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PREFACE 

Thiis report describes the work performed under DOT/FAA Contract DOT-FA74WA-3477, 

V/STOL Noise Prediction and Reduction, Rotary Propulsion Systems. The results 

are presented in three volumes which are a logical separation of the major 

tasks. The “bree volumes are: 

•Volume I - Identification of Sources, Noise Generating Mechanisms, 

Noise Reduction Mechanisms, and Prediction Methodology 

•Volume II - Graphical Prediction Methods 

•Volume III - Computer Program User's Manual 

Volume I presents the major results of the work performed under contract in 

identifying the sources of noise in VTOL and STOL rotary propulsora, defining 

the noise generating mechanisms, defining noise reduction mechanisms, and 

describing the aerodynamic performance and noise prediction methodology 

developed under contract. Volumes II and III present the noise prediction 

methods developed for estimating noise and performance of VTOL and STOL 

rotary propulsora. Volume II contains the graphical procedures. Volume III 

describes the computer program and its usage and includes sample cases and 

a program listing. 
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INTRODUCTION 

The roise prediction methodology which was developed under contract DOT- 

FA/4WA-3477 and described in Volume 1 has been incorporated into a computer 

program which allows estimates of the noise from V/STOL rotary propulsion 

systems. The computer program calculates the aerodynamic performance of the 

user-defined propulsion system, the noise from the major components of the 

system, the effects on noise and performance of noise reduction methods, the 

total propulsion system noise spectra,and Effective Perceived Noise Levels. 

This volume of the report is the user’s manual for the V/STOL rotary propul¬ 

sion system noise prediction program. A description of the Program organi¬ 

zation, input data format, options, and sample cases are included in this 

manual. 

• 1/2 
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COMPUTER PROGRAM ORGANIZATION 

INTRODUCTION 

The computer program prepared under this contract is divided into a main 

program, 42 subroutines and 3 functions in order to facilitate revisions. An 

overall flow chart of the program is presented in Figure 1. A brief descrip¬ 

tion of each of these programs follows. 

MODULE DESCRIPTION 

Main Program - The main program controls the overall flow of program. It calls 

appropriate subroutines to predict the noise produced by the ten major noise- 

producing units on the vehicle. 

Subroutine ATTN - ATTN calculates the coefficients defining the atmospheric 

absorption of sound for the given temperature and relative humidity, per SAE 

ARP 866 (Reference 1). 

Block Data - This subroutine initializes the variables in the common blocks. 

PNLC - PNLC prints a table listing SPL, dBA, PNL and PNLT versus azimuth 

angles. PNL and PNLT are calculated according to the procedure outlined in 

FAR Part 36 (Reference 2). 

JETN and SPECTR - JETN predicts jet noise from single and coaxial nozzles. 

HELI - HELI calls the subroutines used to predict helicopter noise, ROTOR and 

SHTR. 

ROTOR - ROTOR predicts the noise due to the helicopter main rotor and the 

free-air tail rotor. 

BJSIGN - BJSIGN determines the sign of a Bessel function. 

FPFAN - FPFAN predicts the noise of a fixed-pitch fan with adjustments for 

duct treatment, jet noise, integral engine, partly-sonic inlet, gearbox 

noise, and thrust reverser noise. 

FAPROP - FAPROP predicts the noise of a free-air propeller with adjustments 

for integral engine and gearbox noise. A geometry generalization is included. 

COENG - COENG predicts the noise of the compressor, combustor, turbine and 

jet of an engine. A typical turboshaft engine generalization is included as 

an option. The subroutine also is used to predict the noise of a tip turbine 

of a fixed-pitch lift fan. 

RVINT - RVINT predicts noise due to inlet-guide-vane/rotor and rotor/outlet 

guide vane Interactions in a variable-pitch fan. 



FIGURE 1. V/STOL ROTARY PROPULSOR NOISE CALCULATION PROGRAM 
ORGANIZATION 
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REVN - REVN predicts the noise due to a thrust reverser for a fixed pitch 

fan. 

SHRP - SHRP predicts the noise of a variable-pitch fan with inlet guide vanes 

including adjustments for duct treatment, integral engine and gearbox noise. 

VPFAN - VPFAN predicts the noise of a variable-pitch fan with outlet guide 

vanes including adjustments for reverse thrust, near-sonic inlet, duct 

treatment, integral engine, gearbox and jet noise. 

VPLFAN - VPLFAN predicts the noise of a variable-pitch lift fan with adjust- 

ments for duct treatment, integral engine, gearbox and jet noise. 

FPLFAN - FPLFAN predicts the noise of a fixed-pitch lift fan with adjustments 

for duct treatment, tip turbine drive, integral engine, gearbox and jet 

noise. 

ShTR - SHIR predicts the noise of a helicopter shrouded tail rotor with an 

adjustment for gearbox noise. 

GAAVPF - GAAVPF predicts the geometry and performance of a variable-pitch 

fan. 

GAADES, GAAPFM, GAASEC, GAASIA, GAASIB, GAASIC, GAASID, GAACLK - These sub¬ 

routines are used by GAAVPF. 

GAAFM - Function GAAFM is called by GAASEC and GAAFDS. 

GAA123 - GAA123 is used by GAAVPF, GAAFPF and GAAFPM. 

VMACH - Function VMACH calculates the Kach number less than one corresponding 

to a given corrected airflow per unit area. 

TREAT - TREAT selects the optimum treatment tuning for minimum sideline PNL 
for a given amount of treatment and calculates the treated source noise. 

GRBOXN - GR30XN predicts the noise of one or more gearboxes in series, apur, 
bevel, planetary (fixed ring gear) and star (fixed cage) configurations are 
included in the prediction method. 

GAAFPF, GAAFDS. GAAFPM - These three subroutines calculate generalized 
geometry and performance of a fixed-pitch fan. 

NOYS - NOYS calculates the NOY value of a given 1/3 octave band SPL. 

TONE - Function TONE calculates the tone correction to convert PNL to PNLT. 

LOAD - LOAD reads the numerical input data for each cage until a card with a 
0 in column 1 and -1. in columns 3 to 5 is read. 

BESJH - BESJH calculates the regular Bessel function for a given real 
argument from order 0 to a given integer order. 

5 



BIQUAD - BIQUAD interpolates in a one or two-dimensional array. 

UNINT - UNINT interpolates in a one or two-dimensional array. 

WUNINT - WUNINT provides coefficients for interpolation in an array. 

DATEJC - DATEJC is intended to provide the date in a 2A4 format, e.g., 
09/10/75. Since it is installation dependent, a dummy subroutine is provided 

for the general installation. 

RTIME - R':ME is intended to provide the time in a 2A4 format, e>8*» 13:39:32. 

Since it installation dependent, a dummy subroutine is provided for the 

general installation. 

unbar - UNBAR interpolates in a one or two-dimensional array. 

6 
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DESCRIPTION OF USER INPUTS 

DATA STORAGE 

The data required to describe the system configuration and operating co"di- 

tions for each case are read and stored into a common block labelled DATAI. 
Prior to the run this block is initialized to zero. It is not re-zeroed 

between cases. 

DATA INPUT FORMAT 

The data cards required for each case are: 

1. A comment card, i.e., the case description which is printed. This card 

must not be blank. 

2. A set of cards containing data which are read and interpreted by sub¬ 

routine LOAD. 

3. A card with 0 in column 1 and -1. in columns 3 to 5 follows the last data 

card for each case. 

A blank card follows the 0 -1. card of the last case to signal the end of the 

run. Therefore, all case description cards preceding the data cards must not 

be blank in order to avoid stopping the run prematurely. 

The data cards follow the format indicated in the sample shown in Figure 2. 

Card column 1 is punched with a number, 1 to 5, indicating the number of data 

items on this card. Starting in column 3 the location in common block DATAI 

of the first data item on the card is punched. The sum of the integer in 

column 1 and the number starting in column 3 has to be from 2 to 401, 
inclusive. The order of the data cards for each case is not restricted. 

However, if two or more cards contain data for the same location, the value 

from the card which is read last will be used. The 0 -1. card 
cards signals the end of the data for each case. The individual data items 

are punched within the columns indicated in floating-point format. If the 

number uses an exponent, this exponent must be to the right, as illustrated 

by the input to location 1 in Figure 2. 

DEFAULT OPTIONS 

For some data items, defaults have been established. That is, if a specific 

number in the data block is zero after all the data for the case is read, the 

number is replaced by the default value. Examples are the first three item* 

in the data block, the ambient temperature, relative humidity, and pressure, 

for which the defaults are 77°F, 70% and 14.696 psia, respectively. 

GENERAL DATA INPUT LOCATIONS 

With the exception of the data for the gearboxes (to be described later), 

specific fixed locations are prescribed for each item. These fixed locations 

am —-— 
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are defined by Figures 3 to 13, 16 and 17. Figure 3 shows the general input 

data block organization and defines the propulsor noise sources for which 

prediction methods have been programmed. 

General Data 

The data applicable to all units is loaded into location 1 to 9 and 124 to 
126, inclusive, as shown in Figure 4. The ambient atmospheric conditions for 

the operating condition in locations 1 to 3 and the design condition in 

locations 125 and 126 have the default values shown. Generally, the default 

value is supplied by the program if the number in the location is 0. If the 

number in location 4 is negative it is interpreted as the horizontal speed 

in knots rather than in ft./sec. Location 6 controls the completeness of the 

printed output; a 0. provides minimum printing and a 3. provides maximum 

printing. The shaft angle, location 8, applies to the free-air propeller 

when used as a tilt rotor and the three fans when used as lift fans, since 

their axes may be tilted relative to the horizon. The helicopter rotor is 

assumed to be at 90 degrees. If both the vehicle altitude above the observer 

(location 7) and the sideline distance to the observer (location 9) are zero 

the program sets the sideline distance to 200 ft. 

Propulsion System Definition 

Data locations 10 to 49 listed in Figure 5 define the propulsion system for 

which th« noise is to be estimated. Four data items define each unit. The 

first, locations 10, 14, 18, etc., define the number of units on the vehicle. 

The noise of either of the tail rotor types is not calculated if there is no 

helicopter main rotor. The shrouded tail rotor noise is not calculated if 

there is a free-air tail rotor. The second item should not be zero if jet 

noise is to be included. Note that for the free-air propeller and the three 

helicopter rotors Jet noise cannot be included. Jet noise for a variable- 

pitch fan with inlet guide vanes (IGV) is calculated only if there is an 

integral engine. The number in the data item headed "PWR.TRANS, defines a 

data location, as will be discussed in the description of gearbox data. For 

the fixed-pitch lift fan only (location 32), a negative number indicates that 

a tip turbine drives the fan. For the core engine, location 48 is associated 

with gearboxes which are connected to two or more units, each of which may 

have separate gear trains, and which are connected to a common engine and not 

to a propul»' ion unit. The data items under "suppression" indicate whether 

the unit has noise suppression provided by duct lining. 

SPECIFIC DEVICE DATA INPUT REQUIREMENTS 

The data items used to describe the design and operating condition of each 

unit are described below. In several cases the significance of several items 

is the same for more than one unit and, therefore, is described only for the 

first unit. 

Free-Air Propeller 

Data for calculating free-air propeller noise are loaded into locations 10-13 

94-99, 145, 146, 153, 154 and 257 to 276 inclusive (see Figure 6). Location 

94 contains the operating propeller horsepower. If this is 0., the operating 

9 
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1 AMBIENT TEMPERATURE , DEG F (DEFAULT = 77) 
2 AMBIENT RELATIVE HUMIDITY , % (DEFAULT • 70) 
3 AMBIENT PRESSURE t PSIA (DEFAULT » 14.696) 
4 HORIZONTAL SPEED , FPS (KNOTS If NEGATIVE) 
t> VERTICAL SPEFD , FF$ 
a PRIM CONTROL ♦ 0 MINIMUM TC 3 MAXIMUM PRINTING 

0 PRINT INPUTS, S Y S T6M L UNIT DESCRIPTICNS . TOTAL PROPULSOR 
NOISE (SPL ,C8lA ) ,PNL,PNLT,PHL£DI) 

1 PLÜ3 SPL FOR EACH UMT WITH NOISE SUPPRESSION (IF ANY) 
2 PLLS SPL FOR EACH IMT AND TOTAL WITHOUT NCISE SUPPRESSION 
3 PLUS TONE ANC BRC AC BANC CCNT R IPUTICNS TO 1/3-0.3. NOISE 

7 VERTICAL HEIGHT ABOVE OBSERVER , FT 
B ANGLE OF SHAM , C. FOR HORIZONTAL , 90. FOR VERTICAL 

APPLIES TO ‘•REE-AIR PFCPELLER, VARIABLE-PITCH FAN WITH IGV UR 
GOV, FIXED-PITCH FAN AND INTEGRAL COKE ENGINE CNLY 

5 SIDELINE DISTANCE , CT, IF 7*<5*C. SET TO 200. 
12t * CESION (T4KL OFF) SeSFC , KNOTS 
125 = CriIGN (T,.KC CFF) I tNT TEMPERATURE , DEG F 
126 * DESIGN (TAKE C F F ) AMBIENT PRESSURE , PSIA , DEFAULT»14.696 

FIGURE 4. GENERAL DATA READ INTO LOCATIONS 1 TO 9, 124 TO 126 

UNIT DESCRIPTION NO.UNITS JET 
F'-EE-AIR PROPELLER 10 II* 
VARIABLE-PITCH F»N - IGV 14 15 
VARIABLE-PITCH FAN - OGV 18 19 
FIXED-PITCH FAN ?.2 23 
VARIABLE-PITCH LIFT FAN 26 27 
FIXED-PITCH LIFT FAN 30 31 
HELICOPTER MAIN ROTOR 34 35= 
FREE-AIR TAIL ROTOR 38 39* 
SHROUDED TAIL RCTCP 42 43= 
CCRE ENGINE 46 47 
NO. UNITS = 0 IF NONE , OTHERWISE 1.2, 
JET * 0 IF NC JET NOISE, =1 IF JET NOI 
PWR.TRANS. * -l IF TIP TLRBINE, * C IF 

FIRST LCCATICN DEFINING T 
SUPPRESSION « 0 IF NONE, = 1 IF THERE 

PWR.TRANS. SUPPRESSION 
C. 12 13*0. 

16 17 
20 21 
24 25 
2d 29 
32 33 

0. 36 37=0. 
0. 40 41*0. 
C. 44 45=0. 

48 49 
3,4 ETC. AS APPROPRIATE 
SE TO BE INCLUDED 

NONE, OTHERWISE NUMBER 
RANSMISSICN SYSTEM 
IS NOISE SLPPKESSION 

OF 

FIGURE 5. PROPULSION SYSTEM DEFINITION, DATA LOCATIONS 10 TO 49 
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FIGURE 6. INPUT DATA FOR FREE-AIR PROPELLER 
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thrust in location 95 is used to define the operating conditions. A negative 

value for the thrust indicates reverse thrust. After execution, both 

locations contain positive numbers. The propeller diameter and number of 

blades are in locations 96 and 97. Location 98 is interpreted as the tip 

speed if it is positive and as RPM if it is negative. After execution, this 

location contains tip speed. Location 99 is interpreted as blade chord at a 

radius of 80% of the tip radius if it is positive and as blade activity factor 

(typically about 80 to 200) if it is negative. After execution, location 99 

contains the blade chord. Locations 145 and 146 contain the propeller horse¬ 

power and thrust for the design condition. If the horsepower (location 145) 

is greater than zero, the corresponding thrust is calculated and put into 

location 146. If the horsepower is not positive, the thrust defines the 

design condition and the corresponding horsepower is put into location 145. 

Location 153 is 0. if a common engine (data locations 46-49, 100-115, 147-150) 

provides the power and is not 0. if an integral engine provides the power. 

An integral engine is defined as being dedicated to one propulsor; thus if 4 

propellers with integral engines are specified, the noise from 4 engines will 

also be calculated. If location 154 is not 1., a generalization of turboshaft 

engines is used to provide the engine data for noise calculations. On the 

other hand, if location 154 is 1., the required engine data is taken from 

locations 257 to 276. Location 274 is used to control inclusion of engine jet 

noise. The other engine data is discussed later under the heading Common Core 

Engine. 

Variable-Pitch Fan with IGV 

Variable-pitch fans with IGV's use data from locations 14-17, 127-143, 151, 

198, 199, and 237-256 as indicated in Figure 7. The design-performance 

generalization program uses locations 127-137 and will change the contents of 

some of these locations. 

Locations 127-130 define the design condition and locations 135 and 136 the 

operating conditions. The design horsepower (location 128) is used only if 

the design thrust (location 127) is not greater than 0. The design tip speed, 

location 129, is used only if it exceeds a minimum value required by the 

generalization program. The fan design pressure ratio (location 130) is used 

only if the tip diameter (location 132) is 0. and then must be in the range 

1.0 to 1.75. 

Locations 131 to 134 define the geometry of the fan. The hub/tip diameter 

ratio in location 131 is set to .4 if it is .0 and is further changed if it 

is less than a minimum required by the generalization program. The tip 

diameter input (location 132) is used only if it is greater than zero. The 

number of blades (location 133) and IGV's (location 134) must exceed 1. The 

number in location 137 determines the axial spacing, in feet, between the IGV 

and rotor blade mid-chord. If it is positive it is this spacing. If it is 

negative it is minus the dimensionless blade-vane gap, BVGAP, defined as the 

axial spacing between the IGV trailing edge and the rotor blade leading edge 

divided by the IGV chord. If it is 0., a BVGAP value of 2.0 is used to 

establish this spacing. 



127 * CESION (TAKE OFF» NET THRUST , Lß» USED IF GT 0. 
128 = DESIGN (TAKE OFF) SHP, USED IF 127 LE 0. 
129 * CESIGN (TAKE CFF ) TIP SPEEC (FPS), USED IF GT MINIMUM 
UO * DESIGN (TAKE OFF) PRESSURE RATIC* UO TO 1.75, USED IF 

132 = C. 
131 = HUB / TIP CI AM ET ER RAlIC, USE IF GT MINIMUM, MINIMUM OF .4 
132 * TIP DIAMETER (FT), USED IF GT 0. 
133 * NUMBER OF BLADES 
134 = NUMBER OF IGVS 
135 = NET THRUST , LB, USED IF GT C. 
136 = SHP, USED IF 135 LE 0. 
137 = STACKING LINE DISTANCE * FT, IF GT 0., -BVGAP IF LT 0., 

IF = 0. BVGAP * 2. USED 
138 = STANCAPO DEVIATION CF PAM , 0. REPLACED BY 0.5 
139 = STANDARD DEVIATION OF PPM , 0. REPLACED BY 0.01 
141 = INLET TREATMENT LENGTH , PERCENT OF DIAMETER 
142 * EXHAUST TREATMENT LENGTH , PERCENT OF DIAMETER 
1.3 = DCF , 1. OR 2. 
151 = C. IF SHAFT DRIVE , *1. IF INTEGRAL ENGINE 
198 * NUMBER OF INLET SPLITTERS 
199 * NUMBER OF EXHAUST SPLITTERS 
237 * 0. IF USE TYPICAL TURBCSHAFT ENGINE , »1. IF USE: 
238 RPMC COMPRESSOR RPM 
239 0 COMPRESSOR DIAMETER , FT 
240 F PR COMPRESSOR FIRST-STAGE PRESSURE RATIO 
241 RSS COMPRESSOR FIRST-STAGE ROTOR-STATCR SPACING IN PERCENT 
242 BC COMPRESSOR FIRST-STAGE NUMBER OF ELAOES 
2.3 CK » 0. 
244 P3 COMBJSTOR INLET TOTAL PRESSURE , PSF 
245 T3 COMBUSTOR INLET TOTAL TEMPERATURE , DEG R 
246 T4 COMBUSTOR EXIT TOTAL TEMPERATURE , DEG R 
247 QMA COMBUSTOR MASS FLOW RATE , LB/SEC 
243 QMT TURBINE MASS FLOW RATE , LB / SEC 
249 VTR RELATIVE TIP SPEED OF LAST TURBINE ROTOR , FT/SEC 
250 CL SPEED CF SOUND AT TURBINE EXIT , FPS 
251 SCC LAST STAGE STATOR-ROTOR SPACING / STATOR CHORD 
252 VK *0. FCR CCPLANAR EXHAUSTS , -10. FOR RECESSED EXHAUST 
253 BT NUMBER CF ELACcS IN LAST TURBINE ROTOR 
254 RPMT TURBINE PPM 
255 THRT JET THRUST , LB 
256 AREA JET AREA , SQ FT 

FIGURE 7. INPUT DATA FOR VARIABLE-PITCH FAN WITH IGV 
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Locations 138 and 139 are the standard deviations of the IGV wake turbulence 

pulse amplitude modulation and pulse position modulation, respectively, and 

have default values of 0.5 and 0.01, respectively. 

Locations 141-143, 198 and 199 refer to duct treatment and are used only if 

location 17 is greater than 0. If location 141 is greater than 0. there is 

treatment in the inlet upstream of the IGV with location 141 interpreted as 

the length of the wall treatment expressed as a percent of the tip diameter. 

Location 143 is 1. or 2. to give the degrees of freedom in the suppression. 

Location 198 is the number of splitters in the inlet treatment; if it is 0. 

there is only wall treatment. Locations 142, 143 and 199 apply similarly to 

treatment in the exhaust downstream of the rotor. 

Locations 151 and 237 to 256 are used in a similar manner as are locations 

153, 154 and 257 to 276 for the free-air propeller. 

Variable-Pitch Fan with OGV 

Variable-pitch fans with OGV use data from locations 18-21 and 155 to 197 

(see Figure 8). With the few exceptions noted below, the interpretation of 

the input data follows the discussion of the data for a variable-pitch fan 

with IGV, above, except for the change in data locations referred to. For 

location 165, BVGAP is the axial spacing between the rotor blade trailing 

edge and the stator leading edge divided by the rotor blade chord. The 
default values of the two standard deviations are changed and use of mid-wall 

treatment between rotor and the OGV’s is provided by location 169. 

The use of a near-sonic inlet to suppress inlet noise is provided by loading 

an inlet throat Mach number greater than 0.4 and not greater than 1.0 into 

location 174. 

If the operating net thrust (location 163) is negative, the variable-pitch 

fan is assumed to operate in a reverse thrust mode. Location 175 determines 

whether reverse is achieved by changing blade angle through flat pitch or 

through feather. The former option is available only if the rotor solidity 

is less than 1.0; the program checks this. The ratio of operating to design 

tip speed in location 177 must be between 0.75 to 1.0, inclusive, if the fan 

is reversed. 

Fixed-Pitch Fan 

Fixed-pitch fans use data from locations 22-25, 77-92, 152 and 211-236, as 

indicated in Figure 9. Fixed-pitch fan thrust reversers use locations 

116-123 (see Figure 10). The interpretation of the data for a near-sonic 

inlet (location 152), for treatment (locations 211-215) and drive (locations 

216-236) follows that described above for variable-pitch fans. 

The design tip speed is loaded into location 77 and the ratio of operating to 

design thrust into location 81. The fan design parameters are loaded into 

locations 78-80, 82, and 86 to 92. The number of fan stages (location 79) 

must be 1., 2., or 3. with the corresponding arrays of one, two or three 

numbers loaded into locations starting at 83, 86 and 89 to define the design 

of each stage. Location 92 determines whether the first stage has an IGV. 
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15¾ 
136 
\bl 
15¾ 

I 59 
160 
lól 
16? 
loi 
164 
1 Ó 3 

I 66 
167 
I 6 i 
U9 
I 70 
171 
1 72 
l 7 5 
174 
175 
l 7o 
177 
l 75 
179 
150 
l 01 
162 
l 53 
l 54 
1 fc5 
lb6 
137 
188 
159 
190 
191 
192 
193 
194 
1 >6 
196 
IS 7 

DESIGN 
DESIGN 
DESIGN 
DESIGN 

RÍTI0, USE IF GT MINIMUM 
, USED IF GT 0. 

NE C. » REVERSE IF IT 0, 

FT IF GT 0., -BVGAP IF LT 0., 

(TAKEOFF) NET TI-RUST , 18 , USED IF GT 0. 
(TAKECFF) SHP, USED IF 155 LE 0. 
(TAKECsF) TIP SPEEC (FFS), USED IF GT MINIMUM 
(TAKtCFF) PRESSURE RATIO, 1.0 TC 1.75, LSEO IF 

160 * 0. 
* HUB / T>P DIAMETER 
= TIP DIAMETER , FT , 
= NUMBER CF ELACES 
= NUM3EP CF CGVS 
= NET THRLol , LB , USED IF 
= SHP , USED IF U3 EO 0. 
= STACKING LINE DISTANCE , 

IF - 0. 5VGAP = 2. USED 
= STANDARD DEVIATION OF PAM , 0. REPLACED BY 1.0 
= STANDARD DEVIATION CF PPM , 0. REPLACED BY 0.02 
= INLET TREATMENT LENGTH , PERCENT OF DIAMETER 
= MID TREATMENT LENGTH , PERCENT CF DIAMETER 
= EXHAIST TREATMENT LENGTH , PERCENT OF DIAMETER 
= DCF , 1. CR 2. 
= INLET SPLITTERS 
= EXHALST SPLITTERS 
= THROAT MACH NUMBER OF NEAF-SCNIC INLET (NONE IF LE .41 
= C IF REVERSE THROUGH FLAT FITCH, *i IF THROUGH FEATHER 
=0 IF SHAFT DRIVE , =1. IF INTEGRAL ENGINE 
= REVERSE TIP SPEED / DESIGN TIP SPEED , .75 TO L. 
» C. IF LSF TYPICAL TURBCSHAFT ENGINE , «I. IF USE s 

COMPRESSOR RPM 
DIAMETER , FT 
FIRST-STAGE PRESSURE PATIO 
FIRST-STAGE ROTOR-STATCR SPACING IN PERCENT 
FIRST-STAGE NUMBER OF BLADES 

R PMC 
D 
FFR 
RSS 
BC 
CK 

COMPRESSOR 
COMPRESSOR 
COMPRESSER 
COMPRESSOR 
*0. 

P 3 COMBUSTOR INLET TCTAL PRESSURE , PSF 
T3 COMBUSTOR INLET TOTAL TEMPERATURE , DEG R 
T4 COMBUSTO« EXIT TOTAL TEMPERATURE , DEG R 
QMA COMBUSTOR MASS FLCH RATE , LB/SEC 
ÜMT TURBINE MASS FLOW RATE , LB/SEC 
VTR RELATIVE TIP SPEED OF LAST TLRBINE ROT CR , FPS 
CL SPEEC CF SCUNC AT TURBINE EXIT , FPS 
SCC LAST STAGE STATCR-ROTOP SPACING / STATCR CHORD 
VK =0. FOR COPLANAR EXHAUSTS , -10. FOR RECESSED EXHAUST 
BT NUMBER CP ELACES IN LAST TURBINE RCTOR 
RPMT TURBINF RPM 
THRT JET THRUST , LB 
AREA JET AREA , SC FT 

FIGURE 8. INPUT DATA FOR VARIABLE-PITCH FAN (ROTOR+OGV) 
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• .IX'' :... 

77 
78 
79 
80 

8 l 
82 
83 
8½ 
(35 

86 
87 
88 
M 

TSDS DESIGN TIP SPEED , FPS 
0 FAN DIAMETER . FT 
VNSTG NIMBER OF FAN STAGES # l. TC 3. 
VC *1. F CP SHORT FAN CUCT 

*2, FCR 3/4-LFNG1H CUT 
*3. FOR LONG FAN DUCTS WITH COPLANAR PRIMARY / 

SECONDARY NOZZLE EXITS 
= 4. FOR LCNG FAN DUCTS WITH RETRACTED PRIMARY NOZZLE 

( jTeo) 
PCTTF OPERATING THRLST / DESIGN THRUST 
HOT HUB / TIP DIAMETER PATIO , DEFAULT » .4 
PRSTCS DESIGN PRiSSLRE PATIO OF FIRST STAGE , Ul TO 1.75 

DESIGN PRESSURE PATIO OF SECOND STAGE ( IF 79 = 2 OR 3» 
DESIGN PRESSURE RATIO OF THIRD STAGE I IF 79 * 3.) 

TRSS RCTUR-STATCP SPACING IN PERCENT , STAGE l 
ROTQR-STATCR SPACING IN PERCENT , STAGE 2 
RCTOR-STATCP SPACING IN PERCENT , STAGE 3 

TB NUMBER CF BLADES IN STAGE l 
90 NUMBER OF BLADES IN STAGE 2 
91 NUMBER CF ELACES IN STAGE 3 
92 QIGV >0* IF NO IGV » «I. IF IGV 

152 MACH NUMBER IN NEAR SCMC INLET IF GT.4, LT.I 
2LI INLEV TREATMENT LENGTH , PERCENT OF CIAMET5R 
21? EX HA , 'T TREATMENT LENGTH , PERCENT OF LI AMET ER 
21 i DCF » I. OR 2. 
214 NUMBER CF INLET SPLITTERS 
215 NUMBER OF EXHAUST SPLITTERS 
216 = 0. IF SHAFT DRIVE t *1. IF INTEGRAL ENGINE 
217 =0. IF LSE TYPICAL TURBOSHAFT ENGINE , »1. IF USEî 
¿18 RPMC COMPRESSOR RPM 
219 C COMPRESSOR DIAMETER ♦ FT 
220 F PR COMPRESSOR FIRST-STAGE PRESSURE RATIO 
221 RSS COMPRESSOR FIRST-STAGE ROTOR-STATCR SPACING IN PERCENT 
222 0C COMPRESSOR FIRST-STAGE NUMBER OF BLADES 
224 P3 CCMBLSTOR INLET TOTAL PRESSURE ♦ PSF 
225 T3 COMBUSTCR INLET TOTAL TEMPERATURE , DEG R 
226 T4 COMBUSTOR EXIT TOTAL TEMPERATURE • DEG R 
227 OMA CCM3UST0R MASS FLOW RATE i LB/SEC 
228 QMT TURBINE MASS FLOW RATE * LB/SEC 
229 VTR RELATIVE TIP SPEED OF LAST TURBINE ROTOR , FPS 
233 CL SPEED CF SOINC AT TURBINE EXIT , FPS 
231 SOC LAST STACE STATCR-FCTOR SPACING / STATOR CHORD 
232 VK *0* FOR COPLANAR EXHAUSTS t -10« FOR RECESSED EXHAUST 
233 BT NUMBER CF BLADES IN LAST TURBINE ROTOR 
234 RPMT TURBINE RPM 
235 THRT JET THRLST , LB 
23.> AREA JET ARE* , SG FT 

FIGURE 9. INPUT DATA FOR FIXED-PITCH FAN 
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A thrust reverser is included if location 116 is not zero, with the 

configuration determined by its value, as shown in Figure 10. To aid 

in selecting a value for the fully-expanded jet density, location 120, 

it should be noted that the standard sea-level density is 0.0023769 1b.- 

sec2/ft.^. 

The nozzle exit effective diameter, location 121, is 2/Area/w. The area is 

the nozzle exit area for target reversera and the total port area for cascade 

reversera. The parameter DH/DE, location 122, is equal to 1// D/H-l for 

target reversers, where D is the nozzle diameter and H is one-half the 

nozzle diameter minus one-half the plug diameter. For cascade reversera, 

DH is computed as 2/[(Number of vanes +l)/length +l2ngth/area] , where the 

lengt is the axial length of the port and the area is the exit area of one 

port. 

Variable-Pitch Lift Fan 

Variable-pitch lift fans use data from locations 26-29 and 277 to 316 (see 

Figure 11). Since the significance of the input data parallels that of the 

variable-pitch fan discussed above, it will not be repeated here. Data 

associated with a near-sonic inlet and thrust reversing are not required for 

the variable-pitch lift fan. 

Fixed-Pitch Lift Fan 

As indicated in Figure 12, fixed-pitch lift fans use data from locations 30- 

33, and 317-351. Since the significance of the input data parallels that 

of the fixed-pitch fan discussed above it will not be repeated here. The 

fixed-pitch lift fan is limited to only one stage, unlike the fixed-pitch 

fan which can have one, two, or three stages, and therefore the amount of 

data required is reduced. 

Helicopter Main Rotor 

The helicopter main rotor uses data from locations 3A, 36, 50-61 and 144, as 

defined in Figure 13. 

The Lowson-Ollerhead unsteady loading law, Ln - L0/nk, is used with the 

exponent k in location 50. Sikorsky Aircraft experience has shown that the 

value for k of 2.5 estimated by Lowson and Ollerhead is valid for advanced, 

high performance, low noise rotors and that conventional rotors are repres¬ 

ented better by a lower value of k. The correspondence between twist and k 

shown in Figure 14 has been observed for Sikorsky rotors. This correspondence, 

expressed in the form of a quadratic function of twist, is provided by the 

default option for CASE, location 50. 

Blade twist also influences the effective radius ratio at which the loading 

acts, location 51. The Sikorsky correlation with twist.shown in Figure 15 

is provided as a default option for location 51. 

The number of blades, location 52, must exceed 1. 

The rotor disk incidence angle is the angle between the tip path plane and 

the horizon. Typical values are 3 to 5 degrees. 

The random airload assumption of Lowson and Ollerhead requires a correlation 

length to indicate the degree of spatial loading coherence. A default value 
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116 »-?. FOR V-GLTTER TARGET TYPE 
= -1. FOR SEMICYL ^CR IC AL TARGET TYPE 
= C. IF NO REVERSER 
= 1. FOR CASCADE TYPE WITH CONSTANT-THICKNESS VANES » NO 

INTERNAL FLOW DEFLECTOR IBLCCKER» 
* 7. FOR CASCADE TYPE V»ITI- CONSTANT-THICKNESS VANES AND 

BLOCKER 
* 3. p OR CASCADE TYPE WITF A IR FO IL-SHAPEO VANES , NO BLOCKER 
- A. rUR CASCADE TYPE WITH AIRFCIL-SHAPED VANES ANO BLOCKER 

117 * FULLY-EXPANDED JET AREA , SU FT 
lid « TOTAL TEMPEPATLPE OF JET , OEG R 
119 = FULLY-EXOANOED JET VELOCITY , FP$ 
120 - FULLY-EXPANDED JET DENSITY , LB $EC**2 / FT**4 
121 * EFFECTIVE DIAMETER » DE i FT 
122 = DH / CE 
123 * CASCADE-EXIT-TQ-TAILPIPE AREA (AHEAD CF REVERSER) RATIO . 

FOR CASCADE REVEKSERS ONLY 

FIGURE 10. INPUT DATA FOR FIXED-PITCH FAN REVERSER 
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efs*» 

??? 
27« 
279 
280 

281 
282 
283 
284 
2fi5 
286 
ctf 

2H8 
289 
290 
291 
292 
24’ 

29s 
295 
296 
297 
258 
299 
300 
301 
302 
3 03 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 

DESIGN (TAKEOFF) 
DESIGN (TAKEOFF) 
DESIGN (TAKEOFF) 
DESIGN (TAKECFF) 

NET LIFT , LB • USED IF GT 0« 
SHP , USED IF 277 LE 0. 
TIP SPtlD (FPS) . IfSEC IF GT MINIMUM 
PRESSURE RATIO • 1,0 TO 1.75, USED IF 

282 * 0. 
HUB / TIP CIAMETER RATIC , USE IF GT MINIMUM 
TIP DIAMETER , FT , USEC IF GT C. 
NUMBER OF RLADfcS 
NUMBER OF GGVS 
NFT LIFT , 13 , USED IF NF 0. 
SHP , USED IF 285 * 0. 
STACKING LINE DISTANCE , FT , IF GT 0., -BVGAP IF LT 0., 
IF * 0. BVGA« 2. USED 
STANDARD CIVIATICN OF PAR , 0. REPLACED BV 1. 
STANDARD DEVIATION OF PPM , 0. REPLACED BY .02 
INLET TREATMENT LENGTH , PERCENT OF CIAMETER 
MID TREATMENT LENGTH , PERCENT CF DIAMETER 
EXHAUST TREATMENT LENGTH , PERCENT OF DIAMETER 

“ Cor , 1. OR 2. 
* NUMBER OF INLET SPLITTERS 
* NUMBER OF EXHAUST SPUTTERS 
« C. IF SHAFT CRIVE , * l. IF INTEGRAL ENGINE 
* 0. IF USE TYPICAL TURBCSHAFT ENGINE • * l. IF USE* 
RRMC COMPRESSOR RPM 
D COMPRESSOR CIAMETER , FT 
F PR COMPRESSOR FIRST-STAGE PRESSURE fUTIO 
RSS CDMPkESSOR FIRST-STAGE RGTCR-STATOR SPACING IN PERCENT 
9C CCNPRESSQR FIRST-STAGE NUMBER OF BLADES 
CK » 0. FOR TUKHCSHA FT ENGINE 
P3 C0MRLST0R INLET TOTAL PRESSURE , PSF 
T3 COMBUSTOR INLET TOTAL TEMPERATURE , OEG R 
T4 CCMBUSTOR EXIT TOTAL TEMPERATURE , DEG R 
QMA CCMBUSTOR MASS FLOW RATE , LB/SEC 
OMT TURBINE MASS FLCN RATE , LB/SEC 
VTR RELATIVE TIP SPEED OF LAST TURBINE ROTOR , FPS 
CL SPEED CF SOUND AT TURBINE EXIT , FPS 
SOC LAST STAGE STATOP-RCTCR SPACING / STATOR CHORD 
VK *0. FDR COPLANAR EXHAUSTS , -10. FOR RECESSED EXHAUST 
BT NUMBER OF BLADES IN LAST TURBINE ROTOR 
RPMT TURBINE RPM 
THRT JET THRUST • LB 
AREA JET AREA , SC FT 

FIGURE 11. INPUT DATA FOR VARIABLE-PITCH LIFT FAN 



■FTT’* 
... sraitrar 

317 TSDS 
3 l d Ü 
JW VC 

3?0 
3 ¿ 1 
3¿¿ 
3 ? 3 
324 
323 
323 
32 7 
32 d 
329 
3 30 
331 

332 
333 
334 
333 
336 
337 
3 39 
34 0 
341 
342 
343 
344 
34í> 
246 
347 
343 
349 
350 
351 

PC ITH 
HDT 
F PR 
TR5S 
TB 
CIG V 

RPWC 
0 
FPR 
RSS 
9C 
P3 
13 
T4 
OMA 
CMT 
BTR 
CL 
snc 
VK 
BT 
kPMT 
THRT 
AREA 

PRIMARY / 

PRIMARY NOZZLE 

DESIGN TIP SPEED , FPS 
FAN DIAMETER , FT 
* 1. FOR SPCRT PAN DUCT 
= 2, FOR 3/4-LENGTH DUCT 
= 3. FCR LCNG FAN CLCT S WITH COPLANAR 

SECCNDARY NOZZLE EXITS 
* 4. FCR LCNG FAN CUCTS WITF RETRACTED 

( JT80 ) 

OPERATING THRLST / DESIGN THRLST 
HUB / TIP DIAMETER RATIO , DEFAULT = .4 
DESIGN PRESSURE RAT IC , l.l TO 1.75 
ROTCR-STATCR SPACING IN PERCENT 
NUMBER CF BLADES 
= 0. IF NO IGV , * 1. IF IGV 
INLET TREATMENT LENGTH , PERCENT OF DIAMETER 
EXHAUST TREATMENT LENGTH , PERCENT OF CIAMETER 
DOF , 1. OR 2. 
NUMBER OF INLET SPLITTERS 
NUMBER OF EXHAUST SPLITTERS 
*C. IF SHAFT CRIVE» *1. IF INTEGRAL ENGINE» 32—1. IF 
TIP TURBINE (MUST INPUT 342-348,350C351) 
= 0. IF LSE TYPICAL TURBCSHAFT ENGINE , *1. IF LSE: 

R PM 
CIAMETER , FT 
FÎRST-STAGE PRESSURE RATIO 
F IR S'i -STAGE RCTOR-ST ATOR SPACING IN PERCENT 
FIRST-STAGE NUMBER OF BLADES 

INLET TOTAL PRESSURE » P$F 

COMPRESSER 
CCMPRES SOR 
COMPRESSOR 
CCMPRESSJR 
COMPRESSOR 
combustcr 
COMBUSTOR INLET ÏCTAL TEMPERATURE , DEG R 
CCMBLSTOR EXIT total TEMPERATURE , DEG R 
COMBUSTOR MASS FlOW RATE , LB/SEC 
TLRBINE MASS FLOW RATE , LB/SEC 
RELATIVE TIP SPEED OF LAST TURBINE ROTOR , FPS 
SPEED OF SCUND AT TURBINE EXIT , FPS 
LAST STAGE STATPR-ROTOR SPACING / STATOR CHORD 
=0. FCR CCPLANAR EXHAUSTS , -10. FOR RECESSED EXHAUST 
NUMBER OF ELACES IN LAST TURBINE ROTOR 
TURBINE RPM 
JET THRUST » LB 
JET AREA , SQ FT 

FIGURE 12. INPUT DATA FOR FIXED-PITCH LIFT FAN 



MAIN TAIL NAPf 
30 63 CASE 

51 64 

52 65 
53 66 
‘4 67 
55 68 
56 69 
57 70 
5 8 71 
59 72 
oO 73 
¿1 74 

ETA 

BIGBR 
BIG« 

OME ON 
SIC 

CHORDS 
THRUSR 
TORQUE 

BETA 
TWIST 
CCNLC 

75 TRCCR 
144 TOTAL DESIGN HP 

MEANING OF PARAMETER 
RCTCP AIRLOACING K FACTOR • DEFAULT « 1.44 - 
• 0741667*TW 1ST - .0018056*TWIST**2 

LIMITS 1.55.LE.CASE.LE.2.22 
RACIAL LOADING STATION (.7 .LE. ETA .LE. .9) 
DEFAULT * l.+•01667*TWIST 
NUMBER CF RCTOR BLADES 
ROTOR RADIUS . FT 
ROTOR ROTATIONAL SPEED . RPM 
ROTOR DISK INCIDENCE ANGLE , DEG 
ROTOR BLADE CHORD » INCH 
ROTOR THRUST • LB 
ROTOR TCPCUE . FT-LB 
«JCTCR LCNING ANGLE » DEG 
BLADE TWIST , DEG . TYPICALLY NEGATIVE 
CORRELATION LENGTH , DEFAULT ■ .7 
NUMBER OF TAIL ROTOR HARMONICS 

FIGURE 13. INPUT DATA FOR MAIN AND FREE-AIR TAIL ROTORS 
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FIGURE 15. EFFECT OF LINEAR BLADE TWIST ON THE EFFECTIVE RADIUS VALUE 

23 

. 



of 0.7, suggested by Sikorsky Aircraft, is provided for this variable in 

location 61. 

The rotor RPM and torque for the operating case are lu ded into locations 54 

and 58, respectively. The computer program prints the corresponding 

horsepower, (RPM x torque)/5252. For the design case, the sum of the main 

rotor and free-air tail rotor (if any) horsepowers is read into location 144 

for use in designing the common core engine. 

Free-Air Tail Rotor 

The helicopter free-air tail rotor uses data from locations 38, 40, and 

63-75, (see Figure 13). 

The signifiijnce of the variables and the default options are the same as 

for the main rotor discussed above. The tail rotor incidence, location 

68, is normally zero. An additional input parameter, the number of tail 

rotor hamonics in location 75 must be 1 to 60, inclusive. 

The free-air tail rotor noise is not calculated unless there is a main rotor 

(location 34) also. 

Shrouded Tail Rotor 

The helicopter shrouded tail rotor uses data from locations 42, 44, and 200- 

210,(see Figure 16). 

The shrouded tail rotor noise is calculated only if locations 34 and 42 are 

greater than zero and location 38 is zero. 

The significance of the input data is the same as for a variable-pitch fan 

with IGV discussed above except that for the shrouded tail rotor the design 

and operating conditions are the same, there is no treatment, and there is 

no integral engine. 

Common Core Engine 

The common core engine uses data from locations 46 to 49, 100 to 115, and 

147-148, (see Figure 17). Similar data are used for engines which arc 

integral with various propulsion units. Except for the location of the data 

used, the description of the data for the common core engine here applies 

to integral engines also. 

If location 147 is 0. a generalization of a typical turboshaft engine pro¬ 

vides the rest of the data required based on the design and operating horse¬ 

powers and the ratio of operating to design power turbine RPM. If location 

147 is 1. the data in locations 100 to 115 and 148 to 150 are used. 

As a guide to selecting values for these variables, if location 147 is 1., 

the generalization for a static sea-level power of 10,000 HP is: 
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¿JJ * CtSIGN i CPERATING NET THF 1ST , LB , USED IF GT 0, 
¿QI = DESIGN L OPERATING SHP * USED IF 200 LE 0« 
202 = DESIGN & OPERATING TIP SPEED (FPS)t USED IF GT MINIMUM 
203 = DESIGN L OPERATING PPESSUFE RATIO, 1.0 TO 1.75, USED IF 

2C5 = 0. 
204 * HUE' / TIP niAMETEK RATIO, USE IF GT HIMMGM 
205 * TIP DIAMETER , FT , USED IF GT 0. 
2C6 = NUMBER OF ELACES 
2J7 = NUMBER OF I3VS 
2 OB STACKING LINE CISTaNOE »FT, IF CT 0., -BVGAP IF LT 0., IF * 

0. BVGAP = 2. LSFC 
2 j9 STANDARD DEVIATICN OF PAM , 0. REPLACED BY .5 
210 STANDARD DEVIATION CF PPM , C. REPLACED BY .01 

FIGURE 16. INPUT DATA FOR SHROUDED TAIL ROTOR 
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147 = 0. IP USE TYPICAL TUP BOSHAFT ENGINE . i. IF USE FILUIWING 
INPUT CATA FUR CURE ENGINE COMPRESSOR NOISE 
1C J RP*C COMPRESSOR RPM 
101 0 COMPRESSOR DIAMETER , FT 
10? F PR COMPRESSOR FIRST-STAGE PRESSURE RATIO 
103 PSS COMPRESSOR FIRST-STAGE ROTCR-STATOP SPACING IN PERCENT 
104 BC COMPRESSOR FIRST-STAGE NUMBER OF BLADES 
INPUT CATA FCP CCMBUSTICN NOISE 
lOi CK *0. FOR TUR0CSHAFT ENGINE t *U FOR TURBCFAN ENGINE 
ICa P3 COMBUSTOR INLET TOTAL PRESSURE . PSF 
107 T3 COMBUSTOR INLET TOTAL TEMPERATURE » OEG R 
1C 3 T4 CUMBUSTUR EXIT TOTAL TEMPERATURE , CEG R 
ICV UMA MASS FLOW RATE » LBM / SEC 
1NJUT CATA FOR COKE ENGINE TURBINE NOISE 
14J CMT MASS FLOW RATE , LBM / SEC 
110 VTR RELATIVE TIP SPEfcC OF LAST TURBINE ROTOR , FPS 
111 CL SPEED OF SOUND AT TURBINE EXIT t FPS 
11? SCC LAST STAGE STATOP-ROTCR SPACING / STATOR CHORD 
Il J VK =0. FOR CÜ-PLANAR EXHAUSTS » -10, FCR RECESSED EXHAUST 
11» BT NUMBER OF BLAUES IN LAST TURBINE ROTOR 
lij PPMT TURBINE PPM 
INPUT DATA FOR JET NOISE 
14T THRT THRUST UF 0ET , 16 
150 AREA AREA OF JET » SO. FT 

FIGURE 17. INPUT DATA FOR CORE ENGINE NOISE 
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Item Location Value Meaning 

Compressor 

Combustor 

Turbine 

Jet 

100 
101 
102 
103 

104 

105 

106 

107 

108 

109 

148 

110 
111 
112 
113 

114 

115 

149 

150 

14170. RPM 

1.855 diameter, ft. 

1.36 first-stage pressure ratio 

10. first-stage rotor-stator spacing, % of 

upstream blade chord 

29. first-stage number of blades 

0. for turboshaft engine 

37008. injlet total pressure, psf 

1261. inilet total temperature, °R 

2686 exit total temperature, °R 

47.2 flow rate, lb./sec. 

56.6 flow rate, lb./sec. 

910. last rotor relative tip speed, fps 

1821. exit speed of sound, fps 

.5714 last stage spacing/upstream blade chord 

not provided by generalization 

112. number of last stage rotor 

9300. RPM 
1050. net thrust, lb. 

3.11 area, sq. ft. 

The flow rates, jet area and jet thrust are proportional to the horsepower. 

The diameter is proportional to the square root of the horsepower and the 

RPMs are inversely proportional to the square root of the horsepower. 

Gearboxes 

The gearbox data may be put into any locations not required otherwise, except 

1 to 46 and 124 to 126. However, it is good practice to use locations 352 to 

400 since these locations are not used for any other purpose. The location 

of the first data item for each train of gearboxes in a propulsion unit is 

loaded into locations 12, 16, 20, 24, 28, 32, 36, 40, 44, and 48, as required. 

The first data item is the number of gear sets in series (1. or more) for the 

unit. Following this are the data for each gear set, in order, starting with 

the gear set nearest to the propulsor. Three data items are required for 

each gear set: 

1. Type of get set: 

spur gear, by loading 1. 

bevel gear, by loading 2. 

planetary (fixed ring gear), by loading 3. 

star (fixed cage), by loading 4. 

2. Number of teeth on output gear (ring gear for planetary set). 

3. Input RPM/output RPM (Must exceed 2. for planetary gear set). 

Thus, the number of data items for each train of gearboxes is 1 plus 3 times 

the number of gear sets. 

For example, if a two-stage gearbox is used with a turboprop, 352 would be put 

in location 12. Then, 2. would be put in location 352 (indicating two gear 

sets). Location 353. might be 3., to indicate a planetary gear train driving 

the propeller; location 354. and 355. would indicate the number of teeth on 
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the ring gear and the reduction ratio, respectively; location 356. would be 

1., 2., 3., or 4. to define the second gear stage (whose input is the core 

engine output shaft); and locations 357. and 358. would define this gear 

stage number of teeth and reduction ratio. 

If two or more trains of gearboxes are joined to a train of gearboxes 

connected to a comnon core engine, the first data location for this latter 

common train is loaded into location 48. 

UPDATING THE INPUT DATA FOR THE NEXT CASE 

With certain exceptions, data used for one case are also used for the next 

case unless they are changed by the data read for the next case. For example, 

if there are two free-air propellers for the first case, data location 10 

contains a 2. If there are to be no propellers for the second case the 

data cards loaded for the second case must put a 0. into data location 10. 

Otherwise, the second case also will include two propellers. 

The exception is certain data describing the design and operating conditions 

of variable- and fixed-pitch fans and variable- and fixed-pitch lift fans. 

For these units there is more than one way to describe the condition. For 

example, one may load either thrust or horsepower. The latter is used only 

if the thrust in the data array is zero. However, after running the case, 

both the thrust and horsepower values in the data array are not zero. 

Generally one value has been changed. For a subsequent case the >new values 

will be used. Thus, if the thrust in the data array was 0. for the first 
case, the condition for this case would be based on the horsepower, but for 

the second case the thrust from the first case would be used to provide the 

horsepower. If one wishes to change the condition for the second case, 

then the thrust, and perhaps the horsepower, must be changed by loading new 

data into the data block for the next case. 
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COMPUTER PROGRAM OUTPUTS 

ERROR MESSAGES 

General Messages 

The free air propeller, variable pitch fan with IGV, variable pitch fan with 

OGV, fixed pitch fan including thrust reverser, helicopter main rotor, heli¬ 

copter open tail rotor, helicopter shrouded tail rotor, variable pitch lift 

fan, fixed pitch lift fan, core engine compressor, core engine combustor, 

core engine turbine, lift fan tip turbine drive, and gearbox noise estimating 

modules will check the input data for validity. If an error is detected, 

i.e. parameter values are outside the allowed ranges, the massage: .... 

Noise Not Calculated Because of Error In Input Data," will be printed where 

the dots are the appropriate noise source. If this message is printed, then 

the identified source(s) is not calculated. The corrective action taken by 

the computer program is to set the corresponding input to the propulsion 

system definition (location 10 to 49) equal to zero. Thus, that source will 

not be calculated in subsequent cases unless the system definition location 

is changed by the data input. 

A second general message is: "Bessel Function For IA « ..., M = ... 

Limited To Order Of ...". This indicates that the Bessel function subroutine 

was requested to calculate a value for an order too large for the given 

argument. Since the value of a Bessel function becoroes small when the order 

exceeds the argument, the consequence is probably negligible. 

Specific Propulsor Messages. 

Propellers - The error messages produced by the free-air propeller modules 

include: 

"Error In Interpolation In Table .... 1ER - This indicates that end 

values were reached in interpolating values of blade chord, blade thickness, 

CT/CP T/STATIC, etc. The table number identifies the parameter in error, 

1ER is a code for low end, high end, etc. If the end values are used and 

the calculation continues, the results may be in error. 

"Did Not Converge On Propeller Thrust Of ... With SHP ”... The program 

could not converge in calculating the aerodynamic performance. The number 

of propellers is set to zero and propeller noise is not calculated, and 
will not be calculated in subsequent cases unless subsequent inputs change 

location 10. 

Variable Pitch Fans - Several errors encountered in calculating the aero 

dynamic performance and noise of variable pitch fans will generate the 

following messages: 

"PRl Outside Program Range 

valid range is 1.0 to 1.75. 

..." The fan pressure range is printed out. The 

The noise is not calculated for this case and 

subsequent cases. 



"A Thrust Or SHP Must Be Specified If Diam .GT.0.0 For a Design Case, ... 

The value of diameter is printed. The user must input a thrust or SHP if 

the fan diameter is also input. Noise is not calculated. 

"Pressure Ratio Calc. For This Case Out Of Range ..." Occurs for diameter 

and thrust or SHP input if the calculated pressure ratio is less than 1 or 

greater than 1.75. Noise is not calculated. 

"PR 1 Out Of Range For Off-Design Case, ..." Fan pressure ratio is printed. 

It is outside the valid range of 1.0 to 1.75 and noise will not be calculated 

for the off-design case. 

"A Thrust Or SHP Must Be Specified If Diam .GT.0.0 For An Off-Design Case, 

..." Value of diameter is printed if non zero and thrust or SHP is not input 

for the off-design case. Noise is not calculated. 

"Pressure Ratio Calc. For This Case Out Of Range, ..., ... Off Design 
Off design case caused calculated pressure ratio to fall outside valid range. 

Noise is not calculated. 

Jet Noise - The error messages printed by the jet noise subroutine include. 

"***** Bypass Velocity Greater Than Core Velocity." Input parameter caused 

the calculated velocity of the bypass flow to exceed the core velocity. The 

jet noise is then calculated as for a single stream using the bypass 

parameters. The bypass correction is not calculated. 

"***** Core Jet Velocity Out Of Range. Was ..., Set To ... ft/sec. The 

calculated jet velocity is out of range. The limit of the valid range is 

printed and used in the calculation. 

"***** off Coaxial Carpet At ... Hz." The end values of the bypass correction 

table were reached. The calculation proceeds using the table end value. 

"***** off Spectrum Curve At ... Hz" The jet noise frequency spectrum 

correction table values were reached. The noise calculation proceeds using 

the end value. 

PROPULSION SYSTEM DESCRIPTION 

A description of the propulsion system analyzed is printed. This will indicate 

the type and number of propulsion units for which the noise was calculated, 

whether jet noise was calculated, what type of transmission, if any noise 

suppression, and if the calculation includes an integral engine. This list 

may contain units from previous cases which may not be wanted for the current 

case. An additional data card setting the number of such units to 0 corrects 

this error. 

The general inputs for design and operating conditions are also printed. 

These include the ambient conditions, vehicle horizontal and verticax flight 

speeds, flight angle, and observer location. 
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AERODYNAMIC PERFORMANCE AND NOISE 

A general description of the parameters used to calculate the noise of each 

source is printed. This information includes the propulsor and core engine 

design information as well as the actual values, which may be for an off- 

design condition, used in estimating the noise sources. 

With the maximum printing option selected, the computer program prints out 

the tone and broadband components for each noise source calculated; the 

combined 1/3 octave band spectra; the total propulsion system noise with and 

without any noise suppression specified; the total propulsion system 1/3 

octave band sound power levels and directivity indices; the sideline A- 

weighted overall levels, Perceived Noise Levels, and Tone-Corrected Perceived 

Noise Levels; and the Effective Perceived Noise Level if a non-zero hori¬ 

zontal flight speed is specified. 

PRINTING OPTION 

A printing option allows the user to select the amount of printout for each 

case. Location 6 may be loaded with a value of 0, 1, 2, or 3. 0 gives the 

minimum printing and will print the data inputs, propulsion system description, 

and total nropulsor 1/3 octave band levels, dB(A), PNL, PNLT, 1/3 octave band 

PWL, directivity indices, and EPNL. L increases the printing by printing 

all of the above plus the 1/3 octave band levels for each unit with noise 

suppression (if any). 2. further increases the printing by also printing out 

the 1/3 octave band levels for each unit and the total propulsor without 

any noise suppression. Finally, 3. in location 6 prints out the tone and 

broadband components. 

Examples will be given in the next section where sample cases are given. 
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SAMPLE CASES 

INTRODUCTION 

In this section, representative sample cases are presented to illustrate the 

input data requirements and the computer program outputs for typical noise 

and performance calculations of several types of V/STOL rotary propulsors. 

Sample calculations for a turboprop, fixed-pitch fan, helicopter, and 

variable-pitch fan will be presented to illustrate the input and output 

options available to the user. 

TURBOPROP SAMPLE CALCULATION 

Inputs 

This case illustrates a calculation of performance and noise of a typical 

turboprop propulsion system consisting of four propellers with gearboxes and 

integral engines. The case is run with SHP input and maximum printing is 

requested. Also, the core engine parameters are input. 

Figure 18 shows the inputs to the computer program used for this calculation. 

Since this input is for the first case, the default options for ambient 
temperature, relative humidity, and pressure are exercised by leaving inputs 

1 2, and 3 blank. Location 4 specifies an operating condition of 180 kts 

(negative input) while location 5 indicates level flight. Location 6 is 

loaded with 3 to specify maximum printing. Locations 7 and 9 specify a 
584 ft. flyover. Location 8 indicates that the propeller shafts are hori¬ 

zontal (i.e. no tilt). Location 10 indicates that the noise from 4 propul¬ 

sors is to be calculated. Location 12, being greater than zero, indicates 

that gearbox noise is to be calculated and that the gearbox input data 

starts at location 360. Location 94 indicates an operating horsepower of 

3260. Since location 94 is not zero, the horsepower will be used to calculate 

the aerodynamic performance. Locations 96 and 97 define the propeller 

diameter and number of blades. Location 98 is input as a negative number to 

signify that RPM is input and not tip speed. Location 99 is negative to 

indicate activity factor. Locations 124 to 126 indicate the design conditions. 

Location 145 defines the propeller design power which is used to size the 

core engine. 

Location 153 is set to 1. to indicate integral engines while the 1. in 

location 154 indicates that the engine parameters are to be input. Locations 

257 to 261 define the engine compressor design and operating parameters. 

Locations 263 to 266 are for combustor noise. Locations 267 to 273 define 

the core engine turbine parameters. Location 275 indicates the core engine 

net thrust (at 180 kts flight speed), while the engine nozzle area is input 

in location 276. These and the turbine weight flow (location 267) will be 

used to calculate the core engine jet noise. 

Location 360 (defined in location 12 as the location for the start of the 

gearbox data) indicates that two gearboxes are to be estimated. Location 361 

identifies the first gearbox (closest to the propeller) as a planetary syst , 

while the second stage is identified in location 364 as a spur gear set. 

The 0-1. card terminates the input for this case. 
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FIGURE 18. INPUT DATA FOR TURBOPROP SAMPLE CASE 
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Outputs 

The computer program output for the turboprop sample case is shown 
^ t^ next DMe. The fir.t page define, the design and operating condition., 

the flight altitude and sideline distance, and the propulsion system 
definition. The second page defines the propeller configuration «d operating 

conditions Note that the propeller thrust has been calculated as 5049.8 lbs. 
conditions, ¡no ¢-,940 cup The next few pages show the computed 
based on the input power of 3260 SHP. The next rew page» » £ 
propeller broadband and tone noise levels. Then the 1/3 octave ban<* ^ s 

dB(A) PNL's and PNLT's for the total propeller noise (for 4 propellers) 

printèd^out?' îhe next page shows the total calculated gearbox noise. Then 

the total core engine compressor, combustor, and turbine n0^* ® (ag®hen 
for 4 units) are printed. The total core engine noise is printed next. Th , 

the core^engine*jet noise is printed The total Propulsor no s^is printed 

next. Finally, the total propulsor 1/3 octave band ^ (re W t ) 

spectrum and directivity indices and the calculated EPNL for the xy 

over are printed. 

Note that th. propulsor thru.t w.s dcul.t.d st 5049.8 lb. ^ 
and 376 lbs. from the core engine for a total thrust of 5425.8 lbs. per pro 

peller. The input power was 3260 SHP. 

FIXED PITCH FAN SAMPLE CALCULATION 

Inputs 

For this case, the noise and performance of one fixed pitch fan with a 
generalit.^Integral engin, aïe calculated. A one .tag. gearbox la aleo 

included. 

The inputs for this case are shown in Figure 19. The 1. in location 6 
specifies8intermediate printing. The inputs to locations 7 and specify a 

100 ft sideline at zero altitude above the observer. Since this case was 

run immediately after the turboprop, location 10 was set to -rotocance1 
the propellers. Had it been left unchanged, the noise from 4 propellers 
woul^elso have been Included In thl. «... Location 23 indicate, that the 

fan let noise is to be calculated, while location 24 indicates that th 
gearbox Information will be Input atartlng at iocation 36°. Location. 77 

82 define the fan. Location 79 Indicate, a one-stage fan, so that 

locations 83, 86, and 89 are input with design pressure ratio, rotor 8ta 
spacing^8 and numb er of blades, respectively. Location 92 specifics no inlet 
^ide vanes (it could have been left blank, since no previous case had an in 

nut therO Locations 216 and 217 indicate that a generalized integral 

engine H« be Included In the calculation. The gearbox data 1. input to 

location 360 to 363. 

Outputs 
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FIGURE 19 FIXED PITCH FAN SAMPLE CASE INPUT DATA 
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was calculated to be 2854 SHP. Since the maximum printing was not specified, 

the fan noise components were not printed. Since the fan operating and design 

cases were specified in the input to be the same, the generalized engine 

parameters were scaled to a core engine designed for 2854 SHP. The calculated 

core engine parameter and noise are printed in the next several pages. The 

core engine jet noise which is printed includes the fan jet bypass correction, 

since it was specified in location 23. The core engine jet thrust was 

calculated to be 627 lbs. The gearbox information is printed next. 

Finally the total propulsor noise levels are printed on the last two pages. 

The total propulsor thrust was calculated to be 4456 lbs. (i.e. 3829 + 627) 

with an input power of 2854 SHP. 

HELICOPTER SAMPLE CALCULATION 

Inputs 

In this sample case, the inputs for calculating the noise of a conventional 

helicopter are shown in Figure 20. 

Locations 1 to 3 define the ambient condition. Locations 4 and 5 indicate 

level flight at 70 kts. The maximum printing is requested in location 6. 

Location 7 and 9 specify a 200 ft. flyover altitude with the observer 

location on a 200 ft. sideline. The ambient conditions for the design 

condition are input to location 124 to 126. 

Since this case was run by itself, only locations 34 and 38 are needed to 

specify one main rotor and one free-air tail rotor. Location 46 specifies 
two core engines. Locations 47 and 48 are left zero so that jet and 

transmission noise will not be calculated. 

For the main rotor, locations 50 and 51 are left blank to use the default 

options for K factor and radial loading station. Locations 52 to 60 define 

the main rotor design and operating parameters. The default value of 0.7 

for the correlation length is used in location 61. For the free-air tail 

rotor, locations 63 and 64 are also left blank to use default values. 

Locations 65 to 74 are input with the tail rotor design and operating 

parameters and the value of 0.7 for the correlation length. Location 75 

specifies that 20 harmonics of tail rotor noise are to be calculated. 

Location 144 specifies a total design power of 2100 SHP, i.e. two 1050 SHP 

engines. A zero was input to location 147 to insure that generalized engine 

parameters will be used for estimating core engine noise. 

The 0-1. card terminates the input for this case. 

Outputs 

The computer output for this case is shown in the next few pages. The pro¬ 

pulsion system is defined on the first page. The next six pages define the 

main rotor design and operating conditions used in calculating the noise, 

the harmonic levels and broadband 1/3 octave band levels at each azimuth, and 

the combined 1/3 octave band SPL’s, dB(A), PNL, and PNLT along the specified 
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P»OC«»M IMfO INPUT DATA LAtEL ! 
_1 LOCATION NO 1 a a « » 

• • • T j_ki- 
«ELICOPTEF SAMPLE ( ;ass - GENER/ T.T7.T D ENGINE'. MA [IMUM PRl NTIÍ 

1 

s 1. 66. 60. 14.7 I —70.- L_ 
4 6. 3. 200. 0. I 1 

o
 

o
 

<N 

3 124. 0. 59. 14.7 
1 34. 
1 38. 
1 46. 2. 

-~t 

5 52. 5. 31. 203. 5. 

m
 

CM
 

CO 
r—

i 

s 57. 16350. 18475. 6. _ • / 

5 65. 5. 5. 1243. 0. 7.32 

r m- 507. 532. 0. &_ .7 

i 75. 20. 
i 144. 2100. 
i 147. D. 
0 -1. 

— 

FIGURE 20. INPUT DATA FOR HELICOPTER SAMPLE CASE 
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sideline. The next six pages give the same information for the tail rotor. 

Then the total rotor noise (sum of the noise levels from the main and tail 

rotors) is printed. 

The next four pages are the core engine design and operating data and 
calculated noise Uvels. The engine noise levels lor this case are those 

from two engines since two core engines were specified in the input. 

Finally, the last two pages show the total propulsor SPL's, dB(A), PNL, and 

PNLT levels and the total propulsor 1/3 octave band PWL s and directiv y 

indices and the Effective Perceived Noise Level for the vehicle. 

VARIABLE PITCH FAN SAMPLE CALCULATION 

Inputs 

In this sample case, the calculation of noise from a variable pitch fan with 

outlet guide vanes is illustrated. Also, the printing option will be used 

to minimize the amount of output. Since standard ambient conditions are 

desired, the default values are used thereby greatly simplifying the input 

data. 

The input for this case is shown in Figure 21. Since this is the first case 

for the run. locations 1. to 9. and 124. to 126. are blank « 
standard day ambient conditions, static operation, and a 200 ft. sideline. 

Locations 18. and 19. indicate that noise is to be calculated for one fan and 

that the fan jet noise is to be included in the calculation. Location 156. 

defines the design power and location 158. defines the design pressure ratio. 

Location 157. indicates that the minimum tip speed is to be 750 ft/sec to 

thedesign case. Locations 161., 162., and 165. define the fan ■"■“b« »E 
blades, number of vanes, and the distance between blade and vane mid-chords, 

respectively. Location 163. indicates that the operating condition is for a 

net thrust of 13272 lbs. The data input for this case is terminated wit 

the 0-1. card. 

Outputs 

The program output is shown in the next few pages. For this minimum Print^’ 

the design and operating ambient conditions, flight speeds, slant Jan8®®» 
propulsion system definitions are printed. On the next page, the fan thrust, 

power tip speed, and pressure ratio for the design and operating condition 

are p’rinted out. The next page shows some error messages printed by th« jet 

noise calculation routine. The last two pages show the total (i.e. fan plus 

iet) propulsion system SPL's, dB(A), PNL, and PNLT and the 1/3 octave band 

PWL and directivity indices. Note that EPNL was not calculated, since the 

horizontal flight velocity is zero. 



11 :1 

MOO«*M INFO INPUT OAT* L AOCL 

VARIABLE 1 TCH FAtJ SAifLE CASE» - M NIMUM PRINTI f- 

II, Iau 
156. 967JL 
161. 5. 

750. 
11. 

..2 
13272. 

Ai. 
2.Ü 

^T7 

FIGURE 21. INPUT DATA FOR VARIABLE PITCH FAN SAMPLE CASE 
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COMPUTER PROGRAM LISTING 

INTRODUCTION 

The computer program, written in machine-independent FORTRAN IV, is presented 

in this section. The program consists of a main routine which inputs the data, 

selects the appropriate subroutines to calculate the aerodynamic performance 

and noise for the defined propulsion system and numerous subroutines for 

calculating performance and noise, dB(A), PNL, PNLT, interpolating tables, etc. 

PROGRAM LISTINGS 

The listings are presented in the following pages. 
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Main Program 

This program manages data input and output and selects the subroutines to 

calculate performance and noise for the propulsion system specified by the 
user. 
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Subroutine AITN 

This subroutine calculates the atmospheric attenuation in dB per ft. for 

1/3 octave band center frequencies from 25 to 20,000 Ha. 
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Block Data 

This subroutine initializes the variables in the conmon blocks. A data 

statement is included which specify the units as 5 and 6 for the read 

and write statements, respectively. 
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Subroutine PNLC 

This subroutine calculates the values of dB(A), PNL, and PNLT and prints 

them and the 1/3 octave band SPL from which they are calculated. 
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Subroutines JETN and SPECTR 

Suoroutine JETN calculates the noise made by a jet and Includes coaxial 

bypass flow corrections. Subroutine SPECTR is called by JETN to calculate 

the frequency spectrum of the Jet. 
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Subroutines HELI, ROTOR, and BJSIGN 

These three subroutines calculate the tones and broadband noise level of 

helicopter free-air main and tail rotors. 
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Subroutine FPFAN 

This routine is used to calculate the noise of fixed-pitch fans. It also 

adjusts the fan noise spectra for acoustic treatment. 
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Subroutine FAPROP 

This subroutine calculates the geometry, aerodynamic performance, and 

noise of a free-air propeller. The noise components calculated include 

steady loading noise, unsteady loading noise (including flight effects), 
broadband noise and reverse thrust noise. 
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Subroutine COENG 

This subroutine calculates the noise from the core engine sources. It 

includes generalized parameters which are scaled based on a given design 

SHP input, then further adjusted to off-design conditions. The noise 

sources calculated include the compressor, the combustor, the turbine, 

and the jet. Duct treatment corrections are also applied to the calculated 

engine noise levels by this subroutine. The turbine noise portion may 

be used to calculate the noise of lift fan tip turbines. 
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Subroutine RVINT 

This subroutine is used to calculate the rotor-stator interaction noise 

of variable-pitch fans with outlet guide vanes and the stator-rotor inter¬ 

action noise of variable pitch fans with inlet guide vanes. It is used 

for propulsion fans, lift fans, and shrouded helicopter tail rotors. 
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Subroutine REVN 

This routine calculates the broadband noise spectra for target and cascade 

fixed-pitch fan thrust reversers. 
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Subroutine SHRP 

This subroutine is a second level main routine which manages the calculation 

of aerodynamic performance and all noise sources for a variable pitch fan 

with inlet guide vanes. It also adjusts the performance and noise for partly 
sonic inlets and duct treatment. 
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'""•"T™ ™ ipifnpriipnr i [rip ir 

Subroutine VPFAN 

This subroutine is used to calculate the aerodynamic performance and noise 

of variable pitch fans with outlet guide vanes, including reverse thrust 

noise. Adjustments are also made in this subroutine for duct acoustic 

treatment. 
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Subroutine VPLFAN 

This subroutine supervises the calculation of noise and aerodynamic 

performance of a variable-pitch lift fan, including adjustments for duct 
acoustic treatment. 
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Subroutine FPLFAN 

This subroutine calculates the noise and performance of fixed-pitch lift 

fans including adjustments for duct acoustic treatment. 
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Subroutine SHTR 

This subroutine predicts the noise and aerodynamic performance of shrouded 

helicopter tail rotors and includes adjustments for duct acoustic treatment 

and cross-flow effects. 
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Subroutines GAAVPF, GAADES, GAAPFM, GAASEC, GAASIA, 
GAASID, GAACLK, GAAFM, GAA123, GAAINL, 

GAASIB, GMSIC, 

and GAAEXL 

These subroutines are interrelated and are used to calculate the generalized 

design and aerodynamic performance of variable-pitch fans. The calculations 

include design and off-design conditions and performance losses due to 

partly sonic inlets and acoustic treatment in inlet and exhaust ducts. 
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Function VMACH 

This function calculates the Mach nuaber corresponding to a given 
corrected airflow per unit area. 
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Subroutine TREAT 

This subroutine accepts inputs of duct treatment lengths snd flow splitter 

configurations and optimizes the tuning to minimize a fan sideline PNLT 

then calculates the treated fan noise levels. 
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Subroutine GRBOXN 

This subroutine calculates the noise of the propulsion system transmissions 

and includes procedures for estimating spur, bevel, planetary, and star con' 

figuration. 
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Subroutines GAAFPF, GAAFDS, and GAAFPM 

These routines calculate the generalized design and off—design aerodynamic 

performance of fixed-pitch fans. 
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Function TONE 

Function TONE calculates the tone correction for determining PNLT. 
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Subroutine NOYS 

Th ».s subroutine calculates the NOY value of a given 1/3 octave band SPL. 
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.Ml:.. . 

Subroutine BESJH 

This subroutine calculates an array of values for Bessel functions of the first 
kind of integer order and real arguments. 
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Subroutine ItIQUAD 

This subroutine interpolates over a four point interval ai.4 maintains continuity 

of slope between adjacent intervals. 
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■r: 

Subroutine LOAD 

This subroutine reads a set of input data cards in a specified format. The 

input data affects only the locations specified as having data input to them. 

The input is terminated when a card with an 0 in column 1 and -1. in columns 
3 to 5 is read. 
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Subroutine UNBAR 

This subroutine performs linear, quadratic, or cubic interpolation in an array. 
The degree of interpolation is specified by the user. y 
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Subroutine UNINT 
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This subroutine interpolates over a four point interval and maintains 

of slope between adjacent intervals. The interpolation may be done in 
or two dimension array. 
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Subroutine WUNINT 

This subroutine provides coefficients for quadratic interpolation in an array. 
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