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FOREWORD
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contributions are
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E. T. Schairer

J. V. Bowles

M. H. Waters

This documentation was preparad by the staff of Aerophysics Research
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to the contributions from the NASA personnel, Aerophysics people contributing
to the documentation are

D. 5. Hagne

J. F. MacRae
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The NASA technical monitor for the documentation was Mr. T. L. Galloway.
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IV.l PROPULSION

Propulzion system performance is computed during engine sizing and
whenaver airecraft performance ls computed. Two separate sets of propulsion
subroutines are used for jet and propeller driven alwcraft as illustrated

in Plgure IV.l.l.

v.l.l Turbojet/Fan Propulsion Subroutines

The turbofan/turbojet engine performance methodology is based on tabu~
lated performance data for specific engine cycles. Currently, seven different
engine cycles are avallable representing a wide range of operational and
conceptual engines. Data for these engines are contained in subrouktines
ENGDT1~7. Tabular engine data for turbofan/turbojet engines may also be input
in which case ENGDTT iz used to determine engine pexrformance.

Performance data for each of the engine cycles may be scaled up or down
to simulate an engine of arbitxary size. Engine size is expressed in terms
of sea level static airflow and is determined in subroutine ENGSZ. Engine
performance ig determined by subroutine ENGINE as a function of the £flight
altitude, Mach number, and engine power setting.

ENGSZ determines the engine size necessary to meet selected performance
requirements. The engine size is expressed in terms of rated - -Flow under
normal sea level static conditions. The engine is first size match
cruise drag, with an option to specify a rate of climb margin. An option is
then provided to resize the engine so as to match a required takeoff distance
or to match one-ongine~out requirements on the alrcraft rate of climb (FAR,

Part 23 or Part 25.).
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FIGURE IV.1l.1 PROPULSION SUBROUTINES




The engine sizing problem is itarativa, because of the effact of nacells
geometry on total alrcraft drag. The input f£flag KNAC accounts for nacella
drag by the following maeans:

KNAC = 0 Nacalle drag iz included as an engine performance

penalty. Nacelle size iz a function of engine size
and iz computed during engine slzing.
KNAC = L Nacelle drag is accounted for as an aercdynamic force.
Nacelle size ig a function of engine size and is
computed during engine sizing
KNAC = 2 Same as KNAC = 1, bui nacelle dimensionz are input
and remain fixed.
When KNAC = 0 or 1, the nacelle size is initially estimated as a function of
alrcraft gross weight since the engine size is unknown, The required engine
size is then computed, and, based on this engine size, an improved estimate of
the nacelle dimengions is made. 7The nacelle diameter is computed from the
sea level gtatis airflow (WASLS), the fan face Mach number (SM1D, input), and
the fan hub-to-tip ratio (HBTP, input) using one~dimensional isentropic
compressible flow theory; the nacelle length is computed from the diameter
and an input nacelle fineness ratio (XLODE). Based on these dimensions the
nacelle drag is recomputed, and the engine sizing process is repeated once.

When KNAC = 0, the nacelle drag is computed exactly as when KNAC = 1,
Engine specific thrust and specific fuel consumption are adjusted for nacelle
drag in subroutine NACDG.

The flight condition input flag for angine siwing (JENGSZ) can take on

the following values:

1 Applies to turbofan/turbojet configuration

Iv-1
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JENGSZ FLIGHT CONDITICON

0 Size sngine for cruise flight condition
1 Size angina for cruise and takeoff flight conditions
2 size engina for cruise and takeoff and ons-angine-

out climb £light conditions

3 Size engine for cruise and one-angins-out climb f£light
conditions
4 Engine thrust is specified,

The angines are inltially sized at the design cruisa f£light conditions except
vwhen the engine size is input (JENGSZ = 4). This means that, at cruize
power setbting, the engines must produce total thrust equal to the cruise drag
of the aircraft. If a cruise climh margin iz specified (RCCRU), the engines
must also have anough excess cruilse thrust to meet this maxgin.

The required engine size, expressed as sea level static airflow (WASLS)
is computed by scaling the performance of the reference engine to match the
required cruise thrust. Engine performance is scaled by assuming that at a
given altitude, Mach numbexr, and engine power setting the specific thrust
(SFN = thrust per unit airflow) and percent corrected airflow (PCWAC = corracted
airflow/WASLS) of the scaled englne are the same as for the reference engine.

Thug, the sea level statlc ajrflow of the engine is computed by

Cruiszse Alrflow = required thrust/SFN
Corrected Cruige Airfilow = \V/Total Temp
SLS Temp
Cruise Alrflow = Total Pressura

SLS Pressure

WASLS = Corrected Crulse Airflow/PCWAC

Iv-1
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When JENGSZ = 1 or 2, the taks~off distance of the alreraft {(with engines
slzed for cruise) is computed (ENGSZ callg PERFRM which calls TAXKOFF) and
compared with the input required distance (XTORQ), the required take~off
distance may be for high altitude and for hot day conditions. If the computed
distance exceeds the required distance, then the engines are resized by
adjusting the airflow to meet this requirement.

Federal Air Regulations Parts 23 and 25 establish climb requirements.
For example, FAR Part 25 regquirements are summarized in Figure IV.l.2. When
JENGSZ is input as 2 or 3, ENGSZ computes the climb performance of the air-
craft in accordance with Part 23 or 25 and compares the computed performance
with the required performance. If necessary, the .jsines are resized so that
the aircraft meets the mozt critical requ' rement,

ENGSZ includes an option for sizing the engines for an input turning
performanca requirement. Thiz option (JTRSZ = 1) must be used in conjunction
with one of the engine sizing options described above (JENGSZ = 0-3; may not
be used with JENGSZ = 4).

The user must specify the required turn load factor, altitude and Mach
number (XLFTRN, HTURN, EMTURN - input). ENGSZ computes the thrust required
to execute the turn and compares this thrust with that available from the
engines at the desired power setting (engines as sized for cruise, takeoff,
or climb). If insufficient thrust is available, engine thrust is set equal
to that required, and & new sea level static airflow is determined. BAn
additional iteration is performed to account for resized nacelles when nacella
size is a function of engine airflow (KNAC = 0, 1).

Turning performance may be limited by the maximum lift coefficient in

the turn configuration. This limiting lift coefficlent may be specified by

IVg 1l



the user (input as CLTLMT; default = 1,0). If the required 1lift cosfficient
in the turn excesds the maximum turn lift coeffiiclent, the turn load factor
is automatically reducad to the valuea achievable by the aircraft at it=
limiting turn iift coefficlent.

The simplest engine sizing option (JENGSZ = 4) is for the user to specify
the rated sea-level static thrust (THIN, lbs.) of one englne., In thia case
engine sixzing at cruisze iz hypassed. Engine-out climb performance is computed
ag when sizing for climb; however, if a climb deficiency is detected, the
engines are not resized.

When the engine size is input, several additional inputs are required.
The nacelle size must be specified (KNAC = 2, ELN and DBARN). In addition,
the engine, nacelle, and pylon weights (WENG, WNAC, WPYLON) musf be input if
non-zero values are desired.

Iv.1l.l.1 Engine Performance at a Specified Flight Condition =~ Subroutine

ENGINE. Subroutine ENGINE determines engine performance at a specified
altitude and flight Mach number. Engine performance is described by thrust,
airflow, fuel flow, specific thrust, per cent coxrected airflow, and thrust
specific fuel consumption. Performance data for different engine cycles are
contained in subroutines ENGDT1-7, and ENGDTT as functions of altitude, Mach
number, and power setting. Either power setting or required thrust is
specified, and the other is to be found.

The performance of a particular engine may be scaled up oxr down by
asguming that at a given Mach number, altitude, and engine power setting, tha

specific thrust (SFN = lbs. thrust/lbs./sec airflow), the specific fuel

Iv-1
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T-AX

CONFIGURATION IRQ ALT. ABOVE CLIMB VELOCITY REQUIRED CLIMB SOURCE
AIRPORT, FT (Vo) (XNOTS) GRADIENT
TAKEOFF FLAPS. Vo = Vior
LANDING GEAR DOWN FAR
ONE ENGINE OUT ViorS 1+2 Vgparr, 2 T-O-f  POSITIVE 25.121(a)
(FIRST SEGMENT) 1 0 (R 5 1 F7/S) 2 engine
TAKEOFF FLAPS
LANDING GEAR UP Vo = 1.2V, @ T-0. 2.4% FAR
ONE ENGINE OUT (RC » Vorrmp®-024  |25.121(b)
(SECOND SEGMENT 2 250 F/S) 2 engine
CLEAN CONFIGU- L
ONE ENGINE OUT CLEAN | (RC 3 Veppup -021 | 25.121(c)
(FINAL TAKEQFF) 3 1500 F/5) 2 engine
APPROACH CONFIGU- Ve§1.5%Vgyparr, @ APP 2.1% FAR
RATION {RC 3 Verimp*.021 25,121(d)
ONE ENRGINE OUT 4 0 Ve£l.1%Vgpary, @ LAND F/5) 2 engine
LANDING CONFIGU- 3.2% FAR
RATION {RC 2 VCLIHB*'032 25.119
* U :
ALL ENGINES 5 0 1.3 * Vg, @ LAND F/S) 2 engine
FIGURE IV.1.2  ENGSZ: FIRST AND SECOND SFGMENT CLIMB REQUIREMENTS (FAR PART 25)



consumption (SFC = lbg. of fuel pear hour psr pound of thrusxt), and the per
cent corrected alrflow (corrected airflow divided by gea lavel static air-
flow) of the scaled sngine are the same as for the unscaled angine. Once the
sef level static airflow (WASLS) is established by subroutine ENGSZ, the

acaled enhgine performance at the svecified operating point follows ifmmediately:

Alrflow: WG = WASLS x PCWAC x 8 A
Thrust Fy = SFN x Wg
Fuel Flow: Wp = SFC/Fy

whare 8 = total pressurs/sLs presaura

@ = total temperature/SLS temparature

The diffaerent functions of ENGINE are con nlled by the indicator KENG:

KENG = 1 (Variable corrected rotor speed)
This option iz used when the required thrust is known, for axample during
cruise at a specified altitude and Mach number. Ths sngine power setting is
found at which engine thrust is equal to required thrust. The fuel flow at
this power setting is used in the range calculation. Engine data are not
scaled.

KENG = 2 (1dle power setting)
Fngine performance at idle 1s used during the taxi megmant and during the
landing calculation (only if the engines have already basn sized)

KENG = 3 (Maximum cruise corrected rotor speed)
This option is used during engine sizing at cruise and durlng parformance
calculations at maximum cruise pewer. Engine power gsetting is known, and
engine performance is determined. If the engines have already been mized,

engine performance is computed from WASLS, PCWAC, SFN, and SFC. During engine

Iv~-1
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sizing, spacific angins parformance (PCWAC, SFC) i1z used the requirad cruise
thrust to compute ungine sixe (see Section IV.1).

KENG = 4 (Variable Corrected Rotor Spead
This option is the same as KENG = 1, except that sngins data are scaled using
WASLS, PCWAC, SFN, and SFC.

KENG = 5 (Maximum Corrected Rotor Speed)
ENGINE determines the scaled sngine pesrformance avajlabla at the oparating
flight condition and maximum engine power setting. This option iz used during
take~off and climb.

KENG = 6 and 7 (Maximum Continuous Power Setting)

KENG = 7 {(Maximum Climb Power Setting)
KENG is automatically set according to the type of parformance calculation
whenever ENGINE is called. Take-off, climb, acceleration, and turn performance
are normally computed at maximum corrected rotor speed with KENG = 5, Cruise
performance at normal rated power is computed at maximum cruise power (KENG =
3). Cruise performance at a specified Mach number is computed with KENG = 4.

Takeoff, climb, acceleration or turn performance will be computed at
maximum continuous (KENG = 6) or maximum climb (KENG » 7) power settings rather
than maximum power if the variables KODETO, KODECL, KODEAC, and KODETR are
input as 6 or 7 (default values for these variables are 5).

For all of these options, it is assumed that the following normalized
engine parameters are the same for the scaled engine as for the model engina:

1. Percent corrected airflow, PCWAC

2. Specific thrust, SFN

3. sperific fuel consumption, SFC

Iv-1
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The two additional opasrational parameters nsaded ars the ratios of total

pressure and total tempsraturs to sea level atatic valuesz of these parameters,

in terms of which the "corrected" values of thrust, airflow, and fuel flow

can be found.

Other input parameters included in the subroutine call statement are

FN = engine thrust, lb (if power setting is being computed)

SFC = engine specific fuel consumption,; lb per sec per lb

FAR = fuel-to-air ratilo

PO = ambient static pressure, lb per sq ft

70 = ambient static temperature, deg R

SMN = engine Mach number

HN = altitude, ft

Primary output guantities of the routine are

FN = engine thrust. lb (if power setting ls known)

WF = fuel flow, 1lb per hr

IV.1l.1.2 Engine Data Subroutines. Turbofan/turbojat

data is available in the following eight subroutines:

SUBROUT INE

ENGDT1

ENGDT2

ENGDT3

ENGDT4

ENGDT5

ENGDT6

ENGDT7

ENGDTT

ENGINE
GE CJ610-6 (Turbojet)
Garrett TFE 731-2 (Turbofan)
UACL JT15D-~1 (Turbofan)
Lycoming ALF~502 (Turbofan)
GE CF 34 (Turbofan}

GE TF 34 (Turbofan)

Conceptual GE T700/F1 QCGAT

Tabular input engine data

V-1
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The appropriste angine cygle iz szalectsd by the valus of IENGSC which is
raad from the data deck title card (cols. 75-~76).

Each engine data subroutine contains tabulated parformance data for a
specific engine cycle. For ENGDT1~7 these data consist of corrected thrust,
corrected airflow, and corrected fuel flow tabulated as functions of engine
power setting and flight Mach number. These relationships are illustirated
schematically in Figure IV.1.3. The effect of altitude is contained impli-
citly in the total temperature and total pressure ratios (8 andd).

These normalized or specific quantities, used to scale engine performance,
are computed each time ENGDT is called: per cent corrected ailrflow (PCWAC),
specific thrust (SFN), and specific fuel consumption (SFC).

Engine power setting is established according to the valua of KENG, which
iz met in subroutine ENGINE:

KENG = 5 maximum power

1, 4 wvariable power

3 maximum cruise power
2 idle power
6 maximum continuous powar
7 maximum climb power
Typically, engine power setting is axpraszsed as aither the ratio

of turbine inlet temperature to engine face total temperaturs (T5/72) or
par cent corrected rotor speed (N/{ﬁVNMAx). Each engine cycle does not heces-
garily possess the complete range of power sattings indicated by KENG. For

example, maximum continuous power may be identical to maximum cruise power,

ete.



FIGURE 1IV.1.3 ENGINE PERFORMANCE
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ENGDTT differs from ENGDTI~7 in that the sngine gorrectad parformance data ars
tabulated as explicit functions of altitude as well as powsr setting and
Mach number, In addition, these tables must be read from cards at the begin-
ning of each run (see input deck description). These engine data are read,
stored, and interpolated with the aid of several special utility subroutines
and functions (MAPS, STORE3, TTABX, TABX, DTARX, BISC).

Engine idle performance (KENG = 2) is determined glightly differently
for each engine cycle. In the simplest cases, numerical values are assumed
for idle corrected thrust, corrected fuel flow, aﬁd corrected airflow. Two
engine cycles (ENGDTR, 3) express corrected engine~idle performance as expli~
cit functions of altitude.

All of these subyoutines have the same list of 13 arguments, which
gffectively specify all aspects of engine performance., These argquments are

FN = engine thrust, lb

WF

fuel flow, 1b per hr

WA = airflow, lb per hrx

PCWAC = percent corrected airflow
= corrected airflow/sSLS airflow
SFC = pecific fuel consumption, 1lb psr hr per lb thrust
SFN = gpecific thrust, 1lb per 1lb per hr airflow
FAR = fuel/air ratio, 1lb per sec of fuel per 1lb par hr of air
P2 = static pressure at inlet, lb per sq ft
T2 = gtatic temperature at inlet, deg R
HN = altitude, £t

IV}
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8K = Flight Mach mmbaex

PTHROT = per cent maximum throttle satting

KENG = angine powsr setting indicator (0~7)
The output quantities are the firat seven of thess paramstars (input being
the last =zix),and they are determined by interpolation in ths numerical
performance tables which make up the major part of the ENGDAT1-7 mubroutines.

IV.1.1.3 Nacelle Losses Computation, Subroutine NACDG. This subroutine

corrects the engine specific fuel consumption and specific thrust to include
logses due to nacelle drag. It is called by ENGINE when KNAC = 0, and the
gubroutine subtracts nacelle drag from gross engine thrust to provide a net
engine thrust. The drag coefficient is approximated by using flat-plate
turbulent boundary layer theory, and this depends on the cylindrical nacelle
dimensions and the Reynolds number of the nacelle.

The input arguments of the subroutine relate to the flight conditions
and the aircraft geometry, as needed for drag coefficient computation. These
include static pressure PO, Mach number SMN and wing area SWING. The output
quantities are the correctgd specific fuel consumption and specific thrust

(SFC, SFN) and the total airflow, HA.

IV.1l.2 Propeller Propulsion Subroutines
The propaller propulsion subroutines in GASP are used to simulate the
performance of reciprocating, rotary combustion, and turboprop propulsion

systems. Several of these subroutines replace equivalent turbofan engine

gubroutines and thus have the same names,

Subroutine ENGSZ, like its turbofan equivalent, controls maveral sngine

gizing options. It determines the engine siza necessary to allow tha aircraft

V-1
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to meat a sat of performsnce requirements. Tha angine performanca subroutine,
ENGINE, iz called during engine sizing and each timae propulsion system
performance is required.It relates the performance of the propeller, controllsd
by subroutine ENGDAT, to the performance of the powerplant, computed in
subroutina PWRPLT for rotary combugion and reciprocating engines and in TURBEG
for turboprop engines.

Reciprocating and rotary combustion engine performance (subroutina
PWRPLT) is based on genersalized, non-dimensional relationships between power,
engine speed, and altitude. Both normally aspirated and turbo-charged engines
may be simulated,

Turboprop engine parformance is based on tabulated data for a apecific
engine cycle. Currently, data for the Garrett TPE 331-1 turboprop are
included in the program {subroutins TURBEG). The performance of the baselins
engine may be scaled up or down.

Propeller performance is computed as a function of the propeller geometry
and operating condition using generalized performance relationships. These
data are contained in subroutine PERFRM, which is called by ENGDAT whenever
propeller performance is to be computed.

Iv.1.2.1 Propeller Subroutine, ENGSZ. The propellar subroutine ENGsS?

determines the engine size necessary to meet cruise, and, optionally, take-off
and/or climb requirements. Engine size is expressed as maximum sea level
hoxrsepower for reciprocating, turboprop, and rotary combustion engines,

The engine size may be input directly as HFMSLS by also inputting KODECR =
7. In this case, the engine sizing process is bypassed. For fixed pitch

propeller configurations, propeller blade angle (BLANG) must also be input

g



when the sangine ziva is input. The input £lag JENGSZ datermines the sizing
options, azx follows:

JENGSZ = 0: size at cruise only

l: size at cruise and takeoff

2: size at cruise, takeoff and climb

3: size at cruise and climb
In all cases, the engines ace sized to provide the raquired cruise thrust
at an input flight condition and engine operating point. In the last three
cazes, the engine size may be increased so that the takeoff and climb perfor-
mance requirements ars met.

The cruise condition is specified by altitude, Mach number, cruise
welght, regquired cruise rate of climb and engine operating point. When all
of thesge parameters are specified, the thrust required for a given rate of
climb is easily expressed as a function of cruise drag, weight;velocity, and
rate of climb. Engine sizing at cruise involves computing the horsepower
necessary to produce the required thrust at the design cruise condition.
Since this crulse power is a specified fraction of maximum sea level power,
the rated power of the engine may be computed.

As was discussed in Section 1IV.1l.l1 there exist thr. nacelle drag
accounting options ; however, only two are availabla for propeller power

configurations.

KNAC = L Nacellas drag is computed in ENGSZ as angine siza i=

datermined. Nacelle size iz a function of engine powar.

V-1
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KNAC = 2 HNacelle drag iz computed from input nacella dimensions
in AFRO. This option should be used to zero out nacella drag
for single engine nose mounted engines or other configurations
with buried engines.
In any case, nacelle drag is found as an explicit function of nacalle
Reynolds number and wetted area, and the wetted area and Reynolds number aras
both numerical functions of aircraft geometry.

The engines may be rasized to enable the alrcraft to meei an input take-
off field length requiremant (JENGSZ = 1 or 2). This requirement may include
high altitude and/or hot day conditions. The take-off performance of the
aircraft with engines sized for cruise is computed (calls to subroutines PERI'RM)
and TAKEOFF) and if the computed take~off distance exceeds the required
distance, ENGSZ iterates on engine power until the take-off requirement is met.

When JENGSZ = 2 or 3, the program compares the aircraft's climb performanca
with the requirements established in Federal Aviation Requirements, Part 23 or
25 (shown in Figure IV.1.3). If one or more of these requirements is not met,
the engine size is increased to satisfy the most critical requirement.

Propeller diameter is an input variable; however, if the engines are
regized for take-off and/or climb, propeller diameter may oxr may not be

changed according to the input variable JSIZE:

JSIZE = 1 Increase power but leave propeller diamster constant
- 2 Increasa both power and diameter but keep propeller disk
loading (power/area) constant
When the engines are sized such that all take-off and climb requirements
are met, additional engine resizing may be needed if KNAC = 1. In thls case

Iv-1
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the angine resizing iz repsated, bassd on the new estimata of nacalle size.
And, if engine is resized only at climb, with XNAC = 1, the climb performanca
must be recomputed using the new estimate of nacelle drag. Aagain, in this
case, engine power may be increased until desired performance ig attained.
Engine sizing for fixed pitch propeller confiqurations is handled somewhat
differently than for constant speed propeller configurations. The engine is
initially mized at cruilse just as for constant speed configqurations. The
propeller blade angle computed at cruise is held fixed for subsequent perfor-
mance calculations. Thus, initial sizing at cruise establishes both the
engine size and the propeller blade angle.
If the climb performance of a fixed pltch propaller aircraft with the
blade angle set for cruise does not meet all the climb requirements (JENGSZ =
2 or 3), then the blade angle is decreased by two degree increments, and the
climb performance is recomputed. The largest blade angle for which all requira=-
ments are met is fixed as the new blade angle. If blade angle reductions alone
fail to sufficiently improve climb performance, then engine power is increased
and the propeller blade angle is set for the critical climb requirement.

IV.l.2.2 Power Plant/Propeller Matching, Subroutine ENGINE. The most

important function of subroutine ENGINE is to relate the performance of the
powerplant (piston engine, rotary combustion engine, or gas turbine engine) to
the performance of the propeller (or other propulsor, such as a Q-fan). ENGINE
is called during engine sizing and during performance calculations when either
propeller thrust or engine power is known, and the other is to be determined.

Engine deals with several types of propulsion performance problems. The
flag KENG which is passed to ENGINE through its argument list is used to

Iv-1
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spaclfy the typa of computation requirsd. The indicator XKODE iz set in

ENGINE according to the valus of KENG and further specifiesx tha type of

computation. The types of engine performance calculations are summarized

below:

KENG

= 3 (KODE = 1, 2, 3, or 4)

XENG

Thig option is used during enyine sixing at crulzs when the
required propulsive thrust is known, and the requirsd engine sirxe

is computed. Normally, the engine cruise operating point (percent
power and per cent RPM) is specified (KODE = 4). Options exist for
adjusting propeller diameter (KODE = 1 or 2) or the propeller cruisas
RPM (KODE = 3) to maximize Prxcpeller efficiency at the design cruise
flight condition. The value of KODE may be specified by inputting
the appropriate value for KODECR.

m 1 or 4 (KODE = 5 or 6)

KENG

This option is used during cruise performance calculations when
the cruise Mach number and altitude are specified. The engine and
propeller characteristics are fixed, and the required propulsive
thrust is known. ENGINE firnds the power setting required to drive
the propeller and the corresponding fuel consumption. Propeller
RPM is either sgpecified at the design cruise value (KODE = 6), or
ENGINE will select the RPM which maximizes propeller efficiency
(KODE = 5). The value of KODE may be selected by inputting the
appropriate value for KODETH.

= 0 oxr 5 (XODE = 7)

This option is used when tha engine sire, powar satting, RPM, and

IV-1
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aircrafit flight spsed mre krt m and the resultant thrust and fuel
consumption are computed. This situation corresponds to alrcraft
equipped with variable pitch propellers during take-~off, climb,
acceleration, and cruise at a gpecified power setting.

(KODE = 8)

This option is used to predict the performanca of aircraft equipped
with fixed pitch propellers during full throttle operation at a
specified airspasd (take~off, climb, acceleration). ENGINE finds
the engine and propeller RPM at which full throttle power available
equals the power abscrbed by the propeller. Having found the equi~
librium RPM, ENGINE finds the corresponding propeller thrust and
engine power and fuel consumption.

ENGINE finds propeller performance by calling subroutine ENGDAT. Power-
plant performance is found from subroutine PWRPLT for piston and rotary
combustion engines and TURBEG for turboprop engines.

One important function of subroutine ENGINE is to insure that the
operating conditions of the propeller and powerplant are compatible. Specifically
the power required to turn a propeller at some RPM and flight condition must
not exceed the maximum power available from the engine at that RPM and flight
condition. If power required exceeds power available at the specified RPM,
ENGINE seeks some other engine speed where power available is sufficient to

drive the propeller.



IvV.1l.2.3 Powar and Mual Flow Computations, Subrovutine PWRPLT. This

subroutine computes the power and fuel flow of an internal combustion piston
engine., Tt can be used to determine the enging glze required to meet an
aircraft performance requirement, or to predict the engine performance at a
given operating point. It uses generalized dimensionless relationships betwean
power and ri., and betwaen corrected power and altitude so as to predict the
full throttle power of an engine for any realistic combination of rpm and
altitude,

When operating losses are ignored, the power available from a piston
engine is proportional to the product of displacement, rpm, and brake mean
effective pressure or throttle setting. The losses increase with the rpm,
s0 the power of a specific engine varies as shown in Figure IV.l.4. The
non-dimensional relationship between power and rpm containew in PWRPLT is
illustrate? in Figure I¥.l.5. Also illustrated is the relationship between
corrected power and altitude.

Super charged (and turbo charged) engines maintain thelr rated sea level
power up to some critical alt®wude above which maximum power decreases.
Maximum power at altitudes above the critical altitude is related to maximum
sea level power by

(sIeMa - .117)

HPH (SIGCRT =~ .117)

X HPMSLS

where

- alr density at altitude

SIGMA alr density at sea level

air density at critical altitude

SIGCRT = air density at sea level

aa discussed in Principles of Aerodynamics, authored by Dwinnel (McGraw-Hill,

1949).
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T.a oparating point of a particular engins (fixed displacsment) iz
specified by the engine RPM and engine manifold pressura. In alrcraft equippesd
with constant aspeed propellexs, the pilot controls manifold pressure with
the throttle; he controls engine speed by setting the propeller governor
which adjusts the propeller blade angle such that the propeller absorbs the
powsr developed by the engine at the desired throttle setting and engine RPM.
Generally, either the engine operating point (power and RPM) or the aircraft
flight condition (altitude and airspeed) is known and the other must be determined.

The analysis of engines with fixed pitch propellers is somewhat more
complicated. 1In this case the only power control 1s the throttle position.

For a given throttle position and aircraft airspeed and altitude, the engine
operates at that RPM at which power absorbed by the propeller equals the power
produced at the crankshaft. The pilot may indirectly control RPM by adjusting
the throttle position and aircraft airspeged (trim control) such that, at the
desired engine RPM, the power developed by the engine is absorbed by the
propeller.

buring engine sizing at cruise, the rated sea level horsepower of the
engine is computed from the power required to drive the propeller (HPWR) and

the input cruise engine power setting (PCPOWR = power at cruise/SLS power):

HPMSLS = HPWR/PCPOWR

Raciprocating engine fuel consumption is expressed in PWRPLT as an empirical
function of engine displacement and engine power setting. Thesa relationships
are illustrated for naturally aspirated and turbocharged engines in Fiqures
Iv.l.6 and IV 1.7, respectively. Fuel consumption at power mettings less than
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or squal to 78 per cent of maximun sea level power ls computed agsuming a
lean fuel mixture.

The input option KODE (= 1 to 9) specifies whethex the angine sixe or
the engine performance iz found, and the other arguments in the call state-
mant are

HPM = maximum powar available at altitude (output)

HPMSLS = maximum sea level power at full throttle, ~»ximum xpm

(output)

HPWR = actual power at operating throttle and rpm (Input ox output)

HPAVLB = maximum full throttle power at altitude and at operating rpm (output)

PCPOWR = per cent rated power (input or output)

PCRPM = per cent maximum rpm (input)

DELTA = operating static pressure ratio {(input)

RTHET = square root of operating static temperature ratio (input)

H = altitude, ft (input)

KSPCHG = superchargexr flag (input)
BSFC = brake specific fuel consumption, 1b per hr psr hp (output)
The first six of these quantities are illustrated in Figure IV.l.4.

Iv.l.2.4 Turboprop Engine Performance, Subroutine TURBEG. Nearly half

of this 270 card subroutine is numerical data, descriptive of the AIRESEARCH
TPE331~l turboprop engine. The program is used to scale this engine at a
given flight condition and operating point, or to compute the performance of

a given size engine at a specified operating point. The performance parameters
of interest are shaft power, fuel flow and jet thrust.
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The engine operating point and the £flight condition together define the

engine performance. The flight condition lz specifisd by the £irst three

call parameters:

PO = gtatic pressura, lb per sq £t (input)

TO = gtatic temperature, deg R (input)

SMN = Mach number (input)

Engine performance is measured by the next several call variablesz, i.a.,

HPWR, HPAVLE,
PCNCR =
PCN =
T4SET =
WF =
FN -

The remaining

XNMAX =
GR ]
MODEP =
KODE =

HPM and HPMSLS are as defined in the previous gection while:
per cent corrected maximum rotor speed (input or output)

per cent maximum rotor sreed (output)

turbine inlet temperature, deg R (input)

fuel flow, 1lb per hr (output)

jet thrust, lb (output)

call parameters ara

maximum engine RPM (input)

gear ratio; maximum propellar rpm/maximum engine xpm (output)
0, cruise operation

1, takeoff operation (input)

1 to 7, engine sizing options (input)

The parformance of the reference engine is scaled by stralghtforward

meang according to the value input for KODE: i.e.,

KODE = 1

engine is being sized at a given flight condition, PCNCR is

input and T4 is either input or a function of PCNCR

Iv-l
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XODIE = 2 or 7 engine size fixed, PCNCR iz lnput, T4 is Input, or
T4/72 i8 a function of PCNCR
3 or 4 same as XODE = 1, except required powar iz a fraction of
the power sizaed at input value of PCNCR
5 ox 6 engine size fixed, PCNCR is input, detarmina T4/T2
80 as to balance required and avallable powasx
The corrected performance figures of the TPE 331~l engine, at three f£light
Mach numbers (0., .25 and .50), are tabulated in TURBEG as functions of the
engine operating point. The actual performance, for arbitrary altitude and
Mach number, is found by interpolation or extrapolation of the tabulated data,
and by applying the correction factors.
A major portion of the subroutine is concerned with the scaling of
several performance parameters from the reference engine performance data.
The performance is specified by the horsepower, fuel flow, airflow and jet
thrust, all of which vary linearly with engine size, Such operating variables
as turbine inlet temperature and corrected rotor speed may be specified
independently as constraints on the scaled engine.
The performance of the TPE 331 engine is scaled by the ratio of the sea
level static horsepower of the scaled engine (HPMSLS ~ determined during engine

sizing or input) to the sea level static horsepower of the TPE 331 (HPSLRF):

horsepower:; HPWRSCALED - HPWRTPE 331 ¥ (§§§§§§°

jet thrust: Nscargp ™ Nppg 331 ¥ Gipsrae)

fuel Flow: WEpren ™ Wppg 33 % (%)
v-1
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The scaled airflow iz used to compute the maximum engine speed of the scaled

engine from which the scaled engine's gear ratio is determined:

Whrp
£331
ed: RP M, %
sngine e YaXscaren T MMMAxgemszy ¥ WA, o
RPM,_
ear ratio: GR = G % TPE331
g : SCALED RrpE331 RPMynxe 5

Note that maximum propeller shaft speed remains unchanged as the engine i=s

gcaled.

IV.1.3 Propeller Charactexistics, Subroutine ENGDAT
This subroutine controls the calling of the propeller related routines
and deals with four aspects of the propeller requirements:
1. Performance option ~ finds powexr/thrust/blade angle relationship
at given flight ¢ondition and propeller rpm
2. Cost option - finds cost of propeller and gearbox
4 3. Weight option - finds weight of propeller and gearbox
4. Noise option - finds noise of propeller and gearbox
The indicator KODE specifies which of the four options is desired, according
to the value given to this argument:
KODE = 1 to 1l0: performance option
11 to 20: cost option
21 to 30: weight option
31 to 40: noise option
~ther input~output arguments of the program are, in ordex:
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GR = gear ratlo, prop rpm/engine rpm (input)

DROT = propeller diamster, £t (input)

THRUST= thrust, lb (inovut/output)

SHP = shaft horsepower (input/output)

EFFP = propeller efficiency (output)

VKTS = airplane velocity, kts (input)

RORO = ratio of air density to sea level density (input)

IERROR= error indicator {output)

ENP = number of engines (input)

PO,TO = static pressure and temperature at altitude (input)

AFX = activity factor (input)

BLX = number of blades (input)

The propeller performance option is the most complex. Whenever propeller
performance is computed, the propeller geometry, RPM, and aircraft airspeed

are known. Together they define the advance ratilo J:

101.4 x Airspeed (kts)
RPM x Diameter (ft)

o =

For a given advance ratio, the propeller performance problem can take one of
three forms:

1. knowing thrust and advance ratio, find blade angle and power

2. knowing power and advance ratio, find blade angle and thrust

3. knowing blade angle and advance ratio, find thrust and power
wha first problem is encountered by a constant speed (variable blade angle)
propeller during crulse at a specified altitude and Mach number. The second
problem occurs with a constant speed propeller during take~off, climb, and
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crulse at a specified power zetting. The final casze iz used to compute the
performance of a fixed pitch propeller during all flight segments., In all three
cagses ENGDAT calls subroutine PERFM which consists of generalized propeller
performance tables.

Iv.1.3.1 Subroutine PERFM. PERFM is the propaller performanca zubroutine

baged on Hamilton Standard methods described in NASA CR-2066, Foxr a given
propeller gecmetyy it relates power and thrust coefficientg, advance ratio, and
blade angle. Coxrection factors are applied to account for differences in
number of blades per propeller, activity factor per blade, and blade integrated
design lift coefficient.

Subroutine PERFM is nearly 500 caxds in length, but about half of the program
ig numerical data, descriptive of propeller ralatlonships, including blade
geometry, propeller aerodynamicsg, vower coefficients, etc. The remainder is
concerned largely with the interpolation of this input data for the particular
propeller input characteristics. Use is made of the utlility subroutines
BIQUAD and UNINT, for biquadratic interpolation of Y(X), and for uniform
four-point interpolation. PERFM is called by the propeller ENGDAT. The input
parameters to subroutine PERFM are

Iw = 1, propeller power coefficient input

= 2, propeller thrust coefficient input
= 3, reverse thrust being calculated

= 4, propeller blade angle input

ZJ1 = propeller advance ratio
APT = gctlvity factor per blade
BLADT = number of blades

Iv-1
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CLX = propallexr blade integrated design coefficlent
Z¥S (1) = forward Mach number
ZMS (2) = tip Mach number
CP if IW = 1, power coefficlent
CT if IW = 2, thrust coefficient
BLLLL if IW=4,blade angle
Output parameters from subroutine PERFM ara

BLLLL and CT if IW = 1

BLLLL and CP if IW = 2

CT and CP if IW = 4

ASTERK = error f£lag i1f there is problem calculating propellexr
performance

XFT = compressibility coxrrection factor

There are several numerical tests in the code related to being within the
limite of the tabular data; i.e., if the error £flag LIMIT is returned as 1

by either BIQUAD and UNINT, the data is outside the lower end of the tabular
data. If LIMIT returned as 2, the data is outside the high end of the tabular
data. An error message indicates in what table the problem occurs.

Iv.1.3.2 Propeller Costs, Subroutine COST. This subroutine estimates

propeller costs according to 1970 or 1980 manufacturing technologies and is
called by the propeller ENGDAT. The following parameters are the input:
WICON = type of propeller: = 1, fixed pitch propeller
= 2, constant speed propellex

= 3, constant speed, full featharing propeller
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BLADT

CLF1L

CLF

CK70

CK80

CAMT

WT70

WI80

IENT

= 4, conatant speed, full featharing,
deicing propsllax
= 5, constant spaed, full featharing,
deicing, reversing propellexr
number of blades
same as XCLFl
same as XCLF
same as XCK70
same as XCK80
number of propellers produced (optional)
propeller weight, 1970 technology, lb
propeller weight, 1980 technology, 1lb
1, initialization for propeller cost factors

2, computes propeller cost

The output quantities are found as numerical functions of thesa:

CQUAN (1)= number of propellers produced, 1970 technology default is a

function of propeller type or can he input as CAMT

CQUAN (2)= number ~f propellexs produced, 1980 technclogy default is a

cosT70

COsT80

CCLF1

CCLF

function of propeller type or can be input as CAMT

= propeller cost, 1970 technology

= propeller cost, 1930 technology

learning curve factor -~ default function of propeller type or

can be input as XCLF1

= learning curve factor ~ default function of propeller type or

can be input as XCLF
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Pormulaze usad are

73,

COST70 or COST80 = C = ZP (3B°' )

7%

Default value of CCK70 or CCKBO = C, = F(38°*’" 4 m)

1

where

COST70 or COSTB0 = C = Average O.E.M. propellsr cost for a number of

units/year, $/1b

CCK70 ox CCKBO = Cl = gingle unit 0.E.M. propaller cost, $/lb.

Z - LF/LFl
CCLF = LF = learning curve factor for & number of units/vear (default

= 1,02)

CCLF]l = LFl- learning curve factor for a single unit (default = 3,217R)

BLADT = B = pumber of blades

F

single unit cost factor

E = empirical factox
(NOTE: reference Figure IV.l1.8 for LF and LF, values based on an 89 per cent
glope learning curve.)

Constants used in these equations ara

WTCON or 1970 1980
NTYP CQUAN (1, WTCON) CQUAN (2, WTCON)
iy E Quantity F E Quantity
1 3.5 1.0 1910 3.5 1.0 2230
2 3.7 1.5 2810 3.7 1.5 5470
3 3.2 3.5 1030 3.2 3.5 1990
4 2.6 3.5 295 3.5 3.5 680
5 2.0 3.5 65 3.4 3.5 368
iv-1
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Iv.1.3.3 Gearbox Weight, Cost and Noiss Charactaristics, Subroutine

GEARBX. The gearbox weight, cost and noise can all be found by this subroutine
based on the 1973 Hamilton-Standard study, NASA CR~114665, "Q~FAN for General
Aviation." The last of the input arguments is the flag MODE, which takes the
values 1, 2, or 3, respectively, according to whether weight, cost or noise
i® to be computed. Other input parameters are

XNMAX = maximum engine rpm

PCRPM = fraction of maximum rpm

SHP = shaft horsepower

DROT = diameter of propeller, ft

GGR = gear ratio (propeller rpm/engine rpm)

CATN = aircraft type

KWRITX= write flag
The gearbox parameters then follow as numerical functions of these quantities
and are output as

GPNDB = maximum gearbox noise at 500 £t, decibels, PNdb

GDBA = maximum gearbox noise at 500 ft, decibels, DBA

WIGB = gearbox weight (including mount and afterbody), 1lb

(SPGB = gearbox cost, §

It may be noted that the noise is proportional to a quantity X = 10 log(SHP)
which is measured in units of decibels. The scale factor is 10 instead of 20
bacause the power is proportional to the square of the noise, which introduces

a factor of 2 into the decibel representation of the noise.
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The gearbox assambly includes
* Housing
* Bearings
* Planetary Gearing
» Tailshaft
« Afterbody
+ Lube and scavangs pump (single or 2~stage gearing as raqulrsd)
* Fan accessory Drives

Waights are given by

0.84
Single~stage: WT - 8[£§%§lg1 + 0.6 D2 (for gaar ratio » .20)
AFTERBODY
0.84
Two-Stage: W = 10.6 —(5—‘%?3] + 0.6 D
AFTERBODY

(for gear ratio £ .20)

Gaarbox cost is given by

CSTGB ™ Cl * Z % WIGA + 13.5 * Z % WARTB

wherse

¢
|

first unit cost ($/1b)

150 for single-astage planatary

180 for two-stage planetary

and

N
L

(LF/LF,)
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where LF = learning curve factor for number units/yr
LFl = learning curve factor for first unit

Typical values for Z are

Z = .,239 NTYP = 1 and 2
= .283 = 3
= ,338 = 4
= ,374 =5

Noiza levels are pradicted by
Single stage planetary: GPNDB = 31.0 + 10 log SHP
Two-stage planetary: GPNDB ~ 34,0 + 10 log SHP

and ! GDBA = GPNDB ~ 11

IV.1.3.4 Propeller Weights, Subroutine WAIT. Propsllsxr weight is

estimated in this 30-card subroutine as a numerical function of seven input
parameters:

NTYP = IWTCON = airplane propeller type (1 to 5)

ZMWT = Mach number correction to propeller weight

BHP

brake horsepower

DIA propeller diametexr, ft

AFT = activity factor per blade

BLADT= number of blades

TIPSPD= tip speed, It per sec
Then, according to several straightforward but nonlinsar functions, thae
output parameters are simply:

WT70 = propeller weight, 1970 technology, lb

WTB0 = propeller weight, 1980 technology, 1b

Iv-1
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Equations employed ara

D T, ‘ ,
WT KW (10) (4) (100 ) (20,000) (lOﬁ ) {M+1) XN CW

where
W70 or WI8Q = w& = proraller wat welght, lbs. (excludes spinner. de-
lcing and governor)
DIA = D = propeller dlameter, ft
BLADT = B = number of blades
AFT = A.F, = hlade activity factor
Voprp

N = propeller speed, rpm (take-off =75 ! V’.L‘IP

BHP = SHP = ghaft horsepower, HP (take~off)

= TIPSPD

ZMWT = M = Mach number (design condition: wmaximum power cruisze)

2 2 0.3
D A.F. 20,000
“u Y(lo) (B) (100) ( ND ) = Counterweight Wt., lbs.

KW' CW' u, v, ard y values for use in the weight aquation are taken from

the table below.
Propeller
Type Technology
(NTYP) 1970 1980 Xy u ¥ Y
1 (L) (1) (1) 170 0.9 0.35 0
2 (2) (2) (2) 200 0.9 0.35 0
3 (3) (3) (3) 220 0.7 0.40 5.0
4 (3) (4) {4) lg0 0.7 0.40 3.5
5 (3) (5) (5) 190 0.7 0.30 0
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Propaller types azsoclated with above KW and cW are as follows:

(1)
(2)
(3)
(4)
(5)

2ll fixed~pitch props

McCauley non~counterweilghted, non-feathering, constant spaed props

All Hartzell, all Hamilton Standard small props, and feathering McCauley
Fiberglass~bladed, constant speed, counterwelghtaed, full feathercd
Fiberglass-bladed, constant-speed, double~acting (non~counterweighted),

full feathered, reverse

Iv.1.3.5 Propeller Noises, Subroutine ZNOISE. Most of this aubroutine is

numerical data defining the noise generated by the propeller. The subroutine

has eight other input quantities, and they are, in order:

BLADT = number of blades

DIA = propeller diameter, ft

TIPSPD = propeller tip speed, £t per sec
VKTAS = aircraft velocity, kts

BHP = brake horsgepower of engine
DIST = glant distance to observer, ft
FC -'\/Tsea level/Tambient

XNOE = number of engines

These quantities are then used to develop the output, which is

SPL

SPLX

= total perceived noise level, PNdAB

= total sound pressure level, DBA

Equations employed are

where

SPL = XLl + XL2 + XL3 + XL4 + PNLD

Iv-1
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3

raf lavael from Figure IV.L.9 at ref condition

¥
X

diamater and blade correction = ~20[log DXa/10.5 + log BLAD/4.0]

3

distance c:-rection = ~20 log DIST/500.
XL4 = number of engines corxrrection = 10 log XNOE
PNLD = perceived noise adjustment ~ table look-up function of BLADT,

DIA, and helical tip Mach numbexr

IV.1.3.6 Propeller Driven Aircraft Noise Control Routine, Subroutine

PNOYS. PNOYS controls noise computation for propeller aircraft, This routine
is called by MAIN to get noise. 23 shown in Table IV.l.l this is the third
principal subroutine to get propeller and gearbox noise,; engine noise is
computed with a call to ZNENG which will be described in the next subsection.
PNOYS is about 45 statements in length, and it is directed principally by the

argument KNOYS: i.e.,

KNOYS = 0, both Mach number and altitude are given, and noise is determined
KNOYS = 1, altitude and power setting are given, and Mach number and
noise are determined.,

In the latter case, Mach number is found by a call to subroutine ASPEED to
find Mach number capability at altitude and power setting, and the computations
after this point are independent of KNOYS.

Most of the mechanical and operational input parameters are familiar
from other subroutines; e.g., DPROP is the propeller diameter, and GRAT1O is
the gear ratio, etc, Other output from PNOYS 1s returned by subroutines ENGINE,
GEARBX and XNENG, the last of which deals with noise characteristics, and it is
described in the next subsection,
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IV.1l.3.7 Engine Noilse Characteristics, Subroutine ZNENG. This subroutine

conmputes the noise characteristics of the following types of engines
JTYPE = 1, piston engine
= 2, water cooled xotary combustion engina
= 3, turboshaft engine
The nolge at 500 feet distance is found assuming that the alrcraft Mach numbex
is .1, and on the basis of experimentally derived numerical expresaiong illus-
trated in Figures IV.1.10 to IV.1,12. Other descriptive inputs to the subroutine

are

SHP engine shaft horsepower
XNMAY = maximum engine xpm
PCRPM = ratio of operating rpm to maximum rpm

NOE

number of engines
GGR = gear ratio (prop rpm/engine xpm)
The output of the subroutine are the noise levels
EPNDB = perceived noise level, PNAB
EDBA = weighted level as measured on the A-scale, for which the noise

levels are reduced at low and high fregquencies, dba
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FIRING FREoUENCY = FMEQNE Ry

WHERE: N = 0,5 FOR FOUR CYLINDER
N = 1.0 FOR TWO CYLINDER

NCYL = NUMBER OF CYLINDERS

RPM  NCYL  FiF,
30 6 170
70 6 1%
50 6 75 DBA = PNoB ~ 12,
70 4 0@
00 4 6.7
100 ~_|EXHAUST
| == NOISE
FIRING FREQUENCY Lef//’;
| L™ D CASE
e U __—~{RADIATED
A s NOISE
MAXIMUM 80 P
500 FT(152m) »
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LEVEL INLET
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/
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IV.2 PROPULSION MODEL USER'S MANUAT

The propulzion model subroutines are very numerous, whether the system
is of turbofan or propeller in form. The present section alphabetically
tabulates and defines the input/output parameters for all the propulsion
aubrxoutines, with turbofan programs followed by propeller programs. These

tabulations follow the oxder gilven below.

Turbofan Subroutines Propallar Subroutines
ENGDT1-7 CosT PNOYS
ENGDTT ENGDAT PWRPLT
ENGINE ENGINE TURBEG
ENGSZ ENGSZ WAILT
NACDG GEARBX ZNENG

PERFM ZNOISE

Many of the subroutines are devoted principally to the tabulation of a
spacific propulaion system performance data, and in these cases only a few
additional input~output quantities are listed. On the other hand, the very
long programs (ENGSZ and PERFM, for example) are associated with many such
parameters. As will be seen, the propeller systems generally require a greater
number of input parameters than do the turbofan systems.

The seven subroutines listed below are not tabulated because they deal
with numerical performance characteristics of a group of aircraft turbofan/

turbojet jet engines:
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GE CJ610~6 Turbojst
Garrett TFE 731-2 Turbofan
UACL JT15D~1 Turbofan
Lycoming ALF-502 Turbofan
GE CF34 Turbofan

GE TF34 Turbofan

QCGAT Turbofan



FIGURE

| VARIABLE }

IV.2.1 SUBROUTINE ENGDTT (TURBOFAN)~~INPUT

DESCRIPTION

FTHROT power setting as a fraction of maximum

altitude, ft
engine power setting indicator (0 te 7)
nunber of altitudes in tables
number of Mach numbers in table
number of turbine inlet temperaturae ratios T4/712 in table :

total pressure, lb per sg ft

idle specific thrust, lb per lb/sac

SENIDL

SM Mach numbesr

T2 total temperature, deg R

maximum turbine inlet temperature, deg R
T4MC { turbine inlet temperature in cruise configuration, deg R
T4MCL i turbine inlet temperature in climb configuration, deg R
WAMAP i maximum sea level static airflow of reference engine at

100 per cent corrected rotor speed, lb per sec.

IV~2



FIGURE IV.2.2 SUBROUTINF ENGDTT--OUTPUT

[ VARIABLE

PESCRIPTION

fuel air ratio

ib

thrust,
§ ratio of corrected airflow to maximum sea level static
| airflow
é specific fuel consumption, 1b per hr per lb of thrust
| specific thrust; 1b per lb per sec of airflow
i airflow, lb per sec

. fuel flow, lb per hr
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FIGURE IV.2.3 SUBROUTINE ENGINE (TURBOFAN)--INPUT

| VARIABLE |

fuel-air ratio

DESCRIPTION

Ty

FN thrust, 1lb

HN altitude, ft

IENGSC engine cycle indicator

ISEGX mission segment indicator

KENG engine vower getting indicatox

XNAC

nacelle drag/sizing indicator

KODEAC acceleration segment power setting indicator

KODECL climb segment power setting indicator

KODETO takeoff segment power setting indicator

KODETR { turn segment power setting indicator

KWRITE 15 write indicator

PCWAC ! ratio of corrected airflow to maximum sea level static

f airflow |

PR f inlet pressure recovery factor :

PO § static pressure, 1lb per sq ft i

SFC ; specific fuel consumption, lb per hr per lb of thrust f

SMN g Mach number E
} 70 i static temperature, deg R ?
. ] 1
i WASLS :ﬁ sea level static airflow, 1lb per sec 1
f WG '% design gross weight, lb
i WAs | wing loading, 1lb per sqg ft

iv;éﬁﬁa,fmrﬂ
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PIGURE IV.2.4 SUBROUTINE ENGINE-~QUTPUT

| vaR1ABLE | DESCRIPTION

thrust, lb.

engine power setting indicator

fuel flow, lb per hr
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FIGURE IV.2.5 SUBROUTINE ENGSZ (TURBOFAN)-~INPUT

| VARIABLE |

DESCRIPTION

nacelle skin friction coefficient
maximum lift coefficient in landing configuration
maximum lift coefficient in takeoff configuration
1lift coefficient increment in takeoff configuration

DRG total drag, lb

DRGNCL nacelle drag, lb

EM Mach number
Mach number in steady turn
number of engines

altitude, ft

hub to tip ratio os fan

HPORT fi airport altituée, ft

HTURN 'é tusn altitude, ft

ICRU é indicator used when KNAC = 0 (nacelle drag = thrust loss)
IEGWGT ;; indicator to determine if engine dimensions are to be

calculated by ENGWGT

JENGSZ § engine sizing option indicator
KNAC § nacelle drag sizing indicator
NACDRG § indicates if engine dimensions have been calculated

external to ENGSZ

NPC E computation indicator
| NTYE ] type of engine indicator
| NTYP i type of propeller indicator
Iv-2
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 VARIABLE |

PCWAC

DESCRIPTION

ratio of corrected airflow to maximum SLS airflow

j20¢] static pressure, lb per sq ft

required cruise rate of climb capability, £t per min

RCCRU

ratio of cruise weight to takeoff weilght

RWCRTO

SFNSLS specific thrust, sea level static, lb per 1lb per sac

fan face Mach number, assuming one~dimensional flow

SM1D

wing area, sgq ft

temperature deviation from standard day, for takeoff

engine sizing

input thrust per engine (JENGSZ = 4)

static temperature; deg R

WF ? fuel flow, 1lb per hr
WG kz gross weight, 1b
WGS i wing loading, lb per sq £t
WTRFAC ? weight during turn divided by maximum gross weight é
XCKN é nacelle form factor g
XLFTRN é turn load factor
ALLODE é nacelle length to diameter ratio
XTO é actual takeoff distance, ft
X ORQ i required takeoff distance, ft
Iv-2



FIGURE IV.2.6 SUBROUTINE ENGSZ-- QUTRUT

| VARIABLE | DESCRIPTION

| AR '§flow area at fan face, sq ft

S ANAC inacelle surface area, sq ft

{:DNAC t nacelle drag coefficient

j CLTLMT Tlimit 1lift coefficient during turn

 dM bMach number

NP f number of engines

@FNSLS ‘asea level static thrust, lb

§IDC ijcontrol flag

| LPART :;FAR regulation part indicator for climb sizing
;ISEGX :flight segment indicator

fJTRsz j:engine sizing for turn indicator

ERSIZE :écnqine sizing flag for takeoff

;xELl EReynolds number per foot

Ed ‘;current aircraft weight, 1b

iwASLS § sca level static airflow, lb per sec

EXLN inacelle length, ft

3YCLB 'éused in subroutine NACDG for including nacelle drag as

| engine thrust loss
fYDRG qused in subroutine NACDG for including nacelle drag as
ﬁ iengine thrust loss

§ZLQD f lift to drag ratio

V-2



ANAC

CDN1

ENPP

ICRU

RELI
SMN
SWING
XCKN
XLN

XLODE

YCLB

YDRG

FIGURE IV.2.7 SUBROUTINE RACDG (TURBOFAN)~-INPUT

VARIABLE | DESCRIPTION

i

g surface area of nacelle, sq ft

reference drag coefficient of nacelle
number of engines
fengine sizing/performance flag

jprint indicator

static pressure, lb per aq It

i Reynolds number per unit length, per ft

¥ Mach number

Jwinq wiea, 8q £t

 nacelle form factor

Enacelle length

gengine (nacelle) length/diameter ratio

1thrust increment required to provide cruisa ¢limb margin,
 1b.

chuise drag, level flight, 1b.

wv-2



BIGURE IV.2.8 SUBROUTINE NACDG-~-OUTPUT

{ VARIABLE | DESCRIPTION

~—.

drag of one nacelle, lh.
‘.specific fuel consumption, correctad for nacelle drag
ispecific thrust lb/lb/sec FN/Wa, corracted for nacelle
ldrag |

f airflow, lb/sec,; corracted for nacelle drag

Iv-2
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PIGURE IV.2.9 SUBROUTINE ENGSZ (PROPELLER)--INPUT

VARIABLE | DESCRIPTION

ANCQHP 1nacelle area per unit power, sq ft per hp
BD f tuselage diameter, ft
blade angle, deg
fmaximum lift coefficient at landing
Emaximum 1ift coefficlient at takeoff
j1ift coefficient increment in takeoff configuration
fcruise drag, 1b
fMach number
%cruise Mach numbex
;number of engines
H baititude, £t

HPMSLS imaximum sea level static horsepowasr

HPORT fairport altitude above SL, ft

IEGWGT § cngine weight indicator set in MAIN

JENGSZ gengine sizing flag, see NAMELIST INGASP

JSIZE Ecngine power flag, see NAMELIST INGASP

KCONFG ?boom or conventional tail indicator, sea NAMELIST INGASP
KNAC inacelle drag flag, see NAMELIST INGASP

KWRITE 1£program print flag; see NAMELIST INGASP

NACDRG findicator used by RGBAL to keep track of nacelle drag
NPC f path indicator

NSC ﬁésubroutine indicator

NTYE jengine type indicator; sea NAMELIST INGASP




DESCRIPTION

| VARIABLE |

f propeller type indicator

Lper cent maximum power in cruise for reciprocating

f engines

per cent maximum rpm in cruise for raciprocating engines
.{nacelle inlet pressure recovary factor

tstatic pressure, lb per sg ft

:required cruise rate of climb capability, £t per min

| Reynolds number per unit length, pex £t

fengine speed, rev per min

§ratio of weioat at cruise to gross weight

SW %wing area, s8q ft

j TDELTO ?temperature deviation from standard, deg ¥ ;
; TSPDMX émaximum propeller static tip speed, ft per smec ;
% TO éstatic temperature, deg R f
I w .fgross weight, 1b é
; WGS fwing loading, 1b per sq ft i
i XCKN z%nacelle form factor ;
i XLODE %nacelle length to diameter ratio i
f XNMAX ‘imaximum engine speed, rpm

é XTO j%actual takeoff distance, ft

) 1

Iv-2
12



PIGURE IV.2.10 SUBROUTINE NGSZ~~OUTPUT

VARIABLE DESCRIPTION

fnacelle surface area, sq ft

:drag coefficient of nacelles based on wing area
| propeller diameter, ft

;Mach numbex

;qear ratio, propeller rpm/anginas rpm

faititude, £t

‘cruise altitude, £t

;sea level static maximum horsepower

fspecial purpose indicator

f FAR part 23/25 climb requirement indicator

ISEGX § segment indicator

KFPTCH 'ffixed pitch propeller indicator

KSIZE :engine takeoff sizing indicatox

PCPOWR ffraction of maximum power

PCRPM ;fraction of maximum xrpm
% PO 'istatic pressure, lb per sq £t }
‘ RELI f;Reynolds number per unit length, per £t :

TO :gstatic temperature, deg R

XN Enacelle length, ft

XTORQ :étakeoff distance required to clear 35 £t altituds, £t

X1QD ;;lift to drag ratio

13



FIGURE IV.2.1l]l SUBROUTINE ENGINE (PROPELLER)-~INPUT

VARIABLE | DESCRIPTION

| propeller blade activity factor per blade

nunber of propeller blades

propeller blade angle at 3/4 radius, deg.
QFAN sghroud fineness ratio
fpropeller powaer coefficient
‘propeller cost, $
| cost of "Q-FAN" propulsor, $
f initial estimate of propeller thrust coefificient

propeller diameter, £t.

g number of engines

PT f;propeller slipsti or; Fraction of thrust lost
{ic%ffective/Tisolated)

j GR fgeﬁr ratio; propeller rpm/engine rpm
|« altitude, ft.
i HCRIT :critical altitude for turbocharged engine
{ HPAVLB ghorsepowgr available
HPM :jmaximum horsepower at given altitude
HPMSLS .;maximum horsepower at sea level standard conditions
ﬁ ISEGX }?mission segment indicator
; KENG Epower setting indicator
KODE jengine sizing, power and flight condition options, def:i.nczd‘j
:iin ENGINE '
KODECR | reciprocating/turboprop engine cruise sizing option; see

Joamelist mverop
IV~2
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| VARTABLE | DESCRIPTION
KODETH . reciprocating/turboprop engine throttling options
KSPCHG ‘supcrcharqer indicator; see namelist INPROP
KWRITE | subroutine print option; see namelist INGASP
NTYE j engine type indicator; see namelist INGASP
NTYP f propeller type indicator; sec2 namelist INPROP
PCNCCL ¥ per cent corrected rotor speed at climb, turboprop: sse
§ namelist INPROP
per cent corrected rotor speed at crulse, turboprop: see
namelist INPROP
 ber cent corrected rotor speed at takeoff, turboprop; sec
‘}namelist INPROP
tpcr cent maximum power in climb, reciprocating engine; sce
§ namelist INPROP
‘!pcr cent maximum power at takeoff, reciprocating engine;
fvnuc namelist INPROP

;yvr cent maximum rpm in climb, reciprocating engine; see

l}namelist INPROP

;?Pcr cent maximum rpm in cruise, reciprocating engine; see

{ namelist INPROP

3§Pcr cent maximum rpm at takeoff, reciprocating engine, s““;
namelist INPROP

f static pressure, lb per sq ft

| shaft horsepower required to turn propaller

Iv-2
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VARIAELE |

Mach number

DESCRIPTION

SMN

THRUST fthrust, 1lb

TO

| standard atmospheric temperature, deg R

| maximum propeller tipspeed, It per sec

f turboprop turbine inlet temperatura at climb, deg R

turboprop turbine

inlet temperature at cruise,; deg R

| turboprop turbine inlet temperature at takeoff, deg R

;weight off "Q-FAN" propulsor
jadvance ratio

¥ maximum engine speed, rpm

IV~2
1le



FIGURE IV.2.12 SUBROUTINE BENGINE--QUTRPUT

! VARIABLE |

propeller thrust coefficient

G

DESCRIPTION

engine power output, hp
terror indicator
§ fixed pitch propeller indicator set by NTYP
iwrite indicator
“cnqine power output, hp
$ percent of maximum engine rpn
.enqine rpm

[density ratio at critical altitude for supercharged

 reciprocating engine

lpropeller thrust, 1lb

? TSFC § thrust specific fuel consumption, lb per hr per lb
P owr ffuel flow, 1b per hr
|
f
Iv-2
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PIGURE IV.2.13 SUBROUTINE ENGDAT (PROPRLLER)-—INPUT

| VARIABLE |

4 DESCRIPTION _

'propeller blade activity factor

error flag if there is problem in cvalculating propeller
performance
number of propeller blades
 production quantity of propellers to bs used (dafault or
input in namelist INPROP)
;desiqn integrated 1lift coefficiant of propsllex
fslant distance to observer for noise
:lpropeller diameter

}Mach number

EMCRU { cruise Mach number
; ENP § nunber of engines
GR igear ratio, ratio of propeller rpm to sngine rpm
IDATE ipropeller technology level (1970 or 1980)
KNAC énacelle drag indicator
KODE ?ungine performance options definad in subroutine ENGINE
KWRITE f:print indicator
PCRPM ‘ifraction of maximum xpm
RORO 1%ratio of air density to standard ssa lavel dansity
TO _;temperature, deg R
VKTS v:airspeed, kts
WKPFAC ;propeller weight adjustment factoxr
XCK70 f single unit propeller cost (1970),% per 1b
-2
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VARIABLE } DESCRIPTION !

| single unit propeller cost (1980), $ per 1lb
learning curve factor for yearly units (1,02)
learning curve factor for single unit (3.2178)
[ propeller compressibility correction (0, no comprassibility

maximum engine speed, rev per min

Ive2
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FIGURE IV.2.14 SURROUTINE ENGDAT-~~OUTPUT

| VARIABLE DESCRIPTION |

| propeller activity

‘number of propeller blades
propeller blade angle at 3/4 radius, deg
vpropeller blade angle at 3/4 radius, deg
{power coafficlent
jpropeller cost, §
'gear box cost, $
ithrust coefficient
;proPeller efficiency

f error indicator

NTYP Jpropeller type indicator
SHP Eshaft horsepower
THRUST ftotal propeller thrust, 1b
WROPOL ;weight of one propeller, 1lb
WTGB fqear box weight, lb
231 ?advance ratio
ZMWT -Ecruise Mach numbex

-2
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PIGURE IV.2.15 SUBROUTINE COST (PROFELLER)“~I&PUT

| VARIABLE |

DESCRIPTICN

BLADT ’nuﬁber of propeller blades
 input value of CQUAN(I), if positive
finput value of CCK70, if positive
Yinput value of CCK80, if positive
;learning curve factor for a number of unlts per year
§ learning curve factor for a single unit
.= 1, define CCLF and CCLF1l then return
= 2, compute propeller cost

froropeller category: fixed pitch, conastant aspeed, etc.)

WTCON

WT70 § oropeller weight, 1970 technology

Bpropeller weight, 1980 technology

wr80

ZEFAC (J) jempirical factor multiplying propeller cost, category J

ZFFAC(I, J) Jsingle unit propeller cost factor, yeaxr I, category J

ZQUAN(I, J) fnumber of propellers produced in yeax I of category J

V-2
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FIGURE IV.2.16 SUBROUTINE COST--OUTPUT

| VARIABLE | DESCRIPTION '

§ average original equipmeﬁt manufacturer 1970 propeller

gcost, $ per lb
:average original equipment manufacturer 1980 propeller
;cost, $ per 1b
llearninq curve factor for a numbar of units par year

CCLF1 learning curve factor for a single unit

cosT70  propeller cost, 1970 technology, $

COST80

 propeller cost, 1980 technology, $

CQUAN (I)

| numbex: of propellers produced in yaar I

Iv-2
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PIGURE IV.2.17 SUBROUTINE GEAREX (PROPELLER) ~INPUT

VARIABLE |

DESCRIPTION

propeller type indicator set according to value input for}

NTYP
propeller diameter, ft
gear ratio
write indicator
= 1, compute gear box waight
= 2, compute cost
= 3, compute noise
fraction of maximum xrpm

propeller shaft horsepower

V-2
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FIGURE IV.2.18 SUBROUTINE GEARBX--OUTPUT

{ VARIABLE } DESCRIPTIO

cost of gearbox, dollars
gear box noise, dBa
gearbox noise , PNdB

| gearbox weight, 1lb

1v-2
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FIGURE IV.2.19 SUBROUTINE PERFM (PROPELLER)--INPUT

| VARIABLE

DESCRIPTION

activity factor per blade
number of blades per propeller
blade angle, deg
propeller blade integrated design coefficiant
thrust ccefficient
i type of computation flag
error return flag
l propeller compressibility factor
advance ratio

propeller Mach numbexr



PIGURE IV.2.20 SUBROUTINE PERFM~-OQUTPUT

| VARIABL

DESCRIPTION

activity factor adjustment on effective power coefficient
activity factor adjustment on effective thrust coefficient |
error return flag
| blade angle, deg

power coefficient

effective power coefficient

| effective thrust coefficient

propeller compressibility Ffactoxr



|  PIGURE IV.2.21 SUBROUTINE PNOYS (PROPELLER)-~INPUT
VARIABLE }

| Mach numbexr

DESCRIPTION

propeller diameter, ft

number of engines
; gear ratio; propeller rpm to angine xpm
altitude, £t

| maximum sea level static horsepowex

1 noise calculation flag
| output print flag
engine type indicator
: propeller type indicatoxr

fuel flow, lb per hr

WG § aircraft gross weight, 1lb )
XNMAX } maximum engine speed, rpm .
V-2
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| VARIABLE §

ISEGX

PCRPM

PCRTO

FIGURE IV.2.22 SUBROUTINE PNOYS-~OUTPUT

3

DESCRIPTION

Mach number

altitude, £t

f mission segment indicator

per cent maximum xpm

per cent maximum takeoff rpm

v-2
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PIGURE IV.2.23 SUBROUTINE PWRPLT (PROPELLER)-~INPUT

| VARIABLE

§ brake mean effective pressure, lb per 8q in

DESCRIPTION

ratio of static pressure to sea level static pressure

altitude, ft
engine sizing options defined in subroutine ENGINE
supercharger flag

square root of temperaturs ratic

maximum engine rpm

V-2
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FIGURE IV.2.24 BSUBROUTINE PWRPLT-~-OUTPUT

| VARIABLE

} specific fuel consumption, lb per hr per hp

DESCRIPTION

maximum full throttle horsepower available at altitude at
operating rpm
§ ma:imum horsepower available at altitude

maximum sea level static horsepower
engine power output, hp
1 per cent maximum power

critical air density ratio for supsrcharged engine

)
<

v=-2
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PIGURE IV.2.25 SUBROUTINE TURBEG (PROPELLER)-~~INPUT

- DESCRIPTION

} VARIABLE

engine power output, hp
engine and flight condition options defined in ENGINE
write indicator
0, sets maximum power satting for continuous oparation
1, higher maximum powar satting for takeoff
static pressure at altitude, lb per =q ft
| Mach number
| static temperatures at altitude, deg R

turbine inlet temperature, deg R

Iv-2
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PIGURE IV.2.26 SUBROUTINE TURBEG--OUTPUT

| VARIABLE | DESCRIPTION

turboprop jet thrust, 1lb

gear ratio; propeller speed to angine spsad

: turvoprop power output

| maximum sea lavel static horsspovar

per cent maximum rotor spsed

§ per cent corrected maximum rotor speed
g fuel flow, lb per hr

] maximum engine rpm



PIGURE IV.2.27 SUBROUTINE WAIT (PROPELLER)-~INPUT

VARIABLE |

AFT

BHP

BLADT

DIA

TIPSPD

WTCON

ZMWT

DESCRIPTION
activity factor per blade
brake horsepower
number of propeller hladas
propeller diameter, ft
propeller tip speed, ft par sec
parameter defining aircraft category

Mach number correction on propaller weight

Iv-2
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FIGURE IV.2.28 SUBRCUTINE WAIT-~OUTPUT
VARIABLE | DESCRIPTION

WT70 propeller weight, 1970 technology, lb

Wrao propeller weight, 1980 technology, lb

Iv-2
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FIGURE IV.2.29 SUBROUTINE ZNENG (PROPELLER)--INPUT

VARIABLE § DESCRIPTION ‘-

ITYPE B type of engine indicator set according to NTYE
NOE | number of engines

PCRPM § fraction of maximum rpm

SHP ‘jf, ;aft horsepower

XNMAX | maximum engine speed, rev per min

'Iv_z‘“v'
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FIGURE 1IV.2,.30 SUBROUTINE ZNENG—-QUTRUT

VARIABLE § DESCRIPTION

t noise level, dBA

noise level, PNdB

-2
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FIGURE IV.2.31 SUBROUTINE ZNOISE (PROPELLER)~-~INPUT

 VARIABLE |

DESCRIPTION

brake horsepower

number of propeller blades

propeller diameter, £t

slant distance to observaer, £t

FC i square root of temperature ratio

} propeller tip speed, ft per sec

TIPSPD

VKTAS TAS, kts

XNOE number of engines




PIGURE IV.2.32 SUBROUTINE ZNOISE--QUTPUT

| VARIABLE |

sound pressure level PNDB

-

DESCRIPTION

Iv-2
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IV.3 PROPULSION MODEI, AND PROGRAMMER'S MANUAL

The flow charts of the propuision subroutines ara shown in alphabatic
order, for both turbofan and propeller gystems., A total of 23 subroutines

have been drawn and are presentsed in the following alphabetic order:

Turbofan Subroutines Propaeller Subroutines
mGDTl"7} TYPIFIED BY ENGDTI ® oo
ENGDTT % ENGDAT

® ENGINE ® ENGINE

& ENGSZ ® ENGSZ

& NACDG & GEARBX
& DPERFM
& PNOYS
% PWRPLT
® TURBEG
® WAIT
® ZNENG
® ZNOISE

The #low charts do not include the presentation of numerical performance
data, which is a large portion of many of the routines. On the other hand,
the interdependence among the routines can be appreclated by ncting the

subroutines of each.



Iv.3.1 Turbojst and Turboran Routinas

Iv.3.1.) Subroutine ENGINE, Turbojet and Turbofan Engine Performance

at Specified Flight Condition. This routine computes turbojet and turhnfan

Lhrust, airflow, fuel flow, specific thrust, per cent corrected airflow,

and thrust specific fuel consumption at a specified altitude and #ach number.
FPigure 1V.3.1 provides a detailed flow chart of this subroutine. Routine
operation is descriked in Section 1IV.1l.1l.1l.

The various engine sizing options are controlled by the indicator KENG.
Engine type selection is controlled by the indicator IENGSC which takes one
of eight values to call the engine type desired. Basic engine types avail-
able are contained in the subroutines ENGDT1 to ENGDT7 and ENGDTT. Subroutine
NACDG is used to compute nacelle drag losses Engine ilterations are carried

out with the a2id of subroutine ITRMHW, described in Section I.1.3.8.

Iv-3



PT2=PT0O*PR

TTO=TO* (1. +, 2+ SMN*SMN)
PTO=PO* ((TTO/T0)**3.5)

THETA2=TT0/518.7
RTHET2=SQRT (THETA2)
DELTA2=PT2/2116.

BENGINE

Y
<;¥ KENG

5

2,3,§£7

1,4 L
FNRQ=FN
FTHROT=1,
ERRF=1.
¥=0,975
FF=1,003
JC=0

JX=0
KODE=KENG

3

KODE=KENG

A

Y
(" Towose
¥

<0

v

(110)

IENGSC

\7‘1 \

iKODE=KENG l

y

( seox  EEs

A

{ KODE=KODETO |
-1

Y

ISEGX

C

{ KODE=KODECL |
]

e
-«

) £3

Y

" tseox

Y

KODE:=

{KODE=KODETR ]

ISEGX :}~f§—4>-7

Y A

4

-l
-y

ol
X

FIGURE IV.3.l1 - DETAILED FLOWCHART, SUBROUTINE ENGINE

iv-3
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ENGINE

)

[CALL ENGDTL(EN,NF, WA, PCWAC,SFC, SFN, FAR, PTZ,TT0, HN, SMN, FTHROT, KODE).

A S S A

LHN, SMN, FTHROT , KODE)

e

4 CALL ENGDT2(FN,WF, WA, PCWAC, SFC, SFN, FAR, PT2, TTO

| CALL ENGDT3(EN,WE, WA, PUHAC, SEC, SEN, FAR, PT2, TTO, HN, SMN, FTHROT, RODE)

J

-
-~

CALL ENGDT4 (FN,WE, WA, PCWAC, SFC, SEN, FAR, PT2, TTO, HN, SMN, FTHROT, KODE)

J

| CALL ENGDTS (FN, WE, WA, PCKAC, SFC, SEN, FAR, PT2, TTO, HN, SMN, F I

-

Ruf‘Knngi

.‘CALL’ENCDTG(FN,WF,WA,FCWAC;SFC,SFN;FAR,PT:;PPO,HN,SMS.Frunuf;xuuﬁ)

CALL ENGDT? (EN, WF ,VPM LPOWAC, SFC,SENFARGPTZ,TTOLHN, SMN FTY ROT, KODE)

CALL ENGDTT(EFN,WE WA PCWAC, SFC,SENLFAR,,PT2,TTO HN, SMN ,-l-' THRO T, KODE)

[ @
| O
Y 4. ]

]

C KENG

) _=2

C KENG

C KENG

FN=SFN*WA

A -
j)mJ:L(:> I1SEGX :)-;iL*T
¥ > :
<4 N
wy ! ./
¥
WAC=WASLS* PCHAC
WA=WAC*DELTA2/RTHET2
WE=FAR*WA* 3600.
o

| Y
C KNAC

Y

U SWING-WG/WGS |

Y

CALL NACUG (SFC,SFN, WA, PO, SMN, SHING, KWRITE)| Y

P ke

Y
FN=SFN*WA
Wi =FN*SEC

Y

k.

4

Iv-3



ERRM1=ERRF
ERRF= (FN-FNRQ) /FNRQ

Y
(:' T - —

ERRF,ERRM1,
FTHROT, FNRQ

ENGINE 5

(jV JC
1

Vo )]

<,.005

WRITE (6) FTHROT,
RTHET2, ERRF
\-—-,—!——""'

Y.
(:ABS(ERRF) hﬁ\

C

JX :} 20

"
b g

Y

Y

A

| CALL ITRMIW(ERRF,ERRM1,FTHROT,F,FF,JC,JX)

A\
(:' JC :) 240, 1
WA=PCWAC*WASLS*DELTA2/RTHET2 Y
(::}*““’““ WE=FAR*WA* 3600,
FN=SFN*WA
—— )
Y )

[WRITE (6)FN,
Y |FNRQ,FTHROT,JC

‘e 1000

A

—"\_#1 and #9
(: | KWRITE J

Y

WRITE (6)SMN,IN, PO,
TO,FAR,SFN,SFC,FN,

¥~ RETURN

KENG, PCWAC, WASLS,
FTHROT

h 4



IV.3.1.2 Subroutine ENGSZ, Turbojest and Turbofan Engine 3iszing. This
routina controls turbojet and turbofan engine sixing computations. Routine

function is described in Section IV.1.l. Engine characteristics are deter-
mined by calls to subroutine ENGINE. Nacalle characteristics are controlled
by the indicator KNAC. Sizing method is controlled by the indicator JENGSZ.
Subroutine PERFM is used to compute take-off psrformanca. Engine weights

are computed by & call to subroutine ENGWGT (described in Volume V). Subrou-
tine TPALT (Section I.1.3.15) is used to obtain atmospheric properties. Flap
setting are determined by a call to subroutine APPFLP which is described in
Section I1I.l.4.4. Configuration drag is determined by a call to subroutine
DRAG (Section III.l.2.2). Where engines are sixed in turning £light,
subroutine TURN is used (Volume VI).

A detailed flow chart for subroutine ENGSZ is presented in Fiqure IV.3.2,



ENGSZ

C NfC )2
A

KENGz=0.,
WASLS=0.

RETURN

¥

Y -

=10, or>-11.

e
| -

WASLX=0

Y

#1 and #2

e

(: JENG

2

!XT0§Q=999995T

#-1 and #9 _

e

Y
(j_ KWRITE
3

“HL
E-N

-
w

‘WRITE(G)'

I\ |\ N

(; JENGSZ

#
tISEGX

ké[‘

-

L™
Jourer

CALL ENGINE(FN,SFC,SFN,WFR,FAR,2116.,519.,0.,0.,5) Y

\
WASLS=THIN/SFN
JNAC=1

KS1Z2E=1

A

“INAC=0

JT0=0

JRC=0

JTR=0

PAMB=PQ

TAMB=TO
QAMB= . 7*PAMB*EM*EM
SMN=EM

HN=H

ASON=49, 1*SQRT (TAMB)
V=SMN*ASON
WCR=WG*RWCRTO
RELICR=RELI
Qu=QA: ‘B

DRGC=DRG

l

V-3

FIGURE IV.3.2 = DETAILED FLOWCHART,

SUBROUTINE ENGSZ




ENGSZ 2

Y

(: KNAC ‘j)-13~
— ¢

"'_'"(__‘_(__.

* A
Y (f JENGSZ -i:)—ff;-

R —
[PRG=DRGC ]

Y

A

C xriAc )‘ 24 > @
(: JNAC j) #0 >
Y Y
(:7 NAiPRG j} =1 »
(: IDC j} =2 r~h-{::)

v

(AE=.3*WG/1500./ENP_|

Y
WEE1D=. 92*SMID* ((1./(1.+2. *5MID*SK1D)) **3.)
WQA1=WEF1D*2116./SQRT(518.7)

A1=WASLS/WQA1

v {AE=AL/(1.-HBTP*HBTP)

(: TEGHGT :} £0 > FCALL ENGHWGT (NTYE,NYTP)
Y ~ '
(:4 NACDRG :} =1

N,
Fud

4

Y
ANAC=3. 14167 AL XLQDE/ - 786 Y
XIN=SQRT (ANAC*XLQDE/3, 1416

@ . N

[DE=ANAC/3. 1416/XIN

¥
(; KNAC :) =0 ng)

RNT=RETTFYIN
RX= (ALOGIO(RNL)/7.)**(-2.6)

¥

C xew )—0s CRN=T, 57 (1, +. 35/ (XLN/DE)) ]

A
CDNAC=CKN*ENP*ANAC*CDNT*RN/SW
NRGANC =QO*CDNAC*SW

A

Iv-3
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ENGSZ

CDNAC=0.
DRGNAC=0,
A

Y

{DRG=DRC+DRGNAC |

®

] <
Y. x
om0 >
| SERSRUSEEE S —
Y
[CALL ENGINE (ENX,SFCX,SFNX,WFX,FAR,POX,TOX,EMX,HX,5) }

¥
I PCWACX=PCHWAC |

I1CRU=1

YDRG=DRG
YCLB=WCR*RCCRU/V/60.
ENPP=ENP

\
1 el o
CALL ENGINE(FN,SFC,SFNCR,WFR,FAR,PAMB,TAMB,SMN,HN,S) l

3

ICRU=0
PCWACY=PCWAC

T2=TAMB* (1. +.2*SMN*SMN

WASLS1=WAC/PAWACY

WA= (DRG+WCR*RCCRU/ (V*60.))/ENP/SFNCR

P2=PAMB* ( (T2/TAMB) **3,5) *PR
WAC=WA*SQRT(T2/518.7)/(P2/2116.)

~_=4

‘V

(:7 JENGSZ )
Y
t WASLS=WASLS1 |

)

b

v
(: WASLSX
L

N
o

¢ ot

:>~Jﬂl:{_Jab(: WASLS

IV-3

9

<WASLSX, ryasTS=wAsIsx] |

1

V

-z




ENGSZ

JTO=]
ERRM1

=ERRTO

ERRTO= (XTO-XTORQ) /XTORQ
AA=ABS (ERRTO)

\
(: KWR

ITE :)—Jﬁl~>——

/

XTORQ, WASL

Y

\ .
WRITE (6)XTO,
S

Y

v

C

<.005

-

[ 23]

@ )
[WRITE (6)WASLS,]
ERRTO, ERRM1

WASLSX=WASLS
WAQWG=WASLS/WG

RETURN

Y

 K1=XTO*XTO*WASLS
WASLSS=WASLS
WASLS=K1/XTORQ/XTORQ

Y

( s )t

R

(EE)

WASLS= ( (XTORQ-XTO)* (K1S~K1)

&
g

(:7 JC 212

H=UX

KSIZE=4
WASLS=WASLS

KFNGSZ=1
IDu=1DCX

4

( enosz j)-iﬂL—?

;

PRECEDING PAGES BLAIK

ROY i «W.MED

/ (XTOS-XT0) +K1)/XTORQ
/XTORQ

L

Y

Jo

ISEGX=2
IRQ=1
XDELRC=0.

Y
(=

- I IPART=3

P u——
x
=]
o

4

it
Can

Iv-3

12

&
<

NP

' -
RQ

y
505

9

(: IPART j}%—av—{::>

3 ¥

@)



ENGSZ

TROMAX=5
A
; >
(:4 IRQ F:} =2 > [H=HPORT+250. |
Y < '
( 1rg )= > {H=H%ORT+ISOOJ
¥ <
C i D=t (pronT |
( m )= >——{H=HPORT ]

\

CALL TPALT(H,GALT,PO,FKALT,TQ,G,XKV?ﬁ]

\

P0O=PU*144,
TO=TO+TDELTO

RHO=PO/TO/53.32/G

IRQ

é

[ VCLMB=1, 15*VSTO }—%—y
* | AR

VCLIMB=VLOF
RCRQ=1.
IDRAG=2
ENGOUT=1.

VSTO-SQRT(WGS/RHO/JLMXTO/.S)
VROT=VSTO0+10./.5929
VLOF=VROT+5./.5929

VSTO=SQRT (WGS/RHO/CLMXTO/ . 5)
VROT=VSTO+10./.5929 )
VLOF=VROT+5./.5929
VCLMB=VLO5+45.

&

Iv=~3
13

C

N < (1.15*VSTO) _
ngMB ) > »
¥ <
RCRQ= (VCLMB*60.)*.024
IDRAG=5
ENGOUT=1,




BNGSZ 7

CLMX=CLMXTO-DCLTO
VS=SQRT (WGS/RHO/CLMX/.5)
V o
(; VCLMB :} <(1.25%V8) . [VCIMB=1.25*VS ]
]

L.
iy

Y
RCRQ=(VCLMB*60.)}*.012
INDRAG=1

ENGOUT=1.

VSLD=SQRT (WGS/RHO/CLMXLD/ . 5)
VCLMB=1.5*VSLD

RCRQ= (VCLMB*60. } *. 021
1DRAG=8

y

CALL APPFLP (CLMXLD,DFLAP, I0K)

N0 - Y . |
(o ) >—{IDRAG=3 | ( me ) [T
y - <

[ENGOUT=1. | CALL TPALT (I, GALT, PO, FKALT, T0, G, XKV)

A
i

Y
PO=P0* 144,
TO=TO+TDELTO

@ | "n=p0/T0/53.32/G
Y

VSLD=SQRT (WGS/RHO/CLMXLD/ . 5) (i }“"’*“

VCLMB=1.3*VSLD Y

RCRQ= (VCLMB*60.) *. 032 @ 559
IDRAG=3 ., ;
ENGOQUT=0.

Iv-3
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ENGSZ 8

@ 2591

VSLD=SQRT (WGS/RHO/CLMXLD/.5) | I RCRQ=11,5*VSTOKT |
VSLDKT=VSLD*. 5929 )
VSTO=SQRT (WGS/RHO/ CLMXTO) ~ <300 .
VCLMB=1. 3*VSTO ( RcrQ 20. RCRG=300.
RCRQ= . 027*VSLDKT*VSLDKT "
Y
TDRAG=2
( w )-sso00., ENGOUT=0.
|
[ ¢ :
) <61, “"
(" vsukr ) —{ReRo-1. (70)
> \lr «<
TORAGSS
ENGOUT=1,
VSLD=SQRT (WGS/RHO/CLMXLD/ . 5)
(70) VSLDKT=VSLD*, 5929
VCLMB=1, 3*VSLD
RCRQ=5. 75*VSLDKT
(@9 7
| (:ﬂ RCRQ F—igggéa~—~lRCRQ=zoo.
VSTO=SQRT (WGS/RHO/CIMYXT07 - 53] F <
VSTOKT=VSTO*, 5929 >
VCIMB=1. 3*VSTO (W 000 R CRG Ve LB
! - < 60./30.
( G <6000. @ ¥
IDRAG=3
Y ENGOUT=0,
RCRQ=VCLMB*60. /12. ‘
(;A KCRQ RCRQ=300. ]
y <
IDRAG=5
ENGOUT=0,

Iv-3
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ENGSZ

RELI=RELICR
FM=VCLMB/A50N

QO=.7*PO*EM*EM

ASON=49, 1*SQRT (T0)

T2=TO*(1.+2,*EM*EM)
P2=P0* ((T2/T0)**3.5)*PR

Y

P0,TO,EM,H,5)

¥
TN=FN* (ENP-ENGOUT)
CLREQ= (WCS/Q0) *SQRT (1. - (RCRQ/VCLMB/
60.)**2.)

CALL ENGINE (FN,TSFC,SFN,FFL,FAR, I

L

CALL DRAG(IDRAG,EM,99.,CLREQ,~MD,CD)

L

SREF=WG/HWGS
21.Qb=CLREQ/CD
DRG=CD*QO*SREF

C KNAC ~

0

A

¥

DRG=DRG+DRGNC1
*ENGOUT

DELRC=RC~RCRQ

RC=VCLMB*60. * (TN~DRG) /WG

4

Cww D

(7%

A

RC1=RC
RCRQ1=RCRQ
Hlx=H
V1=VCLMB*,5929
ZLQD1=ZLQD
CLR1=CLREQ

@

A

I "=RC

. _RQ2=RCRQ
V2=VCLMB*,5929
ZLQD2=ZLQD
CLR2=CLREQ

Q?

RC3-RC
RCRQ3=RC

H3=H
V3=VCLMB*, 5929
ZLQD3=7LQD
CLR3=CLREQ

Y ¥ t Y

k4

A 4

RC5=RC
RCRQ5=RCRQ
H5=H
V5=VCLMB*,5929
ZLQD5=ZLQD
CLR5=CLREQ

O

:

?

RC4=RC
RCRQ4=RCRQ
H4=H
V4=VCLMB*. 5929
ZLQD4=ZLQD
CLR4=CLREQ

Y

Iv=3
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C

ENGSZ

TRQ=IRQ+1 ]
‘ ™\ >XDELRC _
DELRC ) >

Y

SF

XDELRC=DELRC
HX=1i

EMX=EM
VX=VCLMB
RCRQX=RCRQ
RGX=DRG
T2X=T2
P2X=P2
POX=PO
TOX-TO
RHOX=RHO
Q0X=Q0

RE:

PCWACX=PCWAC
EGOUTX=ENGUUT

LIX=RELI
NX=SFN

<
R
.

KWRITE ) »——{40)

Y
IPARTX=25

Y

tpART 22— [ TPARTX=23 ]

Iv=-3
17

10

@29

WRITE (6) IPARTX, |

HPORT, TDELTO

WRITE (6)H5,VS,
RC5,RCRQ5,CLRS,

ZLQDs

A

i:}-59—¥ WRITE (6) 1
DFLAP

* -

ZLQD4

WRITE(6)H1,V1,RC1,RCRQL,CLRY,
ZLQD1,H2,V2,RC2,RCRQ2,CLR2,
1L.Qb2,H3,V3,RC3,RCRQ3,CLR3,
| ZLQD3,H4,V4,RC4,RCRQ4,CLRY,

S

A




D)

ENGSZ 11

@

0 mp ) WRITE (6)H1,V1,
< RC1,RCRQL,CLRI,
Y ZLQD1
WRITE (6)H2,V2,RC2, ,
RCRQ2,CLR2,ZLQD2,
13, V3,RC3,RCRQ3, CLR3,
Ay 1 ‘\ >
(j XDELRC L >
‘ =
( oenesz ) > 111
¥
[res1 ]
- v "

TNRQ= (RCRQX*WG/VX/60. ) +DRGX
FNRQ=TNRQ/ (ENP-EGOUTX)
WARQ=FNRQ/SFnX

Y

WACRQ=WARQ*SQRT (T2X/518.7)/ (PZX/2116.)
WASLS3=WACRQ/PCWACX

WASLS=WASLS3
VCLEAS=VX*~RT (RHGX/ . 0023769) *3600./6076. 1
RCRQ=RCRQX

)
-

Y

C

JTRSZ :} =0. {EED

Y

H=HTURN
EM=EMTURN
W=WTRFAC*WG
IDCX=iDC
IDC=99
DRGNAC=0.

Y

CALL TURN (TRTRN)

Y
I1DC=1DCX !

Y

CALL TPALT (H,GALT,PO,FKALT,TO, G, XKV)

Y

PO=P0*144.

ISEGX=8 223

‘f

Iv-3
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ENGSZ 12

FUUJ{ﬁ&cinﬁk?ﬁ;Tstc,S?N,FFL,FAR;PO,Tb,EM,ﬁ;5) ]
v -
[TAV=ENP*FN |

<TAV
(j TRTRN =

Y

"o

JTR=1

TOX=TO

EMX=EM

HX=H

POX=P0

QOX=.7*PO*EM*EM
RELIX=EM*49. 1*SQRT(T0)/XKV 1
T2X=T0* ((T2X/T0)**3.5)*PR W
PCWACX=PCWAC
SeNX=SEN

©

L3

] Y
TNRQ=TRTRN+DRGNAC

FNRQ=TRNQ/ENP

WARQ= FNRQ/SFNX

WACRQ=WARQ*SQRT (T2X/518.7)/ (P2X/2116.)
WASLS4=WACRQ/PCWACX

WASLS=WASLS4

111 > ¢
(;7 KNAC :}
~N
J

¥

1002

)

Y
( JNAC

A

JNAC=1
REL1=RELICR
Q0=QAMB

Y

D

L]
gt
k 2

"
=4
2

HWRITE(6)
W

el
v(‘\\ Am Jlm
St
x~
(@]
"
Lo
e

A

Iv-3
19



3NGSZ 13

Y

Y
Y
RELI=RELIX
QU=QOX
Y Y
Coe Dt
y
(;7 JTR 't> £0 > WRITE (6)
y

RELI=0,
ISEGX=2

\ .
CALL ENGINE(FN,SFC,SFNSLS,WE,FAR,2116.,519.,0.,0.,5)%

ENSLS=SENSLS*HAS

'

(:7 KWRITE ~ J—0

¥

A
Y
(: JENGSZ :} =4 »- 110
! _
WRITE (6)WASLS1
(:~ JENGSZ :} <1 > 110

1 <
(:' JENGSZ :}~:3
-3

' 20

«
fL
o
N



ENGSZ 14
[WRITL (6) XTORQ, |
TDELTO, HPORT,
WASLS2
(:ﬁ JENGSZ ;:) =l >
.@ C JRC ;‘ >0 > WRITE (6)RCRQ,
WASLS3,VCLEAS
I WRITE(b):
(C omvasz )4 WRITE (6) WASLS |
Y 71 —
- =4 ~
(:; JENGSZ —:) -
T
* (:_ WASLS j}r‘”ASLSI s WRITE (6)
i 3 *14 > o 1
(:_ JINGS? t)~—4£*;k
I :o N
XDEL ) > WRITE (6)
AT e L
(: JTRSZ :} =0 >
( JtR =0 > WRITE (6) XLFTRN
Y #0 -
JIR ) > WRITE (6) XLFTRN,
= < WASLS4
m <

WRITE (6) FNSLS

WASLSX=WASLS
WAQWG=WASLS/WG

RETURN

Iv-3
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IV.3.1.3 Subroutins NACDG, Nacells Lossas. Subroutine NACDG couputes

na.elle lossas during engine sixing and performance calculations. The
methodology iz discussed in Section IV.1.1l.3. A detailsd flowchart for
subroutine NACDG is presented in FPigure IV.3.3. No other subroutines are

called by NACDG.

Iv-3
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NACDG

(Rx=1.0 |

DE=XLN/ XLQDE
SFNX=SFN
SFCX=SFC
RNL=RELI*XLN
- Y =
RNL )20 >
<
(: RNL _)) =0 >

Y

| RX= (ALOGIO(RNL)/7.)**(~2.6) |

A

ﬁCEN=XCKN [

Y

(:_ XCKN

)
J/

<0

s

L'
>

o,
"=

Y

{ CKN=1.5%(1.+.35/ (XLN/DE))

1QN=.7*P0O

*SMN *SMN

CDNC1=CKN*ANAC*CDNI*RX/SWING

BRGNC1=CDNC1*QN*SWING

Y

C

. T\ #1
CRU )

Y

SD=DRGNC1/WA

SFN=SFNX-SD

Y

SD=DRGNCT

(WA

SFN=SFNX* (YDRG+YCLB)/ (YDRG+YCLB+DRGNC1 *ENPP)
WA= (YRDG+YCLB) /ENPP/SFN

ol
o3

Y

I SFC=SFCX/ (1. -SD/SENX)

L 4

(: KWRITE

) #3
S

¥

RNL

WRITE (6)RX,ANAC,QN,
CDNC1,DRGNCT, WA, SD,
SFCX,SFC,SFNX,SFN,RELI,

e

4
RETURN

FIGURE IV.3.3 =~ DETAILED FLOWCHART SUBROUTINE NACDG

A

Iv-3
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IV.3. 2 Propallar Driven Engine Routinas

IV.3.2,1 Subroutine ENGINE, Propsller Driven Engina Performance at

Specified Flight Condition. This routine computes plston angina, rotary

combustion engine, or gas turbine angine pe:sformance when matchaed to a
specified propeller. Methodology iz discusxsgaed in Section IV,1.2.2. Engine
gizing options are exercised through the indicators KENG and KODE. The
indicator NTYE controls engine type selection by calling either subroutine
PWRPLT, (Saction IV.l.2.3), for piston engine performance or subroutine
TURBEG (Section iV.1.2.4), for turboprop engina performance. Atmospheric
properties are obtained from subroutins TPALT (Section I.l.3.15). Propeller
characteristics are determined through subroutine ENGDAT (Section 1V.1.3).

A variety of utility subroutines are called in the engine performance calcu-
lations including BIV (Section I.1l.3.4), MAXMHW, (Section I.1.3.1l), ITRMHW,
(Section 1.1.3.8), and MAXBND, (Section I.1l.3.10).

A detailed flow chart for subroutine ENGINE is provided in Figure IV.3.4.

24



ENGINE

GRATIOGR
INVALID=0
GR=GRATIO
RPM=XNMAX*GR
MODEP=0
T4SET=T4STCR
FN=0.
4
KENG 20— > {KODE=KODECR
. 3
KENG  )—lord, [KODE=KODETH |
— ) —J o
(:; KENG :) =Qors , KODE=7
* ey
(: KFPTCH j} =1 »——IXODE=8_ |
7 <
(: KENG j} =2 - 200

%

RHO=P0/T0/53.32

RRHO=. 0765/RHO

THETA=T0/519.

RTHET=SQRT (THETA)
RTHETT=RTHET*SQRT (1. +2, *SMN*SMN)

Y

(: NIYE  )-220T 8, IoCRPM-PCNCCR*RTHEIT |
]

o.
e

1
|DELTA=P0/2116. |

C KSPCHG )2l
Y

Y

o

CALL TPALT(HICRIT,GALT, POCRT, FKALT,TOCRT, G, XKV)

¥

SIGCRT=(POCRT*144./2116. )/(TOCRT/SIQ.)

Y

V0=49.1*SQRT (TO) *SMN
VKTS=V0*,.5925

Y
(jw KING :) 210, 300

Iv-3
25

FIGURE IV.3.4 - DETAILED FLOWCHART, SUBROUTINE ENGINE (PROPELLER DRIVEN)




ENGINE 2

XN=XNMAX*PCRPM*GR
EFFP=1,

ERRD=1.

F=1.05

FF=1.01

JC=0

JXx=0

y

( KODE =78, (40)

2%i;iiif,4,s,o
(30)

9

2z,
~J
<
"o

{T8PbMX=800. |
_1

A

{TSPDM%;4SO. |

A

BL=5.

(: BL j} 211 > f BL=11.I

CALL BIV(AF,BL,TSPDMX,ABL,ATIPS,AAF,6,4,NER)

-

¥

r\
o
z

N O N N~
Y

]
A

at

A
[ AFT=BL*AF |

. <750 » 1
(: AFT :) > {AFTT750./BL |

.
-l

CALL BIV(COD,AF, TSPDMX,AAFX,AT1PS,ACOD, S, 4,NER)

\
THRLQ= THRUST
THPROP=THREQ- FN

TPROP L= (THREQ-FN)/ (1. ~FT)
KOUNT=0

KOUNTX=0

JEXIT=0

v‘!

~
v
(i KOUNTX ) > 100




ENGINE 3

PCNCR=PCNCCR
PCRPM=PCNCR*RTHETT
T4SET=T4STCR

Y

DQ10=(TPROPI*RRHO/CTI/ ( (XNMAX*PCRPM*GR/1000,)%*2,)/6610.)**.25
DROP=DQ10*10.

J=101,4*VKTS/XN/DPROP .

CTI=1,19-,21%*]

Y
A (:T N D LA TE VAN vy P E 7 EA T T
_J

-
-

Y
[ KOUNT=KOUNT+1 |

Y

( xonr 2o

TEFEMI=EFEP )

r N "
CALL ENGDAT (PCRPM,GR, DPROP, TPROP1,HPWR, EFFP1,VKTS,
RRHO, KODE,, IERROR, ENP, P0, TO, AF, BL)

Y
THPROP=TPROPI*(1.-FT)
EFFP=EFFPI*(1.-FT)
CT=CT*(1.~FT)

Y

Y

G

(: KWRITE ‘:>-£1—~a»—~—

1!
WRITE (6)EFFP,
EFFM1,DPROP, XJ,
CP,CT,AF,COD,JC
] y
CALL MAXMIW(LFFP, EFFML,DPROP,F,FF,JC,JX)
Y
Je )_>20 N WRITE (6)EFFP,
<:. ¢ vy EFFM1, DPROP, KODE RETURN
Y SR oo SRS |

-

-«

| TIPSPD=3.1416*XNMAX*GR*DPROP/60. |

¥
(:j JEXIT j)~¥il——4»-—(:_ TIPSPD
#.__ & S
V-3
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ENGINE 4

! N

(:— JEXIT ) >
Y ‘

(f TIPSPD :} =TSPDMX -

Y

DPROP=TSPMDX*60. / (3. 1416*XNMAX*GR) Y
JEXIT=1 |

[ «:

<
=450
( TIPSPD ) > {TIPSFD-450. }

el
*

¥
DPROP=TIPSPD*60./ (3.1416*XNMAX*%R)

Y
(:A NTjP “:} £6,16
r

Y

CALL BIV(AF,BL,TIPSPD,ABL,ATIPS,AAF,6,4,NER)

Y
| AFT=BL*AF \

C aer )<750 »—JAF=750./BL |
J

all-
s

Y
‘ - , , .
CALL BIV(COD,AF,TIPSPD,AAFX,ATIPS,ACOD,S,4,NER) l

iJEXITEiZ}

.

Y

™\_=450
(: TIPSPD ) 11

\
Y

Y

JC=0
JX=0
EFFP=1,

Y

A

Y

C NTYE ‘) =5 or 6

¥

CALL PWRPLT (HPM,HPMSLS ,HPWR , HAPVLB, PCPOWR, PCRPM, DELTA, | __, .
RTHET,H, KSPCHG, BSFC, KODE)

g

o

CALL TURBEG(PoO,'tV, SMN , HP¥R ,HPAVLB, HPM, HPMSLS , PCNCR,
‘ PCN,T4SET, WF,EN, XNMAX, GR ,MODEP, KODE)

Iv-3
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ENGINE 5

GRATIO=GR
PCRPM=PCN
PCPOWR=HPAVLB/HPMSLS ’
{ ERRTH= (THPROP~ (THREQ-FN) ) /THPROP

Y .
N\ =.02 N
Com i@
| KOUNTX=KOUNTX+1 |

( KOUNTX )\ 23 > (EEQ

) »
Y
| TROP1= (THREQ-FN)/(1.-FT) }4»—(::)

v N =5 or 6
(:i NTYE W

¥

A

" R
CALL PwWRPLT (HPM,HPMSLS,HPWR ,HPAVLB,PCPOHR,
PCRPM,DELTA, RTHET,H, KSPCHG, BSFC, KODE)

of.
"

A M |
]

CALL TURBEG(PO,T0,SMN,HPWR,HPAVLB,HPM,HPMSLS,PCNCR,
PCN, TASET, WF, FN, XNMAX, GR,MODEP, KODE)

Y !
HPWR=HPAVLB
PCRPM=PCN
PCPOWR=HPAVLB/HPMSLS
Y

.
o

TPROPI=(THRUST-FN)/ (1.-FT)
DQ10=(TPROPI*RRHO/CTI/ ( (XNMAX*PCRPM*GR/1000.)**2,)/6610.)**,25
DPROP=DQ10*10.

@——]

Y A _
CALL ENGDAT (PCRPM, GR,DPORP,TPROPI,SHP,EFFPI,VKTS,
RRHO, KODE, IERROR,ENP, PO, TO,AF,BL)

¥
THPROP=TPROPI* (1.-FT)
EFFP=EFFPL* (1.-FT)
CT=CT*(1.-FT)

Y

V-3
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ENGINE 6

, A
WRITE (6)ERRD, ERRD1,
DROP, XJ,CP,CT,JC

ABS (ERRD) <005, (s0)
y

e .
CALL ITRMHW(ERRD,ERRMl,DPROP,F,FF,JC,JX)[

Y
C Jc :} >20

» WRITE (6)ERRD,
! ERRM1, DPROP,, KODE RETURN
[ W N
Y, 6
( PCRFP ;? =2 > | ECREP=.95 ]

s -
Y

Y
I PCRPM=PCRFP }{

CALL ENGDAT (PCRCM, GR, DPORP, TPORPI, SHP,EFFPI,VKTS,
RRHO,KODE,IERROR,ENP,PO,TO,AF,BL)

Y
THPROP=TPROPI* (1, -FT)
EFFP=EFFPI*(1.~FT)
CT=CT*(1.-FT)
HPWR=SHP

KODE=9

Y

CALL PWRPLT (HPM,HPMSLS ,HPWR,HPAVLB, PCPOWR, PCRPM,DELTA,
RTHET, H, KSPCHG, BSFC, KODE)

14-3
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ENGINE 7

KODE=3
WF=BSFC*F( JWR*HPMSLS
TSFC=WF/THPROP

4

(: KODE j) =4or6 . (305

Y
PCRPM=1,
F=.9
ERROR=999,
JC=0

JX=0
KWRITY=0

6

Y

) 4
(:' KODE :} =3

" Y _
THREQ=THRUST
THPROP=THREQ-FN
TPROPI=THPROP/ (1.~FT)

B TS
\r

| ERRMI=ERROR |}

[RWRITY=1

¥

A

. Y .
CALL ENGDAT (PCRPM, GR,DPROP, TPROPI, SHP,EFFDI, VKTS,
RRHO, KODE, IERROR,ENP,P0,TO0,AF,BL)

o L

THPROP=TPROPI* (1, -FT)
EFFP=EFFPI*(,1-FT)
CT=CT*(1.-FT)
HPRW=SI{P

" CALL PWRPLT (HPM, IPMSLS, HPWR, HPAVLE, PCPOWR , PCRPM,
DELTA, RTHET, H, KSPCHG, BSFC , KODE)
RN i

ERROR= (SHP-HPAVLB) /HPAVLB

) ~ =1 WRITE (6)PCPOWR,
(f- KWRITE  } > PCRPM, SHP, HIPAVLB
< { ERROR
k 4 4
(: ABS(LRROR):} <.000 308
V-3
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ENGINE 8

ICALL‘ITRMHW(ERROR,ERRMI,PCRPM,F,FF,JC,JX) I

Y

>
(s )22 rcrew > TWRITE()ERRD,
= ERRM1, DPROP, KODE

4

<.
s

Y <
(  pcrem )50 > [PcRPM=5 |

(: JC 4:) 225 > WRITE (6) ERRP , ERRM1, A
6559,____,____. PCRPM, KODE ——>RETURN
‘ _

DMIN=PCRPM —
PCRPMs1,
G
N #5 and 6 _
(: NTYE ) >
A
LPCNCR=PCNCCR | v

@ ——

PCRPM=PCNCR*RTHETT t
T4SET=T4STCR

"
>

Y

‘KWRITY=0

Y
(; KODE _:} =5, (mRiTY=1 |

Y

F=.9
FF=1,02
WFINV=1,
JC=0

JX=0
THREQ=THRUST

\ 4
EFFPM1=EFFP
WEINM1=WFINV

G——]
THPROP=T1IRIQ-FN
TPROP 1=TIIPROP/ (1. -FT)

i ,
CALL ENGDAT (PCRPM, GR,DPROP, TPROPI ,HPHR,EFFPI,
VKTS, RRHO, KODE, IERROR, ENP,P0,TO, AF, BL)

¥

THPROP=TPROPI* (1. -FT)
EFEP=EFFPI*(1,-FT) V-3
CT=CT* (1. -FT) 32

Y




ENGINE

@ KODEX=KODE_]

Y
' . )} =5 or 6 N
C e ) >
Y

CALL PWRPLT (1IPM, HPMSLS , HPWR ,HPAVLB, PCPOWR , PCRP:

~ DELTA,RTHET,H, KSPCHG, BSFC, KODE)

M',"l

g
( A l\j()l’li
,__ N

KODE=6

KODETH=5
HPAVBP=HPAVLB
HPWRP=HPWR
PCPHP=PCPOWR
PCRPP=PCRPM

INVALD=1

)

>HPAVLB _

S

v:)—iﬂl——w-(if HPWR
-z . SRR,

—

B

I

o
ol

R .
CALL TURBLG(PO,T0,SMN,HPWR,HPAVLB,HPM,HPMSLS,

KA

PCNCR, |

PCN, TISET, WF, FN, XNMAX, GR,MODEP, KODE)

]

Y

PCRPM=DC

N

GRAT10=GR
PCPOWR=HPAVLB/HPMSLS

ERRTI= (THPROP- (THREQ- FN) ) / THPROP Ry
| § T "'Il\:lf
: .\‘ ; ()1 .'/)(,/l, P!(}P
(:w LT - qu,[}K>
<, ')_
Y
FKOUNTX=KOUNTX+1 }
V
‘ .
(: KOUNTX j} >3 > 120
y——] .
Fkop=KoDEX ]
A
(: NTYE: :} =2 orb BSFC=HF/HPAVLB
' TSFC=WE/ (THPROP+EN)
R -
WE=RSEC* PCPOWR*TIPMSLS 1}
TSFC=KI/ THPROP
| Y )
(:ﬂ KODE: :} 8 (30)

Iv-3
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ENGINE 10

[WFINV=1./NF |

\
e N N
C KWRITE Y, »
Y
WRITE (6)EYFP,EFFPML,
WEINV,KFINM1, PCRPM, Y
PCPOWR,XJ,CP,CT,KERROR,
JC

«3 or 4‘ ' \
C KODE ) > { PCRFP=PCRPM
I N =4 or 6 _
( ko;n_ ) > 80
C JX } 20 »
Yo
{MAX=1,0 |
¥
< NN R
CALL MAXBND (EFFP,EFFPMI, PCRPM, DMIN, DMAX, F,FF,JC,JX)
\
( NTYE ) morb I PCNCR=PCRPM/RTHETT |
e ” ]

2

( ISEGX :} =9 @

¥

C sta’g;xk }.Ji";_.»_(  ISEGX ) 25 or =0, @
Y
#5,6

C NTYE ) e
\V

TASET=T45TTO

PCNCR=PUNCTO |}
MODEP=1 ~

Iv-3
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ENGINE 11

( xooe )-8

\
PCRPM=PCRTOQ
PCROWR=PCPTOQ

O—
N #5,6
(: NTYE p; 2

Y
T4SET=T4STCL

PCNCR=PCNCCL - Y
MODEP=0

v

Y

\f

A

!

( KODE :) =8 —

Y

PCRPM=PCRCL
PCPOWR=PCPCL

©,
(: NTYE :} #5,6

v
PCNCR=PCNCCR v

T4SET=T4STCR .

MODEDP=0 - @
] <«

( iseox  )zRemd =S

Y
PPCRPM=PCRCR
PCPOWR=PCPCR

4

(:ﬁ KODE j)—~£§—~—¥'——-1!!’

4

¥

-y
oy

F=.95

FF=1.01
BMIN=0.
BMAX=XNMAX*GR
JC=0

JX=0

ERROR=1,
RPM=BMAX

¢ " ) — "
oA ¥
CALL ENGDAT (PCRPM,GR,DPROP,TPROPI,SHP,EFFPI,
» VKTS,RRHO,KODE,IERROR,ENP,PO,TQLAF,BL)

Y

Iv-3
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ENGINB

THPROP=TPROPI* (1. -FT)
EFFP=EFFPI* (1.-FT)
CT=CT*(1.-FT)

Y

RTHET,H, KSPCHG, BSFC, KODE)

CALL PWRPLT (HPM,HPMSLS ,HPWR,HPAVLB,PCPOWR, PCRPM,DELTA,

Y <
(: RPM ) =BMAX, ( sup  )—HEHR,
) < .}

\
ERRM1=ERROR
ERROR= (SHP-HPWR) /HPHR

Y

(:7ABS(HRRUR) Ty—x.001

D ®
(1 Cax )20 » (EE)

Y
CALL TTRMHW(ERROR,ERRM1,RPM,F,FF,JC,JX) I

Y

C u 225
Y

C RI’M )—.:M.N._‘y—__\-
Y

> ” o
(:_ RPM :} ZBHAR . I RIN=BNMAX
L

Y

K

1I"WR=SHP
PCPOWR=HPWR/HPMSLS

451 6

_ [WRITE (6)
>{ RpM, JC,NERR |- RETURN

DELTA, RTHET ,H, KSPCHG, BSFC, KODE)

CALL PHRDLT (HPM, HPMSLS ,HPWR,, HPAVLB, PCPOWER, PCRPM, |

(:" HIPWR :)f SHPAVIB (454

A
HPWR=HPAVLB
PCPOWR=1TPWR/HPMSLS

T

!
(:_ IPOWR ;}~=1
Y

IPOWR=1 - WRITE (6)

PCPOWR
o e
Iv-3
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ENGINE 13

CALL TURBEG(PO,TO,SMN,HPWR,HPAVLB,HPM,HPMSLS,PCNCR.PCN,'
TASET, WF, FN, XNMAX,, GR, MODEP , KODE)

P

\
HPWR=HPAVLB
GRAT10=GR

PCRPM=PCN
RPM=PCRPM*XNMAX*(GR
PCPOWR=1{PAVLB/HPMSLS

CALL ENGDAT (PURPM, GR, DPROP, TPROPI ,HPHR ,EFFPI,VKTS,
RRNO, KODE, IERROR, ENP, PO, TO,AF,BL)
Y

THPROP=TPROP1* (1. -FT)
EFFP=EFFP1* (1. -FT)
CT=CT*(1.-FT)

G
' - )} =5o0res
(:7 NTYE W,

4
WE=BSFC*PCPOWR*HPMSLS )
TSEC=WF/THPROP
« §
I
BSFC=WF/HIIPAVLB
TSEC=WE/ (THPROP+EN)

- y : _5 | WRITE (6HPKRD ,HPAVBP,

C INVALID )—-—»——C KODE )—»—- PCPWP, PCRPP , [iPKR, HPAVLE,
el ——T PCPOWR , PCRIM

Y -

INVALID=0
THRUST=THPROP+FN
TIPSPD=3, 14 16*XNMAX*PCRPM*GR*DPROP/ 60.

T

£ 80

3
B unma

S
(ii KWKITE _:} #1,9 »RETURN

Y
WRTTE (6)HPM,HPMSLS,
HPWR,HPAVLE, PCPOWR, PCRPM,
BSFC,WF, THROP,FT,EFFPI,
EFFP,XNMAX, GR,DPROP, TIPSPD,
XJ,CP,CT, BL,AF,COD, BLANG,
EN,KODE, TSFC

RETURN
Iv-3
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ENGINE

(@29

[WRITE (6) THREQ, |
THPROP, FN, KODE

(; KODE =1 G:)

KODE=KENG |

¥

14

PCPIDL=,20
SFCIDL=1,
WF=SFCIDL*HPMSLS*PCPIDL

RETURN

E

.y =5oré6
Come )

Y
i PCRPM=PCRTO |

I

PCNCR=PCNCTO
PCRPM=PCNCR*RTHETT

TPROPI=THRUST/ (1.-FT)

Y

CALL ENGDAT (PCRPM, GR,DPROP, TPROPI ,HPMSLS,
EFFPI,VKTS,RRIO, KODE, IERROR, ENP, PO, TO, AF, BL)

3

) ~N\ #6,7,16,17
(; NP ) >

Y
WPROP 1 =WQFT
CPROP=CQFT

RETURN -«

Iv-3
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IV.3.2.2 Subroutine ENGDAT, Propallaear Characteristlicsz. This routine

controls propeller performance, cost, weight, and nolse camputations.
Subroutine PERFM (Section iIV.l.3) provides performance calculations; subrou-
tine ZNOISE (Section IV.l.3.5), provides noise calculations; subroutine

COST (Section IV.1.3.2), provides costs; subroutine WAIT, (Section IV.1.3.4),
provides weight calculations, Gearbox characteristics ara computed through
subroutine GEARBX (Section IV.1.3.3). The utility routines BIV (Section
I.1.3.4) and ITRIN, (Section I.1.3.7), are also employsd by subroutine ENGDAT.

A detailed flow chart for ENGDAT ia provided in Figure IV.3.5.
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ENGDAT ~ PROPELLER VERSION

{ NTYPS=NTYP

]

(:i NTYP

) 210 NTYP=NTYP-10 |
YP= ;

A

A

CATN=NTYP
BL=BLX
AF=AFX
AFT=AF

\

C AFT

™\ =200.and = 80, _
) —

: Y ,
WRITE (6)AFT

C

™\ 28, and =2.
w4

Y

. 4

C CLI

" \_580001 and 229999 .
j Ladl

¥ %

CLF1=XCLF1
CLF=XCLF

CK70=XCK70
CK80=XCK80

RPM=XNMAX*PCRPM*GR

FIGURE IV.3.5 - DETAILEN FLOWCHART,
SUBROUTINE ENGD..T

KWRITX=KWRITE
AET=AF
¥
C KODE } 210 3>
Y ~ 5
C KODE ~ J— > [KPERFM=2 |
i al.
7 <
Q KODE ) =1 - [KPERFM=1 ]
¥ ~ .
=8 n AYTTTR v
C KODE _ )}—=—r [KPTRIN=1 ]
; <
( e I > RTTTT=RLANG]
C om ) )v-————WRITE(ﬁ)KODEv

TN e s e e . . .
Pl\‘.ctu‘u:\. 2 PO Y SO ;'\\";..’ ;\‘:'.:’ED
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ENGDAT 2

[TIPSD=.05236*RPM*DROT |
Y

. )<Ll
(: KODE )

Y

Y
C xoor )2l 500
(ko )L (600
Y
XNOE=ENP

FC=SQRT(518.7/T0)

\

CALL ZNOISE(BL,DROT,TIPSPD,VKTS,SHP,DIST,PNL,FC,XNDE)

; «
2J1=5.309*VKTS/T1PSPD
FC=SQRT(518.7/T0)

ZMS (1) =.00152*VKTS*EC
IMS (2) =TIPSPD*FC/1120.

‘!

rEM =2
C KPERFM ) (430

C keewew )= 440

Y

{cP=10.E10*ROR0/ (2. *TIPSPD**3*DROT**2*6966, ) |

Y

Y , ,
CALL PEREM(KPERFM,CP,ZJ1,AFT,BL,CL1,CT,ZMS,LIMIT) ]

440)——r— ]
CALL PLREM(4,CP,2d1,AFT, BL,CLI,CT, ZMS, LIMIT)

ki
[SHP=CP*Z*TIPSPD**S*URDT**2/(IO.EIO*RORO)* h9966j

Y

THRUST=CT*TIPSPD**2*DROT/ (1.515E06*ROR0) *364.76*XFT

BLANG=BLLLL
EFEP=CT*ZJ1/CP
4
G = - s——
Y
WRITE (6) ”
e TV~3

42




ENGDAT 3

[ CT=THRUST*1.515E06*ROR0/ (TIPSD**2*DROT**2*364.76) |

. VA
CALL PERFM(KPERFM,CP,2JI,AFT,BL,CLI,CT,ZMS,LIMIT) I

‘v’
l SHP=CP*2,*TIPSPD**3*DROT**2/ (10E10*RORQ) *6966. ]

(: P '“\ #ASTLRK IR,

5000
L
L-\(a @ S
[IENT i1 [1EnT=2 |

Y. X

CALL COST (CATN,BL,CLF1,CLF,CK70,CK80,CAMT, 0., 1,CQUAN,WT70,
WT80,COST70,COST80, CCLF1,CCLF,CCK70, CCK80, IENT)

b

Y
N = 1
C mr ) 505

Y
CSTGB=0.

Ca D)o
T -
( KNAC :} £2
S 4

CALL GEARBX(XNMAX,I.,SHP,GPNDB,GPNDB,GDBA,DROT,GR,WTGB, '
Y CSTGB,CATN,KWRITX, 2)

a
>

Y

Y

4

[ CPROP=COST70 §

\ i
. =1980

(:_ IDATE ‘:) > gch0P=COST8Qj

"

[ ZMWT=EMCRU )

y

CALL WAIT(CATN,ZMWT,SHP,DRO'I'.AF'I'.BI,.TIPSPD.WI’70,WT80)l
‘i‘
IWTG[%(). { J @

Iv-3
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.C GR )—ﬂ—’—j
'C‘i"v“cj#z

y

k4

" JCALL GEARBX(XNMAX,I.,SJP,GPNDB,GDBA;DROT,GR,WTGB,CSTGB,CATN,KWRITX,1)

| Sumiona Yot |

Y
(WPROP1=WT70 |

A

( 1DATE j) 280 IPROPI=WT0 ]
}

*

Y
I WPROP1=WPROP1*WKPFAC |

\_>10 -
C KODE Vi
* u;’
. N\ £l o
(:M KWRITX ) »

-WRITE(b)DROT,TSPSPD,SHP,THTUST,
BLLLL,2JI,CP,CT,EM,EFFP

A

|
{NTYP=NTYPS |

)

RETURN

iv-3
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IV.3.2.3 Subroutine ENGSZ, propsller Driven Engine 8iming. Subroutine

ENGSZ controls the propeller driven engine sizing calculations. Tha engine
iz sized to meet cruise, take~-off, and/or climb regquirements using the
mathods of Section IV.1.2.1l. Subroutines called by ENGSZ include ENGINE

for engine/propeller matching (Section IV.1.2.2); PERFM for propaller perfor-
mance (Section IV.1l.3.1); APPFLP for flap setting (Section III.l.4.4);

DRAG for configuration drag (Section III.l.2.2); TPALT for atmospheric
characteristics (Section I.1.3.15); ENGWGT for engine welghts (Volume V);

and the utility routines ITRMHW (Section X.1.3.8).

A detailed flow chart for subroutine ENGSZ is prasanted in Figure IV.3.6.
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ENGSZ

C wec - > RETURN
- "
(xR -l mc L2 > [WRITE(S)

| - %

&
Y

]KFPTL{:::]
(: JENGSZ  )-Pl.2

vy

4

{ XTORQ=99999, |
]

o
)

Y
TANGLE=0

XXDLRC=-99999,

JNAC=0

JTO0=0

JRC=D

KCRV=0

SMN=EM

HN=H

ASON=49. 1%SQRT (T0)
V=EM*ASON

WCR=WG*RWCRTO

POCRU=PO

TOCRU=TO

QCRU=. 7*POCRU*EMCRUYEMCRU
RELICR=RELI

QU=QRCU

DRG=DRGC

Y
( wsc #11

Y v
IFPTCH=0

[

vy owp )zioz il FyercEe |

ol
w

pr——

Y
(s :)—iﬂl—a_—-(zr JFPICH E s JTANGLES]
Y

(B j)_____*w~(:' JEPTCH D P ®
|

(13— Y

C KNJ{AC - —

FIGURE IV,3.6 ~ DETAILED FLOWCHART, SUBROUTINE ENGSZ ~ PROPELLER
DRIVEN ENGINE SIZING
Iv-3
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ENGSZ 2

( xeon ) al!

Y

DE=BD Y
XLN=BD
ANAC=2.1416*DE*XLN
_...._q.__’]( <
(; JNAC i:) #1 »
Y
=1 . N .
(: NACDRG ) > »-
4 Y
ANAC=ANCQHP*, 10*HWG/ENP
XLN=SQRT (ANAC*XLQDE/3.1416)

¥ ~
0 2
" LECHT N xwac )FZ>—fcALL ENGHGT(NTYE,NTYP)

J

ANAC=ANCQHP *HPMSLS
XLN=SQRT (ANAC*XLQDE/3.1416)

A

=<

Y
[DE=ANAC/3.1416/XLN | ‘!’

Y

~N =0 CDNAC=0
(l KNAC DRGNAC=0

Y

Y
RNL=RELI*XLN
RX=(ALOG10(RNL)/7.)**(-2.6)
CKN=XCKN

¥

( xen )0 CKN=1.5% (1. .35/ (XLN/DE)) ]
)

ial
R

Y

k 4

¥

7
CDNAC=CKN*ENP*ANAC*CDNI*RYX/SW
DRCNAC=QU*CDNAC*SW

\ .
<

Y

G [kFpTCH=0 ]
+ .

C e L fDRG=DRGC+DRGNAC ]
¥ = :

C werar L D)

¢ Iv-3



BNGSZ 3

(:v JTO j) 0 1005
¥
(:ﬁ re =2

: |

A
(DRGX=DRG_| @

[ “
TN=DRG+WCR*RCCRU/ (V*60.)
FN=TN/ENP
FNCRU=FN
ISEGX=G
PCPOWR=PCPCR
PCRPM=PCRCR

) 4
CALL ENGINE(FN,SFC,SFN,WFR,FAR, POCRU, TOCRU, SMN, N, 3)

={) <
C weran 20— , N_f1
X {4:; PCPOWR ) >
Jon
TIPMSLS=IPMSLS*PCPORR |

1 < ]

. =] a

PCRPM e
PCPOWR=1.

DPROP=DPROP+1, ‘ Y (&\

y

TIPSPD=XNMAX*DPROP*GRATIO

*3.1416/60. \f/ -«

— HPMSL1=HPMSLS
HPQDSK=HPMSLS/ (. 786*DROP*DROP)

(; TIPSPD >TSPIMX T hSPD=TSPDMX | [DPROP I=DROP
T — < J
Y

GRATIO=TIPSPD*60. /XNMAX/
DPROP/3. 1416 Y
v !
(: JE‘fSZ :} v 1 > 100
<
(l JENGSZ <j> =2 — Jc=0
JX=0
F=1,05
FF=1,01
) . ERRTC=1,
A >0 . ) Ha=H
(: JFPTCH { KFPTCH=1 | KSIZE=1
T - P ‘ ' IDCX=1DC
g Y - 1DC=99
ICOND=0 KWRITE=-1
(::>_4“" I1SEG=1 :

Y .
CALL PERFM(ISLG, ICOND, IFLY)

' 1v-3
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ENGSZ 4

JTO=1

L'

)2
(:7 KSIZE )
Y
KSIZE=3
DPXOP2=DPROP1

HPMS1.2=HPMSL1
H=HX
IDC=INCX

A

C JENGSZ

ERRM1=ERRTO
ERRTOs (XT0-XTORQ) /XTORQ
AA=ABS (ERRTO)

Y

(: KWRITE :)_..:..‘1.;»---1

Y
HWRITE (6) XTO,
XTORQ, DPROP,
HPMSLS

A

[\
A

‘v

(:7 Ai :} <.005
(:7 Jx :) 20

Y

A 4

CALL ITRMIW(ERRTO. ERRM1,HPMSLS, F,FF,JX,JC)

JSICZE

C

A 4

ADISK=HPMSLS/HPQDSK

DPROP=SQRT (ADISK/.786)

B T —

Y

. Ty 12
(:A égs J
- <
KSIZE=4

1!

WRITE (6) ERRTO, ,
ERRM1,DPROP,HPMSLS

DPROP 2=DPROP
HPMSL.2=HPMSLS
H=HX

IDC=1DCX

Y

Y

k 4

C JENGSZ

i

¥

Iv-3
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ENGSZ 5

IRQa1
JITR=0
XDELRC=0.
1SEGX=2

Y o
(; Ji{TCH>‘ :} >0 KFPTCH=1
C ww )2 (0 g )=l [ThaRT=3 ]

— 1 »
s

+ N
(: IPART :)15—+~-(::)

C e )2 [FeHPoRT )

v

Y

\% 7 -
C RQ ) =2 »—— [1=HPORT+250. |
' " ]
i’ i
(: IRQ t} =3 »—[H=1IPORT* 1500, |
SRR . j
* T
(__mq  )-= » [=PoRT ]
* . B e S S .
( mg ) "t
- _____-%-, ——

CALL TPALT(H,GALT.po.FKALT,TO,G,Xva
PO=PO* 149,
TO=TO+TDELTO
RHO=PO/T0/53.32/G

Iv-3
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ENGSZ

VSTO=SQRT (WGS/RHO/CIMXTO/.5)

| VROT=VSTO+10./.5929

VLOF=5,/,5929
VCLIMB=VLOF
RCRQ=1.
IDRAG=2
ENGOUT=1,

VSTO=SQRT (WGS/RHO/CLMXTO/.5)
VROT=VSTO+10./.5929
VLOF=VROT+5,/.5929

VCLIMB=VI,OF+45.

Y

(: VCIMB :) < (1.157VS10)

-
~eatf:

¥

RCRQ= (VCLMB*60.)*. 024

VCLMB=1.15*VSTQ
oo

N1 ——

CLMX=CIMXTO-DCLTO
VS=SQRT (WGS/RHO/CIMX/ . 5)

¥
. ™\ <(1.25%VS)
(; VCIMB ) =
A

5

JvCLMB=1, 25*VS
1

; <

RCRQ= (VCLMB*60, )*. 012

IDRAG=1 (:)
ENGOUT=1,

!!}_q,_,,

VSLD=SQRT (WGS/RIO/CLMXD/ . 5)
VCLMB=1.5*VSLD

RCRQ= (VCIMB*60. ) *. 021
IDRAG=8

A

CAu.Ammeummmm,mdAPJofﬁ

Y

\,
4

3

ENGOUT=1

Iv-3
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15

i

L C
)

ENGSZ

i el
<

VSLD=SQRT (WGS/RHO/CLMXLD/ . 5)
VCLMB=1. 3*VSLD
RCRQ= (VCLMB*60. ) *, 032
IDRAG=3
ENGOUT=0, ’ @
IRQMAX=6
Y
( 1RQ ‘_:) =1, [ H=HPORT ]
13 < 3
(: IRQ j} =2 — | H=HPORT+250.
pu — . i
% «:
C )=
‘\ ‘4 L. = )
(; RQ ) — H=IIPORT
Y ~ <
=5 N f oy
(w8 [imon. ]
Y_ - ‘
C )

CALL

TPALT (11, GALT, PO, FRALT, TO, G ,»XKV) l

A
PO=Pu* 144,
TO=TO+TDELTO
RHO=PO/T0/53.32/G

IRQ ‘_ _
9 @

6.6

VSTO=SQRT (WGS/RHO/CLMXTO/ . 5)

4

VCIMB=1.2*VSTO
RCRQ=50,
IDRAG=2
ENGOUT=1.

Iv-3
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VSTO=SQRT (WGS/RHO/CLMXTO/.5)
VSTOKT=VSTO*.5929
VCLMB=1.2*VSTO
RCRQ=.046*VSTOKT*VSTOKT
IDRAG=5

ENGOUT=1,

®



ENGSZ

CLMX=CLMXTO~-DCLTO

VS=SQRT (WGS/RHO/CLMX/1.5)
VSLD=SQRT (WGS/RHO/CLMXLD/.5)
VSLDKT=VSLD*. 5929

VCLMB=1,2*VS
RCRQ=(.079~.106/ENP)*VSLDKT*VS
IDRAG=1

ENGOUT=1,

VSLD=SQRT (WGS/RHO/CLMXLD/.5)
VSLDKT=VSLD*.5929
VCIMB=1.,3*VSLD
RCRQ=.053*VSLDKT*VSLDKT

[DRAG=6 ._____>.__‘
ENGOUT=1, @

1 VS=SQRT (WGS/RHO/CLMX/.5)

CIMX=CLMXTO-DCLTO

VSLD=SQRT (WGS/RHO/CLMXLD/.5)
VSLDKT=VSLD*, 5929

VCIMB=1, 2*VS

RCRQ=9.*VSLDKT

IDRAG=1 . ‘
ENGOUT=0, @

VSLD=SQRT (WGS/RHO/CLMXLD/ . 5)
VSLDKT=VSLD*, 5929
VCIMB=1,4*VSLD

RCRQ=. 092*VSLDKT*VSLDKT

IDRAG=3 _ .
ENGOUT=0. > ‘ID

IROMAX=3 |

=]

LW

~
vy

D
k. )

o

IRQ=2

N\ =1 r—

D {quIORF!
1RQ :} =2 { =0, ]

\ L

vy

A



ENGSZ

CALL TPALT (H,GALT,PO,FKALT,TO0,G,XKV)

Y
P =P0*144,
1=TO+TDELTO
RHO=P0O/T0/53.32/G

Y

Co

]
\ 4

VSLD=SQRT (WGS/RHO/CLMXLD/ . 5)

VSLDKT=VSLD*.5929

VSTO=SQRT*. 5929

VSTO=SQRT (WGS/RHO/CLMXTO/ . 5)

VCLMB=1.3*VSTO

Y RCRQ=. 027*VSLDKT*VSLDKT

4

Y

(; WG ) <6000., (" ysLpKT 'j> <61

fRCRQ=1.

g 1 ”3
3 %

Y

IDRAG=5 | ___ .
ENGOUT=1. (9
Qé%}—-a~—- VSTO=SQRT (WGS/RHO/CLMXTO/ . 5)

VSTOKT=VSTO*.5929
VCLMB=1.3*VSTO

Y

. "\ <6000 o
C w ) >

Y
| RCRQ=VCLIMB*60./12. |

( mrg  )-<300 . IRCRO-3G0. ]

\

IDRAG=S O
ENGOUT=0. 79

Y

of.
ey

{ RCRQ=11.5*VSTOKT |
4

(: RCRQ j) <300, {RCRO=300. ]

Y
TDRAG=2 ‘4'I'
ENGOUT=0, ——{79

Iv-3
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BENGSZ

10

VSLD=SQRT (WGS/RHO/CLMXLD/.5)

C
C

RCRQ=200.

[ RCRQ=VCLMB*60./30, |

VSLDKT=VSLD*, 5929
VCLMB=1, 3*VSLD
RCRQ=5. 75*VSLDKT
™\ <200
RCRQ ) —
~\ 6000
WG W J> :
¥ D
IDRAG=3
ENGOUT=0.

ASON=49. 1*SQRT (T0)
RELI=RELICR

RELICL=RELI
EM=VCLMB/ASON
T2=TO* (1.+. 2*EM*EM)
P2=P0* ((T2/T0)**3,5)*PR
Q0=. 7*PO*EM*EM

A

CALL

ENGINE (FN, TSFC,SFN, FFL,FAR,P0,T0,EM,H,5)

Y

TN=FN* (ENP-ENGOUT)

CLREQ= (WGS/Q0)*SQRT(1.- (RCRQ/VCLMB/60.)**2,)

A 4

CALL

DRAG (1DRAG, EM, 99, , CLREQ, EMD, CD)

k

SREF=WG/KWGS
ZLQD=CLREQ/CD
DRG=CD*QU*SREF
RC=VCIMB*60. * (TN-DRG) /WG
DELRC=RC-RCRQ

Y

C
e

BOOG

JI‘A\ J i

IRQ

T

Iv-3
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i

[

ENGSZ 11

RCI=RC ' SR ———«—.
. | RC2=RC ‘
@ I1}111:1251-%11“{(2 RCRQ2=RCRQ @
= H2=H
V1=VCLMB*.5929 V2=YCLMB*.5929
ZLQD1=ZLQD ZLQD2=ZLQD
CLR1=CLRED CLR2
: .
> . Y
RC3=RC C4=R
. RC4=RC . C)
ggggs=RCRQ RCRQ4=RCRQ
= Y =
V3=VCLMB*, 5929 32=3CLMB* 5929
ZLQD3=Z1QD ZLQD4=ZLQb
CLR3=CLREQ CLR4=CLREQ
Y ” ) ¥
RC5=RC IRC ~<—.
3 RC6=RC
g§R35=RCRQ RCRQ6=RCRQ ﬁ:’
= Y -
V5=VCLMB*, 5929 32;3CLMB* 5929
ZLQD5=ZLQD ZLQD6=ZLQD
CLRSf?LREQA CLR6=CLREQ
. - I
IRQ=IRQ+1 |}
\
(L CELRC :} >XDELRC _
\

XXXDRC=XXDLRC
XDELRC=DELRC
XXDLRC=XDELRC
HX=11

VX=VCLMB

} RCRQX=RCRQ
DRGX=DRG
TOX=TO

POX=PO

QOX=QO
RHOX=RHO
XKVX=XKV
EGOUT=ENGOUT
IDRAGX=1DRAG




ENGSZ 12
(TPaRTX=25_]
Y
=3
(: IPART .:) > IPARTX=23
Y . N
WRITE (6) IPARTX,
HPORT, TDELTO
(: ENP :} 21l s WRITE (6)H1,V1,RC1,
< RCRQ1,CLR1,ZLQD1,H2,
Y 5 V2,RC2,RCRQ, CLR2, ZLQD2,
WRLTE (6)H5, H3,V3,RC3,RCRQ3, CLR3,
by VS, RCRQS, ZLQD3,H4,V4,RC4,RCRQ4,

CLR5,ZLQDS

CLR4,ZLQD4

~—

Y

13

'WRITE (6)
DELAP

S

k 4

RC5,RCRQ5, CLRS,
21.QD5,H6,V6, RCH,

=0
(: 10K W,
.......-...._.).___—M,"( - (o
- LD
(: ENP )
) Y
WRITE(6)H5,V5,

S
{ WRITE(6)H1,V1,RC1,

RCRQ1,CLR1,ZLQD1,H2,V2,
RC2,RCRQ2,CLR2,ZLQD2,H3,
V3,RC3,RCRQ3,CLR3,ZLQD3, | ¥
H4,V4,RC4,RCRQ4,CLR4,

RCRQ6,CLR6, ZLQD6 ZL.QD4
— . \‘/_—\ B
(: ENP ;:} 21 . WRITE (6)H1,V1,
o -} RC1,RCRQ1,CLR1,
Y ZLQD1 M
IEPTCH=0 \ \\\\kn*#”f,ﬂ~w-
A i
( XDELRC ) I
V
JRC=1
JITR=1
Y
(:‘ JEPTCH :} =0 ﬁ§§§
(l, IANGLE :} =1 > WRITE(6)

;

Iv-3
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ENGSZ

(i' TANGLE :} =1

A
JRC=0

ISEGX=9
IFPTCH=1
BLANG=BLANG-1

A
WRITE (6)
BLANG

» RETURN

>
(:;_ XXDLRC :} =XXXDRC

\
WRITE (6)
P o S
Y )
KFPTCH=0
[SEGX=3
JRC=1

90 3
ERRCL=1.
TNPAS=0.
HPPAS=999999.
F=1.1

A 4

@

v

(f' JNAC :) =1

gF=1.03 I

A

3
FF=1.02

JC=0

JX=0

H=HX

VCLMB=VX
RCRQ=RCRQX
DRG=DRGX
TO=TOX

PO=POX
XKV=XKVX
ENGOUT=EGOUTX
IDRAG=1DRAGX
DELRC=XDELRC

y
LERRM1=LERKCL.
ERRCL=DELRC/RCRQX

!

58
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ENGSZ 14
(:i" HPMSLS ;) <HPPAS .
\__<0 N ¥ e
C('I'N-TNPAS) ) »———{ WRITE (6) }——>RETURN
I TN, TNPAS
-0 m
(:4 KWRITE :)-.___4___
) Y .
WRITE (6)RCRQ, \
ERRCL, ERRM1,DPROP,
HPMSLS
1
(:AABS(ERRCL)“:) <. 005 >
o :
Y
[ HPPAS=HPMSLS |
" r
CALL ITRMIW (ERRCL,ERRM1,HPMSLS, F,FF,JC,JX)
Y
C JSIZE :,\ LI
v
AD1SK=HPMSLS/HPQDSK
DPROP=SQRT (ADISK/ . 786)
L N 520 WRITE (6)ERRCL,
(i JC ) > ERRML,DPROP, {3 RETURN
7 HPMSLS
C o ) [ TRIASS

A

RCRQ=RCRQX
HPMSL3=HPMSLS
DPROP3=DPROP

VCLEAS=VX*SQRT (RHOX/.0023769)*3600./6076.1)

4

I"KFPTCH=1
J

(: JEPTCH :} =1,
5 <
(;A JEPTCH :} =1 - .(zgg

Iv-3
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ENGSZ 15

(; JNAC :) =1 >
C KNAC ) =1 Yoo
Y
JNAC=1
RELI=RELICR
QD=QCRU
(:: IEPTCH ~:} =1 > (ig)
= ' nt | g
C oo Y grc =0 > TTSEGK=S |
: < %
(: JTO :)_:ﬂl_,__J(; JRC j)_:ﬂl__,__~ WRITE )
; pamaranet g NP W - T
e =() =()
JTO — JRC j)____~_,__, 15
C D %__( , @)
V
RELI=RELICL
Qb=QUX
Y
WRITE (6)
(: IFPTCY :} =1 » {ig)
¥ < -
(j' JEPTCH :) cal - @EED
y
WRLTE (0)
DPROP1,
HPMSL1
;) <1 > 110

Iv-3
60




ENGSZ 16

‘: 2 ) .

(iw JENGSZ j} > WRITE (6) XTORQ,
TDELTO, HPORT,
DPROP2 ,HPMSL2

)>o 7 <
C:j = (;_ JENGSZ =1

WRITE (6) Y
RC,RCRQ

<

A

| .
WRITE (6)RCRQ,
DPROP3,HPMSL3,
Y VCLEAS

: )l
(; JFPTCH )

f1srcx=2 }

. Y. ,
CALL ENGINE (FNTO,SFC,SFN,WFR,FAR,2116.,519.,0.,0.,5)

¥
ﬂ
-
[
%
faey
A

~
A

[

Y
TOW=ENTO*ENP/WG

PRPM=RPM
T1PSPD=3,1416*PRPM*DPROP/60,

Y

[WRITE (6)HPMSLS,
TOW, PRPM, DPROP,
TIPSPD

(: KRCU ) #1 > RETURN

i
ISEGX=9
PCRPM=PCRCR

Y

CALL ENGINL (FNCRU, SFC,SFN, WFR, FAR, POCRU, TOCRU, EMCRU, IINCRU,

1)

y

WRITE ()
PCPOWR, PCRPM

-»RETURN

Iv-3
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IV.3.2.4 Subroutins GEARBX, Gearbox Welght, Cost, and Noise. Subroutine

GEARBX carries out gearbox waight, noise, and cost computsations using the
method of Section IV.1.3.3. No other subroutines are called by this routine.

A detailed flow chart for subroutine GEARBX is presanted in Figure IV.3.7.
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GBARBX

h 4

TIPSPD=3.141593*XNMAX*PCRPM*GGR*DRUT/60.
CONST=SHP*DROT/TIPSPD
WIGA=8.* (SHP*DROT/TIPPD) **, 84

™y 5,20
{ GGR D, »—{ WTGA=10. 6* (SHP*DROT/TIPSPD) **. 84
: .

A

Y
WAFTB=, 6*DROT**2
WIGA=WIGA+WAI'TB

)
C o )0 > RETURN
1 r <
I ) < .
WRITE(6) (: GGR j:}—1:39—~4»-@ngmaull
\ i -
(:_ GGR =:20 (; GGR >.20 <II!IIIII[
A 4 ¥ ) - 4
RRTTITEY CSTGB=C1*22 (N) *WTGA+13.5
WIGB *27(N) *WAFTB
[ ~ Y 0
Y TWRITE (0) (: KWRITX j)———-———+— RETURN
WIGR
w:fnﬂhwm’ Y
[ WRITE(6) N

WRITE (6) p——> RETURN CSTGB
WIGA,WAFTB S

k.
3

l _
X=10. *ALOG10 (SHP)
GPNDB=31.0+X
GDBA=19.,9+X

FIGURE IV.3.7 - DETAILED FLOWCHART,

SUBROUTINE GEARBX =~ GEARRQK WIIGHT,
Y COST AND NOISE
t C1 ) =120,
N
GPNDB=GPNDB+3, Y WRITE (6) ] ;
GDBA=GDRBA+3, GPNDB, GDBA RETURN

63



IV.3.2.5 gubroutine PERFM, Propellar Pearformance. Subroutine PRERFM

computas propsller performance by the method of Saction Iv.1.3.1. Calcu~
lations mainly involve interpolation in storad data using the utility
routinas BIV (Section I.l.3.4) and UNINT (Section I.1l.3.17). A datailed

flow chart for subroutine PERFM ig presentad in Figure IV.3.8,.
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PERIM

RR=1
ASTERK=999999.

r—>D0 120 K=1,2

!

CALL UNINT(6,AFVAL(1),AFCPC(1,K),AFT,AFCP(K),LIMIT)
CALL UNINT(6,AFVAL(1),AFCTC(1,KX),AFT,AFCT(K),LIMIT)

A
__I"T20 CONTINUE |

!

—>» D0 100 K=3,7

!

AFCP (K)=AFCP(2)
AFCT (K)=AFCT(2)

Y
~—{ 100 CONTINUE |

o )

Y
AFCPE=2.*ZJI* (AFCP (2)-AFCP (1))+AFCP(1)] Y
AFCTE=2.*ZJI* (AFCT (2) -AFCT (1)) +AFCT (1)

ot l
-

Y

o-
i)

L
y | AECPE=AFCP (2)
AFCTE=AFCT (2)

—-—.—»_—.—-]
(:A 231 "t) 21.0 (; 231 >1.5
Y Y 4
NBEG=1 NBEG-=2
NEND=4 ¥ NEND=5
< , «

\l’
— >
[rcL=0 ] | (;_ ZJ1 }——;*Q-—;r
3 i w

DO 130 II=1,6 (:~ IW i)w—ingv—*——~NBEG=4

NEND=7

A

1z=11 NBEG=3 v
“TNEND=6

il

<
<0009 “«
(§BS(CLI-CCLI(II)i} >

v ©
{130 CONTINUE |

FIGURE IV.3.8 = DETAILED
FLOWCHART, SUBROUTINE PFERFM
V-3 PROPELLER PERFORMANCE
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PERFM 2

C ar  2bs (0 cx )2ls
Y \
NCLT=1 N NCLT=2 NCLT=3
NCLTT=4 NCLTT=5 NCLTT=6
\ 4 y ‘4"
(:::}-_—-—-;--NCLT=IZ‘ < <
NCL=1
NCLTT=1Z
\
NB=BLADT+. 1
LMOD=MOD (NB, 2) +1

¥
(:> oD ) 2

! Y 1
NBB=1 NBB=4
L=BLADT/2.+.1 L=1

A

A

k §
b0 500 IBB=1,NBB

DO 300 K=NBEG,NEND

v

—(__m o bsod

J |3

Y ALL UNINT (9, ZJSTAL, CTSTAL (1, L) ,ZJJ (K) ,CTT (K) , LIMIT)

CALL UNINT(9,2ZJSTAL,CPSTAL(1,L),ZJJ(K),CPP(K),LIMIT)
CALL UNINT(INN, (K),CPANG(1,K,L),BLDANG(1,K),CPP(K),BLL(K),LIMIT)

3
{cPE=CP*AFCP(K) |

Y »
CALL UNINT(14,CPEC(1),BLDCR(1,L),CPE,PBL, LIMIT)

\i
CPE1=CPE*PBL*PFCLI (K)
| NNCLT=NCLT

DO 215 KL=NCLT,NCLTT

Y

CALL UNINT(NCLX (NNCLT),CPCLI (1,NNCLT) ,XPCLI (1,NNCLT),
CPE1,PXCLI (KL), LIMIT)

I
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l iy
Y .
( opr1t =040 FiRvre(e)crEl,
== « PXCLI(KL), L
RS N | > ‘
- <
Y -
C cper =070 o Tyrrre(s)cPEL,
7 PXCLI (KL), L
(:;_A KL j*‘:é“ﬁ*‘j;
— »
* C ooer =015 IorTe)crer, |
~ < PXCLI (KL), L
\1

NERPT=1
NNCLT=NNCLT+1

1215 CONTINUE }
Y

. =1 \
) ,

4

CALL UNINT(4,CCLI(NCLT),PXCLI (NCLT),CLI,PCLI,LIMIT) ]

ey

.
%

—oi.
-

{PCLI=PXCLI(NCLT) }

> 7

fcpr=cpE*pCLI |

Y .
CALL UNINT(INN(K),CPANG(1,K,L),BLDANG(1,K),CPE,BLL(K),LIMIT)
CALL UNINT(INN(K),BLDANG(1,X),CTANG, (1,K,L),BLL(K),CTT(K),LIMIT)

Y
C ot :)—Jﬂl——a———‘iib (!i)

NNCLT=NCLT

INGRPT=2 |

DO 260 KL=NCLT,NCLTT

!

CTA(1)=CT
V=3 CTA(2)=1.5*CT
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PERFM 4

DO 2600 KJ=1,5

i

NETX=KJ
CTE1=CTA (KJ) *AFCT (K)

Y
CALL UNINT(14,CTEC(1),BTDCR(1,L),CTE1,TBL,LIMIT)

Y

[ CTE1=CTE1+TBL*TFCLI (K) |

Y

CALL UNINT (NCLX(NNCLT),CTCL(L,NNCLT),XTCLI (1,NNCLT),
CTE1, TXCLT (KL) , LIMIT)

Y
[RERPT=3 |
Y

(;M LIMIT j) =1 591
Vo } Y =0
L 2w ) - ZMCRT=ZMCRO (NNCLT) >

DMN=ZMS (2) -ZMCRT

b 4 , ;
fUALL UNINT(11,ZJCL(1),ZMCRL(1,NNCLT),2ZJJ (K) , ZMCRT, LIMIT)

3

[DMN=2MS (1) -ZMCRT |

A

A
{XEFT(KL)=1.0 |
L
= ()
+ w
\ {CTE2=CTE1*TXCLI (KL) /TFCLI (K)}

r

CALL BIQUAD(ZMMC, 1,DMN,CTE2,XEFT(KL),LIMIT)

L%
Ed

y

FOTAT (K.Y -CT-CTA(KJ) *XFET (Ai.) |

(; CTAT(KJ) i>*‘=0 > {; KJ j} S {gg)
I — '
T —
y <
(}S(CTAI(KJ-I)-CTAI(KJ){Ei} =.001 (85)
V-3



PERFM 5

CTA(KJ+1)=-CTA(KJ-1) * (CTA(KJ)-CTA(KJ-1))/
CTA1(XJ)-CTA1(KJ-1))+CTA(XJ-1)

v

84

Y

' par—aa -
CTN=CTA(NFTX) /XFFT (KL)
NNCLT=NNCLT+1

® ®

4
{260 CONTINUE

Y

" (o =l
(;7 NCL
|
CALL UNINT(4,CCLI(NCLT),TXCLI(NCLT),CLI,TCLI,LIMIT) !
CALL UNINT(4,CCLI(NCLT),XFFT(NCLT),CLI,XFT1(K),LIMIT)
CALL UNINT(4,CCLI(NCLT),CTN(NCLT),CLI,CTT(K)LIMIT)
' |

¥

I

TCLT=TXCLT (NCLT)
XFT1(K)=XFFT(NCLT)
CTT(K)=CTN(NCLT)

L4

‘I’
CTE=CTT(K)*

Y

CALL UNINT(INN(K),CTANG(i,K,L),BLDANG(l,K),CTE;BLL(K),LIMIT)
CALL UNINT(INN(K),BLDANG(1,K),CPANG(1,K,L),BLL(X),CPP(K),LIMIT)

)
(:;‘ LIMIT :}— =0 - Qggb

¥
!NER?T=3 } - (EED
i \

CALL UNINTCINN (K)  BLDANG(1,K3,CPANG (1, K, L), BLLLL,CPP (K), LIMIT) !
CALL UNINT(INN(K),BLDANG(1,K),CTANG(1,K,L),BLLLL,CTT (K),L.IMIT)

4

| 300 CONTINUE |

Y
(; IW :>’ =4 -

) 1

CALL UnINT(4,Z2.L1(NBLG),BLL(NBEG) ,ZJI(NBEG), §—»—{ BLLLL=BLLL (1pp)]}
BLLL(1BB),LIMIT) ~

1
Iv-3 '
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PERFM 6

A

@—2 s

4] \
CALL UNIT(4,2JJ (NBEG),CPP(NBEG),zJI,CPPP(IBB),LIMIT)

n

Y
CALL UNIT(4,ZJJ (NBEG),CTT(NBLG),2J1,CTTT(IBB),LIMIT)

y

CTG(1)=.100
CTG(2)=.200

‘
[CALL UNINT (7,299 (1), TECLI(1), 291, FCLIT, LIMIT]

bo 390 IL=1,5

l

[CT-CIG(IL) *AFCTE

\
CALL UNINT(14,CTEC(1),BTDCK(1,L) ,CTE,TBL,LIMIT)1
vl feaded :

Y
CTE1=CTE*TBL*TFCLII
NNCLT=NCLT

!

DO 396 KL=NCLT,NCLTT

|

CALL UNINT (NCLX (NNCLT),CTCLI (1,NNCLT),XTCLI (1,NNCLT),
CTE1,TXCLI (KL) , LIMIT)

Y
NERPT=5 |
(:“ TR e > <E€D
Y ,
(l . N\ =0 . ZMCRT=ZMCRO (NNCLT) -
g DMN=ZMS (2) -ZMCRT

W

[ CALL UNINT(11,2JCL(1) , ZMCRL(1,

NNCLT), ZJ1,ZMCRT, LIMIT) §

Y
TDMN=ZNS (1) -ZMCRT |

4
PXFFT(KL)=1.0 §

Iv-3
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' +
DMN

o

PERPM

3
S

(; -,0

el
=

-

{CTE2=CTE*TXCLI (KL)*TBL |}

[NNCLT=NNCLT+1

C

NCL )=t

r

I

CALL BIQUAD(ZMMC,1,DMN,CTEZ2,
XFFT(KL),LIMIT)

vy

Y

A

CALL UNINT(4,CCLI(NCLT),TXCLI(NCLT),CLI,TCLIL,LIMIT
CALL UNINT(4,CCLI(NCLT),XFFT(NCLT),CLI,XFT,LIMIT)

]

Nl

XFT )
!

.
¢t

SXFT=1.0 }

A

F
TCLII=TXCLI(NCLT)
XFT=XFFT (NCLT)

Y

CT=CTG(IL)
CTE=CTG(IL)*AFCTE*TCLI
CTG1 (IL)=CTE-CTTT(IBB)

I

Y

<.001

. ‘J‘

(éBS(CTGI(IL)/CTTT(IBBi)
RS
(: 1L J

b

)

¥

CTG(IL+1)=-CTGI(IL-

1)* (CTG(IL)-CTG(1L-1))/ (CTG1(IL)-CTGL (IL~1))+CTG(IL-1)

. A

L

Y
{CTTT(1BBY=CT |

CALIL UNINT(4,2JJ (NBEG),CPP(NBEG),ZJI,XFT,LIMIT)

>l

C

XEFT

LW

iy

Yo

XET=1,0

il
-

CALL UNINT(4,ZJJ(NBEG),CPP(NBEG)ZJI,CPP(IBB),LIMIT)

CPG(1)
CPG(2)

50
00

i

.
.2

:

CALL UNENT(d,ZJJ(NBEG),PFCLI(NBEG),ZJI,PFCLII,LIMIT)

Y
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PERFM

DO 290 IL=1,5

CP=CPG(IL)
CPE=CPG (IL)*AFCPE

Y
]CALL UNINT(14,CPEC(1),BLDCR(1,L),CPE,PBL,LIMIT)

|

CPE1=CPE*PBL*PFCLII
NNCLT=NCLT

!

DO 280 KL=NCLT,NCLTT

i

CALL UNINT (NCLX(NNCLT),CPCLI (1,NNCLT) ,XPCLI (1,NNCLT) ,CPE1,PXCLI (KL), LIMIT)

NERPT=0

Y

N _=1
(:; LIMIT -/ 591

Y
INNCIT=NNCLT+1 }

) &

{
C s ) »

Y

¥
CALL UNINT(4,CCLI(NCLT),PXCLI(NCLT),CLI,PCLII,LIMIT).~]
. -

il

-
fPCL1T=PXCLI (NCLT)]

¥
!CP=CPG([L)’
Y
CPE=CPE*PCLII

CPG1 (1L)=CPE-CPP(1BB)

<
(}BS(cpul(IL)/CPPP(IBB;E} =.001

=t >
CD :
Y Y
CPG{IL+1)=-CPG1(IL-1)*CPG(IL)-CPG(IL-1)}/(CPG1(IL)~CPG1(IL-1))+CPG{IL-1)
= » -
Y

‘ -
i WRITE (6)
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PERFM 9

[ CPPP(1BB}=CP |

1
[500 cgNTINug |

Y

C NBB-1 ) > RETURN
;

C w ) »——(520
Y

CALL UNINT(4,¥BB(1),BLLL(1),BLADT,BLLLL, LIMIT)

Y

Y

\_J

Cl

TIOR8 N PR AR W L RSN
CALL UNINT(4,XLB(1),CTTT(I),BLADT,CT,LIMIf%I

Y
IW }————»———|=4
i’ 1 <

- s "
rEALL UNINT(4,XLB(1),CPPP(1),BLANDT,CT,LIMIT)

D e mmer |
Y
RETURN

WRITE(6)
NERPT, LIMIT

CT=ASTYRK
CP=ASTERK

RETURN
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IV.3.2.6 Subroutine PNOYS, »vpellar Driven Aircraft Noise Controlling

Routine. Subroutine PNOYS controls the propaller driven ailrcraft noise
calculations as discussed in Section IV.1.3.6. Routines callsd by PNOYS
include subroutine ENGINE for engine performance (Section IV.1.2.2);
subroutine GEARBX for gear box characteristics (Section IV.1.3.3); Subroutine
ZNENG for engine noise characteristice (Section IV.1.3.7); subroutine TPALT
for atmospheric properties (Section I.1.3.15), and subroutine ASPEED.

A detailed flow chart for subroutine PNOYS is presented in Figure 1V.3.9,
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PNOYS

WRITE (6) |

WESAV=WF

v
Y
o

Y

> ot

C, NTY? j #6,7,16,17

H=0.
SMN=,1 Y
EM=SMN

PO=2116.
T0=519,

"
r

=0 -
C KNOYS y; 3o
Y
CALL ASPEED(XMN,H,WG,KENG)
EM=XMN i
¥

\
CALL TPALT(H,GALT,PO,FKALT,TO0,G, XKV)

A

A

Y
fpo=po*144. |

. _
rCALL ENGINE (THRUST, TSFC, X1 ,WF,X2,P0,T0,SMN,H,KENG)

A R
EEALL ENGINE (THRUST, TSFC, X1,WF,X2,P0,T0,SMN,H, KENG)J

Y

FIGURE IV.3.9 -~ DETAILED FLOWCHART, SUBROUTINE PNOYS
PROPELLER DRIVEN ATRCRAFT NOISE CALCULATIONS
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PNOYS 2

(:;N_KWRITE L > WRITE ()1 WN,EM, |
« THRUST, KENG , KNOYS

) IPROP
10

(:» M ‘:) 2:1 [Wi=hrsAv } » RETURN

-

(  cratIO #1, [TCALL GEARBX(XNMAX,PCRTO,HPMSLS,GPNDB, CDBA,
r— DPROP, GRATIO, WTGB, CSTGB, NTYP,
v GRATIO, 3)

1TYPE=1

Y

o\ _ =4 or 14 ey
(:7 ‘NHYL ) } » ] ITYPE=2

™\ =5 or 15

»— | ITYPE=3

NOE=ENP

PCRPM=PCRTO

Y i ,
CALL :NENG(lTYPE,HPMSLS,XNMAX,PCRPM,EPNDB,EDBA,NOE,GGR)

Y

WH=WESAV

RETURN

Iv-3
76



IV.3.2.7 8ubroutine PWRPLT, Plston Engina Power and Fual Flow.

Subroutine PWRPLT computes piston engine powar and fuel flow by the method
of Section IV.1.2.3. The only subroutine called by PWRPLT is the utility
routine ITRIN. A detalled flow chart for subroutine PWRPLT 1s prasented in

Figure IV.3.10.
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PWRPLT

CALL ITRLN(APCN,APCPHWR,PCRPM,PCPHKM, 6) l

SIGMA=DELTA/ ( (RTIET) **2)

’ = 7,8,9,10,11
(:: KODE :} 2,5,6,7,8,3, 10,
=1,3,4 | v

[TIPMSLS=11PWR/PCPOWR |

~

A

(: KODE j} =5 or 6 or 9, [ BCPOWR=HPWR/HPMSLS ]

* TN,
C KODE =2 or 7

Y _ . -
(:7 KSPCHG =

Y

CALL ITRLN(AH,ARHP,H,RHPCOR,6)l
1 SO .
HPMCOR=1IPMSLS*RHPCOR
HPM=HPMCOR*DELTA*RTHET
R
|

~y  <SIGCRT -
(; SIGMA )

\

3| HPWR=HPMSLS*PCPOKR__J
)|

[
o

\

.

A

¥

iIPM=11PMSLS
I

— &
Y HPM= ((SIGMA-.117)/ (SIGCRT-.117)) *HPMSLS

-
il

v
{HPAVLB=HPM*PCPWRM |

)

<
#8 N CHPHR S1.01
C x> wpavis ) (PR HPéYEB)/HPAVQE}aM._T:

R R | « — o =
4; 48 h [HPAVLB=HPWR | ~
(jN KODE } »

“\ SHPAVIB _

X HPWR >
HPWR=HPAVLB (: " !
PCPOWR=HPWR/HPMSLS (: 14

‘ KODE

HPAVI,B=HIPWR
FIGURE TV.3.l10~- DETAILED FLOWCHART HEM=HPAVEB/PCEWRM
SUBROUTINE PWRPLT, PISTON ENGINE Vo3 Y

POWER AND FUEL FLoW




PWRPLT

C

Y

KSPCHG )Lty HPMCOR=HPM/ DELTA/RTHET
T HPMSLS=HPMCOR/RHPCOR
( stoun  )-<SIGCRT _  "oMSLS=HPN/ ((SIGA-.117)

/ (SIGCRT-.117))

Y

[ HpMsLS=HPM |

\

} PCPOWR=HPWR/HPMSLS

Y

A

WRITE (0) ]
PCPOWR
’ (:‘ D " DISPL=2, *HPMSLS ]
\ < —= -
(ff BMEP ) PO o [ DISPL=792000.*HPMSLS/BMEP/ XNMAX
B ——
‘ )
{: KSPCHG j} =1 > —
(j PCPOWR ‘j) >.78 |
0 »—| GPH=(.0072+,0365*PCPONR) *DISPL+0. 18
(: ME e N Y
¥ <
(; KODL: ~:} =8 . a
! %.78
( rvorow )78 GPH= (. 00338+, 0355*PCPONR) *DISP1.-0. 6)
~——-b~—ﬁ ‘ ” Y -« —
(; PCPOKR :} 218 GPH= ( (. 128% (PCPOWR- . 6) ¥+ 3) = 050) *D1SPL,
i
A <
(: pePOWR =8 [ Grl=, 044 *PCPORR*DISPL

A Y

L

Y

>

V

BSEC =0, 0*GPH/PCPOWR/HPMSLS

Y

C

™\ =2700.
XNMAX W,

3 RETURN

\

FHOB= (. 000046) *XNMAX) -. 01447

BSF(C=BSFC* (1. +FHOBH) /1. 11
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IV.3.2.8 Subroutine TURBEG, Turboprop Engina Performance., Subroutine

TURBEG computes the performance of turboprop engines by the method of
Section IV.l.2.4. The only subroutines called ara the utility xoutines
BIV (Ssctlon I.l.3.4); ITRLN (Section X.1l.3.7); and ITRMHW (Section X.1.3.8).

A detalled flow chart of TURBEG is presented in Plgure IV.3.1l.
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TURBEG

JJ=0

JX=0

JC=0

JC1=0

Fx.9

FF=1.,02

ERRHP=1,
TTO=(1,+2,*SMN*SMN) *T0
PTO=P0* (TTO/T0)**3.5
THETA2=TT0/519, 0
DELTA2=PT0/2116.0
RTHET2=SQRT (THETA2)
T2=TTO

{ 2) ¥ Y
(:: PCNCR j} >PCNCMX _  I'SCNCR=PCNCMX |
|

-l
i

Y )
XNCR=PCNCR*XNCREF
XN=XNCR*RTHET2

\I

D e b

Y
XNCR=XN/RTHET2
PCNCR=XNCR/XNCREF
PCN=#CNCR*RTIHET2
\

>
(i KopE )2 or =5

vy
Y

HPCSZ=HPWR/DELTA2/RTHET2

— O s

Y
CALL TITRLN{AXNCR,ATRC,XNCREF,T4TZ2RF, 8)

i
—

(: MODLP ;} ~ - CALL ITRLN(AXNCR,ATRTO, XNCREF, T4T2RF,8)

Y

Y 2! -
(: THETA2 ) .
Y

4

A

T4AMAX=TAMAXC |

k 2

C womr 2l {TAMAX=TAMAXT ] )
J

y
T4QT2M=-T4AMAX/T2
T4T2RF=T4QT2M
FIGURE 1V,3,1] - DETAILED FLOWCHART, SUBROUTINE TURBEG
Iv-3-
81

-

4

A




TURBEG 2

CALL ITRLN (AXNCR,ATCR, XNCR, TAQT2M, 8)
CALL ITRLN(AXNCR,ATCR, XNCREF,T4T2RF,8)

Y

(' wooer  )—=L . [CALL ITRLN(AXNCR,ATRTO, XNCR,T4QT2M,8)
|10
Y

U

( MODL:P )—LL—;-— CALL TTRLN(AXNCR,ATRTO, XNCREF, T41.2RE, 8)
Y B
[iTAB=1 ]
(5> > y
{T4QT2=T4QT2M |

Y

TaseT )20 - T4QT2~TASET/ T2
J
=
C T4QT2 :,\ >T4QT2M TAQT2=T4QT2M |
e . . H
¥

CALL BIV(HPCT25,XNCR,T4QT2,AXNCR,AT4QT2,AHPC25,8,6,NER)
Y

CALL BIV(HPC25R, XNCREF, T4TZRF,AXNCR,AT4Qt2, AHIPC25, 8, 6,NER)

i‘ITAB:.::]

A 4

C NiiR ;) #1 e
o)

Y

CALL BIV(HPCTO,XNCR,T4QT2,AXNCR,AT4QT2,AHPC50,8,6,NER)
Y

CALL BIV(HPCOR, XNCREF,T4T2RF,AXNCR,AT4QT2,AHPCO,8,6,NER)

A

1 II'AB:?;:]

( NER 3 il B @
¥

HPCTAB=HPCTO+ (HPCT25-HPCTO0) *SMN/. 25
HPCREF=HPCOR+ (HPC25R~-HPCOR) *SMN/. 25

! y-3
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TURBEG 3

(:) CALL BIV(HPCTS0,XNCR,T4QT2,AXNCR,AT4QT2,AHPC50,8,6,NER)
CALL BIV(HPC50R,XNCREF,T4T2RF,T4T2RF,AXNCR,AT4QT2,AHPC50,8, 6,NER)

Y

Y

C NER )7“ > @

Y .
HPCTAB=HPCT25+ (HPCT50-HPCT25)* (SMN-.25)/.25
HPCREF=HPC25R+ (HPC50R-HPC25R) * (SMN~-. 25) /.25

O Y

CALL ITRLN(AXNCR,ATRT),XNCREF,T4T2SL,8)
CALL BIV(HPSLRF,XNCREF,T4T2SL,AXNCR,AT4QT2,AHPCO,8,6,NER)

C N}ik )—il—— —
(: KODE 4:)“=2 or =5 .

L

1
RHP=HPCSZ/HPCTAB
HPAVLB=HPWR
HPCMAX=HPCREF*RHP

HPM=HPCMAX*DELTA2*RTHET2 N {E§)
HPMSLS=HPSLRF*RHP i
JJ=1

\ -’

RHP=HPMSLS/HPSLRF
HPAVLB=HPCTAB*RHP*DELTAZ*RTHET2
HPCMAX=HPCREF*RH{P
HPM=HPCMAX*DELTA2*RTHET2

Y
C raqrz )2TOM (0 por  2PONOX (9
| A = o

( KODE £5,6 @

A
ERRM1=ERRHP

Y ,

C D @
A
| ERRIP= (HPAVLB-HPWR) /HPWR |
¥
(Cassrrry 005 (35)
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TURBEG 4

( mar2 |

™\ >HPAVLB

\

A

>
) ST4QTZM (: HPWR

.
*

4

CALL ITRMHW(ERRHP,ERRM1,T4QT2,F,FF,JC,JX)

C

Ty >20 -

JC )

;
Q)

@

vl

»

«

>PCNCMX

Q)

il
( rovr
Y

C

) ,
/ L
_#0

g

JC1

3

A 4

F1=,995

FF1=1.001

ERRHP=1.

ERRM1=ERRHP

ERRHP= (HPAVLB-~HPWR) /HPHR

Y Y

CALL TTRMIW(ERRHP,ERRMI,PCNCR, F1,FF1,JC1,J%)

C

JC1

N
T

vy

D @

&

HPAVLB=HPM
PCNCR=1.0
T4QTZ=T4QT2M
XNCR=PCNCR*XNCREF

@ >— [[CATL_BIV(WFCTZ5, XNCR, TAQTZ, AYNCR, AT4QT 2, RHFC S 8,8 NERY ]

Y

C

C

ITAB=5 |
Y
NER ::} £l > (50)
sy 2B e (%)
¢ V-3

84




TURBEG 5

CALL BIV(WFCTO,XNCR,T4QT2,AXNCR,AT4QT2,AWFCo0,8,6,NER) l

Y
ITAB=6

Y

(: NER _:) £l > Q%@

Y
| WECTABR=WFCTO+ (WFCT25-WFCT0) *SMN/ . 25 |

N

CALL BIV(WFCT50,XNCR,T4QT2,AXNCR,AT4QT2,ANFC50,8,6,NER)

lITA;%Z:]

- ,
[ WFCTAB=WFCT25+ (WFCT50~WFCT25) * (SMN-. 25) /. 25

\L

CALL BIV(FNCT25,XNCR,T4QT2,AXNCR,AT4QT2,AFNC25,8,6,NER) |

Y

[11aB-8_]

¥

‘ - 1 N
Comr ) —)
Y
{ FNCTAB=FNCTO0+ (FNCT25-FNCT0) *SMN/ . 25

-

& ‘V st
EALL BIV(FNCTS50, XNCR,T4QT2,AXNCR,AT4QT2,AFNC50, 8, 6,NER)

[TTR=10 ]
C NER } Y - @
+ Iv-3
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TURBEG 6

FNCTAB=FNCT25+ (FNCT50-FNCT25) * (SMN-.25)/.25 ]

Y
CALL BIV(WACTZS,XNCR,T4QT2,AXNCR,AT4QT2,AWAC25,8,6,NER)

Y

TTAB=11
Y
(:" NER :} il > (g@
C S{MN :) >.23 -

(: NER ;:}Aﬁl » QED

¥ )
| WACTAB=WACTO+ (WACT25-WACTO) *SMN/.25 |

i

o o,

-
<

] - _
CALL BIV(WACTSU,XNCR,T4QT2,AXNCR,AT4QTZ,AWAC50,8,6,NER)<]

A

[TTAs=13"]

\

C o ) e @

Y

{ WACTAB=WACT25+ (WACT50~WACT25) * (SMN~-.25)/.25 |

¥
BSFC=WFCTAB/HPCTAB
WF=BSFC*HPAVLB
HPQWA=HPCTAB/WACTAB*THETA2
WA=HPAVLB/HPQWA
FNQUP=FNCTAB/HPCTAB/RTHET2
FN=FNQHP*HPAVLB

Y

Co

Y

WATAB=WACTAB*DELTAZ2/RTHET2 \

AQAREF=WA/WATAB

XNEGMX=XNCREF/SQRT (AQAREF)

GR=GR*XNMAX/ XNEGMX

KNMAX= XNEGMX
' V-3
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TURBEG 7

[WRITE (6) ERRHP, WRITE (6)JC, |
ERRM1,JC,JC1,HPM,| | Jci,T4QT2,
HPWR, TAQT2,XNCR | | PCNCR

[WRITE (6)
ITAB, SMN,
XNCR, T4QT2

el

-

(f KHRITE ‘j) =1 or =5  IWRITE(6)RIP,SMN,T2,RTHETZ,
HPAVLB, XN, HPSLRF , XNCR, XNCREF,

Y PCN, PCNCMX, PCNCR, T4QT2M, T4QT2,
" | TAT2RF,HPM,HPMSLS

A

Y
RETURN
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IV.3.2.9 Bubroutine WAIT, Propaller Welght.

Subroutine WATT computes

propallaer walghts by the mathod of Section IV.l.3.4. The indicator IWTCON

detarminas whicr one of five sats of equations are usad to predict 1970

and 1980 propellar walghts. No other subroutinas ara called by WAIT. A

detailed f£flow chart for subroutine WAIT is provided in Figure IV.3.12.
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WALT

<

(:ﬁ WTCON _:} =0 >
Y

ZND=T1PSPD*60,/3. 14159
ZN=ZND/DIA

ZK2= (DIA/10.)**2,

ZK3= (BLADT/4.)**.7
ZK4=AFT/100,
ZK5=ZND/20000.

ZK6= (BHP/10./DIA*%2)** 12
ZK7= (ZMWT+1,0)**.5
WTFAC=ZK2*ZK3*ZK6%*ZK7
IWTCON=WTCON
7C=3.5*ZK2*BLADT*ZK4**2% (1, /ZK5) **,3

Y
( wrcow

ul‘F2+=3Y’-4L-——W = = e

=

WT70=170.*WTFAC*ZK4**.Q*ZKS**.35
WT80=WT70

RETURN

i |
WT70=200, *WTFAC*ZK4**, 9*ZK5**. 35
WT80=WT70

RETURN

Y
WT70=220. *WTFAC*ZK4**, 7*7X5%* ,4+7C* (5,0/3.5)
WT80=WT70

RETURN

¥ Y
WTFAC=WTFAC*ZK4** ,7T*ZK5%* 4
WT70=220. *WTFAC+ZC* (5.0/3.5)
WT80=190. *WTFAC+ZC

!

RETURN

7
WT70=220, *WTFAC*ZK4**  7*ZK5**,4+ZC* (5.0/3.5)
WT80=190. *WTFAC*ZK4**,7*ZK5%*,3

STUR
RETURN FIGURE IV.3.12 = DETATLED FLOWCHART, SUBROUTINE

V-3 WAIT - PROPELLER WEIGHTS
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IV.3.2.10 Subroutine ENENG, Enginas Nolsa. Thiz routine computes piston,

rotary, and turboshaft engins noise charactaristics by the method of Section
Iv.l.3.7. Engine types is selected by the indicator ITYPRE. The only sub-
routinae called by ZNENG is the utility routins UNINT (Section I.1.3.17).

A detailed flow chart for subroutine ZNENG is pressnted in Figure IV.3.13.
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ZNENG

XNOE=NOE
X=ALOG10 (SHP)
| xX=10.*ALOG10(XNOE)

A

).=3
(: ITYPE‘ )=

¥ Y

:1\
X=10,*X+XX
ENDI=28,5+X
EBAI=16,3+X
ENDC=51, 6+X
EBAC=38,8+X
XNCYL=4.

A 4

>
TN =210, ' -
C s;w ) XNCYL=6,
(: S\ _=400. - Y Y
sin D, — lXNLYL=8.|
Y .
[ TIZFF=XNMAX *PCRPM* . 50* XNCYL/ 60,

k 2

A

Y

1
o i i -
CALL UNINT (4,HXZFF(1),XX1(1),HIFF,A,LIMIT)
CALL UNINT(4,HXZFF(1),XXZ(I),HZFF,B,LIMIT)

- Y
C it )%
¥

WRITLE(6)
HZFF )
e <
ENDE=A+X v v P
RBAL=F+X X=7.5%X+XX
[ = EPNDB=67.1+X
X=10.*X+XX 53ﬁ?:34.7+x
ENDI=47, 3+X l?BAI:U.
IEBAI=306.7+X i o .
INDC ENDC=0,
ENDC=41r +X LBAGSO
EBAE=62,2+X :BAL=0.
Y * v

EPNDB=10.*ALOG10(10.** (,1*ENDI)+10,** (. I*ENDC) +10,** (. 1*ENDE))
EDBA=10.*ALUGIU(10.**(.1*EBAI)+10.**(.1*EBAC)+10.**(.I*EBAE))
Y | _
WRITE (6)ENDT,EBAT,ENDC,NOE, FIGURE 1V.3.13 - DETAILED FLOWCHART,
RETURN <] EBAC,ENDE,EBAE, EPNDB,EDBA SUBROUTINE ZNENG ~ ENGINE NOISE




IV.3.2.11 Subroutine ZNOILSE, Propeller Noilse. This routine computes

propeller generated noise by the method of Section IV.1l.3.5. The only
subroutine called is the utility routine BILINE (Section X.1l.3.1). A

detailed flow chart for subroutine ZNOISE is presented in Pigure IV.3.14.
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ZNOISE

TMT=SQRT (TIPSPD**2+ (VKTS/.5925)%*2)/1120.*FC
NBB=1
IB=BLADT-1,0+.001

KK=1IB NBB=4 KK=4
KK=3 NBB=4
S a—_ ¥

D0 8 K=KK,NBB

1

lC?'L BILINE(XNOIS(1,K),1,TMT,DIA,PNLB(K),LIMIT)

Y
-1 8 CONTINUE |

‘l’

(:j T™T “:} 20.90 | HRITE(b)!

w

PNLD=PNLB(KK) {
C ) PNLB= (PNLB
) = (PNLB(3)+PNLB(4))/2.
o, } )
\d N
RMI'=TIPSPD/1120, *FC |
¥

( mr )2090 WRITE (6)

—
o

L

¥

Y

Y

XL1=48.965+38, I*RMT+15, 4*ALOG10(BHP/100.)
XL2=-20.0*ALOG10(DTA/10.5)-20.*ALOG10 (BLADT/4.)
XL3=-20, 0*ALOG10({DIST/500.)

X14=10., 0*ALOG10 (XNOE)

SPL=XL1+XL2+XL3+XL4+PNLD

SPLX=SPL-12.0

L

WRITE (6) XNOE,VKTAS,
p1ST,XL1,XL2,XL3,XL4,
PNLD,SPL,SPLX

RETURN

FIGURE IV.3.14 ~ DETAILED FLOWCHART, SUBROUTINE
ZNOISE -~ PROPELLER NOISE
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IV.3.2.12 Subroutine COBT, Propallsr Costs. This routine computes

propaller costs by the mathod of Section IV.1.3.2, Both 1770 oxr 1980 cost
astimatas may ba made. No subroutines are called by cost. A datailed flow

chart for subroutine COST is presanted in Figure IV.3.15.
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{ ICON=WTCON+.01 |
Y

. ﬁ'\ =2 N f o+ -
(:gA IENT ) —(___cxn0 ) E>{ccko=Ck70 ]
=] +
. -lo
an )
S 0 ¥
CCLF1=3.2178 CCLPI=CLF1 Y
CCLF=1.02 CCLF=CLF
RETURN RETURN
v v
CCK70=ZFFAC(1, ICON)* (3. 0*BLADT**, 75+ZEFAC (ICON)) |
Y
(:; CK80 :} x > [CCK80=CKB0 J}——> —
- | 0
CCKBO=ZFFAC(2, ICON) * (3. 0*BLADT**, 754 ZEFAC (ICON)) 1
e e~ ————— — e __-(.-;__,- . - R - P -
(:_ CAMT :} * -
“y 0 l
CQUAN (1)=2QUAN (1, 1CON) CQUAN (1) =CAMT
CQUAN(2)=ZQUAN(2, ICON) | CQUAN (2) =CAMT
% ¥

XLN= (ALSG(CCLF) -ALOG(CCLF1))/6.90775527
COST70=CCK70*EXP (ALOG (CQUAN (1)) *XLN+ALOG (CCLF1)) *WT70/CCLF1
COST80=CCK80*EXP (ALOG (CQUAN (2) ) *XLN+ALOG (CCLF1) ) *WT80/CCLF1

RETURN

FIGURE IV.3.1l5 - DETAILED FLOWCHART, SUBROUTINE COSTww
PROPELLER COSTS
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IV.3.2.13 Subroutines ENGDTT, ENGDTL to ENGDT7

Thage routines provice propulsion engine charactaristics foxr various
turbojet anginas. A detailsd flowchart is presented foxr ENGDTL. Tha

engines describad by these routines are listed in Section IV.1.l.2.
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FIGURE

ENGD.TL~ TURBOJET VERSION

THETA2=T2/518.7
RTHET2=SQRT (THETA2)
DELTA2=P2/2116.

\ N 2

Cie )

| PCNCMX=100. /RTHET2 |

Y

{ PCNPCMX=104,98 |
evovanand

PCNCR=PCNCMX*FTHROT

Y

. y >105
(: PL:?MX ) —>
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CALL BIV(FNCR,SMN,PCNCR,ASMN,APCNCR,AFNCR,5,8,NER)
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CALL BIV(WFCR,SMN,PCNCR,ASMN,APCNCR,AWFCR, 5, 8,NER)
CALL ITRLN(APCNCR,AWACR,PCNCR,WACR,8)
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PCWAC=WACR=WACR/43.9
FN=FNCR*DELTAZ
WF=WFCR*DELTA2*RTHETZ2
WA=WACR*DELTA2/RTHET2
SFN=FN/WA

SFC=WF/FN
FAR=WF /%A/ 3600,
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WF=600, *DELTA2*RTHET2
WA=13,9*DELTA2/RTHET2
FN=195,*DELTA2
PCWAC=13,9/43.9
FAR=WF/WA/3600.
SFN=FN/WA
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