF ROTOR BLADES PER HEAD
80 PRINT™"#°° © BLADE CHORD [ft] (2.9)
29¢° "PRINT T 'AR § ASPECT RATIO (2.9)
3@@"#éi&T"“"é£' “' AVG LIFT COEFF (2.10)
320 PRINT : COLOR 14,1
333 PRINT " 8. RETURN TO  MAIN MENU.
340 LOCATE  23,6: PRINT"** FOR HARD cop PRESS
igh%ft-PrtSC> SBEORE RETURNING TO MAIN MBNU *o%+ COLOR
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Ny
%,
A
7 1180 PRINT "* TANDEM ROTOR SYSTEM DESIGN *
4 {Alt-F1 for help)}"
2] 1190 PRINT
N 200. PRINT 1. DESIGN MAX GROSS WEIGHT
N I1bs] . s MGW =
b %%g PRINT " 2. ROTOR RADIUS
220 "PRINTT AT éé:'"BiADE CHORD [ft]
i; : iéé@'ﬁéiﬁ@"“'éﬁé """ 4. BLADE PROFILE DRAG COEFFICIENT
P e e e e e e e e e e e e = "
% 1240 PRINT " 5 5. NUMBER OF ROTOR BLADES PER HEAD
% 1250  "PRINT "~ % . 6. OPERATING RPM (rpm’
1260 PRINT "~ 777 7° é;'ﬁ." ROTOR SHAFT SPACING [ft
ié?@'?éi&i'é;é"';'é. ROTOR HEAD VERTICAL SPACING [ft°
{280 PRINT." ) 9. HEIGHT OF FORWARD HEAD ABOVE
WHEELS éft% ....FHH = v -
1290 PRIN " oa _10. PRESSURE ALTITUDE [ft MSL]
i%300 PRINT » "7 Aé£1. JHOVER ALTITUDE [ft AGL"
- 1319 PRINT "*° 7 "~ 12. TRUE AIRSPEED [knots] (@ FOR
- HOVER) . ........ TAS = "
.. 1320 PRINT or 13 EQUIVALENT FRONTAL AREA [ft~2]
o 1325 COLOR 14,1
: 1339 PRINT " 14. COMPONENT WEIGHT ESTIMATES 15.
b RETURN TO MAIN MENU"
. 1331 COLOR 15,1
- 13%2 IF FLG2 = 1 THEN 1335 ELSE 1375
e 1335 'load data from previous chapter, if applicable;
& ?gsgl}ows input!
- 1338 IF MGW <>@ THEN LOCATE 3,61: PRINT USING A$:; MGw
o EL,.SE GOSUB 1500
i 1340 IF R <>@ THEN LOCATE 4,61: PRINT USING AS$: R
ELSE GOSUB 1520
- 1342 IF C <>@ THEN LOCATE 5,61: PRINT USING A$; C
o~ ELSE GOSUB 1540
N 1344 IF CDO <>@ THEN LOCATE 6,61: PRINT USING C$; CDC
N ELSE GOSUB 1560
> 1346 IF B _ <>@ THEN LOCATE 7,61: PRINT USING B$; B
3 ELSE GOSUB 1580
/ 1348 IF RPM <>@ THEN LOCATE 8,61: PRINT USING A$; RPM
ELSE GOSUB 1600
1350 IF S <>@ THEN LOCATE 9,61: PRINT USING AS$; S
: ELSE GOSUB 1620
- 1352 IF GAP <>@ THEN LOCATE 10,61: PRINT USING A$: GAP
ELSE GOSUB 1640
1354 [F FHH <>@ THEN LOCATE 11,61: PRINT USING A$; FHE
ELSE GOSUB 1660
1356 IF PA =>@ THEN LOCATE 12,61: PRINT USING BS$; PA
ELSE GOSUB 1680
3 1358 IF AGL <>@ THEN LOCATE 13,61: PRINT USING B$: AGL
o EL.SE GOSUB 1700
o 1360 IF TAS =>@ THEN LOCATE 14,61: PRINT USING BS$: TAS
o EL,.SE GOSUB 1720 O
< 1362 1F FF ¢(>® THEN LOCATE 15,61: PRINT USING A$: F:
o ELSE GOSUB 1740
7 1%22 GOSUB 1770 GOSUB 2140
o 1370 CNT = CNT + 1: J = O _
.- 1375 IF CNT = 1 THEN 1380 ELSE LOCATE 23,1: PRINT
Ne SPC(77): GOTO 1420
o 37
{;
o
2
o
Rre
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»39: PRINT SPC(6): LOCATE 6,38:INPUT"
39: PRINT SPC(6): LOCATE 7,38:INPUT"
9: PRINT SPC(6): LOCATE 8,38:INPUT"

PRINT SPC(6): LOCATE 9,38:INPUT" ",UL

=N =N

N

gutine to 1list these parameters first with
ange.
ATE %,2: PRINT"1. TYPE LNDG GEAR (TRICYCLE

r
C
T
TE 4,2: PR£N£ USING" 1=FIXED
BL #EHEH" - GEAR
g 2 5: PRINT USING"2. NUMBER OF ENGINES (2 or
; 5#3# "+ ENGN
T

5: PRINT USING"”3. ESTIMATED FUEL CAPACITY
##% . FUEL

7 %- PRINT USING"4. NUMBER OF CREW AND
... HHE##" . PEOPLE

E 2 5- PRINT USING"S. WT OF SPECIAL AVIONICS
#R¥#" ;SPECIAL

2 PRINT USING"6. SPECIFICATION USEFUL
HEHRRH" - UL
200: Goto 2296
ssssnwsnenns COMP WT RESULTS OUTPUT SUBR
LOCATE 3.53 + PRINT"* COMPONENT * « WEIGHT "

LOCAT z z; . PRIN USING" 1. MAIN
RS. .. vvecees HENK . ¥": W1, NN

LOCATE S,47 : RINT USING" 2.

géé;;"é'iﬁ"i #ggiﬁiﬂuﬁs¥ B“NN;. LANDING GEAR
#H §N

Wt w(a,

. PRIN USING" 4. ENGINE
LLES...... HHH g¥es WS.NN) USING" 5
INES. . oo nececensen 7T T IRAR wsAﬁnni )

Pnigﬁ SING" 6. DRIVE
&sxnc" 7. FUEL TANKS

N) + W6C§NN)
USING" 8. FLIGHT

USING" 9. AUX POWER
. PRINT USING"10.
e W(g NNE

§$T SING"11. HYDRAULIC

SCEROLLP xRELOVFNDWNHFAND W I AAFIND VIWRTOULR e U \A

NN TINNN 2 RN RN~ NDN~NE NN TINO NN«
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tQ

3
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x*
x
x*x
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USING"12. ELECTRICAL
PRIN USING"13.
PRIN USING"14.

1
1
f
ocgS 18,47 g "‘ué&&é%¥§ AC / DE-ICE
25### 9“ (14 ’
§ USING"16. LOAD HANDLING
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R L YT TR ULV VW LWL

¥ 4190 w(15,N2 = .111 * SB + 3.49 * PEOPL %
v 4200 I=0:WE(N)=Q@:FOR I=1 TO 15:WE(N)=W(I,N)¥WE(N):NEXT
g I:’wel&?t s mmatl?n
5 4210 G N+1? = WE(N) + UL + PAX + FUEL
N 4215 NGW &N = WE(N% + UL + PAX + EUE%
I~ 4220 PDW(N) = 100*ABS(1 - (GW(N+1)/GW(N)))
: 4300 RETURN
4500 LOCATE 1,1,0: PRINT"~W=TRYAGAIN/": LOCATE 23,1
N PRINT SPC(77%: RETUR
. 9000 CLS: GW=MGW FLG2=1:PRINT"~C=ALL/":
. PRINT"~W=LOADNOTE/": CHAIN”TR1",,ALL
> 9999 END
) 18 * PROGRAM "TRS.BAS"...17 SEPT 87
X 2’“‘lil-ll»I'I’*l'l'***lll*l******li********&**l&*li*iili*ili*
30 '+ POWER REFINEMENTS PROGRAM w/HIGH SPEED EFFECTS
) *
4“9*l!*!*********l*****ll’****lIl***l*******llliii*&lliil
Wy 44 DIM
L. 38§(3®®).PI(B@@),PO(Swo).PP(B@@),PT(Sew),PS(Sww). PM( 3 -
40
5Q Y AS="HHHHHKH . #" : BS=“HHHHHH#"
C$="#§E.####"
2y 57 IF ENGN=Q THEN ENGN=2
» §2 ' GW = 23000 : R= 25,5 : C= 1.5 : CDO= 8.999999E-07%
& - B= 3 3 RPM = 267.4: S1=34: GAP=4: FHHA=12:
& PASPEC=4000: FF=44: AGL=10: FLG3=1 MXHVR=10000
& :CLALFA=5.7%: AQAST=14: TWIST=-9.5: MCRT=.8
‘ 58 ' TASCR = 13Q0: TASMX = 150
b 7@ COLOR 15,1 :PRINT"~L=TANDEM3/" : PRINT "~C=ALL/"
90 ' *»*% INPUT VARIABLES *+*»
100 CLS: CNT = @
: 120 LOCATE 1,12: PRINT"* H§GH SPEED EFFECTS AND POWER
o SUMMARY * (A1tZF1 for HELP)"
k- 130 PRINT
- 140 PRINT " aw 1. GROSS WEIGHT [1bs]
e &?%j"?éi&i"'“ """""" . .2, ROTOR RADIUS
) 60 "PRINT " """ é"é;"BLAbE DATA: CHORD [ft]
: iﬁé'béi&i'“"'ésé'il;' h PROFILE DRAG COEFFICIENT
. ié@'?éi&i"ﬁL%A : 5. LIFT CURVE SLOPE [per RAD]
X iéé'béi&;OXST 6. STALL ANGLE OF ATTACK [deg]
200 PRINT " 7. GEOMETRIC TWIST [deg with
- i%n ..... TWIST = "
' 21 RINT ¥ MgéT . CRITICAL MACH NUMBER
(- éé@'béi&@"ﬁ"'é' 9. NUMBER OF ROTOR BLADES PER HEAD
o 2%¢  TPRINT AT T R;g _OPERATING RPM [rpm]
) 24¢° "PRINT "7 7777 é;'i1ﬁ ROTOR SHAFT SPACING [ft]
» ééé'?éiNT'ﬁéAé"i%:'ROTéR HEAD VERTICAL SPACING [ft]
2 i?@jééi&T%;H :13. HEIGHT OF FORWARD HEAD ABOVE WHEELS
2 70 PRINT " = 14. SPEC PRESSURE ALT [normally 4000 ft
<) MSL]..PASPEC = "
, 280" "PRINT . 15. HOVER ALTITUDE [ft AGL]
. 269 PRINT ™" 777777 6 SPEC CRUISE AIRSPEED [knots]
............. ASCR =
’ 473
(4
v
7
o
4
o
d
o
d
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300 PRINT " TASMX 17. SPEC MAX AIRSPEED [knots]
31@ PRINT " °F 18. EQUIVALENT FRONTAL AREA [ft~2]
320 pRINaXHGR 19. SPEC MAX HOVER ALTITUDE (IGE) [ft]
325 COLOR 14,1

333 PRINT " 29. COMPUTE NEW POWER REQUIREMENTS
21. RETURN TO MAIN MENU"

335 COLOR 15, 1

349 IF FLG3 = 1 THEN 350 ELSE 560

350 ’'load data from previous chapter, if applicable; or
allows input!

370 IF GW <>@ THEN LOCATE 3,61: PRINT USING A$: GW
ELSE GOSUB 710

380 IF R <>@ THEN LOCATE 4,61: PRINT USING A$%; R
ELSE GOSUB 750

399 IF C <>@ THEN LOCATE 5,61: PRINT USING A$; C
ELSE GOSUB 790

490 _IF CDO <>@ THEN LOCATE 6,61: PRINT USING C$; CDO
ELSE GOSUB 8739

410 IF CLALFA<>@ THEN LOCATE 7,61: PRINT USING
A$:CLALFA ELSE GOSUB 870

420 IF AOAST <>@ THEN LOCATE 8,61: PRINT USING
AS$;AOAST ELSE GOSUB 310

430 IF TWIST <>@ THEN LOCATE 9,61: PRINT USING

A3:TWIST ELSE GOSUB 950

449 IF MCRT <>@ THEN LOCATE 10,61: PRINT USING A$;MCRT

ELSE GOSUB 980

459 IF B <>@ THEN LOCATE 11,61: PRINT USING B$;B
ELSE GOSUB 1010

469 IF RPM <>@ THEN LOCATE 12,61: PRINT USING AS$;RPM
ELSE GOSUB 1180

470 1IF S1 <>@ THEN LOCATE 13,61: PRINT USING A$:S1
ELSE GOSUB 1080

480 IF GAP <>? THEN LOCATE 14,61: PRINT USING A$;GAP
ELSE GOSUB 1110

49¢ IF FHH ¢<>@ THEN LOCATE 15,61: PRINT USING A$;FHH
ELSE GOSUB 1140

500 IF PASPEC<>@ THEN LOCATE 16,61: PRINT USING
B$; PASPEC ELSE GOSUB 1180

510 IF AGL <>@ THEN LOCATE 17,61: PRINT USING B$:AGL
ELSE GOSUB 119:

520 IF TASCR  «>@ THEN LOCATE 18,61: PRINT USING
B$; TASCR ELSE GOSUB 1200

530 IF TASMX <>@ THEN LOCATE 19,61: PRINT USING
B$:TASMX ELSE GOSUB 1210

549 IF FF <>@ THEN LOCATE 20,61: PRINT USING A$:FF
ELSE GOSUB 1220

545 IF MXHVR <>@ THEN LOCATE 21,61: PRINT USING
g%éMé§¥R E%SEJGosgB 1225

88%01218NT = @ THEN 570 ELSE LOCATE 23,1:PRINT SPC(77):
570 FOR J = 1 TO 19

580 LOCATE 23,20:PRINT "ENTER YOUR VALUE FOR ITEM

NUMBER " :J

590 X = J : GOTO 630

gé%ECT %OCQTE 23,18 : INPUT"WHICH DO YOU WISH TO CHANGE /
630 IF X < 1 OR X > 21 THEN GOSUB 4500: IF J = 0
THEN 610 ELSE 580

640 ON X  GOSUB 10 750 790,830 87@ 910 950
1010,1050,1080,1110,1140,1180,11%0.7200, 1220 i
1230,9000

659 IF CNT = @ THEN NEXT J ELSE 550

298 GOTO 550
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680 **% DATA ENTRY SUBROUTI * % #

710 LOCATE 1,1,@: PRINT"~K= (ALT F1 ,HW1G"' LOCATE 3,61:
PRINT pc(8): LOCATE INPUT Gw :
PRINT"~K={ ALT- 1%6" : IF GW <=0 THEN PRINT"~W=DVN@/"
GOTO 710 ELSE RETURN

750 LOCATE 1,1,0:PRINT"~K={ALT- F1) szé : LOCATE 4,61:
PRINT chsg: LOCATE , :
PRINT"~K={ALT— 1%6" : IFR <= 0 THEN PRINT"~W DVN@/"
GOTO 750 ELSE RETURN

799 LOCATE 1,1,0: PRINT"~K= (ALT F1) . HW3/": LOCATE 5,61:
PRINT PC%B%: Lo 60: INPU ,C :
PRINT"~K={ALT- 1% n TLTTRC <= é THEN PRINT"“W DVNQ/"
GOTO 790 ELSE RETURN

%B%N%OCATE 1,1sgé PRINT"”K (ALT F1%EHW4/"- LgCégEINPUT"
0 CDO:PRINT"”K:(A£ ZF1)/"

S%%URNIF cD <= @ THEN PRINT"~W=DVNQ/" : GOTO 830 ELSE
g?g1ng%§% S;¢Eé§: PRINT"~K=(ALT-F1),CLALPHA/": LOCATE
880 'LOCATE _7,60:INPUT" ",CLALFA: PRINT"~K={(ALT-F1)/"
890 IF CLALFA <= @ THEN PRINT"~W=DVN@/* : GOTO 870
ELSE RETURN

3121ng%£% s;ézéﬁ: PRINT"~K=(ALT-F1),STALLAOA/": LOCATE
920 'LOCATE 8,60:INPUT” ",AOAST : PR NT"”K:&ALT-F1££"
3%%UR§F AOAST <= @ THEN PRINT"“w=DVNO 0 910 S
950 LOCATE 1 : PRINT"~K=(ALT-F1),BLDTWIST/": LOCATE
9761 :PRINT SP&(8

96gETUggCATE .60:INPUT" ",TWIST : PRINT"“~K=(ALT-F1)/"
?8061ng%§% s%ééé?: PRINT"~K={(ALT-F1),MCRIT/": LOCATE
990 LOCATE 10,60:INPUT" ",MCRT : PRI T"~x= ALT-F1)}/"
égggRNIF MCRT <= @ THEN PRINT"“wa=DVNOD/® TO 980 ELSE
}?121 %8?§¥Espczé1'°: PRINT"~K=(ALT-F1), HwS/"- LOCATE
1020 "LOCATE 11.6&:INPUT" " B : PRINT"“K= (ALT F1)/"
1wgw iF B <= @ THEN PRINT"“W=DVN@/" GOTO 101¢
ELSE RETURN

18521 %8%Q%Espc2é1'°: PRINT"~K=(ALT-F1), st/"~ LOCATE
1060 "LOCATE 12.63:1NPUT" » RPM : PRINT"~“K={(ALT-F ﬁé
égggRNIF RPM ¢= @ THEN PRINT"~W=DVNO/" : GOTO 1050 E
1080 LOCATE z 1,0: PRINT"“K=(ALT-F1),HW7/": LOCATE
13,61 :PRINT SPC é&

103%TUB30ATE 13,60: INPUT” *,S1 : PRINT"~K=(ALT-F1)/"
1110 LOCATE 2 1,0: PRINT"~K=(ALT-F1),HW8/": LOCATE
14,61 :PRINT SPC é&

113%TUgSCATE 14,60:INPUT" ",GAP : PRINT"~K=(ALT-F1)/"
1%421 %8%Q¥Espé(é @: PRINT"~K=(ALT-F1)},HWS9/" : LOCATE
1150 ~LOCATE 15,63:INPUT” » FHH : PRINT"~K={(ALT- F1£é"
é%%%RNIF FHH <= @ THEN PRIN?"~W=DVN@/" : GOTO 1140 ELSE
1180 LOCATE 1,1,0: PRINT"~K=(ALT-F1),HW10/": LOCATE
16,61 :PRINT spcia

1185 LOC ; 16,60: INPUT" " PASPEC :
PRINT"*K:XALT—FI » . REPURN

1160 LOCATE 1,1,0: PRINT"~K={(ALT-F1)},HW11/": LOCATE
17,61 :PRINT Schsz

1192 LOCATE 17,60:INPUT" ",AGL : PRINT"~K={(ALT-F1)/"
: RETURN
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2090 LOCATE 1,1 PRINT"~“K=(ALT-F1),TASCRUZ/": LOCATE
38,61:PRINT SPCgé
28%TURﬁOCATE 18,60: INPUT" " ,TASCR: PRINT"~K={(ALT-F1)/"
210 LOCATE 1,1,0 PRINT"~“K={ALT-F1),HW12/": LOCATE
9,61 :PRINT spcgag
2&%TURkOCATE 19,60: INPUT" " ,TASMX: PRINT"“K={ALT-F1)/"
220 LOCATE 1,1.,0 PRINT"“K={ALT-F1),HW13/": LOCATE
20,61 :PRINT SPC(S%
1222 'LOCATE 20,60:INPUT" " FF : PBINT"~K={ALT-F1)
ég%aRN IF FF <= @ THEN PRINT"~w DVNOQ : GOTO 1220 E SE
1225 LOCATE 1,1,0: PRINT" K={(ALT-F1),MXHVRALT/": LOCATE
27,61 PRINT sPc(s%
1227 "LOCATE 21,60:INPUT" " ,MXHVR: PRINT" “K={ALT- F1)4
1228 IF MXHVR <= @ THEN PRINT"~W=DVNQ/" : GOTO
ELSE RETURN
1230 TN R R R e R ADMIN/CONTROL SUBR
I’ll'Qllll'l’..'l’lﬂﬁ'l'ill.'!l'
123, .OCATE 23 PRINT SPC(77)
123 LOCATE é3.13 INPUT"press <Shift-PrtSc> for hard
:o%x ENTER to ¢ontinue™, X
123% °'LS: LOCATE 1,1,0: PRINT"~W=COM
12%7 2299:TA ) = &:PA = MXHVR: TEM 59 GOSUB 17300:
PSPE~JVR = PT
1240 1=298:TAS I%=TASCR: PA=PASPEC: TEMP=95: GOSUB
1300:GOSUB 1800: PTCRSP=PT(1)
1250 1=0:PA=0: TEMP=59
1260 FOR' I = @ TO TASMX + 30 STEP 10
1270 TAS(I) = I GOSUB 1300 : GOSUB 1800
‘compute power and hse
1280 NEXT 1 PRINT"~C=ALL/": BEEP: CLS: GOSUB 3000 : °
print out results
129¢ LOCATE 23,1: PRINT SPC(77)
1292 LOCATE 23%,13:INPUT 'Qress <Shift-PrtSc»> for hard
cogx. ENTER to continue"
L%DQ GOTO 4000 :° calc losses due to inlets,EAPS and
o o
130¢ TR AR RR NN POWER COMPUTATION SUBR
LR S B N B BE B BE BF BF B B BE NE IR BE 2E BE N BE ONE NE B 3 WP N3
1391 31% M=63 141592 RHOQ@ = 2.37691E-03 : RAD = 57.296
130" °NT =éN + 1 : RTRHT = FHH + .5 * GAP : GE =
SAG XTRHT iz»RS
?3 JQEAZ 5147 +1.3432*GE - 1.457*GE~2 + .708*GE~3 -
}32 ~’ = RPM/9.55 : VT = RV * R : VF = TAS(I) *
134 _DELTA=g1-6 .87535E-06*PA)"~5.256 : THETA =
QTE’ 9.69)6 18.69
3c, ‘MA = DELTA / THETA : RHO =
sié 00
13; = VF / VT : T = GW : S = B+« C /(PIE
N
147 ,0SS=1-( SQR(2 * CT) / B) : RE = R =«
T : éR = %1 é
é?i :iz Sg:R§;§ PIE-(PIE/180)*ACOS(S1/(2*RE))) +
147 GW A HO * AE * VT~2 ) : VI -
SQR- RHO*AE %
14 7. 1.46-,253*SR =PI F ~2*R*G
153, = 805 SQR ( 25 % AV/AE) 4*(VF/VI)”4+1) -
L5 E)~2*(VF/VI)~2)
15", L = 6*CT§S : AR = R/C . BL=CT/S : DL =
oW IE * R~2
16 I) =T * VI * K * KU é 550
16. 3E <= 2 THEN PI(I) = PGE™* T # VI » K * KU /550

I AN R Y - "y 7 I S I TR
"'1'1- ': h1-f: .ﬂ* f-

PP SR

‘an A4S -% A ‘e s s 2 s AERA A SRR

s ER L A L

L. A6 £ . L

TAA A LAAYN MR L L

o 14R

L L
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16%®»P8 I ) = (CDO * B *» C * R * VT~3 # RHO / 2200)*(1+
1640 PP(I) = VF~3 * FF * RHO é 1100

166 T(I) = gg(l) + PO(I) + PP(I) FM = PI(I) /
gpt I) + PO(I

68 ETURN

1800 ' *x#%#xwx HIGH SPEED EFFECTS ROUTINE w/ CONTROL
ANGLES [ 2R 2% 30 2% 2R 3 R 3

1805 IF TAS&}%:@ THEN
gg¥6g§PT(I):PTMAX:PT(I):TASMINP:TA ) : TASMAXP=TAS(I):
1810 IF TAS(I) < %9 THEN RETURN

1820 B1 = TIPLOSS™ : T7 = TWIST/RAD : VIFF = (T/(2 *
RHO * AE * VF

1830 LAMDA = - PP&I)'SS@/GW + VIFF)/VT

1900 T1 = .5%(B1°2+.5*MU"2) : T2 = B1~3 /3 +
.5 *MU~2*B1

1920 T3 = '75' B1~2 *(B1~2 + MU~2) : T4 = .5% MU*
gB1A2 + MU~2 4&

94Q J2 = 2 * CT 4 CLALFA *S) : J3 = LAMDA *T1 : Ja
= J2 - J3- (T7 * T3
&892)A11 = (4*((MU*(B172)/2)-(MU~3/8)))/(B1°2*(B172-.5*
1970 212 = 8*MU*B1/(3*6§1A2—.5~MUA2))

1680 A13 = g2*B1A2 * MU)/(B1°2 - .5 % MU"2)

1985 A14=(B17°2+1.5*MU~2)/(B172-.5*MU~2)

1890 J5 = -LAMDA * A1{ - &T7*A133
ﬁgggAD H8=(JA4*A14-J5*T4)/(T2*A14-T4*A12) : COLANGLE =
ﬁglgAD H2=(J5*T2-J4*A12)/(T2*A14-T4%A12) : CYCLIC =
%93%DK”= LAMDA/(14MU) : F = H8-H2+K0+T7 : AOA270 =
204Q IF AQA27Q ¢ AQAST THEN PS&IK=®: GOTO 2060
2050 PS(I) = PO(I%*% AOA27Q0 - AO ST&/4
2060 GG = H8+H2+KO+ :  AOA9Q@ = GG*RAD
2070 MACHVEb =
49.042*(518.67*(1-.0000068755856#*PA))".5
2089 MTIPHVR = RV*R)/MACHVEL : MTIPFLT =(
RV*R+VF)/MACHVEL
2099 M@ = MTIPHVR*(1+MU): IF MTIPFLT < MCRT THEN
PM(I1)=0: GOTO 2120
2100 DMD = M9Q@-MCRT : CPM=S*(.012%*DMD+.1*(DMD"3))
PM I)=% PM'AE'RHO*VT“Bg/S?G
2120 P I% = PI(I% + P éI + PP&I) + psgI) + PM&I%
214Q IF P é%f < PTMIN THEN PTMIN = PT(I) : TASMINP = I
2143 IF TA = TASCR THEN PTCR = PT(I)

2145 IF TA &I > TASMX THEN 2180

2150 IF PT(1l) > PTMAX THEN PTMAX = PT(I) : TASMAXP = I
2180 RETUR
30Q0Q ' ##xwsxuxswxwwx HIGH SPEED EFFECTS/POWER RESULTS
OUTPUT SUBR IR RN RN NN
3@83 IF PSPECHVR >PTMAX THEN PTMAX = PSPECHVR: TASMAXP
3004 RSHP = PTMAX
2305 FOR I = 9 0 TASMX + 3@ STEP 10
010 IF TAS(I) = @ THEN 3020

2011 IF TAS(I) = TASMINP THEN 3050
Q12 IF TAS(I) = TASCR THEN 3250

3014 IF TAS % = g SMX THEN %050

é%é% 308%2 = +20)/20 : IF 12 - FIX(I2) = @ THEN 3050
3020 PRINT" * TOTAL POWER (SHP) REQUIRED WITH
HIGH SPEED EFFECTS *"

2225 PRINT

3%%@ PRINT" TAS(kE%z PI PO PP
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’ »*#% CHAPTER SIX MAIN PROGRAM

*

P INT"~C=ALL/":

R
@:PRINT"~W= ENG
¢0L0R 15,1 : ON

NT"~“L=TANDEM6/"

05 1,1,1:CLS:LOCATE
)

GOS

OR

ZOw

I
L
N

—

" INPUT"", X

R
2
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