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GENENG- A Generic Turboprop Engine Model

Rajkumar Pant*

Abstract

This report describes GENENG, a code devel-
oped to model the performance of a generic tur-
boprop engine. Using published data from various
sources, a database of 7 turboprop engines suit-
able for General Aviation, Commuter & Regional
transport aircraft was developed. This database
consists of the values of the SHP available, Fuel-
flow, and Jet Thrust produced by the engines at
specific altitudes between sea-level & 85000 ft and
forward speeds between 0 & 350 knots (TAS), at
maz. take-off, maz. Climb & maz. Cruise rat-
ings. GENENG can then be used to obtain realis-
tic estimates of any of these three parameters for a
generic engine that lies within this database at any
operating condition, i.e. altitude, forward speed,
and engine rating. The user has to specify the
ball-parking criterion, i.e. the desired value of any
one of the three parameters at a specific operating
condition. The generic engine is then positioned
in the database, by identifying the nearest two en-
gines at the ball-parking criterion. The fractional
ratio of the location of the generic engine from
these two engines is then calculated. Assuming
that the same fractional ratio would also apply at
all the other data points, the values of all the pa-
rameters at all engine ratings are then generated
at specific combinations of forward speed and alti-
tude. Using Bicubic Spline interpolation routines,
the the value of any of the three parameters at any
forward velocity and altitude can then be obtained.

*Doctoral Student, Department of Aerospace Technol-
ogy, College of Aeronautics, Cranfield University, Cranfield,
Bedfordshire, MK43 0AL

1 Introduction

Since General Aviation, Commuter & Regional
transport aircraft are usually employed over short
stages (100-500 nm), a considerably large fraction
of their mission consists of the climb and descent
phases. Accurate estimates of the shaft horse-
power available, fuel-flow and the thrust devel-
oped due to the jet exhaust at a specific operating
condition (i.e. altitude, forward speed & engine
rating) are required for determination of the fuel
consumed, horizontal distance travelled and the
time spent during all phases of the mission.
Although some rules-of-thumb are available for
estimating these quantities for an engine whose
baseline performance is known, these can be very
vague and inaccurate. Further, it is often neces-
sary to size the the engine to meet a specific condi-
tion (for example the second stage climb gradient
at a particular altitude, speed and engine rating).
The values of SHP available, Fuel-flow and the jet
thrust developed at other operating conditions are
then required for performance estimation.

This report outlines the generic turboprop engine
model GENENG developed to meet this need. To
avoid repetition, the words three parameters in the
remainder of this report refer to SHP available
(HP), Fuel-flow (Ib/hr), and the Jet Thrust pro-
duced (Ib). Similarly, the words three ratings refer
to max. take-off, max. climb & max. cruise rat-
ings, and the words operating conditions refer to
the altitude, forward speed, & engine rating.

2 Engines in the current

Database

The model is based on published data of exist-
ing turboprop engines from various sources. At



present, there are 7 engines in the database, for
which the available sea-level static SHP ranges
from 550 to 2000 HP, at max. take-off rating.
These engines are :-

o PT6A-25 from Pratt & Whitney Canada Inc.

PT6A-27 from Pratt & Whitney Canada Inc.

PT6A-41 from Pratt & Whitney Canada Inc.

TPE-331-15 from Allied Signal Garrett En-
gines.

T5321A from Avco Lycoming.

PW-120 from Pratt & Whitney Canada Inc.

RTM-322-06 from Rolls Royce PLC.

3 Conversion of data to a uni-
form format

Because the information was obtained from vari-
ous sources, there was no uniformity in the way it
was reported. For five of these engines, the equiv-
alent power due to the jet thrust at sea-level static
conditions, and the curves for SHP available and
Fuel-flow at the three ratings at a few altitudes
were available. For the remaining two (T5321A &
RTM-322-06) the values of the three parameters
were listed in tabular form for various altitudes
and TAS. In the case of RTM-322-06, the data
was listed at steps of increasing Mach Number,
rather than TAS. To begin with, it was essential
to generate data for all engines at the same al-
titude and speed conditions. This was done by
plotting the points for all the engines using the
altitudes and TAS conditions at which data were
provided, and then extrapolating and interpolat-
ing to fill the gaps in data. The trend of variation
of the parameters was such that simple interpola-
tion and curve fitting techniques were not consid-
ered suitable. Hence, bicubic spline interpolation
routines listed in Ref.[1] were used. These routines
were found to be very robust and powerful, hence
they were used wherever a need for interpolation
& extrapolation arose. A brief description of these
routines is provided in the Appendix.

4 Description of data available
for each engine

4.1 PT6A-25

This is, at present, the smallest engine in the
database. It is one of the many versions of the
very successful PT6A free turbine series developed
by Pratt & Whitney Canada Inc. for the General
Aviation and Commuter aircraft, and has been
used on Beecheraft T-84C, Pilatus PC-7,and NAC
Firecracker aircraft. The curves for variation of
SHP and Fuel-flow with TAS between 80 knots
and 260 knots at altitudes between sea-level and
35000 ft (at every 5000 ft interval) were obtained
from an unpublished report by Hunting Engineer-
ing Corporation. In the absence of any detailed in-
formation, these curves were assumed to apply at
all the three ratings, except for SHP at max. take-
off rating, which was assumed to be flat rated at
550 SHP (580 ESHP) to 33° C at sea-level, as re-
ported in Ref. [2]. In continuation with the trend
of the curves, data for an TAS of 350 knots and
static condition (0 knots) were extrapolated at all
altitudes. The data-points at intermediate alti-
tudes and forward speeds were then interpolated.
This data was then used to obtain the curves for
all operating conditions. The resulting SHP and
Fuel-flow variations at all ratings are shown in Fig.
1, with the data points obtained from the report
superimposed. The efficacy of bicubic spline inter-
polation routines in faithfully following the trend
of variation is clearly established.

4.2 PT6A-27

The specifications and un-installed performance
data for this engine were obtained from Ref. [3].
It has been installed on Beech 994, de Havilland
Twin Otter, and Pilatus Turbo Porter aircraft. It
is flat rated at max. take-off rating at 680 SHP
(715 ESHP) at sea-level static conditions to 21°
C. Thereafter, the SHP decreases linearly, and the
curves for this variation at 1000 ft altitude inter-
vals above sea-level till 6000 ft are cited in Ref. [3].
Curves for variation of SHP available and Fuel-
flow with TAS (between 0 & 300 knots) at a few
altitudes (between Sea-level & 30000 ft) at max.



cruise and max. climb ratings were also available.
Using these data-points, the interpolated varia-
tion obtained (with the data points from Ref. [3]
superimposed) is shown in Fig 2.

4.3 PT6A-41

The un-installed performance data for this engine
was obtained from Ref.[4]. The variation of take-
off SHP with the ambient temperature (between
50° F and 110° F) at static conditions was avail-
able in graphical form at sea-level and 5000 ft. At
sea-level, it was seen that this engine is flat rated
to 850 HP till 104° F, after which SHP linearly
decreases to 830 HP at 110° F. At 5000 ft, how-
ever, the reduction in SHP starts at 84° F itself,
and it falls to 755 HP at 110° F.

For the max. cruise conditions, curves for the vari-
ation of the SHP available and Fuel-flow with TAS
at a few altitudes between sea-level and 30000 ft.
were also available. The ESHP at sea level static
conditions at the three ratings was also listed. The
engine behaviour at max. climb and Max. cruise
ratings was assumed to be identical in the absence
of detailed data, and due to the fact that the sea-
level static ESHP (& SHP) at these two conditions
was given to be identical. Further, the Fuel-flow
at all the three ratings was assumed to be same
as that for the max. cruise rating, for which the
data was available. Fig. 3 shows the the curves for
SHP available & Fuel-flow for max. climb & max.
cruise ratings for this engine, with the data-points
obtained from Ref. [4] superimposed.

4.4 TPE-331-15

Certified in April 1984 and produced by Garrett
Aircraft Engine Company, this modern engine is
quite suitable for small commuter aircraft such as
Jetstreamn Super 81, Fairchild Metro 23, and Piper
Cheyenne 400. The un-installed performance data
of this engine was also obtained from Ref.[4]. At
sea-level static conditions and max. take-off rat-
ing, it is flat rated at 1645 SHP to ISA conditions,
after which SHP reduces linearly to 1180 HP at
50° C. Curves for the SHP available and Fuel-flow
at max. cruise condition were available at 10000
ft and then at every 10000 ft interval till 30000 ft.

Due to absence of relevant data, it was assumed
that the same variation would be applicable at
max. cruise rating also. As for the other engines,
the relevant data points were extrapolated and in-
terpolated to generate the data at other altitude
and TAS conditions between sea-level and 35000 ft
and 0 to 350 knots. The variation of SHP available
and Fuel-flow so obtained and the corresponding
data points from Ref. [4] are shown in Fig. 4.

4.5 T5321A

The data for this engine from Avco Lycoming was
available in tabular form in Ref. [5]. This was the
only engine that was not flat rated, and variation
of the three parameters & ESHP with TAS for al-
titudes ranging from sea-level to 25000 ft (in steps
of 5000 ft) and TAS ranging from 0 to 300 knots
(in steps of 100 knots) was available for the three
ratings. However, no data were available on the
variation of SHP available with ambient tempera-
ture at max. take-off rating, hence it was assumed
that it remains invariant with ambient tempera-
ture at the sea-level static value of 1800 SHP. Fig.
5 shows the variation of SHP available and Fuel-
flow at max. cruise rating, with the corresponding
data points from Ref. [5] superimposed.

4.6 PW-120

The PW120 engine manufactured by Pratt &
Whitney Canada is representative of the latest
technology for turboprop engines of its size, and
was certificated in 1983. It is a member of the
PW-100 engine series, many of which have been
used for present day commuter and regional air-
craft such as Fmbraer EMB-120, Dornier Do-328,
ATR-42 & de Havilland Dash-8 series aircraft.
The performance specifications and data for this
engine was obtained from Ref. [6]. At max. take-
off condition at sea-level, the engine is flat rated
to 2000 SHP to 21° C after which the SHP re-
duces linearly to 1000 HP at 45° C. Similar curves
for the max. take-off power and fuel consumption
were provided at every 1000 ft altitude above sea-
level till 6000 ft.

Curves for SHP and Fuel-flow at max. climb rat-
ing were provided only upto 10000 ft, at every



2000 ft from sea-level. Extrapolation of these
curves to 35000 ft lead to very erroneous results,
as can be expected, so another method had to be
employed. Ref. [7] lists an algorithm for obtain-
ing the three parameters for this engine in terms
of non-linear functions of altitude, speed & am-
bient temperature, based on data supplied by the
engine manufacturer. But the values of the SHP
available & Fuel-flow so obtained do not match
very well with the curves reported in Ref. [6].
This mismatch is quite clear in Fig. 6 for SHP
and Fuel-flow, respectively, at max. climb rating,
and might be due to the fact they correspond to
two different versions of the same engine. The ver-
sion reported in Ref. [6] appears to be flat rated
at sea-level, while the one reported in Ref. [7] is
not.

However, a close inspection of the above figures
reveal that the trend of variation of these param-
eters is very much similar, especially at higher al-
titudes. Hence, in the absence of detailed infor-
mation, it was decided to obtain the variation for
max. cruise rating till 10000 ft using the data re-
ported in Ref. [6], and to continue with the trends
reported in Ref. [7] for altitudes between 10000 ft
& 35000 ft. The resulting variation of SHP and
Fuel-flow are shown in Fig 7, with the data points
from Ref. [6] superimposed.

As far as the max. cruise rating was concerned,
the curves were available in Ref. [6] for altitudes
between 5000 ft and 30000 ft, at every 5000 ft in-
terval, and the curves for sea-level and 35000 ft
were extrapolated.

4.7 RTM-322-06

This is a turboshaft engine developed essentially
for helicopter applications by Rolls-Royce PLC,
but it can also be used for regional turboprop air-
craft as well. The data points for the three pa-
rameters at altitudes between sea-level and 30000
ft (in steps of 10000 ft) were provided in a tabular
format against increasing values of Mach Number
in Ref. [8]. The effect of ambient temperature
on the max. take-off rating was also provided at
sea-level conditions; it was seen that this engine
also is flat rated to 2000 HP to 25° C, after which
it decreases linearly to 1597 HP at 45° C. Fig. 8

shows the interpolated variation of SHP available
and Fuel-flow for this engine at max. climb rating,
with the data-points from Ref. [8] superimposed.

5 Variation of jet thrust

While the data for the variation of SHP and Fuel-
flow were explicitly provided for all the engines
in various references as outlined above, only for
two of the seven engines, there was some data on
the variation of Jet thrust produced with forward
speed and altitude. Perhaps this is due to the fact
that the equivalent power due to the jet thrust
tends to be only about 3 to 7 % of the SHP at all
conditions, hence it is neglected in most cases. For
all the engines, however, the ESHP at Sea-level
static conditions was mentioned in the relevant
references and in Ref. [2]. For T5321A & RTM-
322-06, the value of jet thrust at various forward
speeds and altitudes were provided in a tabular
form in Ref. [5] and Ref. [8], respectively.

In Ref. [7], formulae for jet thrust variation
with SHP available, altitude and forward speed
for PW-120 & CT7-5A2 engine (developed by
General Electric Corporation) were provided,
based on the data supplied by the engine man-
ufacturers. Using these formulae, the jet thrust
variation obtained for these two engines at max.
take-off and max. climb ratings is shown in Fig. 9.

This figure shows that the jet thrust reduces
linearly with forward speed, with decreasing slope
as altitude increases. At higher speeds, in many
cases, the value of jet thrust produced is negative,
perhaps because the forward speed exceeds the
jet exhaust velocity. Further, at a given engine
rating, there appears to be a forward speed at
which the jet thrust is almost the same at all
altitudes. This might be the design operating
speed for the engine at that rating.

The jet thrust produced at Sea-level static con-
dition at max. take-off rating by all the engines
could be obtained, since the SHP and ESHP for
this condition were available in the relevant ref-
erences and also in Ref. [2]. It was decided to
generate the variation of jet thrust produced for



all the using the sea-level static jet thrust value,
superimposing the trends from formulae listed for
the appropriate engines in Ref. [7] and other
sources. For e.g., the curves for the three PT6A
series engines and TPE-331-15 were obtained us-
ing the trends for PT6A-67 engine obtained from
the principal author of Ref. [7], since they are all
the engines of the same family or similar power
output. The jet thrust variation so obtained for
RTM-322-06 & T5321A engines are shown in Fig.
10, with the data-points from Ref. [5] & [8] su-
perimposed. Reasonably good co-relation is seen,
except for a few points for RTM-322-06 engine.

6 Compilation of the Database

The data related to variation of the three param-
eters at the three ratings for all the engines de-
scribed above was compiled together, resulting in
a uniform database, consisting of the values of
these parameters at altitudes between Sea-level &
35000 ft (at every 5000 ft) & forward speed from
0 to 350 knots TAS (at every 50 knots). This
database was then used to obtain the characteris-
tics of a generic engine at any operating condition.
A part of this database, viz. variation of these pa-
rameters for all engines at max. climb rating is
shown in Fig. 11, 12, 13 & 14. For ease in com-
parison, the ordinate and the abscissae have been
kept the same in all these figures.

7 Methodology for ball-parking
the Generic Engine

As outlined above, the main aim of this model was
to obtain the three parameters for a generic engine
that lies within the confines of the smallest and the
largest engine of the database, at any of the three
ratings and at any forward speed (between 0 and
350 knots TAS) and altitude (between sea-level &
35000 ft). The generic engine is assumed to be
sized to meet a user specified requirement, i.e. it
is required to have a specific value for any one of
the three parameters at a specific operating con-
dition. In the description that follows, SHP avail-
able is used as the parameter for ball-parking the
engine, but it could well be Fuel-flow or jet thrust

developed, if so desired. To ball-park the required
generic engine, it was necessary to bracket it by
identifying the two engines in the database within
which this engine was positioned for the given alti-
tude and forward speed and the engine condition.
The next step was to determined the ball-parking
fraction using the formula :-

SHPye, — SHP, )
SHP, - SHP,

Where S H P,¢, represents the desired SHP for the
ball-parked engine at the specified rating, forward
speed and altitude, & SHP; and SHP; are the
SHP for the two engines just below and above
the generic engine in the database at the same
operating condition. Using the value of F from
Eqn.1, the three parameters at all the three rat-
ings for this generic engine were generated. The
values of any of the three parameters at any of
the three ratings at any operating condition can
then be obtained, by interpolating within the data
points in the database. The implicit assumption
in the above ball-parking methodology is that the
generic engine is considered to lie at the same frac-
tional location in the database for all parameters
at all conditions. This methodology also ensures
that if the generic engine happens to be very much
similar or near any of the engines in the database,
then the resulting variation of parameters would
very closely match the variation for that engine.
As a test of the above ball-parking methodology
and the efficacy of the bicubic spline interpolation
techniques, a few generic engines so obtained are
described below.

F=

8 Some typical generic engines

8.1 Ball-parking at Max. Climb rating

Let us assume that a generic engine is required
that develops SHP of 245 HP at max. climb rat-
ing at an altitude of 30000 ft and forward speed
of 50 knots. This condition could result from a
constraint imposed on the climb gradient of the
aircraft at this altitude and forward speed combi-
nation, and is labelled as Design Pointin Fig. 15.
A look at the database revealed that this require-
ment would be met by an engine roughly halfway



between PT6A-25 & PT6A-27 engines, with F =
0.48418. The next step was then to obtain the
SHP variation of this generic engine at all altitudes
between sea-level and 35000 ft, in steps of 5000
ft, and forward speeds between 0 and 350 knots,
so that the three parameters could then be esti-
mated at any operating condition. Using the bicu-
bic spline interpolation routines, the SHP avail-
able for the generic engine was calculated at every
25 knots speed increment (between the range of 0
- 350 knots) at altitudes of 25000 ft, 30000 ft &
35000 ft. This variation, along with the variation
of SHP available for PT6A-25 & PT6A-27 engine
for the corresponding altitude is shown in Fig. 15.
It can be seen that the variation for the generic en-
gine is roughly halfway between the corresponding
variation for the two engines between which it lies,
as desired. A few points representing the variation
of SHP available for the generic engine at 29000 ft
& 31000 ft are also plotted on Fig. 15, and they
are seen to follow the trend quite faithfully.

8.2 Ball-parking at Max. Cruise rating

Another ball-parking criterion could be to ensure
that the performance requirement of a specific
cruising speed at a specific altitude is met. This
requirement could result, for example, in the need
for a generic engine that develops 740 SHP at
an altitude of 35000 ft and forward speed of 300
knots. In the present database, such an engine
would be positioned between PW-120 and RTM-
322-06 engines, with F = 0.28563. Fig. 16 shows
the SHP variation for these two engines and the
generic engine sized to meet this requirement (la-
belled as Design Point). This figure also reveals
the robust nature of the ball-parking methodology,
since even at those conditions at which PW-120
is seen to develop higher power than RTM-322-
06 engine (i.e. the trends are reversed), the ball-
parked engine follows the correct trend between
the two. The SHP variation of the generic engine
at 32500 ft altitude has also been superimposed
on this figure, which is seen to follow the trends
observed at other altitudes.

8.3 Ball-parking at Max. take-off rat-
ing

Finally, let us look at perhaps the the most com-
monly applicable ball-parking criterion, i.e., to ob-
tain a generic engine developing a specific horse-
power at sea-level static conditions at max. take-
off rating. As an example, consider a requirement
for an engine developing 1600 HP at these con-
ditions. This engine was found to be in between
the flat rated TPE-331-15 & T5321A (which is not
flat rated), with F = 0.44444. As can be seen in
Fig. 17, the generic engine follows the trend be-
tween the two engines correctly. The interpolated
SHP values at a few altitudes between Sea-level
and 10000 ft for the generic engine are also super-
imposed in this figure, and they are seen to follow
the expected trend.

9 Limitations & recommenda-
tions for further work

The accuracy of the results obtained from
GENENG naturally depends on the accuracy of
the database which it uses. In the absence of de-
tailed data, assumptions were made for some of
the engines regarding applicability of the data for
engine ratings other than the one for which it was
provided, which could lead to erroneous results if
these assumptions were unsubstantiated. A large
gap exists in the database between PT6A-41 en-
gine (with a sea-level static SHP available at max.
take-off rating of 850 HP) and the next engine
in the current database, i.e. TPE-331-15 (with
a sea-level static SHP available at max. take-off
rating of 1440 HP). The above limitations can be
reduced by adding reliable data for more engines
in the database. In the absence of any more data,
it may be better to divide the database in two
parts; the lower half that contains the data for
the three engines of the PT6A series, and the up-
per half consisting of the remaining 4 engines.

Doubts may be expressed about the validity of
interpolating in a database containing data of
engines of different technological level, designed
with different applications in mind, and of differ-
ing types (some flat-rated, others not). But it



is felt that at least the parameter variations ob-
tained by this method would be far more accurate
than the ones obtained by rules-of-thumb, since
the database consists of data related to real life
engines.

A different methodology might be adopted for
ball-parking the engine; for instance, the be-
haviour of all the engines at the ball-parking con-
dition may be used for locating the generic engine
in the database, (rather than just the two engines
immediately above & below the generic engine, as
in the present case). However, one of the posi-
tive points of the present ball-parking methodol-
ogy is that if one of the engines in the database
exactly (or very nearly) meets the ball-parking
criterion, then the parameter variations predicted
would also be exactly matching with (or very near
to) that engine. Only when reliable data for sev-
eral other turboprop engines is made available can
one comment on which ball-parking methodology
would lead to overall better results.
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A Description of the GENENG
code

A.1 Main program & Subroutines

The GENENG code consists of the main program,
6 subroutines and 9 data files. ! A brief descrip-
tion of the main program & the subroutines follow.

1. Main Program GENENG

A few commented lines in the beginning of
the main program describe the various input
and output parameters of the code. The grid
of altitudes & forward speeds (at which the
data for all engines in the database is avail-
able) is then initialized. A few other param-
eters related to the database are specified,
and the subroutine BPARK is called, which
ball-parks the generic engine in the database,
based on the ball-parking criterion. Finally,
subroutine GENDAT is called to calculate
the value of any parameter at any specific op-
erating condition.

2. Subroutine BPARK

Using the ball-parking criterion, this subrou-
tine determines the rank of the engines in
the database that are just below & above
the generic engine, if they are ranked in
the ascending order of the SHP available at
Sea-level static condition, at max. takeoff
rating. It also determines the fractional
location of the generic engine within these
two engines.

3. Subroutine GENDAT

Once the engine has been ball-parked, this
subroutine is used to generate the value of
any of the three engine related parameters
(i.e. SHP available, Fuel-flow or Jet Thrust
produced), at any specific engine rating (viz.
max. takeoff, max. climb & max. cruise) at
any forward speed & altitude condition.

'The source code & datafiles are available on request
from the author, or from The Department Secretary, De-
partment of Aerospace Technology, College of Aeronau-
tics, Cranfield University, Cranfield, Bedfordshire, MK 43
0AL, UK. Phone +44-(0)1234-750111-extn-5126, Fax +44-
(0)1234-751550.

Table 1 describes the arguments of Subrou-
tine BPARK & GENDAT.

. Subroutine SPLIE2

This (and the remaining 3 subroutines) re-
late to bicubic spline interpolation tech-
nique, and have been taken from Ref.
[1]. This subroutine has 6 arguments, viz.
X1A,X2A, YA, M,N&Y2A, of which only
the last one is output. Given an M by
N tabulated function Y A, and tabulated
independent variables X1A4 (M values) &
X2A (N values), this routine constructs one-
dimensional natural cubic splines for the rows
of YA and returns the second derivatives in
the array Y2A. The auxiliary second deriva-
tive table is p recomputed and stored for use
in the subroutine SPLIN2 described below.

. Subroutine SPLIN2

This subroutine has 9 arguments, 6 of which
are the same as for subroutine SPLIE2.
Given a desired interpolating point with
Cartesian coordinates X 1& X2, this routine
returns an interpolated function Y by bicu-
bic spline interpolation.

. Subroutine SPLINE

This subroutine is called by the above two
subroutines, and consists of 6 arguments.
Given arrays X & Y of length N contain-
ing a tabulated function, ie. Y; = f(X;),
with X; < X3 <€ ... £ Xy, and given val-
ues YP1 and Y PN for the first derivative of
the interpolating functions at points 1 & N,
respectively, this routine returns an array Y2
of length N which contains the second deriva-
tives of the interpolating function at the tabu-
lated points X;. If Y P1 and/or Y PN > 10%,
the routine is signalled to set the correspond-
ing boundary condition for natural spline,
with zero second derivative on that bound-
ary.

. Subroutine SPLINT

This subroutine has 6 arguments, and is
called in subroutine SPLIN2 described above.
It is used for cubic spline interpolation, us-
ing the array Y2A generated by subroutine



SPLIN2. Given the arrays X A, Y A of length
N, which tabulate the function (with the
X A;’s in order), and array Y 2A, the cubic
spline interpolated value Y is returned for any
input value of X.

Further details of the above interpolation routines
are given in Ref. [1].

A.2 Database files

Subroutine BPARK & GENDAT use 9 data files
that constitute the database for GENENG. Table
2 lists a few details of these files, which contain
the values of the three parameters at all the three
ratings for all the seven engines at altitudes be-
tween sea-level & 35000 ft (at every 5000 ft) and
forward speed between 0 & 350 knots TAS (at ev-
ery 50 knots).

A.3 Sample Input & Output

Table 3 lists the values of the input & output pa-
rameters used for ball-parking the three sample
generic engines described in the report. Values of
the three parameters obtained using GENDAT at
a few operating conditions for these generic en-
gines are also listed in this table.
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Figure 1: SHP & Fuel-flow variation for PT6A-25 engine
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Shaft Horse Power (HP)

Fuel Flow (Ib/r)

SHP variation for PT6A-27 at max. climb & cruise ratings
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Figure 2: SHP & Fuel-flow variation for PT6A-27 engine
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Figure 3: SHP & Fuel-flow variation for PT6A-41 engine
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Shaft Horse Power (HP)

Fuel Flow (Ibhr)

SHP variation for TPE-331-15 at max. climb & cruise ratings
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Figure 4: SHP & Fuel-flow variation for TPE-331-15 engine
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Figure 5: SHP & Fuel-flow variation for T5321A engine
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Comparison of SHP variation for PW120 engine at max. climb rating
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Figure 6: Trends v/s actual data for PW-120 engine from Ref.[7]
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Figure 7: Modified SHP & Fuel-flow variation for PW-120 engine
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Figure 8: SHP & Fuel-flow variation for RTM-322-06 engine
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Figure 9: Jet thrust variation for PW-120 & CT75A2 engine reported in Ref. [7]
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Figure 12: SHP & Fuel-flow variation at Max. Climb rating, 10000 ft & 20000 ft
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Figure 15: A generic engine ball-parked using climb requirements
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1 200 1 T 1 | 1 1 1

RTM-322-06 @ 25000 ft —
GENERIC @ 25000 ft -o--
PW-120 @ 25000 ft -----
RTM-322-06 @ 30000 ft -~
GENERIC @ 30000 ft —+--
PW-120 @ 30000 ft -----
RTM-322-06 @ 35000 ft -----
GENERIC @ 35000 ft -B---
PW-120 @ 35000 ft ------
GENERIC @ 32500 ft x
DESIGN POINT &

1100

1000

900
800 - e x
el e e ia!
i X -
Lo T e X .
.............. x . Sl

.................... X - :',_-_’:-" -

700 « X e
4 % X X . ,_-'_::E' I
o - o
____________ g .

600 .- BT

500 1 1 1 1 1 1
0 50 100 150 200 250 300 350
True Air Speed (knots)

Figure 16: A generic engine ball-parked using cruise requirements
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Figure 17: A generic engine ball-parked using take-off requirements
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Arguments of BPARK |
Argument | Type | Description | Value |
ipb Input Parameter used for ball-parking criterion
Shaft Horsepower available (HP) 0
Fuel-flow (Ib/hr) 1
Jet Thrust produced (1b) 2
irb Input Engine rating at ball-parking criterion
Max. Takeoff Rating 0
Max. Climb Rating 1
Max. Cruise Rating 2
balt Input | Altitude (ft) at ball-parking criterion
btas Input | TAS (knots) at ball-parking criterion
bval Input Parameter value at ball-parking criterion
tlow Output | Rank of the engine just below the generic
thi Output | Rank of the engine just above the generic
frac Output | Fractional location of the generic engine
Arguments of GENDAT I
ipd Input Parameter whose value is desired
Shaft Horsepower available (HP) 0
Fuel-flow (lb/hr) 1
Jet Thrust produced (Ib) 2
ird Input Engine rating at operating condition
Max. Takeoft Rating 0
Max. Climb Rating 1
Max. Cruise Rating 2
| dalt Input Altitude (ft) at operating condition
.| dtas Input | TAS (knots) at operating condition
tlow Input Rank of the engine just below the generic
thi Input Rank of the engine just above the generic
frac Input Fractional location of the generic engine
bval Output | Parameter value at operating condition

Table 1: Arguments of Subroutine BPARK & GENDAT
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No. | File Name | Parameter Engine rating
1 hpto.dat SHP available Max. Takeoff
2 ffto.dat Fuel-flow Max. Takeoff
3 jtto.dat Jet Thrust produced | Max. Takeoff
4 hpcl.dat SHP available Max. Climb
5 ffcl.dat Fuel-flow Max. Climb
6 Jtcldat Jet Thrust produced | Max. Climb
7 hpcr.dat SHP available Max. Cruise
8 ficr.dat Fuel-low Max. Cruise
9 jter.dat Jet Thrust produced | Max. Cruise

Table 2: Data files needed by Subroutine BPARK & GENDAT
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arguments of BPARK

Input Output
arguments of GENDAT
Input Output
ipb [irb [ balt [ btas [ bval [ilo [ihi | frac [ipd [ird | dalt | dtas | dval
0 0 0.0 0.0 |1600.0}| 4 | 5 | 0.44444
010 0.0 | 350.0 | 1782.83
0 (1 0.0 | 350.0 | 1609.72
0| 2 0.0 | 350.0 | 1463.33
1 1 ]1000.0 | 200.0 | 801.71
1 2 11000.0 | 200.0 | 743.04
2 1 | 2000.0 | 300.0 | -24.76
2 2 | 2000.0 { 300.0 | -38.14
0 1 {30000.0 | 300.0 } 245.0 | 1 2 | 0.48418
0|0 0 350.0 | 594.29
0 1 0 350.0 | 594.29
0 | 2 0 350.0 { 594.29
1 1 |1000.0 | 200.0 | 377.53
1 2 | 1000.0 ] 200.0 | 377.53
2 1 {2000.0 | 300.0 | -9.24
2 2 12000.0 | 300.0 | -14.89
0 2 | 35000.0 50.0 | 740.0 | 6 7 1 0.28563
010 0 350.0 | 1785.69
0 1 0 350.0 | 1763.21
0| 2 0 350.0 | 1685.57
1 1 | 1000.0 | 200.0 | 850.34
1 2 | 1000.0 | 200.0 | 828.30
2 1 | 2000.0 | 300.0 | 47.70
2 | 2 |2000.0|300.0| 32.73

Table 3: Sample Input & Output
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