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ABSTRACT

This *+hesis allcws a person with accsss tToO a compuer
that uses +th: FORTRAN language and that is 3quipp=d with the
DISSPLA sof+ware system the abilicty to s2lect and
g-aphically portray for analysis <he cri:zical dasign
parameters of ac*ual helicoptsars. t also allows a person
wi+th access <o any computez that uses thes FORTRAN language
<the ability tc d> a complete cenceptual dzsign of a
halicoptar at one sitting in accordance witzh zhe procedurss
in +he Hgliccpter Design Mapual publishsd as course notes

[, S

for 4he—xP4%06 Helicopter Dasign ccurse a* <+h=2 Naval

Postgraduate Schcol.
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I. INTBODUCTIO

A. BACKGRCUND

The heliccpter industry, as in most 4industries,
incorporates many >f +he attributes of its previous designs
into its new produwcts. New aircraft ar2 generally built
upon the successss of previous designs with minor changes
due to technolcgical advances. These tachnological advances
usually relate <o nev materials and new methods cf control
but hazdly ever result in drastic changes to the aerodynamic
surfaces. These proven designs of the intagrali parts which
have specific aerodynamic characteristics are well
documented and ex:remsly useful in *he dasign process. I+
is essential £or the designer to havs tiais corporate
knowledge of design trends for the design process as well as
for the validaticn of his design. This knowledge of design
trends is necessary for bcth the designar ia industry ard
the student in a learaing environmeat.

Outside of specific helicopter companias, 1little has
been done to analyze ¢the interrelationships that exist
betveen design parametars. These interrszlationships provide
a bases for the simplification of assumptions and valida+ion

of design results. This knowlsdge needs to be available to



the design student just as it 1is to th2a design engineer so

that the information can be used for an analysis or
verfication during the design process. Tharefore, it is
important that this information be reaiily available and
that the student have quick, easy and well defined access to
this inforsaticn.

Tha retrieval and analysis of historical data is but one
part of +he design process. The critical part is the actual
process vhereby a2 conceptual design is accomplished “hrough
many iterations. This process is long and involved but
provides the design student with a basic understanding of
*he design preccess. Por a more indepth study of the design
process it is necessary for t+he student to vary as many of
“he design parameters as possible in ordar to see the
interralationships that exist. This process also allows the
student to beccme intimately familiar with the problems and
naeds cf the designer.

To date, no known programs for tha IBM 3033 have been
prepared that will take the design s+tudent <throngh the
entire process froa historical analyses t> conceptnal design

completion.

10
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B. GOALS

The objective of this s*udy was to5> develop an
interactive capabili“*y for “he design studant using the IBM
3033 computer. The progran, if used at <he Naval
Postgraduate School, shculd be capabls of providing
graphical representations of the crizical da+a necsssacy fo:c
a preper analysis in <he data analysis phase. During the
conceptual design phase the program should allow for design
student/computer inte;action s> that tha design student can
readily see the effec=s of varying critical parameters. To
naximize the assets available at the Naval Postgraduate
School, the Tek=ronix 618 dual screen system arnd +he DISSPLA

[(Ref. 1] softwara system should be incorporated in the
structuring of the computer programs.

The pregrams should be designed primarily for the use of
Aeronautical Engineering students at the Naval Postgraduate
School enrclled in the Helicopter Performance, Helicopter

Dasign, and Advanced Helicopter Design courses.

11



IT. ABPROACH TQ THE PROBLEM

A. INTRODUCTION

The basic approach was to write twd computer programs
utilizing the DISSPLA software system f£or use on the IBM
3033 using FORTRAN IV. The programs a2r2 completaly
interactive, prompting <the user for all necessary
information and “hen graphically da3pictiag the information
in the form of tables on the IBM 3278 screan or as a graph
on either the Tektronix 618 screaen or by us2 of the VERSATEC
plotter. If the Tektronix machine is usei, <the displayed
graph can be copiad directly using elact:sostatic copiers

attached to each machine.

B ANALYSIS OF HELICOPTER DESIGN DATA

The first prcgram consists of a histosrical da*a display
system that takes thirty critical design pacametars and
allows the user to selsct the parameters for analysis. The
user can t*hen specify the rage format as w2ll as the number
of graphs per page of the finished graph. Subroutines
within the program ar2 as follows:

1. Block data

2. Data point identification

3. Graphical display formatting

12



C. CONCEPTUAL HELICOPTER DESIGN

The second program is writtenm *to correspond procedurally
WITH THE Helicopter Design Mapual (Ref. 2] used in the AE
4306 Heliccpter Design course at the Naval Postgraduate
Scheol. The formulae necessary for the computation of each
saction is provided in lieu of subroutine use. This allows
for quick and easy updating of the program as it becomes
necessary. Also, if *“he student desires, i: can be seen how
the data that is received is computad. This pregram i
completely interactive and requires only that the student
have the infcrmation listed on the design specification
sheet and the accompanying charts and references necessary
for the required decisions during +he dasiga process. All
tables and graphs are generated and displayed either on the
IBM 3278 screen or the Tektronix 618 scra2a3a. Output for tha
tabular data is provided ¢n a separate fils and the single
graph needed fcr design decisions can b2 obtained using the
electrostatic printers.

Detailed knowledge of the IBM 3033 coaputer is not
nacessary. A familiarity of helicoptsr asrodynamics and
performance is, howevsr, necessary for propar utiliza<ion of
the program in order to obtain meaningful design
information.

13
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A.

DATA

DISPLAY PROGRAM

Table I lists the thirty critical design parameters us=2d

most often in any analysis of an aircrafts performance as

found in the Helicoptser PBerformapnce ¥anual [Ref. 3].

The

TABLE I

Design Parameters

Main rotor radius
Tail rotor radius
Number of main rctor blades
Number of tail rotor blades

Heighkt of the n in rotor systan
Speéd of ¢t n rotor
Speed of the ta 1l rotor

Chord of the majin rotor
Chcrd of the tail rotor
Span of the aajin rotor
Span of the tail rotor
Twist c¢f the main rotor blade
Twist_of the ¢t il rotor blade
Eroiiie grag o% e maln rotor blade
Pro € Iag of the tail rotor blade
Disc loading of the main rotor system
Width c¢f thé fuselage
length _of the fusela

rrontal equlvalent fgat plate area
Vertical equivalent flat plate area
Maximum fofward velocity

Maximum range

Rate of climb
Hover ceiling
Hover ceiling

IGE
OGE;
length of thggt%il

Op at ...n h
Load we-ght
Fue

vel
uaximun groes wveight

above parameters have besn des2med those most

critical to the design prccess. The airfoil data has been

extrapolated frcm NACA data and the specific helicopter

14



the

have been -extraposlated from

parformance parameters

various manuals for the specific halicopters. Tablss III

through X, Appendix C, list the specific dacta utilized for

+he study.

Table II lists the helicopters usel for <+he analysis

porticn of the graphing.

TABLE II

Representative Helicopters

Militar We% ht Branch of
Designatd:z Classification Service
AH-64 Medium Usa
OH-6A Ligh+ UsSA
SH=-3H Medium UsSN
S-76 Medium USN
UH=-60A Medium USA/USN
CH-54B Heavy Usa
CH-53D Heavy USN
CH=-53E Heavy USN

A1l the helicopters selectad for study were single main

rotor helicopters that are still 4in the active inventories

of the agencies listed. The selections ware made with
deference to aircraft of the U.S. Army apd U.S. Navy and

then to a representative sampling of the three major weight

classifications.

The data from Tables III through X can now be graphed in
the following ccmbinations using the Data Display program:

1. Simple X-Y plot

15
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a. Horizontal pace format (11 X 8.5 inches)
b. Vertical page format (8.5 X 11 inches)
2. Two parameters versus a third
a. Horizontal page format (11 X 3.5 inches)
(1) Twd axes on the abscissa scale
(2) Two axes on the ordinate scale
b. Vertical page format (8.5 X 11 irnches)
(1) Tw> axes on “he abscissa scale
(2) Two axes on the ordinate scale
3. Two X-Y plots on the same page with a horizontal
page format
4, Three parameters versus one comndn parameter
with a vertical page format
S. Four separate X-Y plots on the same page with a
horizontal page format
Figures 3.%1. through 3.9., Appendix C, illustrate the
capability of the program. The prcgram was devised so as %o
allow the greatest <flexibility for +he analys:t as to the

graphical presentation.

B. CONCEPTUAL DZSIGN PROGRAM
The design process is in accordance with the procedural
steps as outlined 4in the Helicop*er Desigr Marual. The

16
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program is devissd so as to allow the d=2sign studant the

ability to do a coaplete conceptual design at one sitting if
he is properly preparsad. The program lists all critical
tables and informaticrn necessary for doing an analysis of
the design and also provides the necessary information to
prepare a written report. If the Tektronix dual screan
ccmbination 4is used, the student has a graphical
reapresentation of th2 total power curve at altitude
presented to him which must be used to zxtrapolate critical
design performance parameters. Figure 3.1). is a sanmple of
the graphical representaticn provided. Sample output is
provided in Apperndix B to illustrate th2 capabilities of tha

program and the possible usefulness to the design studen+.

17



IV. RESULIS AND CONCLUSION

A. DATA DISPLAY PROGRAHM

This program provided good results in wuse for <+he
analyses of the design parametars considsred, particulacly
in the correlation betwaen commonly usad 'rules of thumb'
and graphical analyses of “he same paramatsrs.

The capabili+y of the program could b2 enhanced ir
several ways. Pirst, addi<ional single main =ootor
heliccpters could be added *o enable 2a more complate
analysis to be accomplished. Seccnd, th2 use of different
scales, such as the logrithmic scale, for *he graphical
analysis could provs " to be more suitable for some of the
parameters. Thirl, additional parametz:ss that other
companies have compiled in their <+echnical manuals could be

added for analysis.

B. CONCEPTUAL DESIGN PROGRAM

This program provided information consisten:t with
existing aircraf-. The intezactive characteristic of tha
program allows the s<udent to actively participate in <zhe
design process and, mos*t importantly, th: program allows the

student to vary paramaters and see the 2ffscts of changing a

18
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single parameter on the entire design procass. If +the

student was prepared and had all the appropriate references,
this process need only take an hour to complete one
iteration of the entire prccess. This allows fo- multiple
iterations, optimization, and paramster wvaria+tion.

One prcblem with the program is <hat iz is only as gocd
as the assumptions that have been mad2 for the model <o
simplify the formulae used as given in Raference 3. A
crude approximation +o0 existing aircraft carn be made with
the understanding <that the aircraft design2d during this
process is merely a conceptual design and the beginning step
in the process for the final product. This model has been
daveloped so that changes madea to ¢tha course can b2
incorpcrated easily and +that any corrections carn be made
quickly. This program also can be rurn ¢cn any FORTRAN

capatkle computsr using the coding listel ia Appendix B.

19
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A. USERS GUIDE TO THE DATA DISPLAY PROGRAM

The prcgram has been writtsn with the user in mind. 5t

is completely interactive once the prcgram has bean loaded

into the DISSPLA

mode so that the user n2ed culy read the

instructions presented on the screen carafully.

Usa the following procedurs tc invoke the Data Display

program once tte Fortran program resides on the users disk.

1.

2.

Logon as normal at either a2 regular IBM 3278
terminal or at a Tektronix 618 dual screen <ermiral

Ottain the usa of tempcrary storage space by
entering the following:

DEFINE STORAGE 1M (entar)

When the PSW 100020000 00000000' appears on the
screan type in:

I CuMs {(enter)

L.k the,program has not been previously compiled on
your disk

When the
to enter

B

type in:

TORTGI HELODATA (enter)

ogram has been compilad you are -eady
©0 DISSPELA by <yping in:

DISSPLA HELODATA (en%er)

Pollov the instructions given on the screen.
ou desire a hard copy ¢f tha graphs do ths

foul

owing:

IBM terminal--

20
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TaTlil s a”

TEK terminal--Press ths hard ¢ but+cn
OL the Eatge mongggr

B. FROGRAM NCMENCLATURE

MNEMONIC

ANS

B

BTR

cDho

CDOTR

CTR

DL

FH

FV

PWT

HOVIGE

HOVOGE

HT

IPAK

KINDS

LGH

LT

DEF INITION
General variable for reading kayboard answers
Nuaber of main rotor blades
Numker of <ail rctor blades
Chord of a2 main rotor blade in feat
Profile drag of a main rotor blade section
Frofile drag of a tail rotor blade section
Chord cf a tail rotor blade in fe2t
Pisc loading of the main rotor systeam
Frontal effective flat plate arsa in square fset
Vertical effective flat plate area in square feet
Puel weight in pounds
Hover ceiling (in ground effect) in feet
Hover ceiling (ocut of ground 2ffect) in fee:

Height of the main rotor system above the
ground in feet

Do loop variable

Array for packing legend information
Array for packing legend information
Length of t+he fuselage in fee+

length of the tail in fee:

21
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LWT load weight in pcunds
MGH Maximum gross weight in pounds

OPTION Tern used in Switch subrcutine for page forma<=ting

OWT Operating weight in pounds

PANS Refererces page format selectior

R Main rotor radius in fee<

RC Maximum rate of climb ir {fset per minute
RNG Maximum range in nautical mil:ss

RPN Speed of the main rotor system in RPHM

RPMTR Speed cf the +ail rotor system in RPM

RS. Span of a main rctor blade in fest

RSTR Span of a tail rctor blade in f29t

RTR Tail roto>r radius in feet

TEMP1 Dumnpy parameter returned from subroutine
TENP2 Duany parameter returned from subroutine
TEMP3 Dunay parameter returned from subroutine

TITALT Program trip used in multiple axes plotting
TWOAX References which axis has two axss piotted
TWST Twist of a main rotor blade in degrees

TWSTR Twist cf a tail rotor blade in degrees

vy Maximum velocity in knots
aDT Width of the fuselage in feet
X Array returned from Switch subrcutine containing

abscissas for plctting

22



XANS

XANS1

XANS2

XMAX

XORIG

XPOS

XSTP

XTWO

X2ANS

X4ANS

YANS

YANS1

YANS2

YMAX

YORIG

YPOS

ISTP

YTWO

Y2ANS

Y 3ANS

.....
................

Ansver referenced Fo X axis salection

Answer referenced to multiple X axes selection
Answver referenced to multiple X axes selection
Maximum value of abscissa desirzd for plotting
Minimum value of abscissa desired for plotting

Arrag cf values referencing subplot lccatiors
of abscissas

Increment size retween minimum and maxium of the
abscissa axis

Array returned from Switch subroutine containing
abscissas for plotting

Array fer X axis answers for two graph option
Array fer X axis acswers for four graph option

Array returned from Switch subroutine containing
ordinates for plotting

Ansver referenced to Y axis salaction

Ansver referenced to multiple Y axes selection
Ansvwer referenced to multiple Y axes selaction
Maximum value of abscissa desirsd for plotting
Minimum value of ordinate desirsd for plottirng

Array of values referencing subplot locatiens
cf crdinates

Increment size Letween minimum and maxium of the
abscissa axis

Array returned from Switch subroutins containing
ordirates for plctting

Array for Y axis answers for “wo graph option
Array for Y axis answers for thre= graph option
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A. USERS GUIDE TO THE CONCEPTUAL DESIGN PROGRAN

The design program has been developsd with the user in

aind.

prompts the user for any inputs needed.

The program is complezely interactive in that it

Th2 following steps

should be takern to invoke the program and <o get an output

file useable for analysis.

1.

2.

3.

4.

5.

6.

Loion as nyrnoal on eithar “he IBM 3278 or the
Tektrcnix 618 dual screen systen

Obtain temporary storage space by <=yping in:
DEFINE STORAGE 1M (entar)

When PSW 00020000 00000000* appears on the screen
type in:

I CMS (enter)

If the program has not beern compiled on your disk
yet type in the fcllowing:

FORTGI DESIGN (enter)

After the program has been compilad you are ready
to run the program by typing in:

DISSPLA (enter)

You will be asked to enter library functions or to
press enter. Press the enter ksy.

You will then be asked if you want additional
temporary space for shading, etc.. Again, press
the entel key.

Next you will be asked to enter any definad files
that ycu want. Here ycua should anzT2r the
following:
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9.

10.

1.

12.

13.

FILEDEP 08 DISK DESIGN (file nams)

After entering the above line the screen will
flash and your FILEDEF should b2 listed on the
bgtton 1in3 of the axisting FILEDEPS. If your
filedef is listed press thé entar K2y to start
the prograa sxecutlon.

Follow the instructions givaa on tha scresn., You

will need the ter " De n Manual and +he
3g To riata haggééggg?gfefinc § t34% fpleta the

If you are on the IBM 3278 terminal you will not
get a gragh therefore, you aust plot the tota%
power da<z By hand and extrapolate the nesied data

If you are usiag tha TEK 618 dual screen systianm
a ragh w be drawn of <he_total power curve
and its componants at altitude waich can
inmediately be used to ext:agol;ta <he necessary
data to coaplete the entire design process.

Note that the output file of all th2 information
that you have computed is in tha file tha* you
have defined. To get your data typ2 in:

PRINT DESIGN (filename) (CC

B. PROGRAYM NCMENCLATURE

HN EMOMIC

A

AALT

AASLY

AFHPF

AFHPY

ALPHA

ALT

ALTSC

AMAX

DEP INIIION
Sonic speed at standard sea 1lavel
Sonic speed at specification density altitude
Average aircraft serviceable 1life in years
Average flight hours pez flight
Average flight hcurs par year per airframe
Ordinate intercept of fuel flow-horsepower curve
Maximum rate of climb calculactiosn altitude
Service ceiling altitude
Steady flow stall angle of th2 airfoil
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ANS

AR

AREANMR

AREATR

ARTR

ARVS

AVAIL

AVAILY

A1

A12

A3

A4

A80

A90

A160

A90D

4270

A270D

B

BETA

BH

BL

BLADES

General variable for keyboard answar

Aspect ratio of the main -otor systenm
Area of the main rotor disc

Area of the tail rotor disc

Aspect ratio of the tail rotor
Vertical stabilizer aspect ratis
Availabili+ty of an engine
Availability (mul=iple sengine)

Tern in definiticn of THETA2

Term in definition of THETA2

Term in definition of THETA2

Term in definitica of THETA2

Vertical stabilizer angle of attack at 80 kaots

Angle of attack of the advancing blade (radians)

Vertical stabilizer angle of attack at 160 knots

Angle of attack of the advancing blade (degrees)

Angle of attack of retreating blade (radians)

Angle of attack cf retreating blade (degrz2es)

Main rotor tip loss factor

Sloge of the fuel flow horsepowar curve

Main rotor tip loss factor at a hovear
Blade loading of the main rotor systen

Number of main rotor blades
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BLADTR Numkter of tail rotor blades

BS Term used in inbcard stall analysis

BTA Tail zotor +ip loss factor at altitude
BTR Tail rctor tip lecss factor

BVS Span of the vertical stabilizer

CcDho Coefficient of drag of a mair rotor blade

CDOTR Coafficient of d&ag of a tail £otor blade
CHORD Chord c¢f a main rotor blade

CHORDT Chord of a tail rotcr blade

CL Coefficient of 1ift of a main rotor blade section
CLA Lift curve slope of a2 main rotor blade section
CLMAX Maximum coefficient of 1lift for a blade section
cL80 Sectiorn coefficient of 1ift at 80 knots

CL160 Section coefficient of 1ift at 160 knots
COLL Collective position (radians)

COLLD Collec=ive position (degrees)

COMPAR Weight variance fparameter

CONST Constant value in ICAO formulae

COUNT Counter variablse

CPC Correc+ion to power coefficient

CPS Correction to pcwer coefficient due to stall
CREW Number ¢f specified crew

Cs Term used in stall analysis
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CT Main rotor coefficient of thrust

CTH Main rotor coefficient of thrust at a hover
CTTA Tail rotor coefficient of thrust at altitude
CTTR Tail rotor coefficient of thrust at sea level
CYCP Cyclic position (degrees)

CYCLIC Cyclic position (radians)

c1 Cost of main roter

C2A Cost of tail rotor

C2B Cost of tail rotor structure

CcC3 Cost of body

c4 Cost of landing gear

CS Ccst of nacelle

C6A Cost of engine

C6B Ccst ¢f drive systen

Cé6cC Cost of fuel <anks

c? Cost of £flight ccntrols

c8 Cost of auxillary power

c9 Cost of instruments

c10 Cost of hydraulics

c1 Cost cf electrical systenm

c12 Cos*t of avionics

c13 Cost of furnishings

c14 Cost of ais and ice
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C15

DA270

DELTA

DERR

DL

DLAMB

DP

DREF

DW

DWG

DWHM

D1

D2

EFPPAFF

EFPAVF

EIW

EIWN

ENGSEL

ESHPR

EW

EWNEW

EXCESS

Cost of load and handlirng

Diameter of the rotor systenm

Blade angle of advancing blade (dagrases)
Fuel flow ratio

Error function

Disc loading of the main rotor system
Term used in blade stall analysis
Parasite drag

Acceptable error function

Poverplant dry weight of an engin2

Design gross weight

Powerplant dry weight (multipl2 engine)
Stall analysis parameter

Stail anmalysis parameter

Bffective flat plate area (horizontal)
Effective flat fplate area (vertical)
Engine installed weight

Engine installed weight (mul%iple engine)
Engine selected

Estimated shaft horsepower requirad to hover
Estimated engine weight from weight estimations
New engine weight using powerplant data

Bxcess weight
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SRl i,

i =P

E E1 Stall amalysis parameter

i E2 Stall analysis parameter

; . E3 Stall analysis parameter

s FL Factcr for landing gear weight approxima+ion

! ’ PSLT Length of the fuselaga

5 PSL1TS Specification maximum length of the fuselags
FUEL Amount of fuel in pounds
PW Fuel weight in pcunds

PWNEW Change ia original fuel weight for printout
GALIN Internal fusl waight in galloas

GALOCUT External fuel weight in gallons

GAM Stall analysis parameter

GWSPEC Specification maximum gross weight

HL Life of “he aircraft

.
g
1?
%
|

i HOVIGE Specification hover ceiling (in ground effect)

HP gggggdpggggcgf the main rozor sysam (out of
ht Rotor system height above the ground

! I Do loop parameter

g IC Initial cost of an engine

i ICHM Initial costs (multiple enging)

E IER Library function error code

E IF Installation fraction

E IHP Array for plo+ting
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KNOTS
KNT
KNTS
KS
LAMBDA
LAMB1
LAMFR
Lcc
Lcen
LERR
LG
LOAL
LREF
LTR

"
MACH
MACHT
MAINT
MAINTH
MAXRC

MAXYV

Inflation rate in 1977 dollars

D¢ lcop parameter

Increment for forward spead
Increment for fcrward speed

Knots increment for table

Stall analysis parameter

Stall amlysis parameter

Stall a2malysis parameter

Used for reliability calculacion
Life cycle c;st cf an engine

Life cycle cost (multiple engine)
Acceptable error function

Type of landing gear

Loading used *o find effective flat plate area
Acceptable error function

Leng+h of the fail rotor

Figure of merit

Maxipum allowvable Mach numbec a:t sea level
Main rotor system tip Mach numbe:x
Maintainability of an engine
Maintainability (multiple engine)
Specification rate of climb

Maxium forward velocity in feet per second
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MCRIT

MCRO

MD

MDT

MTBP

MTBMA

MTBR

MTBRM

MTIP

MTTR

MU

MUTR

N

NDEG

NENG

N EWUSE

NN

NRPL

NRPLM

NW

NXRPL

NXRPLA

ocC

............
.......................

Critical Mach number

Zerc
Drag
Mean
Mean
Mean
Mean

Mean

angle of attack critical Mach numbsr
divergence Mach number

down *ime of an engine

tim3 betwvaen engine failures

tims between maintenance actions per engine
t+ime b2tween repairs for an engine

tim2 betwaen repair (multipla engine)

Tip Mach number of the main rotor systen

TIP MACH NUMBER OF THE TAIL ROTOR SYSTEM

Advance ratio of the main rotor system

Advance ratio of the tail rotor systenm

Do loop varameter

Order of differential equation

Nunter of engines

New useful load

Do loop parameter

Numker of engine replacements (real or integer)

Number of engine replacemants (multiple engine)

Number of landing gear

Number of engine replacements (integer)

Number of engine replacements (multiple engine)

Operating cost of an engine
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oLD

OMEGA

OMEGTR

PA

PADJA

PADJS

PALT

PAVAIL

PC

PCHMPA

PCHMPs

P EOPLE

PI

PIE

PIHP

PITLP

PITLFA

PITLFS

PITLGE

PITLGH

PITLH

PITLTF

PITLTR

- - =
.....................

Previous gross weight used for comparison
Main rctor rotational velocity (razdians)
Tail rctor rotational valocity (radians)
Specificaticn pressurs al<ituls

Adjusted power at altitude

Adjusted power at sea level

Rate of climb pressura

Power available

Power to climb

Array for compressible power at altitude
Array for compressible power at sea level
Numkter of people

Induced power of th2s main rotor sys:tam
Constant for value of pi

Induced power of the main rotor system in HP
Induced power (IGE) at a forward speed
Induced power at al<itude at forward speed
Induced power at sea level at forward speed
Induced power in ground effec:

Induced power at a hover

Induced power at a hover

Induced power of the tail rotor in forward flight

Induced power for the tail rotor
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PITRFA igdgggeaggwgiigﬁtthe +<ail rotor a:t altitude

PITRFS Induced power of the tail rotor at sea level
in fcrwvard flight

PIVERT Induced power wvertically

PIX ég:a{eggfd for plotting of total induced power at
PIY :fgg ug:ed for plottiag total induced power at
PN Preventative maintenance cost 9f an engine
PMBS Blade stall power factor

PO Profile pover of the main rotor systenm

poC Frofile power to climb

POF Profile pover at a forward spesed

POFA Profils powsr at altitude at forward speed
POFS Profile pcwer at sea 1evei at forwvard spead
POH Profile povar at a hover

POHP Profile power of the main rotor system in HP
POTA Profile power of tail ro*or at altitude

POTR Profile power fcr the tail rotor

POTRF Profile pover of the tail rotor in forward flight

POTRFA Profile power of the tail rotor at altitude
in forward flight

POTRFS Profile power of the tail rotor at sea lavel
in forward flight

POX Arra{ used for plotting of total profile power at
sea level

pPoY Array used for plot+ting total profilc power at
altitude
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PP

PPC

PPF

PPFA

PPFS

PPOGE

PPOGEH

PPX

PPY

PRESS

P5

PSHF

PT

PTACH

PTAH

PTAVAL

2TF

PTFA

PTFS

PTH

PTHOVS

PTHP

PTTAHP

Parasite power

Farasite power

Parasite powar

Parasite pcwer

Parasite power

to cliatk
a* a forward sps2d
at altitude at forward sp=ad

at s2a level at forward speed

In ground effect distance parametsar

Ground effect factor at a hovar

Arra

sea {e

Arra

vel

altitude

usad for plotting total parasite power

Specification pressure altitude

Stall

Fover

Fhantom 3haft horsepower

Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Total

pover of the main rotor system

power
Fover
power
power
pover
pover
power
power
rover

gower

for the aircraft to hover

of

the aircraft %o hover

availablz

at

at

at

at

to

of

of

2 forward velccity
altitude at forward speed
sea level at forward speed
a hover

hcver

the main rotor system in HP

the aircraft to hover in HP
81
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PTTRF

PTTRFA

PTTRFS

PTTRH
PTTRHP
PTVERT
PTX
PTY

Q

R

RBS

RC
RCLINMB
RCHM
RDC
RDCH
RELY
REL IM
REVWE
REYRG
RHOALT
RHOMH

RHOS

Total power of the tail rotecr in forward flight

Total power of the +ail rotor at altitude
in forwvard flight

Total power of the tail rotor at sea level
in fervard flight

To+al power for +he tail ro%tcr at a hover

Total power for the tail ro%*or at a hover in HP
Total power vertically

Array used for plotting to%al powsr at ses level
Array used for fplotting total powsr at altitude
Production cun quantity

Rotor radius

Retreating Flade stall veloci-y

Recovery cost of an engine

Rate of climb

Recovery cost (multiple engirn2)

Research and development cost 5f an angine
Research and development costs (multiple engine)
Reliability of an engine

Reliability (multiple engine)

Revised empty weight

Revised gross weight

Density at specification density altitude
Dersity at hover in ground effec% ceiling

Density at service ceilirng
82



RHOSC

RHOSL

R NG MAX

RNGNNMX

RSHEC

RSHPME

RSHRME

RSHPRC

RRSHP

RSHPM

RSPEC

RT

RTR

SB

sC

SFCC

SFCH

SFCN

SHPC

SHPY

SHP MM

SHPN

Service ceiling density

Sea level density

Maximum range as per specification

New maximum range

Required shaft horsepower for cruise

Required shaft horsepower for amax endurance speed
Total regyuired shaft horsspower for max enduracne
Total required shaft horsaepower for cruise
Required shaft horsepowver

Required shaft hcrsepower (military)
Specification maximum rotor radius

Stall analysis parameter

Tail ro*>r radius

Main rotor planform area for wa2ight estimation
Body surface area for weight sstimation
Specification service ceiling

Cruise specific fuel consumptiorn

Milicary specific fuel consumption

.Normal specific fuel consumption

Cruise shaft hcrsepower
Military shaft horsepower
Mili+tary shaft hcrsepower (multiple engine)

Normal shaf+ horsepower
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SIG
SIGMA
SIGTR
SIn
SPCLOD
STEP
STT

sV

sSvn
TALT
TEME
THETA
THETAOQ
THETAZ2
TOTALC

TRIP1

TRIP2

TRIP3

TRIPY

TRIPS

TSHP

TTR

Fressure ratio

Solidity of the main rotor sysc2an
Solidi+y of the tail rotcr systen
Weight variance parameter
Specification useful load
Variance parameter for iterations

Total tail surface area for waight estimation
Salvage value

Salvage value (multiple engina)

Rate of climb temperature

Specification temperature

Temperature ratio

Collective angle in radianms

Cyclic angle in radians

Total cost of an aircraft in a production run

Trips <ke program so that repatitive questions
repeated

Trips the program so that repatitive questions
repeated

Trips *he program so that repatitive questions
repeat=d

Trips the program so that repatitive questions
repeated

Trips the program so that repatitive questions
repeated

Total shaft horsepower

Thrust of the tail rotor
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TTR80 Tail rotor thrust a< 80 knots

TTR160 Tail rotor thrust at 160 knots

TWIST Twist of main rotor blade

TYPE Type of helicopter (1igh%t,medium,heavy)

TYPEM Type of aircraft (light,medium,heavy)

T1 Term used in defining THETAO
T2 Term used in defining THETAO
T3 Term used in defining THETAO
T4 Term used in defining THETAQ

USELOD Useful load desired
VCR Cruise wvelocity as psr specification

VELMAX Maxipum forward velocity

184 Forwvard velocity
VFWD Forward velccity
VF80 FPorward velocity at 80 knots in ft/sec

VF160 Forvard velocity at 160 knots in ft/sce

VI Induced velocity in a hever

VINEW Induced velocity at hover

VIT Vertical induced velocity at a hover

VITNEW Induced vertical velocity at a hover

VITR Induced velocity of the tail rotor

VITTR Induced vertical velocity of the tail ro*or

VL stall paranmeter



VMAX Specification maximum forward valocity
VMAXE Maximum endurance velocity

VMAXF Maximum forward velocity in knots

VMAXK Initial forwvard velocity for stall analysis
VMAXR Maximum range velocity

VOPT Optimum velocity for aircraft in ft/sec

VOPTK Optimum veleccity for aircraft in knots

Vs Forward speed in ft/sec
VSK FPorward speed in knots
VTIP Tip velocity of the main rotor systen

VTIPTR Tail rotor *ip velocity
VINEW Solu+icn to fourth order differential equation

VVERT Vertical velocity

WE Manufacturers empty weight

WFC Cruise fuel flow rate

WFCR Fuel fiow rate for cruise flight

WFM Mili+ary fuel flcv rate

WFME Puel flow rate for max endurance velocizy
WEN Norsal fuel flow rate

WG Gross weight

WGNEW New gross weight
X0 Transmission and oil weight

WXOM Transmission and oil weight (mul+iple zngine)
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W1

W2A

W2B

w3

Wy

WS

W6A

W6B

We6cC

w7

w8

w9

W10

LR

W12

Rk

(AL

W15

X0

XRLG

XS

TuC

YMCH

Rotor weight

Tail rotor weight

Tail rctor structure weight
Body weigat

Landing gear weight
Facelle weight

Engine weight

Drive weight

Fuel tank weight
Plight control weight
Auxillary power vweight
Instrument weight
Hydraulic weight
Electrical weight
Avionics weight
Parnishings wveight

Air and ice weight

Load and handling waight

Radius used for stall analysis (inboard)

Pixed or retractabia landing gsar

Radius outboard analysis

Yearly maintenance cost of an 2ngine

Yearly main*enance ccsts (mulzipl2 engine)
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YoC

T0CH

ZCHMPLX

ZHI

Yearly operating cost of aa sagine
Yearly operating cos*ts (multipls =ngine)
Array for library fuaction

Zerc horsepower intercept
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THE REQUIRED SHAFT HCRS EPOWER IS
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COST ANALYSIS PER VEHICLE (IN DOLLARS FOR 100 A/C RUN)
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TABLE III

AH-64 Data

Parameter

Main rotor radijius

Tal% rotor radius

Number of maln rotor blades

Number of tail rotsr blades

Height of the main rotor systenm

Speéd of the main rotor

SEeed of the tail rotor

Chord of the main rotor

Chord of the tail rotor

Span of the mainp rotor

Span of +he tail rotor

Twist of +he maln rotor blade

Twist of *+he tail cotor blade

Profile drag cf th2 mair =-otor blade

Profile drag cf *he tail rotor blade

Disc loading orf <h2 main rotor syst=n
-}

Wid*h of th2 fuselage

Length_of th2 fuselage

Frontal equivalert flat plate area
Vartical equivalent flat plate area
Maximum fofward velocity

Maximum range

Rate of c¢clinb

Hover ceiling (IG
Hover ceiling (06
Length of the tail
Opefating weight

Load weight
Fuel weight .
Maximum gress weight
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TABLE IV

OH-6A Data

Parameter

Main rotor radius

Tail rotor radius

Number of main rotor blades
Number of tail rotor blades
Haight of the main rotor system
Speéd of +he maip rotor

Speed of the tail rotor

Chord of the main rotor

Chord of the tail rotor

Span of the main rdtor

Span of the tail rmotor

Twist of the main rotor blade
Twist_of +he tail rotor blade
Profile drag cf the main rctor bl

ad2
Profile drag o€ the tail rotor blad:
Disc loading 9f +the main rotor sys-<e
Width cf thé fuselage

Length of ¢th= fuselage

Prontal equivalent flat plate area
Vertical équivalent flat rlate area
Maximum forward velocity

Maximum ranpge

Rate of ¢liab

Hover celling (IGE
Hover ceiling (OG
Length of th3 *ail
Opetating weight
Load weight

Fuel weight .
Maximum gross weight

il
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TABLE V

SH-3H Da*a

Main rotor ragdius

Tail rotor radius

Number of main rotor blades
Number of tail ro*or blades
Height of the main ro*or sys%em

Speeéd of the main rotor
Speed of the tail rotor
Chord of the main roter
Chord of the *ail rotor
Span of the main rotor
Span of the tail mtor
Twist cf the maip rotor blade

Twist_of the +ail rotor blade
Profile drag of the maip rotor blade
Profile drag c¢f *he tall rctor blad=
Disc loading of <he main rotor system
Width of thé fuselage

Length of the fuselaie

Frontal equivalent flat plate area
Vertical équivalent flat plate azea
Maximum fofward velocity

Maximum range

Ra+e of climb

Hover ceiling (IG

Hover ceiling (0G

Langth of thée tail

Operating weight

Lbad weig-*

Fuel weight )

Maximum grcss weight
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TABLE VI

S-76 Data

Paramstar

Majin rotor radius

Tail rotor rad:-us

Number of main rotor blades
Number of tail rotor blades

Helght 0f the main rotor system
Spe2d of the main rotor
Speed of the tail roter
Chord of the main rotor
Cherd of the %tail rotor
Span of the main rotor
Span c¢f the tail rotor

Twist of the main rotor blade

Twist of the tail rotor blade
Profile drag c¢f the main rotor blade
profile drag of the tail rotor blade
Disc loading of the main rotor system
-Width of thé fuselage

Length of the fuselage .

Frontal equivalent flat plate area
Vertical éguivalent fla+t plate area
Maxjimum fofward velocity

Maximum Tange

Rate of climb

Hover ceiling (IGE

Hover ceiling (0G

Length of thé <ail

Opefating weight

Load weight

Fuel weight .

Maximum gross weight
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TABLE VII

UH-60A Data

Parapeter

Main rotor radius

Tail rotor radius

Number of main rctor blades

Number of tail rotor llades

Height of the main ro*or systenm
Speed of the main rotor

Speed of the tail rotor

Chord of the maian rotcr

Chord of the tail rotor

Span of the main mtor

Span of the tail rotor

Twist of the main rotor blade

Twist of the tail rotor blade
Profile drag of +he main rotor blade
Profile drag of *he tail rctor blade
Disc loading of the main rotor systenm
Width of the fusszlage

Length of the fuselaie

Frontal equivalent flat plate area
Vertical équivalent flat plate aczea
Maximum fofward velocity

Maximum rang2

Rate of climb

Hover ceiling (IG
Hover ceiling (OGE
Length of thée +fail
Opelfating weight

Load weight
Fuel weight )
Maximum grecss welght
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TABLE VIII

CH-54B Data

Parapeter

Maip roter radius

Tail rotqr radius

Number of main ro*or blades
Number of tail rotor blades
Height of the main ro“or system
Speéd of the main rotor

Sgeed of the tail rotcr

Chord of the main rotor

Chord ¢of zhe tail rotor

Span of the nain mztor

Span of the =-ail rotorc

Twist of the main co<zor blade
Twist of the tall rotor blade

Profile drag c¢f “he main rctor blaés
Profils drag of the tail rotor blade
Disc loading of the main rctor syste
Width of thé fus<lage

Langth of the fuselage

Frortal squivalent flat plate area
Vertical équivalent fla+ platz2 irea
Maximum forward velocity

Maximum rang:

Rate of ¢limb

Hover ceiling QIGE

Hover ceiling (0G

Length of theée %ail

Operating weight

Load weight

Fuel weight )

Maximpum gress weight

m
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TABLE IX

CH-53D Data
Parape:er Yalue
Main rotor radius 36,1 fe=+
Ta1l rotor radius 8.0 feet
Number of main rctor blades 6
Number of tail re¢tor blades 4
Helght of the pmain rotor systenm 15.8 feex
Speéd of the main rotcr 19.4 rads/sec
Speed of the =ail rotcr 83.0 rads/sec
Chord of the mairn roter 2.17 feet
Chord ¢f the =<ail rotor 1.28 Zee-
Span of the main rotor 28.9 feet
Span of the %ail mtor 6.45 feet
Twist of the main roctor blade -6.0 degrees
Twist of the +ail rotor blade -8.0 degrees
Profile drag cf <h2 main rotor blade 0.0095
Profile drag cf the tail rctor blade 0.0095
Disc loading of +h2 main rotor system 10.3 .
width of +hé fuselage 8.83 <Iee+*
Length of the fuselage 67.2 feet
Frontal equivalent flat pla*e area 47.3 sq £t
Vertical équivalent flat plate arez 90.0 sg £t
Yaximum fofward velocity 164 knots
Maximum range 242 nmZ
Rate c¢f climb 625 £t/min
Hover ceiling iIG 14,000 feet
Hover ceiling (OGE 8,000 foet
Langth of th3 tail by, s feet
Cpefating weight 23,630 pounds
Load veight - 14,030 pounds
Puel weight ) 4,340 pounds
Maximum grcss weight 42,000 pounds
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TABLE X

CH-53E Dat*a

Parameter

Majn rotor radius

Tall rotor radius

Number of main rotor blades

Nuaber of tail rc¢tor blades

Height of the main rotor system
Speéd of the rain roter

sHeed of the tail rotor

Chord of the main rotor

Chord of the tail rotor

Span of the main rotor

Svan of the “ail rotor

Twist of the main rotor blade
Twist_of the tail rotor blade
Profile drag of the main rctor blade
Profile drag of the tail rotor blade
Disc loading of the main rctor systenm
Width of thé fuselage

Length of the fuselage

Prontal equivalent flat plate area
Vertical équivalent flat plate area
Maximum forward velocity

Maximum range

Rate of cliamb

Hover ceiling (IGE

Hover ceiling (OG

Length of thé tail

Operating weight

Load weight

Fuel weight )

Maximum gross weight

157

10.0

@* + WEO
NY-RI0

. O 1
ALV O | 2 ON =N~ a

o
NOoO S

TSPy
WUONNE a0 -

* % 9 e £us

NE EFNOFOWE=WOW

ODMMWOs CONOEs & o M OO ¢ (e
COOCOOOUNOONCOWONOVONWAREONOE

Hhith
o
M|

R

NN\
nwn
M D
[eNe!

Quuihtththrht i 114
®MDDDWDVLM
Qg oD D LD
Hry - tninc+

[(V I
‘D ®
0 in

FhithHhEnS ) (0 Hhirh
DO OO0
® ® O\ 1+O0O [ ()]
o IS X AN "] Sdalin lndnd
e et
=]

toliol
(o Mo/
(=¥
o e
[=7
n

<42

pounds
pounds



(3euxoy abed TejzuozTaOoy) 3IOTd X-X °1°€ 2anbrdg

(Ld) SNIAYH HOLOH NIV
u.u.m_ u.m _n._...i a_.-_u n.m-
... e . v
_ :
RID L Wene 008¥/00EY IV
oey nml NO9IS3A Y3 LJOOMH

il

i

-0

(1) SNIAVY ¥OLOH YL

158



MAIN ROTOR SPEED (RPM)

HELICOPTER DESIGN 153 {88

AE 4308/4800

*
3
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8 ) 1
HEIGHT OF ROTOR SYSTEM (FT)

Figure 3.2. X-Y Plot (vertical page format)
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Figure 3.4.

TAIL ROTOR BLADE SPANI(FT)
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Figure 3.6. Multiple Y Axes Plot (vertical page format)
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