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FOREWORD

and grow to include more sophisticated methods of Simulating
advanced helicopters, this User's Manual is loose-leaf boung
to facilitate updating of the Program.

NASA Ames Research Center

Thomas Galloway, Aeronautical Systems Branch, Systems
Studies Division

Boeing-vertol Company

Program Formulation ang Data Development:

S. J. Davis Research ang V/STOoL Aerodynamics
Unit

E. M. Low, II Helicoétef Performance Unit

C. A. Widdison Helicopter Performance unit

A. H. Schoen Preliminary Design

J. S. Wisniewskij R & D Weights Unit

Programming

R. Knopf

H. Shah

Inquiries regarding the Program should be directed to the
pertinent individuals.
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Section 5.3 contains a definition of program
input variables and indicators; section 6.2
lists the major diagnostic error printouts and
describes their probable cause. For ease of
reference, these sections are printed on blue
and green paper, respectively.







1.0 INTRODUCTION

1.1 BACKGROUND

HESCOMP is a helicopter sizing and performance computer
program very similar in format and operation to VASCOMP II,
the V/STOL Aircraft Sizing and Performance Computer Program,
described in Reference 1. This similarity is dictated by the
requirement to obtain compatibility in both usage and results
when using HESCOMP and VASCOMP II in helicopter-V/STOL air-
craft comparative design studies. The program's purpose is to
rapidly provide helicopter sizing and mission performance data.
The program can be used to define design requirements, such as
weight breakdown, required propulsive power, and physical di-
mensions of aircraft which are designed to meet specified
mission requirements. It is also useful in sensitivity
studies involving both design trade-offs and performance
trade-offs.

During formulation of the program, therféilowing guidelines
have been followed:

1. The program should maintain generality and flexibility -
X program of this type must be comprehensive and flexible
in order to permit an accurate simulation of many types of
helicopter configurations. It must be capable of approxi-
mating the design process involved in layout and sizing of
a wide variety of helicopters and synthesizing the per-

formance of these aircraft.

2. The program should be easy to use - In order to minimize
hand computation of input data, the input to the program
primarily consists of a series of single point values
“specifying, for example, main rotor disc loading, solidity,
twist, aspect ratio, taper ratio, etc. of the wing, tail,
and rotor pylons (where applicable), the geometry of the
fuselage, the type of propulsion system, a description of
the mission profile, and weights of fixed equipment, fixed
useful load and payload. Where necessary to adeguately
describe certain functional relationships, the input is in
tabular form. However, since preparation of data for
tabular input is generally more cumbersome and time con-
suming, this form of input has been kept to a minimum.

3. The program should minimize computation time - In order to
minimize computation time, the program makes ample use of
optional computation paths. To eliminate large quantities
of null arithmetic, it avoids calculations which do not
apply to the particular aircraft being studied. This is
accomplished by means of a series of input indicators that
specify the calculations to be performed.
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4. The program should be well balanced - The program should
not be extremely sophisticated 1n one detail and yet ex-
tremely simple in another. To offset the possibility of
this occurrence, great care has been taken to examine
methods used to describe the helicopter and its operation.

5. The program should be compatible with VASCOMP II - In
order to insure program compatibility, care has been exer-
cised in planning the input/output format. The input
sheets are similar (and in a few cases - identical) to
those of VASCOMP II. The output format is the same except
for the additions of those output quantities peculiar to
helicopter performance. Further, this User's Manual is
identical in format to the VASCOMP II User's Manual. In
addition, HESCOMP utilizes (unchanged) the engine cycle
library, propeller tables, and propeller short form per-
formance method developed for VASCOMP II.

1.2 APPLICATION

The program has two primary independent applications and a
third which is a combination of the first two. It may be used
for the sizing of helicopters for which the type of aircraft
and the mission profile are specified. Alternatively, it may
be used for mission calculations for aircraft for which sizing
details (gross weight, fuel available, engine power and fuel
consumption, etc.) are known. As a combination of these two
capabilities, the program may be used to first size a heli-
copter for a given mission and then calculate the off-design
point performance for other missions. The option of calcula-
tion to be used is specified to the program by means of an
input "option indicator."

The program has been written in a manner to make it directly
applicable to sensitivity studies to determine the effect of
variations in weight, drag, engine characteristics, etc. This
is accomplished by use of incremental multiplicative and addi-
tive factors applied to the gross weight, component drag and
fuel required equations. For the most part, the multiplicative
factors are nominally equal to unity and the additive factors
are nominally equal to zero. However, to determine the effect,
for example, of a 10 percent increase in drive system weight,
the appropriate multiplicative factor can be set to 1.10 and
the sizing program rerun.

The program contains size trends equations which reflect the
variation of helicopter dimensions with gross weight, detailed
statistical weight trends equations, a routine for sizing of
engines to match airframe requirements, a comprehensive
library of engine cycle data, a library of rotor cycle data,
and a variety of optional procedures for calculating rotor and
propeller (cruise only) performance.

1-2



The prd&ié&f;;h be used to study any single or tandem rotor
pure, winged, compound, or auxiliary
(see Table 1-1).

propulsion helicopter
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2.0 SPECIFICATION OF HELICGFTER CHARRTERISTICS

Spec1f1cat10n of alrcrart chargoterlstlcs to the program is
made in a variety of ways: through use of input indicators
which specify the types of calculations to be made; through
use of weights factors and constants; aerodynamics data; pro-
pulsion information; and mostly through use of nondimensional

geometric information.

2.1 HELICOPTER GEOMETRY

It is assumed that a typlcal 5121ng analy51s starts w1th known '
payload characteristics, both in terms of payload weight and
volume requirements. The volume requirements are usually re-
flected in length, height, and width of the constant diameter
(cabin) section of the aircraft. Adding a nose and tail sec-
tion of reasonable fineness ratio onto the cabin sections
would complete the fuselage geometry if this were an airplane
(as sized by VASCOMP II). 1In a helicopter, however, addi-
tional geometric characteristics must be determined before the

external fuselage dimensions are completely defined.

For example, in the case of the single rotor helicopter, the
total fuselage length (in addition to the nose, tail, and con-
stant diameter sections) includes the tail boom, the length of
which, in turn, is established by the tail rotor diameter and
the need to maintain a reasonable gap between the main and
tail rotor discs. Additionally, the tail boom length itself
is affected by the relative position of the main rotor on the
fuselage. Vertical tail geometry is determined both by dimen-
sional constraints and the need to fulfill directional sta-
bility requ1rements (e.g., sufficient vertical tail area to
counteract main rotor torque in the event of tail rotor loss).
So, although the basic cabin internal dimensions are fixed,
the external overall dimensions can vary widely, depending on
how conflicting requirements are resolved.

In the case of the tandem rotor helicopter, not even the
internal cabin dimensions are necessarily constant. For ex-
ample, the need to require a certain level of external config-
uration compactness (by specifying a high overlap/diameter
ratio) can result in overall fuselage dimensions which
dlrectly conflict with internal volume requlrements

Wing geometry may be dictated by maneuver "g" requlrements, a
specified wing loading or aspect ratio, or even propeller tip/
fuselage clearance (in the case of a compound helicopter with
wing-mounted propellers).

Primary and auxiliary independent engine nacelle size is set

2-1




by the type of engine and its size (which, in turn, is
dictated by power requirements).

Figures 2-1 and 2-2 of hybrid single and tandem rotor heli-
copter configurations illustrate the type of information con-
cerning the helicopter geometry which may be required of the
user. Tables 2-1 and 2-2 illustrate typical values of selected
geometric characteristics for various aircraft. A complete
list of input geometric variables is included in Section 5.3.1.

2.2 PROPULSION SYSTEM

This program permits the use of either a single, primary
propulsion system or a combination of a primary system and an
auxiliary independent propulsion system. For the primary sys-
tem, turboshaft cycles are always used. For the auxiliary
independent system, either turboshaft, turbofan, or turbojet
cycles may be used. The program includes the applicable
cycles (shown in Table 2-3) from the standard library of
eighty-one different generalized engine cycles developed for
the VASCOMP II program. The user of the program may either
select the desired engine cycle(s) from the standard library
or input the characteristics of any arbitrary engine cycle he
may choose.

The library engines are unrestricted in performance over their
operating system range (dictated by power setting limits).
However, the user, at his discretion, may include limits on
engine operation by setting maximum values of fuel flow,
torque, or gas generator or power turbine shaft rpm. In addi-
tion, nonlinear scaling effects of real engines may be included
by input of Reynolds number-based correction factors. Degra-
dation in performance of turboshaft engines operating at
nonoptimum power turbine speed will be calculated by the pro-
gram at the option of the user. The library engine cycles may
thus be used with no additional input; or, by appropriate
additional input, may be made to include the effects of multi-
ple operating restrictions and other factors characteristic of
real engine cycles.

During a sizing calculation, the engine cycles may be "scaled"
or fixed in size. That is, if the user desires, the program
will calculate the engine size required to meet the mission
requirements; or, alternatively, he may input engines of
specified size. 1In the case of helicopters employing multiple
propulsion systems, the primary system may be sized to provide
power to the main rotor(s) for producing lift and part of the
total propulsive thrust required; and the auxiliary independ-
ent system will be sized to provide the remaining propulsive
thrust or power.
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TABLE 2-1. TYPICAL GEOMETRIC CHARACTERISTICS - SINGLE
ROTOR HELICOPTERS

/— ™ 4

T
. dira
TB Aﬂ
2

p C dbr o Crgp— b=
le-—— 2}3

e VERTICAL

l— "Trp+| FIN by
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F 2
S DATA
TYPE AIRCRAFT <p/3F |7/ | Xu/ g | vrp/dTp | d7Ta/dr8 | rp | ARFp | tvT | ARyr
B80E BO-105% 1.02 .75 .57 7.00 .69 .41 .30 .33 1.37
"PURE LIGHT HELICOPTERS
BELL SH-IBA 1.12 .71 .55 8.50 .35 .53 15 ) .64 14,37
"PURE™ LT. TRANSPORT HEL. | BELL UH-.B .84 77 .71 5.55 .32 .88 12} .23 1.98
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"PURE™ - e —
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SIK H-17A .60 - .56 2.30 .47 .45 .21 ] .63 | 3.36
BELL Ai-1G 2.47 .44 .65 4.91 .42 .70 .27} .48 j 1.53
WINGED HELICOPTERS —
SIK 5-67 2.22 1.98 .62 4.17 .47 .83 .27 ] .48 ]1.90
LOCK XH-S1A 1.29 .98 .48 5.92 .26 .89 233 ¢ .60 .73
CUMPOUND HELICOPTERS
LCCK AH-S56A 1.40 1.36 .62 4.43] .52 17 121 .46 11,29
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TABLE 2-2.

TYPICAL GEOMETRIC CHARACTERISTICS
TANDEM ROTOR HELICOPTERS

rf,ffﬁii‘vfl’fl

akl

TS S

c
Tap

o
*— Trp hp,
h
L g L cp .
Rpp Rap
' o
App = o FP yoo = _TRP
FP = TR AP T T
F AP
h
Plz AR hP22
ARpp = =—— p = ==—
FP = Sop A SAP
Spp = planform area d = Wg + hp Sap = planform area
F~- 2
TYPE AIRCRAFT Lp/dF | ip/dF ‘% GAP/STAG | .X /%p | “Xy/ip| Ypp | ARpp | iap | ARpp
"PURE" LIGHT B~V HUP-1 73 1.03 .37 0] 1.00 l.(i)(iJW .38 .35 .57 .78
TRANSPORT -
HELICOPTER B-V H-21 64 2.19 .04 .00 .89 02 .35 .45 .23 .43
B-V CH-46A 71 1.53 .33 a7 1.16 .51 .63 .34 .69 .61
"PURE" B-V CH-47C 69 1.29 .34 12 .85 .59 |1.00 1.10 | .81 .53
MEDIUM - HEAVY
TRANSPORT B-V YH-16A B4 1.81 .37 16 48 .84 .34 .25 | .58 .84
HELICOPTERS
B-V MOD 347 8S 1.37 .23 15 .73 .55 .98 .43 | .84 .66




TABLE 2-3.

LIST OF ENGINE CYCLES

1970 Intermediate 1980
Primary Propulsion
Turboshaft
Engine press. ratio 13, 16 13, 16, 13, 1s6,
19 19, 22
Turb. inlet temp. 2600°R 2900°R 3200°R
Auxiliary Independent Propulsion
Turboshaft
Engine press. ratio 13, 16 13, 16, 13, 16,
19 19, 22
Turb. inlet temp. 2600°R 2900°F 3200°R
Turbojet
Engine press. ratio 13, 16 13, 1lse, 13, 16,
19 19, 22
Turb. inlet temp. 2600°F 2900° 3200°R
Turbofan
Engine press. ratio 16, 20 l6, 20, l6, 20,
24 24, 28
Turb. inlet temp. 2600°R 2900°R 3200°R
Fan bypass ratio 2, 4, 6 2, 4, 6

2, 4, 6

2-9




2.3 HELICOPTER WEIGHT SUMMARY

A detailed helicopter weight summary is provided by the
program through use of statistical weight trend equations. A
description of, and justification for, these equations is
given in Section 4.11. Three major categories of weights are
calculated: the propulsion group, the structures group, and
the flight controls group.

2.4 AERODYNAMIC CHARACTERISTICS

The aerodynamic data which are calculated by the program are
the helicopter drag and (in the case of winged or compound
helicopters) the lift curve slope of the wing (used for cal-
culations of the gust load factor). Drag data may be input
to the program in a variety of forms including a single point
value of flat plate area, drag trends, or by a detailed drag
summary. Scaling effects on drag based upon Reynolds number
corrections are included. Wing spanwise loading efficiency
(Oswald's factor) may be either input to the program or may
be program calculated.

2.5 ROTOR CHARACTERISTICS

Rotor performance may be calculated either by the short form
aerodynamic performance method or by using input rotor maps.
The short form method employs input rotor "cycles". Correc-
tions for the specific rotor and helicopter configuration
geometry, (e.g., blade twist, number, cut-out, rotor overlap,
etc.) being analyzed are made by the program. Included with
the program is a brief library of currently available "cycles"
(Table 2-4 lists their pertinent characteristics).

Rotor maps may be used in two ways. In the first case,
isolated rotor data derived for a specific rotor configuration
is input and, as in the short form method, blade and config-
uration geometry corrections are applied by the program. In
the second approach, a rotor map generated from total config-
uration rotor power data (e.g. in the case of a single rotor
helicopter, this would be the sum of main and tail rotor
power) is input. No corrections are applied. Thus, the par-
ticular blade and helicopter configuration geometry inherent
in the data from which the map is generated is reflected un-
changed in the calculated rotor performance.
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3.0 PROGRAM OPERATION

3.1 GENERAL

3.1.1 The Optlon Indlcator

As previously descrlbed, the program has two major optlons

and a third which is a combination of these two. The specific
option to be used is selected by means of an input "option
indicator" abbreviated OPTIND.

OPTIND = 1

This is an iterative routine whlch determlnes the alrcraft
weight, dimensions, and required power to satisfy a prescribed
mission flight proflle.' In addition to the flight profile,
certain characteristics descrlblng the type of aircraft are
spec1f1ed, such as the wing aspect ratio, thickness ratio, the
wing loading or disc locading, the engine cycle, etc.

OPTIND = 2 or 3

These options are used to calculate the fllght performance of
an aircraft for which the size is fixed. In addition to the
aircraft characteristics descrlbed above, the powerravallable,
alrcraft dlmen51ons;'etc. are input to the program. A flight
profile is also specified. The program then calculates the
performance history of the aircraft for the specified mission.

If OPTIND = 2 is selected the aircraft gross welght is input

and the fuel requ1red to fly the specified mission is deter-
mined. This option is useful for solving many different per-
formance problems where it is desired to constrain gross
weight, such as calculatlng climb performance, cruise perform-

ance, or payloaa range capablllty

If OPTIND = 3 is selected, the operatlng-welght empty is 1nput
and takeoff gross weight and required fuel load is determined.
This option is useful for calculating various overload off-
design weights and for determining ferry performance.

Comblned Optlon

This optlon permits the user to size an alrcraft for a "de51gn—
point" mission and then to calculate the off-design- point
performance of the sized aircraft for a variety of additional
missions. Basically, this option causes the program to run
optlon number cne (OPTIND = 1), save the sizing data generated

in that optlon,’and then input this information intc the per-
formance option (OPTIND = 2)7
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3.1.2 Description of Mission Profile

The performance calculation subprogram in HESCOMP, consisting

of nine individual subroutines, permits the simulation of air-
craft performance for virtually any mission flight profile.

A typical performance analysis is made up of a series of ele-

ments which, in building block fashion, allows the user of the
program to perform a wide variety of studies. The elements of
a typical performance analysis are:

1. Segment - A segment of a mission profile is a unique
portion of the mission such as a cruise or a climb. A
segment starts with a set of initial conditions of one
or more of the variables of state (altitude, range,
weight, etc.) and ends when a terminal condition (or
conditions) has been satisfied.

2. Hop - A hop is defined as a set of segments ending at
some logical terminal locations (such as ground level at
the desired range). Thus, a hop might consist of flying
from location "A" to location "B" by means of combining
the following segments: taxi, takeoff, climb, cruise,
descent, landing, and taxi.

3. Leg - A leg of a mission is herein defined as a set of
hops ending in a re-fueling of the aircraft. Thus, a leg
might consist of flying from location "A" to "B", then to
"c"  at which point the aircraft is refueled.

4. Mission - A mission is defined in this program as a set
of legs (or hops or segments) which satisfy some specific
operational requirement. In this program, the mission is
the basic element for which the aircraft is sized.

5. Case - A case is a consecutive series of missions for the
same aircraft. This program permits the user to analyze
a case which consists of a mission for which an aircraft
is sized, followed by a different mission which the now-
sized aircraft performs, followed by yet additional
missions.

The performance calculations subprogram consists of nine
individual performance segments, specified by means of an in-
put indicator, SGTIND. The segments are taxi {(SGTIND = 1)},
hover (SGTIND = 2), climb (SGTIND = 3), cruise (SGTIND = 4),
descent (SGTIND = 5), loiter (SGTIND = 6), an increment in
weight of fuel (SGTIND = 7) or payload (SGTIND = 8), and a
transfer of altitude (SGTIND = 9). The end of the mission is
specified by an input SGTIND = 0. An array of segment indi-
cators is input to the program to specify the mission being
studied. Thus, a typical array might be:
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SGTIND =
1I2'3I4l20211l1l2'304l3I415I20702l3141514151612'lIol
Segments

l

£f§:fueling

«— hop #1 hop #2 hop #3 -
fa————— leg #1 leg #2 ————m

]

mission =

At the end of any leg, the sum of segment fuel required to
perform that leg is stored in the computer. At the end of the
mission, the largest of these stored values is used to deter-
mine the aircraft sizing requirements when OPTIND = 1. An end
of a case is specified by an input SGTIND = 100. Since an
end-of-case is also always an end-of-mission, it is not neces-
sary to end a case by a SGTIND = 0 followed by SGTIND = 100.
SGTIND = 100 always takes precedence over SGTIND = 0. The
distinction between a mission and a case is most useful when

- it is desired to size an aircraft for a specified mission
followed by analysis of the off-design-point performance of
the "sized" aircraft on other missions. As an example, with
SGTIND = 1 (sizing option) the following array of SGTIND might

be used:

SGTIND =

1,2,----0,2,—--—0,1,----0;1,---—100
1st mission 2nd mission 3rd mission 4th mission

The program will size the aircraft for the first mission and
then analyze the performance of the "sized" aircraft for the
second, third and fourth missions. Up to 50 consecutive seg-
ments may be included in a single case, arranged in any arbi-
trary series of hops, leqgs, and missions. Up to 10 of any
specific segments may be included in any case. Thus, a case
might consist of several missions, each mission having several
different cruise segments.

Each segment is a discrete element of the mission, independent
of any other segment with the exception of the influence on
the altitude, range, weight, and time. That is, the first
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cruise of a case might be at cruise power at standard atmos-
pheric conditions and the second cruise could be at best
specific range for a nonstandard day.

At the start of a case, the user inputs values for initial
conditions of altitude, range, weight, and time. The first
segment of the case uses these values as initial boundary con-
ditions and the segment ends at a specified terminal condition.
The final values of altitude, range, weight, and time then be-
come, in turn, the initial values for the following segment.

The final, or terminal, condition varies depending upon the
segment. Terminal conditions for each segment, input by the
user, are:

Taxi - increment in time

Takeoff, Hover, and Landing - increment in time

Climb - altitude at end of climb

Descent - altitude at bottom of descent and, for certain
options, range at end of descent

Loiter - increment in time

Change of Fuel Weight - increment in weight and increment in
time

Change of Payload Weight - increment in weight and increment
' in time

Transfer Altitude - final altitude

Segments 2 through 6 (takeoff, hover, and landing through
loiter) require, in addition to terminal conditions on one of
the variables of state, an input value for the step size to be
used in the calculations. The step size specifies both the
increment in the primary variable which is used in the calcu-
lations and the increment between successive printouts.
Printouts occur at even integral mulciples of the primary
variable. Thus, if an aircraft is required to climb from a
starting value of altitude of 6300 feet to a final value of
29,500 feet, and the step size is specified as 1000 feet, the
program will calculate and print at 6300 feet, 7000 feet, 8000
feet, etc. to 29,500 feet. As the step size is decreased, the
program accuracy improves, but the computing time lengthens.

Atmospheric conditions may vary from segment to segment. For
example, the first segment, a climb, may be for a standard
atmosphere; the second segment, a cruise, may use a constant
increment in temperature above standard; and the third segment,
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another climb, may use a nonstandard temperature versus
altitude table. The third atmosphere option requires a tab-
niar input of temperature ratio versus altitude. Only one
nonstandard tabular atmosphere may be used in a single case.
Segments 1 through 6 (taxi through loiter) may be used to sim-
ulate an additional requirement for reserve fuel. The reserve
fuel calculated in this manner is used as part of the total
fuel required to size the aircraft. However, the aircraft
weight is not reduced by the amount of the reserve fuel. This
option is specified by inserting a value of 10 x SGTIND for
the particular mission segment indicator where reserve fuel is
to be calculated. For example, if it is desired to calculate
reserve fuel at a specified cruise condition, SGTIND = 40;
i.e., (SGTIND = 4) x 10 is input.

3.1.3 Special Flight Path Control Option

hoprTIND - This indicator will permit the user to fly a mission
at the optimum altitude for best fuel consumption. The pro-
gram will automatically determine the best altitude for any
cruise segment which is preceded by either a climb segment or
a transfer of altitude. If the cruise is preceded by a climb,
the program will determine the flight altitude which minimizes
the sum of the fuel for climb and cruise. If the cruise is
preceded by a transfer altitude, the program will determine
the altitude for the best fuel consumption during cruise only.

In addition to specifying that optimum altitude flight is de-
sired during the mission, the user may specify a maximum
altitude permitted for each cruise segment. This is specified
by means of the hyax input for the preceding climb or the
hpyar input for the preceding transfer altitude. The maximum
altitude specification is useful in studying missions for

which some of the cruise segments are to be optimized while
other cruise segments are to be flown at known altitude such

as the high-low-low-high mission shown below in which the low
altitude segments represent sea level dashes. For this mission,
the user specified hpiyap = 0 for the transfer altitude segment.

CRUISE

CRUISE  1paNSFER

ALTITUDE

CLIMB HOVER ~—CLIMB

CRUISE CRUISE
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3.1.4 Propeller Efficiency

Propeller efficiency can be calculated in three different ways
for compound and auxiliary propulsion helicopters. The option
chosen is specified by means of a propulsive efficiency indi-
cator, npIND. The options range from (a) input of a set of
point values of efficiency to (b) input of a prop map table

to (c) automatic calculation of propeller performance. The
option chosen will depend on the type of problem being studied
as each of the means of calculating prop performance has fea-
tures which may be desirable under certain conditions. These
options are described in more detail in Section 4.7.

3.1.5 Rotor Power Required Calculation

The method most likely to be used, and certainly the most con-
venient, from the point of view of inputs, is the short form
aerodynamic performanc method. Rotor blade performance data
is input in the form of "cycles", with corrections for the
specific rotor and helicopter configuration under study being
applied by the program.

Two types of rotor maps may be input. The first utilizes
isolated rotor data derived for a specified rotor configura-
tion, but corrected by the program for the specific rotor

and helicopter configurations under study. The second uses
total configuration rotor data (i.e., in the case of a single
rotor helicopter, this would include both main and tail rotor
power) and applies no corrections to the data.

It should be noted that the first two methods are suitable for
use both in sizing and performance only calculations, since
corrections for variations in rotor and helicopter configura-
tions are applied. The third method, however, must be re-
stricted to use only in non-sizing applications. Possible
areas of use could be, for example, the case where (a) it is
inconvenient for the magnitude of the particular application
to generate the data required for creating a rotor cycle or
generalized rotor map, or (b) in calculating the mission per-
formance of existing helicopters (e.g. the HH-43B, WG-13, UH-2,
etc.) utilizing rotor maps derived from Flight Handbooks, etc.

3.2 PROGRAM OPTIONS

Flexibility of operation and generality of approach have been
accomplished by use of many optional computation paths. The
path to be used is selected by the user through use of a series
of input indicators. Besides the option indicator, previously
described, the program indicators fall into seven categories:
propulsion indicators, aerodynamics indicators, size trends
indicators, mission performance indicators, flight path control
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indicators, an atmosphere indicator, and an optional print

indicator. The indicators and their use are described below.
A summary list of all indicators and their values is included
in Section 5.3.2. -

3.2.1 Propulsion Indicators
AIPIND - Indicator which differentiates between compounds with
and without auxiliary independent engines. AIPIND = 1 denotes
a compound helicopter having a single set of engines connected
both to the main rotor and auxiliary propulsion systems.
AIPIND = 2 indicates a compound helicopter with independent
engines for auxiliary propulsion.

ENGIND - Two different classes of cruise engines are included
= Y X .
in the program. They are "horsepower producing" engines and
"thrust producing” engines. The horsepower producing engines
which are included in the standard engine library are turbo-
shaft engine cycles. The thurst producing engines in the
engine library are either turbojet or turbofan engines. If
ENGIND = 0, a power producing cycle is selected. If ENGIND =
1, a thrust producing cycle is selected.

ESCIND - The program permits the user to size the primary
engines either for takeoff conditions only or for the more
critical choice of takeoff or cruise. This is specified by
means of the engine sizing indicator, ESCIND. If ESCIND =1,
the program will size the engines for takeoff conditions only.
If ESCIND = 2, the program will size the engines for takeoff,
then cross-cneck the engine size required for cruise condi-
tions, and pick the more critical of the two conditions.

for aircraft being studied in the
program may be either "fixed" in size or "rubberized." If the
engines are "rubberized," the engine sizing subroutine calcu-
lates the maximum power or thrust of the engines required to
satisfy certain specified criteria. If the engines are fixed
in size, the user inputs the level of maximum power Or thrust
for the engines and the engine sizing subroutine is bypassed.
The user specifies the option of calculation by means of the
input indicator, FIXIND. If FIXIND = 0, the engines are fixed
in size. If FIXIND = 1, the engine sizing subroutine is used
to calculate the size of the "rubberized" engines.

FIXIND - Engines selected died

FIXINDI - FIXINDI serves the same function for the auxiliary
independent engines that FIXIND does for the primary engines.

POWIND - This indicator specifies the limiting power setting
to be used in climb, cruise, and for engine sizing at cruise
conditions: maximum (POWIND = 0), military (PCWIND = 1), and
normal (POWIND = 2). A separate value of this indicator is
input with each climb and cruise and for engine sizing.

3-7



WDTIND, QIND, N1IND, N1OIND, N2IND - These indicators specify
to the program that the primary engine performance is re-
stricted by a maximum level of fuel flow, torque, gas generator
shaft rpm, gas generator referred shaft rpm, or power turbine
(output) shaft rpm. An input zero value for these indicators
will permit operation restricted only by power setting (turbine
temperature) limits. A unity input for any of the indicators
will cause the engine operation to also be restricted by a
maximum level of the appropriate variable. More than one of
these indicators may be set to unity at the same time, thus
simulating performance of an engine operating with multiple
restrictions. N2IND has a third possible value which the user
may input for turboshaft engines, N2IND = 2. This input
specifies that the engine is operating at a known discrete
value of output shaft speed (in general, not the optimum
value). If this option is used, the user inputs the level of
Nrr for each flight segment, and the program will calculate

the effect on engine performance.

WDTINDI, QINDI, N1INDI, N16INDI, N2INDI - These indicators
specify to the program that the auxiliary independent engine
performance is restricted by a maximum level of fuel flow,
torque, gas generator shaft rpm, or power turbine (output)
shaft rpm. An input zero value for these indicators will per-
mit operation restricted only by power setting (turbine tem-
perature) limits. A unity input for any of the indicators
will cause the engine operation to alsc be restricted by a
maximum level of the appropriate variable. More than one of
these indicators may be set to unity at the same time, thus
simulating performance of an engine operating with multiple
restrictions. N2INDI has a third possible value which the
user may input for turboshaft engines, N2INDI = 2. This input
specifies that the engine is operating at a known discrete
value of output shaft speed (in general, not the optimum
value). If this option is used, the user inputs the level of
Nipr for each fllght segment, and the program will calculateﬁ,td
the effect on engine performance.

RNOIND - The performance of real engines is sensitive to
scaling effects. That is, doubling the maximum static power

of the englne at sea level for standard atmospheric conditions
by increasing the physical size of the engine will not cause a .
corresponding doubling of the power at other operating condi-
tions. This nonlinear behavior is due to the influence of
variations in the Reynolds number at the compressor inlet. i
RNOIND permits these effects to be accounted for on turboshaft
engines through use of an input table of a correction factor .
on power available. If the indicator is set to unity, the
tabulated correction factor may be input and will be used by
the program to account for scaling effects. A zero input for
the indicator will cause the program to assume that perfect
scaling occurs.
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RNOINDI - This indicator serves the same purpose for the
auxiliary independent engines as RNOINDI serves for the
primary engines.
ROTIND - Controls the selection of the rotor performance
computation method. If ROTIND = 1, rotor performance is
calculated by the short form aerodynamic performance method
(requiring the input of a rotor "cycle"). If ROTIND = 2, a
rotor map is input with corrections being applied by the pro-
gram for the specific rotor and helicopter configuration
geometry being studied. If ROTIND = 3, a rotor map is input,
with no corrections being applied.

npIND - This indicator permits the user to select one of three
different methods for predicting propeller performance for
compound and auxiliary propulsion helicopters. If npIND = 0,
the user can specify a set of point value efficiencies for
each climb and descent and a table of efficiency versus Mach
number for cruise and loiter. An input of npIND = 1 will
permit the user to load in a propeller performance map to be
used during climb, cruise, and loiter while an input of

noIND = 2 will permit use of an automatic subroutine within
the program for calculating prop performance. It is antici-
pated that this latter option will be used for the majority

of sizing and performance studies. The input prop map option
will typically be used in cases where detailed test data is
available on prop performance and it is desired to closely
represent a specific propeller. The first option, permitting
input of point values, is most useful for sensitivity studies
or where propeller choice has not yet been made and only
representative values of efficiency are desired. A more de-
tailed discussion of these options is contained in Section 4.7.

3.2.2 Aerodynamics Indicators

DRGIND - The method of determining the total parasite drag of
the helicopter is specified to the program by means of the
indicator DRGIND. If DRGIND = 1, configuration parasite drag
is built up in component fashion, with Reynolds number scaling.

If DRGIND = 2, the parasite drag is calculated from a parasite
drag trend derived from the inputs (GW/Fe) and Krep®

OSWIND - The span loading efficiency factor (Oswald's effi-
clency factor) may be calculated by the program from an
approximate relationship as a function of wing aspect ratio.
If the user prefers, he may input a fixed value of the effi-
ciency factor to the program. An input of OSWIND = 0 permits
the user to input a fixed value for efficiency. An input of
OSWIND = 1 will cause the program to use the approximate
equation to calculate the value for efficiency.
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3.2.3 Size Trends Indicators

APHIND - The aft rotor pylon height of a tandem rotor heli-
copter is specified by use of this indicator. If APHIND = 1,
aft pylon height is input directly in feet. If APHIND = 2,
the tandem rotor gap/stagger (g/s) ratio is input and aft
pylon height is sized accordingly.

AUXIND - Four versions of both the single and tandem rotor
helicopter may be specified through this indicator. They are:
a pure helicopter (AUXIND = 1), a winged helicopter only
(AUXIND = 2), an auxiliary propulsion helicopter, only

(AUXIND = 3), and a compound (wings and auxiliary propulsion)
helicopter (AUXIND = 4).

bwIND - For a configuration having wings, this option deter-
e the manner in which wing span is calculated during the
sizing process. If byIND = 1, wing span/rotor diameter ratio
(by/D) is input. If byIND = 2, wing aspect ratio (AR) is
input. 1If bwIND = 3 (used when dealing with wing-mounted
propellers) wing span is determined from propeller tip/
fuselage clearance considerations.

CNFIND - This indicator specifies the helicopter configuration
to be analyzed. These are: the single rotor helicopter
(CNFIND = 1) and the tandem rotor helicopter (CNFIND = 2).

FDMIND - Determines the manner is which a tandem rotor heli-
copter fuselage is sized. If FDMIND = 1, tandem rotor overlap
((0/L) /D) and forward and aft rotor positions (AX1/lp, AX2/1T)
are specified.. If FDMIND = 2, overlap and cabin length (l¢)
are input. If FDMIND = 3, cabin length and forward and aft
rotor positions are input.

HTIND - Permits the user to input fixed-size horizontal tail
surfaces to the program or, optionally, to have the program
calculate the tail surface size based upon an input tail
"volume"” coefficient. If HTIND = 0, the program will assume
no horizontal tail exists. If HTIND = 1, the tail area may
be input directly. If HTIND = 2, the program will calculate
the size based upon a tail "volume" coefficient.

MRPIND - Specifies the placement of the main rotor of a single
rotor helicopter on its fuselage. If MRPIND = 0, the user
inputs directly the main rotor position (aft of the nose) as

a fraction of body length (Xym/lg). If MRPIND = 1, the program
does a simple mass balance calculation and determines the
rotor position relative to the aircraft cg. If MRPIND = 2,
the same procedure is carried out as with MRPIND = 1 with the
exception that the program assumes the auxiliary drive system,
propeller, and auxiliary independent engines (if any) to be
located on the wing.
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RDMIND = Spec1f1es manner in which main rotor is sized. If
RDMIND = 1, main rotor diameter and solidity are input di-
rectly. If RDMIND = 2, disc loading and solidity are input,
diameter is calculated. If RDMIND = 3, diameter and Cp/o0 are
‘input, solidity is calculated. If RDMIND = 4, disc loading
and Cp/c are input and both diameter and SOlldlty are
calculated

SwlND - Spec1f1es optlons avallable for w1ng 5121ng. These
are: wing area 1nput directly (SWIND = 1), wing area sized
based on an input wing loading (SWIND = 2), and wing area
sized by rotor/wing maneuver requirements (SWIND = 3).

TRDIND - Determlnesrmanner in whlch ta°lfrotor dlameter ‘is

sized. If TRDIND = 1, tail rotor diameter is calculated from
a trend of DMr/DTR contained in the program. If TRDIND = 2,
tail rotor diameter is input directly. If TRDIND = 3, a value
of net tail rotor disc loading, (T/A)NET, is input and tail
rotor diameter is determlned through an iterative procedure.
TRSIND - Tail rotor solldlty sizing 1nd1cator. “If TRSIND = 1,
tail rotor solidity is input dlrectly If TRSIND = 2, Cqp/0 is
input and tail rotor solidity is sized based on either hover-
antitorque or hovering turn requirements.

VTFIND - Vertical tail area sizing indicator. If VIFIND = 1,
e

vertical tail size is based on input values of aspect ratio
(ARyp) and tail fin/tail rotor overlap (hyr). If VIFIND = 2,
“tail fin/tail rotor overlap and directional stablllty require-
ments, (sufficient tail area to counteract main rotor torque
in c¢ruise flight, if tail rotor is lost), dictate vertical
tail area. 1If VTFIND = 3, the same requirements must be met
as with VIFIND = 2, with the exceptions that ARyr is specified
and tail fin overlap is calculated along with vertical tail

area.

XMSNIND - Indlcator that controls drlve system transmission
sizing. If XMSNIND = 1, main, tail and auxiliary drive system
ratings are specified as a fraction of primary engine in-
stalled power (in the case of a compound helicopter with aux-
iliary 1ndependent propulsion, the auxiliary independent drive
system rating is specified as a fraction of the auxiliary
independent engine installed power). If XMSNIND = 2, main,
tail, and auxiliary drive system ratings are specxfled at a
fraction of the power required to hover or cruise at design
conditions (more critical of the two conditions is selected).
If XMSNIND = 3, the same applies as in the case where
XMSNIND = 2, except the most critical of the two design con-
ditions is compared to the drive system rating required at an
alternate payload/gross weight hover at the design p01nt con-
ditions, the most critical of these three conditions 1is
selected.
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3.2.4 Mission Performance Indicators

CLMIND - Four types of climb calculations are permitted: maxi-
mum rate of climb (CLMIND = 1), constant equivalent airspeed
(CLMIND = 2), constant Mach number (CLMIND = 3), and constant
true airspeed (CLMIND = 4).

CRSIND - Six types of cruise missions are included in the pro-
gram: cruise at fixed cruise power (CRSIND = 1), cruise at con-
stant true airspeed (CRSIND = 2), cruise at airspeed for best
specific range, (CRSIND = 3), cruise at the speed for 99% of
best specific range (CRSIND = 4), cruise-climb (constant W/§)

at the speed for best specific range (CRSIND = 5), or cruise-
climb at the speed for 99% of best specific range (CRSIND = 6).

DESIND - Twelve different descent paths may be calculated by
the program. They are of three major types: descent at con-
stant true airspeed (TAS) (DESIND = 1), descent at constant

Mach number (DESCIND = 3). Four variations of each of these
major types of descent are specified by RMAXND. It should be
noted that there are no idle power or autorotative descent
options available. However, depending on the descent flight
conditions specified, it is possible to operate on an auto-
rotative descent boundary (see Section 4.12.5) during a descent.

RMAXND - Used in conjunction with DESIND to specify types of
descent. TIf RMAXND = 0, the descent flight path ends at a
specified terminal range (cruise segment must be input previous
to descent). If RMAXND = 1, the program checks the specified
terminal range, and, if the predicted flight path will end
beyond the specified terminal range value, a spiral descent
path is assumed at that point; if the predicted flight path ends
before reaching the specified terminal range point, the program
prints "SHALLOWER DESCENT REQUIRED". If RMAXND = 2, the
descent ends at a specified minimum altitude, terminal range
requirement not considered. TIf RMAXND = 3, the fuel used and
time required for descent are calculated but no range credit
given (i.e., spiral descent path).

SGTIND - The mission profile flown by the aircraft may be made
up of an arbitrary sequencing of nine discrete profile seg-
ments. The segment selected is specified by means of the seg-
ment indicator, SGTIND. The segments are: taxi (SGTIND 1),
takeoff, hover and landing (SGTIND = 2), climb (SGTIND = 3),
cruise (SGTIND = 4), descent (SGTIND = 5) loiter (SGTIND = 6),
a change of fuel weight (SGTIND = 7), a change of payload
weight (SGTIND = 8), and a transfer of altitude (SGTIND = 9).
By appropriate sequencing of the input values for the segment
indicator, the mission profile may be made up of any arbitrary
combination of these nine discrete elements. The mission is
terminated by an input value for segment indicator = 0. NOTE:
Segments 1 through 6 can be used for reserve fuel calculations
(gross weight reset following segment) by inputing 10 times
SGTIND, i.e., SGTIND = 10, 20, 30, 40, 50, or 60.
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TOLIND - The indicator TOLIND is input with each takeoff,
hover, and landing segment and dictates the manner in which
power is calculated. If TOLIND =1, the user inputs required
thrust-to-weight ratio and vertical rate of climb (Vr/c). If
TOLIND = 2, the user inputs required fractions of maximum power
and vertical rate of climb (T/W ratio is computed). Both
TOLIND =1 and 2 options are calculated, based on the assump-
tions of hover-out-of-ground effect. If TOLIND = 3, the option
is the same as 1, but the analysis includes hover-in-ground
effect factors. If TOLIND =4, the option is the same as 2,
but the analysis includes hover-in-ground effect factors.

WGTIND - The change fuel and change payload segments may be
used to simulate refueling, unloading or loading of passengers,
_or a fuel drop. There is no restriction on the amount of fuel
or payload which may be removed at any point in the mission.
However, during a sizing run, it would be undesirable to in-
crease the aircraft weight (by adding fuel or pavload) to a
value which exceeds the initial gross weight of the aircraft.
This is because the design gross weight, upon which the sub-
system weights depend, is assumed to be the same as the initial
gross weight at the start of the mission. During a performance
run (OPTIND =2), this restriction does not apply and the user
is given the option of overloading the aircraft at any point of
the mission. If WGTIND =0, the program will not permit the
maximum weight to exceed the design gross weight. This is use-
ful if it is desired to refuel to capacity at some point in the
mission. If WGTIND =1 (and if the performance option is being
run), the program will permit the aircraft weight to exceed the
design gross weight. This is useful for parametric performance
studies. For example, the user can specify an array of SGTIND =
7, 4, 0, 7, 4,0, 7, 4, 0, up to 7, 4, 100. When this is done,
the program will calculate the performance in cruise at a series
of different aircraft weights. The "7" segment is used to in-
crement the design gross weight to any value of weight desired
for the following cruise.

3.2.5 Flight Path Control Indicators

hopTIND - By inputting hoprIND =1.0, the program will auto-
matically determine the cruise altitude for minimum fuel con-
sumption for any cruise which is preceded by a climb or a
transfer altitude. For cruise segments which are preceded by

a climb, the program will find the cruise altitude for which
the sum of climb fuel and cruise fuel is minimized. The user
can also specify a maximum permissible altitude for each cruise
segment. If hoprIND =0 is input, the program will not do an
optimum altitude search for the cruise segments.

3.2.6 Atmosphere‘Indicator

ATMIND - The atmosphere for each individual mission profile
segment and for the engine sizing calculations may be either a
standard or nonstandard atmosphere. Thus, the climb may be run
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on a nonstandard atmosphere followed by a cruise for standard
day conditions. Three options, one for standard atmosphere,
the other two for a nonstandard atmosphere are available. For
the performance calculations, the type of atmosphere to be
used is specified to the program by means of the atmosphere
indicator, ATMIND. If ATMIND = 0, the program will use a
standard atmosphere. ATMIND = 1 specifies a nonstandard, con-
stant increment in temperature above standard while ATMIND = 2
specifies a nonstandard atmosphere requiring a tabular input
of temperature ratio versus altitude.

3.2.7 Optional Print Indicator

Two different forms of printout are available for the mission
performance data. By setting OPTIONAL PRINT INDICATOR = 0, a
standard printout will occur. This consists of time, range,
fuel used, aircraft weight, pressure altitude, true airspeed,
primary engine turbine temperature, an engine code which
specifies the condition which is dictating the primary engine
operating point, and a power fraction which is the instanta-
neous fraction of maximum power which is being used. These
data are printed for all performance segments. In addition,
depending upon which segment is being used, the standard
printout will include such parameters as rate of climb,
equivalent airspeed, specific range, flight path angle, etc.
More detailed data may be obtained by setting the OPTIONAL
PRINT INDICATOR = 1.0. The data printed will then include
main rotor power and tip speed, tail rotor power and tip
speed, auxiliary propulsion power and propeller tip speed,
primary and auxiliary engine fuel flows, etc. The printout
available from the program is described in more detail in
Section 6.1.4.



3.3 PROGRAM FLOW

Figure 3-1 indicates, conceptually, the operation of the
program. Program flow is monitored by a general control loop
which controls the operation of a series of peripheral pro-
grams. These include eighteen minor subroutines, four major
subroutines, a major subprogram, and a library of engine cycle
data, and rotor "cycle" data. The characteristics of these
routines are summarized in Table 3-1.

INPUT

DATA TYPICAL INPUTS
GW, W/A, PAYLOAD,
MSN PROFILE, ETC.

d

SIZE
TRENDS
SUBR —T

|

AERO
SUBR ATMOSP.

: L ENGINE
- SIZING
S SUBR

WEIGHTS
CALC. SUBR
{CALC. FUEL
AVAILABLE)

MSN
PERF.
CALC
SUBR -
(CALC.

FUEL REQ'D)

NO 15
- FUEL AVAIL = FUEL REQ'D

{&yss

OUTPUT DATA

Figure 3-1. Sketch of Program Geometry.
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4.0 DETAILED PROGRAM DESCRIPTION

4.1 MAIN CONTROL LOOP

Figure 4-1 is a flow chart of the main control loop for the
computer program. In the sizing option (OPTIND = 1), the
program iterates on the aircraft gross weight until the fuel
available and the fuel required are equivalent within a speci-
fied tolerance. If OPTIND = 2 or 3, the program bypasses the
size trends, engine sizing, and weight trends subroutines. If
OPTIND = 3, the program iterates to determine the takeoff
weight and fuel required to fly a specified mission.

4.,1.1 Input Card Setup

The first five columns of an input card contains information
used by the input routine LOADER. A card with 77777 punched

in the first five columns indicates a title card follows. The
following card is an alpha-numeric title card with information
in columns seven through seventy-eight as shown on the input
sheets in the User's Manual. All input data are assigned a
unique location in the input data file. This is indicated by
the location number of each variable on the input sheets in the
User's Manual. Up to five variables may be input on a card.
Columns 1 through 4 contain the location number of the first
variable on the card and column five the number of variables

on the card. A card with 88888 punched in the first five
columns indicates the end of data for that case and starts
program execution. A card with 99999 in the first five columns
indicates the end of the run and causes program termination.
Cases can be stacked in the following manner.

77777 Card
Title Card
Data Cards
88888 Card
77777 Card
Title Card
New Data Cards
88888 Card
99999 Card
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Figure 4-1. Main Control Loop (MAIN) Flow Chart
(Part 1 of 13).
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4.2 ATMOSPHERE SUBROUTINE

The atmosphere subroutine will calculate the atmospheric
density, pressure, and temperature as a function of altitude.
Three options included below are available. These are speci-
fied by means of an input indicator, ATMIND, which is input
individually for the performance data and the engine sizing
data. Thus, the atmosphere can be calculated differently for
each segment of the flight profile and for the engine sizing.

The options are:

ATMIND = 0: Standard atmosphere

ATMIND = 1: Constant increment in temperature above standard
temperature

ATMIND = 2: Nonstandard temperature distribution as a function

of altitude

The flow chart for the atmosphere subrouilﬁéris shown in
Figure 4-2. ' )
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Figure 4-2. Atmosphere Subroutine, Flow Chart.



4.3 DRAG CALCULATIONS SUBROUTINE

The drag calculations subroutine uses the factors ag through
ag, as determined by the aerodynamics calculations subroutine
to calculate the total drag of the helicopter. Besides para-
site drag, in the case of compound or winged helicopters,
total drag includes wing induced drag and rotor/wing inter-
ference drag, the latter being calculated using a simplified
Prandtl Bi-Plane Theory approach. The total helicopter pro-
pulsive thrust coefficient (Cx) is calculated as a function of
forward flight helicopter advance ratio (u). The subroutine
flow chart is shown in Figure 4-3.
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4.4 ENGINE LIBRARY AND ENGINE CYCLE SUBROUTINES

The basic cycle performance data consists of tabulated values
of four variables: thrust (power), fuel flow, gas generator
shaft rpm, and power turbine shaft rpm. For the primary
engine cycles, these tables are functions of Mach number and
turbine inlet temperature. For lift engine cycles, the tables
are functions only of turbine inlet temperature. All data are
in referred, normalized format as shown in Table 4-1.

- TABLE 4-1
ENGINE CYCLE DATA FORMAT

VARIABLE : SYMBOL _ _ REFERRED, NORMALIZED FORM

Thrust Fy o FN/GFﬁ
Power SHP SHP/¢& /OSHP*
Gas Generator rpm N; NI//ENE
Power Turbine rpm Nrp | NII//ENEI
Fuel Flow ﬁf ﬁf/d/ﬁFﬁ
W,/ 6 /OSHP*
Turbine Inlef T T/0
Temperature
Where: , * = Max. Power Setting, Static, Sea

Level, Standard Day

@ = Ambient Temperature (°R) Divided
' by 518.69°R

§ = MAmbient Pressure (psia) Divided
by 14.696 psia

The standard engine cycle library consists of forty-five dif-
ferent generalized engine cycles shown in Table 4-2. The data
for each cycle is punched in card form, accessible for input
with the remainder of the input data for a given case. Each
cycle is numbered; and, to guard against selection of an in-
correct cycle, the cycle number is checked against a similar
number input to the program by the user.
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TABLE 4-

2

HESCOMP ENGINE LIBRARY

Maximum
Turbine Compressor
Engine 1Inlet Design Fan
Cycle Tempera- Pressure Bypass
Number ture - ©R Ratio Ratio
Yy 1 2600 13
g 0 2 2600 16
Z«vg g 3 2900 13
. 2'5"51' Turboshaft g gggg ig
. Engines
a 5 §‘r§ g 6 3200 13
— " 7 3200 16
a _L 8 3200 19
3) 9 3200 22
b 10 2600 13
o 11 2600 16
o 12 2900 13
3 0 13 2900 16
g5 Turbojet Engines 14 2900 19
Qo 15 3200 13
3 5 16 3200 16
g 17 3200 19
18 3200 22
2 19,20,21 2600 16 2,4,6
o 22,23,24 2600 20 2,4,6
ﬁ 25,26,27 2900 16 2,4,6
2 28,29,30 2900 20 2,4,6
5 Turbofan 31,32,33 2900 24 2,4,6
Engines 34,35,36 3200 16 2,4,6
37,38,39 3200 20 2,4,6
40,41,42 3200 24 2,4,6
43,44 ,45 3200 28 2,4,6




The fuel flow of the basic engine cycle should correspond to
the manufacturer's specification data. Adjustments to the
fuel flow level may be made by means of the input multiplier,
Kpp - ’ o

Because of the normalized, referred format, all data are valid
for any ambient temperature, standard or nonstandard. With
the exception of referred power, none of the tables are depen-
dent upon power turbine speed. By setting N2IND = 2, turbo-
shaft engine power at nonoptimum Nyt will be calculated by the
program by multiplying power at optimum Ny by a correction
factor, Kpy, which is a function of N11/NII OPT- The factor

Kpy is normally calculated by the program and obeys a second-
order relationship: '

1.0+

|
I
|
I
I
l
|
+

0 : ©100% 200% T

Nr1/Ni1 opt

Most, but not all, turboshaft engines will obey this relation-
ship. For engine cycles whose performance is not properly
represented by the above curve, the user may input a table of
Kpy versus Nyp/Ni1 opr- The program user inputs N11/N11 MAX
for each flight segment and Nrg MAX/NEI for the engine cycle.
The program uses this information to establish the value of
N1p/N11 opr for each point of flight.

By setting N2IND = 0 or 1, the program will assume that the
power turbine is always operating at optimum speed and no cor-
rection will be applied. N2IND = 0 will simulate an engine
cycle which is operating at optimum N1p and for which no upper
limit has been placed on Niy. For many applications, this
option will be perfectly adequate for preliminary sizing
studies. The adequacy of this assumption can be determined by
consideration of the following factors:
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1. It may be desirable; e.g. as in the case of a slowed-rotor
compound helicopter, to reduce the main rotor rpm in
cruise flight.

2. For some applications this may, in turn, force the engine
to operate at a very inefficient Nyy. 1In general, the
optimum N1y increases as output power increases relative
to the maximum level.

N2IND = 1 will simulate operation of an engine cycle at
optimum N1y, but with the restriction of a maximum value for
N1r. This type of operation is characteristic of airplanes
employing fixed pitch propellers. Care should be taken in
using this option because it may lead to a significant reduc-
tion in power available as shown by the sketch below:

LOCUS OF

HORSEPOWER OPTIMUM NII

A = Point of operation
for aircraft flying at
optimum Nyy, limited
by Nyrr Max. (N2IND = 1)

MAXIMUM
PERMISSIBLE

B = Point of operation for TURBINE TEMP

aircraft flying at non-
optimum N1y, limited by
same N1y MAX. (N2IND = 2)

TURBINE TEMP
WHICH IS LESS THAN
MAXIMUM PERMISSIBLE

MAXTMUM NII

II

Limitations on engine cycle operation may be input to the
program on any combination of the following: fuel flow,
torque, gas generator speed, gas generator referred rpm, or
output shaft speed. Engine ratings (power settings) are dic-
tated by turbine temperature. Five discrete values of that
parameter are input for the primary engine cycles, one for
each of the following power settings: maximum, military,
normal, flight idle, and ground idle.

The program will print out, during the mission, the value of
turbine temperature and a code that designates which condition
is governing the engine performance at that point: power or
thrust required, turbine temperature, torque limit, Ny limit,
referred Ny limit, Nyy limit, or fuel flow limit.
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Manufacturer's data on some engines show significant varia-
tions in both referred power (shp/6v/8) and lapse rate with
respect to changes in altitude. These variations are due to
Reynolds' number effects. It has been found that these
effects can be accounted for by means of a multiplicative
factor on power available which is a function of the Reynolds
number based on compressor inlet conditions, compressor blade
geometry, and tip speed. Figure 4-4 shows a typical curve for
a real engine. The correction factor Kpgp is input to the pro-
gram as a function of the Reynolds' parameter

S1op
NI V1

The tabular input of power, fuel flow, N1, and N7 for engines
which require Reynolds number corrections should be input to
the program at a nominal fixed value of the Reynolds number
parameter. The Kpr correction factor will then give the power
at other values of the Reynolds number parameter. In the ex-
ample shown in Figure 4-4, the nominal value of the parameter
was chosen as 9000 seconds/foot.

The referred Ny limit is a constraint on the value of Np/v8)
where 0] is the temperature ratio at the compressor face.
This limit simulates a restriction on compressor speed. The
user inputs a maximum value of Np/N}/8; .

The engine dry weight and dimensions are calculated by means
of the input parameters kj, k3I' Kgr k4I' £4 and £4I:

/ weight (1b) = kg SHE® 4 x,
Np

Primary sHp*| 1/2

engines diameter (ft) = &4 Np

k. Np = number of primary engines

FN* N SHP*i K
weight (lb) =k + k or +
g (1b) 31 NPi 4; 3I NPi 4,
Auxiliary F* 1/2 Hp*i’l/.?.
Independent diameter (ft) = &4 5 or &4 5
Engines I Py I Py

Npi = number of independent auxiliary engines
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Figure 4-4. Typical Reynolds Number Correction Factor

for a Turboshaft Engine Cycle.
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It should be noted that auxiliary independent engine input
data can be created from the engine cycle library data simply
by the input of the applicable engine cycle IBM card deck,
preceded and followed by a "66666" card. Nonstandard auxil-
iary independent engine performance is input using the sheet
provided for that purpose.

Figures 4-5 through 4-12 are flow charts of the engine cycle
subroutines. The purpose of these subroutines is described
in Table 3-1 in Section 3-0 of this document.
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4.5 ROTOR PERFORMANCE SUBROUTINE

Three options are available to the user for calculating rotor
performance. These are specified by the indicator ROTIND
as follows:

ROTIND

1 Rotor performance calculated by the
"short form aero" rotor performance
methodology

2 Rotor map is input, corrections are
applied

3 Rotor map is input, no corrections are
applied

The first option (ROTIND = 1), using the short form aero
methodology, allows the user to calculate rotor performance
for a wide range of rotors with a minimum amount of input.

The user is required to input a rotor cycle (a list of
currently available cycles is illustrated in Table 2-4) and
such blade characteristics as blade number, twist, and cut
out. In the case of a single rotor helicopter, tail rotor
blade characteristics must also be input. The short form

aero methodology, developed at Boeing (References 2, 3, and
4), combines momentum theory and empirical corrections through
coefficients found in the rotor cycles. The data used in this
approach has been derived and correlated for rotors operating
within the following parametric ranges:

Blade Number = 2 -6

Blade Twist = 0 - -15°
Blade Root Cutout = 0.20R

Rotor Solidity = 0.055 - 0.150
Rotor Advance

Ratio (u) = 0 - 0.4

No appreciable loss in accuracy is likely for cases involving
more than six blades, less than 20 percent root cut out or a
solidity lower than 0.055. The level of confidence will be
reduced, however, for those cases in which the rotor param-
eters greatly exceed the ranges shown above. Figure 4-13
illustrates a typical comparison of short form aero predicted
performance and flight test data.
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The second option (ROTIND = 2) utilizes isolated rotor data
derived for a specified rotor configuration, but corrected by
the program for the specific rotor and helicopter configuration
being analyzed. It should be noted that this option, in the
case of the single rotor helicopter, utilizes the short form
aero methodology for calculating tail rotor power. Thus, the
same tail rotor blade information required in the first option
must be input.

Option three (ROTIND = 3) uses total configuration rotor data
(i.e. in the case of a single rotor helicopter, this would
include both main and tail rotor power) and applies no correc-
tions to the data. Input locations 2700-3410 are provided for
the input of these rotor maps. Values of Cp/0 input as func-
tions of up to ten values of Cp/0 at up to six values of Mprp
can be used for hover performance; and cruise Cp/c values can
be input as functions of up to ten values of Cpr/c and ten
values of Cyx/oc at up to six values of yu.

For the calculation of vertical climb power, the subroutine
uses the simple potential energy relationship:

RHP W _(VRC)
VRC =
33000 [VCEHl + VCEH2 (VRC)]
The vertical climb efficiency factors (VCEH and VCEH ) can be
derived from flight test data. 1 2

The quantity ALPHA D/L printed out in all forward flight
performance segments reflects the propulsive thrust-lift
vector of the main rotor. The simple sketch below illustrates
the sign convention employed. o

RESULTANT TOTAL LIFT COEFFICIENT C/ = ZIET_
ROTOR THRUST T pAVTz
PROPULSIVE
FORCE
COEFFICIENT
C, = PROPULSIVE FORCE
pAVT2
—
2
—_— "Dyr g
% 7 Mg

The flow chart for this subroutine is illustrated by Figure 4-14.
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Figure 4-14. ROTPOW Subroutine Flow Chart (Part .7 of 14).
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Figure 4-14. ROTPOW Subroutine Flow Chart (Part 8 of 14).

4-56



D

oo koL = 1.0

[CAOL = 1.0 + 0,75«0L0wul.6F6 |

- : ]
CPIND = 0 F0TwCHHOVATHBL «CTuwl . 5
CPK = 0.70)«(HHOV=(Tuel .5
(P10 = (FPRD » CPIND
CPK101 = CPPRO ¢ (PK
fM = 0,707 Tw=1,5/CP01
M) = 0.707=CTw=i.5/CPH
AHPMA =

o PHTO1

Hhﬂ-PJ¢0«¢2-EHH¢P¢¢34CP101/2?00

' |
[to2 AnPvRC = 0.9 |

¥

V2. NE. 3. 0L 1
\/ [AHPVAC = WeRVCZ/ 133000, 0« IVEEHL + VOEHeAVCR!) |
_J

[AHPHAT = RHPMA + RHPVAC |-

105

:
[10S~ 8HPR = IRHPMRT r AHFTI /ETAT » DSHPAC |

(INJTOL.E0.2.0R. IRDTOL.£0.H)
G0 16 110

u

Figure 4-14. ROTPOW Subroutine Flow Chart (Part 9 of 14).
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Figure 4-14. ROTPOW Subroutine Flow Chart (Part 10 of 14).
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Figure 4-14. ROTPOW Subroutine Flow Chart (Part 11 of 14).
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Figure 4-14. ROTPOW Subroutine Flow Chart (part 12 of 14).
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Figure 4-14. ROTPOW Subroutine Flow Chart (Part 14 of 14).
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4,6 ROTOR LIMITS SUBROUTINE

The rotor liméts subroutine compares the main rotor operating
XR

values of u, =5, and Cp'/oc to those input in the rotor limits

information table (LOC 0347- 0395) In the takeoff, hover, and

landing subroutine, if the main rotor operating value of Cp'/o

exceeds the table value, the following statement is printed

out: -

WARNING: ROTOR LIMIT HAS BEEN EXCE D. EITHER
7~ "REDUCE MAIN ROTOR THRUST REQUIREMENTS AT
THESE OPERATING CONDITIONS, OR INCREASE

MAIN ROTOR TIP SPEED., CHECK ALL VALUES
, OF Cp/SIGMA IN THIS PERFORMANCE LEG.

fTIn the cllmb, cruise, descent and 101ter subroutlnes, if the
AR Cx
R
main rotor operating value of Cp'/oc for a glven —5_ and u ex-

ceeds the table value, cruise speed is reduced until the
operatlng and table values of Cp'/o coincide and the following
message is printed out:

WARNING: ROTOR LIMIT HAS BEEN EXCEEDED FORWARD
. FLIGHT SPEED HAS BEEN REDUCED ACCORDINGLY.
CHECK ALL VALUES OF TAS, MU, Cp'/o, AND
CXR IN THIS PERFORMANCE _LEG.

Section 7.3 prov1des a more detalled discussion of Rotor
Limits. Figure 4-15 is a flow chart of this subroutine.
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Figure 4-15. ROTLIM Subroutine Flow Chart (Part 1 of 2).
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Figure 4-15. ROTLIM Subroutine Flow Chart iPart 2 of 2).
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4.7 PROPELLER PERFORMANCE CALCULATIONS

Three different options are available for representing the
performance of propellers when using turboshaft engines
(ENGIND = 0). The option to be used is specified to the pro-
gram by means of a prop efficiency indicator - "anND".

nEIND = 0 - The user inputs a set of point values for the prop

efficiency for the performance segments of climb and descent
and a table of efficiency as a function of flight Mach number
for cruise and loiter. The following input is required:

np3z - A single point value is input for the prop
efficiency during climb (SGTIND = 3).

np4 - A table is input of prop efficiency during cruise
(SGTIND = 4) and Loiter (SGTIND = 6) as a function
of flight Mach number.

nps - A single point value is input representing the prop
efficiency during Descent (SGTIND = 5).

The primary advantage of this option of propeller performance
representation is that it permits rapid evaluation of the
sensitivity of aircraft performance and size to changes in
propeller performance. It may also prove desirable to use
this option in early conceptual studies when a specific prop
has not been picked and it is desired to use "reasonable"
values of efficiency.

nEIND = 1 - This option permits the user to input a table

representing the performance of the propeller throughout the
flight envelope with the exception of DESCENT (SGTIND = 5) for
which a value of npg is input as before. For all other per-
formance segments the table, input in the format of Cp (prop
power coefficient) as a function of Cp (prop thrust coeffi-
cient) and J (advance ratio), is used. The table which is
prepared must include all compressibility losses for the known
tip speed at which the propeller is intended to operate. The
user is cautioned that the tabular values must be monotonic.
That is, the table cannot include the maximum in Cr which re-
flects blade stall at high values of Cp. This must be faired
out as shown in the sketch at the top of the next page.
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4

FAIRED CURVES ARE
INPUT TO PROGRAM

INCREASING
J

~*—DESIRED TABLE
| BOUNDARY

“The advantage of this option is that it permits the user to
input the performance of a real propeller as determined from
test data. = '

npIND = 2 - Through use of this option the program will auto-
matically calculate the performance of a wide variety of V/STOL
propellers. The user need only specify the number of blades

(3 or 4), the activity factor per blade, and the integrated
lift coefficient, cLi' The method used for the calculation of

propeller performance is the "short method" originated at the
Curtiss-Wright Corporation's Propeller Division (Reference 10).

The method involves the use of a set of equations which can be
developed from strip theory. These equations permit the pro-
peller performance maps (Cp, Cp, J) to be transformed into an
"equivalent" lift-drag polar for the propeller. Conversely,
the lift-drag polars, once developed, can be used with the
equations to predict the propeller performance. For incom-
pressible flow, the "equivalent" lift-drag polar which is used
depends only on the value of Cy. being considered. That is,
for a given C;,, the same polar Can be used to accurately repre-
sent the perfo%mance of props with a wide variation in activ-
ity factor and number of blades and for a wide range of Cp and
J. For compressible flow conditions, the curves correlate
very well on the basis of the value of helical Mach number at
the 3/4 radial station. The equivalent lift-drag polars which
are contained in the program were developed from detailed
strip analysis calculations for cruise Thesedetailed calcula
tions covered the following range of parameters:

Number of blades: 3 and {4
Activity factor/blade: 60 » 220
Integrated 1lift coefficient, Cp;: 0.15 > 0.7
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Although the user is permitted to input values of activity
factor and Cp. greater than (or less than) those shown above,
the level of &onfidence in the predictions is reduced when
values for those parameters are outside the range used in the
detailed calculations.

Figure 4-16 is characteristic of the level of accuracy ob-
tained from the short method when compared to the detailed
calculations.

This option will calculate the propeller performance for all
mission performance segments except Descent (SGTIND = 5). For
Descent, the user inputs a value for nps. Figure 4-17 is a
flow chart of subroutine THRUST which calculates the propeller
thrust available for known values of power and flight speed.
Figures 4-18 and 4-19 are flow charts for subroutines POWER
and POWERI in which the power required for specified thrust
and flight speed is calculated. These subroutines make use of
propeller equivalent lift-drag polars, as mentioned above, to
calculate the performance of the propeller. The polars are
developed in the main control loop for the particular value of
integrated lift coefficient, Cr;. being studied from the
following equations:

Y = tan~1 (Cp/Cy) = function of My, Cr, CLj
My = helical Mach number € 3/4 r/R

Cy = equivalent lift coefficient at which prop is
operating

Cyy = integrated lift coefficient of prop

For cruise

Y = ap + a1Cyy + a2Cp;?
ags ai, and ap are coefficients stored in the program
and are functions of My and Cy,

The coefficients ag, aj, ap, are listed in Table 4-3.

The calculations of propeller performance for npIND = 1 and 2
are based on the assumption that the engines are inter-
connected by a cross shaft. That is, if engines are shut
down during cruise and loiter the remaining power is evenly
distributed to all of the propellers.
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Figure 4-16.
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Figure 4-17. THRUST Subroutine Flow Chart (Part 1 of 4).
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Figure 4-17. THRUST Subroutine Flow Chart (Part 4 of 4)
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\ SUSBROUTINE POWER TPROPY  /

1PROPi = TPAOP
71 = 0
€1AP = 01,8
Pi = 0.0
PIAR = A25TReVIAR
(9 1
U SHPA = 11 E83«ve1PAOP1) / 1550, «E1AT I« DELTA 5 THETAETAP

| BHPPaY_352)

3 IF
1192.£0.2)
g0 16 2
\
. |
15 TpS = 1sHP IN19) «THETA
CALL POWAVL ITPS, E
SRR GrEA - IBHER/ DELTASSTHETAuBHPP <YL 521
(SHPAP.LT. SHPR) = 25
810 25
|
i [z cALL PowRED IEMI |
-l

2
f171.61.25
010 S

Cs  WRITEIS AN D

it = )71 » 1

T

1.689«P)V/P1AR
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I
X.NEL O

e PP e e e

WA1TE 16,1001)

: I
! J7.8E.2
| WAITE 1§, 1002
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i BHPPaYL Sk

) »

Figure 4-18. POWER Subroutine Flow Chart (Part 1 of 3).
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13 54PA = 3HPA ]
CALL THRUST TPRORAI

—

: If
(R85 . 0-TPABP/IPAOP1Y . GT. 0. 0051
ve 10 Y

ABS11.0 - PI/PTARI . E.0.901)
50 12 6

o

I
171, 67.1m
Q0 102

P1 = PTAR
GO 10 15

Figure 4-18. POWER Subroutine Flow Chart (Part 2 of 3).
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25

TPS = 15HPINTSI-1HE7R

CALL POWAVL 1TPS§, EMI

ggngX xAgHPR - IBHPR/ iDELTA=STHETA= BHPP =YL 5211

SHPMIx = va1PREP1/ 1328, E]HS-ETR1J DELTA=BHPP YL 32« STHETA
DELSHP = [SHPMAX ~ SHPMIA

A A A S A A A AL AL NI SIS st S 18I

0 20 Is=1,10

—
—

9

r.

K

SHPIJI = SHPHJH ¢ DELSHPw IX]-1.0)
SHPA = SHP

ﬁ?STH = R?Slﬂ

IF

1In2.€0.2)
0 10 21

[LaLl PoWRED IEM |
i

2 SHPA = 5P
e THAUS rTPRoR
£1ASP 111 = LIAP
TPRGPP iJi = PO

(TPROPL.LT.TPROPP 1K1}
G0 10 215

] \
SHPA = 1. 1«SHPHAX 215 €1AP = TABLE 1IPAQOPY,IPROPP, £14PP M, 2, M
G0 16 § SHPA = TABLE [TPROP1,TPROPP, SHP H, 2, M
L .
[
§  BHPAUY = SHPA=DEL TA=STHETA« BHPPAYL 52
RETURA

Figure 4-18.
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USUBROUTINE PORCAI [TPAOP) /

I TPAGPL = TPAOP !

N 1AP Lo |

| = 0,0 i

C PlaR 2 AZSTIRIVIAR |
o

b |

14 SHPRI = I1.689«V«TPROP1)/ iS50, «ETATIaETAP«DELTA«STHETAw
{ BHPPl«YLSZ2]

23 IF
(1421, £0. 2
010 2

r—————

N

15 RS = T5HPI IN1SH «THETA
CALL POAAVI (TP, EM

()

(SHPAI1.LT. SHPRI)
60 10 25

01012

(12 cALL PMWRAI (EM)
T2 A sroRal e ]

2
(J71.67.¢95
010

G AnEEm_ D

REALJ = 1.6B9«Pl«V/PTAR
c1 = Dﬂ {Plead) «1PADPL/ (0, 008507# 31 GHAENA [« [DARPTAR] ww?2)
ccp = XLHUP IREALJ. CCT.XP.J, NOXP S, (PPAOP, NOCPP, CTPABPR, 20,20, IX, 12)

(15)

NRITE (6,100 H ;

€1AP = AEALJ = (C1/CCP — "}
SHPAL = 11. 2 48ab PR L 1 /1550, «LTAT I+ETAPNDEL TARSTHETAS |
i BHPPIaYLS2]Y .

- e —— = - S T

Figure 4-19. POWERI Subroutine Flow Chart (Part 1 of 3).
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13 §HPAL = SHPRJ
CALL THRUST [TPAEAI

RI3
(ABS i1.0-1PAOP/IPROPY . (7. 0. 0051
G810 <

(ABS11.0 - P1/PTARY .LE.0.01)
G0 70 6

{IN21.EQ.2)
010

13
(IT1. 67,100
B 1028

3
{ABS 1.0 - P1/PIARY .LE.0.01)
Go 10 6

(oo 10 id |

PL = PTAR
Gd 10 15

Figﬁre 4-19. POWERI Subroutine Flow Chart (Part 2 of 3).
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25 1PS = TSHP1IATS]1 «THETA
CALL POWAV] ITP5, EM)
SHPMAX = SHPAI -
A2510 = A2STR]

SHPMIN = V«TPROP1/ 1325, 6365-tTHTJdDELTR- BHPP J =YL 521 STHETA
OELSHP = ISHPMAX - SHPHMIM /9.0

70 20 =110

X] = )

SHP IJV = SHPMIN + DELSHPw [XI-1.0
SHPR] = SHP IN

A25TA1 = A2510

(caLL PoWRDI 1EM |
[

21 SHPA] = SHPR] 4
CALL THRUST TTPROA
TIAPP iD= ETAP
;Paoﬁpxxm = TPROA

(1PROP1.LT.TPROPP iK) 1
G0 10 215

SHPRI = 1. 1=SHPHAX 2iS E1AP = TABLE ITPROPI,TPROPP, £TAPP, K, 2, M
6o 18 6 SHPRI = TABLE MPROPI, TPROPE, SHP K., 2.1
t —_
S i
§  BHPAUX = SHPAJaJcLTA=STHETAw BrPR JaY  52]
AETUAR

Figqure 4-19. POWERI Subroutine Flow Chart (Part 3 of 3).
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4.8 SIZE TRENDS SUBROUTINE

The size trends subroutine calculates the trends of the air-
craft geometric dimensions as the weight of the aircraft
changes throughout the iterative sizing loop. Figure 4-22
displays a flow chart showing the options available within

the size trends subroutine.

The first of these is the optlon whlch determlnes main rotor
diameter and solidity. It is possible to input diameter and
solidity directly, or combinations of disc loading, design
Cp/ao, dlameter, and solldlty The following choices, speci-
fied by the main rotor sizing indicator, RDMIND, are available:

RDMIND INPUT
1 ' Diameter and séiidity
2 Disc loading and solidity
3 Diameter and'CT/o
4 Disc loading and CT/G

the SOlldlty satlsfylnq ‘the most crltlcal “of the three groups
of requirements spec1f1ed by input locations 0182 - 0190.
These solidity sizing requirements are:

(a) Soliditvfsized for hover condifiohej(input:(CT/e H, T/W)

(b) SOlldlty sized for maneuver condltlone (Input crulse
.~ speed, atmospheric conditions, maneuver Cp/c, and rotor
g loading)

(c) Solidity sized for cruise conditions (Input cruise speed,
atmospheric conditions, cruise Cp/o, and rotor loading

(N))

If so desired, the user may dictate which of these solidity
choices the program makes simply by manipulating the inputs.
For example:

If the solidity
sizing choice
desired is: Then input:

Hover Desired value for (Cp/o)y, (Cp/0)cor =
1.0, ggroTor = -001, N(Rotor Loading) =
0.1

-
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Maneuver (Cp/o)yg = 1.0, Desired values for
(Cp/0) cr and gpopors N(Rotor Loading) =

Cruise (Cp/o)y = 1.0, Desired value of

(CT/0)CR,9ROTOR = 0.001, Desired value
of N(Rotor Loading)

As noted earlier, two basic types, the single and tandem rotor
helicopter, can be sized using this program. The following
(beginning with the single rotor helicopter) provides a brief
description of the options available to the user.

Tail rotor diameter may be input directly, or calculated. The
choices open to the user are:

TRDIND
1 Tail rotor diameter calculated using a
trend
2 Tail rotor diameter'input directly
3 Tail rotor diameter calculated based on an

input tail rotor disc loading

The tail rotor diameter trend used when TRDIND = 1 is illus-

trated in Figure 4-20 (see also Reference 6). The tail rotor
disc loading input when TRDIND = 3 does not include vertical

fin sideload losses.

Tail rotor solidity may be input directly or calculated. If
calculated (TRDIND = 2), the tail rotor solidity is determined
by either hover-antitorque requirements or hovering-turn re-
quirements (including tail rotor precession effects, see|
References 5 and 6). The former is obtained by setting y (yaw
rate) and y (yaw acceleration) equal to zero.

Yaw moment inertia (Izy) is required in calculating the tail
rotor solidity for the single rotor helicopter in a hovering

turn. The following equation is included in the size trends
subroutine to determine the aircraft yaw inertia.

\ 2
IZZ = m— 0.115KZZZ 9)

Where 1Igzy = Yaw moment of inertia, slug ft2

=
"

Aircraft design gross weight, 1lb

Kzzz = Inertia adjusting factor (nominally = 1.0)
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DIAMETER RATIO (MAIN ROTOR/TAIL ROTOR)

M (TAIL ROTOR DIAMETER
— = 7.15-.27(W/A) TREND USED BY HESCOMP)

©®© ©OSH-3D

UH-2
YUH-61A

Dy

— = 7.3=.27(W/A)

D

T

Dy

5 = 7.0-.27(W/A)

T
1 ] N 1 ]
2 4 6 8 10

MATN ROTOR DISC LOADING, LB/FT?

Figure 4-20. Tail Rotor Diameter Sizing Trend.
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e = The combined sum of the study aircraft fuselage
length and the cabin length measured from the
nose of the aircraft to the end of the cabin.

0.115 = Trend constant for determining the single rotor
helicopter yaw moments of inertia.

To modify the equation inertia value, enter a fractional input
in the Kgzgzgz block (LOC 0213) (entering 1.1 will increase the

0.115 constant by 10 percent, entering 0.9 will decrease it
by 10 percent, etc.)

It should be noted that the tail rotor gross/net thrust ratio
(CTG/CTNET) may either be input directly or calculated. 1In
the latter instance, CTG/CTNET is set equal to 1.00 and a
value of the induced velocity ratio (C) is input. Figure 4-21

illustrates typical values of € for both tractor and pusher
tail rotor (see sketch below).

V INDUCED VINDUCED
e ———
THRUST THRUST
e ——————
FIN FIN
Tractor Tail Rotor Pusher Tail Rotor

Note the difference in variations of C for the two different
configurations. At low tail fin/rotor separation distances,
the "tractor" values of C are sensitive to variations in tail
rotor Cp. Thus, the closer the tractor tail rotor is located
to the fin, the larger the error (admittedly small to begin
with) involved in calculating Cpg/Coyn, since the user must
"guess" what tail rotor Cp to use in selecting C. The "pusher”
C on the other hand is a function only of the fin/tail rotor
separation distance.

In any event, use of this option is desirable in that tail
rotor/fin sideload losses are matched to the vertical tail
area calculated in the sizing process. Detailed explanations
of all the factors involved in tail rotor design and sizing
are contained in References 5 and 6.
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0.020
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;Fiéurér4—21. Tai17R6£3E/§Z;EiEél Tail Fin Interference Data
(Part 1 of 2). '
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1.0

0.8

Y%

—

INDUCED VELOCITY RATIO (C)
Q
>

PUSHER TAIL ROTOR

/

0 0.2 0.4 0.6 0.8 1.0
DISTANCE BETWEEN FIN AND TAIL ROTOR/TAIL ROTOR RADIUS (s/r )

Figure 4-21. Tail Rotor/(Pusher Tail Rotor) Vertical Tail Fin
Interference Data (Part 2 of 2).
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 The vert1cal>ta11 51ze may be determlned in three ways. If

VTFIND =1, aspect ratio and tail fin/tail rotor overlap is

input. If VTFIND = 2, tail fln/tall rotor overlap and config-
uration dlreqtlonal stabll;ty requlrements are 1nput If

exception that ARyr is specified instead of tail rotor/fln
overlap. These latter two options are important in that they
allow the user to size the vertical tail to meet cruise anti-
torque requlrements at spec1f1ed condltlons (CLDes' Vpes) in

the event of tail rotor loss. It should be noted that Clpes

is assumed to represent the total lift coefficient developed
by a conventional tail fin in sideslip, or a tail fin with a
variable camber device (i.e., a rudder or flap) deployable
under these c1rcumstances.

d
s\

Horlzontal ta11 area is elther dlrectly spec1f1ed (HTIND = 1)
or calculated (HTIND = 2). In the latter case, tail area is
calculated based on a tail volume coefficient specified by
the following equation:

o v, = 1647y Syr
RS HT w2 3
2Dy

where: f&py = distance from rotor center to 1/4 chord of
- horizontal tail

—'ﬁéiﬂvrdtofbaiameter

horlzontal tail planform aree‘”'

H

changes caused by the main rotor, it is important to use a’
tail volume coefficient that reflects the type of rotor system
in use. For example, in sizing a helicopter with a hingeless
rotor system, the tail volume coefficient (Vyp) would be ob-
tained by taking an existing hingeless rotor helicopter,
measuring the applicable dimensions from a drawing and cal-
culating Vygop. '

ySlnce the horlzontal tail is used to_ of?set 1ong1tud1nal trlm

Forward rotor pylon dimensions are specified directly (input
LOoCs 0152 - 0156)

The computer program calculates the length and wetted area of
the fuselage based upon input values of cabin length, cabin
mean diameter, fineness ratios of the pilots section and tail
section, and calculated tail boom dimensions. The tail boom
length is established by the tail rotor diameter, the need to
maintain a reasonable gap between the main and tail rotor
discs and the relative position of the main rotor on the
fuselage. This position (Xm/%p) may either be input
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(MRPIND = 0) or calculated (MRPIND = 1, 2), using a simple
weight-balance subroutine. If the latter option is chosen,
the relative positions (from the aircraft nose) of the various
aircraft components (engines, primary drive system, etc.),
must be input (LOCS 2678-2696). Additional increments of
fuselage wetted area (to account for miscellaneous bulges,
fairings, etc.) may be input through the use of ASyet/Sg

(LOC 0120) and ASyet (LOC 0121).

Three options are available for sizing a tandem rotor heli-
copter fuselage. These options, specified by the indicator
FDMIND are: ‘

FDMIND Input Calculated
1 ((o/L)/D), forward, aft rotor fuselage length (ip)
positions - cabin length (&¢)
2 ((0/L) /D), cabin length (2o) fuselage length (2F)
i forward & aft rotor
positions
3 cabin length (%.), forward ((o/L)/D), fuselage
and aft rotor pgsitions “length (%F)

In cases (FDMIND = 1) where the calculated cabin length is
less than zero, an error statement is printed and the case
terminated. Likewise, if the rotor overlap/diameter ratio
exceeds either +0.5 or -0.5, the case is terminated.

The aft rotor pylon dimensions may either be input directly
(APHIND = 1) or calculated (APHIND = 2) based on an input of
rotor gap/stagger ratio.  The forward pylon dimensions are
input directly as in the case of the single rotor helicopter.

In the case of a compound helicopter, propeller dimensions
and characteristics (i.e., AF, blade number, CLi' etc) are
input directly.

Wing sizing options are divided into two groups, those for
determining wing area (SyIND) and those for determining wing
span (byIND). Wing area may either be input directly

(SWIND = 1), calculated based on an input wing loading

(SWIND = 2), or sized to meet a maneuver requirement. In the
latter case, the wing size is dictated by the need to carry
the difference between the overall g requirement (LOC 0188)
and the maneuver g's (LOC 0189) carried by the main rotor(s).
Wing span may be determined on the basis of an input wing
span/rotor diameter ratio (byIND = 1), an input aspect ratio
(bwIND = 2); or, in the case of a compound helicopter with
wing mounted propellers, on the basis of propeller tip/fuselage
clearance considerations (byIND = 3).
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The dimensions of the primary and auxiliary independent engine
nacelles are determined by the horsepower or thrust level of
the engines. Separate input constants z1, 22, 23, 24, 25 and
zg are used to calculate the size of the nacelles.

Primary engine nacelles

' 1/2
Diameter (ft) = z {%HP*] /

Np

_ sup*|1/2
length (ft) = z, + 25 E\IP ]

wetted area (ft2) = Np 7 (dia) (length)

Auxiliary independent enginevnacelles

) - - * 1/2 ' * 1/2
diameter (ft) = Zy SHPY ] or 2z, n
Np. Np,

-

1

SHP*;]1/2 Py 1/2
“length (ft) = zg5 + 2z Np or zg + Zg |§
i

wetted area (ft2) = Np 7 (dia) (length)

Figure 4-22 show a flow chart of this subroutinefrﬂri
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Figure 4-22. Size Trends (SIZTR) Subroutine Flow Chart
(Part 1 of 13).
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4.9 AERODYNAMICS CALCULATIONS SUBROUTINE

The aerodynamics subroutine calculates a series of factors
(a5, ag, a7, ag, and ag) which are used in the calculation of
drag. The drag calculation has been written in the most gen-
eral manner possible. Drag is assumed to be divided into
profile, induced, and interference components; namely,

2 2
Fepor = as + ag CDW' Sy + a7 CLW Sw + ag CLFIN Syr + Ferp
’\f 1 ‘ Wy -, S“ Y,
Wing Profile Wing Induced Vertical Tail
Drag Drag Induced Drag

where,

Fepor = 23221 configuration equivalent fié;wﬁiéteﬂdrag

Basic cdnfiguration'flat plate drag area (including
fuselage, rotor hubs, rotor pylons, etc).

asg

ag = KW [fw (Re)]
az = 1/lle AR

1/HeVT ARy TFEF

Feyp = Rotor/wing interference equivaleﬁz?%léi‘biégé drag
area (calculated by the program using simplified
-Prandtl Bi-Plane Theory). - ) :

a9

The basic configuration flat plate drag area may be calculated
in two different ways: by a detailed build up, or by a trend
(see Figure 4-23). The wing profile drag is assumed to be a
function of 1lift coefficient, as specified by an input table.

If the user elects to determine the basic configuration flat
plate drag area (as) by build up (DRGIND = 1), then profile
drag coefficients (Cpyms Cpypr etc.) and form factors (Kyr,
Ryp., etc.) for each cogponeng are input to the program, asg
then being calculated from the following relationship:

ag = (90287 Kg Sp [fp (Re)] + Kpp Cp., FApp
- V' - — s

Fuselage Profile Drag Forward (Main) Rotor Pylon
Profile Drag
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+
J Kap CDAP Sap [fAP (Re)l/ +\KVT CDVT Sy [fVT (Re)]j

Aft Rotor Pylon Vertical Fin Profile Drag
Profile Drag '

~ -/

\

\4 . . .V
Horizontal Tail Primary Engine Nacelle(s)
Profile Drag Profile Drag

+ Kyr Cp_. Sy [fyr (Re)] + Kyg Cp . Syg [fyg (Re)l
NI e NS *J

\
\'4
Auxiliary Independent Auxiliary Independent
Engine Nacelle Profile Engine Nacelle Strut
Drag Profile Drag
+ AFeMRH NR + AFeTRH + AFe [fF (Re) ]
{ - . .
ey kf‘“vf“/ V
Main Rotor Hub(s) Tail Rotor Miscellaneous
Total Drag Hub Total Drag

Drag

The terms f, (Re), fg (Re), fyr (Re), etc., are Reynolds
number functions for the wing, fuselage, vertical tail, etc.,
which reflect the variation of skin friction coefficient with
Reynolds number. The function which is used is a normalized
form of the Prandtl-Schlichting turbulent flat plate skin
friction equation:

Z Re]_2.6
107

c
£(Re) = 52 = (1 + % log,,
o fre=107 ”

The program user inputs a value for average Reynolds number
per foot for the mission and the program then calculates the
Reynolds' number for each component of the aircraft and uses
. the Reynolds number functions fy (Re), fg (Re), etc., to
determine the variation in component drag as the aircraft
dimensions change during the iteration on gross weight. The
individual profile drag coefficients, CDVTi’ CDHTi’ etc., are
input at a reference Reynolds number of 107.

Particular care must be exercised in the input of data re-

quired for calculating the hub drag, as this particular compo-
nent can typically account for as much as 1/2 to 2/3 of the
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total parasite drag of a helicopter. The hub drag calculation
method (Reference 8) used in this program is based on the
following relationships:

AFeHUB = FeHUBCS + FeSH + FeINT
1 >
v —y— ~——
Hub center Rotor Misc
shanks hub/shank
Interference
where:
FeHUB = £ {CD (Hub projected frontal area)}
CS Cs
FesH = f {CD , Number of shanks, shank

SH
projected frontal area, and local
advance ratios at the hub/shank
and shank/rotor blade interfaces}

Typical values of hub center section and shank drag coeffi-
cients are illustrated in Figure 4-24. A few notes of caution
on the use of values such as are contained in Figure 4-24 is
in order. First, estimates of the Reynolds number of the hub
or shank sections to be used should be made in order to estab-
lish whether the sections are sub or super critical. Second,
while 2-dimensional section drag coefficients are appropriate
for use with shanks of extended length, test data indicates
that 3-dimensional coefficients are more representative for
low aspect ratio shanks bounded by lower drag shapes (for ex-
ample, a short stubby shank bounded on one side by a faired
hub and on the other side by the root end of the rotor blade).
Figure 4-25 illustrates the hub geometry and interference drag
factors implicitly assumed in this program. If the actual hub
geometry or interference drag variation desired by the user
differs appreciably from these, the differences can be re-
flected by ratioing the input drag coefficients CDCSMR! CbgumR’

CDCSTR’ and CDSHTR accordingly. Table 4-4 summarizes these
corrections.

If it is desired to calculate ag by use of a drag trend
(DRGIND = 2), the following relationship then obtains:

T e We ] KFED
8s T | (Gy/Fe) "o
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INFLUENCE OF CROSS SECTION SHAPE ON SHANK DRAG
COEFFICIENTS (CYLINDERS AT SUPERCRITICAL REYNOLDS NO.)

fe— 5 —

CORNER
RADIUS
.02 TO .04 h
FINENESS Cp
RATIO o
1:2 () 1.00 [] 2.30 <> 1.80
1:1 QO .35 O 2.00 O 1.50
2:1 o .15 CJ 1.40 <> 1.10
2.0 EFFECT OF CORNER RADIUS
ON DRAG COEFFICIENTS FOR
RECTANGULAR SECTIONS
1.5}
(USED FOR TRANSITION
SECTION ggggig? OF HLH BLADE
DRAG 1.0+
COEFF.
’bCD
.5}
ol
J
O 1 1 1 i
0 1 2 3 4

CORNER RADIUS N INCHES
(FOR 8 IN. FRONTAL THICKNESS)

Figure 4-24. Typical Hub and Shank Drag Coefficients
(Part 1 of 2).
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HUB CENTERSECTION DRAG COEFFICIENTS

CH-47 HUB (INCLUDING INTERFERENCE)
aFUSE =0 CD = 1.61

Q aSHAFT =0 CD = 1.91

CH-47 HUB (WITH INTERFERENCE CORRECTION)
BASED ON STATIC AREA Cp 1.03
BASED ON ROTATING AREA Cp .88

DRTS/12' DIA. - 3/6 BLADED ROTOR HUB (NO INTERFERENCE)
BASED ON STATIC AREA Cp 1.03
BASED ON ROTATING AREA Cp .88

NASA MEMO 1-31-59L (NO INTERFERENCE)
BASED ON ROTATING AREA

HUB 1 CYLINDRICAL HUB Cp = .65
HUB 2 TWO BLADED TEETERING HUB Cp = .63
HUB 3 HILLER SERVO ROTOR HUB Cp = .70
HUB 4 H-19 HUB Cp = .72
HUB 5 HUP-2 HUB Cp = .55

NOTE: HUB CENTERSECTION COEFFICIENTS ARE GENERALLY LOWER
THAN MIGHT BE EXPECTED SINCE CENTERSECTION IS USUALLY
MORE TYPICAL OF 3 DIMENSIONAL RATHER THAN 2 DIMENSIONAL

FLOW
SHAPE Cp @ SUBCRITICAL REYNOLDS NO.
3-DIMENSIONAL 2-DIMENSIONAL
TYPICAL OF CENTERSECTION TYPICAL OF SHANKS
(:) .47 1.17
<:> .80 1.55
] 1.05 2.05
| 1.17 1.98

Figure 4-24. Typical Hub and Shank Drag Coefficients
(Part 2 of 2).
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ROTATION .
MAIN ROTOR HUB
tsuANK
— 7
HUB S ROTOR%
SHANK CENTER SECTION H%EETf'“ BLADEZ
Xmp
ASSUMED: (INPUT LOC 0179)
1. tyyp/tsmank = 3.0
2. tSHANK = tBLADE D.25R -L 'XCMR
MR
3. HUB DIA = 2 Xyp \—3 (INPUT LOC 0178)
4. HUB FRONTAL AREA = HUB DIA X tgus
DMR
5. SHANK FRONTAL AREA = (XCcMR - xMR)(-g—]tSHANK
6. KINT = 1.00
&,
ROTATION . N
TAIL ROTOR | HUB l SHANK
HUB ROTOR
g SHANK | -pNTER SECTION | SHANK BLADE
ASSUMED: '
1. tHUB/tsHANK = 3.0
2. (t/c) SHANK = .10
Drgr
3. HUB DIA = 2 XTR T
4. HUB FRONTAL AREA = HUB DIA X tgyg 5
= - TR
5. SHANK FRONTAL AREA (Xcrg xTR)(_i_l tSHANK
6. KINT = 1.00

Figure 4-25. Rotor Hub/Shank Geometry Used in Program for

Hub Drag Calculations.
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where,

Wg

(GW/Fe)

K

FED

Initial "guess" at iterated helicopter gross weight
(input LOC 0023). Note, this is also the value of
gross weight at which the input value of (GW/Fe) is
obtained. (See sketch below)

"Iterated" or final design gross weight of the
aircraft.

"Drag Loading” input at a given gross weight (in
this case WGO).

Exponent defining the slope of a typical
logarithmic drag trend.

The following sketch should serve to illustrate these facts
more clearly.

EH)
</ INPUT

K _ (GW/Fe)2
pgp ~ 1 * 4 [(GW7Fe)l}

- In (WG,/WG3)

W Gw
GO

Figure 4-26 illustrates typical parasite drag area trend for
various helicopters and fixed-wing aircraft.

The drag routine may be used in many different ways. The four
most common applications are:

1.

Drag Build up for a New Aircraft Design - This is best

illustrated by first referring to the complete drag break-
downs of the hypothetical helicopters shown in Tables 4-5
and 4-7. The input Cp for each component (Cpwir DHTi:
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GW/
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9 [ I S
i T ¥ | I
g — & WINGED AIRCRAFT
-
6|— ¢ MISC HELICOPTERS GULFSTREAM
®
5{— ® LINE @, Kggp = .561
4t— & LINE ), Kpgp = .542
;| @ LINE Q)+ Kpgp = -523 F27
X LINE @) & Xpgp = -507 | MOHAWK
2
L
HUEYCOBRA _t4C123B
¢ 567 P
103 A CARIBOU
9 | // 141
8 XH51 - BELVEDERE 1-<G2330 CHA47Agr At
g IRSUN X Jun2_¥S61L__~SUPER FRELON _ |
XH51A ¥ ¢ sH3AAZL ¥ #HL6
51——OH6 #—— —Ums_ﬁ’ﬁ‘f‘ CH46A°
@ VER 1 H34
TOL |g51,1-62| S587 S56
IO grE e
b @) S52 <
Pa
® -
H23
R4B
102 @ ' 5
103 2 3 4 56 78910% 2 3 4 5678910

DESIGN GW ~ LB

Advanced drag cleanup (e.g. faired hubs, low drag or
retractable landing gear etc.).

Current standard of landing gear, hub design, skin
finish etc.

Unfaired landing gear, hubs, protuberances, poor body
shape, etc.

Exceptionally dirty configuration due to such things
as open construction, exceptionally dirty engine
installation, landing gear, etc.

NOTE: The drag area for the winged aircraft excludes the CpA

of the wings, to be compatible with the helicopters.

Figure 4-26. Typical Parasite Drag Trends.
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etc.) may be used to represent the reference Cf at Re =
107 and at the mean flight Mach number. Drag increases
above the drag of a flat plate such as three dimensional
effects, interference, roughness, and excrescences may be
accounted for by the multiplying factors (Ky, Kyr. etc.).
Miscellaneous drag increments can be summed and input as
AFe. Examples of these increments are cooling momentum,
trim, and airconditioning. The K factor for wings and
tails should include a factor for relating the wetted
area of the surface to the planform area. An example of
the program inputs for the hypothetical helicopters of
Tables 4-5 and 4-7 are shown in Tables 4-6 and 4-8.

2. Study of the Sensitivity of Aircraft Size with Respect to
the Component Drag or the Total Drag about a Certain Drag
Level - Let the total drag of each component be contained
in the drag coefficient of each component, Cpwir CDHTi-
CpyTir etc. The change in drag of each component will
then be determined by the values assigned to the component
multiplying factor, Ky, Kyr, Kvr, etc. The fuselage drag
change, however, will have to be represented by an incre-
mental value of Afe.

3. Use of Component Drag Data from Wind Tunnel Test - Let the
drag of each component (including interference) be con-
tained in the component drag coefficient, Cpwi, CDHTi.
CpvTi, etc. The skin friction drag must first be corrected
to Re = 107. The drag increase due to items found only on
the full scale airplane would then be represented by the
factors and increments. Increases due to excrescences and
roughness are represented by the factors, Ry, Kyr, KvT,
etc. Increments such as inlets, cooling, trim, and after-
body drag, can be summed and represented by Afe.

4. simplified Drag Model for Parametric Studies - The program
' is often used to study the influence of variations of
parameters, such as disc loading, solidity, etc. on the
size of a helicopter. During these studies, it is often
not desirable to go into the design depth required in the
three applications above. Use of the drag trends
(DRGIND = 2) is therefore dictated by this requirement.

Figure 4-27 is a flow chart of this subroutine.
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TABLE 4-5. DRAG BREAKDOWN FOR HYPOTHETICAL SINGLE ROTOR
COMPOUND HELICOPTER Re/FT = 1.56x100® (V = 189 KT)

INCREMENT 2
WETTED C¢ % Af £ FT
COMPONENT AREA e e
FUSELAGE 1949, 0.00191 3.72
3-Dimensional Effects 12.3 0.46
Excrescences 7.0 0.29 6.60
Canopy 0.20
Afterbody 1.93
WING 345. 0.0030 1.04
3-Dimensional Effects 29.3 0.31
Excrescences 2.0 0.03 1.59
Flaps, Slats, Ailerons, Spoilers - -
Body Interference 15.6 0.21
MAIN ROTOR PYLON 286.
Basic Fg (including interference and Frontal
3-D effects) Cp_ (Based on frontal Area = 2.66
area) = 0.10 °© 26.6 Ft2 3.19
Excrescences 20.0 0.53
HORIZONTAL TAIL 246. 0.00305 0.75
3-Dimensional Effects 43.4 0.33 1.60
Excrescences 7.0 0.08 )
Interference 40.7 0.44
VERTICAL TAIL 210. 0.00270 0.57
3~Dimensional Effects 22.3 0.13
Excrescences 7.0 0.0S 1.03
Interference 40.7 0.28
PRIMARY ENGINE NACELLES 188. 0.00278 0.52
3-Dimensional Effects 40.4 0.21
Excrescences 25.0 0.18 1.72
Interference 75.0 0.55
Inlets 0.26
ROTOR HUBS (TOTAL)
Main Rotor Hub (center section) 6.22
Main Rotor Hub (shanks) 5.85
Tail Rotor Hub (center section) 0.48 14.82
Tail Rotor Hub (shanks) : 0.67 :
Total Interference (main & tail rotor) 1.60
Roughness (50% of C¢ A 0.54
Hlcooling £ PweT 0.50 1.34
g Trim -
Air Conditioning 0.30
TOTALS ££2 3224 31.89

NOTES: (1) Basic fe = (CEAWET) + (3-D Effects Afe)

(2) Excrescences and interference are % of basic fe
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TABLE 4-7. TYPICAL DRAG SUMMARY
DRAG BREAKDOWN FOR HYPOTHETICAL TANDEM ROTOR

WINGED HELICOPTER R_/ft = 1.49x106 (V = 181 KT)
INCREMENT
COMPONENT WETTED Ce 3 £, £, Fr?
AREA
FUSELAGE 1640. 0.00208 3.41
3-Dimensional Effects 12.21 0.42 6.52
Excrescences 7.0 0.27 )
Canopy 0.20
Afterbody 2.22
WING 389. 0.0030 1.16
3-Dimensional Effects 29.3] 0.34
Excrescences 2.0] 0.03 1.77
Flaps, Slats, Ailerons, Spoilers - -
Body Interference 15.2} 0.24
FORWARD PYLON 41.5
Basic fe {including interference and (Frontal 1.41
3-D effects) Cpe (Based on Frontal Area = 1.69
Area) = 0.15 9.5 Ft2)
Excrescences 20.0] 0.28
AFT PYLON 421. 0.00252 1.06
3-Dimensional Effects 46.4] 0.49
Excrescences 20.0§ 0.31 2.38
Interference 33.5] 0.52
PRIMARY ENGINE NACELLE 188. 0.00278 0.52
3-Dimensional Effects 40.4| 0.21
Excrescences . 25.0| 0.18 1.72
Interference 75.0| 0.55
Inlets 0.26
ROTOR HUBS (TOTAL)
Main rotor hub (center section, total) 10.4
Main rotor hub (shanks, total) 7.78 19.48
Hub/Shank Interference (total) 1.30
Roughness (5.0% of C ) 0.45
o | cooling £AWET 0.50 | 1.25
«a Trim -
5 |Air Conditioning 0.30
TOTALS £e2 2679.5 34.81
NOTES: (1) Basic fe = (cfAWET) + (3-D Effects Afe)

(2) Excrescences and interference are % of basic £,
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Aerodynamics Calculations (AERO) Subroutlne

Figure 4-27.
Flow Chart (Part 2 of 4).
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Figure 4-27. Aerodynamics Calculations (AERO) Subroutine
: Flow Chart (Part 4 of 4).
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4,10 ENGINE SIZING SUBROUTINE

The engine cycle performance data included in the engine
library consists of detailed performance maps of power (or
thrust), fuel flow, Ny, and Nry. The data, as shown in Table
4-1, is in normalized, referred format. In particular, horse-
power is normalized with respect to the value of power at the
maximum static rating at sea level, standard day conditions.
Thrust is similarly normalized to the maximum static thrust

at sea level for standard day.

The engine sizing subroutine calculates the value of the
scaling factors; namely, the maximum static thrust or power
(s.L., std.). If so desired, the user may study a helicopter
with fixed rather than "rubberized" primary engines. This is
accomplished by means of the indicator FIXIND. If FIXIND = O,
the user inputs the maximum (installed) power of the primary
engines. If FIXIND = 1, the engine sizing subroutine calcu-
lates the installed power.

A variety of different criteria are often applied to determine
engine size requirements. These criteria, differing as they
do, can generally be related by a single factor. For a take-
off condition this factor is the value of equivalent required
thrust-to-weight ratio. Similarly, engine sizing requirements
for forward flight can be related to a set of cruise condi-
tions; namely, cruise altitude and true airspeed.

Engine sizing requirements for helicopters are generally set
by takeoff conditions, and less frequently by forward flight
conditions. The program, therefore, permits the user two
options of calculation. The first option (ESCIND = 1) will
calculate engine size for takeoff conditions only; the second
option (ESCIND = 2) will calculate engine size for both take-
off and forward flight conditions, compare the two, and pick
the more critical condition. The engines are sized for take-
off to provide a required (input) equivalent thrust-to-weight
ratio with a specified (input) number of engines inoperative,
at a specified fraction (SHPg/SHP*) of maximum installed
power.

Cruise conditions are specified by means of altitude, ambient
temperature, true airspeed; and, in the case of a compound
helicopter, the propulsive thrust split (Taux/TroT)c between
the auxiliary propulsor and the main rotor. In addition, the
user may select the power setting to be used: maximum,
military, or normal.

In the case of a configuration having auxiliary independent
cruise engines (APIND = 2), these engines may either be fixed
or sized independently of the primary engines. For example,
it would be possible to study a configuration with fixed size
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prlmary englnes (FIXIND = 0) while sizing the auxiliary
engines to meet cruise requirements. NOTE: in a case like
this, input locations 0234-0241 must be filled out to allow
sizing for the auxiliary engines, even though the primary

engines are fixed in size.

In addition to sizing the_p;;mary and auxiliary engines, this
subroutine calculates the main rotor, tail rotor (in the case
of a single rotor helicopter) and auxiliary propulsion drive
system rating (in the case of a compound helicopter). The
options available to the user for this purpose are:

XMSNIND = 1 Main, tail and auxiliary drive system ratings
specified as fraction of primary engine
installed power (in the case of a compound
helicopter with auxiliary independent propul-
sion, the auxiliary independent drive system
rating is specified as a fraction of the aux-
iliary independent engine installed power)

XMSNIND = 2 Main, tail, and aux111ary drlve system ratings
specified at fraction of power required to
hover or cruise at design conditions (more
critical of the two conditions is selected).

XMSNIND = 3 Same as 2, except the most critical of the two

design condltlon is compared to the drive sys-
tem rating required at an alternate payload/
gross weight hover at the design point condi-
tions, the most critical of these three
‘conditions is selected.

It should be noted that when FIXIND = 0 or FIXINDI = 0; i.e.,
fixed size engines, the drive system ratings calculated are
equal to the product of the applicable multiplicative factors
(SHPMRX/SHP*MR’ SHPTRx/TRP*, SHP RX/SHP*AU } and the 1nput
fixed engine sizes. If FIXIND = 1.0 or FIXINDI = 1.0 and
XMSND = 1.0, the drive system ratings calculated are equal to
the product of the applicable multiplicative factors (SHPygryx/
SHP*Mr, SHPTRx/TRP*, SHPARX/SHP*ayux) and the component (main
tail, and auxiliary) power obtained from the proportional
split (based on power required) of the total sea level stand-
ard maximum (installed) engine power.

The use of separate engine and transmission sizing options
provides great flexibility in meeting conflicting engine/drive
system requirements. For example, using XMSNIND = 2, it is
possible to size a helicopter's primary engines to meet an
engine inoperative in hover requirement, while only rating the
drive system for the actual power required to hover at that
design point, thus effecting a considerable saving in drive
system weight. Or, using XMSNIND = 3, it is possible to rate
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the drive system for the power required at an alternate gross
weight/payload hover point, while still meeting the original
engine out sizing criteria. Figure 4-28 contains a flow chart

of this subroutine.
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\ SUBROUTINE ENGS? 7
N\

CALL ATHOS HES, 1.0, 11NN
L1 =0

iy =0
s =0

[1APSTR = TRXMSN « BHPP |

SHPMR = BHPP « XMSMR1
SHPAUX=0. 0

Figure 4-28. Engine Sizing Subroutine Flow Chart
(Part 1 of 10).
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Figure 4-28. Engine Sizing Subroutine Flow Chart
(part 2 of 10).
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451 NOXPJ = XPJNO +0.1
NOCPP = CPPNO *+ 0.1
PTAR = AJSTR VAR

IF
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RERLJ =1, EBQ«PJ-V/PTRR
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NAITE 16,9009

650

C WRJTE 16.90041 >

C1AP = REAL JacCT/Cep
£1APu=E TA

1550 £18PY = XLINTITBEHS.TBBRPH.EH.NETRPN.H]AJ

GO 10 use

COWRLTE 16,9000 >
|

yse BHPRUX x 1RU¥ * ¥/ 1325, 6ETAPU«ETATI)

Figure 4-28. Engine Sizing Subroutine Flow Chart
(Part 3 of 10).
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<::::> [692 B-P] = TAUX«V/ (325, BxETAITwETAPYI |
687

32 1PS] = TniLAl
GO 10 34

31 TPSI = TMAX]
00 T8 3

133 1Ps) = TNRP] |
L

1.

]

L

4 CALL POWAV] TPSI, EM
S10 = SHPAI

22 1PS) = TMILRI
60 10 2u

[

[23 TPSI = AP |
e

@

21 1P5) = TMAX]
(8 78 <4

1

i

24 CALL POWAVI ITPSI, EMi
S11 = SHPAJ

Figure 4-28. Engine Sizing Subroutine Flow Chart

(Part 6 of 10).
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Figure 4-28. Engine Sizing Subroutine Flow Chart
(Part 7 of 10).
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Figure 4-28.

(Part 10 of 10).

- 4-134

Engine Sizing Subroutine Flow Chart



The weight trends subroutine calculates the group weights

for the propulsion system, the structures system, and the
flight control system. These weights are then combined with
input values of the weight of fixed useful load, fixed equip-
ment, and payload in order to determine the weight of fuel
available (Figure 4-29). The subroutine uses detailed sta-
tistical weight equations as used at the Boeing Vertol Company.
The group weights are not directly added, but rather are
combined by the use of incremental multiplicative and additive
weight factors; these factors are useful for sensitivity
studies for the aircraft. For example, if it is desired to
determine the effect of an additional 300 pounds of propulsion
system weight, the factor W, is input as 300. Similarly, if
it is desired to investigate the effect of a l5-percent in-
crease in the weight of the engines, the factor Kjg is input
as 1.15.

In order to calculate the weight of the aircraft structure,
the weight trends subroutine must determine the limiting
design load factor. For pure and auxiliary propulsion heli-
copters (without wings), the program uses the input value

of maneuver load factor. In the case of a wing or compound
helicopter, it does this by comparing the magnitude of the
input maneuver load factor with the value calculated for gust
load factor. The gust load factor is evaluated at the alti-
tude at which maximum operating equivalent airspeed (Vyg) is
equal to the speed for maximum operating Mach number (Myg) so
long as the altitude falls in the band,

0 < hoppp S 20,000 £t

The gust load factor is calculated at the speed V. (see Refer-
ence 11) which is taken to be equal to Vyg/Myg. If the user
finds that his aircraft is gust-critical at other than the

V condition, he must manually calculate the expected load
factor and insert that value in the program as a dummy maneuver
load factor.

4.11.1 Weight Trend Data

The weights subroutine section of HESCOMP represents one
approach for determining the individual and group weights
which make up the weight empty of an aircraft. The aircraft
weight is divided into subgroups, as shown in Table 4-9 ,

and is in general accordance with the weight and balance data
reporting procedures and forms for Aircraft and Rotorcraft
described in Military Standard 1374. A copy of Part I (Group
Weight Statement) is included at the end of this section. A
flow chart describing the weights subroutine is shown in
Figure 4-30.
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Figure 4-29. Weight Trends Subroutine.
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BOEING VERTOL COMPANY

WEIGHT SUMMARY - PRELIMINARY DESIGN

(MIL-STD-1374}

1 ] ]

TABLE 4-9. WEIGHT SUMMARY FORM

REV,

WING 1
ROTOR 2
TAIL 3
SURFACES 4
ROTOR 5
80DY 6
BASIC 7
SECONDARY 8
ALIGHTING GEAR GROUP 9
ENGINE SECTION 10
11
PROPULSION GROUP 12
ENGINE INST'L 3 13 ]
EXHAUST SYSTEM 14
COOLING 15
CONTROLS 16
STARTING 17
PROPELLER INST'L 18 ]
LUBRICATING 19
FUEL 20
DRIVE 21
FLIGHT CONTROLS 22
23 ]
AUX, POWER PLANT 24 ]
INSTRUMENTS 25
HYDR. & PNEUMATIC 26
ELE CTRICAL GROUP 27 ]
AVIONICS GROUP 28
ARMAMENT GROUP 29
FURN, & EQUIP. GROUP 30
ACCOM, FOR PERSON. 31
MISC. EQUIPMENT 32
FURNISHINGS 33
EMERG. EQUIPMENT 34
AIR CONDITIONING 35
ANTI-ICING GROUP 36
LOAD AND HANDLING GP, 37
38
39
40
41
WEIGHT EMPTY
CREW
TRAPPED LIQUIDS
ENGINE OIL
FUEL

GROSS WEIGHT

FORM 26301 (2/73)
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Figure 4-30. Weight Trends Subroutine Flow Chart
(Part 3 of 6).
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Weight Trends Subroutine Flow Chart

Figure 4-30.
(Part 5 of 6).
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Figure 4-30. Weight Trends Subroutine Flow Chart
(Part 6 of 6).
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The trend equations shown on the weights subroutine flow chart
and those presented in the text produce the same results,
although they are not necessarily written in the same form.
The flow chart equations express the text trends in the term
used in other parts of the computer program.

The primary purpose of this weights subroutine is to provide
a consistent method for rapidly estimating the operational
weight empty and fuel available for the missions of various
types of helicopters. The results obtained from the trend
equations will depend largely on engineering experience and
the judgment exercised in selecting the various trend con-
stants. The weight trend equations were developed by A. H.
Schmidt and R. H. Swan of Boeing Vertol Company.

An explanation of the weight trends and instructions for
completing the weight input sheet are included in the text

As an additional aid for filling out the weight input sheet,
the page numbers defining the various k terms are included
with the respective terms on the weight input sheet (Table 10).

Weight trends developed at Boeing were used to determine the
structure weights, Table 4-9, items 1, 6 and 10; flight
control weights, item 22; and the control and propulsion
system weights, items 2, 5, 18 and 21. The trends were de-
veloped from existing aircraft, and use design and geometric
parameters to compute the weights of the various components.
For aircraft on which limited information is available, such
as compound, winged and propulsive tail helicopters, the
trend constants have been adjusted to account for the design
features typical of the particular configuration. Alighting
gear weights, item 9, are a function of the design takeoff
weight and are based on statistically derived percentages

of the respective gross weights. Engine weights, item 13,
were determined from information compiled from engine manu-
facturers. Engine installation weights, items 14, 15, 16, 17
and 19, are expressed as a percentage of the dry engine weight.
Fuel system weight, item 20, is determined on a pound per
gallon of fuel required basis. Fixed equipment weights,
items 24 through 41, are discussed in the text.

Table 4-9 is representative of a typical weight summary form

used for military aircraft. Weight definitions as used in
MIL-STD-1374 and weight handbooks follow.
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MIL-W-25140A

6.2.3 Weight Definitions - As used in MIL-STD-1374 and Weight
Handbooks .,

AIRFRAME UNI'I‘ WEIGKTJ— Primarily Structure Weight

Used in cost and work .ioau
. o evaluatiors, Defined in
R Cost Information Report
(CIR) as the Weight Empty

,, ) (from MIL-STD-1374) less
B + ERE S specific items as noted,

) o New requirements will refer
to Contractor Cost Data
Reports (CCDR),

Wheels, brakes, tires, tubes, engines,
starters, props, electrical units,”
~avionics, etc.

WEIGHT EMPTY —— Weight of aircraft complete
with all systems as con-
figured in accordance with

the model detail specification,

éb ’Unusablc fuel and oil (including trapped),
external gear not disposed of during
flight, guns and other fixed items of
useful load.

BASIC WEIGHT | —— Basic weight entered on
é Chart C of Weights Handbook

USEFUL

LOAD for running log weight,

g

Usable engine .
0il, crew, special mission equipment

and weapons racks or pylons not in
- Basic Weight. é

X OPERATING WEIGHT|——  2Zgro fuel and Zero payload
._) seight - a convenience weight
to which operators need add
only fuel and payl<ad for
gross weight,

Usable fuel, cargo, ammunition, stores,
and disposable external tanks
3 P S

[ Gross WEIGHT | —— Take-off gross weight. Will
vary with mission. It is

the sum of the weight empty

and the specified useful load.

Expcndable items - fuel, oil, stores,
and expendable extern:ts tanks,

| LanpING GROSS WEIGHT]
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= 1.0

MULTIPLICATIVE FACTORS
NOMINALLY

TABLE 10. HELICOPTER WEIGHT INFORMATION
Incremental Group Wts Nom = 0
Variable| LOC|Value ariable| LOC|Value |[Variable] LOC|Value
OWE 2601]4-136 AWpc | 2605]4-175 RMT 2608| 4-147
WEE 2602 4-172% [ _AWp 260614-175 [ Wi 7609] 4-148
Wy [2603[4-172 || AWgp [2607]4-175 Wo 2610/ 4-148
Wp1, 26041 4-175 :Tzi 2611]1 4-148
Lo 2612(4-148
Group Weight Information
Flight Controls Structural Propulsion
kee 2613} 4-168 kB 2622]4-156 kprp 2637]| 4-150
B3Ye 26141 4-168 AC.G. 1262314-156 KRRF 2638} 4-150
kgc 2615| 4-168 kg 262414-158 kpy 2639| 4-150
kFrw 2616 4-168 kma 2625 4-15§4‘ Kamd 2640| 4-150 |
kTM 26171 4-168 kg 262614-147 KBLFD [2641] 4-150
kgag 2618} 4-172 LF 262714-147 kTR 2642} 4-155
kRrcaA 26191 4-172 kWs 262814-148 kar 26431 4-153
kgca 12620) 4-172 kyp 262914-148 kpa 2644} 4-153
___kmIsc 2621 4-172 kym 263014-153 kyTaR |2645]4-153
Ko 2631]4~160 Kpng 2646| 4-164
kNAC 263214-160 kppgz 12647] 4-164
t+ OWE IS not KATP 263314-160 korpg | 2648| 4-166
necessary when knaca |1263414-160 kapg 2649 4-1064
OPTIN =1, 2  kaTa 2635]4-160 kKapgz [2650{4-164
KNS 2636 KFg 2651| 4-162
++ Wpr, is not KpET 12652] 4-161
necessary when KAET 2653{4-161
OPTIN =2
K 26541 4-175 kg 265914-175 k12 266514-175
k2 265514-175 k7 2660[4-175 kK13 2666[4-175
k3 265614-175 kg 266114- k14 2667{4-175
ka 2657{4-175 k9 266214-175 k15 266814-17
kg 2658]14~175 kig 2663(4-175 kia 266914-175
k11 [2664{4-175 K17 2670}14-175
k18 267114-175
kiq 267214-175
k20 2673J4-175

*Page numbers in this document
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Wing

The weight of the wing is determined using one of the
following three methods:

® Method I
W, = 220(k)0'585'

[] [z 104][102] fos ][, 2l [loglovJEOé;oAR]

nWW = welght of wing - 1lb

Ry = wing relief as a fraction of design grossﬁwelght

W_ = design gross weight

hellcopter 11ft factor as a fractlon of gross welght

Sy = planform area of wing (taken from QL of alrcraft) - ft

o
|
"

2

b = wingspan - ft
B

= maximum fuselage width - ft

A = taper ratio
N = ultimate load factor
Vp = dive velocity - kn

Ap = aspect ratio

o
i

wing root thickness - root chord

Method I is used when a conventional aircraft wing is employed.
It considers kbasic geometry, de51gn criteria, and relief terms.
The 220 constant represents a wing employing simple control
surfaces. The 220 adjusted up or down depending on the com-
plexity of the surface controls (200- 240) must be placed in

the ky,, location on the weight input sheet. LF, representlng
the w1ng unloading factor, due to rotor lift and a wing
'relief value (0.5 to 0.75) must be entered as a fraction of the
design gross weight. The factors LF and R are nominally 1.0.
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® Method 1II

0.333
Wy = 3.15(k)

Where

K=S (WL, +WL)
w o ii oo

Legend

Wy = weight of wing - 1b

Sw = planform area of wing - ££2

Wi = inboard wing store weight, 1lb/per side
W, = outboard wing store weight, lb/per side

L; = distance from side of fuselage to inboard store - ft

Lo = distance from side of fuselage to outboard store - ft

Method II is used when a sponson or stub type wing is used
to carry stores or weapons. The trend constant 3.15 must be
placed in kyg of the weight input sheet. W; and W, must be
entered in their respective locations in pounds per side.

L; and Ly, must be entered as a fractional part of the wing
semi-span.

® Method III

Wy = Sy x PSF

Where

Wy = weight of wing - 1b

Sy = planform area of wing - ££2
PSF = pounds per ft2

Method III is used when a single sponson or stub is employed.
The estimated unit weight of the wing in pounds per square
foot is placed in kwp on the weight input sheet.
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Main Rotors

The weight of the main rotor includes the combined weights
of the blades and hub and hinge. The weights are derived
from the following equations: o _
N 0.438

@ Blades (per rotor) Wy = 44 a (k) -

Where

- B EE e | ]

NOTE: The last term is a dfodp factor, used only if
the result is greater than 1.

' ’ T . s 0.358
® Hub and Hinge (per rotor) WHH= 61 a (k)
Where = e
- 2. 1.82 _ _2.5. 1
- BB BT T )
Legend - S

Wg = blade weight per rotor (including root end
fitting)-1b

a = adjustment factor

W, = design gross weight per ro£0r7?X1O;6 for tanaem);ib

LLF = design limit load factor at dgw

R = rotor radius-ft

r = rotation to blade attachment-ft

¢ = blade chord-ft

b = number of blades per rotor

t = maximum blade thickness at 25% R-ft

ky = rotor type factor: 1.00 articulated, 2.2 hingeless
or teetering

kg = droop constant: 1000 tandem, 1200 éinélé:rotor

Wp = blade weight per blade'(inclﬁding root end
fitting)-1b
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N, = rotor rpm
P, = takeoff power X (0.6 for tandem) per rotor-hp
kamq = axmxd

a = design concept: 0.53 hingeless, 1.00 other

m = material: steel 1.00, titanium = 0.54

d = development stage: early = 1.0, developed - 0.62

In the trend equations the constants 44(blade trend) and 61
(hub and hinge trend) represent the average for the rotor
weights presented in Figure 4-31 and 4-32. The blade weights
are most representative of the all metal blades. The adjust-
ment factor a is used to adjust the k factor when special
design features are considered, such as high modulus materials
(boron, graphite, etc.) or special features associated with

the hub and/or hinge. Refer to Figures 4-31 and 4-32 to select
the @ term which most closely approximates the configuration
being analyzed. The revised constants 44a and 6la must be
placed in the kprp and kpy locations on the weight input sheet
along with the factors krpr (kb in legend) and kamg. If blade
folding is required the kprrp block on the input sheet must
also be filled in. Blade folding is entered as a fractional
part of the total rotor weight. The blade fold penalty usually
runs between 0.15 to 0.25 of the rotor weight depending on

the folding requirements. The nominal value for kgppp is 1.0.

Auxiliary Rotors or Propellers

When auxiliary rotors or propellers are required, as in the
case of compounds or propulsive tail helicopters, the follow-
ing rotor/propeller equation is used:

0.67,
Wp = 14.2 a (k)
Where
K =|:r]0’25 [ng 0.5 [th.] [R.b.c.—l
100 100/ 10
Legend

Wp weight of rotor or propeller-=lb

R rotor radius-ft

b = number of blades per rotor
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Q
n

blade chord (average)-ft

o

v
H

]

horsepower (xmsn limit per rotor)

Vi1 = design limit tip speed-ft/sec

H
[}

center line of rotation to average blade
attachment point-ft - ad

a = adjusting'factor for type of system'(see Figure 4-33)

In the trend equation the constant 14.2 is the average for the
various rotor group weights presented in Figure 4-33. The
expression a is the adjustment factor for the type of system;
i.e., semirigid, pressure cycle, etc. To determine the value
of kpar in the propulsion block of the weight input sheet,
multiply the type of system desired a by the constant 14.2.
Blade folding, if required, is entered in kjg as a percentage
factor of the total computed rotor weight. The input value
would be between 0.15 to 0.25 depending on the folding
requirements. '

The kpp block on the weight input sheet allows the auxiliary
rotor input power to be increased or decreased as a fractional
part of input power. (kpa = 0.9 would decrease the power

by 10 percent, 1.1 would increase the power by 10 percent.)

The kypar block on the weight input sheet allows the auxiliary
tail rotor tip speed to be increased or decreased as a fractional
part of the input tip speed (kyppar = 0.9 would decrease the

tip speed by 10 percent, 1.1 woul§ increase it by 10 percent).
The nominal input values for kpa and kyTar is 1.0.

Tail Rotor

The tail group consists of the horizontal tail, vertical tail,
ventral and tail rotor. Tail weights are determined as
follows:

@ Horizontal Tail - Its weight is based on a unit weight
per square foot (PSF). The unit weight will normally
vary between 1.0 and 2.0 PSF, depending on the type of
tail being employed. The unit weights of the horizontal
tails of some existing helicopters are presented as a
guide for inputting the unit value in the kpp block of
the weight input sheet.

OH - 58A 1.1 lb/ft2 - fixed
UH - 1H 1.3 1b/ft2 - movable

UH - IN 1.6 1b/ft2 - stabilizer
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If horizontal tail fold is required, input this as a
percentage of the total horizontal tail weight in the
kg block of the input sheet (refer to Table 4-13).

@ Vertical Tail and Ventral - The combined weights of
vertical tail and ventral are included in the weight
of the fuselage. The combined wetted area of both
must be added to the fuselage wetted area.

@ Tail Rotor - The weight of the tail rotor is derived from
the following overall rotor trend equation:

W, = 14.2 a (x)0-67+

Where , L
() (4]
100 100 10
Legend |
Wr = weight éf rotor or propelléf-ib
R = rotor radius-ft

b = number of blades per rotor

¢ = blade chord (average)-ft
HP, = horsepower (xmsn limit per rotor)
Vg1 = design limit tip speed-ft/sec
b o % Eehﬁef iine of rotation;td';;éfaéézgi;éé

attachment point-ft

a = adjusting factor for tvpe of system (see Figure 4-33)
This is the same equation used to determine the weight of
the auxiliary rotors. The trend is explained above under
Auxiliary Rotors or Propellers. 1If blade foldina is required,
a factor as a fraction of the computed tail rotor weight must
be placed in kj4 on the weight input sheet. Fold penalties
normally vary between 0.15 and 0.25 of total rotor weight

depending on the fold requirements. A value for krr must be
inserted in its proper location on the weight input sheet.
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Body Group

The weight of the body structure is determined from the
following equation:

W o= 0.8,
pg = 125 a (k)
Where
0.5
" = Wg [N [Sf] LLC + Lpw + cci] [Log VMA}E]
104 103
Legend

Wg = structural design gross weight - 1b
N = ultimate load factor

S¢ = wetted area of fuselage - ££2 (includes
fairings, pod, vertical tail and ventral)

Lo = length of cabin (measured from nose to end
of cabin floor) - ft

Ly = length of rampwell - ft
CG = center of gravity range at design gross weight - ft
VMax = maximum speed - kn
a = body correction factor

Figure 4-34 presents a group of commercial and military single
and tandem rotor helicopters. A mean line of 125 has been
selected as the average for all the aircraft shown. The body
correction factor a permits the 125 constant to be corrected
in accordance with the configuration being analyzed. When a
large number of cutouts are required as in the case of large
doors, many windows, large floor cutouts, etc., the a term
would be greater than 1. Where the fuselage is relatively
clean, the a could be less than 1. Refer to Figure 4-34 to
select the a term which best describes the configuration.

The revised constant 125a is the k, term to be inserted in
the appropriate box on the weight input sheet. The center

of gravity range, in feet, must also be placed in the A ¢
block on the input sheet.
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Figure 4-34. Body Group Weight Trend.
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Alighting Gear

For the normal tricyle gear geometry, the total landing gear
weight including the running gear (wheels, tires, brakes,
etc.), structure (shock struts, drag struts, support structure,
etc.), and controls (retraction, steering, systems, etc.) is
expressed as a percentage of the design gross weight where:

LG LG g

Where Wyg =total weight of the landing gear (including
tail bumper)

k _ landing gear
LG = gross weight

W
9

design gross weight

The percentage will normally vary between 0.015 to 0.050
depending on the design limit sink speed and the complexity
of the system. Conventional landing gear without retraction,
operating on improved runways normally run between 0.015 to
0.04. Adding retraction usually adds another 0.005 to 0.01l.
Skid type landing gear usually weigh about 0.0l5 times design
gross weight.

The main gear usually weighs about 80 percent of the total
gear weight. The k term in the weight expression above is
the value that must be placed in the kjg box of the weight
input sheet. The weight of the main gear is included by
placing 0.80, or your estimate of the main gear weight as
a fraction of the total gear weight, in the kyg location
on the weight input sheet.

Table 4-11 is included as a guide in selecting kpg. It
includes the total gear weight as a percentage of the gross
weight for a sampling of helicopters.

Engine Section (Primary and Auxiliary)

The engine section weight appears as item 10 in Table 4-9.
It is basically the engine mounts, engine nacelle structure
and firewalls, air induction and support structure.

® Engine mounts - The weight of the engine mounts is
determined from the expression

0.41
EM E E CLF
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TABLE 4-11. LANDING GEAR WEIGHTS

TOTAL PERCENT
AIRCRAFT | GROSS WEIGHT |GEAR WEIGHT | OF GROSS
(1B) (IB) WE IGHT
OH-6A 2400 58 .024
XH-51A 3500 134 .038
BO-105 4410 .96 .022
UH-1B 6600 112 ‘.017
UH-1D 6600 118 .018
UH-1N 10000 121 .012
UH-34D 11291 413 .036
AH-56A 16995 605 .036
CH-46A 19000 589 .031
CH-3C . 19500 690 .035
CH-46D 20800 587 .028
CH-46E 20800 655 .031
HH-3B 21187 700 .033
CH-47A 28550 1060 .037
CH-47B 33000 1086 .033
CH-47C 33000 1076 .033
CH-53A 35042 1014 .029
CH-54A 38000 1794 .047
CH-54B 64700 2277 .035
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Enter the crash load factor Ncrr in the kcrr block of
the weight input block. (This considers both the
primary and/or auxiliary engine sections.)

Engine nacelle structure, supports and firewalls

These items are determined from the expression

W = N_ (S

yac - Ng (PSF)

NAC)

Enter the estimated unit weight in pounds per square foot
(PSF) in the knac and/or the knyaca blocks of the input
sheet. This value normally varies between 0.75 and 1.25
PSF. It could go as high as 2.0 psf if the cowling is
used as a walkway or work platform.

Air induction - The weight of the air induction system
is determined from the expression

Watg = Ng (Epgp X Lapp) (PSF)

Enter the estimated unit weight in pounds per square foot
(PSF) in the karp and/or the kpaya blocks of the input
sheet. This value normally varies between 0.7 to 1.0 PSF.
An option is provided for determining the weight of the
air induction system. If kpaip or kara is greater than

5.0 the program automatically assumes the value is the
weight of the air induction system in pounds.

The kys term on the input sheet is a nacelle strut factor
used when an engine is suspended from an aircraft employ-
ing a wing. Enter a unit weight value in PSF in the kyg
box. The nominal value is 0.
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Legend

Wey = weight of engine mounts - 1b
Np ‘= number of primary engines
W ‘= weight of each primary eﬂéiﬁéj4;iﬁ
NCLF = aircraft crash load factor
WNAC = weight of each primary engine nacelle - 1lb
SNAC = wetted area of each nacelle - PSF
PSF = pounds per square foot - -
Watg = weight of air induction system - 1lb
Epra = primary engine DIA - 1b
Latp = length of air inlet duct
The weight of the primary and/or auxiliary engines is deter-

mined as part of the engine sizing routine considered else-
where in the program. There is no provision for determining
the engine weight(s) on the weight input sheet. The Awyp and
K1g and K19 blocks of the input sheet provide a method for
adding weight to the engine(s) if desired. {Refer to

Table 4-12.

4-161




The engine installation weights represent the total weight

of items 14, 15, 16, 17, and 19 shown on the weight summary
form, Table 4-9. The weights of engine (primary and auxiliary)
installation items will vary depending on the type and power-
plant arrangement of the configuration being sized. No attempt
is made here to describe all the various approaches that may
be used to evaluate their weights of the dry engines is
provided. Table 4-12 presents the engine installation weights
as a percentage of the engine weight for a group of existing
helicopters. This may be used as a guide for selecting the
weight fraction to be placed in kpgr and/or kagr on the weight
input sheet. An option is provided for determining the weight
of the engine installation. If kpgpy or kagI is greater than
1.0, the program automatically assumes the value is the weight
of the engine installation in pounds.

Fuel System

The weight of the fuel system, defined as kpg in the propul
sion block of the weight input sheet, will vary depending on
the capacity, type, and complexity of the system required.

For aircraft having simple fuel systems located in the fuselage,
sponsons or wing, the value for kpg would range between 0.02
and 0.07; for aircraft requiring self-sealing tanks with more
complex systems, the value would range between 0.10 and 0.15.
The fuel system factors represent fuel system weight per

pound of mission fuel required.

Drive System (Primary and Auxiliary)

The weight of the drive system (primary and auxiliary) in-
cluding gear boxes, accessory drives, shafting, oil, supports,
etc., is derived from the following equation:

_ 0.67,
Whg = 250 a (kD)

Where



TABLE 4-12.

ENGINE INSTALLATION WEIGHTS

AIRCRAFT ENG. INSTAL. PERCENT
ENG. WEIGHT WEIGHT OF ENGINE
AIRCRAFT (LB) (LB) WEIGHT
OH-6A 142 36 .254
XH-51A 244 97 .398
BO-105 424 81 .191
UH-1B 474 148 .312
UH-1D 501 147 .293
UH-1N 727 164 .226
UH-34D 1387 260 .187
AH-56A 695 337 .485
CH-46A 600 161 .268
CH-3C 611 130 .213
CH-46D 678 187 .276
CH-46E 886 207 .234
HH-3B 649 136 .210
CH-47A 1160 173 .149
CH-47B 1188 175 .147
CH-47C 1350 244 .181
CH-53A 1432 283 .198
CH-54A 1804 193 .107
CH-54B 2094 394 .188
Note: Engine installation weights include'théqiaiéirweight

of the following items:

Engine
Engine
Engine
Engine
Engine

Exhaust System

Cooling
Controls
Starting

Lubrication
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Legend

Wpg = weight of the drive system - 1b (excluding
tail rotor boxes

Py = drive system horsepower rating (tandem rotor
Py= 1.2 X takeoff rating)

NR = rotor rpm at takeoff
P = number of stages in main rotor drive

K, = configuration factor; 1.00 for single rotor,
1.30 for tandem

a = drive system correcting factor

The drive system adjusting factor a is used to account for
type, number of boxes, special features, etc., included in the
drive system. Figure 4-35 gives typical examples of the a
factor. To determine the kppg and/or the kpapg figure to place
on the weight input sheet, multiply the 250 constant by your
selection of a. The kppgg and/or kpapgy (number of stages)
must also be placed in their respective locations on the

input sheet. As a guide for determining the number of stages
to input the following is offered:

Stages
® Lightweight helicopters
(less than 10,000 pounds gross weight) 2
@® Medium weight helicopters
(10,000 pounds to 30,000 pounds gross weight) 3-4
® Heavy weight helicopters (more than
30,000 pounds gross weight) : 4-5

An additional guide in determining the number of stages is

to assume one stage for each gear reduction in the drive
system. This would include angle boxes. (Assume % of a stage
for 1:1 angle boxes.) The total additive sum of the stages
resulting from this approach would then be placed in their
respective k locations on the input sheet.

Tail Rotor Drive System

The weight of the tail rotor drive system, including shaft-
ing, etc., 1s derived from the following equation:

Wps = 300 a (k) O-8
Where

HPTotal x 1.1

RPMROtOI'
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Legend

Wpg = weight of drive system - 1lb
HPpotal = total aircraft horsepower
RPMpotor = rotor design rpm
a = drive system adjustment factor

The factor a is an adjustment factor used to account for the
type, number of boxes, and special features, etc. included in
the drive system. Figure 4-36 gives typical examples of the
a factor. To determine the kpg value to place on the weight
input sheet, multiply the 300 constant by your selection of a.

Flight Controls

The weight of the flight control system will vary depending

on the type and system required (manual, power assisted,
redundant, dual redundant, etc.) and the type of heicopter

being configured (pure, winged, compound, propulsive tail, etc.).
Aircraft control systems requiring power assistance and dual or
triple redundant components will weigh more than configurations
having simple, non-redundant systems. Considerations must be
given to these factors when determining the flight control
constants to insert on the weight input sheet.

An equation which includes a combined series of weight trend
expressions applicable to most any type of helicopter configur-
ation is presented below. It includes factors which can be
isolated and applied to the particular vehicle being analyzed.
Values for the various k factors described must be put in their
proper locations on the weight input sheet. A description of
the items comprising each of the control sub-groups is included
along with a range of k input values. Refer to the referenced
trend curves included for each of the major control groups

as an aid in selecting the respective k values.

0.41 1.11 0.84

W -k [wg] +xk [c g] + K [W;]
FC = cc ooo] RC 1 Y 1000 5C (100

+ kFW[%g] + kTM [Wg] + kSAs + Kpea [Wé]
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Legend

FC

A 3 ™ 0 =5

ccC

SC

FwW

™

RC ~

weight of flight controls - 1b
design gross weight - 1lb

rotor blade chord - ft

rotor radius - ft

rotor blade weight per rotor - 1b

= constant for cockpit controls = 26

Cyclic and collective control sticks and linkages,
pedals, cables and rods (Figure 4-37)

constant for main rotor controls = 18 to 23

All components from and including the power
actuators up through the pitch links. Major items
included are the actuators, swashplate, and

pitch links (Figure 4-38)

= constant for main rotor systems and hydraulics =

25 to 35

All components between the cockpit controls and
the rotor controls including actuators, artificial
feel system, mechanical programmer, bellcranks,
rods, idlers, etc. (Figure 4-39)

Main hydraulic systems including pumps, reservoirs,
accumulators, filters, valves, lines, fluid, and
supports (Figure 4-39)

constant for conventional fixed-wing controls =
0.005 to 0.020, depending on complexity and
number of functions required

All components, actuators, and supports associated
with moving the control surfaces - LE umbrellas,
flaperons, spoilers, and tail surfaces

= constant for tilting mechanism - 0.005 to 0.015

All components and supports required to tilt the

wing including actuators, power control units,
mechanical system, fittings, and hardware. The

k value will vary proportionately with the hinge
TM . L .

moment and/or wing transition rate required.
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kSAS = constant for stability-augmented system =
20 pounds to 100 pounds, depending on system
required

kRCA = constant for auxiliary rotor controls
Similar to kp. - provides rotor control weights
for auxiliary propulsive systems (pusher props,
ducted fan, etc., Figure 4-40)

kSCA = constant for auxiliary rotor system controls
Similar to kgo- provides rotor system control
weights for auxiliary propulsive systems (pusher
props, ducted fans, etc., Figure 4-39)

kMisc. = estimated weight input in pounds for any items
not covered above

Fixed Equipment

The weight of the fixed equipment is included in the weight
empty and consists of the following groups: auxiliary power-
plant, instruments, hydraulics and pneumatics, electrical,
avionics, armament, furnishings and equipment, air-conditioning,
anti-icing and load and handling (Table 4-9).

The weight of the fixed equipment will vary with the type and
requirements of the aircraft under studv. The largest variation
in fixed equipment weights usually appears in the avionics
and the furnishings and equipment groups. The avionics group
reflects communication and navigational requirements; the
furnishings and equipment group normally reflects cabin size
and personnel accommodations (pilots seats, troop seats, etc.).
Table 4-13 presents some typical examples of the fixed equip-
ment weights for some existing military helicopters.

The total weight of the fixed equipment, Wpg, must be placed
in the Wpgp block of the weight input sheet.

Fixed Useful Load

The weight of the fixed useful load represents a portion of

the useful load. It includes the crew, trapped and unusable
fuel and oil, gquns, weapons, racks or pylons and any other
fixed items of useful load which makes the aircraft operational.
Typical weights for fixed useful load items are included in
Table 4-13 as a guide for inputting a number in the Wgyp,

block of the weight input sheet. :
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BOEING VERTOL COMPANY

WEIGHT SUMMARY - PRELIMINARY DESIGN

MIL-S

TD-1374)

FIXED

CH-46A

EQUIPMENT AND FIXED USEFUL LOAD WE

CH-47A

|

TABL

|

{ CH-53A

|
E 4-13

' cH-3C

AH-56A

|

IGHTS

1107-1F10

WING

|
|

T

ROTOR

T

TAIL

SURFACES

ROTOR

BODY

B ASIC

SECONDARY

ALIGHTING GEAR GROUP

-

ENGINE SECTION

PROPULSION GROUP

ENGINE INST'L

EXHAUST SYSTEM

COOLING

CONTROLS

STARTING

PROPELLER INST'L

LUBRICATING

FUEL

DRIVE

FLIGHT CONTROLS

AUX. POWER PLANT

100

1103

204

224

INSTRUMENTS

169

2161

393

HYDR. & PNEUMATIC

163

227 .

112

136

232

126

98

66

ELE CTRICAL GROUP

620

560

594

450

371

583

Ay . ONICS GROUP

612

609

602

ARMAMENT GROUP

386

274

18

437

548

FURN, & EQUIP. GROUP

788

896

971

569

273

1300

ACCOM, FOR PERSON.

182

391

294

555

MISC. EQUIPMENT

77

107

3

84

601

FURNISHINGS

481

329

2

14

EMERG. EQUIPMENT

48

69

75

144

AIR CONDITIONING

128

145

237

15

128

ANTI-ICING GROUP

186

34

42

13

LOAD AND HANDLING GP.

305

260

358

14

+

FIXED EQUIP, WEIGH

T 2845

2660

3576

2327

2272

2738

REV.

CREW

1540

600

660

645

400

400

TRAPPED LIQUIDS

20

4]

18

. 20

28

ENGINE OIL

30

28

48

33

32

31

SURVIVAL KIT

63

ARMOR

1399

GUNS

1235

ATTENDANT

150

BAGGAGE

370

FUEL

30

FIXED USEFUL LOAD

669

FORM 26391 (2/73)

4 -

| 726

761

2097

979
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Pazload

The weight of the payload is determined by the mission re-

"~ guirements. The total weight of the payload must be put in

the Wy block of the weight input sheet.

Incremental Group Weights

The incremental group weights section of the weight input
sheet is provided to enable the user to add fixed increments
of weight where desired. Definitions and values for some of
the items in this group have already been discussed. A Wpc
AW,., and AWST represent incremental weights of the fliggt'
congrols group, propulsion group, and structural group,
respectively. Any value inserted in the incremental group
weight section remains constant regardless of gross weight.
The nominal value for any block in this section is 0, except
for Ry which is nominally 1.0.

Group Weight Information

The nominal value for items in this section of the weight input
sheet is 0, except as noted in the text. All blocks must be
filled in. Definitions and constants for the various k factors
have been previously discussed in the respective subgroup
definitions. ’ -

Multiplicative Factors

The multiplicative factors described as K; through Kjg on the

weight input sheet provide the capability of performing weight
sensitivity studies. The factors are nominally 1. All blocks
must be filled in. To vary the weight of any subgroup (kcc,
kg, kpg, etc.), insert the desired value in the appropriate
multiplicative box. Refer to Table 4-14 to relate the

various k factors with their respective groups. Inserting

a value of 1.1 would increase the weight of the respective
group by 10 percent; a value of 0.9 would decrease it by 10
percent, etc. The values in this group will vary with gross
weight. '
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TABLE 4-14
MULTIPLICATIVE FACTORS

LETTER

K LOCATION CODE DESCRIPTION
K1l 2654 WRC WEIGHT OF MAIN ROTOR CONTROLS
K2 2655 Wsc WEIGHT OF MAIN ROTOR SYSTEM CONTROLS
K3 2656 Wrw WEIGHT OF FIXED WING CONTROLS
K4 2657 WRCA WEIGHT OF AUXILIARY ROTOR CONTROLS
K5 2658 Wsca WEIGHT OF AUXILIARY ROTOR SYSTEM CONTROLS
K6 2659 WB WEIGHT OF BODY
K7 2660 Wig WEIGHT OF ILANDING GEAR

K8 2661 Wi WEIGHT OF WING
K9S 2662 WHT WEIGHT OF HORIZONTAL TAIL

K10 2663 WNAC WEIGHT OF PRIMARY NACELLE

K11 2664 WNACA WEIGHT OF AUXILIARY NACELLE

K12 2665 WPRB WEIGHT OF PRIMARY ROTOR BLADES

K13 2666 WpH WEIGHT OF PRIMARY ROTOR HUB

K14 2667 WTR WEIGHT OF TAIL ROTOR

K15 2668 WAR WEIGHT OF AUXILIARY ROTOR

K16 2669 WPDS WEIGHT OF PRIMARY DRIVE SYSTEM

K17 2670 WADS WEIGHT OF AUXILIARY DRIVE SYSTEM
K18 2671 WPE WEIGHT OF PRIMARY ENGINE

K19 2672 \UND WEIGHT OF AUXILIARY ENGINE

K20 2673 WrRDS WEIGHT OF TAIL ROTOR DRIVE SYSTEM

4-176




4.11.2 Aircraft Balance

A preliminary aircraft balance for single rotor helicopters is
included in the program which locates the main rotor system g
relative to the required center of gravity of the operating
weight empty of the aircraft. A description of the input
values to be included on the weight-balance information sheet
(page 2 of the weight information sheet) follows:

MAIN ROTOR § T e
o DMR/2 ™ 'ﬁ

OPERATING WEIGHT ' )

[ \((EMPTY cq
s

4
{

P

|

SR
1

Loc 2678 Center of gravity of the faséi;ge]’meésﬁfed‘ffoﬁfthe”
nose of the aircraft, as a fractional part of lg.

Loc 2679 Distance in feet between the OWE center of gravity
and the main rotor center line (negative value (-)
is forward of OWE cg, plus value (+) 1is aft of
OWE cg) .

Loc 2680 Center of gravity of the nose gear measured from the
nose of the aircraft, as a fractional part of lg.

Loc 2681 Center of gravity of the main gear, measured from
the nose of the aircraft, as a fractional part of lg.

Loc 2682 Center of gravity of the primary engine package,
measured from the nose of the aircraft as a frac-
tional part of lg. The engine package consists of
the engine section, engine, engine installation
and fuel system.
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Loc

Loc

Loc

Loc

Loc

Loc

Loc

Loc

2683

2684

2685

2686

2687

2688

2689

2690

2691

2692

2693

2694

Center of gravity of the primary drive system
measured as a fractional part of the distance
between the main rotor and tail rotor. The tail
rotor drive system weight and balance are computed
and located automatically.

Center of gravity of the avionics system, measured
from the nose of the aircraft, as a fractional part
of lB'

Center of gravity of the furnishings and equipment,
cockpit controls and a portion of the useful load
(pilot and copilot), measured from the nose of the
aircraft as a fractional part of 1lg.

Center of gravity of the APU, measured from the nose
of the aircraft, as a fractional part of lg.

Center of gravity of the auxiliary engine package,
measured from the nose of the aircraft, as a
fractional part of lg. The auxiliary engine package
consists of the auxiliary engine section, auxiliary
engine and auxiliary engine installation.

Center of gravity of the auxiliary drive system as
a fractional part of the distance between the
auxiliary engine and auxiliary rotor system.

Center of gravity of the auxiliary rotor and
auxiliary rotor controls, measured from the nose of
the aircraft, as a fractional part of gg.

Center of gravity of the system controls, measured
from the nose of the aircraft, as a fractional part
of lB'

Center of gravity of the auxiliary system controls,
measured from the nose of the aircraft, as a
fractional part of 1p.

Total weight of the avionics group weight plus SAS
input from flight controls column of weight input
sheet.

Total weight of furnishings and equipment group
located in the pilot's compartment and the weight of
the cockpit controls (CC) as determined from the
input constant in flight controls column of weight
input sheet.

Total weight of auxiliary power unit (APU) installa-
tion.
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Loc 2695

Loc 2696

Fractional part of fixed useful load (pilot, co-

pilot, etc.)

located in the pilot's compartment.

Tail boom weight expressed as a fractional part of
The center of gravity of
the tail boom is automatically computed in the
program.

the computed body weight.

Items of the operating weight empty not included in the loca-
tion descriptions presented above are located at the aircraft
center of gravity as computed by the balance subroutine.
example of a completed weight-balance information sheet for a
typical single rotor helicopter is shown below.

WEIGHT-BALANCE INFORMATION

(Required Only When MRPIND > 0)

An

Variakle Loc. Value Varaiable Loc. Value Variable Loc. Value
(XCGF/lB) 2678 {0.425 (Xpyrn/ 1) 2685 0.334 Way 2692 469
LR 2679 10.10 {Xapu/1B) 2686 | 0.424 WPURN 2693 416
(Xy/1p) 2680 | 0.216 (Xae/ 1B} 2687 0 Wapy 2694 172
(XMG/lB) 2681 | 0.754 (Xabs/ XaDS) 2688 0 KFULS 2695 0.731
(Xpp/lp) 2682 | 0.727 (XAR/'TB) 2689 0 KrpBS 2696 0.130
{ Xpng” “*pps ) 2683 | 9.593 {(Xsc/1p’ 2690 | 0.581
(Xay/lg’ 2684 | 0.485 (Xpsc/1) 2691 0

4-179




MIL-STD-1374 PART |

CONTRACT NO.
AIRCRAFT, GOVERNMENT NO.
AIRCRAFT, CONTRACTOR NO.
MANUFACTURED BY

GROUP WEIGHT STATEMENT

AIRCRAFT
(INCLUDING ROTORCRAFT)
ESTIMATED - CALCULATED . ACTUAL
(Cross Out Those Not Applicable]

Page
Medol
Reponrt

MAIN AUX
| MANUFACTURED 8Y
Z| MODEL
¢ [ no.
T 1Y
PAGES REMOVED PAGE NO.
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)| -

MIL.STD-1374 PART

GROUP WEIGHT STATEMENT
WEIGHT  EMPTY

Name
Dat - -
1 | WING GROUP
2 BASIC STRUCTURE . CENTER SECTION -
3 - INTERMEDIATE PANEL
4 - OUTER PANEL
5 - GLOVE
"o SECONDARY STRUCTURE {incl. Wing Fold Waeight {bs)
7 AILERONS (incl. Balance Weight Lbs}
8 FLAPS . TRAILING EDGE
9 - LEADING EDGE
10 SLATS
11| SPOILERS T
12
1
14| ROTOR GROUP
15 BLADE ASSEMBLY
16| HUB & HINGE (incl. Blade Fold Waeight Tbs)
17
18
19 | TAIL GROUP
20 BASIC & SECONDARY STRUCT. . STABILIZER
k721 - FIN finci. Dorsal)
22| VENTRAL ] o
23] _ELEVATOR fincl 8alance Weight Lbs)
24 RUDDERS fincl. Balance Weight Lbs)
5 TAIL ROTOR - BLADES
26 . HUB & HINGE
27
28| BODY GROUP
29 BASIC STRUCTURE . FUSELAGE or HULL i
30 - BOOMS
31 SECONDARY STRUCTURE = FUSELAGE or HULL
32, “BOOMS
33 - SPEEDBRAKES
(34 _DOORS, RAMPS. PANELS, 8 MISC.
35
36
37 1 ALIGHTING GEAR GROUP (Type: i
38 LOCATION o Running Gear®|Arrest Gear®] Structure Controls
39 )
40
S L
142,
| 43
["as
45| ENGINE SECTION or NACELLE GROUP
(46| BODY INTERNAL
f? EXTERNAL
(48] WING INBOARD ]
e OUTBOARD
50
51
52| AR INDUCTION SYSTEM
53 DOORS, PANELS, & mISC.
_:'M
55
56
57| TOTAL STRUCTURE {To Be Brought forward)

‘Change to Fleats & Struti tor Woter Type Gear
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GROUP WEIGHT STATEMENT

MIL-STD-1374 PART | WEIGHT EMPTY Page
Name Model
Date Report

1 | PROPULSION GROUP 1 Auxiliary Main _1

2 | ENGINE INSTALLATION ]

3 "

4 ACCESSORY GEAR BOXES & DRIVE i

3 -

6 | EXHAUST SYSTEM T : ]

7| ENGINE COOUNG — — -

8 WATER INJECTION

9 ENGINE CONTROL

10 STARTING SYSTEM o

11| PROPELLER INSTALLATION

12 SMOKE ABATEMENT

13 LUBRICATING SYSTEM ]

14 FUEL SYSTEM

B ""YANKS . PROTECTED

16 ~ UNPROTECTED

\7 PLUMBING, etc

18|  DRIVE SYSTEM

19 GEAR BOXES, LUB 5Y & ROTOR BRK

70 TRANSMISSION DRIVE

21 ROTOR SHAFTS _ _

221 JET DRIVE .
L 23]

24| FUGHT CONTROLS GROUP

25 COCKPIT CONTROLS (Autopiliot Lbs}

28 SYSTEMS CONTROLS

77

28

29| AUXILIARY POWER PLANT GROUP

30 | INSTRUMENTS GROUP

31| HYDRAULIC & PNEUMATIC GROUP

32

33| ELECTRICAL GROUP

34

35 AVIONICS GROUP

36| _EQUIPMENT

37 INSTALLATION ——
18
39 | ARMAMENT GROUP (Incl Possive Prot. lbs)

40 | FURNISHINGS & EQUIPMENT GROUP

41|  ACCOMMODATION FOR _PERSONNEL
42 MISCELLANEQUS EQUIPMENT

43 FURNISHINGS

44 EMERGENCY EQUIPMENT

45

46 | AIR CONDITIONING GROUWP

47 | ANT . ICING GROUP

29 | PHOTOGRAPHIC GROUP

50 ] i

51 { LOAD & HANDLING GROUP R |
52 AIRCRAFT HANDUNG _
53 LOAD HANDLING ]

55 | MANUFACTURING VARIATION

58] TOTAL FROM PAGE 2

57 | WEIGHT EMPTY
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GROUP WEIGHT STATEMENT

MIL-STD 1374 PART I USEFUL LOAD AND GROSS WEIGHT Page
Name = Model _
Doe — S ol e i Report

1 | LOAD CONDITION

2
37 CREW [No ]

4 | PASSENGERS [No. ]
s | FUEL Location Type Gals.

s | UNUSABLE ____
7 INTERNAL __
81

9

10 o

I EXTERNAL

12

13

14, OIL

15 TRAPPED = T

16 ENGINE

17

18 | FUEL TANKS {Location )

19| WATER INJECTION FLUID { Gals) i
20

21| BAGGAGE
|22, CARGO R

23

74| GUN INSTALLATIONS

25 GUNS Location | Fix. or Flex | Quantity Caliber
26 )

27

28 AMMO.

29
30

[REk] SUPP'TS

«s 327 WEAPONS INSTALL. {Inci. Submarine Detection Expsndables}
IEE
“T‘_
Bt

36
7
18
39
40

l\_ !

142 - _
H ‘3 T

el

45
26 EQUIPMENT

47
(48| SURVIVAL KITS & LIFE RAFTS

49
'50]  OXYGEN

51
52

53

S4

55| TOTAL USEFUL LOAD

56 | WEIGHT EMPTY

57 | GROSS WEIGHT

*if Removoble and Specified s Utefvl Load

*SList Steres, u.mlo' sonobuon o hllo--d by Rachs, Lounchass, Chutes, otc Not Port ol Weight Empty
Lisi Ideath ond @ y for All tams Shawa including installotion
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GROUP WEIGHT STATEMENT

MIL-STD-1374 PART 1 DIMENSIONAL AND STRUCTURAL DATA Page

Name ’ Model

Bete Report .

[V ] WiNG. ROTOR & TAL GROUPS | B50 | WEGS | ke | adiVouiem | cotomo | widn ]
2 WING D e
—j B B N _ i -— . w» ) R

:‘: TMAIN ROTOR (Blades/Roter I ""';”» B 1
5 TAIL ROTOR {Blodes/Rotor ) T T

sl "HORIZ. TAIL N T 1 ] ]
7 | VERT. TAIL

}_8 P — — —

T AREAS - (Sq. Ft) “Wing T s .oy Moriz. Tail | Vert. Tail Dorsal

3__{__, _(Theo. for Wing & Rotor, All Others Exposed) —— m_w” i o o

)__H Speed Brks. | Fiaps (L.E) Flaps (T.E) Slots Spoilers _Ailerons |
12| AREAS - (Sq. Ft] 7

E;; 8ODY & NACELLE GROUPS Langth (Fr] | Depth (Ft) | Width [n.)":_w.m aneesa .| Vol (Cu. FUJ | o ratss cu v

T4 FUSELAGE or HULL ) )

st “sooms - -

E&_L NACELLES _

Y19 AUGHTING GEAR GROUP Length . Olec Eat Oleo Travel | Length . Arrest Hook

»:‘?“0* . B Axle to ¢ Trunnion Ext. to Collapsed Hook Trunnion to Pt. |

, 21 LOCATON . —

LZ? i DIMENSIONS {inches) R

KL - 1 1.

')—7-1 . PROPULSION GROUP 1 B I R ]
25 ENG|NES SUS THAUST IN LBS ENG WiTH AFTEREURNER s:,?,:;:_‘:sl,‘:;"wm:‘f MAR SUS SHAFTME bR
26 W"_;AlN 1

7T AUXILIARY o

jit ROTéﬂ DRIVE SYSTEM Design H.P. Tniw! RP.M. o NTED 20101 n; NUMBER GEA? BOXES

- 29

i'—Z!dL-—_ T i L Protected ] Unprotected integral

‘ U317 FUEL . INTERNAL *** LOCATION No. Tanks | Gallons No. Tanks Gallons No. Tanks Gallons

37 WING .

33 FUSELAGE ~

T34 EXTERNAL***

.3_5 o o —— — b ——— — — 4 B |
36 O o 1 B o

ﬂ "ELECTRICAL & LOAD & HANDUNG GROUPS Snmon | Smoree SRt (atconoorams)

8 . - o : N
39
40 _STRUCTURAL DATA . CONDITION I PO ST ™10 e w185 woee 1 Ul LF

T4 FLIGHT . MANEUVER T ] 5
Tl T loust ] N .
43 LANDING 1T 1 |

’4‘4’ T
45 “MAX_ GROSS WITH ZERO WING FUEL — —— - — 1 T
"46’  CATAPULTING

"47 UMY UANDING SINK SPEED [Ft/Sec) ~= < -

a8’ r{;‘.:.,???{):‘i".’,' LA DISTR T s : ,-_-.--,~:
49 STALL 5PD  LDG CONFIG. . POWER OFF

50 TG newean = — : "1 __
51 _ ROTOR TiP SPD AT DESIGN LimT ] _RPM_ Power F1./Sec T o
52

53] % DESIGN LOAD T “wing Rotor | Reter )

}'144_0_5_5;4:15 SPEED AT SL. Knoh) T Tteval | _Dive J ‘
55 DESIGN SPD. AT OTHER ALTITUDES ~ Al 1A

fsel T - 1

d77 ‘Q_CPR WEIGHT (Ail'roﬂo_]i .

“MHosre ‘e oft np of hnl-'o {eaciuding equipment protuberances|
**pgroliel o § ot ¢ Aircralt for Wing & Toil tnsert inches from ¢ Roter for Rotors.

***Total UYsable Capacity

*801n4e11 inches from ¢ Rotor to Blode Anachment for Roters
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MIL-STD-1374 PART |

Name

Date

GROUP WEIGHT STATEMENT

Page

Model _

Report

A IRF RAME WEIGHT

The Airframe Weight to be entered on line 57 of page 5 of the Group Weight
Statement should be derived here in detail showing those items deducted
from weight empty as required by the document '"Cost Information Reports
(CIR) for Aircraft, Missiles, and Space Systems'" dated 21 April, 1966, or
subsequent revisions thereto. Airframe weight is the same as previously
called AMPR andDCPR and is not to be confused with "Work Breakdown
Structure (WBS) Airframe Cost Definition."

WEIGHT EMPTY
DEDUCT THE FOLLOWING ITEMS
(ITEMIZE)

AIRFRAME WEIGHT
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4.12 PERFORMANCE CALCULATIONS SUBPROGRAM

The flow chart of the control loop for the performance calcu-
lations subprogram is shown in Figure 4-41. This routine
monitors the flow during calculation of mission performance
data and calculates the total fuel required at the end of the

mission.
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Figure 4-41.
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4.12.1 Taxi Calculations Subroutine

The taxi calculations subroutine (specified by SGTIND = 1),
calculates the fuel required to taxi at ground idle engine
setting for a specified period of time. For aircraft which
have independent auxiliary cruise propulsion systems (AIPIND =
2), the program will calculate taxi performance for either
primary engines operating alone, or both primary and auxiliary
cruise propulsion engines operating. This is accomplished by
means of the input constant kpy. If kpr = 0, the program will
consider only primary engines 1n operation in determining fuel
flow rates. If kpy = 1, the program will include both primary
and lift propulsion systems in calculating the fuel flow rates
and the corresponding reduction in aircraft gross weight.
Figure 4-42 is a flow chart of this subroutine.

Input to this subroutine consists of the time for taxi, value
of kpr, and atmospheric conditions.
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Figure 4-42, Taxi Calculations Subroutine Flow Chart
(Part 1 of 2).
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4.12.2 Takeoff, Hover, and Landing Calculations Subroutine

The takeoff, hover, and landing calculations subroutine
(specified by SGTIND = 2) will calculate the thrust or power
required and corresponding fuel flow rates during simulated
takeoff/hover/landing operations. Four options are available,
specified by the input indicator TOLIND: -

1 - Input required thrust—weighi ratio and vertical
rate of climb. Program will calculate required
power fractions. ’

1

TOLIND

Input the required'power fraction and vertical
rate of climb. Program will calculate thrust-
weight ratio. o

i
N
!

TOLIND

This option is the same as TOLIND , except

hover in ground effect is assumed, requiring the
input of height of fuselage bottom above ground
as a fraction of main rotor diameter.

]
w
|

TOLIND

This option is the same as TOLIND = 2, except
hover in ground effect is assumed, requiring the
input of height of fuselage bottom above ground
__as a fraction of main rotor diameter.

I
o
!

TOLIND

In all cases, the program will print out the power fraction
and thrust-weight ratio. The program will permit operation

at power fractions greater than 1.0 (more than 100 percent of
available power) in order to make it easier to perform studies
in which engine power is being varied parametrically to sat-
isfy specified takeoff or landing requirements as a site. The
program will, however, print a cautionary note that power
fraction exceeds 100 percent. In the case (TOHL = 2 or 4)
where the required power fraction is input, if the calculated
thrust-weight ratio is less than the design thrust-weight
ratio input (LOC 0228), the following cautionary note will be
printed: INSUFFICIENT POWER AVAILABLE TO HOVER. T/W AVAIL-
ABLE LESS THAN T/W REQUIRED AT DESIGN DOWNLOAD.

For a helicopter configuration having auxiliary independent
engines, the program sets the auxiliary engine power setting
at ground idle.

It is possible to use a hover segment in the mission profile to
account for a reserve fuel requirement (SGTIND = 20), in such a
case the helicopter weight at the end of hover is set back to
the weight at the beginning of hover, or as a part of the basic
mission (in this case the weight is not reset). In either
case, the fuel used during hover is included in the total fuel
required to size the helicopter.

Figure 4-43 is a flow chart for this subroutine.
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Figure 4-43. Takeoff, Hover, and Landing Subroutine
Flow Chart (Part 1 of 4).
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4.12.3 Climb Calculations Subroutine

The third performance segment is a calculation of climb
performance. Four options are available, specified by the
indicator CLMIND:

CLMIND

1 - The program calculates performance of the air-
craft in a maximum rate of climb ascent limited
by maximum operating airspeed and maximum operat-
ing Mach number. In no event will the aircraft
be required to fly at an airspeed greater than
the input maximum operating airspeed.

CLMIND = 2 - The program calculates the climb performance of
the aircraft at specified constant equivalent
airspeed limited, as before, by MMO and VMO'

CLMIND = 3 - Climb performance is calculated at constant
specified Mach number. Otherwise, the option is
similar to CLMIND = 2.

CLMIND = 4 - Climb will be calculated at constant true air-

speed with the same constraints as for CLMIND = 2.

For all options, the user may input the power setting of the
engines which will be considered to be the maximum permissible
rating. This is accomplished by means of the indicator
POWIND:

POWIND = 0: Maximum
POWIND = 1: Military > engine rating

POWIND = 2: Normal J

The user may specify a value for incremental equivalent flat
plate area parasite drag during climb, AFecyimMps tO represent
variations in store drag.

Engine shutdown during climb may be simulated by inputs for
Npgp (primary engines) and Npgpy (auxiliary independent
engines). One or more engines may be shutdown.

If the flight path (climb) angle exceeds 90 degrees, the
engine power setting is reduced and the program prints out:

CAUTION: CLIMB ANGLE TOO LARGE DUE TO EXCESSIVE POWER
AVAILABLE AT THIS FLIGHT CONDITION. POWER
SETTING REDUCED TO ENGINE RATING.

If there is insufficient power available for climb, the engine
power setting is increased and the program prints out:
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CAUTION: INSUFFICIENT POWER AVAILABLE FOR CLIMB AT
THIS FLIGHT CONDITION. POWER SETTING
INCREASED TO ENGINE RATING.

The input hpay has two applications. If hopprnp = 1 (optimum
altitude search) and the climb is followed by a cruise, the
input value of hpazy will be interpreted as the maximum flight
altitude for the following cruise. If the optimum cruise
altitude is determined by the program to be at an altitude
less than hpayx, the climb will terminate at the lower altitude.
If an optimum altitude search is not being used or if the fol-
lowing segment is other than a cruise, the input hpazx is
interpreted as the final altitude for the climb segment.

It is possible to use a climb segment in the mission profile
to account for a reserve fuel requirement (SGTIND = 30) (in
such a case the helicopter weight at the end of climb is set
back to the weight at the beginning of climb) or as a part of
the basic mission (in this case the weight is not reset). In
either case, the fuel used during climb is included in the
total fuel required to size the helicopter.

Figure 4-44 is a flow chart for this subroﬁtinetﬂr
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Figure 4-44. Climb Calculations Subroutine Flow Chart
(Part 3 of 13).

4-204



't
fLHJﬁUllCL!HG] ~2.0i
¢,211,2

1LV - EHRCHiJCLJHGI/SDHTISJG"R] 208 V «VMAX
6o 10 N0

12 M = [MACHITIL M
V s EM4SA
GO 10 A0

1.42636 « RHOaV ««?
H .1 §dgav /P
CALL ORAG ICLWCL iJCL MO
FET = CX#PlaDwa2<EnR/ 12, JuAHU#42)

L
jn
269 LL2640
16270
(300
. , (2520
, (28 « 0

+ DELFCL 1ICLIMG)

NE. O
9

Il

AP = 1. 184«5QRT IR/ AHO«P [a0ua] ]«
(PluOnuad/ 112, aFETI 1 w00 25

]

nmnmitigyf 1

VAP = 0,87 71450RT W/ (RHOAF Jadee)] «
PluDauc/ 13, afETV) ae(, 25

]

Figure 4-44.

Cllmb Calculatlons Subroutlne Flow Chart
(Part 4 of 13) '

4- 205




Hit JF

LC25.£0.1)
0 10 36S

IF

!

965 v=Vr10,
L025+L L2511

LC25.£0. 2
010 98

LC25=1
G0 10 3961

@‘_ ]

[963 Rac2 - AOCTOT |

IF
IROC2. GT.ROLLY
0 10 981

r

882 ROC101 = A0C1
s V- 1.0
GO 10 881

LC28 = 0
G0 10 361

%“’

[861 FP « WSHPA = DELTA « STHETA = GHPP |

F) =0.0
GO 10 U328

Y328 SHPSY = SHPA
SHPSV )= SHPA]
F = FP ¢+ F]
CALL POWAVL [TMAX, EM)
PEHF <« SHPSV/3HPA

If
.£0. 1.0

AVCL )

Figure 4-44.

LC28_.NE. D)
0 10 985

I

LC2s ED
0109

_ROCY! = ROC?
Vy =« V10
LC2S = 2
GO 10 963

883 IF

Yo IF

v.LE. VMAX
0 10 3961

V = VMRY
LCIp=L L0 1
G0 70 961

[

{ENGIND.£0Q.0.00
g 10 u32

PEHRF = 1.0

CALL 1HHAVLI1PSJ 0.01
THE] = 1PEA)

KE) = NPLJHJ LAY
TPl =

G0 10 Ui2g

SHP
Fl = HSHPRJ-DEL1h¢STHETR<1P

Y326 CALL POWAV) 1TPS$],0.00
THE) = TPEA]

KE] = HPLJHJ a
QLPJs SHPA
Fl = HSHPRJ-OELTR1$1HETR¢BHPPJ

— Y,

60 10
Y

Climb Calculations Subroutine Flow Chart

(Ppart 5 of 13).
4-206




A *(€T 30 § 1IRJ)
o 1Iey) MOTJd SUTINOIGNS SUOTIRINOTERD qWITD “*Hp-p 2Inbrg
[ 2bdhg « vaue = 1gLane f1Ek ]
e ,
i L
laUHdLI HIM0A 42 £1Lh 0L 09
Xl Agbel 3! (LWLI»T Ak| I8 STFL/ ARXKL = X(WdH

L1Eh 0L 05
0°0 = Xdy
MIdLOY T

0 hsgwe (uC! »HHI™TngHY» BWI DT TILXXLELXD = XL LX) =4X3

MdioYy 1w
VAW TILAXL - 07U »LXJ = HX] Z1th

1

[WwH3Iszee0rdl / COHITITE 138302 *NHE»0 21 +xI=LX) |

-

[Hwi130/ 0a- A s L2711/ A0 1-1H4 |
h 003w HpL3
T

0°1 * {Hd !

CERCI 0 I 60 T

[dN3/V@REI0) T 1DNT - (dWI = 7RS4 |

S , N3/ VWO VI - NI = 25|
d/ A8BR"1 = ,

1Zow 10mdl »[dwENI=0HYI / I0>MS> BRI TIFI TOMTD - LINBOUI SQI=td = "h = dLD

Zew ARJHURGEIZR'L = 0 _

, [0 = ¥y 136 ] : *




201 TPS_= ML
G0 10 204

LEIUES

fSAVCL) - 1.0
00.201,2

L

200 TPS_= TMAX
Go 10

1
204 202 IPS = 1nnp|
i

hat |
204 CALL POWAVL ITPS,EM
THE = TPEA
KE = NPLIM i
&P = SHPA
GHPSUP <« BLP#8HPP«OELTA#STHETA
BHPR = BMP SUP«YL 52

[ DELBHP=OMPA - GHPTOT |

'

L6 OEL SHP«0
OEL SHA- DEL oHP

[ETAJRD.RE. 0.0
0 70 61

DELSHP = TXXTCL 1JCL M8 #OEL BHP/

IO ITXXTLL 1JCLIMBY » ETAPJIa i1.0 - IXXTLL 1JCLIMBY) /AKP
OELSHR « DELBMP - DELSHP

GO 70 4321

_
[61 €74P3 = 0.80 |
-

|

611 DELSHU = TXXTCL HICLIMO) «0EL BHP/ }
L TIXXTCL LICLIMB » ETAPI«11.0 - TXXICL 1ICLIMBY) ZAKP)
SHPA = BHPAUX » DEL SH1
CALL 'INHUS'I HPHOPI
f_'IRP'J = [1A
DEL SH? = 1XX‘ICL 1JCLIMG) «DEL BHP/
L AXXTICL LJCLINGY » E£TAP3w# 11,0 - TXXTLL 1JCL MBI ) /AKP

IF

fAB85 1 IDEL SHR-DEL SH1) /D€
SH21 .61, 0,00
Go 76 61t

JELSHP = DEL M2
DELSHA = DEL BHP-DEL SHY
60 10 U32i

T

F

(121 ACPOW +33000. «E1AT« IDEL SHRAKP + DEL SHP=ETAPT) / iwePH1 |

Figure 4-44. Climb Calculations Subroutine Flow Chart
(Part 7 of 13).

4-208




)
-

1 gL o”

(€T

Jo g 3xed) 3xeYD MOTJ SUTINOIGNS SUOTIRINOTRD qQWITD “¥h-¥ oanbr g

198 CL 02
1071730 BRI GV IWTD)
A

i
MOdIY =1al70H £2eh

1

ﬂ 2WgTL = Wb

Lo e
QU LH» WY U= 10WY T
THETE = 1HYY

febh 0L 07
10 "3 00LH» " IWYTH-THNIHI BGW !

r

CTHHHS T 21 £00° MYHS T 11€09 (E00T'3! LY D

L

E]

00 LU»CHYIH=ZGNHIY
UL ARhE 101 /MDdIYI NTSHY = TWEOH 3

hith UL 03 T
0°2°03" ON(Ld
I €09

* ]
ErHYHS €09 0L 09
£ o= HWHSI Z=HrHST
0'1 - [TIAWS = [1IAWS 209 72 7 HELS

0'1 - 1712465 = ( IAYS 109

c03°'103°00

EEITEERTD)

< w0013 I 003 >
4

01 - [IAYS)

1

0°0 "32° Modiy

(ot oL a7]

669 0L 05
LA=hE 0t "39° M0

4

4-209



3IeYD MOTJ BUTINOIqNS SUOTIBINOTED qUTTD

¢eth 0L 09
dMOdIY+ UMl dIY = MOdJH
tHd»M / A»LY1L130#hE " 101 =dMOdIH S5Th

|

[=

XNyL-dgbidl = L¥L730
A/THdH*LYLI*EdYLI#B 'S2L-d0bdL 1BCh

d0ddl = ANkl
tdObdLI LSNUHL 1]
[bgHB = YdHS

[Z5 AR [dSHE = [HdHa
WLIHLS »L 130 [ dciHB » [ HHS = dS MY
FHANS M= [ HNGH
V4 [H[dN = (3N
. TH3dL T [3ML

W3 ISdLl [AUMId TWT hot

3

* (€T 30 6 3IxBJ)
“yy-v 2anbrg

an

| rowiL =

[5dL 20t |

hot gL 09
[XuWL = [5dL 00F

hoE 0L 09
THIWL = [S5dL 10€

1

SSth 01 09

MYL-YL = LyLT30
[2SAmdaNsL = Wl
[HdHS = 4B
YL30#dL@ [ dHE = JONSL
T dHS M= T tidHSN

(W3 rSdLI TAMHHL T3

0€ ' 10€°00
W01 - [7IAYS)
40 1SEh

ho 1

-

fdUNL=[5dL 201

i ]
hol gL 09

hol 0L 02

TXYWL=[5dL 00!

TYIHL=[5dL 101

W01 - [JAYS)
"

1SEh 0L 0
00°03°0NCINTY

El

tTHd*M /LY LI M »HHS T30» 000 EE=HMO JJY
HdHB- YdHB = UHS T30 Lhth

4-210



- (€T 3O 0T 3Ied) 3IIUYD MOTJ SUTINOIQRS SUOTIBINOTRD CQUITTD “pp-p SInbTd

hith 0L 89

—

< HYMST 21 €00 tHYHS T 11 €00 (hO L") JLTUN >
1 0202 oN(Ld

, /c:
) A

IR TEIENTTD,

4-211

1= LXN £0L 0L 09 coclorga ]
Lo EabHS h=HUHS
£ = HEHS( h = HyMS(

< 15001791 ILiYM 2L > 0°1 « TTIAYS = [TIAWS 00L 0°1 + [IAYS = (TIABS 10!

L'10¢L°00
0°1 - (JAWS)

4l 669




" (€T

Jo TT 3Ied) 3I°YD MOTJ SUTINOIGNS SUOTIRINOTED qUWITD ‘py-p °Inbrd

8362 0L 09
LIEXIONT) RWY " 39 * 1)

i

[ Cwbu Wy Le 18 L031 /HpLT30 ¢ 6 - 1Y ]

SLER OL 09

TWdHS /TASOHS = T3HId
W3 " XKWL JAVEHL W) LLEh

SLEh OL 09
[WJHS /TASIHS = [JHTd
(K] T XML TAYMOd TT¥D SLEA

i

StEh OL 03

01 "L9° [TJAb
S 'ONY’ D°0°03° ONIING)
]

LLER 0L 09

0°1 "7 [
S "ONb" 071703 ON[IN3)
¢

0°1 =fJH3d

01 "03" (A

4-212



F10sFf1
BHPX 0= BHPALIX

S16HAD=S]GHA
140 = 14

NFO = WF

FO = f

IF
CRSIAD EIADEXW -2,
232, 23

233 CALL CRUSZ 11R0EXW
GO0 70 235 -
[

232 CALL CRUSL 11ADEXW)
60 T80 238
1

(234 CALL CRUST 1JNDEXY! |
I

o

23§ HFéHJIRHAYIJHDEX3\-ROI/ER
NFT0TWFCAR + WFO

X = (X0

THE = THED

£ = KEB

EQ IKEI =£00
IMET = TKEID
KE) = HEID
EDIKE]I <E010

g < 400

RNQMAY = AN2MXO
AN2MX ] =AN2H] 0
A2SIA =A2510
R2STR=R25110
OELIA =0EL1A0
STHETA=STHETS
S1GMA=SIGHAD
1A =TA0

1f

WFI0T L7, WFI070.A40. KEXT.€0.0.0)
GO 10 231

FF0
FPaFPO
Flef 10
TPROP<1PROPE
bt
HP A= GH|
BHPT 07=0HPT00 2988 A-ALD
. SR TANaTAXD W= nio
T $1+ 5110
. - EE i - [ NFs HFLD
S S RETURN

Figuré 4-44{ Climb Calculations Subroutine Flow Chart
(Part 12 of 13).

4-213




@—0[ 237 WFT0T0=WF10T |

238 IF
10PTIND, NE.2. 00

0 10 28%

ERS = V«SORT [510MA)
OGAn = RGAM=ATOD

IF

[106X .£€0. 2
0 70 1021

If
DEX .€0. 1

JARD, OPTIND .E€0. 2.0

C MRITEIS, 10200 )

1021 WAJT
| ALF

E i
oL,

WAJTE 16,8005 P,AHPMA,PTA,ANPT, P1AR, FP,

BHPAUX, ETAP ,TRUXTT, F1,TKEL, €0 IKEJ) ,PENF I, BHPC,
CPPRO, CPIND, CPPAR, CPNUO, COOMA, 0COS, OCOM, CXR, REALJ,
CCP,CCT, CLWCL 1JCLIMBY , COMS,RA

2987 JF

(M. CE.HARX P1CL MBI
G0 70 253

| oELTAn « DELW3 1IcLInB) |

IF
"3
1]

[TH_+» DELHI 1ICL 1MBY
.OT. HRAX 11CL InBY)

| BELTAH=HMAX 11CLIMO) -H |

—— —

DELTAH
DELTAH/ [B
FuDELTAH.

78, L«TAN [RGAMI |
§0. 0«AOCTOT)

a 7 150, 0«ROCTOT)
ST+DELTAH/ 160, 0«ROCTOT)

= L(29r1

0
i

el S S o I:ﬂ:ttx
-

ey~ N

Figure 4-44.
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4.12.4 Cruise Calculations Subroutine

The fourth performance segment is the calculation of cruise
performance. The cruise performance calculation contains six
separate options specifying the type of cruise for the air-
craft. This option is determined by an input idnicator,
CRSIND. ' ' e Powemen s

CRSIND = 1 - This is a calculation of helicopter cruise
performance at a fixed cruise power setting and
at a constant altitude, constrained by limiting
airspeed and Mach number. This option calculates
the true airspeed, helicopter advance ratio,
‘specific range, and reduction in gross weight

* during cruise. In the case of compound and aux-
iliary propulsion helicopters, if the auxiliary
propulsion power required (to satisfy the input
Taux/TToT) 1is greater than that available, as
determined by POWIND, Tayx/TTOT is readjusted to

match the power requirements. It should be

having auxiliary independent engines POWIND,
which specifies the desired power setting for the
primary engines, is used as a limiting factor for
the auxiliaries. - ' o

2 - This option will calculate the cruise performance
constrained by cruise power and by limiting air-
speed and Mach number of the aircraft at constant
true airspeed and constant altitude. The program
will calculate the power setting required, true
airspeed, specific range, and corresponding re-
duction in gross weight of the aircraft during
cruise. In the case of an auxiliary independent
engine configuration, if either the primary or
auxiliary engine power required is greater than
that available, Tayux/TroT is readjusted accord-
ingly. Then, if a power required-power available
match is not achieved, cruise speed is reduced.

CRSIND

CRSIND = 3 - This option calculates the airspeed during cruise
required for best specific range, constrained by
normal power setting and by limiting airspeed and
Mach number. Flight is at constant altitude.
When auxiliary independent engines are employed,
cruise speed is reduced (Tpayx/TTorT not being re-
adjusted from its input value) until both auxil-
iary and primary power required are less than
available.

CRSIND = 4 - This option will calculate the "long rangé
cruise" condition; that is, cruise at speed for
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further noted that in the case of a configuration



99% of best specific range. Flight is con-
strained by normal power setting, limiting

airspeed and Mach number and is at constant
altitude.

CRSIND

5 - This option is a calculation for a cruise-climb
at a constant value of W/§ (airplane weight to
ambient pressure ratio). The airspeed will be
the speed for best specific range.

CRSIND

6 - This is a calculation for a cruise climb
(constant W/8) at the speed for 99% of best
specific range.

Cruise power setting as discussed above is defined by user
input to be maximum (POWIND = 0), military (POWIND = 1), or
normal (POWIND = 2) engine rating. This subroutine permits
simulation of cruise performance of an aircraft with an arbi-
trary number of engines (both primary and auxiliary) shut
down.

The program user specifies the number of engines shut down and a
corresponding increment in airplane equivalent flat plate area
drag.

The user may also specify a desired value of headwind when
CRSIND = 3 through 6.

It is possible to use a cruise segment in the mission profile
to account for a reserve fuel requirement (SGTIND = 40) (in
such a case the helicopter weight at the end of cruise is set
back to the weight at the beginning of cruise) or as a part of
the basic mission (in this case the weight is not reset). 1In
either case, the fuel used during cruise is included in the
total fuel required to size the helicopter.

The input for the subroutine consists of the final range for
cruise, the step size (incremental range), number of engines
shut down, increment in drag coefficient, atmospheric condi-
tions, required true airspeed (if CRSIND = 2) the headwind
(if CRSIND = 3, 4, 5, or 6) and the settings for CRSIND and
POWIND. Figure 4-45 is a flow chart of this subroutine.
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VALUE OF
CRSIND?

SUBROUTINE
CRUS1
FIGURE 4-458

SUBROUTINE
CRUS2
FIGURE 4-45¢

SUBROUTINE
CRUS3
FIGURE 4-45p

3 Figure 4-45a. Cruise Calculations Subroutine.
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\_SUBABUTIAE CRUY1 I{CRUSI /
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Figure 4-45b.

Cruise Calculations Subroutine Flow Chart
(part 1 of 8).
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ANIMAX = AN2MU {1 CAUS)
A25TR = ANMAXaAZMAX
AN2MX] = ANMUL 1S CRUS)
R251A1 = ANZMX[eAZMAX]

DEL 8HP=10,
gELE = . 01
OELT =10,
JELTL = .0
]7A0 =

a
YL52 = LENP ~ ENPCRIICAUSHY/ZENP
YLSla1, /YLS2
YLS521 = ENPI - tNPEHIlICBUSl)/ENPI
YLSY) = 1. 0/YL 821

IF
NEXT.EQ.
0 10 25]

NEXT = 0
KOLIN =
03 = 1

1RUXTT = TXXTLR 1 CRUS)

12=10
P = V] = A2STR
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|mu-u .
-
B oy |
[ vavm8/s0RT ISIGNAI |

IF
LGE. 1SR « EMMDY
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140 i, H?SBG + A0 « Vaa?

a-=

M =

LLI = 1

513 = H U;lH - CLHgﬁllEﬁUS)-SRCU)/iﬁHU'P"?CPliﬂiﬂ?ﬂfﬂﬁl
MU =

CALL ﬂﬁHCICLHCHI]CRU

O =X 12, -ﬂHUid?ﬂDELFEH‘ICHUSII/IPllﬂlc?CENﬁ)
O :

156 IF

AUXI N0, 61.2. )
Lo 10 2 I}

2 CXR = (XT«= 1.0 - TAUKTY

o0 s

3 CXA = X1

Figure 4-45b. Cruise Calculations Subroutine Flow Chart
(Part 2 of 8).
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201 TPS = INIL
G8 10 204

200 TPS_=x TMAX
G6 10 20

L J

RUX]I40,67.2. 00
68 10 1

IF
{AB3 | IBHPA~BHPAY /BHPA] .LE. .
Go 70 900

13
BHPA. 61, BHPR)
81010

I

101 BHPA = BHPA
BHPSUP = BHPA«YL 51
B1 = BHPA - BHPA BLP=8NP SUP/ 18HPP« STHETA=DELTA)
OELY = 10,0 PR = BLP
GO 10 3535 CALL POWRED 1EM
Tt = TPEA
KE = 6§

Figure 4-45b. Cruise Calculations Subroutine Flow Chart
(Part 3 of 8).
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573 IF
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5 10 58

It

583 CALL THRAVL ITMAXI, £M)
FETFI = 1C/ 150PAlaELTA=IP)

le

(ENGIND, €0.1.0)
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E

LL3 = @
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IF
MOLIN.EQ. 1
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@

Figure 4-45b. Cruise Calculations Subroutine Flow Chart

(part 6 of 8).
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56
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[26  cALL PowER (TAux |
(8
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L8 78 300

BHPA = BHPT07
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1005

10 IF
1ABS | IBHPA-BHPAY /8HPAY .LE. 0, 01
Ge 18 30

68 18 1005

Figure 4-45b. Cruise Calculations Subroutine Flow Chart
(Part 8 of 8).
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3R If
ENGINO.NE.O.0

AP = 1.0
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["ann
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Y
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LGT. IVMO/SORT ISIOMALY
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IF
L 67, 1SR=EMMO)

@ :
. ! 0 = 1.42678«RH0aVaa?
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MU = 1 5§88 « Vv / P

Ll = l /YLS?]

TLSt =
CALL DBRGICLHCR|ICHUS\|

w RETURN
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2001 if
AUXIND . 6T, 2.1
GO 185

V = SR « EMM]

4

Figure 4-45c. Cruise Caiculationsrsﬁbroutine Flow Chart
(Part 20f 7).
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BHPAUX = 0.0

010

WRITE 18,1000

56 18
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Jd

[ 15
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—
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IF
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L
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BHPSUP = BLP « DELTA = STHETA « BHPP
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I

Figure 4-45c.

{OPTIND.NE.2.0,0R, INOPTH. E4. 1)
60 10 03

DELV = 10,

NRJTE 16,1008

i

33 NEAT = 1

CALL CRUS1 IICRUS
RETURN

(BHPT0T. 6. BHPA)
50 10 13

Fl = 0.0
68 18 4001

Cruise Calculations Subroutine Flow Chart

(Part 3 of 7).
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1001 IF

POWCRI HICAUSI-1. D)
300,391,302

300 TPS = TMAX
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B 7 L
- . J

Cruise Calculations Subroutine Flow Chart
(Part 4 of 7).
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Figure 4-45c. Cruise Calculations Subroutine Flow Chart
(Part 6 of 7).
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EAS = V = Sﬂﬁ'! i8]

V@ = BHPSUP/ | 0£L1R-:1HE'IRGBHPP]
CALL POWAVL ITMAX,

RNICE = SHPA

PETF = VQ_/RNICE

PEHF = PETF

1.1

L £0,
70 83

CALL POWAVI ITMAXI, EM)
PEMFI = BHPSPI/ I15HPAL#DtLTA«STHETA«BHPP )
§1  CALL THRAVL (TMAXI, (M) PETF] = PEHFI
PERF! = 107 1SHPATaTP«DEL TR GO 70 11
L ]
|
11 JTRE =« ITAR *1
CALL SCRIBE 1T As 1CRUS, JEXIT

@

Figure 4-45c. Cruise Calculations Subroutine Flow Chart
(Part 7 of 7).

4-232



\ SUBROUTINE CRUS3IICRUS) /
_t

hHR 1 = HHR!IICBUQ

£
H,ATMIND (1CRUS*A0 , TIN [1CRUS*301)
otL1A —

(BPTIND,ME.2.0,0R. INOPTH. £Q.1)
6o 16

Cy2  WRITEIE, 8009 VINIICRUSI >
|

yi  If
RSIND {ICRUS .GT.W. &

CWRITE 15,9004 WOVDEL >

C WAITE 16,90000 VINIICRUS) >

CWRITE 16,90061 180512, 11, J=1, 4 >

]

WRITE 16, 30011

—\r

NRITE i6.9005)

RN2MAX = AN2MY | CRUS)
R2STR = Rﬂ?HRX-R?NRX
RN2MXT = ANZMUI (] CRUS)
3251Hl = ANZMX ] «A2MAX ]
| TA8=0
YL32 = IEHP - ENPCRIICRUSIY /ENP
LSt = 1, §¢
E L2l = IENPI - ENPCHJ!ICRUS)]/LNPI
Lstir = L.
. LCL = 0
L2 =0
LE3=0
LCU=0
- LCS=0
= LCS =D
YSAVE = 0,

t

Figﬁrer4édsaiéiéfﬁi§é Calculations | Subroutlne “Flow Chart
' (Part 1 of 6).
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—~{"Du o
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IF
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If
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=V / SA
222 Af{
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MU = 1, uy /P

LCI = L3 + |
CALL DRAG ICLWCR [1CRUSH)

a

Figure 4-45d. Cruise Calculations Subroutine Flow Chart
(Part 2 of 6).
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993 EN = EN1
VSAVE = V

ENl_= 0,
Ga 18 217

231 CALL THRAVL I'TMAXI, EM)
PERFI = TSUBP/ IDELTAxTP=SHPAL

-
B {

227 ITAB = 1748+1
CALL SE IBE tITAB, ICRUS. 1EXIT

E

L3 =0
o Lty =0
LCS = 0
LC6 = 0
INDIC=1
CALL POWAV] ITMAX], EM) TAUXTT = TXXTCA IICRUS)
ESH%% SQ%HPSPJ/lﬂEL1A-STHETR«8HPPl-SHPRI)

ol

L P

IF .
#D LI CRUS) .EQ. 3.9, OR
. WD I CAUS) - £9.4. 01

IR ] e Go 16 222

[@3 W = 4g31.u - 20786. 0« IALOGIDELTAN |
~ ' I
TS
%4 CALL ATMOS IH,ATMIND [ICRUS*30) , TIN (JCRUS*30N)
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52 Je |

H = i1,0-DELTAww (1./5,2561)) /6. 8715E-06
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Figure 4-45d4. Cruise Calculations Subroutine Flow Chart
(Part 5 of 6).
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987 F = fP + FI
LCS = 1

IF
LC3.LT.2)
0 70 99
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Figure 4-45d. Cruise Calculations Subroutine Flow Chart
(Part 6 of 6).
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4.12.5 Descent Calculations Subroutine

Twelve different options for descent performance calculation
are available. The options fall into three different cat-

egories: descent at constant true air speed (TAS), descent
at constant equivalent air speed (EAS) , and descent at con-
stant Mach number. In addition, each type of descent may be
calculated for a specified type of descent flight path,

specified by RMAXND as follows:

Value of RMAXND Type of Flight Path

0 Descent fiight path ends at
specified terminal range.

P Program checks terminal range
" reéquirement, but does not match
11,:;',:, o ' o ) “‘
2 e ,,Desceﬁf fli@ht;éath:gnasiat a

~ = specified minimum altitude, the
"~ terminal range requirement not
being considered.
3 , Fuel used and time required for
descent are calculated, but no
range credi

gpiral deSéégt'path).

is 'given (i.e.,

Rate of descent (R/D) is alwayé input. "I1F the airspeed-rate
of descent combination (as specified by DESIND) exceeds the
descent boundaries, the airspeed wi;lrbe held gonstént, wh1¥e
the R/D is adjusted accordingly. Figure 4-46 in which R/D is
plotted against flight speed, illustrates the descent
boundaries. They are:
(a) Vertical rate of descent boundary

o (y = -900°)

(b)  Vygi, (vortex ring state) limit descent speed - defined by

the equation
VRL ~ 3 V 2pA

where T = total rotor thrust
A = disc area.

(c) Autorotative descent (power required = 0).
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R/D

STRAIGHT LINE

(a) Vertical rate of descent boundary
(b) Vortex ring state limit descent speed
(c) Autorotative descent boundary

Figure 4-46. Descent Boundaries.

4-240



The distinction between the first type of descent flight path
(as specified by RMAXND = 0) and the last three (RMAXND = 1,
2, 3) in regard to the range at which the descent starts, when
terminal range is specified, should be clearly understood.

a. TIf RMAXND = 0, no spiral descent path is per

- mitted. The
program will calculate the value for range at the begin-
ning of the descent which is required to satisfy the
terminal condition on range and altitude. In order to do
this, the program "backs up" on the previous segment. If
this option (RMAXND = 0) is used, the descent must be pre-
ceded by a cruise segment. The input value for maximum
range for the preceding cruise segment is a dummny value
and the cruise will actually terminate, in order to begin
descent, at an earlier point. It is recommended, however,
that when the RMAXND = 0 option is to be used, the maximum
range during the preceding cruise be input as the same
value as the terminal range at the end of the following
descent. S

b. If RMAXND = 1, the descent will start at the current value
for range and, as previously described, the aircraft will
fly a straight-line path to the desired terminal point.
If the predicted flight path (as checked against the
specified terminal range by the program) ends beyond the
specified terminal range, a spiral descent path from the
aititude at that point to the final altitude is assumed.
If the predicted flight path ends before reaching the
specified terminal range point, the program prints
"SHALLOWER DESCENT REQUIRED". The descent may follow
any other segment (climb, cruise, etc.) or may start the
mission.

c. If RMAXND = 2 or 3, the descent will start at the current
value for range; and, depending on the option chosen, will
either end at the minimum altitude (RMAXND = 2) specified,
with no constraint on the resulting range, or a spiral
descent path (RMAXND = 3) will be assumed. As with
RMAXND = 1, the descent options may follow any other seg-
ment, or may start the mission.

An increment in aircraft parasite drag may be input in order to
simulate the effects of dive brakes, external stores, etc. It
is possible to use a descent segment in the mission profile

to account for a reserve fuel requirement (SGTIND = 50) (in

such a case the helicopter weight at the end of descent is set
back to the weight at the beginning of descent) or as a part of
the basic mission (in this case the weight is not reset). In
either case, the fuel used during descent is included in the
total fuel required to size the helicopter.

Input to the subroutine consists of the settings for DESIND
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and RMAXND, atmospheric conditions, R/D, the propulsive thrust
split, the incremental parasite drag, the operating wing lift
coefficient (winged and compound helicopters), the final alti-
tude, the step size, the required TAS, EAS or Mach number, the
terminal range requirement (RMAXND = 0, 1) and the number of
engines shut down. Subroutine DESPOW (which is called by the
Descent calculations subroutine) calculates the power required
for descent at the desired flight conditions. Figure 4-47 is
a flow chart of subroutine DESPOW and Figure 4-48 is a flow
chart of the descent calculations subroutine.
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SOUBROVTINE DPESCENT

IDTPR = ©.0174533
IFVDGE = IDSCNT
IDEX = /

D = DMR

YLS2 = (emP— ENPDS)/ENP
YLS = LO/ YLS2
LCGAM = O

RS = RSRE&
IPRTYT =0

IVRI =

Lci =0

RTHL = S.

103

lemaxi=&maxS |

\ i

205

e =H
WSTAR =W STSTAR=ST
R =R

TG
WFSTAR = wWF *

YLS2T =(ENPT-ENPDSI)/ENPT
visir= {.0/yLS21

!

TEX = IEX +4

IEx =0

‘ 7e8

ERROR. MESSAGE

STATEMENT 248 ||
NEXT =1

"’Y rR= RRR(L)

die7
<
1

INTERPOLATE N TABLE SAVED

AT CURRENT

VvALUE OF ANGE,A R

Figure'4-48.

'

WF = WFSTAR — W+ WSTAR |

FROM PREVIOVS CRUISE To - !T
oBTAIN W, L A

207 |peLTAH

HH =
INDATM =

O.

H ‘———-————r
ATMIND( IDSCNT + 40)

(Part 1 of 6).
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CALL ATMES
VVRL = 6. 7867% SQRT (W /(ENRX DX X 2 ¥ SIGMA))

i

= 1. - '
[vz = EASS | DE;ND X! I V&= EASS % SA

2

V2 = EASS/SQRT(31GMA)

[ vMAX = SAx EMM0 |

A VIAX= vi0/SaRT(sTemA) |

V2 = VMAX l

ot

4

Vi= vZ

EM = V2/SA
SING= — RS/(101.34%V2)

4

Y
i SING = -0.9999)

1

caMi = ARSIN(SING)

RGCAML = GAMY

vDS = VZ

RS = —101.34%V2 % SIN(GAM1L)
RGAMi = RGAM i RTpD

CALL DESPEW

Figure '4_48. Descent Calculations Subroutine Flow Chart
(Part 2 of 6).
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Figure 4-48.

HPi=> BHPR
Rel= rsS
GAMi = ©C»
RGAMI= GAM]
RS = O.
IVRI =/

cALL DESPEW

Descent Calculations Subroutine Flow Chart
(Part 3 of 6).
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“CL QS Too LARGE
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Y ~TceAat N -
‘—W

35614
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RS
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TVRI =
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Figure 4-48. Descent Calculations Subroutine Flow Chart
(Part 4 of 6).
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Descent Calculations Subroutine Flow Chart 4-249
(Part 5 of 6).
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Descent Calculations Subroutine Flow Chart

Figure 4-48.
(Part 6 of 6).
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4.12.6 TLoiter Calculations Subroutine

The sixth performance segment represents a calculation of
helicopter loiter performance. 1In this subroutine, the heli-
copter will fly at the airspeed for best endurance. This
subroutine calculates the power required and the airspeed to
maximize the endurance of the helicopter. It also determines
the fuel required to loiter for a specified period of time.

Engine shutdown during loiter may be simulated by inputs for
Npsp (primary engines) and Npgpi (auxiliary independent
engines). One or more engines may be shutdown. An increment
in helicopter drag (AFergrTer) May be input to repreSent drag
changes due to external stores, windmilling propellers (in the
case of a compound helicopter using propellers), etc.

For a compound helicopter, the split of propulsive thrust
required between the main rotor and the auxiliary propulsion
system may be specified by an input for (TAUX/TTOT)'

It is possible to use a loiter segment in the mission profile
to account for a reserve fuel requirement (SGTIND = 60) (in
such case the helicopter weight at the end of loiter is set
back to the weight at the beginning of loiter) or as a part

of the basic mission (in this case the weight is not reset).
In either case, the fuel used during loiter is included in the
total fuel required to size the helicopter.
The input to this subroutine consists of the time for loiter,
step size (incremental time), the incremental parasite drag
area, the number of engines (primary and auxiliary independent)
shut down, the atmospheric conditions, the operating wing lift
coefficient (in the case of compound and winged helicopters),
and the propulsive thrust split. A flow chart of this sub-
routine is shown in Figure 4-49.
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Figure 4-49. Loiter Calculations Subroutine (Part 1 of 7).
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LL19.E0. 1)
10 9

.w___j

f91 BHPSUP = BHPTAT/Y, ]
BLOR - BHPSUP/IBHP°-D£LIH-SIHE1R1
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F12 = WSHPAI«BELTA=STHE 1AM TPwYLS2]
60 18 302

Figure 4-49.

Loiter Calculations Subroutine (Part 5 of 7).
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305 ETAPY = XLINT (TBEMS, TBBAPY, EM, NETAPY, M)
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Figure 4-49. Loiter Calculations Subroutine (Part 6 of 7).
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3875 IF
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L

-

F
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IF
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DELWFL = HO - W
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N o= Wg
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RETURN

IF
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NF = WF » F1 « JELTAT
N =W - Fl «BELTRT
g1 = ST +» DELTAT

¢|I|r| 68 101

Figure 4-49. Loiter Calculations Subroutine (Part 7 of 7).
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4.12.7 Change of Weight Subroutines

The seventh and eighth performance segments represent an
incremental change in weight of fuel or payload. These
options would be used to simulate refueling, unloading or
loading of passengers, or a fuel drop. The input to the sub-
routines consists of the increment in weight and a correspond-
ing increment in time. The fuel or payload weight which is
added is not allowed to increase the aircraft weight to a
value greater than the gross weight unless a performance case
is being run and WGTIND = 1. Inputting a large value for the
increment in weight will bring the aircraft weight up to gross
weight if WGTIND = 0 or a sizing case is being run. Figures
4-50 and 4-51 are flow charts of these subroutines.
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Figure 4-51. Change of Payload Weight Subroutine, Flow Chart.
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4.12.8 Transfer Altitude

There are many different applications for which a discon-
tinuous change in altitude may be desirable:

1. The flight profile may require takeoff at hot day, high
altitude conditions followed by climb from sea level to
specified altitude for standard day conditions.

2. It may be required that no credit be taken for range,
fuel, or distance during descent (for example,
Reference 9).

3. It may be required to study cruise speed at specified
power at a series of different altitudes. This can be
accomplished by a series of very short cruise segments
interspersed with altitude transfers.

For these and other reasons, the program includes a transfer
altitude segment, specified by SGTIND = 9. The only required
input is the altitude to which the aircraft is to be
transferred.

Transfer altitude may also be used during an optimum altitude
search when it is followed by a cruise. 1In that case, the
altitude which is input represents the maximum altitude per-
mitted for the subsequent cruise.

Figure 4-52 is a flow chart of this subroutine.
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5.0 PROGRAM INPUT

5.1 GENERAL

Input to the program is made by means of a standard set of
input sheets. Although there are large quantities of possible
input, necessitated by the requirement to keep the program
flexible and general, the input sheets have been configured

to give maximum visibility and reduce the tediousness of in-
putting the data. This has been accomplished through several
mearns: -

1. All input of a similar nature has been grouped together.
Thus, all dimensional information is on the same input
sheet, regardless of whether it is used in the size trends
subroutine or elsewhere.

2. The input sheets have been color-coded to distinguish
between the data required in the sizing option (OPTIND = 1)
and the much smaller amount of data required for perform-
ance calculations (OPTIND = 2 or 3).

3. Footnotes on the input sheets call attention to ihput
which is not required due to selection of one of the op-
tional paths of computation.

4. For parametric studies where only one or two variables
are being changed from case to case, a special supple-
mentary input sheet may be used, thus reducing the
guantity of paper work.

Altogether there are 31 different input sheets which can be
loosely grouped into seven categories: general information,
aircraft descriptive information, mission profile information,
engine cycle information, rotor data, propeller data, and
supplementary information. A specimen copy of each input
sheet is included in this section. Descriptions of input
variables and indicators are given in paragraphs 5.3.1 and
5.3.2. The use of the various input sheets is discussed below
in paragraphs 5.1.1 and 5.1.2.

5.1.1 General Information

Input all primary program indicators (except those for
specific mission segments, such as CRSIND), mission initial
conditions, reserve fuel factors, and maneuver load factor.

5.1.2 Aircraft Description Information

5.1.2.1 Dimensional Information - Input characterisitc
geometric information for aircraft being studied.
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5.1.2.2 Propulsion Information - Input data for numbers of
primary and auxiliary independent propulsion engines, pro-
pellers, propeller cruise efficiencies, etc., and critical
engine sizing conditions. There are three different input
sheets for propulsion information: one for the primary en-
gines (always used) and two for use with compound and auxil-
iary propulsion helicopter configurations. Of these two, one
sheet is for propeller data and the other for auxiliary inde-
pendent propulsion engine data.

5.1.2.3 BAerodynamics Information - Input aircraft drag
characteristic and (in the case of compound and winged heli-
copters) wing section lift/drag characteristics.

§5.1.2.4 Weight Information - Input the factors and constants
for weight trends calculations.

5.1.3 Mission Profile Information

There are seven input sheets for mission profile information.
They are:

1. Taxi Information

2. Takeoff, Hover, and Landing Information

3. Climb Information

4. Cruise Information

5. Descent Information

6. Loiter Information

7. Change of Weight and Transfer Altitude Information
(incorporating change of fuel weight, change of payload
weight, and transfer altitude)

Each input variable on the mission profile sheets is repre-
sented by an array of ten input locations. The data for these
locations is filled in sequentially by rows as the particular
mission segment is used. For example, the first time that
taxi is used in a particular case, the required input informa-
tion is filled in on the first row of the input sheet. Data
for the second taxi of a case is filled in on the second row,
and so on. Thus, up to ten of any particular segment may be
used in a case.

5.1.4 Engine Cycle Information

The engine cycle sheets may be used to input engine cycle data
when one of the standard engine cycles is not used. The three
engine cycle sheets are divided into standard performance in-
formation and nonstandard performance information. The stand-
ard performance data, of which there are two sheets, represent
the performance of idealized engine cycles. These data are
unlimited except for the effect of engine ratings, which are
dictated by values of turbine temperature. The nonstandard
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performance represents limiting values of fuel flow, torque,
rpm and other nonstandard effects. It should be noted that
auxiliary independent engine input data can be created from
the HESCOMP engine cycle library data simply by the input

of the applicable engine cycle IBM card deck, preceded and
followed by a "66666" card. Nonstandard auxiliary independent
engine performance is input using the sheet provided for that
purpose.

5.1.5 Propeller Performance Data

The propeller performance sheets may be used to ihput data for
a specific propeller when using npIND = 1. The data is input
as a table of Cp as a function of Cgp and J.

5.1.6 Rotor Performance Data

Rotor performance data can be input in two ways. If the short
form "aero" performance computation method is used (ROTIND =
1), rotor data is input using the rotor "cycle" input sheet.
Alternatively, rotor performance data may be input in "map"
form (ROTIND = 2, 3) on the five rotor performance map input
sheets. The first sheet is for hover performance data which
is input as a table of Cpy/c as a function of Cp/c and HMprp.
The remaining four sheets are for cruise performance data
which is input as a table of Ccp/c as a function of yu, Cr/ao,

Cx/o.

5.1.7 Supplementary Information

The supplementary input sheet may be used for the second and
subsequent cases of a parametric study. For example, in the
case of a tandem rotor helicopter, if the user wishes to
change both the rotor overlap/diameter ratio (location 0132 -
see dimensional information sheet) and the disc loading
(iocation 0173 - see dimensional information sheet), these
locations and their new values may be filled in on the supple-
mentary input sheet.

Two typical problems, from input to output, are discussed in
Section 7.6 of this manual.
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BOEING VERTOL COMPANY

A DIVISION OF THE BOEING COMPANY

HESCOMP HELICOPTER SIZING AND PERFORMANCE

COMPUTER PROGRAM B-91

HELICOPTER DIMENSIONAL INFORMATION
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BOEING VERTOL COMPANY HESCOMP HELICOPTER SIZING AND PERFORMANCE
A DIVISION OF THE BOEING COMPANY COMPUTER PROGRAM B-91

HELICOPTER DIMENSIONAL INFORMATION

NOTE: WHEN OPTIND = 20R 3 CONSIDER ONLY
THOSE ITEMS IN THE SHADED BLOCKS
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t~ IN THE CASE OF THE SINGLE ROTOR HELICOPTER,
THIS BECOMES THE MAIN ROTOR PYLON
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Preceding page blank

FORM 83112 {11/73)} 5 9







AN INBI VRS B
0610 | woiou) N |
6810 (HO10H) 6
Z'L = QaONINQY P y
¥E =GNINGQH 0 8810 1,ND3Y 6 ONIZIS
¥Z =aNIWagy 9 ] 99 1 HOLOM
gL =GNINOH "©  NIHM AHVYSSIDIN LON LNdNI STLON (810 {0/} P V HO4
egto | 4 ONILY aNoD
S319N3101343 ° | | 3sinuo
1N30S30 sgl0 | 14 oy o
® awiNd =
SvL|- . 3]
+8L0 k] —
HOLOH SIM P17 A y =
@
=Y,)
o3
oNIZIS =
£810 Wi P HO1O0H 5o
HOd =
Z810 Holo)y | P ‘aNod b
“1HS DNIZIS HOLOH 1IV1 HIAOH o=
Qv 1SN ‘L = SHOLOH 30 “ON 31 4 o

0810 HeZ™ (9/4)

5-11

Wwo_._..m_zwbnv(t(:o
"Hol10Y

SHOL0V:
ADN3101433
O/H TVIILH3AA
Ho.10H

"S$300718 Q3AVHS JHL NI SW3L) . 1mn| 318VINVA
3SOHL ATTNO H3IAISNOD € HO Z = ONILJO NIHM 310N

(S)HOLOH NIVIN ONIZIS HOJ v1va TVNOISNINWIQ HOL0Y

L6-8 WvHDOHd HILNJWOD

IINVWHOLHId ANV DNIZIS HI1dODNTIH dWOISIH ANVIWOO T0LH3IN ONIF08

40 ANVJWOD DNIZ08 FHL 40 NOISIAIO vV
‘ON 38VD "ON LIIHS)







o
==
<3

\ =
G120 sdly =
] a
Bb
L)
| — 8
0'L = "WON ©Bo
=
‘ONDD =3
4 oNIZIS &5
HOLOMH @
aIve .
BER
0Lze] gun :.2 JLVH MY A
" oas
60Z0|C gon| (M) 1300V MVA
2 LNdNI ...:_ s3a ™
13N, © 8020 wra| p =
OL AHVSS30IN LON SI L1 'LNdNI 0L < ( Lo/ 1o) J )
T}

13N, O
403NIVA S 3/ 10) 40 3NTVA V 3LVINOIVD
NIHL TTIM WYHDOUd ‘LNdNI D 30 3NTVA V ONY

O

13N
‘00°L SV LNdNI 38 AVIN ( ._,U\ ._.Qv ‘L =AaNiLdO 41 @
L = ONISHL NIHM AHVSS3DIN LON LNdNI P
T = ONISHL NIHM AHVYSS3IO3N LON LNdNE
€1 = ONIGHL NIHM AHVSS3DIN LON LNdNI 4
Z'L = ANIGYL N3HM AHVSS3D3N LON LNdNI "8 :S3LON

SOILSIHILIVHYHD
HOLOH
vl

13aN (v/1)

3718VIHVA| 310N INIvA 007 | LINN 378VIHVYA|3LON

'$007179 A3AVHS IHL NI SWaLl
3SOHJL ATNO HAAISNOD € HO Z = ONILJO NIHM 310N

(1 = ANI4ND) HOLOH 1IVL ONIZIS HO4 v1va TVNOISN3WIAQ HO10H

40 16-9 5&00:& IWPD&S_OU . ANVY4WOD ONIZOB 3HL 40 NOISIAIO V
‘ON 35VJ ‘ON 133HS JONVWHOIH3Id ANV DNIZIS H3140I1T3H dWOISIH ANVIWNOD TOLYIN ONIFOF







Lv20 J(dsdy
d
ovZ0 Gyl e
3 101
6620 Lxnvy, |2
8820 o) .X(E_.Z:_
N)
Le20| dq 3Ny
SVl 2
sezo| 3Y3 A
gezo| 14 Iy
vE20 aNIMOd
\
eczo| wdd a (9/dy,
€20 dHS/dHS
LE£Z0 asdy
0£20 or [Ny
(=)
6220
s (HI0L,,
anva 501| LINn 378VIHVA | 310N
40
‘ON 3SVD - *ON 133HS

>

r

ONIZIS
ON3
HOd

GNOD
3SINYD

ONIZIS
DN3
HO4

GNOD
o/L

€1 = ANIXNY NIHM AHVSS3O3N LON LNdNI P
Z'L = GNIXNY NIHM ABVSSI03IN LON LNdNI 2
Z'L = ONINSWX NIHM AHVYSS3D3IN LON 1NdNI a9
| = QNIXI3 NIHM AHYSS303N LON LNdNI ‘e S310N

9zz0

XNV 4y X8Y gps

5¢20

..mm.r\xm._.me

TAVYd ._.._<v.

q
1220 HW s/ X BWgns
0220 ANINSWX

ANTVA

201

LINN

378VIHVA

310N

3SOHL ATTNO H3AISNOD EHO Z = QNILdO NIHM

viva NSWX

SAS IAIEA XNV
L]

HO1O0H 'L

viva
NV

NSWX
NIVIN

viva
3NION3
AHVWIHA

§30019 G3IAVHS 3HL NI SW3Ll

DNIZIS INIDNT AHVYINIHd HO4 G3HIND3Y NOILYWHOHNI

16-9 WYHDOHd H31NdWOD

JONVWHO4H3d GNV DNIZIS H31d0J113H dWOJIS3IH

‘3.LON

NOISTNAOYd H31d40J113H

Preceding page blank

5-15

ANVJIWOD ONI308 3IHL 40 NOISIAIO V

ANVIW0D T0LHIN ONIF08






*1 = IONIX13 N3HM AHVYSS323N LON LNdNt "8 ‘S3LON

_ ONIZIS
LYZ0 ' .x<s_._z:_ 3INION3
N) NOISTNJOHd

XNV HO4

9vZ0 aNIMOd
SNOLLIGNOD
asindd

Preceding Page blank

5-17

viva
INION3

NO1STINdOHd
Xnv

ITEVIHVYA

'SO018 A3AVHS FHL NI SW3ll
3S0HL ATTNO H3IQISNOD EHO T = ONI1LdO NIHM ‘310N

34 NOILVWHO4NI NOISTNdOHd H31d0D113H

(¢ = GNIJIV) DNIZIS INIDN3 3SINYD AHVITIXNY 31VHVd3S HO4 @38IN0

ANYJIWNOD DNI308 IHL 40 NOISIAIQ V

169 WY HDOHd HILNJWOD
ANVIWOI T101L43A 9ONIF08

40
JONVIWHO4H3d OGNV DNIZIS H3140113H dNOISIH

‘ON 3SVD CON L33HS







\
e
—
=
w2
a
=y
(-]
=,
(ZPLZ< 00LL *SO07T) 318V L dOHd LNdNI 0STV :3LON B0
*ALEd dOHd D1VO DOHd =T w
318VL dOHd LNdNI =1 &3
S, 1NdNI =0 @
o
1820 1220
0820 020
620| 6920
4 W
8LZ0 8920 aniva | 201 |unn | 31avibva|ason
10 40
LL20 £920
sczof 9920 | 5
n d
SL20 _“ S920 | 1 0=ani V\ aniva | 201 | LN | 318vinvA[3LoN
v
vezo| v v920 | A
A
£L20 £920
zLeo 920 1N32$30
201 201 anin
aniva | 201 |unn |  378vidva]aion
ADN31D1343 40 S3NIVA
7 *$M9078 G3AVHS JHL NI SW3L

R4
311071 ® 351040 ¥ 3SOHL ATNO HIJISNOD £ HO Z = GNILJO NIHM  :3LON

(SINIDNT LIVHS/L) NOISTNdOHd AHVITIXNY H31d0DIT3IH ANNOJWOD HO4 03HIND3Y V1va ¥3713d04d

ANYJINOD ONIZ0O8 3HL SO NOISIAIO YV

ANVIWOO 70LH3A DNIF0E

40 16-G WYHDOHd HILNJWOD

‘ON 3SVD ‘ON L33IHS JINVINHOAHId ANV DNIZIS HIL40D1T3IH dWOISIH







BOEING VERTOL COMPANY ~ HESCOMP HELICOPTER SIZING AND PE RFORMANCE SHEET NO-. chse No.
COMPUTER PROGRAM B-91 oF
HELICOPTER AERODYNAMICS INFORMATION
NOTE: WHEN OPTIND = 2 CONSIDER ONLY THOSE ITEMS IN THE SHADED BLOCKS
NOTE| VARIABLE LOC. VALUE NOT VARIABLE LOC. VALUE (Re/ l) ; 0328
a |Coyr;g 0301 al Ky 0317
a |Co,.; 0302 a| Kur |o0318
b |Co,p 0303 K 0319 c 1, RAo '] 0329 o
Co,, 0304 Kee 0320
Cocsmn 0305 Kupim | 0321
Cosumnr 0306 a Kupir 0322
Cocsrr 0307 Ky 0323
Cocurm | 0308 K 0324
Co,, 0309 Kns | 0325
Coy, 0310 Ke 0326
Coys 0311 Kw 0327
¢ | (Gw/Fe) | 0312
¢ |Keeo 0313
d| e 0314
a | TFEF 0315
AFert2 | 0316
WING PROFILE DRAG AS FUNCTION OF C_
No. gisPLAgRS 0330 Cy!m | 033 Coy (1 | 0339
Cowl2 0332 Cow (2 | 0340
C.wi® | 0333 Coy i® | 0341
T e ek cenn Coute_| 0334 Coy 4| 0342
WHEN AUXIND = 1,3 CLW(S) 0335 CDwi(s) 0343
CLwis) | 033% Coy ;6 | 0344 N
Cowln) | 0337 Coy (7 | 0345
C_wi® | 0338 Coyi® | 0346

NOTES: a. INPUT NOT NECESSARY WHEN CNFIND =

b =
c. INPUT NOT NECESSARY WHEN DRGIND =
d =

. INPUT NOT NECESSARY WHEN OSWIND

FORM 53113 {11/73)
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BOEING VERTOL COMPANY
HELICOPTER WEIGHT INFORMATION =
NOTE: WHEN OPTIND = 2 OR 3 CONSIDER ONLY THOSE ITEMS IN THE SHADED BLOCKS
INCREMENTAL GROUP WTS, NOM =0
VARTABLE LOC. VALUE VARIABLE LOC. VALUE VARIABLE LOC. VALUE
§ owE 2601 ' AW.. | 2605 RM 2608
Wee 2602 AW, | 2606 Wi 2609
Weue 2603 AWgr 2607 W, 2610
H Wor 2604 d 2611
GROUP WEIGHT INFORMATION do 2612
FLIGHT CONTROLS STRUCTURAL PROPULSION
Kee 2613 ke 2622 kera 2637
knc 2614 AC.G. | 2623 krer 2638
ksc 2%15 kes 2624 ken 2639
ke w 2616 ke 2625 K omd 2640
kem 2617 kww 2626 kgLro 2641
Ksas 2618 LF 2627 kre 2642
Krca 2619 kws 2628 kar 2643
ksca 2620 kwe 2629 ke s 2644
kmc 2621 kut 2630 kyrar 2645
ker 2631 kpos 2646
FOWE 1S NOT NECESSARY WHEN
OPTIND = 1,2 knac 2632 keosz 2647
Fwe 1S NOT NECESSARY kap 2633 krros 2648
WHEN OPTIND = 2 kNACA 2634 kaos 2649
kata 2635 kapnsz 2650
kus 2636 ke 2651
keer 2652
. Kner 2653
S
2 |k, 2654 Ke 2659 Kyz 2665
‘g% Ka 2655 Ky 12660 Kis 2666
82 K, 2656 Ke 2661 Kia 2667
23 | Ks 2657 Kg 2662 Kis 2668
§§ Ky 2658 Ko 2663 Kie 2669
= Ky 2664 K7 2670
Kig 2671
Kig 2672
K20 2673

FORM %3114 {11/73}
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BOEING VERTOL COMPANY HESCOMP HELICOPTER SIZING AND PERFORMANCE SHEET NO. CASE NO.
A DIVISION OF THE BOEING COMPANY COMPUTER PROGRAM B-91 OF

TAX!I INFORMATION
SGTIND =1

e
inGF NN max!
ATMIND NOTE a) {PRIM ENG)

LoC VALUE LOC VALUE LoOC VALUE

0 =STD ATMOSPHERE
1=8TD + AT
2 = ARBITRARY 8 (h)

i (HR) KF‘

LOC VALUE LOC VALUE

NOTE: a. INPUT NOT NECESSARY WHEN ATMIND =0, 2
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BOEING VERTOL COMPANY

A DIVISION OF THE BOEING COMPANY

HESCOMP HELICOPTER SIZING AND PERFORMANCE
COMPUTER PROGRAM B-91

ENGINE CYCLE DATA; NON-STANDARD PERFORMANCE SHEET NO- | CASE NO-
PRIMARY ENGINE DATA oF
INPUT IF WDTIND = i
NIT INPUT IF NTIND = 1
N1oI INPUT IF N18IND = 1
'N2IND 7 INPUT IF N2IND = 1,2
QIND‘- 1205 INPUT IF QIND =1

0=NO N2 CUTOFF; OPTIMUM N2 VARIATION
N2IND:  1=N2 CUTOFF; OPTIMUM N2 VARIATION
2=N2 CUTOFF; NON-OPTIMUM N2 VARIATION

0=NO FUEL FLOW CUTOFF
WDTIND:{] = FUEL FLOW CUTOFF

0=NO Nt CUTOFF

N1IND: {1 = N1 CUTOFF

0 =NO TORQUE CUTOFF

: . §0 =NO REFERRED N1 CUTOFF
QIND: {1 = TORQUE CUTOFF N1@IND: {

1t =REFERRED N1 CUTOFF

0= NO REYNOLDS NO.CORRECTIONS
1= REYNOLDS NO.CORRECTIONS

REYNOLDS NO. CORRECTION FACTOR
N D

OUTPUT SHAFT SPEED CORRECTION

VALUES OF Np» vy VALUES OF Kpg VALUES OF NITopt VALUES OF Kpy
toe | Loc | VALUE | Loc | vl Loc vaLuE
1207 E 1238 1248 T
208 | e | 1239 1249 i
R IREEA R o 1250 :
wel 1228 | - | o 1251 -
1229 7 1242 ] s ]
a2 | 1230 | 1243 i 1253
13 1231 | 1244 1254
i e s | 1255
s | o | T s s e

' EEE i VR | 1257

INPUT THIS TABLE IF N2IND = 2 AND
NON-STANDARD CORRECTION IS DESIRED

INPUT THIS TABLE IF RNOIND =1

Preceding page blank
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__ ADIVISION OF THE BOEING COMPANY COMPUTER PROGRAM 8-91 oF

BOEING VERTOL COMPANY HESCOMP HELICOPTER SIZING AND PERFORMANCE SHEET NO. CASE NO.

ENGINE CYCLE DATA; NON-STANDARD PERFORMANCE

AUXILIARY INDEPENDENT ENGINE DATA

INPUT IF WDTINDI =1

INPUT IF N1INDIE =1

INPUT IF N18INDI =1

INPUT IF N2INDI = 1,2

INPUT IF QINDI =1

WDTIND!: {o = NO FUEL FLOW CUTOFF 0 = NO N2 CUTOFF; OPTIMUM N2 VARIATION
1 = FUEL FLOW CUTOFF N2INDI {1 = N2 CUTOFF; OPTIMUM N2 VARIATION
2 = N2 CUTOFF: NON-OPTIMUM N2 VARIATION
NTINDL: {o = NO N1 CUTOFF
1 = N1 CUTOFF _ {0 = NO TORQUE CUTOFF _ {0=NO REFERRED N1 CUTOFF
QINDLI: { N16INDI:
1 = TORQUE CUTOFF 1 = REFERRED N1 CUTOFF

0= NO REYNOLDS NO. CORRECTIONS
1 = REYNOLDS NO. CORRECTIONS

REYNOLDS NO. CORRECTION FACTOR OUTPUT SHAFT SPEED CORRECTION
N
1 N
VALUES OF . -5’—1 VALUES OF Kpg VALUES OF N—”O VALUES OF Koy,
1 OPT

SORRRERAR g

\

—— v—
INPUT THIS TABLE IF RNOINDI = 1 INPUT THIS TABLE IF N2IND! =2 AND
NON-STANDARD CORRECTION IS DESIRED

Preceding page blank
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BOEING VERTOL COMPANY

A DIVISION OF THE BOEING COMPANY

HESCOMP HELICOPTER SIZING AND PERFORMANCE SHEET NO, 1 |CASE NO. —
COMPUTER PROGRAM B-91

ROTOR PERFORMANCE MAP

HOVER PERFORMANCE

Loc

VALUE

OF 5

VALUES OF C./0 VALUES OF Mo
LOC VALUE LoC VALUE
(cHo), e |
(C.I-JU)2
(crlo,
mﬂm4
{Cy/0)g
(Cy/olg
cfa,
Cc,/0) - 2, 2
(Cy/01g C4/0=4T/pm DV N0
(Cr/alg
- 2, 3
(Cy/0)40 CPHIO— 2200 RHP/p T D VNGO
INPUT VALUES OF C, /0 FOR COMBINATIONS
H
OF cTIo AND Mp,p
Mrip, - Mrip, = Mrip; = Mripy = Mripg =
LOC | VALUE LOC | VALUE LOC |[VALUE LOC | VALUE
Crion, o 1 e G - —_—
(Cp/o), =
(CTIO)3 =
(cTIO)4 =
(CT/o)5 =
= | (Cylo), =
; (CT,ma =
(Crlolg = 0

FORM 53133 (11/73)

NOTE: Cy & Cp AREIN "“ROTOR” NOTATION
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5.3 PROGRAM INPUT

5.3.1 Program Variables

AF
AR

ARpP

ARpp

Activity factor (per blade) of propeller
Wing aspect ratio

Aft rotor pylon aspect ratio (tanden rotor
helicopter)

Forward rotor pylon aspect ratio (tandem
rotor helicopter)

Horizontal tail aspect ratio
Vertical tail aspect ratio
Blade number per rotor or propeller

Ratio of auxiliary independent engine nacelle
strut span to nacelle diameter

Ratio of wing span to main rotor diameter
Tail rotor/fin blockage factor

Baseline rotor cruise profile drag coefficient
(input in rotor "cycle")

Baseline rotor hover profile drag coefficient
(input in rotor "cycle")

Aft r9tor pylon profile drag coefficient at
Re=10" (based on aft pylon planform area)

Forward rotor pylon profile drag coefficient at
Re=107(based on forward pylon max frontal area)

Main rotor hub center section profile drag
coefficient (based on center section frontal
area)

Tail rotor hub center section profile drag
coefficient (based on center section frontal area)

Profile drag coefficient of horizontal tail at
Re=10'(based on horizontal tail planform area)

-60

%3]






77Maih'roto£“hub éhanifﬁfafifé aiégﬁcoefficieﬁ£

Profile drag coefficient of primary engine
nacelles at Re=107(based on wetted area of all
nacelles) '

Profile drag coefficient of auxiliary independ-
ent engine nacelle at R_ =107 (based on wetted
area of all nacelles)

Profile drag coefficient of auxiliary independent
engine nacelle strut at R, =107 (based on wetted
area of strut(s))

(based on shank frontal area)

Tail rotor hub shank profile drag coefficient
(based on shank frontal area)

Profile drag coefficient of vertical tail at
Re=107 (based on vertical tail planform area)

Profile drag coefficient of wing at Ro=107
(based on wing planform area)

Ratio of download alleviating flap chord
to wing chord

Helicopter €9 travel (ft)

Location of main rotor in the longitudinal
direction relative to the aircraft operating
weight empty (OWE) cg position (ft)

Wing lift coefficient

Wing design lift coefficientrw

Wing operating lift coefficientréﬁ cruise
condition for engine sizing

Tail fin design lift coefficient
Tail fin cruise lift coefficient

Propeller integrated design lift coefficient

Two-diminsional wing lift coefficient slope
(Rad. ~+)
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1. 7p/ 78

1n .‘XS

AF

5
3
Propeller power coefficient (550 HP/pm D )

Ratio of rotor power coefficignt to rotor
solidity (CPH/U = 550 RHP/PAV 0)

Propeller thrust coefficient (Thrust/pn2D")

Rotor thurst coefficient (Thrust/pAVTIPZ)

Ratio of thrust coefficient to rotor solidity
(helicopter Cp= Thrust/PAVprp2), includes
(Cp/0) , (Cp/8)Des (H)» (Cor®)en

Ratio of tail rotor total thrust coefficient
to net thrust coefficient, where C =Cnh~—-Fin

Ty TG
blocking losses

Rotor propulsive thrust coefficient divided by
main rotor solidity. Used in defining rotor
limits Cx/c = Thrust required

P TOMR"NRVpIp® OMR
3

Main rotor diameter (feet)

Tail rotor diameter (feet)
Propeller diameter (feet)

Position of inboard underwing store
(fraction of wing semi-span)

Position of outboard underwing store
(fraction of wing semi-span)

Ratio of average tail boom tip diameter to
average tail boom diameter

Equivalent airspeed required durlng climb
and/or descent

Span loading efficiency factor
Increment in equivalent flat plate area

parasite drag of fuselage (ft2?)
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AF
€psc

AFeLOITER
Fy/SFy*
IrQMT

droT

g/s

Iug/ TR
(GW/F,)

h'/hp

HEADWIND

her/D

hpINAL

Auxiliary indeoendent engine maximum static
thrust at seal level, standard conditions
(total thrust for all engines)

Increment in eqﬁivalent flat plate area

parasite drag (climb performance segment) - ft2
Increment in equivalent flat plate area

-~ parasite (crulse performance segment) - ft2
Increment in e ulvalent flat plate area 2
parasite drag (descent performance segment) - ft

Increment in equivalent flat plate areg parasite
drag (loiter performance segment) - ft

Referred thrust for turbOJet/fan engine cycles

" Total maneuver g requirement helicopter must

satisfy (wing + rotor) - g

Maneuver g's which rotor must carry. In the
case of a pure helicopter, IroMT = 9ROT

Tandem rotor gap/stagger ratio

Gap between tail rotor disc and main rotor

disc (ft)

Ratio of configuration de51gn gross weight to
equivalent flat plate area para51te drag (lb/ft)

Ratio of wing height on fuselage (relative to
the bottom of the fuselage), h', to the total

fuselage height, hp.

Headwind during cruise (knots)

Initial altitude at start of mission (ft)
Cruise altitude for sizing main rotor solidity (ft)

Cruise altitude for sizing primary engines (ft)
Ratio of fuselage bottom height above ground
to main rotor dlameter

Final altitude for transfer altitude segment
(SGTIND=8)



hp Aft rotor pylon height (ft)
2

hPl Forward rotor pylon height (ft)

hoo Takeoff altitude for sizing engines (ft)

hmax Maximum altitude during climb (ft) or during
transfer altitude (ft)

hmin Minimum altitude during descent (ft)

Ah Step size for climb or descent (ft)

hg Height of fuselage (ft)

J Propeller advance ratio, J = V/nD

k3 Primary engine weight factors

L Primary engine weight factors

Kamd Main rotor weight factor

kAEI Auxiliary engine installation weight factor

kB Body group weight factor

Kee Cockpit controls weight factor

sz Fuel system weight factor

Kew Fixed wing controls weight factor

kLG Landing gear weight factor

kMC Miscellaneous controls weight fadtor

kMG Main landing gear weight factor

KpET Primary engine installation weight factor

kRC Main rotor controls weight factor

Kpca Auxiliary rotor contrals weight factor

kSAS Stability Augmentation System (SAS) weight factor
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Main rotor system controls weight factor
Auxiliary rotor system controls weight factor
Tilt mechanism weight factor

Tail boom (on single rotor helicopter) length
extending aft of tail rotor center as a
fraction of tail rotor radius

Detailed wing weight factor

Single rotor helicopter yaw moment of inertia
adjustment factor

Main rotor controls weight factor

Main rotor system controls weight multi-
plicative factor

Fixed wing controls weight multiplicative
factor

Auxiliary rotor controls weight multi-
plicative factor

Auxiliary rotor system controls weight
multiplicative factor

Body weight multiplicative factor

Landing gear weight multiplicative factor
Wing weight multiplicative factor

Horizontal tail weight multiplicative factor
Primary nacelle weight multiplicative factor

Auxiliary nacelle weight multiplicative factor

Primary rotor blade weight multiplicative factor

Primary rotor hub weight multiplicative factor
Tail rotor weight multiplicative factor

Auxiliary rotor weight multiplicative factor

Primary drive system weight multiplicative factor



17

18
Kig

=

20

P

AIA

o

AIP

=

ADS

P

ADSZ

KarT. PAYL.

=

P

BLFD

CLF

FP

®" =R O~

Auxiliary drive system weight multiplicative
factor

Primary engine weight multiplicative factor
Auxiliary engine weight multiplicative factor

Tail rotor drive system weight multiplicative
factor

Auxiliary air induction system weight factor
Primary air induction system weight factor
Auxiliary drive system weight factor

Auxiliary drive system weight factor (number
of gears in system)

Ratio of alternate payload increment to design
payload (used in XMSN sizing)

Aft rotor pylon multiplicative drag factor
Auxiliary rotor weight factor

Blade fold weight factor

Crash load factor

Forward rotor pylon multiplicative drag factor

Rotor retreating blade stall profile drag
parameters (input in rotor "cycle")

Rotor retreating blade stall profile drag
parameters (input in rotor "cycle")

Rotor advancing tip mach number compressibility
drag parameters (input in rotor "cycle")

Fuselage multiplicative drag factor
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KrED

FI

FF

KpuLs

P

o

PA

-

PEI

K
PDESCENT
kpps

Kppsz

Trend constant input with GW/Fe when DRGIND

Auxiliary independent engines fuel flow
multiplicative factor (used in TAXI)

Fuel flow multiplicative factor

Fraction of fixed useful load located in
cockpit area

Rotor (hover) blade profile drag parameter
(input in rotor "cycle")

Rotor blade (hover) compressibility drag
parameter (input in rotor "cycle")

Rotor blade (hover) compressibility drag
parameter (input in rotor "cycle")

Rotor blade (ho#er) drag divergence Mach
number parameter (input in rotor "cycle")

Rotor hover induced power factor
(input in rotor "cycle")

Horizontal tail multiplicative drag factor
Primary nacelle multiplicative drag factor
Helicopter forward flight climb efficiency
Primary cowling weight factor (psf)
Auxiliary cowling weight factor (psf)

Auxiliary indepéndent engine nacelle
multiplicative drag factor '

Nacelle strut weight factor

Auxiliary rotor weight factor

Primary engine installation weight factor
Main rotor descent efficiency

Primary drive system weight factor

Primary drive system weight factor
(number of gears in system)

2



kws
Kz
LF

LAIA/zeA

AIP/ e

Primary hub weight factor

Ratio of power available at specified N;p to
power available at optimum N,y

Correction factor for engine power to account
for Reynolds number effects

Primary rotor blade weight factor

Main rotor hub/shank multiplicative drag
factor

Tail rotor hub/shank multiplicative drag
factor

Primary rotor blade weight factor

Weight of tail boom as a fraction of total
fuselage weight

Tail rotor weight factor

Tail rotor drive system weight factor

Tail rotor solidity multiplicative factor
(used to determine tail rotor solidity)

Vertical tail multiplicative drag factor

Auxiliary rotor weight factor

Wing multiplicative drag factor
Wing weight/area factor (psf)

Wing stores only weight trend factor
Vertical tail fin height factor

Wing unload factor

Ratio of air induction system length to engine
length (auxiliary independent engines)

Ratio of air induction system length to engine
length (primary engines)

2CONST DIA(f%c) Constant diameter section (cabin) length (ft)



LRW

2TH'

(2/d) p
(2/d)

(4Tg/drp)

MACH

Length of ramp well (ft)

Ratio of horizontal tail moment arm to
main rotor radius

Fineness ratio of aircraft nose section
Fineness ratio of aircraft tail section

Fineness ratio of tail boom (single rotor
helicopter)

Mach number required during climb and/or descent
Maneuver load factor (g's)
Maximum operating Mach number

Baseline rotor advancing tip compressibility
drag rise Mach number (input in rotor "cycle")

Baseline rotor hover compressibility drag rise
(1ift=0) Mach No. (input in rotor "cycle")

Rotor hover tip Mach No.

Rotor loading (rotor 1lift/GW)

Number of primary engines

Number of auxiliary independent engines

Number of primary engines inoperative
(for engine sizing)

Number of primary engines shut down during
cruise, loiter, climb or descent

Number of primary engines shut down during
cruise (for engine sizing)

Number of auxiliary independent engines shut
down during cruise, loiter, climb or descent

Number of propellers
Number of rotors
Gas generator RPM limit - ratio of max gas

generator RPM to RPM at maximum static power,
sea level,. standard
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N{/N:*) Gas generator referred RPM limit (6 = temperature

/N1 MAx . ; i P
ratio @ compression face), this input simulates
a restriction on compression speed

NII/NII Ratio of opefating power turbine speed to
' OPT optimum power turbine speed (input when N2IND = 2)

(N;1/N11mMax) Ratio of operating power turbine speed to maxi-
mum power turbine speed (input for both primary
and auxiliary independent engines in performance
segments 1 - 6)

(NIIMAX/NII*) Power turbine speed limit ratio of maximum
power turbine speed to power turbine speed at
maximum static power, sea level, standard

(N;1/N11mMax) ¢ Ratio of operating power turbine speed to maximum
power turbine speed (input when sizing primary
engines for takeoff)

(Nt1/N11Max) i Ratio of operating power turbine speed to maximum
power, turbine speed (input when sizing auxiliary
independent engines for cruise)

(Ny/N ) Ratio of operating power turbine speed to maximum
II/7IIMAX’TO 3 A o .
power turbine speed (input when sizing primary
engines for cruise)

((o/L) /D) Tandem rotor overlap/main rotor diameter ratio
OWE Operating weight empty (pounds)
PEHF Primary engine power fraction. Required

when TOLIND = 2 and 4

QMAX/Q* Ratio of maximum torque limit to torque
developed at sea level static standard day
conditions

Rg Initial range at start of mission (nautical miles)

Rpax Range at end of cruise and/or descent

RM1 Wing relief as percentage of GW

AR Step size for cruise (nautical miles)

R/D Rate of descent (fpm)

(Re/g)i Mean Reynolds number per foot for mission
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S
HT

Sw

SHPMRX
SHP *yg

SHPppy
TRP*

SHP/&§v/0 SHP*

SHPpyx

s —
SHP AUX

SHP*
1
*
SHP P

SHPACC

*
SHPE/SHP

'AS/SSTR

ASwET

ASyer/ SF

(T/A) yprp

TAS
Taux/ TTOT
TFEF

TFI

TGI

Area of horizontal tail. Used when HTIND = 1
Wing planform area (ftz)

Ratio of main rotor drive system XMSN rating to
main rotor design power :

Ratio of tail rotor drive system XMSN rating
to tail rotor design power

Referred power for turboshaft engine cycles

Ratio of auxiliary propulsion drive system
XMSN rating to auxiliary propeller design power

Auxiliary independent engine installed power
(total for all engines)

Primary engine installed power (total for all
engines) )

Accessory power losses (SHP)

Ratio of design engine rating to maximum S.L.
static (STD DAY) engine power

Ratio of incremental auxiliary independent
engine nacelle strut planform area to auxiliary
independent engine nacelle strut planform area
Incremental wetted area of aircraft (ftz)

Incremental wetted area of airplane ratioed to
fuselage wetted area

Net tail rotor disc loading( psf)
True airspeed (knots)

Ratio of thrust produced by auxiliary propulsive
device to total helicopter thrust required

Tail fin aspect ratio effectiveness factor

Turbine inlet temperature (flight idle power
setting), or input on engine cycle sheets

Turbine inlet temperature (ground idle power
setting), or input on engine cycle sheets
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TMAX
TMIL
TNP

T/W

(T/W)

(Taux’Tror) ¢

At
At
(£/C)
(£/C) g

Turbine inlet temperature (maximum power
setting), or input on engine cycle sheets

Turbine inlet temperature (military power
setting), or input on engine cycle sheets

Turbine inlet temperature (normal power setting)
or input on engine cycle sheets

Configuration thrust/weight ratio (hover)
Configuration design thrust/weight ratio (hover)
Ratio of thrust produced by auxiliary propulsive
device to total helicopter thrust required.

This value input as design point for sizing
primary or auxiliary independent engines in
cruise.

Increment in ambient temperature for primary
engine sizing at cruise condition (°R)

Increment in ambient temperature for engine
sizing at takeoff conditions (°R)

Referred turbine temperature (°R)
Initial time at start of mission (hours)
Incremental time for taxi (hours) V
Incremental time for hover (hours)
Incremental time for loiter (hours)

Incremental time for change of fuel weight
(hours)

Incremental time forcrange of payload weight
(hours)

Step size for hover (hours)

Step size for loiter (hours)

Wing root thickness to chord ratio
Wing tip thickness to chord ratio

Horizontal tail mean thickness to chord ratio
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(t/C)VT
(t/C)RA

(£/CIRy

(t/C)TA

(t/c)TF

(£/C) 25R

Ve
VeEn1
VeEn2

DES

VbIvE

vin

MO

Vr/e)

R/C

TIP

TTR

TIP

<

Wapy

Vertlcal tall mean thlckness to chord ratlo

Aft rotor pylon root thickness to chord ratio

=Fcrwérd"rétbr pylon root thickness to chord
ratio

Aft rotor pylon tlp thlckness to chord ratio
Forward rotor pylon'tiﬁ'tﬁiékness to chord ratio

Main rotor blade thickness to chord ratio @0.25
rotor radius

Design cruise speeahfoifehgine'sizing (kts)

Main rotor vertical R/C efficiency factors

Flight speed at ‘which 51ng1e ‘rotor hellcopter

vertical tail is sized to provide complete

directional stability in the event of the loss
of the tail rotor (kt)

Dive speed (knots EAS)

True airspeed for cruise during cruise segment
with CRSIND = 2 (kt)

Maximum operating equivalent airspeed (kt)

De51gn vertical rate of climb (ft/min) used
in sizing prlmary englnes in hover

Vertical rate of cllmb (ft/mln)

Maln rotor design tip speed (pfs) .
Note: This is the tip speed corresponding

=N*
to Ny =N¥;g

Tail rotor design tip épeed (hover) -(fps)

Propeller design tip speed"(fps)

Horizontal tail volume coefficient

Auxiliary power unit weight (1Db)
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#F

v

=

FE

=

FUL

=

FURN

W/A
W/s

*
WMAX/W

AWpe

AWP

AWST

AWf

AWPL

GWf

Vg

wf/a/é Fy*
wf/5/§ SHP*

Avionics weight (1b)
Weight of fixed equipment (1lb)
Weight of fixed useful load (1b)

Furnishings and equipment weight (1lb)

Initial gross weight at start of mission (1b)

Weight of inboard store

Weight of outboard store

Weight of payload (1lb)

Disc loading( psf)

Wing loading (psf)

Fuel flow limit - ratio of maximum fuel flow
to fuel flow at maximum static power, sea

level, standard

Flight controls group incremental weights (1b)

Propulsion group incremental weight (1b)
Structures group incremental weight (1lb)

Increment in fuel weight during change of fuel
weight subroutine (1b)

Increment in payload weight during change of
payload weight subroutine (1lb)

Fuel required additive reserve factor
Width of fuselage (ft)
Referred fuel flow for turbojet/fan engine cycles

Referred fuel flow rate for primary engines
(turboshaft engine cycles, lb/hr/SHP*)
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 engine and the propeller

Auxiliary rot

body length

~as a fraction of rotor rad

~---as a fraction of rotor radiu

Auxiliary independent drive system C.G.
position aft of nose as a fraction of the
distance between the auxiliary independent

Auxiliary indéﬁ§§§§§%EZhglné?§?C. position

~aft of nose as a fraction of body length

Auxiliary power unit C.G. position aft of
nose as a fraction of body length

Propeller blade attachment point as a fraction
of propeller radius

Propeller positionréft'off & body/tail boom
junction as a fraction of tail boom length

éf (Qgpgzll;;;%;§;tems COntroi;

C.G. position aft of nose agigifraction of

Avionics C.G. position aft of nose as a fracéion_
of body length '

Single rotor fuselage (minﬁs'tail boom) C.G.
position aft of nose as a fraction of body
length

Main rotor blade cutout (end of blade shank,
beginning of rotor airfoil sections) position

b i

Tail rotor blade cutout (end of blade shank,
beginning of rotor airfoil sections) position

Furnishings and equipment C.G. position aft
of nose as a fraction of body length

Ratio of distance from tipréf'nose to rotor
shaft, X,,, to main fuselage length (B) (single
rotor he%icopter)

Main landing gear position aft of nose as a
fraction of body length

Main rotor blade attachment point as a fractf%n
of rotor radius

Nose landing gear position aft of nose as a
fraction of body length
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Xpe/ s

Xpps’ 2¥pps

Xsc/*p

N N
N S

Primary engine C.G. position aft of nose as
a fraction of body length

Primary drive system C.G. position aft of nose
as a fraction of the distance between main and
tail rotor centers

Rotor system controls C.G. position aft of
nose as a fraction of body length

Tail rotor blade attachment point as a fraction
of rotor radius

Distance of forward rotor center from aircraft
nose as a fraction of aircraft nose section
length

Distance of aft rotor center from aircraft

tail cone as a fraction of aircraft tail section
length

Clearance from inboard propeller tip to
inboard propeller tip across fuselage (ft)

Primary engine nacelle dimensional factors

Auxiliary independent engine nacelle dimensional
factors

Wing airfoil section angle of zero 1lift

Sweep angle of wing quarter chord (degrees)
Taper ratio of wing

Taper ratio of aft rotor pylon

Taper ratio of forward rotor pylon
Taper ratio of horizontal tail

Taper ratio of vertical tail
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(1]
(VS ]

Propeller propulsive efficiency for SGTIND

]
w

Propeller propulsive efficiency for SGTIND

Propeller'pfopulsive efficiency for SGTIND
4, 6 tabular function of Mach number

Transmission efficiency

Transmission efficiency (auxiliary drive system)

Vertical tail span overlap distance/tail rotor

radius ratio - input as a function of tail
rotor radius

Propeller over wing tip overlap (fraction of
radius) N
Ambient temperature ratio, tabular function
of altitude

‘Main rotor blade Ewiéfzféegrées)

Tail rotor blade twist (degrees)

Primary engine dimensional factor
Helicopter yaw rate, raé)sec
Helicoptér vaw acceléfaéion,wrad/sec2
Main rotor solidity (o=bc/7R)

Tail rotor solidity (o=bc/7R)

Rotor forward flight advance ratio
(W = Vppg/Vrrp)



5.3.2 Program Indicators

Option Indicators

OPTIND 1l =
2 =
3 =
OPTIONAL 0 =
PRINT
l =

Propulsion Indicator

AIPIND l =

2 =
ENGIND 0 =
1 =
ESCIND l =
2 =

size aircraft

calculate performance (specify initial
gross weight)

calculate performance (specify operating
weight empty)

standard print

detailed print

single gas generator connected to main
rotor and auxiliary propulsion

independent gas generators
turboshaft (power producing) cycle

turbofan or turbojet (thrust producing)
cycle

program will size engines for takeoff
only

program will size engines for more
critical choice of takeoff or cruise

NOTE: ESCIND is applicable only if FIXIND = 1

FIXIND 0=
1 =

FIXINDI 0 =
1 =

NLIND, 0=
NLINDI L -

fixed size engines, user inputs maximum
power

rubberized engines, program will
calculate maximum power

user inputs fixed size auxiliary
independent engines

program sizes auxiliary independent
engines to meet cruise requirement

no N1 limit
N1 limit
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N16IND, 0 = no N;//8; limit

N16INDI -
1 NI//—— llmlt - -
N2IND, 0 E*EofNII 11m1t, engine operatlng at
N2INDI optlmum NII
1 = N1 limit, engine operatlng at known
value of Nir (in general nonoptimum)
POWIND 0 = maximum engine rating =
1 = military engine rating
QIND, 2 = normal engine rating
QINDI T S o
0 = no torque limit
1 = torque limit
RNOIND, 0 = no Reynolds number corrections
RNOINDI
1 = Reynolds number correctlons
WDTIND, 0 = Reynolds number corrections
WDTINDI ) T -
-1 = fuel flow limit
ROTIND 1 = performance calculated by short method
2 = rotor map input, corrections applied
3 = rotor map iﬁpur,'no’oor52ctions applied
npIND 0 = user specifies "point propeller
, gggzzreff1c1enc1es for cllmb, crulse and
descent ’

1 = user inputs'progéiierfperformance map

2 = propeller performance automatically
calculated within program

Aerodynamics Indicators

DRGIND 1 = drag build up by component, Reynolds
sz ... number scaling
2 = drag trend by 1ﬁ§u£ﬂGw/Fe versus GW
OSWIND © 70 = user inputs B3wald's efficiency (e)
1 = program oe;oulates Oswald's efficiency
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Sizing Indicators

APHIND 1 = input aft pylon height
2 = input gap/stagger ratio
AUXIND 1 = pure helicopter
2 = including wings (only)
3 = including auxiliary propulsion (only)
4 = compound (wings and auxiliary
propulsion) '
by IND 1 = input span/diameter ratio
2 = input wing aspect ratio
3 = determined for propeller clearance
CNFIND 1l = single rotor
2 = tandem rotor
FDMIND 1 = input overlap and rotor positions
2 = input overlap and cabin length
3 = input cabin length and rotor
positions
HTIND 0 = no horizontal tail
1 = input fixed size tail
2 = input tail volume coefficient
MRPIND 0 = user inputs main rotor placement
(single rotor)
1 = program calculates main rotor positions
based on simple mass balance
2 = same as 1, except that in the case of a
compound helicopter, the auxiliary
drive system, propeller and auxiliary
independent engines (if any) are assumed
to be located on the wing.
RDMIND 1 = input main rotor diameter, ¢
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- " 3 = input diameter, Cp/0 e
e 4= input W/A, Cp/0

SWIND | 1 ;alnpiifwing area

2 = input wing foading

3 = size for maneuver =~ e E s

TRDIND 1 = u§ei§féﬁ§§o§§di§ﬂé§e? main/diameter
| " tail = £,04/A) wary

-2 = input diameter
3 = input T/A

TRSIND 1 = input ¢

Gergmeie 2= input CT/G

VTFIND : 1 = input aspect ratio and tail fin overlap
2 = input directional stability requiread
and tail fin gzgrlagl

- 3 = input directibnairgtability required
~....-and aspect ratio

XMSNIND 1 = main, tail and auxiliary drive system
~+-: . - .. ratings specified as fraction of primary
“engine installed power (in the case of a
= » compound helicopter with auxiliary inde-
pendent propulsion, the auxiliary
independent drive system rating is
specified as a fraction of the auxiliary
independent engine installed power)

2 = main, tail, and auxiliary drive system
ratings specified at fraction of power
required to hover or cruise at design
conditions (more critical of the two

_ conditions is selected)

- ... . .. .3 = same as 2, except the most critical of
' s the two design conditions is compared to
: , ~ the drive system rating required at an
U “alternate payload/gross weight hover at ’
~ .= ... . the design point conditions, the most
critical of these three conditions is
selected
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Flight Path Control

Indicators

hopTIND

0

Mission Performance

cruise segments performed at specified
altitude

cruise segments preceded by climb or
transfer altitude are performed at
optimum altitude, constrained by an
input maximum altitude

Indicators

CLMIND

CRSIND

DESIND

RMAXND

e W NN H e W NN

o W N e

climb at maximum R/C

climb at constant EAS

climb at constant Mach No.

climb at constant TAS

cruise at cruise power

cruise at constant true airspeed

cruise at speed‘fdr best specific range

cruise at speed for 99% of best specific
range

cruise - climb (constant W/8) at speed
for best specific range

cruise - climb (constant W/8) at speed
for 99% of best specific range

descend at constant TAS
descend at constant EAS
descend at constant Mach No.

descent flight path ends at specified
terminal range (cruise segment must be
input previous to descent)

checks specified terminal range, if pre-
dicted flight path will end beyond
specified terminal range value, spiral
descent path assumed at that point, if
predicted flight path ends before reach-
ing specified terminal range point, pro-
gram prints SHALLOWER DESCENT REQUIRED
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SGTIND

NOTE:

TOLIND

WGTIND

W 00 N O B e W N+~ O

100

Segments
fuel calculations (gross weight reset following
segment) by inputing 10X SGTIND; i.e., SGTIND =

10, 20,

descent ends at Sp€leled minimum
altxtude, terminal range requirement
hSLdered

fuel used and time requlred for descent

- calculated but no range credit given

(i.e., spiral descent path)

end of mission

tax1

takeoff, hover and landing
climb

cruise

descent

loiter

change of fuel weight
change of payload weight
transfer altitude

end of case

‘1 through 6 can be used for reserve

30, 40, 50, or 60

user inputs required thrust-to-weight
ratio and Vg/¢

user inputs required fractions of
maximum power and Vr/C

same as 1 but analysis includes hover-
in-ground effect

same as 2 but analysis includes hover-
in-ground effect

restriction on maximum aircraft weight,
weight cannot exceed gross weight.

no restrictlon on aircraft weight (will
only apply when running performance)
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Atmosphere Indicator

ATMIND 0 = standard atmosphere

non-standard atmosphere, user inputs
single point value for increment in
ambient temperature above standard day
value

1

2 = non-standard atmosphere, user inputs
table of temperature ratio as a function
of altitude
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6.0 PROGRAM OUTPUT

A reproduction of the program output for two sample cases is
included in Section 7.0. The following discussion describes
the program printout in general and lists the diagnostic error
printouts which are possible.

6.1 DESCRIPTION OF PRINTOUT

The printout for HESCOMP consists of four t&pes"of
information:

a. General

b. Input Data

c. Sizing Data (program output)

d. Mission Performance Data (for the "sized" helicopter)

The general information (item a) is pri ed out at the begin-
ning of each new case. Each of the other groupings (input,
sizing data, and performance data) starts on a new page. For
cases with OPTIND = 2 or 3 (performance only), the sizing data
is not printed out. The printout is described in detail
below. -

6.1.1 General Printout

6.1.1.1 Fixeérﬁeading:

HESCOMP

HELICOPTER SIZING AND PERFORMANCE COMPUTER PROGRAM

Depending on the cénfiguratidh'o tiéns;féﬁ?%ﬁb,
ATIPIND, ENGIND) chosen, one of the following statements will
be printed out. -

SINGLE ROTOR PURE HELICOPTER
SINGLE ROTOR WINGED HELICOPTER
SINGLE ROTOR COMPOUND HELICOPTER

SINGLE ROTOR COMPOUND HELICOPTER AUXILIARY INDEPENDENT
T/SHAFT CRUISE PROPULSION

SINGLE ROTOR COMPOUND HELICOPTER AUXILIARY INDEPENDENT T/FAN
OR T/JET CRUISE PROPULSION

SINGLE ROTOR AUXILIARY PROPULSION HELICOPTER”
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SINGLE ROTOR AUXILIARY PROPULSION HELICOPTER AUXILIARY
INDEPENDENT T/SHAFT CRUISE PROPULSION

SINGLE ROTOR AUXILIARY PROPULSION HELICOPTER AUXILIARY
INDEPENDENT T/FAN OR T/JET CRUISE PROPULSION

The printout for the tandem rotor configqurations will be
identical except for the substitution of TANDEM ROTOR for
SINGLE ROTOR

6.1.1.2 Arbitrary Heading

An arbitary heading may be input by the user on a title card
(see Section 5.2, input sheet for general information).

6.1.2 Input Data

All program input data is printed out as it appears on the
data cards. Seven columns are printed. These correspond to
the first location on the card, the number of variables on the
card (from 1 to 5), and the values of these variables. With
this information and a copy of the input sheets it is possible
to determine the input value for any variable.

6.1.3 Sizing Data

This group is printed out only if OPTIND = 1. The data is
represented by a symbol, followed by a written description,
followed by the value with the units. For example:

WG/A DISC LOADING 10.0 LB/SQFT
The data is printed out in groups, each group having a
heading. The specific variables which are printed out will
depend upon certain options chosen. Notations are made in the
following list to show where this occurs.

6.1.3.1 Dimensional Data

Single Rotor Helicopter

Fuselage:

bpr Lor tgr Zppr Xye Wpr Sp

Wing:
If AUXIND = 2 or 4 print AR, SW' bw, Cw, Ac/4’ A, (t/c)T,
If AUXIND = 1 or 3 print NO WING USED
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Horizontal Tail: e i s

If HTIND = 1 or 2 print ARHT’ b A

SHT' HT' CHT' HT' "TH

If HTIND = 0 print NO HORIZONTAL TAIL USED
Vertical Tail:

AR ns Sypr Dype Cypr Mypr Zqre Gyrr (T/C)y

Main Rotor Pylon:
Primary Engine Nacelle:

L D S

N’ "N’ "N
Auxiliary Independent Engine Nacelle:

If AIPIND = 2 print Ly;. DNI’ SNI

Auxiliary Independent Engine Nacelle Strut:

If AIPIND = 2 print Sgqp byg Cquqr

Auxiliary Independent Propu131on.

If AIPIND = 2 and ENGIND = 1, prlnt AUXILIARY INDEPENDENT
PROPULSION - TURBOFAN (OR TURBOJET) ENGINE

If AIPIND = 1 print NO AUXILIARY INDEPENDENT é'é NE USED

Propeller (Auxiliary Propulsion):

If AUXIND = 3 or 4 and ENGIND = 0 print D,., AF, Gup, Npas
NO. BLADES, Vprp AR AR" "RA

If AUXIND = 1 or 2 print NO PROPELLER USED

Main Rotor:

DMR' MR’ WG/A, CT/O, NR, NO BLADES, 8

Mr’ *c’ VrIp
Tail Rotor: : .- : .-

D o

(T/A)NET' CT/U, NO BLADES, STR, XCTR’ G, VTIP

TR’ TR’

6-3



Tandem Rotor Helicopter

Fuselage:

v Lor DXy, AXg, wWr, G/s, (0/L/D), S

F' “C’ 1’ F F
Wing:

Same printout as single rotor helicopter

Forward Rotor Pylon:

Aft Rotor Pylon:

Primary Engine Nacelle:

2 S

N’ DN' N
Auxiliary Independent Engine Nacelle:

Same printout as single rotor helicopter

Auxiliary Independent Engine Nacelle Strut:

Same printout as single rotor helicopter

Auxiliary Independent Propulsion:

Same printout as single rotor helicopter

Propeller (Auxiliary Propulsion):

Same printout as single rotor helicopter

Main Rotor:

Same printout as single rotor helicopter

6.1.3.2 Weights Data

Single and Tandem Rotor Helicopters
First print MLF’ GLF’ ULF’ then print,
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Propulsion Group:

Wpre' K12¥pre’ X13%pn’ "er’ ¥15War' "ps’ Xie"eps’
Ky oWrrps’ K17%aps’ 18¥ep’ X1oWea’ Weer’ "aer’ Wes’ “%p
WP

Structures Group:

AW

w

Wors' Wags’ &Wgps Wgp

Flight Controls Group:
Worar Woer KiWpor Ky gor KaWpyr Woye Woase Wapcr K4Wrea’
RsWscar "mer YMpcr Wre

Weight of Fixed Equipment:

WFE

Weight Empty - e - S

WE

Fixed Useful Load

wFUL

Operating Weight Empty

OWE

Payload

WPL

Fuel

(W)

A

F

Gross Weight

WG



6.1.3.3 Rotor Data

Single Rotor Helicopter

ROTOR CYCLE NO.
(printed if ROTIND = 1)

ROTOR MAP NO.
(printed if ROTIND = 2)

FIXED MAIN ROTOR SOLIDITY INPUT
(printed if RDMIND = 1 or 2)

If RDMIND = 3 or 4, and depending on which solidity sizing
requirement is most critical, one of the following statements
will be printed out:

MAIN ROTOR SOLIDITY SIZED BY MANEUVER CONDITIONS

H = 7 FT., TEMP. = DEG., V = KT.
ROTOR MANEUVER G'S = ' CT/U =

MAIN ROTOR SOLIDITY SIZED BY HOVER CONDITIONS

H = FT., TEMP. = DEG., T/W =

CT/G =

MAIN ROTOR SOLIDITY SIZED BY CRUISE CONDITIONS

H = FT., TEMP., = DEG., V = KT.
ROTOR LIFT/GW FRACTION = - CT/U =

Which is followed by:

FIXED TAIL ROTOR SOLIDITY
(printed if TRSIND = 1)

TAIL ROTOR SIZED AT TIMES THE SOLIDITY REQUIRED TO
SATISFY HOVER ANTI-TORQUE REQUIREMENTS AT
H = FT., TEMP. = DEG.F., CTG/CTNET =
(printed if TRSIND = 2 and y = 0, y = 0)
TAIL ROTOR SIZED AT TIMES THE SOLIDITY REQUIRED TO
SATISFY HOVERING TURN REQUIREMENTS AT
H = FT.
TEMP = F.
CTG/CTNET = " DEG.
YAW RATE = RAD/SEC
YAW ACCELERATION = RAD/SEC?
TAIL ROTOR POLAR
MOM. OF INERTIA = SLUG/FT?
HELICOPTER YAW -
MOM. OF INERTIA SLUG/FT?2

0.y

Ol

(printed if TRSIND = 2 and § or {
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|

Tandem Rotor Helicopter

Main rotor data printout same as for single rotor helicopter.

6.1.3.4 Propulsion Data

Single Rotor Helicopter

PRIMARY PROPULSION CYCLE NO.
TURBOSHAFT ENGINE

ENGINES
BHP*P MAX. STANDARD S.L. STATIéVH.P."E*”’”” H.P.
ENGINE SIZE WAS FIxﬁD BY INéﬁTiwr | -
(printed if FIXIND = 0)
IF ESCIND = 1 print;r

ENGINE SIZED FOR TAKEOFF AT T/W = p
H= FT., TEMP. = DEG.F.
AND ~ ENGINES INOPERATIVE

If ESCIND = 2 either of the following statements are printed
depending on which engine sizing requirement (hover or cruise)
is critical.

ENGINE SIZED FOR TAKEOFF AT T/W = ’

H = __ FT., TEMP. = DEG.F.
AND —_ ENGINES INOPERATIVE
ENGINE SIZED FOR CRUISE AT Vg = __RNOTS
H = FT., TEMP. = DEG.F.

AND ~ ~____ ENGINES INOPERATIVE
which is followed by:

NO AUX. INDEPENDENT ENGINE CYCLE SELECTED
(printed if AUXIND = 3 or 4 and AIPIND = 1)

AUX. INDEPENDENT PROPULSION CYCLE NO. _
(printed if AUXIND = 3 or 4 and AIPIND = 2)

IF ENGIND = 0.0, TURBOSHAFT ENGINE is printed
IF ENGIND = 1.0, either TURBOFAN or TURBOJET ENGINE is printed
ENGINES
BHP*P MAX. STANDARD S.L. STATIC H.P. H.P.

(printed if ENGIND = 0.0)
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T*P MAX. STANDARD S.L. STATIC THRUST LBS.
(printed if ENGIND = 1.0)

ENGINE SIZE WAS FIXED BY INPUT
(printed if FIXINDI = 0.0)

ENGINE SIZED FOR CRUISE AT V¢ KNOTS

H= FT., TEMP. = DEG.F.
(printed if FIXINDI = 1.0)

MAIN DRIVE SYSTEM RATING H.P.

MAIN ROTOR DRIVE SYSTEM RATING H.P.

Depending on the transmission sizing option chosen (XMSNIND),
and the results of the sizing, one of the following four
statements will be printed:

XMSN SIZED AT PERCENT OF TOTAL PRIMARY
ENGINE INSTALLED POWER
MAX. STANDARD S.L. STATIC H.P.

(printed if XMSNIND = 1.0)

XMSN SIZED AT PERCENT OF MAIN ROTOR HOVER
POWER REQUIRED AT
H FT., TEMP. = DEG.F.

(prlntea if XMSNIND = 2 or if XMSNIND = 3 and the
alternate payload hover is not critical)

XMSN SIZED AT PERCENT OF MAIN ROTOR HOVER
POWER REQUIRED AT ALTERNATE
PAYLOAD = LBS., ALTERNATE GROSS WEIGHT = LBS.
H = FT., TEMP. = DEG.F.
(printed if XMSNIND = 3 and the alternate payload hover
is critical)

XMSN SIZED AT PERCENT OF MAIN ROTOR CRUISE
POWER REQUIRED AT Vo = KT.,
H FT., TEMP. = DEG.F.

(prlnted if XMSNIND = 2 or if XMSNIND = 3 and the
alternate payload hover is not critical)

Which is followed by:

TAIL ROTOR DRIVE SYSTEM RATING H.P.
(printed if CNFIND = 1)

Depending on the transmission sizing option chosen (XMSNIND)

and the results of the sizing, one of the following four
statements will be printed:
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XMSN SIZED AT ‘PERCENT OF TOTAL PRIMARY ENGINE
INSTALLED POWER R A
MAX. STANDARD S.L. STATIC H.P.

(printed if XMSNIND = 1.0)

XMSN SIZED AT PERCENT OF TAIL ROTOR HOVER
POWER REQUIRED
- AT H = FT., TEMP. = DEG.F.

(printed if XMSNIND = 2 or if XMSNIND = 3 and the
alternate payload hover is not critical)

XMSN SIZED AT "PERCENT OF TAIL ROTOR HOVER

POWER REQUIRED AT ALTERNATE
PAYLOAD = LBS., ALTERNATE GROSS WEIGHT = LBS.
H = ~FT., TEMP. = DEG.F. '

(printed if XMSNIND = 3 and the alternate payload
hover is critical)

XMSN SIZED AT PERCENT OF TAIL ROTOR CRUISE

POWER REQUIRED AT Vg = KT.
H = " FT., TEMP. = ______ DEG.F.

(printed if XMSNIND = 2 or if XMSNIND = 3 and the
alternate payload hover is not critical)

Which is followed byfr

AUXILIARY PROPULSION DRIVE SYSTEM R%TING~ H.P.
(printed if AUXIND = 3 or 4 and AIPIND = 1)

Depending on the transmission sizing option ééeniYkMSNINbi%;hw
and the results of the sizing one of the following three
statements will be printed: o

XMSN SIZED AT PERCENT OF TOTAL CONFIGURATION
POWER REQUIRED TO HOVER SR
AT H = FT., TEMP. = DEG.F.

(printed if ESCIND = 1.0 and XMSNIND = 2 or 3)

XMSN SIZED AT PERCENT OF TOTAL PRIMARY ENGINE
INSTALLED POWER T :
MAX. STANDARD S.L. STATIC H.P.

(printed if XMSNIND = 1.0)

XMSN SIZED AT PERCENT OF AUX. PROPULSION
CRUISE POWER REQUIRED AT Vg = KT .
He = FT., TEMP., = —_ DEG.F.

(printed if ESCIND = 2.0 and XMSNIND = 2 or 3)

AUXILIARY INDEPENDENT PROPULSION DRIVE SYSTEM RATiNG
(printed if AUXIND = 3 or 4, AIPIND = 2 ENGIND = 0)
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Depending on the transmission sizing option chosen (XMSNIND)
and the results of the sizing one of the following four
statements will be printed:

XMSN SIZED AT PERCENT OF TOTAL AUXILIARY
INDEPENDENT ENGINE INSTALLED POWER
MAX. STANDARD S.L. STATIC H.P.

(printed if AIPIND = 2, ENGIND = 0, and XMSNIND = 1.0)

XMSN SIZED AT PERCENT OF MAX. AUXILIARY
INDEPENDENT ENGINE POWER AVAILABLE
AT H = FT., TEMP. = DEG.F.

(printed if AIPIND = 2, ENGIND = 0, ESCIND = 1 and
XMSNIND = 2 or 3)

XMSN SIZED AT PERCENT OF MAX. AUXILIARY
INDEPENDENT ENGINE POWER AVAILABLE IN CRUISE
AT Vo = KT., Hcg = FT., TEMP. = DEG.F.

(printea i1f AIPIND = 2, ENGIND = 0, XMSNIND = 2 or 3
and FIXIND = 0.0)

XMSN SIZED AT PERCENT OF AUXILIARY PROPULSION
CRUISE POWER REQUIRED AT Vp = KT.
H FT., TEMP. = DEG.F.

cC = _—
(printed 1f AIPIND = 2, ENGIND = 0, XMSNIND = 2 or 3
and FIXIND = 1.0)

6.1.3.5 Aerodynamics Data L

Single and Tandem Rotor Helicopter

TOTAL EFFECTIVE FLAT PLATE AREA
TOTAL WETTED AREA
MEAN SKIN FRICTION COEFF.

DRAG BREAKDOWN

WING FE

FUSELAGE FE :

FORWARD (MAIN) ROTOR PYLON FE

AFT ROTOR PYLON FE

MAIN ROTOR HUB(s) FE

TAIL ROTOR HUB FE

VERTICAL TAIL FE

HORIZONTAL TAIL FE

PRIMARY ENGINE NACELLE FE

AUXILIARY INDEPENDENT CRUISE ENGINE NACELLE FE
AUXILIARY INDEPENDENT CRUISE ENGINE NACELLE STRUT FE
INCREMENTAL FE
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AERODYNAMIC COEFFICIENTS

A5

A6

A7

A8

A9

WING LIFT EFFICIENCY FACTOR
VERTICAL TAIL LIFT EFFICIENCY

6.1.4 Mission Performance Data

Two types of output are possible. If the OPTIONAL PRINT
INDICATOR = 0, a standard printout will occur. If the indi-
cator is input as 1, a detailed printout will occur. This
will include all data printed in the standard printout plus
additional information.

6.1.4.1 Standard Printout

The mission performance data is printed out by segment in
chronological sequence. Up to 15 columns of data are printed
out depending upon the segment. For all segments, the follow-
ing information is printed:

t: time in hours

R: range in nautical miles

We: weight of fuel used in pounds
W: aircraft weight in pounds

h: altitude in feet

TAS: the true airspeed in knots
Primary Turb. Temp: the primary engine turbine temperature

PRIMARY ENGINE CODE: a code letter which designates the
condition governing the engine

performance:
P = power (or thrust) required
T = turbine temperature

(engine rating)

W fuel flow limit

Nl = gas generator shaft rmp limit
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PRIMARY ENG. PEHF:

(@]
il

compressor (Ny/6;) limit

N2 output shaft rmp limit

Q torque limit

The primary engine horsepower fraction.
This is the ratio of power being used
at any altitude, Mach number condition
to the maximum power available at that
condition.

In addition, the following data is printed out in different

segments:

AUX. TURB. TEMP:

AUX. ENG. CODE:

AUX. ENG. PEHF:

AUX. ENG. FUEL FLOW:

TOTAL FUEL FLOW:

T/W:

FM:

BHP:

The auxiliary independent engine turbine
temperature.

A code letter which designates the
condition governing the auxiliary
independent engine performance:
is same as for primary engines).

(code

The auxiliary independent engine thrust
or horsepower fraction. This is the
ratio of thrust or power being used at
any altitude, Mach number condition to
the maximum thrust, or power available
at that condition.

Aukiliary independéﬁfLengihe time rate
of fuel consumption in pounds per hour.

Total time rate of fuel consumption
(primary plus auxiliary independent
engines) in pounds per hour.

The thrust-to-weight ratio (printed out
in takeoff, hover, and landing).

Main rotor overall hover figure of merit
(for a tandem rotor configuration, this
includes rotor/rotor interference)
(printed out in takeoff, hover and
landing) .

Total power required (printed out in
takeoff, hover, and landing, climb,
cruise, descent, and loiter).



CT: ~ Main rotor thrust coefficient (prlnted
out in takeoff, hover, and landing,

- ¢limb, cruise, descent, and loiter).

CT/SIGMA: CT/main rotor solidity (printed out in
takeoff, hover, and landing).

EAS: The equivalent airspeed in knots
e : ' (printed out in climb, cruise, descent,
and loiter).

MU: Main rotor advance ratio (printed du£ 7
' - - in climb, cruise, descent, and loiter).

CT PRIME/SIGMA: Main rotor cruise lift coefficient/main
rotor solidity (printed out in climb,
crulse, descent, and loiter).

ALPHA D/L: ' Angle of total rotor thrust (llft plus
propulsive force) vector with respect
to a line perpendicular to the A/C
fllght path (printed out in climb,
cruise, descent and 101ter)

NMPP : The spec1f1c range in nautical miles
I per pound (prlnted out in crulse)

GAMMA: 7 The fllght path angle in degrees
T (prlnted out in climb and descent).

R/C: Rate of climb in feet per minute
(printed out in climb).

R/S: "~ Rate of descent in feet per minute
. ~~~ (printed out in descent).

6.1.4.2 Detailed Printout

In addition to the data printed above, the following data
(unless noted otherwise) will be printed in takeoff, hover,
and landing, climb, cruise, descent, and loiter segments if
the OPTIONAL PRINT INDICATOR = 1:

VRC RHP: Vertical rate of climb rotor horsepower
(printed out only in takeoff, hover and
landing) .

FMI: ) Isolated main rotor hover figure of

merit (printed out only in takeoff,
hover, and landing).



TOTAL FUEL FLOW:

M. ROTOR VTIP:

M. ROTOR RHP:

T. ROTOR VTIP:

T. ROTOR RHP:

PRIM. ENG. FUEL FLOW:

AUX. ENG. FUEL FLOW:

ROTLIM CODE:

DELCDM:

CPPRO:

CPIND:

CDO:

PROP VTIP:

BHP AUX:

ETAP PROP:

Total fuel consumption (primary +
auxiliary independent engines) - lb/hr
(printed out only in loiter).

Main rotor tip speed - feet per second
Main rotor horsepower (no losses)

Tail rotor tip speed - feet per second
Tail rotor horsepower (no losses)

Primary engine fuel consumption -~ lb/hr

Auxiliary independent engine fuel
consumption - 1lb/hr

A code letter which designates whether
main rotor has exceeded the rotor limits
input to the program.

f

A Within input rotor limits

E

Rotor limits exceeded

Compressibility drag coefficient incre-
ment to rotor profile power. In hover,
it is a function of rotor Cp/o and
Vrrip. In cruise it is a function of
rotor Cp/0 and advancing blade tip Mach
number (only printed out when a rotor
"cycle" is input).

Rotor profile power coefficient (only
printed out when a rotor "cycle" is
input).

Rotor induced power coefficient (only
printed out when a rotor "cycle" is
input) .

Rotor profile drag (total) coefficient
(only printed out when a rotor "cycle"
is input).

Propeller tip speed - ft/sec.
Auxiliary propulsion power required (not
printed out in takeoff, hover, and
landing).

Propeller cruise efficiency
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TAUX/T: Ratio of auxiliary propulsion thrust to
S - total configuration thrust required.

AUX. ENG. FUEL FLOW: B

AUX. TURB. TEMP: L
Same as noted earlier
AUX. ENG. CODE:

AUX. ENG. PEHF: -

AUX. ENG. BHP OR THRUST: Auxiliary independent engine power
(if ENGIND = 0, horsepower required
printed out. "If ENGIND = 1, thrust
required printed out).

CPPAR: Rotor parasite power coefficient (only
sy printed out when a rotor "cycle" is
input) . R
CPNUD: " Rotor nonuniform downwash power coeffi-

cient (only printed out when a rotor
~ "egycle" is input).

DELCDS : '”'Retréétiﬁg'biadéyéiéii coefficient
increment to rotor profile power (only
printed out when a rotor "cycle" is
input) . ,

CXR: Rotor propulsive force coefficient

J Propeller advance ratio

(03 Propeller power coefficient :

CT " propeller thrust coefficient ”

CLW Wing lift coefficient

CDW Wing profile drag coefficient

RN Fraction of total 1lift carried by rotor

6.1.4.3 eadings

At the beginning of each segment, a printout will identify the
segment data which follows. The following messages can be
printed:

a. TAXI FOR HRS. AT GROUND IDLE ENGINE RATING

-is




TAKEOFF, HOVER, OR LAND AT T/W = FOR HRS.
or: TAKEOFF, HOVER, OR LAND AT PEHF =  FOR HRS.
CLIMB TO FT. WITH MAX R/C AT ENGINE RATING
CLIMB TO FT. WITH CONSTANT EAS AT ENGINE RATING
CLIMB TO FT. WITH CONST. MACH NO. AT ENGINE
RATING
CLIMB TO FT. WITH CONSTANT TAS AT ENGINE
RATING
CLIMB TO QPT. ALT. FOR NEXT CRUISE WITH MAX. R/C AT
ENGINE RATING, MAXIMUM ALT. FT.
CLIMB TO OPT. ALT. FOR NEXT CRUISE WITH CONSTANT EAS
AT ENGINE RATING, MAXIMUM ALT. FT.
CLIMB TO OPT. ALT. FOR NEXT CRUISE WITH CONST. MACH NO.
AT __ _ ENGINE RATING, MAXIMUM ALT. FT.
CLIMB TO OPT. ALT. FOR NEXT CRUISE WITH CONSTANT TAS
AT ENGINE RATING, MAXIMUM ALT. FT.
CRUISE AT ENGINE RATING
CRUISE AT KNOTS TAS LIMITED BY ENGINE RATING
CRUISE AT BEST RANGE SPEED WITH HEADWIND OF KNOTS

CRUISE AT SPEED FOR 99 PERCENT BEST RANGE WITH HEADWIND
OF @ KNOTS

CRUISE AT BEST RANGE SPEED WITH HEADWIND OF KNOTS,
CONSTANT W/DELTA =

DESCEND TO H

FT AT CONSTANT EAS

DESCEND TO H = FT AT CONSTANT TAS

DESCEND TO H = FT AT CONSTANT TAS (SPIRAL DESCENT
PATH)

DESCEND TO H = FT AT CONSTANT EAS (SPIRAL DESCENT
PATH)

DESCEND TO H FT AT CONSTANT MACH NO.

DESCEND TO H = FT AT CONSTANT MACH NO. (SPIRAL

DESCENT PATH)
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I
N

FT., R = __ _ NM AT CONSTANT EAS

DESCEND TO H

DESCEND TO H = _____ FT., R = ____ NM AT CONSTANT MACH NO.
DESCEND TO H = ____ FT., R = NM AT CONSTANT TAS
£. LOITER FOR _ __ HRS.
g. CHANGE FUEL, ADD ____ LB
CHANGE FUEL, REMOVE __ LB
h. CHANGE PAYLOAD, ADD ____ LB
CHANGE PAYLOAD, REMOVE ___ LB
i. TRANSFER ALTITUDE TO _____ FT

After the complete mission history has been printed, the fol-
lowing fuel summary will be printed:

MISSION FUEL REQUIRED

RESERVE FUEL REQUIRED
TOTAL FUEL REQUIRED =
NOTE: If segments 1 through 6 are used for reserve fuel

calculations, headings a. through f. will be followed
by the statement FOR RESERVE FUEL.






6.2 LIST OF DIAGNOSTIC ERROR PRINTOUTS

6.2.1 Errors Affecting Main Control Loop

6.2.1.1

6.2'1.2

6.2.1.3

6.2.1.4

6.2.1.5

6.2.1.6

*** ERROR THE USER REQUESTED PRIMARY ENGINE CYCLE
NO. XXX BUT THE INPUT DECK WAS SET UP TO USE NO. YYY

The operator used an engine cycle whose identifi-
cation number differed frcm that reguested by the
user (LOC 0217)

REMEDY: Use correct engine cycle

#%** ERROR THE USER REQUESTED ROTOR MAP NO. XXX BUT
THE INPUT DECK WAS SET UP TO USE NO. YYY

The operatdr used a rotor map whose identifica-
tion number differed from that requested by the
user (LOC. 0170)

REMEDY: Use correct rotor map

#** ERROR THE USER REQUESTED ROTOR CYCLE NO. XXX BUT
THE INPUT DECK WAS SET UP TO USE NO. YYY

The operator used a rotor cycle whose identifi-
cation number differed from that requested by
the user (LOC. 0171) ’ T

REMEDY: Use correct rotor cycle

*** FRROR THE USER REQUESTED AUXILIARY ENGINE NO.
¥XX BUT THE INPUT DECK WAS SET UP TO USE NO. YYY

The operator used a auxiliary engine whose iden-
tification number differed from that requested by
the user (LOC. 0242)

REMEDY: Use correct auxiliary engine

*** ERROR THE USER REQUESTED PROP TABLE NO. XXX BUT
THE INPUT DECK WAS SET UP TO USE NO. YYY

The operator used a propeller table whose identi-
fication number differed from that requested by
the user (LOC. 0260)
REMEDY: Use correct propeller table )
ERROR *** THE FIRST SEGMENT INbICATOR OF A MISSION
CANNOT BE 0., 100., or 5. (RMAXND = 0) SEE USERS
MANUAL

6-18






a. Segment indic

6.2.1.7

REMEDY :

6.2.1.8

6.2.1.9

6.2.1.10

7 REMEDY: Correct reserve fuel factors

S ators 0., 100., représent the end
of a mission calculation and the end of a par-

ticular case respectively. Either of these
~indicators at the beginning of a set would be

meaningless. e ==
b. Descent (RMAXND = 0) must be preceded by a
cruise seg@gntiﬁnﬂ

REMEDY : Rewritelgegment indicator list (Starts at

(LoC 0035) -

ERROR *** DESCENT (RMAXND = 0) MUST BE PRECEDED BY
A CRUISE o » S

~ See 6.2.1.6 (b) o

_Redefine the mission with a differept se-
ators

b *

“duence of segment indi

#%% ERROR FUEL AVAILABLE AND FUEL REQUIRED DO NOT

OSITIVE GROSS WEIGHT e

are too stringent or that theé weight is excessive.
This may be due to pessimistic weight input con-
stants or drag characteristics, or it may be that

 the mission required cannot be flown by any heli-
 Copter sized by HESCOMP. It may require some
7q9Y§17dgsigpﬁconside:ations.

#%% ERROR WFR WEIGHT OF FUEL REQUIRED IS LESS THAN
OR EQUAL TO ZERO

 This message can occur only -

regserve fuel factors are input (LOC 0032, 33, 34)

“#xkkkk%% THIS ATRCRAFT HAS NOT CONVERGED AFTER 25
ATTEMPTS. THE WEIGHT OF FULL AVAILABLE (WFA) = XXX
THE WEIGHT OF FUEL REQUIRED (WFR) = YYY. (WFA) MUST

"BE WITHIN ZZZ OF (WFR) FOR THE AIRCRAFT TO CONVERGE.
THIS TOLERANCE IS SET IN THE MAIN PROGRAM UNDER THE
NAME TOL.

If this message occurs it is probable that the
‘mission required cannot be flown by an aircraft
of the type specified by the input data. A pos-
sible cause may be unrealistic input values of
the reserve fuel factors or weights constants.
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6.2.1.11

6.2.1.12

6.2.1.13

6.2.1.14

6.2.1.15

**%* ERROR - NO TITLE CARD AFTER SEVEN CARD, COLUMNS
1 THROUGH 6 ON TITLE CARD MUST BE BLANK OR THERE
WAS A 6 IN COLUMN 5 OF AN INPUT CARD

This message is printed if the input card deck
is improperly set up. No output is generated.

REMEDY: Examine input deck for errors indicated in
message and correct them.

J DOES NOT CONVERGE IN 25 ITERATIONS - SUBROUTINE
POWER '

This message is printed if a match cannot be
found between propeller thrust and available
power. The message is printed in forward flight
calculations.

REMEDY: Increase engine power, reduce drag or
modify propeller related inputs.

WARNING: THIS CASE HAS BEEN TERMINATED BECAUSE THE
CALCULATED FUSELAGE CONSTANT DIAMETER SECTION
(CABIN LENGTH) IS LESS THAN ZERO. CHECK ALL FUSE-
LAGE AND ROTOR SIZING INPUTS.

This message will be printed if in the process
of sizing a tandem rotor helicopter (FDMIND = 1)
fuselage, &, is calculated as a negative number.

REMEDY: Review ihput data that specifies tandem
rotor helicopter fuselage size requirements.

WARNING: THIS CASE HAS BEEN TERMINATED BECAUSE THE
CALCULATED TANDEM ROTOR OVERLAP RATIO EXCEEDS
CHECK ALL FUSELAGE AND ROTOR SIZING INPUTS

This message will be printed if in the process
of sizing a tandem rotor helicopter (FDMIND = 3)
fuselage, the overlap/diameter ratio exceeds the
value printed in the error message.

REMEDY: Review input data that specifies tandem
rotor helicopter fuselage size requirements.

AFTER 20 ITERATIONS, DTR DID NOT CONVERGE
(SUBROUTINE SIZTR)

This message will be printed if the tail rotor

diameter sizing iteration option (TRDIND = 3)
does not converge.
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6.2.1.16

6.2.1.17

REMEDY: Check all tail rotor sizing input data
((T/A)ygp, bygs Spprs XcTR: €tC:)

AFTER 20 ITERATIONS, Xy/%p DOES NOT CONVERGE

This message will be printed if Xy/%p calculated
by the main rotor position sizing option
(MRPIND = 1 or 2) does not converge.

REMEDY: Check all input values required for this
option (LOC 2678 - LOC 2696)

GAMMA FAILED TO CONVERGE IN 20 ITERATIONS -
SUBROUTINE THRUST

This message will be printed if the propeller
thrust calculation routine cannot converge on a
thrust and efficiency that will match the re-
quired thrust. Such an error is unlikely and
would occur only in cases involving extreme
thrust requirements.

REMEDY: Review input data that specifies propeller
requirements. '

6.2.2 Errors Related to Tabulated Inputs

6.2.2.1

Two Dimensional Tables

*%* ERROR***THE FOLLOWING VALUES MAY NOT BE ACCURATE.
THE INDEPENDENT VARIABLE WAS OUT OF RANGE OF THE |
TABLE. THESE VALUES WERE CALCULATED USING THE YYYYY
VALUE GIVEN IN THE TABLE. THIS ERROR IS IN THE XXXXX
TABLE .

This message occurs whenever the computer is
required to look up a value in a table of input
quantities at a calculated value of the indepen-
dent variable which lies outside the range of
the input values of the independent variable.

If the calculated independent variable is below
the lowest value of the input table, the computer
uses the first value in the table and YYYYY in the
message reads FIRST. If it lies above the high-
est value, the last value in the table is used
and YYYYY becomes LAST.

XXXXX in the last line of this message identifies
the table in which the error occurs. The tables
in which this could occur are shown below. The
third column indicates the part of the message
which is shown above as XXXXX.

6-21



INDEPENDENT DEPENDENT

VARIABLE VARIABLE XXXXX
M np4 M, ETAP4
Cr, Cbyi CL, CDWI
h 0 H-THETA
Cp KHOVp CT, KHOVA TABLE
(SUBR. ROTPOW) t
EPSILON KINTO EPSILON-KINTO TABLE
(SUBR. ROTPOW) ++
M KNUD MU-KNUD TABLE
(SUBR. ROTPOW) t+
Crp | KHOVATR CT, KHOVATR TABLE
(SUBR. ROTPOW) +t
(0/L) /D Kou SIZTR SUBR.
NI1I/NIIOPT Kpy NSUB2 CORRECTION FACTOR
(Np/Ng*) (D/vj) Kpr REYNOLDS NUMBER
Q/Q* T/0 TORQUE LIMIT LOOK UP
(SHP/§V/0SHP*) ggq “T/® POWER REQUIRED LOOK UP
Cr, Y "PROPELLER EQUIVALENT

LIFT DRAG POLARY

CTi : CP CTI- CP

Strictily speaking, this table is not an input. The table
is calculated in the main control loop using BLOCK DATA and
the input value of INTEGRATED LIFT COEFFICIENT (LOC. 0259).
The error message indicates that the value of Cy used was
above the maximum value in the table. This will occur only
if an unusual combination of high power coefficient and low
propeller activity factor exists. In such a case the user
should change the propeller input parameters to obtain a
propeller that more closely matches the performance
requirements.

++This table is not input. It is stored as BLOCK DATA -
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6.2.2.2 Three Dimensional Tables

***ERROR*** THE FOLLOWING VALUES MAY NOT BE ACCURATE.
THE AAA INDEPENDENT VARIABLE IS OUT OF RANGE OF THE
"TABLE. THE PROGRAM USED THE BBB VALUE IN TABLE TO
CALCULATE. THIS ERROR IS IN THE XXXX PART OF THE
YYYYY TABLE.

. .=-- This message is printed whenever one of the

""" calculated independent variables lies outside
the range of the independent variables defining
the table input by the user.

The XXXX and YYYYY parts of the message respec-
_tively name the independent variable and the
table in which the error occurred. AAA stands
for FIRST or SECOND, BBB stands for First or
LAST.

_ The tables in which this error could arise are
shown below. The items in parentheses show the
variables as they appear in the error message.

DEPENDENT INDEPENDENT ~ NAME OF

VARIABLE VARIABLES (XXXX) TABLE (YYYYY)
ACDM cr(cL), M COMPRESSIBILITY
o _ DRAG
FN/6 Fy* T/6 (T), M REFERRED THRUST
SHP /5 /G SHP * T/ (T), M REFERRED POWER
W/ & /OSHP* T/8 (T), M REFERRED FUEL FLOW
""" or ' o
W/G/eFﬁ
Np//oN? T/6 (T), M REFERRED NSUBI
Npp/VONE T/8 (T), M REFERRED NSUB2
Cq cplCP), M PROPELLER POWER
. | COEFFICIENT
Cp'/o u, Cx/o CT'/SIGMA TABLE

(SUBR. ROTLIM)
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DEPENDENT INDEPENDENT NAME OF

VARIABLE VARIABLES (XXXX). TABLE (YYYYY)
AKHoveT Cr, Opyg
or
Cpr O DELTA KHOVER -
TR THETA T TABLE
of (SUBR ROTPOW) +
Cpr OTppp
orp S, Zy PRANDTL DRAG INTER-
FERENCE TABLE (AERO
SUBR) +
Cp/o Cp'/o, Cy/o CTP/SIGMA ROTOR MAP
CPH/G Cp, Mprp HOVER PORTION ROTOR
MAP

REMEDY: Rewrite the input table so that the inde-
pendent variable that was previously out of
range will fall into the range of the new
table.

+This table is not input. It is stored as BLOCK DATA.

6.2.3 Errors Occuring in Performance Calculations

6.2.3.1 WARNING: ROTOR LIMIT HAS BEEN EXCEEDED. FORWARD
FLIGHT SPEED HAS BEEN REDUCED ACCORDINGLY. CHECK ALL
VALUES OF TAS, MU, CT'/SIGMA AND CXR IN THIS PERFORM-
ANCE LEG.

This message will be printed in segments climb,
cruise, descent and loiter if a rotor limit has
been exceeded.

REMEDY: Check rotor limits tabular input values
(LOC 0347 - 0395) and segment input values.

6.2.3.2 WARNING: ROTOR LIMIT HAS BEEN EXCEEDED. EITHER
REDUCE MAIN ROTOR THRUST REQUIREMENTS AT THESE OPER-
ATING CONDITIONS OR INCREASE MAIN ROTOR TIP SPEED,
CHECK ALL VALUES OF CT/SIGMA IN THIS PERFORMANCE LEG.
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This message will be printed in the takeoff
__hover, and landing segment if a rotor limit has

been exceeded. - T

REMEDY: Check rotor limits tabular input values
(LOC -347 - 0395) and segment input values.

6.2.3.3 CAUTION: TAIL ROTOR ANTI-TORQUE THRUST REQUIRED AT
THIS OPERATING CONDITION IS NEGATIVE. CHECK ALL
VALUES OF CLFIN. '

' This message is printed in forward flight (climb,
cruise, descent, and loiter segments) when single
rotor helicopter vertical tail fin 1lift exceeds
the total anti-torque thrust required at a given
operating condition (resulting in a negative
anti-torque thrust required for this tail rotor) .
This condition can be the result of:

a) too much vertical tail fin area

b) tail fin operating at too large a fin Cjp

REMEDY: Check size requirements for vertical tail
and input value for fin operating Cp,
B (LoC 0216) 7
6.2.3.4 CAUTION: TAIL ROTOR CT EXCEEDS .030. TAIL ROTOR TIP
" SPEED RESET - CHECK ALL VALUES IN PERFCPMANQE LEG.

This message is printed when the tail rotor Cp
exceeds .03. This condition can be the result of

a) too small a tail rotor diameter
' b) operating the tail rotor at too low a tip
speed
REMEDY: Check the sizing requirements for the tail
rotor diameter, or increase the tail rotor
.~ tip speed. :

6.2.3.5 INSUFFICIENT POWER AVAILABLE TO HOVER. (T/W) AVAIL-
ABLE LESS THAN (T/W) REQUIRED AT DESIGN DOWNLOAD.

This message will be printed out during the take-
, " off, hover and landing segment if the value of
~ = +- . T/W calculated from the input PEHF (TOLIND = 2 or
4) is less than that required to provide suffi-
cient thrust to overcome hover download (based on
the design (T/W)p LOC 0228). NOTE: (T/W)p is
always input.

REMEDY: Increase the input value of PEHF
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6.2.3.6

6.2.3.7

6.2.3.8

6.2.3.9

CAUTION ** PEHF IS GREATER THAN 1

This message indicates a condition for which
greater than 100 percent of maximum power or
thrust was required during takeoff, hover or
landing.

REMEDY: Increase engine power available or decrease
required thrust-weight for hover

WARNING: THIS CASE HAS BEEN TERMINATED BECAUSE OF
INSUFFICIENT POWER AVAILABLE FOR CLIMB AT THIS FLIGHT
CONDITION. CHECK ALL INPUTS

This message is printed if the engine thrust or
power input by the user is insufficient to allow
the aircraft to climb.

REMEDY: a) Increase the engine power or thrust,
whichever is appropriate, or

b) Inspect the inputs which determine drag
and adjust them if they appear to give a
grossly over-rated value of drag.

WARNING: THIS CASE HAS BEEN TERMINATED BECAUSE THE
CLIMB ANGLE IS TOO LARGE DUE TO EXCESSIVE POWER
AVAILABLE AT THIS FLIGHT CONDITION. CHECK ALL INPUTS

This message is printed if the engine thrust or
power input by the user is excessive (resulting
in climb angles greater than 45°) for the flight
condition desired.

REMEDY: a) Decrease the engine power or thrust or

b) Increase the value of the drag input to
this segment

INSUFFICIENT POWER AVAILABLE FOR CRUISE AT INPUT
TAUXTT

This message will be printed during cruise, if in
the case of a compound or auxiliary propulsion
helicopter, the input value of Tpyyx/Tpor does not

permit a power or thrust available-required match
at a given cruise speed.

REMEDY: Check Tpyy/Tpor inputs in the cruise segment.
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S 6.2.3.10 ERROR *#**** TNSUFFICIENT POWER AVAILABLE FOR CRUISE
AT DESIRED SPEED

This message will be printed during cruise if
CRSIND = 2 (cruise at spec1f1ed true airspeed)
and insufficient power is available to maintain
steady level flight at the desired speed. The
remaining cruise calculations will be at constant
power sétting.

- REMEDY: Increase engine power, decrease drag level,

T or” decrease requlred crulse speed.

6.2.3.11 CAUTION SPEED LIMITED BY POWER/THRUST AVAILABLE AT

SPECIFIED POWER SETTING

This message will be printed “when power or thrust
available is insufficient to allow the aircraft
to gru;;e at speed for 99% best range as speci-

' fied by selecting CRSIND = 4. or 6. (LOC 0721
through_ 730) NIL,,

6.2.3. 12 INSUFFICIEN PDWER,FOR STEADY LEVEL FLIGHT

s eiThQS message appears durlng the loiter segment
S==7 =4 “maleulations.

REMEDY Check _power avallable and drag 1evel.
6.2.3.13 CLQS IS TOO LARGE FOR DESCENT AT REQUIRED SPEED

This message is printed out when, in the case of
a winged helicopter, the wing contribution to
the total aircraft lift is too high to permit
this aircraft to descend.

REMEDY: Reduce wing operating Cj,
6.2.3.14 INSUFFICIENT POWER TO DESCEND AT THE REQUIRED SPEED
This message is printed out when the aircraft
has insufficient power to descend at the re-

quired speed.

REMEDY: Reduce value of drag input in this segment.

6.2.3.15 TERMINAL RANGE EXCEEDED, SPIRAL DESCENT REQUIRED
This message is printed when the predicted

flight path ends beyond the specified terminal
range (RMAXND = 1).
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6.2.3.16

6.2.3.17

REMEDY: Reevaluate terminal range requirement or
increase value of drag input in this
segment.

TERMINAL RANGE NOT ATTAINED, USE MORE CRUISE OR A
SHALLOWER DESCENT

This message is printed out when the predicted
flight path ends before the specified terminal
range (RMAXND = 1).

REMEDY: Reevaluate the terminal range requirement
or reduce the drag input to this segment.

**ERROR*** THE RANGE NECESSARY TO DESCEND IS GREATER
THAN THE RANGE OF THE TABLE CALCULATED IN CRUISE.
THIS MAY BE DUE TO A DELTA R IN CRUISE WHICH IS TOO
SMALL.

The computer saves the last ten points of the
cruise from Rygyx backward so that an iteration
can be carried out to find the correct point to
start the descent when RMAXND = 0. This error
message is printed if the stored values do not
cover a sufficient range back from Ry,4. Either
AR is too small or the angle of descent is very
small.

REMEDY: Check AR (LOC, 0771 through 0780).
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7.0 PROGRAM USAGE

7.1 COMMENTS ON PROGRAM USAGE

Following are a list of rules and suggestions for using the
program:

7.1.1 Rules

1. Do not use descent option RMAXND = 0 unless preceded by a
Cruise.

2. Do not'input a turbofan or turbojet engine cycle for the

primary engines.

3. (T/W)p (LOC 0228) must always be input. This is the basic
configuration design thrust-to-weight ratio. It is used
to establish the basic configurations download for calcula-
tion of both hover and low forward speed performance.

4. If FIXIND = 0 and FIXINDI = 1.0, locations 0234 + 0241
“must be input to allow sizing of the auxiliary independent
engines.

5. If FIXIND = 1 and ESCIND = 1 only fixed size auxiliary
independent engines (FIXINDI = 0.0) may be input.-

6. If OPTIND = 2, the helicopter parasite drag should be input
as two terms. The wing (if there is one) profile drag co-
efficient is input to the table of Cpy; versus Cr, and all
other component contributions are input by means of the
term AFgy (LOC 0316). The terms CDAE' CEF?i CDCSMR' CDgHMR '

CDCSTR' CDSHTR' CDN' CDNI, CDNS' CDV'I;’” aﬁdfchT. KHPIM'
Kyprrr KN+ KNI: KNS, KF, Kyr, and Kyr are not used in OPTIND
= 2, If the option indicator is 1, all terms and factors,
may be used.

7. 1If cruise is followed by descent with RMAXND = 0, the
cruise step size (LOC. 0771 - 0780) should not be less than
10 to 15 nautical miles. This is necessitated by the fact
that a table of cruise conditions is compiled during cruise
to use in the determination of the starting point for
descent. This table consists of 10 points. The cruise step
size therefore must be sufficiently large to ensure that the
total of nine steps in range is greater than the range
required for the following descent. A cruise step size
which is too small will lead to termination of the case
with the printout:
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8.

9.

**%* ERROR *** THE RANGE NECESSARY TO DESCEND IS
GREATER THAN THE RANGE OF THE TABLE CALCULATED IN
CRUISE. THIS MAY BE DUE TO A DELTA R IN CRUISE
WHICH IS TOO SMALL.

At present do not use SGTIND = 7 with OPTIND = 1 unless
a sufficiently large AWg is input to completely refuel
the aircraft. This rule will be eliminated by future
modifications to the program. For the present, missions
employing change of fuel can be analyzed by running
separate cases, a new case each time the fuel is changed.
The aircraft can be separately sized for each case and
compared manually.

The value for payload which is input (LOC. 2604) should
be the payload at initial takeoff.

7.1.2 Suggestions

l.

2.

3.

Input locations 0005 + 0022 are arranged in a sequential
order (lst and 2nd order size trend and propulsion indica-
tors) which allows configuration types to be input in a
logical "building block" manner. Use of this arrangement
facilitates the input of data. For example if the user
wishes to input a single rotor auxiliary independent
engine compound helicopter, the following input sequence
follows:

a) Input CNFIND

1l (single rotor helicopter)

b) Input AUXIND 4 (compound helicopter)
c) Since a compound helicopter has wings, input desired
wing sizing options (SIND and byIND).

d) Input AIPIND = 2 (auxiliary independent engines)

e) Input desired type of auxiliary independent engine
(ENGIND)

f) Input those options pertaining only to single rotor
helicopters (TRDIND, TRSIND, VTFIND, HTIND, and
MRPIND)

If nonstandard atmosphere is required only for constant
altitude segments, such as loiter, cruise, and takeoff,
the table of temperature ratio versus altitude need not
be filled in. The nonstandard atmosphere may be obtained
by use of ATMIND = 1.

If it is desired to run OPTIND = 2 for a helicopter which
has previously been sized in a separate case, the drag
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will be represented correctly if the output values of

as and ag from the sizing case are input for the OPTIND

= 2 case to AFe (LOC 0316) and Ky (LOC 0327) respectively,
and if the Cpyi table is filled in identically to the
sizing case.

4. To represent engines which are buried in the fuselage,
input Ky (LOC 0323) or Ky; (LOC 0324), or both as zero
and 23, 22, Z3 (LOCS 0142, 0143, and 0144) or 24, 25, Z¢
(LOCS 0146, 0147, 0148) or both as zero. The component
drag will then be zero and the calculation of engine/
nacelle dimensions will be bypassed.

5. The order in which segments 7 and 8 are used 1s important
due to the fact that the program will not permit the air-
craft weight, during a change of weight segment, to
exceed gross weight. As an example, to simulate adding
200 pounds of payload, followed by refueling back to gross
weight limits, the eighth performance segment (change of
payload weight) should be entered first with an input of
AWpy, (LOC 1161 through 1170) of 200. Then, the change of
fuel weight segment can be entered with a large number
input for the AWg quantity. - '

6. The weights factors K) through K2g (LOC 2654-2673) have a

, nominal value of 1.0 assigned to them by the program.

These factors need not be input unless a nonunity value

is desired. Similarly, the incremental group weights,

AWpc (LOC 2605), AwWp (LOC 2606), and AWgp (LOC 2607), are

nominally zero and need not be input unless a nonzero

value is desired. The reserve fuel factors K; (LOC 0032)

and SWg (LOC 0033) are nominally unity and zero respec-

tively. The fuel flow multiplier Kpp (LOC 0034) 1is

nominally 1.0.

7. A cruise may be run with a headwind for cruise options
-3 through 6 by input of the headwind in knots in loca-
_tions 0731 through 0740. For cruise option 2 (specified

" constant true airspeed), the user can simulate cruise with
a headwind by inputting an "equivalent" value for Rpax

- (LOC 0791 - 0800), obtained by adjusting the true ground

~range desired by the ratio airspeed i ground speed. The
program output values for range must then be readjusted
by the inverse of this ratio to obtain the correct ground
range.

7.2 DISCUSSION OF ROTOR PERFORMANCE CALCULATIONS

As noted in section 4.5, three options for computing rotor
performance are available to the program user. The first of
these (ROTIND = 1) utilizes the "short form aero" rotor per-
formance method which can be described as follows:
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The short form aero rotor performance methodology is a
combination of momentum theory and empirically derived factors .
The four elements of the rotor power required are:

a) 1induced power (power required to generate lift)
b) profile power (power required to turn the rotor)

c) parasite power (power required to supply propulsive
thrust in forward flight).

d) nonuniform downwash power (power correction due to
nonuniform inflow and downwash effects in forward
flight).

Figure 7-1 is a summary of the major equations used in this
methodology. A brief description of their applications
follows:

In hover, the rotor power required is composed of only two
parts, induced and profile power. The induced power as repre-
sented by the equations in Figure 7-1 is a function of the
variables Kyoy, Ko, and Crp. Kyov is the adjustment for non-
uniform inflow and wake contraction effects and is a function
of Cp, blade number, and blade twist. Kg is the correction
for overlapping rotors (as in the case of a tandem rotor heli-
copter).

The proflle power is simply a function of the integrated blade
drag coefficient (including compressibility effects) at a
specified operating CT/O and blade solidity.

In cruise, the rotor power is composed of all four of the
components listed initially. The induced power, as represented
by the equations in Figure 7-1, is a function of the guantities
KiNp, KINT, Cr', and u'. Kiyp is the induced power adjustment
factor which accounts for blade tip and other losses. KinT is
the induced power adjustment for interference between tandem
rotors. Thus, for single rotor helicopters, Kiyr is equal to
l. For tandem rotors, the value of Kyyp is calculated based
on tandem rotor overlap and an emplrlcally derived wake sepa-
ration angle, ¢'. Profile power is simply a function of the
integrated blade drag coefficient (corrected for retreating
blade stall and advancing blade compressibility effects) at
specified operating conditions (Cp'/o, u, Cx), blade solidity,
and advance ratio (u). The parasite power is a function of
the propulsive thrust required and the efficiency of the rotor
in converting power into that propulsive thrust (in addition
to providing lift). The nonuniform downwash (NUD) power is a
correction which has been empirically derived from a compari-
son of uniform and nonuniform downwash rotor analyses. The
term Kyyp, which is a function of the advancing rotor, is
stored as BLOCK DATA in this program.
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In order to obtain a reasonable estimation of power required
at very low advance ratios (u < 0.1l) where neither normal
cruise nor hover rotor characteristics totally describe the
operating environment of the rotor, an empirical fairing
technique is used. The method is based on the contracted
induced wake angle «: '

e = tan~ ! (2vi/(l.689VD

The relationship:

sin 25 + Ccos 23 =1

is used to provide a smooth transition between hover and cruise
characteristics for the affected coefficients while insuring
that the resulting values will lie within the boundaries set

by hover and cruise limiting conditions.

A detailed description of the equations used in this method-
ology is provided by inspection of Figure 4-14 (subroutine
ROTPOW flow chart) and the input variable list included in
paragraph 5.3.1 of Section 5.0. The empirical factors used

in this methodology are input as noted earlier, in "rotor
cycle" format. The input sheet used for this purpose is in-
cluded in the specimen input sheets of Section 5.2. It should
be noted that since the factors specified in a “rotor cycle"
represent integrated blade characteristics, then a given "rotor
cycle" implicity represents a given spanwise chord and airfoil
distribution. Thus, it would ultimately be possible to build
up an extensive library of "rotor cycles" with varying combi-
nations of planform and airfoil distributions.

In the case of ROTIND = 2 (as noted in Section 4.5) input

rotor maps, corrected by the program for the specific rotor and
and helicopter configuration characteristics under study, are
employed. When ROTIND = 3, input rotor maps with no correc-
tions applied are utilized. A detailed description of the
equations and variables used for ROTIND = 2 or 3 is available
by inspection of Figure 4-14 and paragraph 5.3.1. Figures

7-2 and 7-3 show the corrections (Kppp. TIGE/TOGE) for hover-
in-ground effect applied to the equations:

T/W =1 + D.L. (KpLD)
4W(T/W) -

21 2
PTDyr " NpVe1p~ (TIGE/TOGE)

CT =

used in calculating hover power.
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THRUSTIGE/THRUSTOGE
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Figure 7-3. Thrust Augmentation in Ground Effect.
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7.3 DISCUSSION OF ROTOR LIMITS

The function of the rotor limits table input described in
Section 4.6 is to provide realistic (lg) level flight bound-
aries for helicopter rotor operation. This is important
because, although the rotor performance calculation (whether
using rotor "cycles" or maps) reflects operation near stall
through rapidly increasing power required levels, it would
still be possible, using a greatly oversized engine, to oper-
ate in this region, even though in actual fact the rotor could
be overstressed or subject to structural failure. A typical
rotor limits plot is illustrated by the sketch below:

MANEUVER FLIGHT

1 g LEVEL FLIGHT

ey

For purposes of defining the tabular rotor limits input, the
level flight conditions are of interest only, although single
point values (Cp/o)g, (Cr/d)cr from the maneuver flight curve
are necessary for determining (sizing) main rotor solidity.

Rotor limits, then can be based on:

a) incipient rotor blade stall limits (1lg level flight), or

b) indipiéhﬁjfotor blade stall and/or rotor biadé struc-
tural limits for maneuver flight.

Figure 7-4 shows a summary of miscellaneous rotor limits data
(theoretical and flight test), for both the lg level flight
and maneuver conditions. The rotor limit value (Cp/c)y en-
countered in hover is typically due to stall flutter. This is
primarily an aeroelastic/control system stiffness problem.
Level flight rotor limit values, as noted earlier, are a func-
tion of incipient stall and/or stall flutter. Rotor limits in
maneuver flight are more complex to understand because of the
interaction of various rotor configurations and rotor para-
meters on the result. For example, a rotor system with
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Figure 7-4. Summary of Typical.Rotor Limits.
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‘quirement.

relatively high rotor blade inertia in the flapwise direction,
should potentially (in a maneuver) exhibit a higher maneuver

g capability (due to gyroscopic precessional effects) than a
rotor with less inertia in the flapwise direction. Other
factors influencing rotor limits include the torsional natural
frequency of the blade as it interacts with stall flutter,
chordwise bending stresses of the blade, the type of maneuver
performed, etc. For a more detailed discussion of this matter
see References 12 to 15. ’

Provision has been made in the rotor limits table for inclusion
of rotor limits which are a function of Cx/¢ (based on rotor
propulsive thrust) as well as u (see the sketch below) .

Cx/O' = 0

Cy/0 INCREASING

In those instances where Cx/o is not a variabié,'the usér
simply inputs Cp”/o versus u at dummy values of Cyx/oc (0 and
1.0). If the user wishes to operate the program without using

rotor 1imits, large "dummy" values ofqu‘/c (say 1.0) are

‘input at Cx/c = 0 and 1.0.

7.4 DISCUSSION OF PROPELLER EFFICIENCY

The final selection of a propeller blade design to best suit

‘a given compound helicopter mission is a rather arduous task

because the suboptimization of many considerations, such as

propeller efficiency, propeller weight, power transmission
system weight, powerplant performance, and others, is required
for each mission segment followed by an overall mission optimi-

zation.

A single propeller design does not satisfy the re-

The basic problem faced in evoiving a single propeller design
to satisfy all flight conditions is that of achieving the
optimum blade loading for each of the flight conditions. This
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is virtually impossible due to the degree and manner in which
thrust required and power available vary with engine and
vehicle speeds. From an aerodynamic viewpoint, this basic
problem manifests itself in terms of problems associated with
blade chord, twist and design Cp, distributions, engine-
propeller performance matching, and compressibility.

Propeller blade loading is a function of the spanwise distri-
bution of blade twist, blade chord, and blade section design
lift coefficient. These three parameters must be employed so
as to yield the optimum propeller performance at a given
flight condition. This will occur when each section of the
blade is adjusted to operate at or near its maximum lift-drag
ratio while maintaining an optimum spanwise load distribution.
As the operating conditions vary, the degree to which near
optimum conditions can be maintained changes for a fixed blade
geometry. Therefore, some compromise must take place, and
best efficiency cannot be achieved at each and every operating
condition.

As one can appreciate, with fixed blade geometry the attain-
ment of overall propeller optimization is somewhat limited
with regard to what can be aerodynamically achieved with twist,
solidity, and design 1lift coefficient. Furthermore, changing
these variables results in variations in blade centrifugal
twisting moment, hub centrifugal loads, blade pitch control
loads, and numerous other items which result in either opera-
tional envelope limitations or weight constraints. Variable
blade geometry can result in aerodynamic improvements, but
these may well be offset by increased weight and cost. Vari-
able geometry propeller blade development and application,
furthermore, have been quite limited.

The ability to alter propeller speed in cruise will help the
designer cope with blade loading problems and result in better
mission efficiency. This can be done whether by using a mul-
tiple speed power transmission system between the engine and
propeller or by exercising the variable output shaft speed
capability of free turbine powerplants. The former method is
generally not used due to weight penalties, while the latter
method is extensively employed. Engine-propeller matching, -
though, is not as simple as it may sound. Engine power does
fall off at nonoptimum turbine speed, and transmission torque
requirements and weight increase with reduced turbine speed.

The combination of vehicle speed, propeller speed, diameter
and altitude produce a constraint in the form of Mach number.
Exceeding a helical tip Mach number of about 0.95 appears to
significantly reduce propeller efficiency.
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Current state of the art regarding propeller aerodynamics
_appears to permit very accurate appraisal of a given proveller
design performance over most of the flight envelope. Per-
formance prediction capability is generally inadequate in the
following areas: 1) static thrust, 2) at moderate to high
propeller shaft angles of attack (say 30 to 90 degrees), and
3) under the "mixed" flow conditions where the blade sections
_are in neither wholly subsonic nor wholly supersonic flows.
For purposes of preliminary design, however, the short methods
for predicting propeller performance available from propeller
- manufacturers (e.g., Curtiss-Wright and Hamilton Standard)
generally produce acceptable results, and should certainly

be given consideration.

Whenever possible, the aircraft designer should consult the
propeller manufactures' and his own propeller staffs early in
the preliminary design phase. Lacking this, he should freely
exercise the methodology published by propeller manufacturers.
‘These methods require only several minutes to manually com-
pute a propeller performance point and are well worth the
effort. Too many preliminary aircraft designs have proceeded
too far assuming propeller efficiencies in excess of the ideal
induced (i.e., zero drag) value. )

7.5 DISCUSSION OF PROGRAM TOLERANCES

The tolerances tabulated in Table 7-1 represent the gcCurgcy'
required of iterated values calculated at certqig points in
"the program. Whenever the values of the quantities named in
Table 7-1 become less than the value quoted, the iterating
calculation is terminated.
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TABLE 7-1.

PROGRAM TOLERANCES

VARIABLE BEING SITUATION
SYMBOL VALUE CALCULATED IN PROGRAM FUNCTION OF TOLERANCE
TOL 0.01 Wg, Gross Weight Main Control When the quantity
Loop |1-(Wg) o/ (Wg)g|< TOL, the
fuel required and available
are considered to be suf-
ficiently close and the
sizing calculation is
terminated.
Ay 0.1° vy, Flight Path Climb & De- Determines flight path
Angle scent Sub angle to within 0.1°
: routines
ABHP 0.01 BHPA-BHPR Cruise The cruise speed is set
BHPA —EEF when BHPp is within
A 0.01 BHPp
AB 0.01 By - By CRSIND = 1 By - By is used to adjust
—_— —_— AV to expedite
By Bj
computation. If B - Bj
B3
becomes less than AB,
BHPR always exceeds BHPp
A(Xm/2p 0.01 (Xm/4B)-(XM/2%B)c Main control The main rotor position
oy loop is determined when
(XM QB)C (XM/R'B)C WM/Q‘B iS Within 0.01
(XM/’Q’B)C
ADpR 0.01L DTRr - Dprgy Size trends The tail rotor diameter
) — Do subroutine is determined when Drg
TR1 TRy is within 0.0l Dpg..
I
AUTRl 0.01 UTRl'GTR Main control The tail rotor solidity
—_— loop is determined when angg,
9TR 9TR is within 0.0l orpg.
RTOL 5 nm R, Range Descent Sub If the range at the end of

routine

descent is within Rpgp nm
of Rpax the calculation

terminates.
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7.6 SAMPLE CASES

To illustrate the use of the program, two sample cases have
been run and the output included here.

The first case is for a single -rotor compound helicopter with
auxiliary independent cruise propulsion (T/Shaft - Propeller).
This case illustrates main rotor (diameter and solidity)
sizing, wing sizing for maneuver conditions, auxiliary inde-
pendent engine sizing, tail rotor solidity sizing to meet
hovering turn requirements, vertical tail area sizing based
on tail rotor loss (in cruise) criteria, and the use of a
drag trend. The primary engines and drive system are sized
to meet specified takeoff and cruise requirements.

The second case is for a tandem rotor winged helicopter. It
illustrates the use of the component drag buildup option, fuse-~
lage sizing based on specified rotor overlap and cabin dimen-
sions, aft rotor pylon sizing based on an input gam/stagger
ratio, wing sizing for maneuver conditions, and main rotor (diam-
eter and solidity) sizing. The primary engines and drive systems
are sized to meet specified takeoff and cruise requirements.

7.6.1 Single Rotor Compound Helicopter (Auxiliary Independent

Engines)

The design mission profile is illustrated in Figure 7-5. The
more interesting and unusual inputs are discussed for this
case while the more routine information is only listed. A
complete copy of the program printout follows the description
of the input.

CRUISE AT SPEED
FOR 99% BEST RANGE

I
CRUISE AT SPEED FOR SUFFICIENT RESERVE

TAKEOFF AT 99% BEST RANGE
FUEL TO LOI

T/W=l.0§ TRANSFER ALTITUDE 20 MINUTES TER FOR

(6 MIN) . TO 1000 FEET V'3

K o

= )

CRUISE AT |

T?§IM?§T 170 KTAS ¥~ CLIMB AT MAX R/C

TO 3000 FEET ALT

N HOVER AT T/Wel.06 FEET ALTITUDE
Q (12 MIN)
- LOITER FOR

ONE-HALF HOUR

UNLOAD 1000 LB
OF PAYLOAD

CLIMB AT MAX R/C
TO 5000 FEET ALTITUDE

300 NAUTICAL MILES >

Figure 7-5., Design MSN - Sample Case Number 1.
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SAMPLE CASE NO. 1

GENERAL INFORMATION SHEET

VARIABLE LOCATION VALUE ASSIGNED REMARKS

OPTIND 0001 1.0 : Sizing run

OPTIONAL 0002 1.0 Detailed printout de-

PRINT sired

DRGIND 0003 2.0 GW/Fe Drag trend uti-
lized

OSWIND 0004 0 User inputs Oswald
efficiency factor

CNFIND 0005 1.0 Single-rotor helicopter

AUXIND 0006 4.0 Compound helicopter

RDMIND 0007 4.0 Main rotor diameter

sized based on input
disc loading; solidity
sized based on input

CT/O

FIXIND 0008 1.0 Program sizes primary
engines

ROTIND 0009 1.0 Short form rotor per-

formance method used

SwIND 0010 3.0 Wing area sized by ma-
neuver conditions

by IND 0011 1.0 Wing span sized based on
input wing span/rotor
diameter ratio

AIPIND 0012 2.0 Independent auxiliary
engines
ENGIND 0013 0 Turboshaft auxiliary in-

dependent engines

FIXINDI 0014 1.0 Program sizes auxiliary
independent engines
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VARIABLE

TRDIND

TRSIND

VTFIND

HTIND

MRPIND

ESCIND

LOCATION

0015

0016

0017 o

0018

0022

0023
' 0024
0025

- 0026

0027

- 0028

0029

0030

0019

VALUE ASSIGNED

1.0

220

220

7-17

REMARKS

Tail rotor diameter
sized based on tail
rotor/main rotor diam-
eter trend

Tail rotor solidity
sized based on input
CT/O

Vertical Fin area sized
to meet configuration
anti-torque regquire-
ments upon loss of tail
rotor ’

Horizontal tail volume
coefficient input

Main rotor position (on
fuselage) input by user

Primary engines sized
for either takeoff or
cruise

First guess at design
gross weight

Start alti-)

tude Normally
' 0 except

Starting for

range partial

mission
Starting analysis
time

Cruise at specified
altitudes

Maximum operating Mach
number

Maximum operating EAS
knots

Design dive speed,
knots EAS



VARIABLE LOCATION VALUE ASSIGNED REMARKS
Mip 0031 3.5 Maneuver load factor

Ky 0032 1.0 Factor on mission fuel
burned to give reserve
fuel, i.e., 1.1 would
give 10 percent re-

serves
SWe 0033 0 Fixed fuel increment for
reserves or other use
Kpp 0034 1.05 Increase basic engine
SFC by 5 percent
SGTIND 0035 1.0 Taxi ‘
0036 2.0 Takeoff
0037 4.0 Cruise
0038 3.0 Climb
0039 4.0 Cruise
Sequence
0040 9.0 Transfer
altitude of
0041 2.0 Takeoff Design
0042 8.0 Change pay- Mission
load
0043 6.0 L.oiter
0044 3.0 Climb
0045 4.0 Cruise
0046 60.0 Loiter (re-
serve fuel)

0047 100.0 End of case
_/

7-18



HELICOPTER DIMENSIONAL INFORMATION SHEET

VARIABLE LOCATION VALUE ASSIGNED REMARKS

byw/D 0103 0.5 Wing span/main rotor
diameter ratio

(t/c)r 0105 0,20 Wing root thickness/
chord ratio

— . (t/c) 0106 ©0.12 Wing tip thickness/
T chord ratio

Ac/4 0107 0 Quarter-chord mean
sweep angle, degrees

A 0108 0.5 Wing taper ratio (tip
R -~ chord/root chord)

| |

= Cp/C 0109 1.0 Ratio of download al-
— leviating flap chord to
: wing chord (1.0 signi-
Sl o - - fies a fully tilting
‘ wing)

thF 0110 0.20 " Ratio of vertical wing
e position on fuselage as
a fraction of fuselage

height
CLp 0111 0.8 Wing design lift coef-
ficient
ARy 0112 4.0 Horizontal tail aspect
ratio
QTH' 0113 1.15 Ratio of horizontal tail
) moment arm to main rotor
radius '
(t/c)HT 0114 0.12 Horizontal tail thick-
- ness/chord ratio
Vﬁ 0115 0.0162 Horizontal tail volume
. e e - coefficient
Ag 0116 0.5 Horizontal tail taper
L - ratio
LSyet/SF 0120 0 Fuselage wetted area
ratio




VARIABLE

ASwet

L ./d

TB’ °TB

d d

e’ 378

kr. sTING

LOCATION
0121

0l22
0123
0124
0125

0126

0127
0128

0129

0130

0131

0136

0137

0138

0139

VALUE ASSIGNED

0.15

0.80

0.85

20

REMARKS

Incremental fuselage
wetted area

Fuselage height
Fuselage width

Fineness ratio of nose

Fineness ratio of tail
Constant diameter sec-
tion length

Length of ramp well

Main rotor position aft
of the nose as a frac-
tion of main fuselage
length

Fineness ratio of tail
boom

Ratio of average tail
boom tip diameter to
average tail boom
diameter

Tail boom extends aft of
the tail rotor disc by
10 percent of the tail
rotor radius

Vertical tail taper
ratio

Vertical tail thick-
ness/chord ratio

Vertical tail fin/tail
rotor overlap ratio

Vertical position of the
tail rotor center (rela-
tive to the vertical

fin root chord) as a
fraction of tail rotor
radius



VARIABLE

CLpEs

VDES

LOCATION

0140

0141

0142
0143
0144
0146
0147
0148
0152

0153

0154

0155

0156

VALUE ASSIGNED

0.5

180

0.035
2.0
0.078
0.035
2.0
0.078

0.40

0.20

MAIN ROTOR DIMENSIONAL DATA SHEET

ROTOR CYCLE

NO.

0171

0172
0173

0176

3

11.0

4.0
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REMARKS

Vertical tail fin de-
sign 1lift coefficient

vertical tail fin sized
to provide aircraft
directional stability
at 180 kts in event of
tail rotor loss

Primary engine
nacelle constants

Auxiliary inde-
pendent engine
nacelle constants

Forward rotor pylon
root thickness/chord
ratio

Forward rotor pylon tip
thickness/chord ratio

aspect ratio

Forward rotor pylon
taper ratio

Forward rotor pylon
height

Rotor blade section
aerodynamic charac-
teristics selection
Number of rotors

Disc loading

Number of blades/main
rotor



VARIABLE

6
TMR

XCMR

XMR

(t/c) .25r

Vorp
(CT/O)H

9REQM'T

g (ROTOR)

N (ROTOR
LOADING)

VeEHL

VCEH?2

Kpcr, mMB

LOCATION

0177

0178

0179

0180

o181

0182

0183

0184
0185
0186
0187

0188

0189

0190

0191

0192

0193

VALUE ASSIGNED

-9.0

0.25

0.075

725

0.12

165
3000
43.2

0.110
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REMARKS
Main rotor twist (deg)

Main rotor blade cutout
as a fraction of radius

Main rotor blade attach-
ment point as a fraction
of radius

Rotor blade thickness/
chord at 25 percent
radius

Main rotor tip speed

Rotor "lift coefficient"
for hover sizing
solidity

Rotor design thrust/
weight ratio

Cruise flight con-
ditions for sizing
rotor solidity

Rotor "lift coefficient"
for sizing rotor solid-
ity in cruise flight

Total g reguirement,
helicopter must satisfy

Maneuver g's carried by
main rotor

Rotor lift/Gw for lg
cruise flight rotor
solidity sizing

Main rotor vertical
rate-of-climb effi-
ciency factors

Helicopter forward
flight climb efficiency



TAIL ROTOR DIMENSIONAL DATA SHEET

VARIABLE LOCATION VAiUE ASSIGNED REMARKS

bog 0203 5.0 No. of blades/tail rotor
eTTR 0204 -4.0 Tail rotor twist (deg)
Xerg 0205 0.3 - Tail rotor blade cutout

as a fraction of radius

XrR 0206 0.075 Tail rotor blade attach-
ment point as a fraction
. of radius

VTR 0207 690 Tail rotor tip speed

(CT/G)DES(H) 0208 0.17 Tail rotor limiting
~design rotor "1ift
coefficient"

1 0209 0.30 Helicopter yaw accel-

- : eration, rad/sec?
¥ 0210 0.75 Helicopter yaw rate,
. S rad/sec
Crg/CTypr 0211 1.00 vertical tail fin/tail

, rotor sideload ratio
B , (when input as 1.00,
program calculates a
value of Cpg/Cryetr Pased
on tail fin/rotor
geometry)

ol

0212 0.72 Tail rotor induced

' ' . velocity ratio for a
pusher type tail rotor
(see fig. 4-21, sect.
4.8)

Kgz7, 0213 1.00 Single rotor helicopter
yaw moment of inertia
trend adjustment factor
(nominally = 1.00)

g 0214 1.0 Gap between main and
MR/TR tail rotor disc (ft)
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VARIABLE LOCATION

Krrs 0215

CLFIN 0216

VALUE ASSIGNED

1.05

REMARKS

Tail rotor solidity in-
creased 5 percent over
that dictated by hover-
ing turn requirements

Vertical tail fin op-
erating cruise 1lift
coefficient

PRIMARY ENGINE SIZING INFORMATION SHEET

VARIABLE LOCATION

PRIMARY

ENGINE

CYCLE NO. 0217
Np 0219
XMSNIND 0220

%
SHPypy/SHPyp 0221

N 0223
A SHPpcc 0224

SHPTRX/TRP* 0225
X

*
SHPARX/SHPAU 0226

02
hTO(H) 27

VALUE ASSIGNED

1.761

2.0

4000

REMARKS

Primary engine selection
No. of primary engines

Drive system rated at
power required to hover
or cruise (more critical
of the two conditions
selected by program)

Main rotor drive system
is rated at 100 percent
of main rotor design
power

Transmission efficiency
Accessory power losses

Tail rotor drive system
is rated at 100 percent
of tail rotor design
power

Aux propulsion drive
system is rated at 100
percent of aux propul-
sion design power

Design point hover al-
titude (engine sizing)



VARIABLE

(T/™W)p 0228

”configﬁfatlon"desiéhwvf;:f
point hover thrust/
weight ratio

(Nr1/NrIMax)TOo 0230 1.105 Main rotor operating at
100 percent of hover
tip speed (725 fps):
i.e.

N1t IIMAx)
N1 To\ Nriz*

(1.105) (.905) (725)

= 725

0231 0 No. of engines inopera-
PSD , : :
tive at hover design
point condltlons
SHPg/SHP * 0232 0.95 Engines sized to permit
operation in hover (OGE)
at 95 percent of the
maximum rated power

h 0235 3000 Design point (cruise)
altitude (engine sizing)

Ve 7 0236 | 170 Design p61££ cruise

speed (englne sizing)

(Tayx/TroT) © 0239 0.75 75 percent of propu151ve
- : thrust provided by aux.
propulsion at cruise
conditions for engine
sizing

CLD 0240 0.3 Wing gperating l;ft co-
P efficient at cruise
conditions for engine
sizing

(NPSD)C 0241 0 No. of primary engines
shut down during cruise
(for engine sizing)
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AUXILIARY INDEPENDENT ENGINE SIZING INFORMATION SHEET

VARIABLE
AUX PROPUL-
SION ENGINE
CYCLE NO.

Np

POWIND

LOCATION VALUE ASSIGNED
0242 1.761
0245 1.0
0246 2

REMARKS

Auxiliary independent
engine selection

Helicopter has one aux.
independent engine

Aux. independent engine
sized to provide 75 per-
cent of configuration
propulsive thrust at

NRP

PROPELLER DATA REQUIRED FOR COMPOUND HELICOPTER AUX
PROPULSION INFORMATION SHEET

VARIABLE

VTar
DIA

XAR

Taux
npIND
Np3

AF/Blade

No. of
Blades

LOCATION VALUE ASSIGNED

0249 900
0250 10
0251 £ 0.075
0252 0.97
0253 0
0254 0.82
0257 140
0258 3

7-26

REMARKS
Propeller tip speed
Propeller diameter
Propeller blade attach-
ment point as fraction

of radius

Auxiliary drive system
transmission efficiency

"Point" propeller effi-
ciencies specified for
climb and cruise

Propeller efficiency in
climb

3-way propeller, 140
activity factor/blade



HELICOPTER AERODYNAMICS INFGRMATION SHEET

VARIABLE LOCATION VALUE ASSIGNED " "REMARKS R

(GW/Fe) 0312 1130 Drag trend constants de-
rived from data such as
illustrated by fig.

KFED 0313 .555 4-26, section 4-9

e 0314 0.75 Wing "span loading"
sl B efficiency factor

TFEF 0315 1.0 Tail fin aspect ratio
effectiveness factor
(nominally = 1.0)

(Re/L); 0328 1.464 X Mean Reynolds No./ft
10 based on primary engine

cruise sizing flight
conditions

C 0329 ~ 6.28 ) Wing 2-D lift curve

o slope
C1,-Cp ' 0330 See input values on sample
TABLE ' -0345 output sheets

ROTOR LIMITS INFORMATION SHEET

0347 This case has been run using

-0377 "dummy" rotor limit values (as
explained in Sec. 7.3). For

actual "dummy" values used, re-
fer to the appropriate locations
on the output sheets

HELICOPTER WEIGHT INFORMATION

2601 This is fully explained in Sec-

-2673 tion 4.11. Refer to the output
sheets for the actual values
used.

TAXI INFORMATION

top 0411 0.0333 Taxi for 2 minutes

Kpy 0431 1.0 Auxiliary engine fuel
flow multiplicative
factor
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TAKEOFF, HOVER, AND LANDING INFORMATION

VARIABLE LOCATION VALUE ASSIGNED

TOLIND 0461
0462
ty 0551
0552

CLIMB INFORMATION

CLMIND 0571
0572

Tavx/TroT 0093
cr, 0601
WING 0602

N 0681
PSDcy, 0682
NpSDiqy, 0701
0702

CRUISE INFORMATION
CRS IND 0721

0722
0723

TAvK/TIoT  Geaz
0843

C 0751
LwING 0752

0753

0791
Max 0792

0793

1.0
1.0
0.1

0.2
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REMARKS

Specify required T/W for
hover out-of-ground ef
effect

Hover for 6 minutes

Hover for 12 minutes

Climb at maximum rate
of climb, limited by
NRP available

All propulsive thrust
provided by main rotor

Wing operating Cp in
climb

One primary engine shut
down during climb

Auxiliary independent
engine shut down during
climb

Cruise at specified TAS

Cruise at 99 percent
best range speed

Propeller/main rotor
propulsive thrust split
during cruise segments

Wing operating C1, in
cruise

values of range at end
of each cruise



LOITER INFORMATION

VARIABLE  LOCATION VALUE ASSIGNED REMARKS

Tarrg/ T 1111 0.35 Propeller/main rotor
AUX? “TOT propulsive thrust split
1112 0.35 in loiter
CLW 1041 0.4 Wwing operating Cr, in
1042 0.4 loiter
ty 1081 0.5 7 Loiter for 30 minutes
: 1082  0.25 Loiter for 15 minutes

for reserve fuel pur-
poses

TRANSFER ALTITUDE SHEET

AW, 1161 -1000 Unload 1000 pounds of
- mre payload after 12 min-
fj’*’ : SRS utes of hoverlng

PRIMARY ENEI’E CYCLE DATA NON- STANDARD PER ORMANCE

~ N2IND i 1204 2.0 o A non-optimum NII vari-
e - atlon w111 be used

NIIMAX/N;i 1223 0.905 Maximum power turblne

: speed is 90.5 percent
- of rated value (static,
S - v max power, sea level
RGN L Vstandard)

AUX. INDEPENDENT ENGINE CYCLE DATA NON-STANDARD PERFORMANCE

N2INDI 2204 ) 2.0 ) A non- optlmum NII vari-
ations will be used

NIIMAX/Nf; 2223 0.905 Maximum power turbine
speed is 90.5 percent
of rated value (static
max power, sea level
standard)

The sample case output follows:
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SAMPLE CASE NOo 1 PAGE 1

HESCOMP
HELICOPTER STLING & PERFORMANCE COMPUTER PROGRAM B-91

THE FILLIWING 1S A CARD By CARD REPRODUCTION OF THE INPUT [DECK FOR THIS CASE
LUC, CORARESPONDS TO LOCATION NUMBER GIVEN ON INPUT SHEET

NUM STANDS FOR THE NUMBER JF SEQUENTIAL INPUT VALUES STARTING wiTH LIC, (MAX, =5)
VAL EQUALS VALUE FOR VARIABLE CORRESPONDING 7O LOC.

VALl VALUE CORRESPONDING TO LOC.+0001
vaL2 VALUE CORRESPONDING TN LOC.+0002
ETC.
LJC. NUH VAL viLl - . VAL2 VAL3 VAL4

MOYE ¢ TN USING AUXTLIARY ENGINES § AUXILIARY ENGINE CYCLE INPUT LOCATIONS CAN BE CREATED
RY PLACING A b6656¢ CARD IN FRONT AND BEHIND A STANDARD ENGINE CYCLE

1601 Z 3,0000 -9.0000
1613 5 Ve 99500E~02 -0, 28000€ -01 0, 26200 0,27600 244500
1608 ! 0,86500
1609 H 0.10590E-01 2.8200 0.,90N00€E-21 1.1700 0.12400E-02
1614 2 0,75890 0.74300
l16l6 5 10.000 g.0 0. 40000E-~02 0. 70000€-02 0.99000€-02
1621 5 Ve LOUUBE=Y] 0,11030E-01 0,11500€-01 Qe12000E~-01 0e 15500E-01
1626 5 0.22000E-01 1.0180 1.0850 lLel5@ 142330
1631 5 1.2790 143140 1.3270 1.3370 le3649
1630 1 1.3970
1 5 L0000 1.0000 2.1000 0.0 1,9092
6 5 4,000 44,0000 1,0200 1.0000 3.0000
1t 5 1. W00 2.9000 LY 1.0000 1e.uing
16 L3 2. 0000 2,0000 2.0000 de0
22 4 2.0000 25000, 0.0 0.0
26 5 041 0.0 0, 33000 220,00 220,00
3 5 345000 1,0000 J.0 1.0500 1.13000
k[ 5 2+0000 e 4.0000 E FYULIT 4,000 9,0009
41 5 2,300 8.0000 60000 3.0000 44,00 1)
46 2 60000 100420
113 1 e 50100
1n¢ 5 0. 23000 0.12000 0.0 0. 50000 10030
1o a Ve 2: 000 0, 80000
112 5 440000 1.1539 de 12000 Ve 16200E-01 0,50030
120 2 140 [{ %]
122 5 T.0000 6,5000 1.3000 1.0000 12.00)
127 5 ded 0.55000 5.0000 Ve 30000 1.1000
136 b Uy 45000 0U.15039 U, 80000 0. 85000 045000
lal 1 189.00
142 3 Ue 35000E-ul 2.3000 0, 78000E-01
l1aé : g J5001QE -1 243030 Ve T8HMOE-D]
150 2 iatd Ne0)
152 5 U, 40000 0.2)000 Ue 59000 0. 4000V 3,000
171 1 3,0000
172 2 1o MO0 11.000
17s S 4. 1Y -9.0000 0, 25u0 0 Ue TSU00E -3 L Je LIOBUT DU
i81 t 125,100
182 2 de 12000 10630



1R4 5 lu5.00 3000, 43,200 0. 11000 1. 7500

1R 2 1e 3540 1.00%00

191 2 1.53u0 de 0

193 1 Ge 850N

203 5 5 WHIY -4 ,0000 Ue 300303 Q. T5100E-01 SOy

2u7 5 Ve l7Nuy Ue 30000 A, TSouu 1.0000 e 720030

211 3 1. 0004 1.0000 1.3500

216 3 e

217 1 1.7614 :

219 1 2. WU N

220 2 2.0 1.1000 ’

223 2 e 97000 10,00

225 2 1.49090 149000

227 5 4000, 1 00&04 ~ 530, 3u0 1.1050 Ne}

232 2 U, 95100 .0 e

234 s 2,000 3. ’ 1710 43,20 1e10050

234 3 Ue TS50 04 030D . Je O

. 262 1 1.7019 T ’

245 1 1.0t90 -

240 2 2. 10 1.1950 T o

248 5 1. MO0 900.)) 10,d0) h Oe T5000E-01 0,97000

253 1 hetd o Ten ===

254 2 UeB20HD 1. 800100 - -

257 2 I EIULD | 31,3000

261 1 4o UNQ

262 4 1yt e 20000 e &idd0 Q. BU0G0N

272 o 0,85300 4, 83000 Je 83400 d, 78000

312 & 1130, We 55500 e THOM0 10000

322 1 (LT T N Tt

327 1 1.0200 . : T -

328 1 e 14640E 07 o ’ :

320 1 65,2304

13 1 70000 o ’ -

331 5 Hel) Toe 20009 04 20000 0, 60000 e BUOVY

33e 2 Lo T T 1e4nn T . =

3314 5 VeoUOUUE-uZ T T T0e62u00E-02 T T 0, TUUI0E-)2 0, 800 0VE-02 0,9503E =02

344 z (he 1 2000} -1 0, 20000E -1 -

167 2 3. 0ty 31000

349 3 Netd T 3.53000 10000 .

354 3 (A} e SUBOY 1.000y

3sl 3 Iettdd 130400 130

368 3 1ot 10000 T Tien0u0 T

378 kl 1.%130 1.0000 1.0000
2602 ? 2240,.0 450,00 2010,0
26615 3 [ T TH] [F I G.9
2648 5 Uet) 1) T A0 Ve [
2613 5 25309, 25,ud0 1 N VIT) U.0 d.y
2618 4 EUFR D] 0. 18U0N 25.000 e}
2622 5 12570 2408010 e @IOE-0} 0. 80000 Ny
2627 5 1. 00 0.0 20600 2+ O0iNY 24,100
2632 5 1. 0000 LD UST) ) U 175.90 e )
2637 5 44 1110 2.2000 - slsa0d Je 28600 1.1599
2642 5 144,200 1442040 1 oyt 1.,0000 2531
2047 5 31,0000 ’ 250400 250,140 1.000m De LI0M)
2652 2 thy 1 To0) 0. 17090 - -
265% 5 Lostrnd 1.30)0 1000y 1o U0 1.0000
265% 5 le WOQ 1.0000 10000 10000 1.0000
26h4 1 1.3009%¢0
2665 5 L. 0h00 1.3000 1.0000 1 .0000 1.0000
2670 D) L. 90 1.9000 1.000y 10000
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4l
411
421
431
441
461
481
501
511
521
531
541
551
571
591
601
oll
62t
631
64l
651
861
671
&A1
691
Tal
721
731
Tal
751
7581
71

781

791

801

11

421

a1

34l

AS1
14431
luat
1951
1961
1071
1041
1991
Lol
111
1121
1131
1161
1171
1181
1191
1201
12056
1223
2201
2204

T e e A e e g PR U T RS T R R R PO G G e W2 U G A e L e R R R R R R RO R RO R PR R R RS R N RS R RO e e e e e

00

(e 333000Z-9)1

Vet
1., 90100
1. 1050
1o udn

O.0

n.o

(1) )
1.06170

Ue 2WNVE-01]
1. 1050

U, JOOANE 1)
le N

t,0

Ue Ith1NY

g1d
5 W, 0
2o )HIG
Su .1
1. 1050
P LU
1. 105y
le W00

N,
l. 000
240000
17Tu.n0

a0

05}

(1791 ]
15,000
24 WY
69,000
1.1050

(L)
1. 1050

(1Y)

Je 55000

[ )

ihatl

Ny 4000

0.0

S MIYUE-01
1. 1059

0.506009
1.1059

0.0
Ue 35000

.0

0.0

-1900.0

e 1 ONVIE =1} ]
10000
1. 0000

tall

U0

[T LTI

(AT}

[LV]

1.0000

N,0

e Q

V.0
1¢3639

06 20000€ -0l
1.,1050

0.20000
1.0000

0.0

e 400300

e ti
50W.00
2:00909
3000, 0
1.1050
6,.,0000
1.1059
L0000 |

V.0
1.0ud0
4.,0N004 44,2000

0 .0
« 500V 0650000
. 1.9
15,000 15.000
2,.0000 2.,0000
153,40 3NN NU
1.1050 1.1050
N,0 0.0
1.1050 1.1050
0.0 0.0
0.&0000 e 70000
Ja 0 0.0
1,9
D.43000
0.0
0. 50000E-N1
l.1050
0. 25020
1el050
[TPR]

cCcd

0. 35000

1.0
D

Va0 Q. )

2. 00N

2,000

DD

S PR3



U"JlU‘U!\JV'J‘\I’U‘“\-ﬂ\l'\l'\l\r""\ll\}'\ﬁu"\ﬂ\“u"U’U‘U‘U‘V\wuwl‘&U‘Ul\ﬂ\.ﬁw\a\-ﬁul\lul‘\l\JI\'\J‘\IWU’UI‘\R\I#W‘\I\J’U‘""‘WF‘

0.90500
0.0
0.0
0.90500
1. 7610
1100.0
950.00
2000.0
0,20000
“g.16300
" 0433500
0 54400

_9,0
0. 65000E~01
~8,11500

__0.50300
"0.62600

0.52000
0, 68000
J.82000
1,92000
1.90u4
1.0520
1.0900
N0
.
nL,305u0
1.7610
1100.9
950,01}
2000.9
e 2¥000
U, 25000E-ul
the 1 6300
U.33500
13454400
3, 77000
1.0U90
1.2900
1« 5504

0.25000E-01

0. 15900
1856.0
1200.0
2200.0

0. 40000

0.25700€-01

0.16760
0e 34440
0, 53920
0. M160
T 1.0200
1.2336

T 145934
T 95%0,00
2000.0

0, 20000

T D465100E-01

0,11630
..9.18100
0,26130
Ve34700
0.43500
0.51100
0,631%0
950,00
0.0
0,27100
0. 84000
1.1180
950,00
2000.0
V. 20000
0, 26500
0.52700
0469000
0.82400
Ve 93034
1.0020
1.0559
1.1000
[t P ]

415900
1856.0
1200,0
2200. 0

0, 4JOV0

Ua 25T00E-1si

,16760
0e 34440
N.55920
N, 19160
1.0289
1.233¢
1.593¢4
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0.0

°.°
2000.0
1400.0
2600.0
0.60000
0. 27000E-01
0.18130
0.,37250
0, 60490

10.83620

1.1120
103344
17236
1200.0
2200.0
0, 40000

TT0,853008-01

0,11800
0. 19000

“0,27300

0.36200
N, 45100
0.53000
V. 656000
1600,0
0,40300
0. 29000
0. 93000
1.1650
1200.90
22u0,0
Oo 40000
0,27100
0. 54000
0, 70590
1e 84000
1495000
10200
1.0700
1.1180
0.0

0.0
2000.0
l4u0,.0
2600.0

0. 60000

0« 27800E-01

N, 18130

N.37250

04 69490

0.85620
fellcou
1.30
1.723¢

2.0000

0, 32000€-01
2000.0
1600.0
$,0000

0. 80000

0,31300E-01

0,20410

0.41940

U, 68110

Ve 96400

0. 6T000E -01

g.12800

0, 20800

0+ 29500

0.38900

0, 48600

0, 56000

0.71800
2600.0

0.80000

1400.0
2600.90
0. 60000
0.28000
0,56000
0. 73000
0.8680W
0,98000
1.0500
1,1000
1.,1350
2.0000

Ue 3Z2N0GOE-I]
2000.0
1600.0
5.,0000

0,80000

Ve 31300E-01

v, 20410

0. 41940

0,68110

06 96400
1.2520
15024,
1.9406

0.0

950.00

8,0000

1800.0
0.0

0,36200E-01

0.23600
n,48510

0. 78770
1.,1150
1.4480
1. 7376
2.2444
16ul.u
5.,0000
0.80000

0, T1O000E-01

Ue 14000

042270

0. 32500

0,42500

0. 51700

0,61000

v, 78010

1600.0
5. 00u0
U, 80000
0. 29090
0, 5900
U 76000
1, 93000

1.0200

1.0900

1.1310

le1650
V.0

950,00

8.0002

1800.0
0.0

04362008 -0l

Ue 236011

N, 48511

3, 78770
1.1150
1.4480
1.7378
22644



2374 S B 0D0O 950 .00 1200.0 1400,0 1600.0
2379 5 1800, 0 2000, 0 2200.0 2600.0 5.0000
2384 5 Uel) Je 20000 U, 40000 0. 60000 0, 89000
239n $ Va0 5000E -1 0.65109€-01 0, 653008-01 U 6TOO0DE~0] N T10MUE~0 L
2390 5 tell5uu 0411600 n, 11800 0,128 U, 16039
242 5 0, 18000 0, 18100 Ue 19000 e 20800 Ue 22700
2409 S V. 26000 Qe 2¢100 N, 27300 0, 29501 Ge 325000
2414 5 1434200 U, 34700 0, 36200 0.38500 Qe %2590
2420 S 0,42500 0.43500 N, 45170 0. 48600 UeSLTH0
2426 5 e SUUDY 0.51100 He 53000 0. 56300 0.61000
2432 5 Ve 62000 0.63100 Ve 66000 Ue 7180 0. TBUND
2434 “ 34000} 950,00 1600.,0 2600.0

2447 4 3o 03D de Ve 43000 1, 30000

2454 3 Ue 26000 e 27120) 129000

2464 3 1,82000 U, 84039 Us 90000

2406 3 leu9an 1.11R80 1.1650

2612 5 840000 850,90 1200, 0 1400.0 1600,)
2507 H 1R00.0 2000.0 220040 2600.0 5400490
2512 H Vel 0, 20000 0, 40000 Ue 60000 0.80009
2518 5 (te 26000 326500 0.27100 0. 28000 (3, 290010
2524 5 U. 52000 0,52700 1540100 Ue 560010 Qe 53000
2530 5 0, 68000 Vs 49000 0, 79501 0, 73040 U, T60NY
2530 5 0. 82000 0482400 U, BeDuiy 0.86800) 04 90DUN
2542 % Us 92010 0,93000 e 950000 06 9BOOO 1.0209
2549 5 1.30u0 l.0020° 1.9200 1,0500 10500
2554 5 1.0520 1.u550 1.0700 l.lo0n 1.1310
2560 5 1. 4900 l.1000 1.11R0 1.13%) 1.1650

Wo T 142500008 05 wFA = 0,2516B4E U WFR = U, 251199t 52
W3 = 2501005 10y wFA 3 Q.T1212RF 04 wWFR = 1,491322F o4
5oz (1e218456E ub RFA 3 (1,5396464E J& WFR = ),436106067 04
WO = N 190626 05 WFA = O,4i12145E 04 wFR = ,38TuROF 04
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SAMPLE CASE NG,

1

HESCDMP
WELICOPTER SI1ZING & PERFORMANCE COMPUTER PROGRAM

B-91

PAGE

2

SINGLE ROTOP COMPOUND HELICOPTER AUX, INOEPENDENT T/SHAFT CRUISE PROPULSION

ST Z7E

DATA

FUSFLAGE

LF
Lo
LB
LTB
X
wF
SF

wING

AR

Sw

L1
ChaRW
LAM3IDA (/4
LEMRDA
(T/CIR
(T/¢Y
wh /5w
Go2w
2f/c

HIR. Tall

AFHT

SHT

AnTY
CEARNT
L&MBDA H
{T/0IHT
LTH

VERT, TAIL

ARyTY

SvT

L1A¢
CBALVY
LaAM3IDA vY
e
1FTaVT

THIS RUN CONVERGED IN & ITERATIONS

GROSS WEIGHTY =

LENGTH{ BODY*TAILBOOM}

LENGTH{ CABIN)
LENGTH({BODY)
LENGTHI TAILBQOM)

FuD, ROTNR LOCATION

wiDTH
WETTED AREA

ASPECT RATIN
AREA

SPAN

MEAN CHORD

QUARTER CHJRD SwEEP

TAPER RATI)

ROOT THICKNESS/CHORD
TIP THICKNESS/CHORD

WING LGADING
ROTOR/WING GAP

FLAP CHO<D/MEAN ChORD RATIN

ASPECT RATIO
ARE A

SPAN

MEAN (HORC
TAPER RAT])
THICXNESS/CHORD
HC, TAIL ARM

ASPECT ”AYIO
AREA

SPAN

MEAN CHORD
TAPEK RATIO

TATL RUTIR(VEART,.) LOZATION
TAIL OVERLAP RATIOD

TALL ROV IR/VERY,

51.0
12.0
2T e5
23.5
15.1
6,5
75546

4o 51
119.%
23.2
Sel
0.0
0,500
0,200
U120
15507
8.6
1.000

4,000
37 .4
12.2

3.t

U500

del 20
2647

1649
210 .6
5.8
245
Dot 503
Gl
J.800

FT.
[
FT,.
FT,
FY,
FTe
SQ.

SQO
FT.
FY,
DEG.

FT.

FY.

LBS/5Q.

FY.

SU.
FT.
FT.

5Q.
FY.
BT,

FT.

FT.

FT,

FYe



(AN RAL THICKNESS/CHORD

MAIN FOTOR PYLON

AF ASPECT 2ATID

SFP WETTED AREA

FAFP FRONTAL ARZA

HP] HEIGHTY

CBAFP MEAN CHORD

Ltampna fp TAPER RATID

(T/2)F ROOT THICKNESS/CHORD
(7707 TIP THICKNESS/CHORD

PRIMARY ENGINE NACELLE

LN LENGTH
L] MEAN [CTAMETER
S5h WETTED AREA(TOTAL FOR ALL ENGINESH

__AUXTLIARY INCEPENCENT ENGINE NACELLE

Lnl LENGTH
ONI MEAN D]AMETER
SNhT wETTED AREA{TOTAL FOR ALL ENGINES)

AUXTLIARY INCEPENDENT ENGINE NACELLE STRUT

SSTH WETTED AREA(YQTAL)
ANS SFAN
CAS MEAN CHORD

PROPELLER{ AUXILIARY PRUPULSICN}

DAP DIAMETER
AF ACTIVITY FACTQR PER BLADE
si1Gar SCLIOITY
NR 2 Ce UF PROPELLEFS
NC. BLADES Nl . OF RLADES/PROP
vriIe TIP SPEEN
MATN ROTOF
cne DIAMETZR
STGMR SCLICITY
Wi/Aa DISC LDJADING
CT/7STLMA THRUST COEFF,/50LIDITY
NR NO. OF ROTQJRS
NOo BLADES NC, OF BLADES/RGTQR
THETA BLADE TwiST
X2 BLAUE CUTOQUT/RACTUS RATID
vYIP T1P SPEED
TAIL ROTOF
DTF OTAMETER
SIGTR SOLIDITY
{T/AINET NET DISC LOADING
ZT/S51GHMA THRUST CLUEFF./SOLIDITY
N2 BLADES NCo OF BLADFS/ROTOR
THETA BLADE TwiIST
XCTR BLADE CUTOUT/RADIUS RATIO
G MAIN/TAIL ROTOR GAP
vYIP TIP SPEED

el 50

UsE )
39,1
62
3.‘)
6,0

Ues )

Db

0e200

5.8

62 .6

LY
le
16,

Ja
Q.0
246

to.y
14,0
Uel71
i.

3.
9Yu.

=9l
0,250
725,

il.1
0313
17.4
el T
Se
~4.39%0
0.300

690,

SQe FT,
SQ. FT.
FT.
FT.

FTe
FT,
5Q. FT.

FTe
FT,
54, FT,

SQ. FT.
FY.
£T,

€Y.

FT./5€C

FT,

LB/SC. FT,

DEG.
FTe/SECS

FT,

LB./350. ¢T,

DEGe.

FV.
FTe/SEC,



SAMPLE CASS NO. 1

HESZIOMP

nwEL ICCPTER SIZIMG & PERFORMANCE COMPUTER PROGRAM 8-91

4ET G TS T

MLF
GLF
JLF

PROPULST IN LPOUP

Kl2
K12

K15

K16
<20
K17
K18
K18

4T &

WPRG
WPRS
WPH
[1:12
WAF
wCs
wPDS
WYRDS
wADS
wE P
wt A
WPET
whF1
WwFS

JELTA wP

whP

IN L8S

MBNEUVER LOAD FACTIR
GUST LUALU FACTCR
ULTIMATE LOAD FACTIR

TOTAL MAIN ROTOR GRQUP
MAIN RDTOR BLADE (PER ROTOR)
WAIN ROTOR HUB (PER ROTORI
T BLADE COLOINGUPER ROTCA)
aUXILTARY PROPULSION RITIR GROUP
GRIVE SYSTEM .
MAIN ROTOR DRIVE SYSVEM
TAIL ROTOR DRIVE SYSTEM
“AUXILTARY PPOPLLSION DRIVE SYSTEM
PRIMARY ENGINES
ALXILARY ENGINES
PRIMARY ENGINE INSTALLATION
AUXTLIARY ENGINE INSTALLATION
FUEL SYSTEM
PPOPULSIUN GROUP wEIGHT INCAREMENT
TGTAL PROPYLSIIN GrIub WEIGHT

STRUCTURES Gk OUP

WING
TALL GROUP
HOR. TAIL
TAIL ROTOR
FUSEL &GS
LANDING GEAR
N0OSE GEAR
MAIN GEAR
TCTAL ENGINE SECTION
PRIMARY ENGINE SZCTIOM
AUXILIARY ENGINE SECTION
STRUC TURE WEIGHT INCREMENT
TUTAL STRUCTUFE wEIGHT

PRIMARY FLIGHT CONTRILS
CUCKPIT CONTROLS
MALH ROTOR CONTRILS
MAIN POTOR SYSTEMS CONTROLS
FIXED WING CONTRILS
TILY MECHANISYM
SAS
AUXTL TARY FLIGHT CONTRDLS
AUX, PROPULSION ROTOR CONTROLS

AUX, PROPULSION ROTOR 5YS. CONTROLS
MISCELLANEOUS CONTROLS
CONTROL WEIGHY INCREMENT
TOTAL CONMTROL WEIGHY
WEIGHT OF FIXED EQUIPMENT
WEIGHY EMPTY
FIXED USEFUL LOAD
CPERATING WEIGHT EMPTY
PAYLOAD

FUEL

KB W
WG
K9  WHT
Klé WTR
K& WB
K7 WLG
WNG
wMG
WYES
WPES
WAES
JELTA wsT
wST
FLIGHT CONTRCLS GROUP
WP FC
wiC
Kkl WRC
K2 wWSC
X3 wFm
WTk
WSAS
WAFC _
K& WRCA
XS WSCA
wM{
DELTA WwFC
wFC
WFE
wE
wFUL
OwE
wWPL
(WF1A
w6

GROSS WEIGHT

PAGE 3

3.521}
1.508
5259
1876,
1us%6 .
535,
245 .
133,
1725.
l422.
121,
182,
762,
171
130,
2q.
416
Je
5242,
AL
228.
15.
154,
1962,
Take
145,
565,
815,
610,
205,
Je
3955,
7o
83.
386 .
261 .
Do
0.
3o,
564
0.
32.
ol
100,
915.
2200,
12353,
450.
12803.
2000.
3786,
L8589,



SAMPLE CASE NU.

R OTYT OF

SAMPLE CASE NC. 1

1 PAGE 4
HESCOMP
HELICUPTER SIZING & PERFOIMANCE COMPUTER PROGRAM B-91
N AT A
ROTCAR CY(LE NO. 3,000
MAIN RCTOR SCLICITY SIZED BY MANUEVER CONDITIONS
H = 3000,0 FT, , TEMP = 91e5 DEGe » Vv = 165,) kT,
ROTIR MANUEVEP G*'S = 1.350 , CT/SIGMA = 0,110
TAIL °CTJR SIZED AT 1.050 TIMES THE SOLIQITY
PEQUIREL YO SATISFY HIVERING TURN REQUIREMENTS AT :
H = 430,00 FT,
TEMP = 95,935 DFG..F,
CTG/CTNET | = le221
YAW RATE = JeT50 RAI/SEC,
YAW ACCELERATION = 0,300 RAJ/SEC2

TAIL R0TUR POLAR
MOM, DF INERTIA[PER BLADE) =
HELICCPTER vAw

9.870 SLUG/FT2

MOM. QF INERTIA = 39312,9 SLJUG/FT2

PAGE

HESCOMNMP

HELICOPTER SIZING & PERFORMANCE COMPUTER PROGRAM 8-91

PRQPULSTITIOIN
PRIMARY PROPULSION CYCLE NO. le761

AUX.

TURB
2.
BhPe P
ENGINE §
H = 4000
ANC 0.0

INDEPEN
TURB

1.
BHPeP]

ENGINE S
HC = 3D

AND 4,0

CATA
OSHAFT ENGINE

ENGINES

MAX, STANDARD S.L., STATIC H.P, 4794,

IZEO FOR TAKEQFF AT T/W =1.06
e FT, TEMPERATURE = 95,04 DEG.F.
ENGINES INOPERATIVE.

CENT PROPULSION CYCLE NO. 1.761
OSHAFT ENGINE .

ENGINES

H

MAX. STANDARD Se.be STATIC H.P. 1073, HePo

[ZED FOR CRUISE AT vC = 170. KNOTS,
0Q0. FT, TEMPERATURE = 91.50 CEG.F,
ENGINES INOPERATIVE,

MATN AND TAIL ROTQOR DRIVE SYSTEM RATING 3473,

MAIN RGTOR CKIVE SYSTEM RATING 3033, HoPo

XMSN STZED AT 100. PERCFNT JF MAIN ROTOR HOVER POWER REQUIRED
AT H = 400d, FT, TEMP = 95,04 DEG.F.

TAIL

ROTOR DRIVE SYSTEM RATING 434, He P,

XMSN STZED AT lun, PERCENT OF TAIL ROTOR HOVER PNwER REQUIRED
AY H 2 4000, FT, TEMP = 85,04 DEG.F,

Auxl

LIAPY INCEPENDENT PRUPULSION DRIVE SYSTEM RATING

880, HePas

XMSN SIZEL AT 1au, PEACENT OF AUX, PRCPULSION CRUISE POwER REJUIREC AT vC =170, kT,

HC =

i,

FY, TEMP= = 9]1,51) DEG.F,

7-38



SAMPLE CASE NOo 1 PAGE 2

-

H € < L
WELICOPTER SILZING & PERFCRMANCE CCMPUTER PROGRAM 8-91

AEQRODYNAMICLS NDATA

FE TCTAL EFFECTIVE FLATPLATE AREA 19,534 SQF Y
SwiE T TOTAL WETYED AREA 1171Y. SQFY
LPARF MEAN SKIN FRICTION CJEFF. 0 016697
PE AG B® EARDOWN -~ [N SQFT
FEw WING FS 1,765
FEF FUSELAGE FE 18,769
FEFF FORWARD{MAIN} ROTDR PYLUN FE Uet)
FEAP AFY RQTOR PYLON FE Ja0
FEMAH MAIN ROTOR MYB(S) FE Vet
FETHH TAIL ROTQR HUB FE U
FryY VERTICAL TAIL FE Ue0
FEHT HWURIZONTAL TAIL FE . 1,0
FEN PPIMARY ENGINE NACELLE FE e B
FENI AUX. INDEPENOENTY CRUISE ENv. NAC. FE Jed
FENS AUX. INOPENDENT CRUISE ENG. STyt FE Ve 0
DLLTA FE INCREMENTAL FE Ueh
AEROC Y A"IC CCEFF .
AS 18,76888
At 1.06804
AT e 09420
AB e IYO11
&9 . Jec2017
3 WING LIFT EFFICIENCY FACTOR ) e TS UOD
EVT VERTICAL TAfL LIFT EFFICIENCY FACTOR Ve BTHTT

-
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7.6.2 Tandem Rotor Winged Helicopter

The design mission profile is illustrated in Figure 7-6. The
more interesting and unusual inputs are discussed for this
case, while the more routine information is only listed. A
complete copy of the program printout follows the description

of the input.

CRUISE AT TRANSFER
NRP POWER ALTITUDE TO 1000 FT
TAKEOFF € T/W=1.0Q8 CRUISE AT SPEED FOR 99%
(6 MIN) BEST RANGE
TRANSFER ALTITUDE
/TO SL
TAXI OUT CLIMB @ M coNsTaNT
(2 MIN) R/C TO _ - -
5000 FT, ALT SUFFICIENT TAS (120 KN} ’HOVE?SGM‘ITQ = 1.08
l RESERVE TO 3000 FT
FUEL TO ALTITUDE
LOITER FOR
ONE HALF HOUR
-t 180 NAUTICAL MILES

Figure 7-6. Design MSN - Sample Case Number 2

7-48



SAMPLE CASE NO. 2

GENERAL INFORMATION SHEET

VARIABLE LOCATION VALUE ASSIGNED REMARKS

OPTIND 0001 1.0 Sizing run

OPTIONAL 0002 1.0 Detailed printout de-

PRINT sired ’

DRGIND 0003 1.0 Component drag build-up
desired

OSWIND 0004 0 User inputs Oswald ef-
ficiency factor

CNFIND 0005 2.0 Tandem rotor helicopter

AUXIND 0006 2.0 Winged helicopter

RDMIND 0007 4.0 Main rotor diameter

sized based on input
disc loading; solidity
sized based on input

CT/ g

FIXIND 0008 1.0 Program sizes priméry
engines

ROTIND 0009 1.0 Short form rotor per-
formance method used

SwIND 0010 3.0 Wing area sized by ma-
neuver conditions

byIND 0011 2.0 Wing span sized by in-
put aspect ratio

AIPIND 0012 1.0 No independent aux.
engines

FDMIND 0020 2.0 Tandem rotor fuselage

sized by input of .
and ((o/L)/D)

APHIND 0021 2.0 Aft rotor pylon geom-
etry calculated based
on input rotor gap/
stagger ratio
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VARIABLE

ESCIND

WGq

0022

0023

0024

0025

0026

0027

0028

0029

0030

0031

0032

0033

0034

LOCATION VALUE ASSIGNED

0.32

200

200

REMARKS

Primary engines sized
for either takeoff or
cruise

First guess at design
gross weight

Start R

altitude Normally
5 0 except

Starting for

range partial

mission
Starting analysis
time ~

Cruise at specified
altitudes

Maximum operating Mach
number

Maximum operating EAS
knots :

Design dive speed,
knots EAS

Maneuver load factor

Factor on mission fuel
burned to give reserve
fuel; i.e., 1.1 would
give 10 percent reserves

Fixed fuel increment for
reserves or other use

Increase basic engine
SFC by 5 percent



VARIABLE

SGTIND

LOCATION VALUE ASSIGNED

0035 1.0
0036 2.0
0037 3.0
0038 4.0
0039 9.0
0040 60.0
0041 3.0
0042 4.0
0043 9.0
0044 2.0
0045 100

REMARKS
Taxi —7
Takeoff
Climb
Cruise

Transfer
altitude

Loiter (re-
serve fuel)

Seqguence

of
Climb
Design
Cruise
Mission
Transfer
altitude

Hover and
land

End of ¢
n ang

HELICOPTER DIMENSIONAL INFORMATION SHEET

AR
(/g
(t/c)p

Ac/4

A

Cg/C

0104 6.0
0105 0.20
0106 0.12
0107 0
0108 0.5
0109 1.0

Wing aspect ratio (in-
put because byIND = 2.0)

Wing root thickness/
chord ratio

Wing tip thickness/
chord ratio

Quarter-chord mean sweep
angle, degrees

Wing taper ratio

Ratio of download al-
leviating flap chord to
wing chord (1.0 signi-
fies a fully tilting
wing)



VARIABLE

h/hp

((0/L) /D)

21
22
23

(t/C)RF
(t/C)TF

AR

LOCATION VALUE ASSIGNED

0110

0l1l1

0122
0123
0124
0125

0126

0127
0132

0142
0143
0144

0152

0153

0154

0155

0156

0157

0158

1.0

1.2

7.0

6.5

0.70

35.0

5.0
0.22

0.30

REMARKS

Wing located at top of
fuselage

Wing design lift coef-
ficient

Fuselage height
Fuselage width
Fineness ratio of nose
Fineness ratio of tail

Constant diameter sec-
tion length

Length of ramp well

Tandem rotor overlap/
diameter ratio

Primary engine
nacelle constants

Forward rotor pylon root
thickness/chord ratio

Forward rotor pylon tip
thickness/chord ratio

Forward rotor pylon
aspect ratio

Forward rotor pylon
taper ratio

Forward rotor pylon
height

Aft rotor pylon root
thickness/chord ratio

Aft rotor pylon tip
thickness/chord ratio



VARIABLE

LOCATION

0159

0160

0162

VALUE ASSIGNED

0.7

MAIN ROTOR DIMENSIONAL DATA SHEET

ROTOR
CYCLE
NO.
Nr
W/A

bvr
)
TMR

X
MR

MR

(t/c) .25R

Vop1p

T/W

0171

0172
0173

Y0176

0177

0178

0179

0180

0181

0182

0183

3.0

700

0.12

1.08

7-53

REMARKS

Aft rotor pylon aspect
ratio

Aft rotor pylon taper
ratio

Tandem rotor gap/stagger
ratio (input because
APHIND = 2.0)

Rotor blade section
aerodynamic charac-
teristics selection

No. of rotors
Disc loading

No. of blades/main
rotor

Main rotor twist (deg)

Main rotor blade cutout
as a fraction of radius

Main rotor blade attach-
ment point as a fraction
of radius

Rotor blade thickness/
chord at 25 percent
radius

Main rotor tip speed
Rotor "lift coefficient"”
for hover sizing rotor
solidity

Rotor design thrust/
weight ratio



VARIABLE
Vi (€)
h, (c)
ATING

(CT/G)CR
g REQM'T

g (ROTOR)

N (ROTOR
LOADING)

VCEH1

VcER2

Kper,1mB

0184
0185
0186
0187

0188

0189

0190

0191

0192
0193

LOCATION VALUE ASSIGNED

160

4000

1.53
0.0

0.85

REMARKS

Cruise flight con-
ditions for sizing
rotor solidity

Rotor "lift coefficient"
for sizing rotor solid-
ity in cruise flight

Total g requirement
helicopter must satisfy
at VKT (C)

Maneuver g's carried by
main rotor at VKT(c)

Rotor lift/GW for 1lg
cruise flight rotor
solidity sizing

Main rotor vertical
rate-of~-climb
efficiency factors

Helicopter forward
flight climb efficiency

PRIMARY ENGINE SIZING INFORMATION SHEET

PRIMARY
ENGINE
CYCLE NO.

Np

XMSNIND

/ *
SHP ypx SHPMR

0217
0219

0220

0221

0223

l1.761

0.97

Engine selection
No. of primary engines

Drive system rated at
power required to hover
Or cruise (more critical
of the two conditions
selected by program)

Main rotor drive system
is rated at 100 percent
of main rotor design
power

Transmission efficiency



VARIABLE LOCATION VALUE ASSIGNED REMARKS
ASHPACC 0224 100 Accessory power losses

hpg (H) 0227 4000 Design point hover al-
: . : titude (engine sizing)

(T/W)D 0228 1.08 configuration design
. ' point hover thrust/
weight ratio

(N11/N1IMax) 0 0230 1.105 Main rotor operating at
100 percent of hover
tip speed (700 fps):
i.e.

N
( IIMAx TO(NNII )

‘(1.105) (.905),(700)
1700

= 700
N 0231 1.0 One erigine inoperative

PsD at hover design point
condltlons

SHP ,/SHP* 0232 0.95 Englnes sized to permlt
ST . operation in hover (OGE)
with one englne out and
the remaining eng;nes
operating at 95 percent
max rated power

h 0235 3000 Design point (cruise)
altitude (engine sizing)

\Y 0236 155 ' Design point cruise
speed (engine sizing)

0240 0.45 Wing operating lift co-
efficient at cruise
condition for engine
sizing

(Np ) - 0241 0.0 - : No. of primary engines
shut down during cruise
(for engine sizing)
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HELICOPTER AERODYNAMICS INFORMATION SHEET

VARIABLE LOCATION VALUE ASSIGNED REMARKS
0301 Use of the component drag build-
-0344 up option (DRGIND = 1) is ade-

guately explained in Section 4.9.
For actual values used, refer to
the appropriate locations on

the output sheets.

ROTOR LIMITS INFORMATION SHEET

0347 This case has been run using
-0377 dummy rotor limit values (as
explained in Section 7.3). For

actual dummy values used, refer
to the appropriate locations on
the output sheets.

HELICOPTER WEIGHT INFORMATION SHEET

2601 This is fully explained in Sec-

~2673 tion 4.11. Refer to the output
sheets for the actual values
used.

TAXI INFORMATION

tr

TAKEOFF, HOVER, AND LANDING INFORMATION

0411 0.0333 Taxi for 2 minutes

TOLIND 0461 1.0 Specify required T/W
for hover out of ground
0462 1.0 effect
ty 0551 0.1

Hover for 6 minutes
0552 0.1

CLIMB INFORMATION

CLMIND 0571 1.0 Climb at maximum rate
of climb
0572 4.0 Climb at constant TAS
Cy, 0601 0.4 Wing operating C; in
WING 0602 0.5 climb L



VARIABLE LOCATION VALUE ASSIGNED
N 0681 2.0
PSDey,
0682 2.0

CRUISE INFORMATION

CRSIND 0721 1.0
0722 4.0
POWIND 0781 2.0
cL, 0751 0.4
WING 0752 0.45 }
RMAX 0791 80
0792 180
LOITER INFORMATION
CLy 1041 0.4
ty 1081 0.5

PRIMARY ENGINE CYCLE DATA; NON-STANDARD PERFORMANCE

N2IND 1204 2.0

. o
Nrpa/N11 1223 0.905

The sample case output follows:

REMARKS

shut down two of the
primary engines in
climb

Cruise at specified
power setting

Cruise at 99 percent
best range speed

~ Cruise at NRP for first
cruise segment

Wing operating Cy, in
cruise

values of range at end
of each cruise

Wing operating Cp, in
loiter

Loiter 30 minutes for
reserve fuel purposes

speed is 90.5 percent
of rated value (static,
max power, sea level
standard)



SAMPLE CASE #2 PAGE 1

HESCOMP
HELICGPTER SILZING & PERFORMANCE COMPUTER PROGRAM B-91

THE FCLLOWING IS A CARD 8Y CARC REPRCODUCYION OF THE INPUT DECX FOR THIS CASE
LOC. CCRRESFCNDS TO LOCATION NUMBER GIVEN ON INPUY SHEEY

NUM SYANOS FOR THE NUMBER OF SEQUENTIAL INPUT VALUES STARTING wiTH LOC. {MAX. =5)
VAL EQUALS VALUE FOR VARIABLE CORRESPONDING TO LOC.

vaLl VALUE CORRESPONDING TO L0OC.+0001
vaL2 vYALUE CORRESPONDING TO LOC.+0002
ETC. :
Loc . AUM vaL vaLl VAL2 vaLl VAL4

NOTE : IN USING AUXILTARY ENGTAES ; AUXILIARY ENGINE CYCLE INPUT LCCATIONS CAN BE CAEATED
BY PLACING A 66666 CARD IN FROMT AND BEHIND A STANDARD ENGINE CYCLE

1 t 1.0000

2 1 1.0000

3 1 1.0000

4 1 a.0

5 5 2.0000 2.0000 4.0000 1.0000 1.0000
10 3 3.0000 2.0000 1.0000

20 5 2.0000 2.0900 2.0000 310000, Q9.0

25 5 0.0 0.0 0.0 0.32000 200.00
30 5 200.00 3.0000 1.0000 a.0 1.0500
35 5 1.0000 2.0000 3.0000 4.0000 9.0000
0 L 60.000 3.0000 4.0000 9,0000 2.0000
45 1 100,00
104 5 6.0000 0.20000 0.12000 0.0 0.50000
109 3 1.0000 1.0000 1.2000
120 2 0.0 0.0
122 5 7.0000 6. 5000 0. 70000 1.2000 15.000
127 1 5.0000
132 1 0.22000
142 L3 0¢.35000€-01 2.0000 0. 78000E-01 a.0
152 5 4.45000 0.25000 0.40000 0.70000 3.0000
157 4 0.50000 0.30000 0.70000 9.75000
162 i 0.16000
L7 i 3.0000
172 2 2.0000 8.0000
176 5 4.0000 ~-9.0000 0.20000 Q.75000€-01 0.12000
181 3 700.00
182 2 0.12000 1.0800
184 H 160.00 4000.0 0.0 0.95000E-01 2.0000
189 2 1.5000 1.0000
191 2 1.5300 9.0
193 2 0.85000 0.0
2117 1 1.7610
219 1 4.0000
220 2 2.0000 1.0000
223 2 0.97000 100 .00
227 5 4000.0 1.0800 50.300 1.1050 1.0000
232 2 0.95000 0.0
234 5 2.0000 3000.0 155.00 0.0 t.1050
240 2 C. 45000 0.0
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103 4 0.60000E-02 0.15000 0.75000 1.4000

309 1 0.32000E-02

Il4 1 0.75000

36 1 5.5000

319 3 1.0450 1.2500 1.3000

323 1 2.8600

126 2 1.2500 1.5400

328 1 0. 15440E 07

329 1 6.2800

330 1 6,0000

331 5 6.0 0.20000 0.40000 0.60000 0.80000
336 1 1.0000

339 5 0.59000E-02 0.40000E-02 0.48000E-02 0.80000E-02 0.95000E-02
344 1 0.11600€-01

347 2 3.0000 31,0000

349 3 0.0 0.50000 1.0000

354 3 c.0 0.50000 1.0000

361 3 1.0000 1.0000 1.0000

368 3 1.0000 1.0000 1.0000

375 3 1.0000 1.0000 1.0000
2602 3 3000.0 600,00 5000,0
2605 3 g.0 0.0 6.0 _
2608 5 .0 0.0 0.0 . 6.0 0.0
2613 5 26,000 18,000 42,000 0.0 0.0
2618 4 100.00 0.0 0.0 0.0
2622 5 125,00 1.0000 0. 40000E-01 0.,80000 0.0
2627 5 1.0000 0.0 2.0600 0.0 0.0
2632 s 0.0 120.00 0.0 0.0 0.0
2637 5 44,000 1.0000 61.000 1.06060 1.2500
2642 5 0.0 0.0 0.0 ] 4.0 250.00
2647 5 4.,0000 0.0 0.0 0.0 0.19000
2652 2 200.00 0.0
2654 5 1.0000 1.0000 1.0000 1.0000 1.0000
2659 5 1.0000 1.0000 1.0000 1.0000 1.0000
2564 1 1.0000

2665 5 1.0000 1.0000 1.0000 1.0000 1.0000
2670 4 1.0000 1.0000 1.0000 1.0000

401 1 0.0

411 1 0.33300E-01

421 1 0.0

431 1 0.0

441 1 1.1050

w6l 2 1.0000 1.0000 :

481 2 0.0 0.0

501 2 0.0 0.0

si1 F 0.0 ) 0.0

521 2 1.0800 1.0800

531 z 0. 10000E-01 0.10000€-01

541 2 1.1050 1.10%0

551 2 ¢. 10000E 00 0.10000¢ 00 .

571 2 1.0000 4.0000 Tt

582 1 120,00 i

591 2 0.0 0.0

601 2 €.40000 0.50000

6l1 2 0.0 6.0

621 2 500,00 500.00

631 2 2.0000 2.0000

641 2 5000, 0 3000.0

651 2 1.1050 1.105)

651 2 0.0 0.0

671 2 1.1050 1.1050



681
101
121
732
Tel
751
761
™m
741
191
801
811
821
831
851
1031
1041
1051
1061
1071
1081
1091
1101
121
1131
1181
1201
120¢
1223
1201
120¢
1223
1301
1306
1311
13186
1321
1326
1332
1338
1344
1350
1356
1362
1368
1374
1379
1384
1390
1396
1402
1408
1414
1620
1426
1432
1438
1447
1454
1460
1466

1502
1507
1512
1518
1524
1530
1536
1542
1548
1554
1560
1601
1606
1611
1616
1621
1626
1631
1636

FABVAVAR ARV VAV ARV AR VN W wrsl AR FIAARARAAWVRBARARAR AN A SRR AN = Bt = AN = e e po g e e e RN NN NRNN NN N

2.0000
0.0
1.0000
25.000
0.0

0. 40000
C.0
20,000
2.0000
80.000
1.1050

0.50000€-01
1.1050
0.50000
1.1050
.0
C.0
.0
1000.0
g.0
C.0
€. 90500
0.0
0.0
€.90500
1.7610
1100.0
950.00
2000.0
0.20000
0.25000E-01
0.16300
0.23500
0.54400
0.77000
1.0000
1.2000
1.5500
8.0000
1800.0
0.0
0.65000€-01
0.11500
0.18000
0.26000
0.34200
0.42500
¢. 50000
0.62600
3.0000
31.0000
0.26000
0.82000
1.0900

8.0000
1800.0
0.0
0.26000
0.52000
0.68000
¢.82000
0.92000
1.0000
1.0520
1.0%00
3.0000
0.27600
0.90000E-01
10.000
C.10000E-01
0.22000
1.2790
1.3970

2.0000
0.0
4.7000

0.0

0.45000

0.0
20.000
2.0000
180.00
1.1050

g.0
1.1050

0.0

Q.0

[- K]
.o
[-X-]

0.0

0.15900
1856.0
1200.0
2200.0

0.40000

0.25700€-01

0.16760
0.34440
0.55920
0.79160
1.0280
1.2336
1.5934
950.00
2000.0
0,23000

0,65100€-01

0.11600
0.18100
0.26100
0.34700
0.43500
0.51100
0.63100
950.00
0.0
0.27100
0,.84000
l.1180

950 .00
2000.0
0.20000
0.26500
0.52700
0.69000
0.82400
0.93000
1.0020
1.0550
1.1000
-9.0000
2.4500
1.1700
9.0

0.11000€-01

1.0180
1.3140

0.0
0.0

0.0
2000.0
1400.0
2600.0

0.60000

0.27800E-01

0.18130

0.37250

0. 60490

0.85620
1.1120
1.3344
1.7238
1200.0
2200.0

0.40000

0.465300E-01

0.11800

0.19000

0.27300

0. 36200

0.45100

0.53000

0.66000
1600.0

0. 40000

0.29000

0.90000
1.1650

1200.0
2200.0
0.40000
0.27100
0. 54000
0.70500
0.84000
€. 95000
1.0200
1.0700
1.1180
0.99520€-02
0.86500
0.12400€-02
0.40000€-02
0.11500€-01
1.0850
1.3270

2.0000

2.0000

0.32000€-01

2000.0
1600.0
5.0000
0.80000

0.31300€-01

0.20410
0.41940
0.68110
0,96400
1.2520
1.5024
1.9406
1400.0
2600.0
0.60000

0.567000E-0L

0.12800
0. 20800
0.29500
0.38900
0.42600
0.56000
0.71800
2600.0
0.80000

1400.0
2600.0
0.60000
0.28000
0.56000
0.73000
0.896800
0.98000
1.0500
1.1000
1.1350
~0,28000€-01
0.10500E-01
a4,75800
0.70000E~02
0.12000E-01
1.1540
1.3370

0.0

950.00

8.0000

1800.0
0.0

0.36200E-01
0.23600
Q.48510
0.78770
1.1150
l.4480
1.7376
2.2444
1600.0
5.0000
0.80000
0.71000E-0L
0.14000
0.22700
0.32500
0.42500
0.51700
0.61000
0.78000

1600.0
5.0000
0.80000
0.29000
0.59000
0.76000
0.90000
1.0200
1.0900
1.1310
1.1650
0.26200
2.8200
0.74300
0.50000€-02
0.15500E-01
1.2330
1.3640



SAMPLE CASE #2

HESCQmPp
HELICOPTER SIZING € PERFORMANCE CCMPUTER PROGRAM

TANDEM ROTCR WINGED HELICOPYER

§ 1 T E [ AT A THIS RUN CONVERGED IN 3 TTERATIONS

GROSS WEIGKT = 24482, L8

FUSELAGE
LF LENGTH
Le CABIN LENGTF
CELTAXL  FwD, ROTCR LCCATION
CELTAXZ AFT ROTOR LCCATICN
wE WIDTH
G/3S RQTCOR GAP/SYAGGER RATIC
(csL/Ch ROTCOR DVEﬂLAP/DlAHEVER AATIO
SF WETTED AREA

»ING
AR ASPECT RATIC
Sw ARE A
1] SPAN
CBARW MEAN CHORD
LANMBDA C/4& QUARTER CHCRC SWEEP
LANMBDA TAPER RATIC
(T/CIR ROOT THICKKESS/CHORD
(eT TIP THICKNESS/CHORD
WG/ WING LOADIAG
CRh» ROTOR/MING GAP
cr/C FLAP CHORD/BEAN CHORD RATIO

FORWARC RCTOR PYLON

AR ASPECT RATIC

SFP WETTEC AREX

FAFP FRONTAL ARE?

HP L HETGHY

CEARFP MEAN CHORD

LAMRDA FP TAPER RATIC

{T/CIR ROOY THICKNESS/CHORD
(v/Qy TIP THICKNESS/CHCRD

AFT RCTOR PYLON

AR ASPECT RATIC

SAP WETYEC AREA

wP2 HEIGHY

CBARAP MEAN CHORD

LAVBDA AP TAPER RATIC

(T/CIFR RONT THICKANESS/CHORD
oy TIp THICKNE SS/CHORD

PRIMARY ENGINE NACELLE

LA LENGTH
A MEAN CIAMETER
SN WETTED AREAITOTAL FOR ALL ENGINES)

8-91

PAGE

2

536.4

6.00
132.3
28.2

0.0
0.500
0,200
0.120
185.0

1.000

0.400
50.0
8.3

LEx]
0.700
C.450
¢.250

0,700
232.0
Bes
12.1
€.750
0.500

0.300

5.2
1.
92.6

AUXTLIARY INDEPENDENT ENGINE NACELLE ~-NO AUXTILIARY INDEPENDENT ENGINE

PROPELLER{AUXILTARY PRCPULSICA) = NO PRCPELLER USEC
PAIN FCTOR

[ L] DIAMETER

STCHR SOLIDITY

wG /A DISC LOADING

CT/STGMA THRUST COEFF,./SOLIDITY

AR NO. OF ROTCRS

NO. BLADES NO. GOF BLADES/ROTOR

THETA BLADE TWISY

xC ALACE CUTOLT/RADIUS RATIO

vTIP TiP SPEED

b4l
0.122
8.0
0.095
2.

4.
-9,000
0.200
700.

$SQ. FT.

Q. FT.
FT.
ev,
DEG.

LB5/8Q. FT.
£T.

$¢. FT.
SQ. FT.
FTe
FY,

$C. FV,
FT,
FT.

FY.
FY,
5Q. FT.

USED

FT.

LB/SQ. FT.

CEG.

FY./SEC.



SAMPLE CASE #2

SCOmp

rE
HELICCPTER SIZING E PERFORMANCE COMPUTER PROGRAM 8-91

WwEIGHTS CATA

MLF
cLF
LLF

PROPUL SION GROUP
WPRG
K12 WPRB
X131 wWhH
WRF
K1€ wiR
w0$
K1e wens
K20 wTRDS
K17 wADS
K1€ WEP
K16 WEA
WPEl
WAF1
WFS
CELTA wP

IN LBS

MANEUVER {CAC FACTOR
GUST LOAD FACTOR
ULTIMATE LCAT FACTOR

TOTAL MAIN RCTOR GROUP
MAIN RCTCR BLADE (PER ROTOR}
MAIN RCTCR HUB (PER RQOTOR)
BLADE FCLDINGIPER ROTOR)
AUXILIARY PRCPULSTION ROTOR GROUP
DRIVF SYSTEM
MAIN RCTCR ORIVE SYSTEM
TAIL RCYCR DRIVE SYSTEM
AUXILTARY PROPULSION DRIVE SYSTEM
PRIMARY ENCIAMES
AUXILARY FAGINES
pRIMARY ENCINE TINSTALLATION
AUXTLTARY ERGINE INSTALLATION
FUEL SYSTYEW
PROPULSTCN CROUP WEIGHT INCREMENT

L1 TCTAL PRDPULSICAN GROUP wWETGHY

STRUCTLRES GROUP

[ T
TG
X9 wWHT
K14 WYR
K¢ wh
X1 WL
WNG
WHG
WYES
wPES
WAES
CELTA wST

WING
TALL GROUP
HOR, TAIL
TAIL RCTCR
FUSELAGE
LANCING GEAR
NNSE GEAR
MAIN GEAR
TOTAL ENGINE SECTION
PRIMARY ENGINE SECTION
AUXTLIARY ENGINE SECTION
STRUCTURE wETGHY INCREMENY

WSY  TCTAL STRUCTURE wEIGHT

FLIGHT CONTROLS GROUP
WPFC

PRIMARY FLIGHT CCNTROLS

wee COCKPTY CONTROLS
[ $} WRC #ATN RCTCR CPNTROLS
K2 wSC MAIN RCTCR SYSTEMS CONTROLS
- K3 WFw FIXED WING CCNTROLS
wT™ TILY MECHANTSH
WSAS 545
WAFC AUXTLTARY FLIGHT CONTROLS
x4 WACA AuX. PRCPULSION ROTOR CONTROLS
XS WSCA AUX., PRCPULSION ROTOR SYS. CCNTROLS
wWMC MISCELLANEQUS CONTROLS
CELTA WFC CONTROL WE IGHT TACREMENT
WF  TOTAL CCNTROL wEIGHT
WFE WEIGHT CF FIXEC EQUIPMENT
wE WEIGHT EMPTY
wFUL FIXED USEFUL LCAC
CWE OPERATING WEIGHT EMPTY
whL PAYLOAO
{WF1A FLEL
wG GROSS WEIGHT

PAGE 3
3.000
1.438
4.500
2893,
587.
570,
289,
0.
2230.
2230.
0.
0.
1053,
0.
200.
0.
618,
0.
6993.
273,
0.
0.
0.
3229.
9749,
196,
783.
120,
120.
a.
a.
4601.
1036,
96.
252.
588,
0.
0.
100.
0.
0.
0.
9.
1036,
3000.
15630,
600.
16230.
5000.
32%2.
24482,



SAMPLE CASE #2

rESCOMP

PAGE 4

HELICOPTER SIZING & PERFORMANCE CCMPUTES PROGRAM 8-91
AOTOR DATA
ROTOR CYCLE WO« 3.0000
MAIN ROTOR SCLIDITY STZED EY MANUEVER CONDITIONS
[ 4000.0 FT, o TEMP = 44,7 DEGs s V = 180.0 KT,
ACTOR MANUEVER G'S = 1,500 , CT/SIGMA = 0.095%
SAMPLE CASE 92 PAGE 5
HESCOMP
HELICOPTER SIZING € PERFORMANCE COMPUTER PROGRAM 8-91
PROPULSION DATA
PRIMARY PROPULSICN CYCLE NO. 1.761
TURBOSHAFY ENGINE N
4, ENGINES
Bh-Pep MAX, STANDARC S.L. STATIC H.P. 6621, HePo
ENCINE SIZED FOR TAKENFF AY T/W «1.08
b = 4000. FT, TEMPERATURE = 95,04 DEG.F.
ANC  1.000 EAGINES INOPERATIVE. .
MAIN RQTOR DRIVE SYSTEM RATING 3597,  H.P.

xMSN SI1ZED AT 130. PERCENT OF FAIN ROTOR HOVER POWER REQUIRED

AT K = 4000, FT, TEMP = 95,04 CEG.F.

SAWPLE CASE #2 PAGE 6
: FESCOMP
HELICOPTER SIZING € PERFCRMANCE CrMPYTER PROGRAM 8-91
A EROCYNSMITICS CATA
FF TOTAL EFFECTIVE FLATPLATE ARES 23,477 SQFY
SnET TOTAL WETTEC ARES 1521. SQrFY
CBARF MEAN SKIN FRICTICN COFFF, 0,015634
DR AG RREAKDNTCwN TN SQFY
FEW WING FF 1,267
FEF FUSFLAGF FFE 2.479
FEFP FORWARTI{MATA) ROTOR PYLNN FE 1.551
FEAP AFY PNTOR PYLON FE 1,318 -
FFVRE MAIN RNTAR +UEB(S) FE 11,825
[IALE TA[L °OYC® HUP FE 0.0
FEWVT VFRTICAL YaltL FE 0.C
FFRT HORJZCNTAL Y8IL FF 0.0
FEN PRYMARY FNGINF NACELLE FE 0.879
FENT AUX. [NDEPENDENT CRUISE ENG. NAC. FE 0.0
FEAS AUX. INOPENCENT CRUISE ENG. STRUT FE 0.0
CFLTA FE INCREMENTAL FE 4,058
AEROCYNMIMIC COEFF.,

a5 22.,098¢8
At 1.622758
(%4 0,07074
11 0.00010
AS 0.0
E WING LIFT EFFICIENCY FACTOR 0.75000
EvY VERTICAL TAIL LIFY EFFICIENCY FACTOR 0.0
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