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Synopsis

Developments in the field of combat aircraft design have resulted in a new generation of fighter
aircraft. These new aircraft sport better aerodynamic design, advanced avionics and modern
power plants. This leaves legacy combat aircraft vulnerable in a combat scenario. Although
updated avionics provide some improvement for legacy combat aircraft, the aerodynamic design
cannot be substantially modified. The power plant, or turbojet engine, can however be
upgraded to a new model.

This dissertation describes a numerical investigation into the tactical advantages offered by
upgrading a hypothetical aircraft with a newer engine model. The airframe is largely based on
the Dassault Mirage III, and the engines are based on the SNECMA. Atar 950 and M53.

A brief overview of recent developments in combat aircraft design and engine performance is
provided which illustrates the trend towards high thrust to weight ratio aircraft engines with

lower fuel consumption.

A thermodynamic model of a turbojet / low bypass ratio turbofan engine is developed and a
parametric exercise is provided to illustrate the key factors influencing engine performance. A
numerical model is developed for the supersonic intake which allows the prediction of both
pressure recovery and mass flow rate through the component. The combined result of these

models is shown to produce predictions which compare favourably with published data.

An aerodynamic model is built around the US Airforce Digital DATCOM. Some example
output from this program is provided and compared to expected analytical trends.

The propulsion, intake and aerodynamic models are combined to provide predictions of key
performance indicators such as Thrust Specific Fuel Consumption, Sustainable and Attainable

Turn Rate, Specific Excess Power and Range.

These predictions indicate that upgrading a hypothetical combat airframe with a new propulsion '
unit offers some tactical advantages such as increased Specific Excess Power, Sustained Turn
Rate and Range.

A recommendation is made that further simulations be performed to obtain a more detailed
indication of how the suggested improvements in performance will be of benefit in a combat

scenario.

Shortcomings of the models developed in this investigation are identified and suggestions are

made as to where they should be improved.

All the source code for the various simulations is provided in the appendices.
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Chapter 1: Introduction

Recent advances in the areas of computational fluid dynamics, stability and control, structural
and material design have had a great impact on the aircraft industry. In particular, the design of
combat aircraft, which have always been at the forefront of technology, has benefited greatly

from innovations stemming from these advances.

New fighter aircraft are designed to be operated into the post-stall region to afford high agility, '
but remain controllable through advanced aerodynamic design and control systems. New
combat aircraft engines provide greater thrust to weight ratios and exhibit lower fuel
consumption [1]. More advanced technologies such as thrust vectoring [2] provide for an even

more manoeuvrable aircraft.

New developments in armaments have also taken place with a wide selection of short-range air-
to-air and ground-to-air missiles available. These weapons typically employ advanced
guidance/seeking systems which render them lethal and allow them to be all aspect weapons
[1]. Developments have also been made in the field of all aspect guns. Because these weapons
need not be fired with the aircraft pointing towards the target, the traditional combat scenario of
gaining an advantage over the opponent and firing from behind no longer applies to the same
extent as it did in the 1950's through 1980's.

New combat aircraft are typically capable of supersonic flight without the use of an afterburner.
This capability is termed supercruise and has arisen from the development of propulsion unit .
technology. Older aircraft do not have this capability and rely on the utilisation of an
afterburner to gain the necessary thrust to perform supersonic flight.

Thus, older aircraft are becoming increasingly more vulnerable in short-range combat. New
aircraft employing the latest techmology are expensive, and generally subject to export
restrictions from the country of manufacture. One component of these older aircraft that can"be
readily upgraded, however, is the propulsion unit. Newer propulsion units offer the high thrust

to weight ratios and low fuel consumption that the new aircraft have as standard.

However, combat performance is the integrated response of aerodynamics, avionics, structural
strength and propulsion. The investigation described in this report therefore aims to determine
what benefits and, possibly, drawbacks upgrading only the engine would have for an aircraft
with an old airframe design. Le. would an old airframe reap any tactical advantages by having

supercruise capability?
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In order to perform this task, a simulation model had to be developed. An overview of the
simulation model will be given in Chapter 3. The airframe, aerodynamics and propulsion unit
are identified as key components of this model. Chapter 3 also describes some of the
performance metrics identified as being indicative of the performance of an engine, and engine-
airframe combination.

The Dassault Mirage III was chosen as the basis of a hypothetical aircraft due to its age (the first
Mach 2 capable prototype was rolled out in 1956 [3]) and the large number that were deployed
by numerous airforces around the world, making it one of the most successful fighter aircraft
ever produced. Two engines from French manufacturer SNECMA were chosen for evaluétion,
the Atar 9k50 and the M53. The 9k50, a pure afterburning turbojet, was deployed in the Mirage
I fleet obtaiﬁcd by South Africa and subsequently utilised in the Cheetah. The M53 was first
used in the Mirage 2000 and is a low bypass ratio afterburning turbofan engine.

The development of the propulsion model is detailed in Chapter 4. The model developed is
one-dimensional and ignores three-dimensional flow effects. Instead the development
concentrates on the thermodynamic cycle and a theoretical analysis of it to arrive at a set of
equations which fully describe its behaviour. Some of the key factors affecting a turbojet's
performance are detailed through some simple simulation tests. The software implementation is

described at the end of the chapter.

The analysis of the propulsion unit identifies the air intake as a key factor in the performance of
the propulsion unit. Chapter 5 deals with this complex component. The various modes of -
operation are described and a numerical method for determining both the pressure recovery and
mass flow is developed. A brief description of the software implementation of this model is
then provided.

Chapter 6 provides some background on basic aerodynamic theory in order to put into context
the results obtained later in the chapter. The use of a numerical tool developed by the US
Airforce for estimating stability and control parameters, the Digital DATCOM, is described.
The model parameters and software for output processing from the DATCOM are described,
along with some of the primary aerodynamic coefficient results obtained. |

The combined model results are detailed in Chapter 7. Results from the combined intake and
propulsion unit models are used to compare two engine models, and an explanation of the
differences in their performance is given. The combined aerodynamic, intake and propulsion
model results are then presented, highlighting the changes in overall performance due a change

in engine.
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Chapter 8 describes some of the conclusions that can be drawn from the results obtained and

offers some suggestions with regard to areas that require more detailed study and how the model

can be improved.




Chapter 2. Background

This chapter provides a brief background to developments in military aircraft propulsion and

some of the developments in air combat practices.

2.1 _Military Aircraft Propulsion

Early fighter aircraft were developed with pure turbojet engines. A reheat, or afterburner,
section was generally provided to boost the maximum thrust that the propulsion unit could
deliver. In general, these engines provided insufficient dry (without afterburning) thrust to

achieve supersonic cruising [4].

Furthermore, these aircraft tended to have specialised roles such as, for example, bombing,
combat, interception and reconnaissance. Combat typically took place at high subsonic speeds
at fairly low altitudes in a head-to-tail chase arrangement [1].

Developments in military aircraft

propulsion have focussed around
providing engines which have higher Y . —
thrust to weight ratios (see Figure
2.1) and higher thrust per unit
airflow through the engine [4].
Maximum speed has not changed
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with high supersonic flow (see Figure 2.1: Trends in Thrust to Weight Ratio
Figure 2.2). Thus, higher thrust to Source: [5]
weight ratios and higher thrust per unit airflow allow a smaller, lighter engine to be utilised.

stagnation temperatures associated

This reduces the wing loading and allows an aircraft to have increased agility.

Modern combat aircraft also tend to have multi-role requirements [4]. This multi-role capability
imposes supersonic flight and cruise requirements on the aircraft. The supersonic flight
capability can be achieved at the expense of engine mass. By utilising the gains in thrust to
weight ratio and thrust per unit airflow, a modem engine of the same dimensions and mass as an
older engine can deliver significantly more thrust. This ability to cruise at supersonic speeds

without the use of an afterburner is termed supercruise.
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Figure 2.2: Typical Aircraft Operating Envelopes and Stagnation Temperature limits.
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around 6 and turbine inlet temperatures Yoar

around 1200K. Modern engines can have Figure 2.3: Trends in TSFC

compressor pressure ratios in excess of 10 Source: [5]

and turbine inlet temperatures approaching the stoichiometric burning temperature of the fuel
(approximately 2400K) [4].

2.2 Air Combat

Traditional combat scenarios have typically involved a head-to-tail chase arrangement with
firing on the target taking place from the rear. Armaments utilised were fired with the aircraft
nose pointing towards the rear of the target, in a similar flight path. These weapons are termed

rear-aspect weapons. Combat of this nature required high sustainable performance in, for
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example, a turn, in order to maintain a position of superiority over the opponent. High thrust to

weight ratios were therefore critical [1,6].

Recent developments in air-to-air weapons and fire control systems have resulted in all-aspect
capability short-range missiles and guns. These weapons no longer need to be fired in the
classical head-to-tail configuration. In fact, Herbst [1] has shown that these weapons are far
better utilised in head-to-head combat where they score high hit rates.

Furthermore, all-aspect weapons leave no part of an aircraft safe from attack - attacks can be
made from all directions. The best way to avoid being shot down is to respond aggressively and
achieve a position from which to fire before the opponent does. The ability to respond rapidly
requires the utilisation of unsustainable transient performance in order to gain an advantage over
the opponent. The energy lost through these manoeuvres can be recovered at a later stage [1,6].
This has, in recent years, placed more emphasis on high agility aircraft, and has placed greater
requirements on the aerodynamic and avionic performance of the aircraft. The performance of
the aircraft in combat is now somewhat less sensitive to thrust to weight ratio, but it is still

important in order to be able to recover lost energy as rapidly as possible.

In general, combat manoeuvres require a constant interchange of potential and kinetic energy.

High engine performance is essential for [1]:

e Turning: excess thrust is needed for high drag.
o Climbing: excess power is required for the accumulation of potential energy.

e Acceleration: excess power is required for the accumulation of kinetic energy.




Chapter 3: Simulation Overview

This chapter describes the approach utilised for the numerical modelling of the aircraft's
performance. The indicators used to evaluate the performance are described along with a brief
description of how they are calculated. The manner in which the aircraft is discretised for

modelling purposes is also covered.

3.1 Performance Indicators

3.1.1 Range

The maximum flight range of a fighter aircraft is an important tactical parameter since it
determines the furthest distance from which an airforce can launch a strike against an enemy.’
The range for a military aircraft is usually determined by a mission profile [5]. However, a
simple estimate of the cruising range at constant altitude and airspeed is given by the Breguet
range equation for propeller driven aircraft, and the modified Breguet equation for turbojet

aircraft.

While the aircraft is cruising in level flight, the engine provides sufficient thrust only to
counteract the drag. The drag in turn is dependent on the required lift, which is in turn
dependent on the weight of the aircraft. As the aircraft burns fuel, the total mass, and therefore

the total lift required is reduced. The range of the aircraft can therefore be calculated as follows:

The fuel weight consumption rate is given by Eq. 3.1

W, =(TSFC)D Eq. 3.1
where (TSFC) = Thrust specific fuel consumption [N/Ns]
D = Drag [N]
The weight of the aircraft then varies according to:
dW___(TSFC)~8-ds Eq. 3.2
/4 vV
where € = Drag to Lift ratio
vV = Cruising speed

s = Distance
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Assuming that the aircraft operates at constant &/V and TSFC, Eq. 3.2 can be integrated [5] to
yield the modified Breguet range equation for turbojet driven aircraft:

R=—VY 147 Eq. 33
(TSFC)e W
where: W = Weight full
We = Weight empty

3.1.2 Thrust Specific Fuel Consumption

Thrust Specific Fuel Consumption (TSFC) is a measure of the rate at which fuel is consumed
for each unit of thrust generated. Given two turbojet engines, the one with the lower TSFC
value will consume less fuel for a given thrust output. This has implications for range, as

discussed in Section 3.1.1.

m Eq. 34
TSFC=-L |
F
where: m y = Fue] flow rate ;
F = Engine thrust

The calculation of TSFC from the thermodynamic cycle for a turbojet engine with a bypass

~ stream will be discussed in more detail in Section 4.4.3.

3.1.3 Specific Excess Power

The rate of climb for an aircraft can be derived from the equations of motion [5] as:

ﬂ_ﬂV[T—D 1 dV]

i | w g dr
or
(T-D)V:Wi’i+-‘?- L&
dt dt\2g
writing
2
B o=h+l_
2g

h, represents the total energy per unit weight of the aircraft, i.e. both the kinetic and potential

energy.
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The Specific Excess Power (SEP) is then given by

- Eq. 3.5

SEP = dh, _ V(T -D) G
dt w

It can be seen that 'V is the available power and that D-V is the required power [5], the

difference being the excess power. This excess power can be used either to climb or to

accelerate and is therefore an important parameter for combat aircraft.

Eq. 3.5 also shows that for two aircraft with the same airframe, SEP is affected primarily by the
thrust term 7, but also through W which is affected by engine mass. In addition, the lift required
is affected by W and therefore the drag term D is also affected by engine mass. A lighter engine
therefore has benefits for the aircraft's performance in terms of SEP.

3.1.4 Sustained Turn Rate and Attained Turn Rate

The Sustained Turn Rate (STR) of an aircraft is the maximum constant rate at which it can tumn,
at constant altitude, forward speed and bank angle. This parameter is critical for combat aircraft
since it influences engagement with enemy aircrafi, as will be shown later. Sustained turn rate -
is calculated from Eq. 3.6.

2 _ Eg. 3.6
STR - g paoCL (n 1) !
2n(W/Sy)

where 7 is the load factor and is given by Eq. 3.7:

L Eq. 3.7
n=——
W
for a condition where the thrust matches the drag, i.e. =D, Eq. 3.7 can be written as:
LT
DWW
26 G Eq. 3.8
D CW

In order to compare the performance of different aircraft engines, a plot of STR vs. Mach
number can be generated [6]. The following algorithm is used to calculate this plot:

For a given altitude and free stream Mach number, M, the thrust coefficient, Cr can be
determined from the propulsion model. From the aerodynamic performance data, the angle of
attack at which a matching drag coefficient equal to the thrust coefficient occurs can be
determined. The value of the 1iﬁ coefficient at this angle of attack can then be determined. The
STR can then be calculated from Eq. 3.6.
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The Anamable Turm Rate (ATRY s pimanly governed by acrodynamie and strochual strenoth
comsiderations. ATR is the highest achicvable tures rate that the sorcrall s capabl o, althouwgh o

mirhl nol be sustemable. ATR is caleulated from the following alzorithen:

For a particular Mach nomber, he maximum value for O and ifs coreespomding O are
determuned, A value Toe weieht coefficient, . 15 calealaled, O30 and g (rom B, 2.7 awe
caleulated. 11w exceeds the structural Limie of the siwitame, 11 a5 50T o g, and a new valoe,
Cror 15 caleulnted as the required 1t coefiicient. The ATR 15 then calculated [rom Eg. 2.4,

which 15 seen o by simtlar to g, 3.0,

o, O™ 1) Fq. 3.9

i =2, e
Vo2a(FiS,)

Figurn: 3.1 iMustrates a simulated short-range combat seenurie. 1
cun be clearly souen how the pilot utilises the atainable turn rate

Nirnits, and how fe then Bies below (he STE ling in order o

reoain cnergy lost by tlyving aboyve the SR line.

TrraBake |55

The fzure also clearly shows the two Timits which hound the

artainable turn rate: The maxunuem B0 condition at Toes hach

mumbers and (he maximuen lead factor, or struclural ol al

[ J4 nE na =
Yach immter

lugrher Blach nurbers,
R " Ficure 3.1: STR and ATR

in simulated short range
combat
relatively low Mach numbers and is signifeantly larger thum the o

Iurthermore, the muxunuwm  attamable furn rate occurs  at

sustuined e,
3.1.5 Thrust - Drag - Lead Factor chart

At a given altitude and Mach number, a value for € can be caleulated which vields flight ot a

aiven load factor, 2, as miven by Eg, 3.7,

THilising the asrodyvnamic data [or 1he airframe, values lor €5 can be detormined trom the
caleulated values tor O, These can be ploted agaimst Mach number, as lines of constant &, is
shown i Digare 7120 Values of the thrast coclfeient, Cr can then be superimposed on this
STiph.

From this plot the muxnnum atainsble Mach number in level flight can be determuned as he
intersection of the Crand Cq - curves. The maximum attanable load Taclor can also b
determmined.  Thusz by plotting the O curves [or various engines, a quick compurison ol their

perlormance can be obtained.
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3.2 Modeliing the entire Aircraft

A anreraft (o flight can be vieved as a tree body with onby four primary Torces acing upon ik
These are Lift appasing Hedelfn i the wvertcal direction. and fhvay opposing $heust o the
horeonta, direetion O these, the T21T amd Dhrag carmponets are dependent an the aircraft's
aerodynamic properties, while weight 15 governod by the wirfoune and fuel cotsumpno. Thrus
15 dependent upon the autput of the engme: The aweralt model can therelore be broken down

Lt the lollowing components;
()1 the three arcratt sub-models. the airframe 15 the simplest 1o model for the appheahons
listed 1 Sceton 3.0 above, The requined pararmerers are:

«  Airtrame mass (including or excluding ammamenls).
o Cyrren fuel load,
o Maxirmem load tacior that the airtrame can withstand.

Avrodyviamie Model

The aerodvnimic model musl provide values for the 1T and drayg coethicients (O and O

respectivelyy at various Mach numbars and altitudes.

e runmed coelleients we desired. as these would give the values of the parameters in
steady flight However, for (he purposes of thes mvesigation, the assempion can be made
hat the witerall 15 neatrally siable and the coefticients can be ulilised as calculaied, withow
taking e decount inm eifects, This o aceepable becavse the same aerodynamic data 18

tsed tor all the simulations, and oo dymame serodysamie elleets are beimye evaluated,

Propulsion Maded

The propusion model must provide values for the throst and fuel consumption at vavious

hach numbers and aloiudes,

The assumption 15 made that each ol these aspeets of the airerall can be modelled independently
amel that the resulss can then e combined (o vield anointemrsted ssmulated responze for the entire

asrcraf.
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4.1 Turbojet Model

The turbojet model used Tor G develepment of a one-dimensasnad propalsion madel 15 Based
an i turheget mnde] developed by Kerrebrock [71, bl s been modi Bed o aceeant Tor o bypass
slreamy, Froure 4.1 snows aschematie diagrany on which the model and thermodyname analysis

are based.

% 5
& &
&K
S F&E
2 . sk i
Free Stream Diffuser Fan | DTSN | Nowde
— —
.‘ L] {: -
e, I = | g
¥ ] 2t KL 3t A4 At Ot 97

Fipure 4.1: Schematic of o turbojet engine with hypass.

4.2 Tvypical Thermodynamic Cycle

Phe adeal avele Tor the turbojet enpine is the
Hrayrent cvele [8]0 A nypical T-5 diagram for
this cvele, moadilied lar a bypass stream, and
meludma component losses. 15 shown in
Froume 4.2, Statien nuntbers cotrespond o

thase saown m Fyrare 4.1 with isentropic

end states indicaled by numbers subscripted

with 3%,

Figure 4.2: Tvpical T-s diagram far the
Bravton cycle, with bypass anil losses




4.3 Engine components and properties

Table 4 1: 'Turbujel engine compaonents and propertics

| COMPONENT

I
 5TAGE - PRESSURE RATIO TEMEP RATIO CEFFICIENCY
Diffuser {1-2 ; iy h, —h.
‘ ) my &=£ =1 fudiabatic) 1 = e S
P PG, Fin h, =1,
k: 2-K 7 i
n T, = P (enown) | T, =& v I 74 _ Ty 1
Ps I Yok, {t, -1
L COomprossor 2-3 n T. < b =
fare _T.'_-'_ - I.’j [':CI'IU‘F.'['.} tr. - % ;r]l 2 jl.i' 8 .I'Ii'r?. . |_
P jr.:_J I i —h!;. l:l'f—”
Bumcr 34 : i C [im_+m W, - T
) Ay = Pre (yssumedy | 1, = it 7= L0t 4o My N
P £y i N 4,
Turbite 4-5 P i Flpsedi
! i, L5 2 Hi= -
: P L, I'E]‘r-l _h.'S.-. :
- Afterbumner 36 I -1 i N L P S e L PR 7 i)
IT 1) gt 1n, = e % e e
P L. #, O, |
|
Nuzele -7 A f. b
: - =1 jadiahatic) e —t ,
s . 'lr;l.'n 2 'Ilril.".‘ |

Chaoter 4 Prpuisien o
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4.4 Estimating the Thrust

4 41 Modelling assumptions and simplifications

Stavpatinn conditions

The assumption 1s made thal the Tow velocity 15 sulficiently snall a1 the station runbers
sullised with a 17 Thgure =01, that the thermodynamie state of the gas at 1hese pomnts 1y
represerted by the stagnation properties 2] However, this 15 et aciually the case, and

intemal veloeiies mughl be quite large | 9],

Average spoecitic vats

The assumption 15 made that the speeific beals and specific heat ratto p can be accumately

represented by ar average value [or cach eonponert or aroups of components

Furlhermeore, the gias compesition I8 assumed fo remain constent, wleress the molar miss of

the working fluid ir fact chanzes wath the addilior of Duel i the burner and afterburner.

Adiahatic engine components

The engine comporents, cspecially the conpressor and hubine are azssumed to be adiabate
[9]. In moedern engines, however wrlice blade cookne muy tesull in heat ransfer e the
turbine |7 Air cochng of the aflerhurner stapge by the bvpass stream might also be present

[4* Other componerts might also utilise aircoolmy,

4.4.2 Calculation of the thrust per unit airflow into the gas generator

From manipulstion of the momertm and energy laws [Y] By, 4.1 can be denved:

=i A pe—poy e, + Al — o) o 4.1
[et:

A1, — niass tlow rate into yas tenoraler, Lo Mikss Flow rate at station 3.

Hi, Fq. 4.2
f = —= = [uglfaiv ratio

",

1, Fy 4.3
fi = = Dypass ratio

1

"
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This gives:

TSI T

= fmi, +m,

Eq. 4.4
=i {1+ )
m, P el 4
H=E ot
=it (1+ ) k. 8
Alsa,
fit- = po A, Eq. 4.7
Using the substitution o = }?‘[} g, 4.7 gan be rewritten as:
A =1l=+
- ! 3
z":r-_. : £ 1
-. _{14_-]';} pl'.l i} .
At oy
T gl Roe Fg. 4.8
_grpy | DR
p:'l'l'[ﬂ p'.‘ T:"l Rr H-_.
where
A, — gas constunt for combustion producls
K. = gas constant (or incoming air
Similarly for the bypass strcam,
LR B N R
A _p 1 Pt
'”.‘I.;: pl_l“l_l p!’.' tq
=1 L _pulou Eq. 4.9

pUH:U p“ :IF;J I"!'
Rewrilmg By, 4.1. making substitutions with g 4.2 to Tg. 4.6, an expression for the thrust
per unit airflow mio the gus generator is oblained.
T m " 4

4 i A
et N T ﬁ' Loa=ip) +m_g“a +ﬂT{p-} ~ )

L, L LI L A e

z"I-. i i
U +..ﬂ"-‘.- _(] + ﬁ]"‘ﬂj e U}? _f’rn} + ﬁuq + { {.f}-; _Pn} Eq‘ 4.10
IH H

" il
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The ratios A, far and Ay S are readily determined lrom Eg. 4.8 and Eq. 4.9 onee Lhe exit

state ol Lhe Quid has been determuned.  In order to determine these unknown quaantitics, the

energy balance in the engine will e considered. with relvrenee 10 the T-s diagram ziven in
Figure 4 2.

From compressible Now relations,
Fq. 4.11

0

5 :
8 =14+ uy —DM;:
T 2y — M,

2 ' 5 Eq. 4.12
'ﬁr; = eh = | |. +}§"-\}__¢ . l}n’ir’fl-f T:fl_—l

The compresser pressure ratie and ellicivoey are known, so fom the definion of Lhe

compressor cfficieney:

S IFi!r.’ls' - ;’.rﬂ
! iy hy

]

M e
it | [ .
W)

C,uf (£, = j_]

{r. =Ty,
i -1

(z =1}

Rearranging thus, un expression for the temperaiore raiie acrozy the compressor ts obtaimoed;

T =%: Iﬂ:._:q <1 —I]f"T,'rr-+1 Fq. 4.13

The ol lemperature ratio across the difluser 15 oty (adiabatic diffuser assumption). and thus

12

T may he found from:

i

Jr,r-. = jr'. Taciiat 1] Tn
fata
= Eq. 4.14

The maximum turbioe mlel wmperalure, T 15 kiown (determined by marerial

limitations). The gverage temperature in the buwmer, as given by

LAl +T))

15 used o determuoe an average spactfic heat for the burner, e, o = Ul Ta)
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From the definiion of bumer cllcieney [7].

Co o v, M —m TS
fi'ﬂ_,bQﬂ
Culle £, T, |
ERen

Rearranuing this couation, an expression [or the wirffuel ratio can be detetmined:

T.II.'.I ]

£ = C'HEI;,, =J.) Fg. 4.15
i O, —C, 1
Mo,
PR Eqg. .10
T'.l =l

Tsing a similar veasoning 4 that for t. Eg. 4730 an expression for the temperature ratio across

the bypass compression slage can be determuned;

2l Fi. 4.17
f e =11y, i
rf: T_\ :['l’," Y —] .'f]_f.—

To determine (he lomperature Tulio across the turbine, the energy balance in the compressor

turhine systen 15 considered:

[ (_ P g C {T — T,y =m (] +J{-:L}('1;.-,.{I1 =F
o O ) T '1_ . Iy 7 \
i B fr'*‘ 1 ¢ B qeppliobe
¢ H o I.:E i '\j'_ /_ b Trq J
: “ |,H I = — W] )
Solving tor T,
C, I 1 Fq. 4.18
Tde—s | Bl 1= b

i G #l=f¥na
[ the afterburner is operational. then s will be koown from the afferburner performmanes: data
{thiz 15 apam hmsted by the materials and desigm of the alterburnery. I the atterbumer 15 not

aperational, then £, = T, Since the norzle is assuried to be adigbatie,

o7 Eq. 4.19

L '
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Anaingous to Ego 4018, an expression Tor the Tueldar reno Tor 1 aflerburmer can he developed:

_ E*I,r.-_l. 1+ f]{?_rf =15 Eq. 4.20
FE {;}ﬂn - f:I,r.'x-I-"J
The tota fueliair ratio is then sunply
=i ¥ Fq. 4.21
Fram the defininion of nirbine etficiency,
‘ 'l I Tr.*.-
R T G 2 (=Tl Ty o
Mz S = o
hoedie 0 Ay #) ey ‘
L1,
i
l_.- P ¥
B
Rearranging,
Ey. 4.22

LA

P.s A

et e iy

I

The stagnation pressure @l slalion 6 can now be determined from the tollowing identity:

P ey Beo Py fs Iy

e L S oL '

pr' pl":' J'n."? I;I.'-! p.'d ||”.-.=.
= f;'-::-‘%-::"_':f:n.:"_':.-}"_':.-n. Eq. 4.23
where T, & are the stagnation pressure Tosses duc o heat addition and are z3sumed

or estimated (close o unaly). m; is caleulated from the ditfuser pressure recovery,
There are two linulmyg cases lor the exhaes) state [ 7]
. The noszle is fully expanded, and pr- —

2. The nozzle i3 choled and A7 — 1.
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Case 1; Fully expanded nozzle

The enthalpy drop of the exhanst gases at the exit determines the exhaust velocity.

Thus;
£
2 = ;Ir.'. L _T-IIqCp {jrg-._f.'_.-}
P —‘
=138 545 | 1 L
I\J“-rw'
or
e s
|'( 1 ¥ |
u_ = |21?r.'C_pl,?_fb I | & ‘ ! E[I_'r 4+24
WP s |
2
Fa, Eq. 4.25
: w750
,
£ PR S Eq. 4.26
ﬁ'nll-: f.R.'IT'-'
Case 2 Nozzle choked and M- — 1
From Eq. 4.26:
H-J' =L J;Lf.":}x.'.'Rl.'?1.'
substituting into Eq. 4.25:
‘I‘VIET 5 R_“ T'-' S Q'Cp [T:'* T_]
s er"* T Eq. 4.27
- [Miv.R +2C, ]
u> can now be found trom Fg. 4.25 or Tg. 4246,
Fromm Ey. 4.24,
r = Eq. 4.28

1’ Famt
o= pail-

2‘? “ E':p_, ?;ﬁ _E

A similar approach ¢an be adopted Lo determine the exit condition of the bypass strcam.
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Analogous 10 Eg. 4,24,

l - =T [":q. 4.29
o o [ 7.
Mg = (2,00 Tl
\| ' LT,
Analogous 1o Eg. 425,
M Fq. 4.30
1, =14 - fla
el
Case 2: Choked bypass siream noerle. M, — 1.
Analogous 1o fg, 4.27,
20 T, Eq. 4.31
[Mlsa, 428,
Anaiogous w Eg. 428,
1 . Eg. 4.32
L, T

ZTP.-.-.JGH I;H
4.4.3 Calculation of Net Thrust Output

[ section 4.4.2 an expression for the thrust per it adrffow mle the gas generator was denved

as wven by BEg, 400 In order to detenmune the net thrust output, &, the mass flow parameter

st be determmed,
The mass flow throuph the engine s controlled by the following mechanisms:

« The intake chakes the Mow

In this case, the mass flow rule inle the engme 1s limiled oy the caplure sireamtube
diameter. [ree stroam densily snd Mach number, Determunabion of the mass flow an ths

conditdon will e deferred 1o Seetien 5.4,

o  The exhawost nozzle chokes the flow
In thiz casc the mass flow throueh cach nozzle (primury snd Bypass) s delermuned by the
exit conditions as given in Eg. 4.8 and Eg. 4.9 which provide a relationship oetween the
exit nozegle arcas and A, A maximum nozele area 15 specified. and i1 1 assumed that hig

wrea 15 variaole between this maxinum and some smaller value. The maximuom mass ow

rale for a given thermodynamic exil condition can therelure be caleulated.
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*  The engine chokes the flow

The enzine compotents such as the compressor, burner and lurbine are cupable ol pussing
cerlam maxamuess masys low rate. Thes flew rate is given as o speafication by the

rranutaciurer,
= ‘The compressor "suciion’ al low lree siveam velocities

When the emyne 18 slationary, the mass flow as ooven by the prodoet of the capturg
streamtube diameter and torward velocity 15 zero.  The compressor, however, dels as i

pump in this condiion and a cerluin mass Tow 1s achieved,
The mass flow through the enpine s therefore determmned in the Tollowing manner:
* Subsonic Flight Regime:

fm e <m ., then =,

e
Else =,
If= . ther W=#i,
ffmem  ther mo W
whers.
rh_ﬂﬁ, = maximum [ow throogh the diffuser
Pl Matss [ that the engine 15 capable of pumping'
i = maxamure mass Qow throogh the exhanst
i —  maximum mass tlow through the compressor & Lerbine

s  Supcersonic Flight Regime:

wi - determines the total net How through the

ook o

In this case, the lesser ol #r,, . #

engine, and henee the resultant thrust

4.5 Enqgine Performance Indicators

451 Thrust Specific Fuel Consumption (TSFC) and Specific Impulse

A [requently wied meusure ol cngine perfommancee 15 the threst specific fuel consumpiion
(TSI value. This vadue indicates the tate at which luel is Lsed for every cnit of shrust

produced. Thus,
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IseC & j ™ "rﬁ
o ' | i | [g. 4.33

”E ol k”l’ ]
This pammeler 1s casily calculated onee Fa. 410 and Ty, 421 have been evaluated.

Speeitie impulic s the imverse of TRECL
452 T-z Diagram Calcuiations

The thermodvmamic eycle of a turbojel crygane can be plotled on o T-s dinenun such ds
Fipure 4.2 Afier the femperarures and pressuees at the various engine stations have been
caleniated, the enlropy generaiion of euch stage can be evuluaied, In order to plol the Tes -
disgmum, the enfropy al each sation was caleulated as the sum of the entropy at the

previous station and the enlropy change across the relevanl component:

iz N Fq. 4.34
R o R | S .
I | 7y *r':ll'—l fi

et L b

The sobaric lines om the T-s dagram gan be plotded from g, 4.34, by setting g = o

This can lhen be rearranged g3 fallows:

AT l.-E‘-‘U Sy .El.] 4.35

‘The isobarc line passing through o patticular station paint can be plotted using Eq. 4.35
by choosmy s.qand Tl be the conditions at the <iation point, and then plottmg I"as a

funection of 5.

4.6 Factors Affecting Engine Performance

This section provides the results of a bnel paramelric mvestigation into the factors atfecting the

averall performrance of the engine,

4.6.1 Reference configuration for the parametric investigation

Tahle 4.2 provides a list of the enuine parameters and cheir values utilised for the parametrne
investigation. ‘These values are largely bascd upon the SNEOMA 9k30 engine which will be

discussed in more depth m Chapler 7,
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Table 4.2 : Parameter values Tor the relevence conliguration

I*ara |r.;|;;l:r Symbuol Value L mits
- Alitle it m
__Pre.i:aur'e ratios 7
I'an o e |
. E.’nmpre;-:;-:c;-r . 9 5,10 :
. I3arner - T 0.9 i
= Adterhurmer i 1195 !
' Diffuser m | ALA Curve
l_'%»paqq Ratin i ]
Flficiencies;
[fan - Mr NAA
E.’mnnr{%@r Me (LB
Tsarner . (56
| ler":uine i JEXE
Aflerbumer 1, 0,96
Prinwary Nosde - 178 RN
Bypuss Nossle Hun NA
Temperalares:
Turane Inlel Temperature Ty 124132 1 [(_ ]
Maimum Aferhamer Tempuraﬁrc ¥ 5o L 23{%} kK
! Heatimg valug of Tuel hy 43 Uil 4 klikg
Primary MNoese Type  Cenvergenl
By pass Nozzle Type | NiA |
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4.6.2 Turbine Inlet Temperature

: 1000 - - 4 50E-08
m ann
2 !
‘ o 4.00E-05 —
| £, 300 o
| % 1007 3.5DE-05 =z
= ; BUO =
a S cng 3.00E-05 5
E é 400 @
== 2.50E-05 +
[ 2440
200 : w1 P DOE-05
1000 1200 1400 1600 1800

Turbine Inlet Temperature [K}

—=Fim.a (M=0} ——Fm.a (M=0.68)
e TESFC (M=0)  =—=TSFC (M=0.65)

Figure 4.3: ¥ariation of TSFC and # /s with turbine inlet temperature,

Figure 4.5 shows that both #fm and TSFC merease with £, 72w however, increases at a

ereater rafe than THEC and thus hpgher lorbine emperatures provide better engine performance,

4 53 Compressor Prassure Ratio

BOD - ——— 5 A0E-D5
2 _ 700 1 450E-05
' + 4 00E-D& &,
5 ig GO0 3 50E-05 T
.E = E < . = =
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Figure 4.4: Yarmation of 1T5FC and £/ v with compressor pressure ratio
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Figure 4.4 shows that an optimal compressor pressure mtio exists for a goven engine. 574 al
first increases due to the gaing from the hipher compressor exal pressure. bul then decreases as
more energy 1% removed rom the worlung fluld i order W power the compressor.

TEFC shows an overall deercuse with an nerease o the compressor pressure talw, and Lhis
would be bencficial for exiending the range of the aireradl.

The vrends indicated in Figore 4.4 are simikar to those ound in Fig 6-14 of TH and Petersen [9]
In arder to check the medel for crrors. Lhe paramcters for Hill and Petersen's Fig A-14 was

eotered into the propalsion model and closely matching results were obfained

4 8.4 Intake Pressure Recovery

800 6.00E-05
4 a0 SS0E05
£ F 5 DOE-05 "y,
g . 80 4.50E-05 T
S o e e
; = 500 4.00E-05 @
23 a0 3.50E-05 o
8= - 3.00E-05 ©
g iy 2 50E-05

200 - : ey | 2 DOE-O5

0.5 0.8 a7 Q.8 0.9 1

Diffuser Pressure Recovery ()

——=F/m.a (M=0} ——F/m.a (M=0.66)
——TSFC (M=0) =——TSFC {M=0.66)

Figure 4.5: Variation of TSFC and #/r wilh diffuser pressure recovery.

An ncrense in the diffuscr pressure recovery, T 15 seen to increase Fm and decrease T5FC
An improverment in intake performance therefore benefits the overall performance of the engine
and it is for this rcasen thal intake performance is such a critical pant of the propulsion syvstem

and must be designed correctly. The inlake will be discusszed in more detail in Chapler 3.
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4.7 Software Implementation of the Propulsion Model

The once-durensional prapulsion model desevibed i this chapter was coded ot a 14 class
representing the entire tzrbiejet. The source code for thes class, "Turbol=t2D" can be found
1 Appendix C-2,

A Mo chart indicating the algorthm for deterrnimng the net throst outpol can be Band in
Appendis C-1,

The class slores ail the dala lor the comrponent efficienncics, maximum Cnperilures, prosasire
ratios, [uel eneroy, oo, 1 all the data required o represent the turbejel. The Turbelez 1R
class also contains @ UCons | otakes object that deseribes the imake reometry and behaviour,
The Dene Dnte ke class will be discussed in Scelon 3.5,

The primary lunetion in this class s TycleThermodynami on, and itm paramerers are givien
ity Tuble 4.3, This functien i called by the r2RC and Thrust tunchons o culeolaie e
overall lhermadynamics of the evele, It follows the procedwres, wnd anlises the equations,

duseribed i this chaprer wo perform 1= caleulations,

Table 4.3; Parameters for Fonction Cyele Thermuody pamics

Parameter Name | Units InfCut - Type
Hetarr ‘-Jall_te":" 'I;SFG - Thrust Specific F-Lrel Cunsurnptiun“ _.Eg.-'[N.s} Ot | Double precision
Arguments: MO - Free stream Mach number : In Double prec_:i-s-ir:bn
. Ta - Free stream lemperature . 58 _n Dathle premsmﬁ
. pl - Free stream pressJre " Pa In
ABEONO - Afterburner: On =- LOff=0 In Iﬁteger o
i d - difflser prassure recovery T In Double prec;émn
&7 - exit stream propearties at station 7 il Ot CldealGasSiream
ex% - axit stream properties .at slation B out Clde:aIGa.sStream
_}'-‘;\?_ma - axit are:a la mass flow rat'o . m=s:kQ . Cut Doulie precision
AD ma - exit area to mass flow ratio rnzs.-"kﬁ Out Double precision
F ma - Thrust to mass flow ratio ._F.\_J.sf.}.{g e | Double precision
E fueliair ratic . Dt Dauble precision




Chapter 5: Intake Modelling

In Chapter d it was shown that the bk perfommmee 3s erveal 1o e overall perlomeance of
the propuisiom umit m lenns ol it pressure recovery and the mass flow that 1t permits, This
sgetion deseribes the mamier m which the comeal-contrebody, supersonie mlake 15 modelled. Tt
starls with an overview ol intake operation modes and procecds to deseribe how these are
matherralically modelled. A method [or detamzning the mass flow through the intake 15 also

presered.

5.1 Overview of intake operalion

Figure 3.1 shows a schematie of a wypisal supersonic, conical centrebody intake.  The
supersonic Tree strean airflow over the cone generales a conteal shockwave, A second, nernzal,
shock, then gecurs w the cowl Fpooor in Lthe diverging passage. 'This two-shock syslen,
discussed i more detail later, resul's mou favourable sapnation pressure ratio from the free

slream to the compressor lace | 10].
The eentrebody can franslate along the X-axis, i order to vary the desin angele, 34,

-t
¥

e
ol J;F.
1 _c»{t_—'— ER e
i wm = 5 Noermai shock
* o = Conical shock il i e
Free Siream B i i :
M, T, ’f o [ ] Diverging passags
é iy Translatmg:
e i Cenrebody
r

Figore 5.1: Schematic of u supersonic conical intake with two-shock system

A conieul eenirebod v, supersonic intake, operates inoone ol the following mades, dependent on

flight condilion and turbormachine performance |10, 11

5.1.1 Subsonic flight

This mode of aperation is effective in the e streanm Mach number range from 0= A < 1, 'The

Slanatinn Aressare recovery, T is nominally consiant [ 1Y awd close to anity,
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512 Detached Shock Mode

A detached bow shock 15 formed m the Mach nuber ranee Trom 1< A8 < M where W
is the Mach numbaer gl swhich o shock wave attaches 10 the conical centrebody. This shock wave

has o hyporbohie geomenry anc asymptotes towards the some (Mach) agle

"
Derached Y
Hyperbolic s
Shock el e ———
-
Froe Sireum
M, 2y T,

Figure 5.2: Detached shock arranpement

5.1.3 Critical Mode

Critical mode pressure recovery occurs when the miake 15 operilimg sl s design condition.
Therefore, the Mach number (5 given by the desypm Mach nummber Meowhich s variable and
dependent upon the centrebody position,

The back pressure on the intake at the compressor face 15 such that the nornial shock ocours at
the enwl Jin. This resulis i the captare stream wmbe having the same diameler us the cowl Tip

amd Lne meaxinram possible mass flow rate Lhrougsh the inleke 15 ackhieved.

* -
Froe Streum
M, BT

Figure 5.3 Critical mode shock arvangemend
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5.1.4 Sub Crtical Mode

Suberibieal mnosde operation pceurs when the back pressure on the imfake 05 oo nghe Tls
rerults i the normal shock being pushed forward, outside the cowl.  Part of the capruoe
stresmiube there lome passes througsh the teo-shock system and 1the rest only passes through @
stranger. single shock,  The stignation pressure teeovery s lherelone lower han at erheal
pperation for the same Mach number. In addition, streamlings passing through the sinale shock
are: curved, and lhe caplure sramiube digmeter s therefors smaller than m enitcal mode

aperation. resulting in a lowsr mass flow rate throuah the intake.

- —— = i
| ree Stream
Mo T o
b (] i - ?.?k.- ¥ :
. T T
_ _ _ ! (I_I._'_-1I_. ?ﬁ_—-_n_n—_n.-n._ 2T e
B
"
i
A
A
..... : - TR
i.' ‘1 ___,.-r"/’f
. - -— - y Epa
1 %
Frog Strcanm q
*'H-:- £ I ?4.
o
N\ T P Sem—

Figure 5.4: Two low arrangements in sub critical mode

515 Super Critical Mode

In super crtical mods. the back presswe acting on the mlake 15 Tawer than i entical mode
eperation, The ninmal shock therefore moves 10 a Jocation further down the diveroimg prssape
insice the cowl, a3 ilusirated m Figurs 5250 The Mach number at thes locarion s hisher than al
the cowl lip and the normal shock 15 herelone stromer.
therelore lower than at the erileal comditiom: The muass flow rate through the intake emains

constant and equal to the mass Now rale obtamed al the ertical condifion,

The overall pressure recovery is
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> - —
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Figure 5.5: Super critical mode shock arrangement

5.1.6 Mass flow and pressure recovery for different operating modes

—— Cperakon at desgn mach auerbar
— — = Cprrginn ob < design mach number
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Figure 5.0: Mass flow and Pressure Recovery for dilferent operating modes.

Sewree: |
Fiour: 5.6 illustrates the vacious operating modes that bave been deseribed in this section. e
effecl of subentical and supercritical opsraton on the total pressure recovery s clearly

NMustrated. The redused mouss low due toe operation al an off-design condibion e oalsoindicated.

For this reason, the desizn of modum imtakes 15 extremely complicated. Generally, facihies are
provided for bleeding excess inlake mass low when the engine is choked. so as Lo aveld a
subentical vperational mode.  Addinonal wtake gates are provided for sngine starling and low

Mach number speration such as to allow sufficient mass Dow through the intake [ [0, 31
Netermination of the exact muass Now through the engine is therefore dhllicult 1w caleulate, and
so stmplitications and assumptions regarchng the intake behaviour have been meorporated into

the mdel developed in this section t estimale the wotoal mass Oow rate,
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5.2 Conical Shock Properties

I order Lo develop amomernical model Toe a conteal intake, some understanding ol The behavioor
of the comcal shock 13 required. This seetion wll provide a very brief overview of the key
propertics of this shock pe.

When a supersenic stream encountors a swoedge, an obigue
shock wave forms and The stream s diverted such bl the

streamlines are parallel to the wedge distuchance. In the case

of i comcal body an the superseonie steam, the Now around the

cone  1a axisymmetnic. From che conservation of mass

principle as applicd o the Duid between streamiines, the

streamlines converse wowards the cone surtace as the their

radivg inereases. This situation 1s shown i Figue 5.7, ) ) i
Fignre 5.7: Sircamlines lor

Duc 1o the curvature of the streamlines, compression of the - SIPersenic tlow over a cone

- SAonree: D1
oas takes place belween the shock wave and Lhe cone surface, B3]
Thermodynamic propentics are therefore net comstant aleng a streamlice, but are instead

constanl along ravs emanating Tom the eone apes,

The shock anpele s dependent on the dree strean Mach number and the cone scini-angle, Unlile
the simple obligue shoek, the shock angle cammet be determined from a simple gas relationship.
Instead, it reguares an tteratiye procedure such as thal Jesernbed i Section 16-3 of relerenee 15,

bascd om the work of Taxlor & Macoll, This tlow pattern 15 termed Tavlor-Macoll flow.

Once the shoek anele for g aiven cone amdd free stream Mach oumber have been determined, Lhe
propertics behind the shoek are readily  caleolaed  Dom the standacd tdeal gas shock
relationships. Furthermore, the properies along any ray can be determined by perfomimy the

reguired numerical integration betwoeen Lhe shock and the tay in guestion,

Irn arclee o prowvide dara for the behaviow of a conical shock system, o compuicr program was
wrillen based on the algorithm presenled in rederence 3, [t ulthises the Tavlor-Macoll approach
Lin solve for the shock angles corresponding w a range of Mach numbers al a qiven [roe streim
lemperalire, A comparison of the eaiput of this program to the data published in refercnce 12
15 given in Figure 5.8, This shows tha the caleulared outpat matches the published dala very
well., The gups n the curves for the 3107 and 207 cone semi-angle are due to the algeritiun nol
converging wilmn the speciiu] convenrenee period tor that particular daza poinl. This missing
dala is readily culeulaled by morcasing the naximum number of ierations the software is

allowed to pertionm.
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Figure 5.8: Comparison hetween published conical shock wave data and caleulated resalts

The ende tor program which calculates these propertics 1s presented in Appendix E-1,
A sample outpar file from the program for a 307 cone semi-anule 15 presented n Appendiz A-3,

The caleutslion of properties along any ray was meluded inthe ideal gas utility code which iy

presenled in Appendis E-3.
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5.3 Standard intake performance curves

e 1o the comples mature of ielaks performance, several stundard mlake pressure recovery
curves have been developed, These allow a quick estomate of how an intake should behave at
drficrent Mach numbers However. they do nol predict the mass flow that the intake will be
capable of passing.  As discussed carlier. the mass tflow rate through the mtake 15 affected by
operational mode and s eotical to determining the nel throst oetpot of the enging. Two standard

eunrves | 11| are presented below for compansen with the intake model developed in Lhis chapter.

AlA Pressure Recovery Curve

The Aureralt Industrics Assovianion (AlA) standard pressure recovery curye approximaies

the sebsonie reeovery as maly, amd whilises Fg o 301 Tor the supersomie repgieon.
Finel A <1
iy 1= 1AM, -1 A, =1 Fg. 5.1

MIL-E-SO08B curve

This curve reprosents & revision of the ALA gurve, intended to be semes hat more indicative
af actual méake pedormance, The curve s indended teo provide o gende o good . optunam
ks performance behaviour, Tn the subsomic remion. the recovery s uoity. and Ego 32

apphics 10 the supersonic region,

7, =1 000750, — [} L S Fq. 5.2
i ¥
1 !
0.s |
=
L
S 08
oL
i :
Q7 | =—ia
——M|L-E.5008E
: (65 230y AR O L -

a 0.5 1 1.5 2 2.3 3
Intake Mach Number

Figure 5.9; Standard pressurce recovery curyes
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5.4 Numerical estimation of intake performance

Lhe cquations and algenithms widlised in the ramerical intake pertormance model are descrised
aetow. Detailed dernvalions of somwe of the cquations have beer pluced in appendices [or {further
referines, A comparizon betweer the performance predicted by the algerthms presented in thus

section ard the stardard curves i alver in Section 7.2,

54 1 Detached Shock Solution

Frgure 5,10 buiow shows a sehematic diapram of o detached shock system upstream tfrom a
comeal hody. The shock has a hyvperbelic geometry [ 10 which asvmpiotes Wwwards the Mach

anple, Lo

Figure 5.10: Schematic representation of a detached shock and irs diseretisation

A1 the apex of the hyperbola, the shock propertics are similar 16 those of o nermal shoek |12
Loveards the encer reaches. the shock behaves as a Mach shock, Belwoeen these 190 posilions,
the propertics achund the shock car e estirmated from the obligue shoek relatons.

The solution algorithin wilizes the assumphion that the shock angle o the captere radius, #, 15 a
linear [unction of Mach number between a normal shock (907 and the [irst avached shock {5
M) Inreality. the shock asyvmplotes 1o ihe Mach angle @) a very large distunces from the
apex of the cone,

The caleulution of the parameivrs deseribing the hyperhola is given iv Appendix A-Z.

Fressure recovery 1s caleudated oy dividing the caplure strearitube into a5 annuli of equal area as
iver by Tg. 5.3 The flow properties sefore and afier the obligue shock are caleulated [or cach
seetion, und the resnlts are averaged 1o vield the prossure recovery [or the capture streamtube.

£y Fq. 5.3

., EiET=aE;
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whoete r, 15 aiven by

| rd
i Bl T
i 1

and whors

A, —area ot annulus

o— number ot annul

Fo — F = streamtube capture radiog

Fo. Fog are the inner and outer radius of annulus #

Thus the prossure recovery 15 ven by Bg. 3.4 helow:
I l'z 3 m
P b S | Eq. 5.4
Mo M ::\fj.-u Fa

Mass tlow rate in this conditzon s assumed (o be mivverned by the engzinge and exhaust.

2.4.2 Critical Solution

j'/
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Figure 5.11: Pressure recovery in eritical mode operation

Fipure 3,11 shows the pressures at various locations in the intake shock systom during eritical

monde operation. The solution [or the stagmation pressute g, 15 s [ollows:

s T conical shock wave angle § 15 determined from previously caleulated Taylor-Macoll
comea! [Tow properties, as described in Section 5.2,

+  The algoritiun determines whether or not the comical centrebody can be positzonad such that
f malches [0 10 1mis ia ool possible, (B is adjusted to a value that is s close o B oas
pussible.

= lThe average Mach number of the airstrean: entering the cowl i3 determuned ss the syirage
of the Mach number ar the cowl lip, 3, and the cone surfuee, 5. T0 A, matches {3 then A,
is given by the Much number iemediaely after the conical shock. However 1l 5 35 luss
[t f4, A, must be determined by integrahng the Vavlos=-Mucell Now equations herween [}
and f,.
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The pressure recovery actoss the comeal shock 15 caloulated from g, 5.5;

P _ _P..-.-___ I Fq 5.5
L O L
ML LM Fq. 5.6
Mo =l
arE 3

e The averaae Mach nurnber of the stream entering the cowl 15 then caleoluled g 56, 10
Moo= 1 the stream entering the intake 1s subsonie, and there will be no normal shock. Ir s
possihile thal Ay, = L owhile Mo, <0 | however, in this case, M, will be clese to umity and
the pressure ratio zeross the shock would be approximately unity as well,

» [, = 1, anormal shock vccurs and Lae pressire ralio aceoss the shock is caluelated from
the narmal sheck cquations.

The total pressure recovery for the mtake 1s therelore given Iy Eg. 5.7

h
=1

PR P Y Y Eq.
T Pa Pu Py P

The mexirnun: mass flow rate that the mtake 15 capable of passing s caleuluted by considering

e posttion ol the shock svatem. which determines the maximiun: capiure sircamtube diameter,

- -

A
oAk

i
>
Froe Slrcanm
Mg T

Figure 5,12; Parameters tor determining the mass flow through the intake

Fiere 512 illustrates the shock arancoment and Jow sieeamline of the actual captuwre
steesmitubie, /. Fhe comcal shock (a) s desenbed by T, 5.8 white the average streamline (b) is

describwed by g, 2.4,

rixj=xtan FEg. 5.8
Ry =E. L, e Fg. 5.9

Solving lor Lhe milersection of these lines vields L. 5.10 below:
_fo—Ltan} Eg. 5.10

F =
¥ Lan{)
Lan 3

b |
4
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The only unknown on the right hand side wm Eq. 5,108 8, the Oow wngle, 8 represents the
averape flow direetion of @ streamline afler (ke comeal shock, This streambine curves, starfing
al the Dow direction given by the oblique shock equatiens, and approachsng the slope ot the
come as 11 nears the cone surface. The averaee flow angle 15 given by the averape of the flow
angle mmediaicly after the shock and the flow angle at the mtake Lip, The Oow angle al the Tip

can be caleulated by mtepratng the TavlorMacoll flow cquations.
The maxumum Now posstble throweh the wmfake s then mven by Hg, 5110

=LAy, Eq. 511

=R ::-"-"_"".ﬁ2 M, "-.'II:'IR T
54.3 Sub Critical Salution

When the maximum [ow possible through the engine is less than the maximum flow through
the miske operating in erineal mode, a5 given by Eqo 5,11, the engine sppears g5 o lsh buaek
pressuve to the intake, and 1t will operate 13 sub erticat mode as discussed in Section 5.1.4. dhe
cimne effectively eeta a3 2 choke. 2nd the mass fow e throush the ke s himited w the
maximnum Jow through ke engine. The maxirmm fow in turn determines the cuplure

sirzarrtube dismeter,

The shock arrangement is illustrated in Figwe 540 The pressure recovery s therefore
dependent on the fncation of the normal sheck as this determines what proportion ol the cupture

sireumilube passes through two shocks, and what passes through only the normal shock.

The simulation procedure utihsed sssumes thit Tor vers mass Hosw throngh the engine. the
norrmal shoek 15 Toeated at the apex of the conteal centrebody. The position of the normal shock
for 3 gwven Hlow ratio 15 then interpolated between the normal shock placed al the cowl hip (Now

o = 1) und the cone apex (flow ratio = ().

5.4.4 Super Critical Solution

[n super critical mode, the mass flow is lunied o the maxaimur mass flow obtained i critical
mande, as diseussac in Section 5.1.5 above, The pressure recovery i his case depends on the
Mach number at which the normal shock oecurs, whieh m wrnos Sepoendent upon fhe theoat 2rea

gned the prossure at the compressor face,
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5.5 Software Implementation of the Intake Model

The methods, orocedures und cquarions of this chanter were coded mmto 2 U—+ cluss called
"OrmmeTrtake. This cless hes diely members which represent the geometry end [ud
aroperiics which affeet the merfonmanee of the mleke, T giso bas member functions which
arovide pressurc recovery caleulations i the vanous opersting maodes desertbed mo the

preceding sections,

A Mow chart temmesenting the procedure utilised for deternuning the pressure recovery of the

ke is preseated m Appendix A-1.

Conical shock properties re provided e e lookup-table which can he changed at run-time to
allow the intake to be used ar difterent altndes within the same simulaten, The conicel shoek

pronerties arc wenerated by 2 standalone prosram "TRFlowProps” which implements the
Tevlor-Macoll soiubon [13] for comieal sbock propertics. This was done due to the serauve
nature of the conical shoek solution algonihm,  Comieal shock propertics alang ravs at angles
other than the shock angle ere then cestly caleulated by Runge-Kutle miggmation [rom the
previousiy cyleulated shock angle ond propertes,  The lanctions tor detenmuung  these

promertics gre included in the TdealGas cluss which cneapsulutes the bebaviour of an ideal

pas.
The code for the Tonelnzake cluss s provided in Appendix A-4

The code for the 1doalGas eluss is provided in Appendix E-3.



Chapter 6: Aerodynamic Model

This chapter describes the manner in which the aerodynumic model s amplemented in the
simulaion. It covers some bazic aerodvnamic concepts and then procccds to diseuss the

devciopment of the Digital DATCOM maedei used, und how the oulput from this model was

6.7 Overview of Basic Aerodynamics

Figure 6.1 Nustrates the basic forees acting on a

wing sectien [14] The nomenclature 15 as

follows;

Ve = lrewe stream velocily )

i = unple of attack w ey )

v — cord length g

i — resultant aerodymamic foree

N = component o & perpendicular t ¢

A = component of 8 parallel to o

L = Lifi - the compornent of R perpendieular Figure 6.1; Basic acrodynamic forces
W acting on a wing.

i = Drag - component of 2 parallel to b R

Ry defimng g dynamic presswle. ¢, as given by Iig. 6.1, and dividing the relevant force (e.2. L)
by g, and &, the reference area. a dimensioniess coefficient is obtained.  Dimensionless
cocthicients of this form are o more [undamenta! indicator of the acrodymarme properhies of i
wing than the actual furces themselves and allow compurison between different sizes of wings

arid thewr behavipur ac different alticudes,

d. =¥V Eq. 6.1
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£.1.1 Subsonic flight and wing sections

Elall i i
e separatior
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Fivure 6&.2: Variation of Tily
eoefficient with angle of atcack
Hovaroe: | 141

In the subsonic flight resime, a typieal subsonie wirlinl beheves es shown e Figure /20 The
varialion of ) with reis largely linear up to the point where flow separalion begims, Ths s Lhe
point al wluch the maximum Lift O, is achieved. Bevond this pownt the il cocllicien

decreases as Lhe wing stulls,

Iy deftmng o ifl slope as geven by T 6.2, the 1ift coefficient can be easily caleulated up Lo

s Dhis approach. however, does nol allow the value of O 1o be deternomed.

qC, Fq. 6.2

T wariaton of drag with angle of allack is schemaneally shown m Figure 6.3 Tor a general

wareg, this cen be estimmaled T Tag 6.2 [ L4]:

) Eq. 6.3
e i
' : moAR e
where,
Ak — aspeet raliv of the wing (5745)

¢ — apaen efficiency facior
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Figure 6.3 ; ldealised variation of drag enefficient with angle of attack.

The lifl-o-drag mulio s an indicatar ol how cllcwently 2 wing generates i, Generally, the
higher the lift to dme ratio of an airerafl, the better its perfunmanee. [14] Lsing Bg. 6.3, s

rlealised curve of lill-to-dray va. 1ifi can be plotted, as shown in Tizure 6.4

P I T P 5 rEE st me heie g eeee e ————— 1
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lealise: i
Salution

Decroass i1 G, dus -
! I \@\

tr = ing Y J

-l-"'f

s
i Raeas AR TR TSNS =

| C,

Figure 6.4: Variation of Lift-to-Drag ratio with €

Althaugh kg, 6.3 predicts a gradeally decreasing €00, widh an infinitely inereasing value of
O, this dacs not ocewr o reality. As the angle of attack increases. a condition where the fow
separales [rom the wing oceurs and the wing sialls, as indicated in Figure 6.2, The value of <
thetelore decreases.  This resulis in the curve shown in Flgure 6.4 corling back towards zero.

For delta wing aircradt, this siall condition oceurs al high angles ol auack.
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§,1.2 Varnation of Drag with Mach number
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Figure 6.5: Variation of Cyy with Mach number

Figure 6.5 shows a schomalic of the varaion of drap cocllieiwent Coq with Mach nuniber. 1
shows that s 13 nominally constant uncil some critical Mach number M, afler whach o slaris
lo increase, reaching o maxamum value a1 somie speed. Theeealter the value decresses. One of
the factars influcncing the ol of Cpey o Coge 3% the =0 called 'srea rule’ [L4], The

applicalion ol the area rule resully in the waisted appearance of many combat afrerafl,

6.2 Digital DATCOM model

of a hypothetical delta-ainged aircrafl looscly based on the Drassaull Mirage T, The following
sections describe how the aircratt was idealised for modelling with the DATCOM, Some ol the

limitations of the model are discussed. dlong with some resulls.

6.2.1 Describing the airframe

The awrfrume mode]l was penerally esed on the Dassault Mirage I which was Hown in the
96405 Lo [980's by muny of 1he warld's airforees. The approximate model 15 shown in e
fr.fr, with Lhe dimensionz usced, A more detatled set of drawings with dimensions is available 1o
Appendix B-1. The modelling of varous aspects of the airframe such as Lhe fuselage, wings

and tail seclion are described 1n more detn] 1nthe sections to folloa:
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Fizure 6.6: Schematie aiveraft model for use in the Digital DATCOM

Body
The bedy was medelled by providing the Digital DATCOM with four parameter arrays.
These are x-ordimate, cross-section hall=width, cross-scctional arca and penmeter as
indicaled 1 Figure 6.6, Data for these was obtained from scaled drawines from Jane's
|3] and a 1/4%"-scale model of a Miragg 11
Centre of mass was placed such that L was within the aircraft's wheelbase, and on the
aireraft centreline, even though o probably lics somewhat lower when taking inlo aceount

the posimion of the wings, and any anmamenls,

Wing

Plastorm Geomeiry

Planfurm seometry s that of g swept-back tapered wing, resulling g delta shape
Dimensions were specilicd such that the plantorm would be simuar e the Miraee T,

dimensions ol which were obtamed Trom draswings from Janeg's [ 3]

Dimensions are given n Talble 6.1
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Tahble 6.1: DATCOM parmueters for the wing plarform

= o Z Fug. Dateom [atcom , -
b PR e i : Nakuy I
DHEER = Svmbel  Namlist  Variable iy | Kk
|
Lomgtlundal tocalion of wing apex SYNIHS W 450 b
: _
- Vertical locaton of wing apex SYNTHS FAR { rn:
Wing incidence 2 i WOPTNE ALIW D Deg
- Tp ehord £ ay WGPLNF  CHRDTP 047 m
Faoot chor: | e, WGEPLNE CHREDR 22 m
Semi-span = i3 W INE aslM 411 m
Ixposed sermni-span WGPLNEF  SSPNE EN m
Sweepbuek unpgle A WGPLNE ¢ SAVST ) Deg
Reflerence location for sweepbacx angle WOPTNE l CIISTAT {) %
i it
Thhedral 2 WOPT.NE | TIITIAI t Deg
Twist WOPLND - TWISTA {} D
| Planform (ype Wl LINE el i |

Miatia

{0 Measured from airevalt nose to tlheovetica! vertex of deli.

2 Fronn dane & [3].

S Mirasre I has 17 ankedral, bur this vatue is only wsed for lateral coeffivient estimaddon

i conelel therefire e srnored.

Airfoid Secfion

Jane's [2] stules that the airfoil secrion is of condeal caniber. und vuries in thickness from

4.5% ta 3.5% chord, toot Lo 4y, The arrloil used i the Dizital DATCOM model has o 4%

rmaxinent thickness at 30% chord, with g muenmum camber ol L%,

Figurc 6.7 : Airfoil section wserl for wing specification
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Table 6.3;: DATCOM parzmeters For modelling 1he Tail

Pt ing. Datecom DPateom widhue | Yerits
i Symbol  Namelist | Variable S g
|
i
Longt undul lecation of 1ail apex an SYMNITHS XV 574 m
centreling :
Yoertical tall above reference hne?! i SYNTHS | VERTUP . True ;
Tip chord & VIPLXE O CHRIFIE o4 m !
Laot chord & VTPINT CHREDER 52074 (1
Semi-span h VITLNF 55PN 2.649 1
Expased semi-spin VTPLNF  55PNE 1060 ] 13
Sweepback angle A VIPLND SAWSKI {3 [hey
Beference localion foe sweephack angle VTPELXF  CHSTAT { O o
L chord
Planloamn type YTPILXE TYE 1 .
Wave drag Tactor VTARCTIR  KSITARD 16:3 _

6.2.2 Flight conditions

The Digital DATCOM was instructed o produce O and €, data lor Mach numbers i the runye

Trenm €0 6o 2.2 and in the altitude range lrom sea level Lo 20kan,

6.2.3 Limitations of the modal

The Thgzital DATCOM only provides ovmmed data Tor the subsonic hight regime.

The

assumplion was therefore made that Lhe airerall in queston was neutzally stable at all flight
comditons, Smee the model is required to produce only Dmiled hypotheieal acrodynamic dara

that does nol vary lor the vanouos simulations. this is a reasonable assumption.

In the wansome revion (007 =2 A6 <0 14y, the DATCOM does not provide an estimate of siall
behaviour, Instead 10 utilizes a constant value for the 1itt slope and docs not lim the maximum
witlue thal ¢ aehieves, Troaddition, O i3 not caleulated beyvond g coertain angle of anack. Crp

and the missing valucs of Cp were therefore estimated. as deseribed laler.

Th mereral, the output data from the DATCOM was nat always smnooth. and this is evident in

some of the results presented in Chaprer 7.
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6.3 Results of the DATCOM model

The following section presents selected results Mrom the Dhettal DATCOM model. Due to the
large volume of data gencrated, it is oot possible Lo present all the results in this report,
Hlowever, the sclochon proscated below partscularly covers the data most relevant for the

simulations deschibed in this document.

631 C wvs Acd

Figure 6.8 shows the untrimmed litt coefficient data for various angles of avack and vanous
Mach numbers. OF particular interest are the stragght lincs obtained for flight in the transonic
range. Due to the complexities of (ransome acrodynamics, the Digital DATCOM anlv provides

lift data based on a constant value for £ i the fransonic range as disceussed carlior.

C.

-1@ G 10 20 KH 40 S0 i
Angle of Attack [deg] ;

M=D2—— —M-D4----- M0 M=0.7 — — — =058
----- M-8 — - = -M-14 —-- —M=132 M=1 3 M=1.4
—— — M- MS1B—-—-M=2 —--—M=22

Figure 6.8; Lift coefficient (C;) for various angles of attachk, at various Mach numbers.

532 Cnvs AoA

Fyure 6.9 shows the Digual DATCOM results for untnmmed drag coclficieny for vanous Mach
numbers al a varving angle of allack. The lack of data at high angles of avack mentioned carher

can he ohserved. The noassy curve for M — 11 15 also illusimaled.
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— M=02 RPN, =, S M=0.6 — M=07 o _M=08
----- M=0.9 R BEPES VL — — M=14
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Figure 6.9: Drag coellicient (unirimmed} for various angles of attack and Mach numbers

5§33 CLpaxvs. M

25 —

210 A

1.5

CL Max
B

1.0

.5 |+ﬂm —4— 14000m |

a0 -
0.0 0.5 1.0 1.5 2.0
Mach Number

Figure &.10: Maximum Tift coelTicient vs, Mach oumber.

Fizure 6. [0 shows the vanianon of {4, with Mach number, The estimated values shown in the
transonic mmge: are based on merpolating the angle of attack between M—0.6 and M=1.4, (..

was then caleolated based on thes angle of attack .
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£5.3.4 Cpvs. Mach Number

Figure 6,11 and Tigure 6,12 show the variation of drag with Mach number at an altitude of
400thm. The merease ' drag as the Mach number approaches iy s guile evident, Fioore
6.1 the value of Oy at O also shows a gond correlation to Figure 6.5 In the transonic range
this is i parl due 1o the Tact that ' was estmated based on 1he value of O as given by Eq,

0.3,

g s page A A
16 |
14
g
1
0a
0.6 |
0.4
0.2+
0] ! T 1 :

Qo 02 24 98 08 ¥ L2 14 16 18 20 22

Mach Number

CBI at chax

Figure 6.11: Cp for maximum C; a1 $00{4in

Fioure 612 docs nol show as good o cormelation with Figoare 6.5 as Figure 6,11, However, 11
tiust be bore m mind that Figure 6.3 s only an indication of an idealised behaviow pattern. In
the trgnasomie region the werodymuniie bebaviour 15 compiex and rehable estinuules are difticult fo
abiatn Tron: emmnsally or theoretically Based formulanons. The values mdicaied in Fraure 612
are therelore unlizely to he accurate, hut the rrends indueated are not necessarly incmrecl.

Furthermaore, tor ke purposes of he numrencal nvestizalion wmder  diseussion.  lhese

sgerodvnamie elfects are common to all the suvulations ang ure therefore of sceondary

mportanee t the resulls ans can theretore be woleraled,



Chaoior & Aorcdynanne Mooo! o0
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0.014
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Zora Lift Drag [Cpa)
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Mach Mumber

Fipore 0.12: Variation of Oy wilth ¥Mach Nwmer al {0

B35 CL."ICL; WHS. C.

Figure 6,13 shows the Diaital DATCOM prediclion for varianon of Tl w Drag rato with
mercasing Lilt, 1 can be seen thal e rends indicated resemble those suggestad in Figure 6.4,
All the DATOOM data utilised m the aimulations was himiled to values of O up 1o and
meluding Crage. The slael ol the curling ol the Talt to Trag raono corve can be seen al high

wvalues ol ), bul s nol compleled dus 1o the data having been remosed.

£ 16
(] (a4

[ HE A . S

[ncreas ng W
Tram |4 w22

0 T T
2 0.25 0.5 0.75 1 1.25 125

G

Fignre 6.13: Variation of Lift to Drag ratio wich Lift in the supersonic regime at sea level



Chaptor O Aoroaen amies flode! 5l

6.4 Software Implementation of the Aerodynamic Model

A dhscussed m s chapier, most of the acrodynamic coeflicient caleulations were performed
with the wid of e Digital DDATOOM.  The DATCON, howewer, prosluces output whuch 1§
human-readabie.  Software was thercfore written 1o extract te §ift. drag and angle of atrack
values lor cach Mght copdition and automaticaliv store these in 2 formal suilable lor accessing

frovm a lookup-table.

Each loakup table contained one flight condimion, i.e. one Mach number ard altitude. Separale

lrokup lables wore penernted o allow dats o be geogssed via O, € and angle of attack.

Furthermmore, the 1igimal 13ATOOM does not provide values for O 2l igh angies of meidenee.
These were therefore estumated usmg Eq. 6.3 Datg beyoned the siall pamn was not reguired, so
the: duta was croped durng processims to the maximun value of €, In the ransome regme,
the DA TACOM does not provide masimum vaiues for Cp as it uiiliscs a constant value for thy
il slope us discussed o Seetion 6,300 These were taen estimnared by detenmining a siall angle
af attack by hoearly imcrpotaing between the angle of attack for oy al M=006 and ot M=i 4

The maximam value for O was then determined from e stul] mgle,

A multidimensional Yookup whle svstem was developed o allow interpolahon actoss 1ables,
thus allowing acrodyimamic coclicients 1o be determined at any Mach nurnber. zldlude and
angele o[ attek.

The code for the single- and mult-file lookup tables 1= presented in Appendix B-2.

The code for cxtricting and pracessiog the Drgital DATCOM data is presented in Appendiz A-

[



Chapter 7: Simulation Results

Two engine mndels were constructed hesed on production etuines marufzetured by French
company SNECMA [17, 15, 19]. These were compered [rom an engine-only performance
perspective. as cetalded in Section 7.1, and combined wilh the serodynarmic dats oblaned m
Seetwn 6.3 o vield the inegrated semdynamie - mtake - propulzion-umt  performance

comparisons presentod i Lhe remainder of Uns chepler,

7.1 Comparison of Engine Performance

This scotion presents the results obtamed from cneme-only  simulstions such es the
thermadynamic eyele, thrust speeilic el consumption and net thrust cutpul. Resulls sre bised
on the SNECMA Atar k50 and the SNECMA M3, The Atar series was widely used in the
Mirage 111, whilc the M353 has heen used in the Mirage 20000 “Lhe souree eode [or this section

canl be found in Appendix -3

7.1.1 Propulsion Madel Input Parameters

Tahle 7.1 lisla the mpat paranwters urilised foe the propulsion model, Noles wre [sted ar the end

uf the tanle, indicating sources [or the values smd assamptiusns utilised.

Table 7.1: Propulsion model inpul paramelers,

Paramivr I\".un.i;;”_ Variable Name | Unit | LS50 |_I_M:’~3 | —I
Afteriurmer o AB—{J.III‘\.J—('JI’[-' —QOFE; 1=0x I
;i-;':!n prea::':-'.uri: TOlle pi-t - 1 3
COTETO SO PrOSsSLTE 1ali pl-c 015 COR ]
Burnwer pr_Lc.c,LuL ratic p1-o _{'I'.‘]? | | AR
AR 11:';::.;.5ure ratic Pi-# - ) _I.’il.‘JH R
Fypiss ratio _ Beta . | .36 _i
: |
Tian cl'_lioicnc}-. wly-l 1 L DYs
?mﬁpresﬂm-' etticiency e il h5 L0 s
IHur.ner efficieniey el R4 R
I'I'u]'l:.-jne ellicieney _cm—r“_ _ f1.49 £1.92
:Aﬁerbumer elficieney ¢4 U £1.5H3
IPrimary nozzle elNeicmey can ) .47 £1.97
iﬁccondm}f nozzle elliciency CLi-nh U7 .97




(Raodar B Saination Rty £3
! FParamter Name Variable Name  Unil LS , MB53 .
Max tarbing inlet temperalure WlxTid K 12013 LY
Max wllerbumer lerperature Waxt'l'th I8 as0n || 250 !
Creneraior mass o max tda i VassFlow & | B4 |
Corpressor suction fow PPamphdassFlow 71 ]
el energy TetTuel IR e | Y d3ve.ann [
Prinsary noeele tepe {eonverging = 1) PrimaryNozzle Tvp I [
&
Livpass nozzle tvpe BypassNozzlelype | 1 I &}
| AL
Maxmmnurm poumary mozele arc AT m- th32 2,24 |“
Minimam promary nozzle area AT-min nr 13 1
Masirnin bypass noeele arca Ademax 1’ i 0.604 |
s bypiss nosele ares AR-rer m' il RIS
Acrodvnanme reference area ISRET nr 3576 35716
LaleealT rnss MASS kg 13700} | A7} |
) !
Man i intake Mach mnber Intake blmax j 2.3 ]
2 |
Mach number for specitied ow rale Inlake Bmddol .5 this
Mass Mow rate specification Intake mdot hudy P 44
Licnsiy spec lor Tew rate Intake rheo kgm' o LA 1.1 |
Subsonic PressuTe recoyery Intuke S.abPiTh | 0.99 R ;
: : e o e

[ntake cone angle (half wnwele) InlakeConeAnyle B 25 25
Nertes!

£, Sowrce f17, (A1,

i Souroe! O]

i From the veference areq calondared by vie Dngiral DATCOM.

4. Thix i the rnvimem vared takeoff mass for the Mivage 111 3]

5 Sowree: Jane's [3]

f. tsripated to produce covvect el Sirust ondpt

2 (thter parameters are estimared based on npicad values in te fTrerature,
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7.1.2 Thermcdynamic Cycle: T-s Diagrams

Figure 7.1 through to Fipure 7.4 show the thermodynamie eyeles for the 9k3) and M33 on
Temperalure - Eotropy (T-s) diagrams at a free stream Mach nomber of 066 and at an alttude

ol O,

Figure 7.1 shows the T-s diagram for the 9k50 with the afterbumer oft This diagram shows
Lhat the compressor exil prossure, s, 15 791 kKPa and that the turhine mlet lemperature s 1200
K. It also shows that po. the exit pressure is not the same as the free stream pressure as the
nozzle 15 o converging flap type, and the cxit stream s therefiore not fully expanded. 1.6 the

nozzle 15 choked.

1200 3 Isobars:
—p0 1013 kPa
& 1000 ~———pl2; 128 5 kPa
w ; — pt3 790.5 kPa
o AR — ptd: 7668 kP
g —— pt5: 3156 kPa
E G — pt& 309.2 kPa
400 —p7- 1628 kPa
200 b ¥y e
0 200 400 80O 800 1000

| s [kdhg' K"

Figure 7.1 : T-s Diagram for the 9k50, M=01.66. A/B = Off, Sea Level

Fraure 7.2 shows the T-s diagram for the M533 Key differences between the 95530 and the M33

are also evidont - the M33 has:

s 3 compressor exit pressure of 1260 kPa
= 4 wrbang inlet wemperature of 1600K.

3 bvpass stream
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Figure 7.5: Camparisan af Thrust putput between the 9k50 and M33 acd ki

Atan aitisde of dkm the M3 amin outpertorms te 96300 For the non-afterhurming case, the
perfonmance ditference s significant al lngh Mach numbers, but not so pronounced in the
atterbumiegr case Below W45 the nel thrust produced by ihe M53 with the atierburmer

operations] s marginally liwver than wiik the aferbumer off. This is due to exhauat chabing.

Figure 7.9 shows the thrust outpul at (koo I the nog-afterburning cose, the moss flow s
choked by the exhaust in the subsoeic regime apd by dhe intake {low density at high altitude,
thus regquining 4 large caprure streamtube) in the supersomic recime. The discononuity i this
ease 18 due to g discontinuity in the alporithn that caloulates the mass law rate as the ke
shock pattern changes from detached o attuched. However, since s disgontimnty 18 small, the
error ittroduce:d 15 deemed aceeplable for this investigation, It is theretiore also ¢lear that the

mese flow i this conditivn s beinye chuked by the inoake.

In the atterburning case. the mass tlow is choked by the exbuust in the supersonie repime due to

the convergings mreede, und the highly cnerpised cxhaust ghsses,

Mot

The resalis presented In R Section Peplesend o Heoretica! solution to the squaiions presented
i Cltopreer F and Cheapter 30 Althaugh the irendy Drdicated in Figwoe 7.7, Poanae 7.8 ond Figure
T4 gre simiter to those for certain turbojed and turbofan cngines, the regder L cawrfoned from
natng theve results divectiv. Enpivical dutn for the perfirmunce of theve engines afanted afier
the compifalion of this docwnent (edfcate thar thinst cuipiet wé ik Mook wumbers i Jarger
than that predicred be thie madel. The empivicel data for these engines shauld therefure be

congiticd showld pocwrate pevfomance data for these enpines be veguived,
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Figure 7.9: Comparisan of Thrust oulput between the k50 angd MS3 at 1d4hm

7.2 Comparison of the Intake Mode!l with Standard curves

= s -
g 1.00 y
[}
=K}
o 085 -
S

=
B E 08Q-
@ :
=& 1 i
S 085 ' ;
;n |
2 .
£ 0.80 i <

0 0.5 1 15 .

Mach Number

— A — =153 - 1dkm - A'B = On
AL -E-50DEE — =153 - 14km - &8 = Oif

Figurce 7.1 Diffuser performance comparison

Standard intake perlonmance curves were prescenled in Scetion 330 Tigure 710 presents a
comparison of these curves with two imtake performance curves caleulated fr the M33 engine
configuralion al an altitude of 14k The subsonic recovery was specificd to be .99 i this

contfiguralion.
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In the aflerburmer off condion, the curve displasys small discomdinuiies as the mtake operating
muode switchos from subsome to detached, to entical and then superenitical. I can he seen that

the deviation of this curve from Lthe stimdard curves 3 small (betweeen 3% and 3%

In the afterbumer on condition. the cngine 12 choked by the exhanst and the intake operates in

suberitical mode. Thus the lower pressure recovery mdicated by this curve Is expocted

7.3 Thrust - Draq - Load Facitor chart

From the elatonship givee i g 3.7, Figure 711 can be plotied for a given awreraft mass and
altitude. [t shows that as the Inad tactor, #, 15 increased at @ given hMach number, @ higher 1ift
cocllictent O s requined. The achiosable lead factor i@ (heretore lomited by the maxanmum bt

coctficienl thad he aireraft 13 capable of al a given flight condrtion.

3:__“' ‘i'IT_ [ —— — i
A R
i Y
2.5 - ‘ N :
i n\ |
I B
E’ 15 I \ Inm\eafitnggn fram
& o
S
0.5 -
|
G B
&
Mach Number

Figure 7.11: £ required for a given lead factor and Mach number at 4dkm

From Figure 711, and (he acrodynamic data, where the caleulated value for O hes within the
arrerafl's capabililics. the cormesponding: dray cocficient, Cq can be determned, This is plotted

in Figure 712 where the Tincs of constant 2 shown for € in Figure 7.1 are now plamed [or .
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Figure 7.12: 5 lor n—1 to #=9 with 7 superimposed at 4km

In addition, values for the thrmst coetficient. oy, are also ploded for the lwo cngines under
consideration, for both the alterbuming and non-aflerbumming cases,  Feom this plot, the
maximum Mach number that the aircrati can attain i leve] flight (7 = 1) al an alutude of #0m
tor the various engine contigurgtions ¢an by dotermined from the intersection of the (5 and ('
al st — 1 curves, Fhis shews thal the M35 can attain a higher Mach number than the 95340 both
the aflerbuming and non-afterbuming eases, with the citieet being more pronounced for the non-

atterburning case. This is as expected trom the results shown in Figure 7.8

Funhermore, Figure 7.12 showws the maximum attaimable load factor for a given flight condition,
Here it can be seen that at an altimde of dkm, the maximum load factor that the aireralt can
attain with the 9k530 05 just in exeess of 2 m the subsome range with for bolk the afierburming
and non-alicrbuening cases, and just in exeess of 3 i the low supersonie (lransonie) rangs with

the afterburner operational

The M53 iz seen to perform considerably better, achieving g load factor well in cacess of 2 in

thi: subsonic case, and inexcess of throe in the supemsomg case with the afierburmner operaltonal.

The maximum load tactors mdicated by these results would appear to be quite low compared to
the maxunum structural load factor of ¥ specitied in the simulations,  Hlowewer, for all thesy
simulations. the moximum rafenff mory of a Mirage L 13700kg, was utilised. The slews’ mass
is clozer to S0hHike, and the empty mass is around 7O000ke. This heavy airerati mass would

therefore account tor the apparently poor performance of this hypothetical aircrafi

Figure 7 13 extends the concepts illustrated in Figure 7 12 to vanous altiwdes for the four

engine configurations under consideration,  The outer boundarics indicate the maximum
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X}

altatnable Mach number for a umly load factor (where the Croand O curvies inlerseed tor umty

i} The internal boundaries represent the maximam Mach oumboer gehicvable for a given loagd

factor. or conyersely, the maximum lead factor that can be achicved for a given Magch number

and altitude.

Many of the detailed features of these plots are common to the STP plot goven by Froure 7 14

and will be discussed in more depth 1o Seeton 7.4
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Fipare 7.13: Load Factor Map tfor Mach number and Altitude
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7.4 Specific Excess Power

The caleulaton ol specuic excess power (TP was discussed i Secbon 3.1.3, and 15 plotted in
Fizure 714 for the twe power plants under discussion for both the afterbuming and non-

afterburning cases. A load iacter of | was utilised for these plols.
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Figure 7.14: Specific Kxcess Pawer (SEP) {mfs] for the 930 and MS3, #=1

Figure 7.14 reflects the data alreads presented in Section 7.2. The ocuter boundary represcoting
an STP ol wero reflects the condition where €05 cquals €7 on the high Mach number side of ihe
plot. Thig was secn to be the Mach munber ar which the € and 5. curves intersected o Fioure

712, and the maximurn attainable Mach number lor a load Bactor ol umty

Furtherriore, it can be scon that the aircralt has a signilicantly higher service coiling with the

M33 than with the 950 Maximum SEP i also significantly higher wirth the M33 than with the
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9k30. The non-alterburniung M35 15 able to offer SEP values close o those for the afterburnimg

Yk,

The decrease in SEP evident in all four plets around A=1 s primarily doe 1o the sigmificant nise

in €'y, in the transeiuc region.

7.5 Sustained Turn Rate

The concepl and culculation of Sustained Tum Rate (STRY was discussed 0 Scetion 314 STR
1 plotted wn Figoure 715 for the twvo powerplants under discyssion for both the afterburming and

non-atterburning conditions .

.
+ - OK50 AB off
e = 9K50 AB on
5 - | —&—M53 AB off
wog | —m—M53 AB on
E B
= 5} Cpit,
| 2
=
! o rm 4
0] : T .
a.o 0.5 1.0 1.5 20

Mach Number |

Figure T.15; Sustained T'urn rate comparisen for the $kS0 and MS3 at 4hm

The effect of drag nse i the ransonic regime 1% agam evident.  Furthermore. the highest STR
pegurs al high subsome Mach numbers, one of the pnmary reasons for combar taking place in
this regime [6] Axain, the M35 appears to ofTer a higher STR In both the afterburiung and non-
alterburning configuratiens. At the peak STR condition, the non-afterborning M35 olTors cven

better performance than the afterbuming 9350,

Ii is also [nteresting to node that the values for STR shown in Figure 713 are significantly lower
than those tvpically found 1n literature [ 6], Eq. 3.8 indicates that if the thrust matches the
drag. the maximum attainable load factor is ditectly propottional to the thrust to weight ratio.
For the aiveraft and engine confizurations ynder consideration, the thrust to weight ratio (weizht
boetween 94kN and | 3dkN, Thrust < 63kN [or the UW30 and < 94kN Jor the M35 at sea level) s

significantly less than unity, and hence the low susiained turn rate capability,
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Figure 7.16 contains the same results as Figure 713, however, the Attainable Turn Rate (ATR)
has Been supenmposed. Where STR ocours at a thrust to drag ratio of one, the ATR is hmited
by the maximum lift attamable and the structural strength of the aireraft. ee the masximum load
factor tha o 15 copable of walhsimdimgs The lett hand boundary ([low Mach numbers) s lmied
by maamum bt constraint, while the maximun load fietor constraint 15 manifested at hisher

Mach numbers (raht hand boundary)

ar : S e
—GkA0 AB off
i | ——9k50 AR on
18 | —MS3 AB off
g 14 . ——MS53 AB on
x 12
< 10
s
1 B A
4
2
o N L ]
0.0 05 1.0 15 20
Mach Number

Figure 7.16: Sustained Turn rate, with Attainable Turn Rate (ATR) superimposcid

ATR is significantly faster than 8 FR. but the arcraft operates i a condition where the drag 1s
higgher than the thrust and therclore loses veloaty or eneray hewsht in SEP werms. ATR is
primanly at acrodvnarmie elteet, and 15 only indurcetly inllucheed theough power plant by virtue
of mass differences. However, sinee the M33 and 9k30 are stmlor i mass, ths difference was

ignored for 1his inveshgalion.

7.6 _Range

As discussed in Scetion 21 L rangse s anomportant characterizng of a combal wireralt since it
determines the maximum distanes from which an airforce can sirke at an opponent and also

b deep mto an opponent's lermlory sirkes can b made,

Llalising the assumptions and simpliticalions given m Section 3.1.1, Eq. 3.3 can provide an
estimate of the cruising range of an aircrafl. In order to compar the cnpzines under discussion, 3
baseline range wus calculated for the 930 wathout the afterburner at a Mach mpmber ol 0.4 and
altitude of 4000m. The other engine configurations wore then rated asranst thas, as shown in
Figure 7.17. The velocities and drag to hift ratios for the two Mach numbers considered 18

shown in Table 753 The Tull’ and 'empty’ masses were estimated at [3700ke (maximum rated
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take-off mass) and a fuel load of 330K} litres, viclding an cmply mass of [1320ke.. These
parameters indicate a range of 321 1km for the haseline range (arcen bar in Figure 7.17). Jane's
|31 supgsests o combat radivs of 1200k or 2400km round trnip for the MHL This would

compare favourably with the range abtained for a Mach number just i excess af' |

Table 7.3: Flight conditions for Range estimation

Mach Number | Velocity |mis| | DiasdTafl Rattio (23
AL A

ir.6 1948 | 0151
L 3278 0.329
1.2 JRirs , 1.373

MS3 AB=on,M=12
MS3 AB=on M=08
MS3. AB=ofi M =12
Mo3-AB=off M =086
Gkol-AB=on M=12
GkS- AB=on M =06
kol - AE=off M = 1.2
OkS - AB = off, M = 1+
kil - AB =off M= DB

100.1%

Engine Configuration

100 0%

0% 20% A4 G0% Q0% 100%, 12054
Percentage Range

Figure 7.17: Relative Range for different engine conflignrations at 4000m

Since only the VSFC parameter was varied in Eq. 3.3 for the two ditferent engines, Fioure 7.17
reflects the trends shawn for TSEFC m Scetion 7,13, At $000m. the M33 is seen lo provide only
a marginal nprovement over the ¥k for dey operation at M—0.6. The 9k50 1= unable Lo
provide sufficient theust for the atrcraft to ense at a Mach munber of 1.20 and the M33
therefore shows a signudicant improvement over the k30 Furthermene, the non-alterburning
M53 ata Mach number of 1.2 pravides marginally more range than the non-afterburning $kan
al 1ts eraximmuen Mach nuzpber (just moexeess of 1) However, m the afterbuming conditiyn. the

AA3 shows an all-round inercased ranee over the 930

The drop in range from g Mach number of €6 1o 1.2 13 due to the ingrease in the dras/1ut ratio.
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8.1 Conclusions

From the results presented in Section 7.6, the M53 results in a range capability which is only
marginally better than with the 9k50 in the dry case. However, the M53 does allow a higher
Mach number to be achieved in the dry case. In the afterburning case, the M53 shows a distinct
improvement over the 9k50 in terms of range. The MS53 therefore presents a tactical advantage

in an interception role where range and speed are required.

When the two engines are compared in terms of Specific Excess Power, as given in Section 7.4,
the M53 presents a clear advantage over the 9k50. It allows a larger flight envelope, and
presents an opportunity for attainable performance to be exploited by allowing a more rapid re-

acquisition of lost energy.

The results obtained for Sustained Turn Rate in Section 7.5 again indicate that an airframe
equipped with an M53 engine has an advantage over one equipped with the 9k50. The M53
offers a dry peak STR which outperforms the 9k50 with an afterburner. In traditional short
range combat, this would offer significant benefits.

Section 7.3 illustrated that the MS53 allows significantly higher load factors to be achieved
which is reflected in the STR and SEP data. Furthermore, the M53 allows higher maximum
speeds to be achieved than the 9k50.

In general, the M53 appears to offer better all-round performance for the hypothetical aircraft.
Its abilify to produce significantly more dry thrust than the 9k50 allows supersonic cruising
without the use of an afterburner (supercruise). This has additional benefits beyond the scope of
detailed discussion in this dissertation such as minimising the aircraft's infrared signature.

A conclusion can therefore be reached from this preliminary investigation that supercruise
capability for an old airframe does offer tactical advantages over other similarly classed combat
aircraft. However, these performance gains should be viewed in light of a new generation of
aircraft that have superior handling and agility that arises not only from their superior power
plants, but also from their aerodynamics and control systems.

A conclusion can also be drawn from the results obtained that the simulation algorithms and
routines developed performed satisfactorily and the results obtained compare favourably to
published data, but that scope remains for improvement.
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8.2 Recommendations

This simulation exercise has provided a preliminary indication that supercruise capability for an .
old airframe offers some tactical advantages. A more detailed simulation of the aircraft in
combat should be performed to obtaih a more comprehensive evaluation of the performance
gains that are potentially offered by this technology.

In terms of the simulations developed in this investigation, the following shortcomings should
be addressed in future work:

Aerodynamic Model:

Although the Digital DATCOM provided useful information, it has serious shortcomings. In

particular, an improved aerodynamic model should provide:

¢ Values for the lift and drag coefficient for trimmed flight at all flight conditions.
e A better estimation of the lift curve in the fransonic region.

e An improved drag behaviour prediction.

Propulsion Model:

The propulsion model performed well and provided reasonable estimates when compared to
published data. However, performance corrections for operation at less than full throttle
should be developed. The interaction with the aerodynamic model should then be tightened,
such that flight conditions such as lift, drag and thrust are better matched.

The model should also be enhanced to provide a better estimate of the mass flow rate
through the engine.

Intake Model:

The intake model should be further developed to better account for the following:

e Mass flow rate through the intake under the various operating modes.

o Corrections for the pressure recovery at angles of attack other than zero. This should
then be linked to the aerodynamic data and propulsion model to provide more realistic
values for the thrust at an angle of attack.

s The effect of bleeds and auxiliary intake gates should also possibly be added.
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Appendix

A: Intake Model

Appendix A-1__Flow Chart
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Detached shock soln.
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Appendix A-2 Detached Shock Equations

The general equation of an hyperbola is given by

2 2
x* r
-7 =1
a b
rewriting:
r =i-li«]x2 -a
a

considering only the positive portion of the hyperbola, the slope is found by taking the

derivative with respect to x:

dr b x

& ay_g?

The slope of the asymptote is then given by

o iml X
b
a

From the Mach line condition,

ar
PR sam tan
=
where
—sin[ -1
14 M.
Thus,

o)

The value for a must now be chosen such that the slope at » = r, is greater than the slope of the

conical shock wave generated at My, Solving for x in terms of 7,

ii-‘-:él\/rz +b?

dc ar



Appendix A: Infake Mode! , ) 74

Now,
b= (2]2 a’
a
Substituting, and solving for a,
&-C)
r Pu— —f omane
dx a
b 2
5

It will be assumed that the slope of the hyperbola at r = r, is a linear function of Mach number

between 90° (normal) and &, the angle of the conical shock at Mach.

Thus the angle of the detached shock at the capture radius is given by:

n, —g,
r / (M 1)+—
¢ 1 -M ek

and the slope is therefore:

dr

= tan(0, )

r=r,

This completely defines the shape of the hyperbola, but not its position relative to the apex of
the cone. However, since the mass flow rate the detached shock condition is assumed to be
controlled by the mass flow rate through the engine, the capture streamtube diameter is not

required, and therefore the position of the shock is not required.

In order to calculate the pressure recovery, a capture streamtube with radius r, is assumed, and

this area is then divided into annuli of equal area as described in Section 5.4.1.
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Appendix A-3 Sample Conical Shock Data

The following data shows the typical output from the Taylor Macoll flow calculation program.
The data represents solutions for a 30° cone semi-angle at sea level (temperature of 288.15K).
The Mach number of attachment may be determined by requesting output between Mach

numbers of 1.4 and 1.6 with a smaller increment size.

Mi eps M2 p2/pl r2/ri Mc pc/pl re/rl
1.2 HNo Solution at this Mach Number

1.4 No Solution at this Mach Number

1.6 58.288 1.07131 1.99486 1.62189% 0.932775 2.34512 1.82061
1.8 §1.919% 1.22905 2.17556 1.71871 1.10661 2.54597 1.922%4
2 48.081% 1.36293 2.41734 1.84163 1.2%34 2.80687 2.048%8
2.2 45.4174 1.48558 2.69797 1.97573 1.38651 3.10648 2.18501
2.4 43.4488 1.60008 3.01169 2.11574 1.50954 3.43%4% 2.32625
2.6 41.9378 1.70754 3.3562 2.25867 1.62403 3.8039%92 2.46996
2.8 40.7461 1.80853 3.73034 2.40243 1.73085 4.19884 2.61423
3 39.7866 1.50341 4.13351 2.54546 1.83062 4.62375 2.75757
3.2 39.0012 1.99247 4.565%33 2.68654 1.92381 5.07841 2.89884
3.4 38.3493 2.07598 5.0256 2.82474 2.01084 65.56267 3.03716 .
3.6 37.8018 2.15423 5.51415 2.95934 2.0921 6.07642 3.1718B2
3.8 37.3374 2.22749% 6.03089% 3.0898 2.167%6 6.61%961 3.30231
4 36,9398 2.29604 6.57576 3.2157¢6 2.23877 7.1%22 3.42825
4.2 36.5968 2.36015 7.14872 3.33694 2.30486 7.79417 3.54942
4.4 36.2988 2.4201 7.74972 3.45319% 2.36655 8.4255 3.66564
4.6 36.0382 2.47614 8.37875 3.56446 2.42413 9.0882 3.77687
4.8 3%.8089 2.52855 9.0357% 3.67073 2.477% 9.77624 3.88311
5 35.6062 2.57756 9.7208 3.77207 2.52812 10.4556 3.98441
5.2 3%5.4261 2.62339 106.4338 3.86858 2.57504 11.2443 4.08088
5.4 35.2653 2.66628 11.1749% 3.96039 2.61891 12.0224 4.17264
5.6 38,1212 2.70643 11.9433% 4.04764 2.659%94 12.8299 4.25%85
5.8 34.9916 2.74403 12.7408 4.13051 2.69834 13.6666 4.34268
6 34.8745 2.71926 13.5658 4,20917 2.73429 14.5327 4.42131

###Start Time: 956488692
#H##End Time: 956488721
Total Time: 29seconds




Appendix A-4 __Intake Model: Class CConelintake

A.4.1 Header File: Conelntake.h

// ConeIntake.h: interface for the (CConeIntake class.

/7
VLIl i A A A A A T NS LI L AV A A 4

#1f 1defined (AFX_CONEINTAKE H_4B68AS533_2017_11D1_RE6S_000000000000_ INCLUDED )
#define AFX_CONEINTAKE_H__ 4B68AS33_2017_11D1_BE6S_000000000000_ INCLUDED_

#include *..\LOOKUPTABLE\LOOKUPTE.HPP® // Added by ClassgView
#include v..\IdealGas\IdealGas.h" // Added by ClassView
#include *../IdealGas/IdealGasStream.h”

#if MSC_VER >= 1000
fipragma once
#endif // _MSC_VER >= 1000

class CConelntake
public:
void GetIntakeGeometry(double &rc, double &L, double &dx);

LookupTable * ReplacelLUT (const char *lutfname); .

double PiD{(CIdealGasStream* fluid, double aca, const double mdotmin, const double mdotmax, double& mdot);
double PiD{double M0, CIldealGasStream* fluid);

void SubsonicPiD(double newPiD);

double PiD(double MO);

double GetRc(void) const { returm m_zc; }
void SetMassFlows (double wdmax, double mdsuck) { m_mdotmax = mdmax; m_mdotsuction = mdsuck; }

vold ManDesign(double rcapture, double dL, double travel);

int AutoDesign(double massflow, double mdotM, double rho, double Mmax);

int ButoDesign(double massflow, double mdotM, double rho, double Mmax, double BetaMin);
CConelIntake (double ConelAngle, CldealGasStream *Fluid, comnst char* lutfname);
CConelntake () ;

virtual ~CConeIntake();

Appendix A4 Intake Model: Class CConelnlake Header File: Conelrlake.h




typedef enum enum OPMODE_tag { eOM_SUBSONIC, eOM DETACHED,
eOM_SUBCRITICAL, eOM_CRITICAL,
eOM_SUPERCRITICAL | eOPMODE;

eOPMODE LastOpMode (void) { veturn m_opmode; }

protected:
int CalcSuperCritPiD(double massflow, double flowratio, double & pid);
int SubCritPiD(double massflow, double flowratio, double &pid);
int CalcCritCapture (double &r0);
double DetachedShock (double MO, double *pmassflowrate=NULL);
double m_betadmax;
double m_betadmin;
double m_subpid;
CIldealGasStream* wm_pfluid;
double m_L;
double m_dx;
double m_rxc;
LookupTable *m_pLUTCSP;
double m_deltac;

double m mdotmax;
double m_mdotsuction;

double m_crittol; // critical mass flow tolerance (Fraction of critical mass flow)
eOPMODE m_opmode;

enum epum LUTCOLS {MACHNOO, SANGLE, MACHNOS, P2_P1S, R2_R1S, MACHNOC, PC_P1, RC_R1};

}:

#endif // !defined (AFX_CONEINTAKE H__4B68A533_2017_11D1_BE68_000000000000__INCLUDED )

A.4.2 Implementation File: Conelntake.cpp
// ConeIntake.cpp: implementation of the CConeIntake class.

V4
//'://///////////////////////////////////////////////////////////////////

#include "LookupTable.hpp"
#include *IdealGas.h”
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*

/

#include «<stdlib.h>

#include <math.h>

#include <mathutil.h>

#include <fstream.h> // for cout
#include "Conelntake.h"

VI i A I S T A i 2 i 4

// Construction/Destruction

SILILIIL I L7 LI I 7 7 7 I 77 7777 7777777777
CConelIntake: :CConelntake()
m_deltac = 0.0;

m_pfluid NULL;
w_pLUTCSP = NULL;

m_crittol = 0.05;

}

CConelIntake: : ~CConelntake ()

// if we've created a lookup table, free the memory it uses
if (m_pLUTCSP) delete m_pLUTCSP;

}

CConeIntake: :CConelntake (double ConeAngle, CldealGasStream *Fluid, const char * lutfname)

m_deltac = ConeAngle;
m_pfluid = Fluid;
m_pLUTCSP = new LookupTable (lutfname, LockupTable::LINEAR, LookupTable::D1D);

m_crittol = 0.05;

int CConelntake::AutoDesign{double massflow, double mdotM, double rho, double Mmax)

{

i€ (im_pLUTCSP->Is0K()) return 0;
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// get the shock angle for the max Mach number (degrees)

if (m_pLUTCSP->OutRange (Mmax)) return 0;

double MmaxBeta = DTR(m_pLUTCSP->Lookup(Mmax, (long)SANGLE));
double Mmin = m_pLUTCSP->RangeMin();

double MminBeta = DTR(m_pLUTCSP->Lookup (Mmin, (long)SANGLE));

// calculate the capture radius based on mass flow and a Mach number for that flow
m_rc = sqrt( massflow/(xho*M_PI*mdotM*m_pfluid->SonicV(})} };

// calculate the distance from the cone apex to the intake lip,
// assuming that the conical shock touches the intake lip at Mmax
m L = m_rc/tan(MmaxBeta);

// calc the travel dist of the cone as half the dist
// reguired to make the lowest attached Mach number touch the intake lip
mdx = 0.5*{m_L - m_rc/tan(MminBeta) );

// m_d¢ = (m L - m_rc/tan(MminBeta) };

// store the minimum and maximum values of betad
m_betadmin = MmaxBeta; // note: smallest beta at largest Mach
m_betadmax = atan(m re/{m L - m_dx)); // vice versa

raturn 1;

}

void CConelntake::ManDesign(double rcapture, double dL, double travel)

{

w_rc = rcapture;
m L = di;
m_dx = travel;

// store the minimum and maximum values of betad
m_betadmin = atan(m_xc/m_L); // note: smallest beta at largest Mach
m_betadmax = atan(m_xrc/{(m L - m_dx)); // vice versa

}

// determine the critical mode pressure recovery
double CConeIntake::PiD(double MO)

{

double Mattach;

double beta;

double Mc, Ms; // Mach numbers just after shock and on cone gurface
double Mlip; // Mach number at intake lip
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double Mav; // average Mach number
double Thetalip; // flow angle at the lip

double ptl_p0; // first stage stagnation/static pressure recovery
double pt2 ptl; //. second stage gtagnation pressure recovery

// if flow ig subsonic, return constant recovery
1€ (M0O<1.0) {

m_opmode = eOM SUBSONIC;

return wm_subpid;

}

// check if shock is attached.
Mattach = wm_pLUTCSP->RangeMin() ;
if (MO < Mattach) {
m_opmode = eOM_DETACHED;
return DetachedShock (MO} ;

}

// we now have an attached shock. determine its geometry
beta = DTR{m_pLUTCSP->Lookup (M0, (long)SANGLE));

// determine the Mach number on the cone surface
Mc = m_pLUTCSP->Lookup (MO, (long)MACHNOC) ;

// check if betadmin <= beta <= betadmax
i£( (m _betadmin <= beta) && (beta <= m_betadmax) ) {
Mlip = m_pLUTCSP->Lookup (M0, (long)MACHNOS); // Mlip = Ms

else if(beta > m_betadmax) {
m_pfluid->TMRayProps (MO, beta, wm_betadmax, Mlip, Thetalip);

// calc the average Mach number at the cowl inlet.

Mav = 0.5*%(Mlip + Mc); // note that this might not be quite accurate
// since the Mach number distribution probably
// isn't linear across the cowl opening. '

// calculate the pressure recovery across the shock system

ptl_p0 = m_pLUTCSP-sLookup (M0, (long)PC Pl)*m pfluid->pt p(Mc);

// check if a normal shock will occur:

if(Mav > 1.0) pt2_ptl = m _pfluid->NS pt2 ptl(Mav);
elsae pt2_ptl = 1.0;
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return pt2 ptl*ptl po6/m_pfluid->pt_p(MO);
}

void CConelIntake::SubsonicPiD(double newPiD)
// specify a constant pressure recovery for subsonic operation

if (newPiD <= 1.0) m_subpid = newPiD;
else m_subpid = 1.0;

}

double CConelntake::DetachedsShock(double MO, double *pmassflowrate)

{
// this calculates the pressure recovery when a detached bow shock is present

double a; // constant in equation of hyperbola

double b_a; // ratio of b/a - constant in hyperbola

double bsq; // b"2

double theta_rc; // slope of shock at capture radius .
double betaatt; // conical shock angle for attached shock at smallest Mach number
double Mmin; // lowest Mach number which results in attached shock
int n;

double rn; // radius being evaluated

double dr_dx; // slope at given radius

double pt2_ptl;

double r2_rl;

i
\
i
1
4

// from the Mach line condition at x = infinity,
b a = tan(asin(1.0/M0));

Mmin = m_pLUTCSP->»RangeMin();
betaatt = DTR(m_pLUTCSP->Lookup (Mmin, (long)SANGLE});

// estimate the slope at the capture radius
theta_rc = (M_PI_2 - betaatt)*({M0-1.0}/(1.0-Mmin} + M_PI_2;

a = m_rc*sqrt (SQ(tan(theta re)) - SQ(b_a))/sQ(b_a);
beg = SQ(b_a*a);

// divide the capture streamtube into 3 rings of egual area, evaluate props
// at the weighted mean radius of each ring
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pt2_ptl = 0.0;

for (n=0;n<6;n+=2}) {
rm = m_rc*sqrt ((n+1.0}/6.0); // calc the radius
dr_dx = b_a*sqrt (SQ(rn) +bsq) /m_rc; // calc the slope
pt2 ptl += m_pfluid->05_pt2 ptl (MO, atan{dr_dx}); // get the pressure recovery

// cout << MO << "\t" << b_a << "\t" << a << "\t" << RTD(theta rc) << "\t" << pt2 ptil/3.0 << endl;

// calculate the mass flow rate if we've been asked for it
if (pmassflowrate)

/* Note that if we assume that the flow angle is negligible up to

the intake lip, then the mass flow into the intake is the same

as the mass flow for the capture streamtube BEFORE the shock.

this follows from the fact that v2/vl = rl/rl (JEA John Eg 4.12) ,
¥*
/

*pmassflowrate = m_pfluid->r()*m_pfluid->v()*M_PI*SQ(m_rc);

// return the average pressure recovery
return pt2_ptl/3.0;

}

double CConelntake::PiD{double M0, CldealGasStream * f£luid)

{
m_pfluid = fluid;
return PiD(M0);

}

double CConeintake::PiD(CIidealGasStream *intakefluid, double aca, const double wmdotmin,
const double mdotmax, double & mdot) ’
{

double pid_crit;
double MO;
double Mattach;

m_pfluid = intakefluid;

// just do some basic stuff to make life simpler
MO = intakefluid->M();
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/
//

// calculate the critical mode pressure recovery
pid_crit = PiD(MO);

/* This function must return the pressure recover under all operating modes.
Thus it takes as arguments the mass flow rate through the rest of the
engine. This is then used to check whether or not the back pressure
presented by the compresser face is too high or too low resulting in
subcritical or supercritical performance respectively.

*/

/* The approach will be to calculate the critical mode pressure recover and then
PP,
correct this for operating condition

*/

/* This function must also calculate the maximum mass flow rate possible. This
is determined by the capture streamtube diameter. This must therefore be
calculated.

*/
// follow the same initial steps ag used in the critical mode recovery to determine

/************tt***t/

/* SUBSONIC */

/******************/

1€ {M0<1) {
m_opmode = eOM_SUBSONIC;

double mdotIntake Max; // maximum mass flow possible into the intake
mdotIntake Max = S5Q(m_xc)*M_PI*m _pfluid->r()*m_pfluid->v();

// return the flow through the diffuser as the max flow through the engine
mdot = mdotmax>mdotIntake MaxrmdotIntake Max:mdotmax;

mdot = MO*mdotIntake Max + (1.0 - M0)*mdotmax;

mdot = mdotmax;

if (mdotIntake Max < mdotmax) {

double v = m_pfluid-sv(};
double r = m_pfluid->xr();

double vint = m_mdotwmax/( SQ{m_rc)*M PI*r);

mdot = m_mdotsuction + v/vint*(m mdotmax - m mdotsuction);
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if(mdot > mdotmax) mdot = mdotmax;

}

else wdot=mdotmax;

return m_subpid;

}

// now check if the shock is attached
Mattach = m_pLUTCSP->RangeMin();
1£(M0 < Mattach) {

/**********i*t*****/

/* DETACHED SHOCK */

/l"k*i**l’***********/

w_opmode = eOM DETACHED;

// The mass flow in this case is determined by the mass flow through the
// engine or the mass flow possible through the capture streamtube.

double masstemp, p2_pl;

p2_pl = DetachedShock (MO, &masstemp);

mdot = (masstemp<mdotmax)?masstemp:mdotmax;
return p2_pl;

}

/******************/

/* ATTACHED SHOCK */

/*************tt***/

/*
Here the critical part igs to determine the operational mode, i.e. whether
or not we are sub, super or just critical. Once we determine this, we need
to apply some correction for pressure recovery from the critical value

*/

double mdotlIntake Max; // maximum mass flow possible into the intake
double flowratio;
double ro0;
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//

V4

// determine the capture radius for critical flow
if(CalcCritCapture(r0)==0) r0 = m_xc;

// the max flow ig given by the capture gtreamtube area.
mdotIntake Max = SQ{r0)*M PI*m pfluid->r()*m pfluid->v();

flowratio = (mdotmax - mdotIntake Max) /mdotIntake Max;

if(flowratio > wm_crittol)

/* The engine can handle more mass flow than the intake. Therefore, back pressure
that the diffuser sees will be low and we will probably operate in supercritcal
mode

*/

m_opmode = eOM_SUPERCRITICAL;

elese if(flowratio < -m_crittol)

/% The maximum engine mass flow is less than the critical intake flow rate. The
engine therefore appears as a high back pressure to the intake and the intake
will operate in subcritical mode

*

/

m_opmode = eOM_SUBCRITICAL;

alse

m_opmode = eOM_CRITICAL;

switch(m_opmode) {
case eOM CRITICAL:
mdot = (mdotwmax > mdotIntake Max) ?mdotIntake Max:mdotmax;
return pid crit;

case eOM SUPERCRITICAL:
mdot = mdotIntake Max;
return pid_crit * sqrt(1.0 - flowratio);
double pisup;
CalcSuperCritPiD (mdot, flowratio, pisup);
return pisup;

case eOM_SUBCRITICAL:
mdot = mdotwax;
return pid _crit * pow((1.0 + flowratio), 1.0/3.0};
double pisub;
SubCritPiD(mdot, f£lowratio, pisub);
return pisub;

}

return pid_crit;
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int CComelIntake::CalcCritCapture (double & r0)
double beta;
double Mlip, MO;
// flow angle after the shock and at the lip
double thetas, Thetalip;
double theta;
double Ld4;
MO = m_pfluid-»>M{);
// we now have an attached shock. determine its geometry

beta = DTR{m_pLUTCSP->Lookup (M0, (long)SANGLE));

// check if betadmin <= beta <= betadmax
1f( (m_betadmin <= beta} && (beta <= m_betadmax} ) {

// we can move the cone, so the capture radius will be the
// same as the cowl inlet

r0 = m_re;
return 1;
else if (beta > m_betadmax) {
// get the mach number at the lip as well as the flow angle
w_pfluid->TMRayProps (M0, beta, m_betadmax, Mlip, Thetalip);
// get the flow angle after the shock
thetas = m_pfluid->ShockFlowAngle (MO, beta);
theta = 0.5*(thetas + Thetalip);

// get the cone position - it will be at an extreme
Id = m L - m dx;

¥0 = {m rc - Ld*tan{theta)) / (1.0 - tan(theta)/tan(beta));
return 1;
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return 0;

}

int CConelntake::SubCritPiD{double massflow, double flowratio, double & pid)

{

double MO, v0, rho;
double Mc, Ms, Mav;
double beta;

double x0;

// determine the capture streamtube for the massflow given
v0 = m pfluid->v();
tho = m_pfluid->r();

r0 = sqrt{ massflow / (M_PI*rho*v0) );

// we now have an attached shock. determine its geometry
MO = m_pfluid->M();
beta = DTR{m_pLUTCSP->Lookup (M0, (long)SANGLE));

// intersection between the normal and conical shocks
double rint;
// rint = -m_rc * flowratio;
rint = m_rc * (1.0+flowratio);
// note that rint is based on an agsumption that the normal shock moves in a
// linear fashion to flow ratio.

// everything at a capture radius lower than rint passes through both
// shocks. everything above, through only the normal;

// areas

double Aboth;
double Anorm;
double Atotal;

Atotal = M_PI*SQ(x0);
if{ r0 < rint) { // the entire capture streamtube passes through both

Aboth = Atotal;
Anorm = 0.0;
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elae {

Aboth = M_PI*SQ(rint);
Anorm = Atotal - Aboth;

}

// recoveries

double piconical;
double pinormal;
double ptl_p0_c;
double pt2_ptl _c;

// determine the Mach number on the cone surface
Mc = wm_pLUTCSP->Lookup (M0, (long)MACHNOC) ;

.

// determine the mach number just after the conical shock
Mg = m_pLUTCSP-»Lookup (MO, (long)MACHNOS);

// calculate the average mach number
Mav = 0.5*%(Mc + Ms);

// pressure ratio across the conical shock portion
ptl_p0_c = m pLUTCSP->Lookup (M0, (long)PC_Pl)*m pfluid->pt_p(Mc);

// check if a noxrmal shock will occur:

if(Mav > 1.0) pt2_ptl _c = m_pfluid->NS pt2 ptl(Mav);
else pt2 ptl ¢ = 1.0;

piconical = pt2_ptl_c*ptl_p0_c/m_pfluid->pt_p(M0);
pinormal = m_pfluid->NS pt2 ptl(MO);

pid = (piconical*Aboth + pinormal*Anorm) /Atotal;

return 1;

int CConelIntake::CalcSuperCritPiD(double massflow, double flowratio, double & pid)

{

double Mattach;
double MO;
double beta;
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double Mc, Ms; // Mach numbers just after shock and on cone surface
double Mlip; // Mach number at intake lip

double Mav; // average Mach number

double Thetalip; // flow angle at the lip

double ptl_p0; // first stage stagnation/static pressure recovery
double pt2 ptl; // second stage stagnation pressure recovery

M0 = m_pfluid->M();

// we now have an attached shock. determine its geometry
beta = DTR({m_pLUTCSP->Lookup (M0, (long)SANGLE});

// determine the Mach number on the cone surface
Mc = m_pLUTCSP->Lookup (M0, (long)MACHNOC) ;

// check if betadmin <= beta <= betadmax
if( (m_betadmin <= beta) && (beta <= m_betadmax) ) {
Mlip = m_pLUTCSP->Lookup (MO, (long)MACHNOS); // Mlip = Ms

}
else if (beta > m_betadmax)
m_pfluid->TMRayProps (M0, beta, m_betadmax, Mlip, Thetalip);

// calc the average Mach number at the cowl inlet.

Mav = 0.5*(Mlip + Mc); // note that this might not be guite accurate
// since the Mach number distribution probably
// isn't linear across the cowl opening.

double Mns;
Mns = (MO-Mav)*(flowratio) + Mav;

// calculate the pressure recovery across the shock system
ptl_p0 = m_pLUTCSP->Lookup (MO0, (long)PC_P1)*m_pfluid->pt_p(Mc);

// check if a normal shock will occur:
// note that if Mav is subsonic, then there will be no normal shock further down
// so we check on Mav, but use Mns in the calculation
if(Mav » 1.0)
pt2_ptl = m_pfluid-»NS_pt2 ptl(Mns);
m_opmode = eOM _SUPERCRITICAL;

}
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else
pt2 _ptl = 1.0;
m_opmode = eOM _CRITICAL;

pid = pt2_ptl+*ptl_p0/m_pfluid->pt_p (M0);
return 1;

}

LookupTable * CConelntake::ReplacelUT (comst char * lutfname)

{

if{m_pLUTCSP) delete m_pLUTCSP;
m_pLUTCSP = mew LookupTable (lutfname, LookupTable::LINEAR, LookupTable::D1D);

return m_pLUTCSP;

}

int CConeIntake::AutoDesign(double massflow, double mdotM, double rho, double Mmax, double BetaMin)

if{!m_pLUTCSP->I80K()) returm 0;

// get the shock angle for the max Mach number (degrees)

if (m_pLUTCSP->CutRange (Mmax)) returm 0;

//double MmaxBeta = DTR{m_pLUTCSP->Lookup (Mmax, (long)SANGLE));
double Mmin = m_pLUTCSP->RangeMin() ;

double MminBeta = DTR(m_pLUTCSP-sLookup (Mmin, (long)SANGLE));

// calculate the capture radius based on mass flow and a Mach number for that flow
- m re = sqrt( massflow/ (rho*M_PI*mdotM*m pfluid->Sonicv(}} };

// calculate the distance from the cone apex to the intake lip,

// assuming that the conical shock touches the intake lip at Mmax
// m_L = m_rc/tan (MmaxBeta) ;

m_L = m_rc/tan(BetaMin);

// calc the travel dist of the cone as half the dist
// required to make the lowest attached Mach number touch the intake lip
mdx = 0.5*(m_L - m_rc/tan(MminBeta) };

// m_dx = (m L - m rc/tan(MminBeta) };
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// store the minimum and maximum valueg of betad

// m_betadmin = MmaxBeta; // note: smallest beta at largest Mach
m_betadmin = BetaMin; // mote: smallest beta at largest Mach
m_betadmax = atan(m_rc/{m L - m_dx)); // vice versa
return 1;

}

void CConelntake::GetIntakeGeometry (double &rc, double &L, double &dx)

rc = m re;
L =m L;
dx = m dx;
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Appendix B: DATCOM Model

Appendix B-1 Schematic Drawings

Figure B.1 and Figure B.2 present plan and elevation views of the hypothetical combart aireralt
utithised 1n the Distal DATCOM modal. These dimensions are based on schemalie drawings
presented inreference 2, as shown in Figure B3

These views also indicate the cross-scetional area cstimations which the DATCOM uzes to
esttmate drag related w o the 'sreg’ rule. Haleled areas indicate portions of the wing and tail

section which are considered to be hidden by the lusclage
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Figure B.2: Flevation view of the hypothetical fighter
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Appendix B-4 DATCOM Post-Processing Source Code

B.4.1 Program: DATCOM Post

#inciade «gtdlibk A
Finclagas «atdia ba
Finclads «strirg.h»
glnclade <[0T sam.n>
Zginclads —acra=raa.bs
Fircluds «nath. he

int strivspacvcichar *uutbul, cher *jnbull;
int »ac lwvoid)

double nach
dounle alk;
double Vel
double uros,
double Ters;
doucle Ko
double S:el;
double Tivel)
double BDan;
double lmonrol;
double woomareal )

int nonlneg
ink currcou;
int Tinenc-9;
int prg;

ink enk;

int colwid;

o4}

g9, 1cz, 115, 127};
iy posdodiag {a L) (R A, T, Al ThE, _l'ff_::.-'

int arldeliws() = 02, 11, 18, Z&, 37, 48, 85, 64, 7

_|
o
1
ot
[

char Lyl [512];
char Buil [24%6] ;



char bufl [25¢] ;
char infnams [G12] ¢
char cutfname[L1:#] ;
char config[512];
char caseid[012];
char althubuf (40 ;
char ollaif [4n]:
char odAbuf [an]
double c©l, clold:
int ocdlen)

int rowstukrt:

afatrzam CutFile;
int froodiyco;

vl == "EnLetr cthe Tiiepane: U
cin »> infmname;

iTatrean. IpFileiinfnams, ios::in, filebuf::sh coad)

baflal= &% A set firat char to sgaoy
whilel!Torile. eafi;] |
freadytox = O;
while (! fresdytoor)
A rmuras! oAl diatle oardT we Fipd A fine sparsing withz L
while bufiv] 1= '1°1
InFile.getline ber, sizesf(but!! !

lim=nc++
1fiTnbkile.ecfi]] bhreak;

]
ifiZnFile.ealll) break;
S owMIfAamt mhe nsxt lins

InFile. gullioe bu?, sizeafibuf];;
lineno+r;
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£/ cherx 35 1t sATs " HNARWSTANRTSTICE AT ANTLE OF AT73IFX AND b LaLELLIPS

1f{ srysrribef, "CAARACTERISTICS AT ANGLE OF ATTATE AHD 1IN SIDISNIP®) )

IF7 £dvguy oni, "HE2SITPRTATION ¢ HuGN LAFT AR CEIEDE DEVTTART
Zyxeedytox = L1;

hmeEfal = v &, A7 ogel Fizpd char to apepc

AL IrFile.raf() ) continue;

el Jab deserictaon dacs

LoFile eatwhite(} ;
IuFile gekline lbuf, aizeoEihull;
linmno+=.

rinanece it o

et ot 3

alyepy lecorZig, hue;;

nFILe eAacwhafs [

MFiic. porlineibaof, =ixraal bofl)
DAt e,

SEXip

aivog:

Eracsnmasesd, bull;
sasdial, el

cout << linean <« " " o buaf < andl;
guJab <= lineup 1 =< * " << sonfly <« ondl;
maur s linenn <o Y we rAfadd qe andd

£

ARTIACE cwbwian 001 g0 encoddler chibd, macked with &l zesc.

T o L
whileibuf [2] = "0')

Inrile.gatljne il . sdgeofibullly
livwaas+,

S BKTIACT e zern
Inviie »> pcs=;

A Nuw cxerscot some useful datud
TAF i@ a2 o3oh 3o all »x wal »» pich »» toxp >> Fn o> Sraf-
INMIiE =3 AT S Spar s meoowal s» veoeral:

mach ~ conil. 34563 FF Taul lo lel ohw corpsdos xpocw ke aes’d 0D suneoet
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L

FETE PO |'-\'.p"l.'_'. P A Rt 2 T B

sacaaf{buf, "id 31f %Z€ R1f %1€ s81F 31f 21f a2€ %1% %1fF TIf %22 R1F %15 13",
b, hkot, &vel, &preS, Ltorp, &Bn, YSict, eLEaS, Sopan, shcoocef, Lemoceol) o

R e L oo Pt v o N orina ]

ToFile. guetlinsilal, sizeofioaf))
Tiasnm-a;

P e e o L e g p

arels = siweobicoldeling) fsizeck [coldel s [C]) )

175

S oreste Rhe output Tils name

sprivilb (outbocoe, "#s-F% . 2L0-% 10 Lel . daet, irfaame, mash, aleh;

Aeb gt e S e T s

'::'L;LFi].Ef-ﬁ]'.lF:rl [mulfname, igs:capp| oes:ioue, £ilabuf: opaaprot?

wEbETpa e Ahet S ael gt o SadiTen

"Hagh

“A1r

"l

"

Framn e &ndl;

cnfly

et e Dt i TE ) e P

s
_strser{bafz, ' ')y

i gar the Iime winn she Reassra
[CPile. gqotline(buf, sizeofioof)),
Linene-q4;

duprddoes

"
-
e
]
o
:
;
y
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£ dptetnl] terminacing nuil

L cous waoendis
L F e e ey

furkdp apaliier lznag
MFile . gecline (bl sizcof{bul) ),
Tineno++;

A omnw we BEr fo sladt pooweesiie Lhe oala
Bofe] = * '

TrFile, get line {2l , sizeof{bal)).

Tinanos+;

owntarl = linenn; f7 rocors! ine stuastlioa e

fF erAaRia A4 TEEDCIAn) SLUIEGL SLGGuE
oAtTETrEAm Tempiiak;

S GRE oI €7 Eo Vesy aedal iy dlmue
clold = -SUC0d . 0;

whilei{bas[o] 1= '2'; |

purtcol=0;

£ .-t.";i.'L-:

celwid = coldelimz[curiool 1) coldelime[oar=osl] .
ptrnopy thafl, buf+oaldelima [surrcel) , colwid);
baf ) [oobwid] = "%0":; Sy appand rermigating noell
glLeinspace talphabuf, bafl);

P -~

cazrecl-+;

polwid = coldelims[currcal+l) -coldelima =orreol’ ;
nesnepy (buf1, Suf-soldelims [sarreecl), oolwid!
bulbl Jcolwid]l = '"29%: 2/ aspand sapEnnarisg Ball
cdluvn - stripspac=icdbaf, bufl):

ificdlen==0C; apriacfi~dbufl, "-%99.9%); fS TEire was ng ranier
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el

carrcal+—;

colwie - calagling [currand -1] -ocohdeiims [fereanl? ;
etrrcpyibuafl, buf+coldelima |curreol], celwad:
but: [colwid] - 80 S apporsd lormingian

stripapaceinlbaf, mafls;
arcanf [(cZhuf, "H1E£-, Zcl);
ifiolealald) o« S5 chask IF
FETE B ol P P
continua;
'

o T o o

o T TR )

Yool e

Teapdal =< clbuf =2 "% =2 odbgs o "WUY ee 2iphabaf co cndd;

Sl Ml gk - T
TuFile. grtlins (hes, sizeofinaf));
Llinepno+-;

1
1

chazr *Lempstosdm;

int peoount;

coouil - Tsagoab . poouant [
campstream = Uempiuk.sLril;

S8 armmrat tugd o ber e Lig e
Lempal peam [pronnt-3]1 - tho

CutFile «« lincoo Tomubarl oo cadl;
CubkFils =c T3NnN;
UptFile <« tempatream;

Zreoiloagsloeam ;

tetliite. cloeei] ;

I

return lirero;

t

int stripspacechar *culbaf, char *inbaf)
[
L

chay ‘roewvile;

e SLnred

Appendix B DATUOM Made!
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char =~bui;
Tat len:
int arvrrn, endd;

duplicace the Zr-ing

Bt olrdupdinbct ;

ffoaet total lenoch

Y glrlenlinbuE) ;

A reverge the strang 3o thal we @an ubtrap Ledd oing stecon
Lhygpy s plrrevibaf) ;

4 Lamd fipvc pon-spuce

endi -BE - strepnircvatz; *oW1;

plzl = glrsponiiabm® ® ;.

cienir tihre outnot Dmifer
prrpel foulbkut, 0)

j will Rappes =f cirivg Za asl piank

I.t'.cr,d': « 3=rt! end= g—xs - O;
além otracny loutkbus, inbut+si=i, endd str:);

oypend ruil charecier o scring
outbul [eazd-sxrl] = "\0';

LS broe pencoy aliocated by straund(;
brewibutly

roturn enad sirl

B.4.2 Program: CD_CL

dinclude <ciarzear.h=
#finclnde <ardlib.T>
Aircluds -strine. k-
Sivclude *. . /LookcuTable/LookusTB. Epp”

bool CetMasiWryFronFiamc (const char *lpszNamc, double &Mach;;
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=at O}
=11
i i

Lk naAl

Lamax naw
(d_(lmax naw
Hophu Comux LW

M= 1l

bzol cMar
dovh>a i

TLaw

deuble |
double |
HAordlelm |
Aoilele |1

Wl TR Ry




tinig bLicow wial

sreg Uy 30T T

i lookan tabao [
e we o ongar aeed 1

£ oreate « laokiogn table
LockapTable CLOD{infile, TookupTable. :LIREAR, TookupTabkle

Cdd = CLCD.Toaxcpif. O, {lanegili;

ifstream Datalinfile);
etropyloactile, infile);
slropylouclile o slrlenfinfilel, " .COCL.1gt.dac™);

ofstream Sut(ovlsile) ;

Nata = Tows3:
vata =» woala)

Clmax[cok] = 0.0

EGr [ Fom—0 ; rowes paws  vowt+] ':
nara == 01 [row) ;
Lata »» Odlrow]
Data »=> alpna [raw ;
LO++;

if(Cdlrow| < C.C1

Afoclaszioal equarion:
Aiod - ndd + otz SiprraRTal

factor = [1Cd Lk [T RIS B o K B

Cd[vaw] - Cdg + 07 [vaw! *#01 [vrow] *factor;

alam |
Td o= Dda[row)
181 = C1 [romw! ;

E i g

Appondix 8: DATCOM Modof

Program: C0O_CL
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R P I Pl N P TN |

ifiCl frow] & Clmax[ent?) f
Clmax|cnk] = C1:row]
Cd Clwox= . cnk] - odlrow];
Alpas Dimaw[ont] = alpaa[zow]:

'

iEIC1 [row] »— 0.0) ¢lp+x; J7 anly write out for « O

J

S& dump the <0 CL &lpia
Out <w clp ce epdl:
Jut = cllo o< endl;

F Tk

for { rimw = roWs FoWa Y 0w+ ]
ifiCL |rew] a= O}

SuE <. Cd[row| == "%L" cx Cl[vow] <= "4WEY <o alpha[rowl

mit . closel)

Nara:closel);

P od ity

A4 dusn rhe nlmax acs od at ool omax o

stroepyiontfile, infile);

f R |

stropyioutiilc » strileniinlfile), " ClmaxCU_lub. daskb";;

afotream ClMaxCdioutfile) ;
ClMaxTd << benf <o "Sn" e d oce endl;

Eorlont=0;cnt<btonk jortia)

ClMamdd <o MList [cok] oo AR wo Dimaw fenk] ew "SE" oo O Clmaxicnt] <e "hWEY <w Blpha

ClHaxCad rnloza (]

rekurn 0;

e pndl;

CIlmaxlouk] e oendl;

Appendic # 0ATCOM Mode!

Program: GO CL
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Lol CetMachton P roofilars {eongt char *lnarNanre, doukle

char *atart;
char +*endi;

ucart = woratrilpszMare, T-M"1:
1fiistart) rectarn falae;

Tomond ilornr ke D0 LG paaa Susd T M

sbart -— 23
Mach = abrtodlstoars, sendd)

return trac:

B.4.3 Program: CL CD_Full

Finglyde ofatreamn. s
finclude <etdlib. ha
finclude <str-ns. b
Hingluyde catdio.n

#ipnclude ", fLookupTanle/TonkysTR hop”
int wasnofivoid)

char -—nfiloliac [5127

char infile513];

char outfile[512];

int vnt, conke;

int rows, onla;

lnt row, wol;

double 01;:0e], <d[1odi, slpha’lie]. cdo;,

double 1C3, 1C1)

doukle facbor;

double CT1ft, Cdt;

P8 R ela B

Appendix B: 04 TCOM Modds!

Program: CL_CD Ful
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it elp, g

char namcEot [1 = "I6 S DICCAT/MITT/ACLOD/MITI MY, 208 & ifw. Tl dat ",

AT G i R
e G5 3
A s eeam gl Dinli el fen

LALLC E COEILS

double M Lizz|[] = Ged, e, Ua, 045F 0.8 052,715, T2y B3, 1.4 LaE, 1.8
deuble B _oisc[] - ¢+ @0, 1a00.0,  &000G.0, LoUD.O,
BOMD.D,  T0NGIG., 1290000, LANDG.T,
UGG, LBEDQ 4, 202C0 0 }
ink nM - 24;
inkt n& = 11;

inkt mcont, heat;
doubla ALL,
deuble alpha G, alpne 14, alphaclipg

G i R S
forfacnb=0;ac0b R Aok ++]

AL - A _List [Acmb];
fOanl Lhe FtalC st i@ and 14 Mach

char bat [1oz24] ;

ke gy

Iot o

Eloak ac, bk, ck&;

soriati(buat, namsfmt, G.g, Alc):

ifubrean atuf 0 buf]

£ DL ey e ol S e

slalf gecdine focl, LC24); A just gz chz rean of she Yime o whick nol=s fal

forin=0; 0 a++) atufl . gecline icel, 1C24)

agcAant foLT, "% kT g£", Rar, Ebt, Eot);
alsha Ja - ot
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stulf closci)

char buf [10z4] ;

It

inkE @,

Float az, bt. ot;

gprinktf buf, namefmt, 1.4, ALEZ];

ifsbream zruff huf);
stuff == ¥ sz o

atuff cetline(ouf, 1024); S5 Fuat e (Ro ot

for(n=0;n-r :n++} atuff geciineibaf, 1024:;

sooankE (out, "%t 8L L7, &ak, &bhb, koC)
aloha_14 = ot

sEufl. close i)
FAo au gy MEnR iather
For (Monz=0 ;Ment-nM; Monk &4+
M = M _List [Mmal]

£ genasalbe too Lileroams
eprintZiintile, oameimt, B, ARIL:;

A4 rndw blaok w

h
A4 oregte g lodeep Labls

LooxupTabic CLCDiinfile, TookupTable::LTHEME,

cdl = CLCD, Lookup 0.0, (long)l1:;

11T ernsarve Fhah rthe Tonknr cabkl
L4 wreared and cken Szatraved wihcn we no dosioor oood i,

e LR = TR o R

a7

Locaynlacla: TN

Appendix B DATCOM Mode!
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1fstrear Datadinfilel ;
strcpyloucfile, intile::
siropylootfile + atrlen(inSile), ".ooCo lue,dat") g

ofatrvam Jutlouttile’

SF get phe munbor o opowd i coduang
03arta > Cows:
Dala == o0lg,
SEGE we're D06« Moo T.4 rthen we want To olip alpfw
1€ (D.k = M) EE M=l .4) ]
alphacliz = (M 0.6)*(alvha 05 - alpha_1al/iv.6-1.4} + algha 06;

c1lp n;

no = o;

for (Cows=0; oW rows,; Cowt+r |
Data »» Cl[cuw]
Dala @ 2d jvow] ;
nata =» alphalruw]:

if] 0.6 < M) & [Mal .4}
if falphalrow] = alphaclip) one+:
;

oclge BT+ +
AECA[row. < 9.00 |

S orlaasical egueticzny
FA = O2g o CLTa750plvAR*e)

foctor - (lod - o) fiioielol;;

cdfrow, = &di 4 Cu[row] *Cl [row] *factar,
clac

Trd = Cdlrow]

01 = Cllrod]:

f

SEICL My e QL) nlpdss A4 onlw writs oo

{

5
Tt
H-
0
s
&
]
=i

Apparrdix 8 DA TCOM Mode! _ Frogrem: GL GO Fol
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1E( (0.6 = M} EE (Mz1.2) | !
NN++:
Cle = [alphaclip-aloha(nn-211# (01 [an-1] -2 [(o0-21) fdalpona [mn-1] -—alpho [no-2]]
od:z = talphaclip-zlcha[nn-2])*(Cd[nn-17-Cd[na-2)y iaicna lon-11 -alpha[nn-21)

Tl [nn-1] - Clg;
2d [mmn-11 = 2dz;
alrhalon 1] = alphaclip:

fuk e< nn << ciodl;
ous << gals << endl;
Eor (vow-:0 ; oW VoW ++)

ety iF I frar) == Ol
fut =~ €1 row] == "SNE' o Cdlrow] == "\E" <o alpholrzow] == ocndl;

Data.closci]
M. cloae )

return O;

b Cl[na-2]
» 2d[nn-2] ;

Appondix 8 DATOOM Mode! Program: CE_CD Ful
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Appendix C: Propulsion Model

Appendix C-1 Flow Chart for estimating Thrust Qutput
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Appendix C-2 Propulsion Model: Class TurboJetiD

C.2.1 Header File: 1DPropModel hpp

(-'i--u.l--i-.?u-ir-i-rlhi-r.l-i-|.l-i-'ui--i--'u--ﬁ-ir-d--.l-i-h-iﬁ--d-rlh+-|.l-J\.-.l-'\l-h’-'.'/-'uﬁ--'uﬁ"h’-'i-'u-'.ﬁiu--'-i\.irii---i--.l-i-i-

Fropindod

et - oA o

PR ot bR

Lrnfives Ed s o e Sanian gy el e, 8 Divisde o
e Tt

ows for 4 Lyzass Enrcam.

[ R R B D] &

TieSflmianni s and

ALTTHLIE Eranaal Faontioo

$032

:IJ\.‘.‘J\.'\!J.'k\J.'\-"\'*YJ\.'\-FJ\.'J\.'\-FJ\.'.I@'J.J\.'KJ\.i'J\.'\r\J.'\-’ﬁv:hJ\.Y'\k‘.‘*'k}.'\l.ara.vxa.va.J\.'v')‘."\-FJ.'/'\-:'k1.'*'\k'\-:a."\k‘.',."\?,.'*'\k**f'a.vv'a.'ﬂ.f'

#:pzlnde <mekx.his

#ipcluds wlslzsan b

#:pclude " NOCURELIALAERLConodinzaxo b S Adddod s
#inzlude " % Id-alcestTdce.dsaStooan. b

e SRR e AL WRE S ) Fe bl B

#if 1Aofinsdl 90 !
tdefine &S0 (x 0 (x)=ix])
frecrait

const double Roix - BT
clags lurhojetll

rrobooted:
donble W TEIoTRAK;

privaca:

FRAAS i ,

SA hmerio froseurs Haliod

dovebla pi T A Dpnasn Saa pvensnrve vetiz
double pi_c: A DomDrcEaLr DrOSILTS TuTio
doable pi ki SO obnzmor Dreshur e s2lis

deuble ©i & AR E SGETICH DAiwdLre ratla

Apperix -2 Fomeign Mocal Class Tarboder 0 Heador Fiic: 10 raptaced fog



SR loimoiag
double a3 f; - 2
double 523 o; /7 compodgsos
doubza Cciw by S0 Lo
donbre efe S S48 Rk
doukle =tz &; 7 af
double oiu n; A7
doublie wla_nb; A0 Lepogs muealo

S8 Maxisem benon
doukbila Tlimas; S
double Thhoax; S

indai ten

TITEr TSR

double o R7ezx;
doubila < _ASmax;

A MG

Hyzzois Araas

double o AMmwin;
double =@ &3,

FriEiE

;:lnu.blve. DRr o povearn

= TiTEs

anum HossloEoum noszlopnlnazy
enum NorzlaRrr rorzlahyneesn;

P B ok 1 P e o
£ i le IThraogalin: . donbhie, douliial

FAEE Ogeratramil Daslnoilnrs Ak

double hete; S8 Byraoe rallo Dor Dleadd 21

S N e el g P B (Sl B et v e

Fioopac doubid m3ir o= FhS 005

G I Y TN e T T P 2 . e UL T B
Azaie Dpidnthae rawnl Forsrerm SLDUESL s 0ET )8
doubla Cpidoubla L}
double gamma fdoubhle tenp, double 2] ¢ double Cnoenp - COpitampl ;. return Cpoewn {Ontenn - 2]

o 1EGOA

+ (L ad i Erronn 4 S0 JEdEe Sow)

f R e . 2 i B ¥ T
[ R T B R R B o EF
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dovole UL 1Uideouble | doubleo gamal {Tezurn @ 1 00 0 OGS Tuoma 1o0g REQIME G v VA OORUOAR-0H Iy WA
I

douhle pl odfdcahle K. doohla gamal | orasurn poei 0 700+ 909 {gana-T RGO, wamad dgara- 00 5 ] £
doubhle dalcas double 20 1, deoable ni_pl,

doable fecdor G {doghle T, douvble 50, dovhla oo

Wl LT A

S4 mrandard A

pabiZic:

5 A L T B :
fdouble i hThddeable M, double 'r, douhle ol |
double vi d:ffuaser{double M, doukle T, douable u) | rpbura (M1 .00 7

ta o g
dcuble Cppe, doublse 1] @ return § CpesslaciTi T1i-ElogipR g1l

. odopele Cpavt o retora TO % sxp sl uly 7 Tnaed }

recurn [(Ma=L. 0100 Na:

TIPS R £ T T B IR v, o o B S |

0

u coast: (n_Tid consz O ltpoWiiM-IoOl, 1.b

[}

virtual "Ccrelnbake * Creatplnzuake deuble Concdogoo, ClocalDass.couar *Fowad, ceast char * lutfaane) :

Tuzbojezlli
£

Eat 2% Component peramecers

vwoid Fio | jdoohiie wal) |:|;__;'i_f - %zl ,'_:'

woid Fi_cideouble wal]l  pi = wsl:!
3

5

void Ci bjdovhle vl ipioh
woird P1oaidoubhle wral? )

woid

Cidouble wal)
wodid douhle wal]
ez E_],:. idoub”e Al
wioadd Ip @ T ideuble wal)

et T

woid Eba aidouble ol wil;
vaid Eza ooidouble ol FEy

veeld Rtz nbideable w2l) eca ah = wal; !

iy CoDEaitirer - EIGE AFay o

falcibe gL rnontioy skl F fok QaETosek = funo,y |

i

woid BypossRavioidonhle call 0 beia - owalg )

rn nTmax wal;
n_altmax = wal;
moAMmIn = wval;
G AT wal:

woid A7 mAad idoahla
veeld Y naxideuble
woid /Y _npindouble

[
L
!
i
woid 35 micidouble i

void It _difouble vall;
wopid T B ifioabla wa_) )
voii MaxMasz:rlow (double will | oomdolaax

vopld Fuelnidenble wsi! | o= vsI )

I ArEan

i o et

= yal; |

Appondiy D-2 Fraoaision Modol Clzas Turbeoi?D

Header File: { Glirpphadcl e



vold MazoNezrieType ! enum Wozzieknum mostvpe ' 0 nozzleprimizy = noztype: o
void BMhczzleTypei enum bozzleFour asstyee 1§ norzlelivpass [CAR S a LI

roum X0 R einam { UL IWVZEGERT, RS A DR

enum AREaco ! OFF, IR O

‘at LDrawlzidouble 0, double 1. double pl, AZapum AZInGEt, int piotiachars, oistreams CutpucFllel |

double THrC!double Mo, dounle U0, double wi, A35vwm BRQeTEE, dovhled Food, douldos 20

int. Threy. (doubile MO, TdealSag *a2em, douhle »n. doable aca, deable chrachle, SBauoen ALl fl, deable L7, doulde &edl

ooddoE e AR Al
foogtEme vErisnike - vEe for didfmazas

doubler: o A7)

doable oAt

double o AT wa;

Soahl e '_::i||'_:i;.-.'..=.ler|l:§1T..=.l‘.< :

demkle o mioTmas;

Zouble @ miob [

doabl o o mIotmia;

double o mdotuczual;

deoxall o T i;

doable

double T_2ii const:

prowecod:
double pi d Zast:
dunble HI Lag.
ClounTnbake wpoITdill;

dipubile CyoleThermodeami o ideuble EC, dockble L0, double g, aAlbkwar alico0if double pi o, dldealdazibreans ewy, OTlesliassbresms oxs, douhlog

A7 2, dgebles BU ma, doublesr ¥ ma, doables £1:
i
i

C 2.2 |Implementation File: 1DPropModel.cpp

B R o I T B R R I I B R R A S e e T R R e R T S S R A

N s ldFroptonod | opn

NE&GE - Ciliadesy Maplds e 70
NEsraTRTTGN: o7

ala

S

- 8 one dimopsiomal

DAt del, Fodo? 20N AT DO ol L

AN A LAR TR 3 AWDERS FTrEIG.
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AVAAGSST: Suehe o cdnane

[ e e Gl T

el pl AR

B b R o T B kT o T S T T

#Finclude "12ProptMode . bop”

;ic:.u.ble Turhojsnil: -Cpidouble )

AF iEmban LabE Imin . Dol bTy,

JEML 220000 pebura [3.85359 - (1. 307Ane-1*0 +

.-'._

SR can sl ro ossa that sveritthing ties up L
agizhie furbojoclio: Coidovcle ©

¥

SRS 2304

:

* -

A e coraned sann Tt 2dd Te niRds Sinmorion. DERcaE oul

vaid TurhojoetlD: (TL 4 idouble wall
I'
TLamax —

woid Turbcielln: 7o 5 idouble vall

Iramax =

2 o Satra pesncorad G dacow & dsitoan

H,

T radeovsdies wefoidle Neals Coe o groowl 4 ogoven Denperaiire

Wl

1ioatale-artRG (Rl - {14917 13e-4) ARt RDIE)
Teturo (4.04403 + (1. 33HGLe- 3]tk (0 £HA256 £ ¥SadE) 4+ 10 085584750 Gi-tbtcQs! 10.3G5E7613

SamaTadT siocific feac 1= ileed
iing inidne defavinica

int TurbogotlZ: -ZrawTo (doubla MG, double T2, doubkle 30, BAZcam BROeRFS, dat zloticabars,

AL oapeci FIo neat rares
doukle o e S
double gammral;
doubk:le qaoms:a;

T L F oo LI B b
doukle Cpo; £ URNGE SES O

Apsendiy O-2 Propuision Mode!: Class Turbotet 1D
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doubla Cpo; ¥ L e
doubla Cpl g R
deubla (a; 2 aFrErheraes

double Jong A n gl T En s

!

double thetau;
double deltsi;

S RTnEOnAhIcn DONDEXUTHIL FHLA0S
double Lo ) _.-"." Pk Mt Tt
double —ail b Sf barnsr

double zau Z; 7 roan
gouble Lo L)y f0 o Tickiees

£ remporstoros

doulle Tt3; SA TOmErEss0r SxXit
double Tt = Ttimax; L LR & ot e i e
dopble TLS: Ao barkine sxin
doable TR ; G T oo L1 it o Yeheia e LA
dewble Tz o/ Mbad beabisi
douhle T7,

deuble ToH; Yomppanen Ll Uvxiz
double T3 S UMepans nniFls aMin

S omizes
doubla [k T A4ty mahiay Prot pyimain burner
double fa; F Ffoolliais ratio for oa L

double pih;
double wr;
double pi;
doubla piod;
doulble pi_t;
deuble ptd;

Gouble w7d8ay; S oami
double 1933 S exas
double M/ S e
gZophle MS5;

A odleamina Lle
Lhelat = To_Tike, gammaild, s AF
delbad = pr_o(Mé, garma{Td, Ralr):; 7

Fé EFAIMEINng o7, §I GroDortics Sov Oounplioascs

Appengix C-2 Propuision Mode!: Silass TurboJdalil) fenplomantation Fike: 1DFmpldodel con Ty



Gurmrt Guama ] 5+TI4 i1 D+thetald). Halr);
Cpe = UpiC.5"TC*[1.GrcheLall) };
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deltald = pt_piMd, gqarmaill. Raix)); P o il sy

S denaralne avg. wll propercies for cumprencos
FamMmAT - ganmma (0 SATOx (L C=thakadl , Rairi;
Cpe = CplC.S5+ w0~ {1.0+thazal) ! ¢

AF paijanlare telBAraRFa eAkla Aoy [he SnnnIEeRsr
tau ¢ = | pawips_r, (gecmac-l. 0)/gasmac) - 1.0) feza o - 1.C; PP ) P i - N
Ttd = zau cdknukal¥I0; £ DE 2374497 By, 14
Ao AELEITiae avarage nirner apeci e hearn
Cph = Opie.S [TRU+Td) )
v 7 derermim: wircer fuai alr rutig
fh = Cpb*(T=d4 - Ted}/:OR*cto b - Opb*lEdi; /7 ¥ D274/37 oo 15
taa b = tSA/Ed
A colovlaie Leppralkre Fakio acrnuy ke Jap
Agpurnhy (-2 Progeatsen Model: Class Turbadwt 1) Wnplementation e T0PropMovic! cop
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raly = - 1 paeipl L, tgamsac 1.9) /campaci - 1.40/era_2 - 1.4; /) PRPGAMASHT Ry T
lté = tau_ZI=rhetalfi*T])

¥

pS A rage Lurliny ppevitic hodc. aFaufy drop In teamD rougity sTcal to somosésulr temp o rine
= QLB [TrY-chAaLad*Te]) fF TEd m Ehpbud*To
gomms (1'td - U.s= ! Tri-cherat~ThR), Rirl)

S diecuvrmine tempAramirs ranic sorese e Larbany
& Cpe+!beca* (taa £-- uj+ltan e-71.0)0 P *Llon B*lau oo (L. 0elhi ) /7 FF 2074,97 Rg. I
Trs Low ~*To4;

AP e At SfoinMUrTer 12 on o oIf and appiy acpranrlatl: cnndeUooh
1f in3omaEf -« oM |

1Te7 = Tré = TrLEMax;

Cpa = Cplo. 5+ 1n5+2ch)) ;

fa = CpariteER) % (TrE-TL5) /{IoRcky & Cpd ' TLE ), S BD 22 E00 Mg @b

glee IS atiarhuenes ooEr
Tré - TET - Lhy T¥Ted)
fpa-= Collel s
e e f e fuel Esciasq

FFowe ooeld now MAlrLiale A

-
i
B
*
4

¢/ determine rise prasEure rarco acooss e fupBaa
pll = { .0 !l.0-tAau t}iera ri, cawnmat/ igamoar-1.9) ) ¢ B /4587 Fa. 22
A7 dorcrmine vha ERAGNEI JUR STVEARLSS sali0 AlZogy tre L PrOuer
P E O T T RO TR e TR T =
pré - pordeliagipl dipl etpd pbepd edpi a: A B 2N W, B

A the o difterant exit pondTiona g o Dk slgnavderei

.

PF the ousede f8 cunversear, wo oced to chook Ao ig choksd.  Wo thue rmonider

= pa if Ip ¥are a SenVAaCryeac divammen! poRgle and chetk thecexic Mach anuxbor.

the sach simber oxoasds 1, we Tthen apply e ocholed sclullos, ciiersise W use oha
Wlly eaperedded golutiun,

LR E R
Hi

jrier sooitdoe ghe Suldly expandsd csiay keedy

A cgrimare £pa hy Tires AptimErioy T, wiug furhise constants

gamrmat — Gampgat )
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F.ul - ol ;
pio= B

1Ty jevela ntTorTea* i1 0 powip f/pot, (gamnar-1_ U /gamoanci;; Fr BM/3597 Tg. da

It = Tt - nisgdiZ*0pri; A PP 28s8 BT, 25
J L WEE LT i T A ]

GANm AN gamma 0. 5L TLE D7) Badel;

Cpa = Upilf.ev({Tehar?dl g

wiug = l2=ota n*Ton-Toe* 1.0 pow|p?/phe, |(gamman-1. U3 soamman: i, A4 PP IBSASET By 24

LT = Ul - wieg! (STOpR; AYOER 23SASET Ry 38
M pygr tuTuyd dmammar b Eadoe T S WD 230906 B, 26

Frbe e ewglilace apmvergenc, cneked Antutian enly 5 M7 7 %/

if{ lpowrisfirimery =— CONVEMIEMT) 44 [M7=al.0D . {
T! = 2. 0*Con~Te6f (QemeansRad=sd Unime) ;S PP 2R/379y mnl 37
UTEG = QATTAnTRIIpETT;

PT = PrEvEas| (i-C-a7sgf{z.Crela prOpndiTLEY ), gammant lguoeme 1.3005 /) PR28/487 g0 23

wid =anasdiac Lo

fully expanded

rd o= pe;
pri - vi faai didellagrpn;

udag = {é-eta ab-Cporinar (1. C-pow (BY/REA,  (ganmac-1.00 fgenragil i PP AN SRY by Pu
TS TLE = udp) Le5Cpehs fF PR L8 SOAYT Ry, 39
MY = mgThlnsagd imanrEc Rale Ty iy
SERRw man evalLEpd poctvdrgenl, orneeh ool don gty LMT 2 10 4
if{ Inozzlebypass == CUNVSROGANLD k& (M4sel Uy )
e w2 CEIpoY el fourmiie e Badr42, Belipe) MORE 89S0 b, AL
198 - QANEAC*RKAir*TY;
83 = plespoel 1.0 wisg’ (2, 0ctu_ab*lye*Tes) ), gumcks/ jgarmac -1.9:) ; " ple 23/4°97 Bo, 3z

wer fave o Tadesleled cveryihing Bfwe w¢ pocd.

doubie rket = pof(Rai=*T3:;
doulble 3C Fhiserl cGamna (T3, ka Ty ] YT RALL) ;
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doulrle 7 - et [4Tog; )
double LY = {(ulsge=0)*aqreiudeq 0. ¢;

BT s (1A ipn*TT) / (eROO*p?*TO*uT! ¢ qf PE G549 Eg. 8
At ma = (u9:0; T (hata={pde T:*.!urm'p!-"m'u.l }:0.0; Ll T el v R
Foog = (1.0a00 "2y 11.dibelalfud » AT m*ipT-pdl ¥ Hera*unld + Ad ma* p9-pd); f PP O28SASEY B sl

ex: . TIT!):
vx? . pipTl;:
CaT . e inT)
ax5 T{T9);
ex9.pip9),;
axli. viuld);

rerurn £/F_ma;

}

Turbojel L0 Turboaet 104

{

pCLIdiff = NULL;
m_Fid_congt = C.9%;

ConeTrluke ¥ Turbjelll CrealeTutake jdeuble Jonefngle, Oldealidasftream ‘¥Flaid, const char * Lut [name)

{
S¢ oredte the intake
PpCOTdicl = new CConaIntakalCanmAngls, Fluid, lukfname; ;
return pUUldifE;

|

Appendix C-2 Propudsion Movel: Class Terbatel 1D Implicmentation File: 10FropModet cop 137



Appendix C-3 _Propulsion Simulation Code

C.3.1 Program: TSFC

R e T I L T T N e s R S R S L R LY

| FILEIRME: TEfmeapMoon TRF ¥

PR e SRl T S I ~E I TR i O T Rl T i A e i S R R e

$lno_vee " GS1DEcopMadel lipp"
Binmlude "N o ABAlalitETapel Y atal LleTesul  hpp"

inz main inT arsgn, ahae *Arge(]l

{

L larcoc2?
coas <« "So input file apecilied n oosoand Lino . in®:
Cons << "Uzamo: 10FropMcdelTs Irpotfile” ce mndl;
return 1:

npuiFPile Turbeioilalalargy 1], losi-in  dcs:inoczeate, (SiZebuf:isn_resd);

AL TerbojelDatn, guey (1]
gerr <« "IZuputllles " ¢ arovll. <« endl;
nerr <2 "INIUTFISE MOT J00C7 <2< caul;
reburi 2

doublc M) _:

double ¥ 2:

doukle TI:

doukle pl:

int 2 lic-tvanoy;

S HEatin RPeggpoave B oo

double pi £ L0 bpnmas. Fan. prensira TARI0
douhle _El:i.__-.’!:

Apynendix C-1 Propuision Simuinnon Coue Frogram: TSR
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Caoubie plooo wTete Sy Y CUNPL eaUY DrCeBNrE TEIID
Euirle me_r_see] £l CTENrASADS e TE pab te
double pi_d_starc: £ CUMDIOASDY rCESUrE rail
double pi d end; | CONEIEDaY DULnturT L le
double pi_h; S haner gracnira raciy

double p-_a; £ Aftcsbusner piesrzre sacie

fr slinvciciicy

deuble era_Z; ./ fan

double eta_c:
gouble tla &)
douhle =g f;
double eta_a:
Gouble cla a: 1o

double era_nb; ;¢ bipass anzzls

doublo hers,

SFOHENMIE TeTPaAraturan

dovble Tidsax; -/ mox cwelide dnasl e
giouhiy Tld giegs) s

dchas TR4_end;

double Tiurax; /7 Tax afrarbiznsr some

forped

deublo QR , /¢ Yeer haaraids waida oFf Ser fuss
oo Mesple vhes

int soeeloprltu-y:

int nofslebypash;

ahar TouLcues 517

Turbujukbate e« mew PLlaInputVar | "MO L", aMO 11;
Turhojelbule we aow PLIcInpulWar ("MO-2", &NMO 2]
Turbojatlata w» oaw FileTamitVar("Ta", &ld);

TerkejetCarta =0 new Jllslnputvari'pdt, &pcl:

Turhojalfaty 0 naow FLIcInpulWar ("AZ ON CFP", &allerburee-);

TurbcjerZaka »» new TLlslonunvari'pi-2v, ead S5y
FOrTr T SRuarAl pr oW M lclnpuraritnlec-arart Lo o gtort]
foempaecberkiei ae i PadoZhanbar? Pes oo eney Ap e i
TurbtiulDala #» mow F_)eDrpaulvVa-{"pi-c", pni_ab;
Tarbefersara s»x naw Jllelnnubvar ('pl BY. &pd Bl
TarbelezDnta »» new UilelrputVar('pl a". Lpi_a):

Tarbetezdara »» new Yilulrpeevas (Ppil-d-startt, &piod e-art::
Lurbefa=Daca »» new YololepueVu-("p. 4 cad’. 4pi 2 exdi:

Appendie =3 Progeiann Sutvation Cnov Frogram; TSFC

122



Tiark IGala we oeew FileTnpon vard tLoonbiedoal g

Marhojokbelka [F1=1 T i EoretEly
Turipajalhata ox asw Tilal BT LU, hLEla a);
Tarhajeclata ew ki ; } . EBba_ o
Turoojoek2aka new FilolpopaVarieta o, fLeka to;
o) JELTala er new FoleTomin Var e a-2", Saly A g

.
Turpojetisba - onew FllolopucVaritoeta p". kela o,
i et Tl e new A e et beita i

Caroeteclata s new PololopuztVaritHaxTeod", LTioec

PP 3 S o e B R R e Ut o FERR DA et bl R b
e IRt fla T VRS

?uﬂm$mPhnHuﬁﬁ..mh"=z&dem=ﬂbJFm:"
Tarho BT dn A = new TolalopalVar [ "detrasl GE" . 03

Tarbede D a == new Filelops Van ("2 Dnar oo 1 aTepat o SooceTspe i nar
Tarbof&zbana o new PilelopezVar ("Eypaselocz]sIvEe”, #12ZZ0 &

v =AES ]

Terhic)er i A =a Mo bagne, ;

if{Turbete Dan .
cotloew "Iraon oro g bevicyg datat oex osndl;
raturn 3;

i s e n_.uh..__.nr...._ i

TurbojoellD Tostloes;

Toes T, LB
T B i CR R

UeRatdeT  bvpaegdatioibozaly

bl A ol O [ ok s it s
TestJoet Bra-wcleka -
TewslJel  Bog Tilesa b
T T Er L e
Wepkdot -
Tenl Jel
Tesb =i .
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Testozt.Tz_4 (Tzdmax};
Tesloel. Tt S(Tuémax} ;

Tesroet. el IQR) ;
“oulovl MalalozzleType ( INozz] 28num) nows L ey wary g
Tesl et ARGy 2 LeType | [ Hoss leBrem) nozzlshyrass) ;

olfstrcar datoout {foutaane, Lar: ourf, filsncy: apenproall);

double TEFI(2].:
double ¥ scorail);
double £1i]:

B ~TELTERR S $F

double =% 4;

0 dalabut <4 "ploc\cHD-LICE a1 A 2R,
fe
foripi capl c start:pl cepd_o endzpl oio=-ipt & espt pl o Srasc)AIg.: |
Towddol. 0 ofpEs !
Lidl = Terndar, TRED Yo T, 2T, {TuricieriD- £S5
(1] = LUnmbdec J oM T, D ITRrRe ey AN nt ! : Lo i)
AATAINT < Pl moes TIFAL) s “ip? 42 7 BAATEILT ge iE 3 SFCAr w MabW e ¥ opmdolbasd) e oaidl;
5 ;
ook
1
Fatauyt < "TLAVLTERC M="adMd o wo "IlEH/m e (MaFee®D e MIGLTERS fM-toaldd) 2 owa Y TE mom IMe e MR & owa Thnty
toofTodaTed wiuri:Tod ow Soi_and; Thdsa (T1 8 sad T0d slact i @000 |
Tartaul T A {TUA )
YRECTR) = TASRTARLTRFOMG L. T 1, L=
JUALLL) = lmAndAT SNESIME N, TR @0, ST
faludul o4 ThY oo B wie PUET G Momgats P11 es snell g
i =
;
* .

daranus <« VPLAARTHIC [M="uaMO3 L o "PALF/MLONIME" << MO D 2o MIACTEFD (M=MaaMQ R e PN T g (MateeMO_ 2 «x UFhnMy

foripi_depi_d etazt;pl depl d eadipl de=ipl d%end pi d stare)/aoc.} |
Couciel . m _Fid_conet = piofl;
CHFZ2IL] = Temtimf  THEDIMO O3, TO, 0, (TocbojorlD: sABIpunlaSrts~bmenar, F wdora(c], L[[0])¢
CSFCI1] = Tesboot . TEFIIMO_2, TO, I, (PYbojsiID:aRImempallscbucnot, 7 edotali). £11)):
dasumif e Blod oo "AL" ca TEFCLY) s« "HE" <o F odataln] s TNFT <o TSECIL] «a "NWE' 2e P_rvlntalll e Bndly
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dal aoul o lose i)y

raturn 1;

C.3.2 Frogram: Thrust

Fh e hdadelarans byt drdwldwlalublydidlagdvhbwaoalosdebdtbylywawbdlusaawlew Ly

Lo e TR

P
£y

IRElind
ETTGND Tes Far ofann Tarbnger1n
praydmt Farcheo
B i R |

seamin

Ildhi--J.-l-n.lrd--ui-i\.-udi-dhd"-fi"-J.lhnl-l-J.--l-'I.-‘"J\.'rJ\.'iJ.Fl-i\.dhI'Ih-i-ﬂu---iui.li\.-'i-v\.-'\.ﬁv\.-u'\-’v\.-InJ.k'h’J.h-\J.'I'Id-i-Jui\.-.-"

dinclude . hiofvopbadel . bhpot
#imelede ", 5%l SDatafilelopuatyuzz=Ziielaput  hpo
Bioqelede "L L CoeeIniake ToneTolabs 10

wizil . h=

froclode <muz

ink muinf ink arct, char *argw(ll

{

iflarcoa) l
ol e "Noodnpabt [ile specilied oo ccaeand Tiae ot
01T =< "Uszoe: 10Ercpodelthrast inpatfiie” -« end:;

raturn 1}

Iaputzils larhbojeibatadargwiz], ios::in

if{rmvhojernats gand il |
serrt e WTapiL ke o e e [ wesendig
CErr <« "INEUTFILE HOL 2000 =« endl;
Fellurn 2

}

char *oomod=al] = el DLLHEONLIY el _DENATIRGT

ek IR LIOAL, telM arITvIoalT,

B

ind:inoureste, Zilebul::sh_resd);

T4z
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Metp GUIERIBRITICALY b

Enum l:-.F!J..'I']'.'J. Uk, CEMPREANTURE, IREuLUEREL,

fabhila MO ATarrk;
double MO ernd:
doubla H0 sTep;
Toefowckha TR

R T Tl
double 217,

int zfterburnor;

o

SEORLaaa Presanrs Baliaa
doubklea
eleails] e
double

= R TYefSIire
doubkl e 5 [ o ot S

doul:le
doulile era - ;
double cza b
double eza t;
double cza_uw;
double 273 17,
daouble e-a =,

douhle Dera; A4 MmAaRE Iafio

POEELL AL
L [ T o e

£ Maximune o

doatbla T4

double ''tomex; 0 TAX ICLErburToy

SF mExImum rugs diow groog oot o

double pdorinan; £ mEaimins
double mdotauc; b anee g el

S Bl

doulble QR 5 lewst hoepning wmalas

T FMozzle UYERS
int nozsnieprimeey;
it anzz_ebiypass;

S8 BEiloaroan

| ol ¢ Al o At e o

€4 JAanl DIOosEUrD Ldris

PALIO

SRiFins

LR M

DEMGTrE, GRAVACC, YISCUSITY, EEE, SONTOV

Appandix -3 Proguision Siendalion Codo
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dovsle &/ Dex;
dovsle 29 Qe
Anulrle 17 Y

£ Inilane 5T Tuoe

doable coneancle: /7 angle of soeintako
vhar luzinbax<e[S22] ¢+ 59 Iookes tuapds Loz

double iMmas;
doubla (Modal
doukle fwdck;
double irho:
doubte i 3ubkRng

char alotoeoe (512]; 47 aormoophses dalz 0

char Zouzrame 512];

kg

Tarbajetbate »» new MllelroabVer("[H0 Jtart", &HC_azart):

TuzbojuetCaza -~ new FllelopatVar
Tnrkajsrnatas wn aew ilelinmakiar

(MR Zpdt, sMEosnd)
i o e B 1 R fed ) p R

A4 Mivimjervera o onaw MIlslaparsvary tuict. sl Ul

Rty E5 gl wmomw Fan e LR g

4
Terkrjsrnar

T
=2 new Fllelepabyar VAR -OH SR, aftervhuras)

arncjetats e new FllelopubVer {"allibude", s3LL;

TurinnjeRTiala e new
o nEIENGALA e oW
et e I o R B et
TarpoiebTala o =eonew FilEInmitVac Dtpi-at,
Tarpetenlata w+x new YilelaprtVaritpient,

("pi-£N,

= e A T3

Tarnocletlaba -» new Folulapoez¥ari"pil a".

Tari: &b 7aty =x new FilaThpus.var I"Reta”,
Tarboferliaca e new FololnpuzWar l"sta 20
Tarbo cEDal g wx now FilasTaplWaritsla-an,
Tarlw’eiDaba »x new File_apuetWar (“ete-nt
Tarbofezbeza =» new FilolapolWari“osta oo
Turbo e Daba =» new FileTapitiyacitsla-a"
Turhe’&.Nata o new File_apuetvar (“etz-n",
TuerbogezDaka =» new FiloeTapal™Waz ("cska ob" .

i R R

Lo .

whatat;
[ et
weba ol
welba Dl
mizbe Ll
ELr B
Foba T
LixTa ol

Appongiv 3 Mroguision Singaton Coge

Frigprarn: Thrst
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v ¥

Curpe? erlita
Marle JRLTIAL A

arbedecDuta
Turlr &l Rala
Turbogablarna

TurliojrEGALS
Turbajesluta

Turhajsrlzsra

Torbajetluta
TurhajsiTala

Terhojer

TerbEajorara
T.rkojetlara
Terka ey ata
arkniatlaza

tarkedothatu

Turhct eTlars

Turhoqeblaks

i £ iTurhoyenn
SO v

return 2

Tuxlho 2R Taba

new Filolupui¥or,
new FiTeTaputiatr

nonew FPlocTupst¥ar |
aew Fiteinpabiar !
aew L'ilelnputyar|

aew U'ilelnprtiar(
sr omew FlicTupul¥acl

ar mew silaslnprtyecl

pe onew FLLleTumwst Vs
anomaw FTilaTraeniari

»» mew fillelrouzver|
nnonew FllelnouTvsErl

noew TlaTroanvar
»» NEW Jilelnvatvar

oW Filal npaniary
TiEwW
reiw
naw lilelnpuciar
new FilolnpuiVor

»oomaw 'ilo_aputiar |

Thiad

o nEW Uile_apui¥Vir

ana s weadTaralle=n |
rror renrieviney data' e andl;

TETeTEVarLAne

("HS mas", wRI odx,

G Tl A Mopdan
(TR ade masht
e = ¥ ol U o A T e

T aees SubPTNY, LHiSchEiT

"MaxboascFoow",  eedalmax g
RSN o] LT . RmAIREWE !

=

"Mamte | wlzdwmaxt;
i, RThamaw! ;
"Japiuael(lk” . &

"FrimaryHoozlelypae | RLOZCLCpPLITLIY)
vanonz lRTy R, et &y s

AT max", aRT muax s

TAV-min', A7 omino,

“hI omiu, _wrw.m.HH.u“t £

THRELE, &Dw)

PTrRakatanArsnele” . Eoonsandio) s

Trataxslociuplabloiamc", lutTnoass)

LSS0 MELEN

"aUTEUTRILE ", CZoitairg

WATMOSTHIRIDETE" , sowfuame) ;

Turbajoetloza. o loac i),
N i S o I N AR [ T QU VR VR TR L I 1 SR A S0 U T N I R B T3S RV RE TP TR

A ol e

o sanhierie Adana Iockon

q_.n.u”.n_.“.g....qm?“_.m romoapkere (atmiasme, Lookuplsble: LIHEAR, LockepTobac: G1I),
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ooub e "ERracazlere daca loaded” o« andl;

FE omrmeane thE me

S er
TFer

rurhojet1n Test. 0=t ;

TdealCux 317 I1ZBT,
2ir

CpELr,

tmosphe=e Loziuz (Al

[long: YEMFEALTTIRE] )

CldesldasStresm Frecstrroamisiz)
Freeftitrean. TlAmasphere . Lockup (AL, (long) TEEPRIATUREL) ) ;
Freeftream plhtoosshese, bockap (A2, (long! FUESCTRE! |

FTreStream MDD

£ ervane ches 1ntaro

CroneInbake ceToiake = TeslToec Coval eIntake (DR loonvangled . &Fseofloeam, aazInzakey

e L L1 Pl

4K

£ oointaka-

pIntike sRulobeais:

Cimlel

(s 3

Dogs bty SE R

ibmles, irke, iMmax! |

nThtake-iuheoniolin ) Liabring ;
pInluke =Se MaseFoows imdolmax, cdolsus)

Tesclet . Bi Z(pi =)

14 e P TRl e Rl

Testsat. Pl nipi_hy
Testler. BL alpl al

TeabJak . Gypasazaticdhetal ;

Tardpl T

JBLla Livla
Tesiosl . Ble oleta

Lo
i)

Testdel . Lfta_hieba =)
TeazJeb Bta. =ieba £

TesoTuel.Bla alela
TasoJel . Bla nleba

Al

T

Teamdeb  Lta aob eta ab)

Teso e BT wmax 57

Taanden Y pax (A9 max) ;
_min|
uind o

lescJet, A% minif?
Tooodol B9 nin kA

max o

Trazder b < Ttemuxl

:
H
i

2

R R R E L S R
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2k

pEeuyy wesfiod g 2000 LOYSINLNS UNENTLAD £-0 aposidy

foahe Th TETODEISEN o0 0apaEa], e, diy b UTLACEW G- C@pguas, xxo  oh, b XEWLCQW 00 |S2)ual se 1nnngen

Sphg orr o [ SRodon e s Se il anpoantio s TR En U ETRERE Gy BRODQOPWOEe IRy R L wR I, WEOW TROQTRTYRR

bz pgEsIdes 0 L = S0

i

RN 3 CFIoTw 'l ‘IamnIagEacieiamocgyoatieloganty o7 ooo ol aTum Wl CEmany 1s0ERL

[H e P R T S T IR R B 1 G TR R =y |
1D T Trovan Y5 M |THnep

ST E DS LS L T A S Y S L O LT P RSO, S0 T L 1 4 O, TN D, pE SOE ] ER

ITpUD hu lpow np

WIN-ER, Fr JUOEIER
w2 EET, wEoan F
LTt o e o

i LPua e
STRIO ==
ITpus nw

[T TRt T AT AIswannaeElITyant - IXEIE Y

LR sl Wi I s e

SR DUEBOEEES, SR Or iR
A LA ATNGTITY, E JNOBIED

_._”ﬂ...._.m R TE-- |

CEHT TR Ll

(Baoty frTgedayoor-azsndosowyy = ood
‘rnd aranop

CIHENE S

JEW 5 aToSnop

17l 3 BTanop

(g BN 3 BTSNOR
SlEl aEsL BTdIneR

LA R O SRV L B

B s 8 1 HU T f 0 Tl e L4 LA = TN 123 T A T IS LA T e F W L B TR )

R T L I T L B e e I T S

PAEMEIASDTR IO AT AT 1 LI NTERGHNSE TA0IESS
sETada] SEor(nIga =20 1 adA s T2 I0NITEd T 4BNLER
DEED DRI T R0 s

SAMEBELLUORA ) MOTISEELEE - JaPEdT

LMrIEeIl e 3L JA0RERL



dararmt << TRsSTIeT o Bi 4 << "1 <« TeSrJat.0 AY WA =< "RET;
datooelk =z CI' == "52" << Tesidab.o THFC <« "\T7 «« TesLJos .o AT =< "AL® <« TAREJAF .0 A5 << a3dl;

t

/o ool c=pi : oemips - oend Gi_s sraccefro0.d o
PORTET . FL TIDY i
TegiGeL. TSR0 T, P20, flerbajeril: sAdumimm atrerduapor F_omdotu(dl. iR :
CEFUTLY 2 Tesnser . TIECIMIIY, TO, p0. (TurkeiorlicsABonumiaftarpirner, F oadgia{ri. Li1li;
Hibidit wv pE e ws MIEY Lo MPOIY] ca VIR e FPondala T eb WEEH fo SBRTIL) ge UNEY e TGN I s endl:

datoouk clogei;

recturn -

C.3.3 Program: CalcTSDiagram

e R e e R T R s e T

T w3
FILENANE: 2

MK el 1

| Drargsnd 2.
| DERCHE L Pyl Teak for pizad Teriba e 1

AUTHCR Frukash Parbhso
TR q# Aprald. 4037
MEVINLON (LATRT:

m
B R e R S L L

kinalude " NI0P:opModel  bop©
#include . .0, APatafileTrbutibatatileTopus bpp!

ine madn | ink arge, chaz *arav (]}

[

if lazgeei) -
couz «< "Ho inpus File specifism] on coomand _ioe.S\c®;
cour <= "Usaoc: 1DFropdodells irpucfile™ <= endl:
TeTurn ":
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TnprasFLle Tursajelty

if( Turke jet T
SRAL of S |
GEE b R
reLurn 2,

duubls MG
double TN
dowhbla ol

double pi £

double pi oo
daoble Dl o

double eta £
degble ole o
double etz D)
deuble «la i;
Aouble efa a;

o

S lary 1, Gz oin feso chprreate, Silebuf: (ER rEady;

Arcey [171 we cemdl
WL o« Endl;

AR g F 4 T

v

TUIE tacle

praasrs

pa iy i

double eta 1; S0 ousza

donble wha nb; o0 b

douhle ket

double Tdman;
double zE&ma:

£ B

m..mur_._uum QR: S lower hesci

S5 MTrnie Tynes
int nozzlepe_mary,
int nozslebypasid:

char Eoutams (4lZ]

1Tnroojetlsta -x REwW
Turuajuokblaky == hew
Tarnatebllara ox new
aroototDaba =a new

Thrnkatetllara s new
arbolezDaka =x new

El e e e

Fi_cZapulVar ("MI", =MCY
it el nputNar ivran, 10y ;
rize_nputVar i"pd", ket
FiloloputVar ["AR-0ON-0FF", rafberbarner] ;

Eidlsinpeesar (Wt £W Eodioin
FLleTrpetiar Mpd -, Ao

Appendix ©.3 Propulzion Simolahon Coode Program: CaleTS0iagram
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TarbagerDala = new Filelapubvar Mpo-T", Lpi_ T,

lurboazzlbata @ new PilelaputWsei"pi oo wpioalng

"
TechoyslBana w0 aew Filelaparifasi"leras’, &hisral ;

TrzhojutDula == aew FiaoTepalVari ola-T", Lela
Tushejelbala =2 aew FllaInpacyacsi’ 27a-n", Leba
TarhojrrGala =0 new Filalnye: viterna-h", Lketa o
an mew Pilelnoas LeTi
Tuzhojullabi = ew FILlolngs s LA
Trurlinjuilata on new FilaTem

Turhojet data »» new “ilelnv

¢
ehn nib", LUlag L)}

Pilslmaninarg
tlelnoat

sojenTaba oo new
ArcojeEslata sn uew
Therans LTS A e e

"EaxlTd", REUFACawl .
ar i 'HamTee", &TtE

TeTuasFar  WTenlesl ol

wand

o BRI

TarvotetDuzi o= tew Folelnonliar ("Prinar/HolzIeType!, &Torzlaprinary];
TarnedelTara e onew PileTuparVar ("bepazsdoeslelyoe" . snazeiebypaga)

TapierietDat e e new FileTnpol¥ar i"IGTRITILLEY . forraane;

ifiTurnetetbatn, keadbulu (3 o-00
vout .« "Srror recrievizy dala" <e ovmdlyg

reTurn i;

TurlwyarniaLa. GelrEEVATTI AR ()
lurbojetlsts . Caase !

]
s

TazhojrrLll lestdet;

srarns rhs nirhoist

Testdul Fi
TRaTJAT. Fi 5
Trendez . Fi hizi b
TestJeb Fi alzi al;

Testlar  wypassdatioihetsl;

Teskder, WESSE ezl Fiy
TestJet Eta_cluela o)y

Tontoesn.Rna_hifebs by
lesfust  ta T.IETo @

Testlet Eia aflela aly
TeELET CRLA R ATE

Anpondix S-3 Proggision Simdaticn Code Frograrn; Gl TSiegeam



Teetdet kEta nk(cta nb) .

Teatdat . TE_4 [Ttdmax) ;
Tostdot Tt 6 [Ltémax) |

TeatJat . Fialg (OR) ;

Testdet MainHozzlelvpe | [NozzleBoun) nozzloeprima=y) ;

Testoal RPxpzz]eType [ HozrleRnum)nozzlebypaas) ;

atskroam datsout [Foutname, Los::out, Filebuf::opesprob);

int result = Testiet . DrawIsiMO, TO, po, [TurbojetlD::AREnumlafterburner, 1, datbacub);

datacit.clgrell;

return (resnlt==1]170:4;
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Appendix D: Performance Estimation Source Code

Appendix D-1  Sustained Turn Rate

Finc_uvae csbdoib b

pinc Laa cFa=ragm . he

Binc_ude eandic.a

dine ada cailohis i domeer cai¥ o vgi ) and Fina!' i
Sinme_uade ¥ cdea Gas/Idcs.Gaa .k
dinsT a4a fm i A TH T ok il T

ginclada /uatas:]ainpas /Ustarils inpus hpp?
gimo_ade s hat il Y

ims padniwaid,

daalslae W)
double 51z,
duable CLiug;
doalb e T
double 11
doub_e I
doubiile Ca
double CL;

e V] i
. g Mulac)) 4 T L SR S A s FLE- TR, W O T SO R g e
i i 1 i (adrl 8§ I g [ e SO - S RSN
'
douvbla ‘MLiudt;
douboe *&1 %9 AT
inT nr, KAL)
int M), RUTynb:
char TezMach|i0241' ; buffors to S3l3 rexr forx nf fkich sna Al Ii8ts

N TS, FAGDR 6 A0F06 0, TSQGE U 200

Apperany o) 1 Sushamend Do Sike Fiopiany ok 1S



char

perhll (13247 ;

int relulati-0;

char irnfoan='512]:; pmges )

char ocul [nacwe [512° : 2 fila

ohar armframe[312] ; £ at chore Filu

char asrofaaresmbrsl2]: 77 we i thel i Sl Sormas

char

Proplaace [F15]

S e

R R AArA

doubla
double

double
doubla
double

F rhooaiy e

double
double
doulsle
double
double
double

double

aleustep:
MEEep:

ngLarL
retd :
natefy

Mnzan:

P:

&;
Sarma;
I'hl.'.-.:
TAZE .
Bret:

ST, STrsu;

int errval;
ink fHuCaca-7;

anum | ALTITUSE, TEMPERATURE, -JREESURE, DENSITY, CRAvVAnsT,

enum |MACHNUMBER, THRCET. <7, PIT, MNOT):

el L Thgol Fihe

el ew “Ectar thes name of the iecut [Licy ¥

cirn > infoame:
IaputFile Tebazaliafname) ;

P oenévn Lhat fnngr il 18 oxar
1f{Znbata.bas!) | |I[oDaza,goutil 3 |

CRTY «< "Bad input [i.e: " <o Gulfname =«

.

andl ;

VTRIOERTTY, XRE., SONTW J:

Appendix (7 Sustamed Tum Ralc
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roturn

v

OOttt viest i oot fdi3te

Ttk
labaZa
Tnlata

Zollata
TN
lnbaza
InDial a

IrZatca

TrInila
Tk g
IoData

Lanata
Tulhale

nwomew Filslrnoubyvar (M0

rzireink", outiname)

»x maw FilleToputVar ("ATHMASTHEEEDATA", alwlnare) ;

W TLEAW

ww aw T leThpanVazr (O a-FRon e
= TMACHNON" . pREaMach)
wr onow FileTopalWar (“H ALT",

eI llew

HlaTnpatyar ("FROPULS

TOHTATAY . proeinare) ;

M

LeAlll g

2eopow TileTapalVar (YALTHOSY, pRenlty g

s omaw FiloeInpatWasz "ESEOSNAMEFET", aeratarelmn) ;

MWty waT Al

e NEW I Ienarml | TE
wa T F s T P

""" atEt, eMsTtaril)

SPL FlieTonal Ve U e

= omew FilelnpubVar "MELTZTY,

EMSton)

v= oapw FileTupelyar ["ALTSTRRY, &a teteo;

s dlew FileTrpnPiar ("ot fnsrart) ;
e New Pilelrnsubvyar ['"wl", Enend! ;

>+ maw FPlloIppulWar i "c3TIRY,

nEEOES
& maw FllcTrpatVar ("Mazs",
wwodew PLlaTrpntVar ("ERL?

wnLEn!

BT FE
surets

=» new Pl loTogpazVar ("202NEMOCATE" . Livolala) ;

SEgraorate fhe tinle ! Al lode aced Mool S

char *teupptrl, *tonpplrd;

R T

= now double nalk]

Anacndix O-7 Sustained Tum Fata

Frivgrraen Cate TSDeagrat:
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TEMpPET. - PRXALL;

forialtont -G Altcot-nAl=- ;Alronsesl |
Al=Lire (3140oL] - strioditewspesl, stempotirzl;
Lemppzrl = tewoprri+d;

}

MLinl = new double of] ;

Temppl L = puzMach;

for (Mont=U;MmbenX; Mool ++) |
MLiaz |Mont] = acrtodizempst rl, &bongpbrd)
Lenpperl = Lemeptri+l:

fraare A& 40 loukep vacle oo held rha Aere NAata AL Macl nostde asd ALnd Rude
fleckupdD RerongtiaiMLicst, AltList, oM. nAl®, asrcoframefal)

ifiosrval = Reroluta-LastBroroct) b { 7 mure: por ——. Feed e@sdoemesc
3 IY ¢ "Frrar cra2atim Lookup Tabley P o« prrval;

conl =« "Rl. Duaza Loaded® <o endl;

sfspfsigeRisdrriviediddwteasianald s

new LER labley pove becm loaded, ao wa e e ail (¢ Slaer sroceseifg ragid red.

FFoorguta the outpuss Toig

viptream Sut¥ile icutfaame) ;

Lffonemile bad i) [
aAZY <¢ "Iabhle Mo sroperly oreata oUsenb Ellevsie mBdL;
relurn U:

Lo OTears Lhe simrenoleze JOORLE
Looruplasle Atmosprere pateluase, Lockapieable tLinmad, LookanpTable: tDIC) ;

A7 orédate \ne arooeicivs icokupe tabla
LzokxupTasls Thrust (propicoms, IoddcapTable: (LIXFAR, LoakepTable: :DND) -

/i eraata as sA0cAl gas — ws aesd chis Sor gacea
Idealta®r AirizA?. 0, CpAiry

al:z = AlcLiez[aO] :

Append 1 1 Sustsined Tum Ratc Program: Cal; TSDiagram

tas



noNT o2 Clluioy
cout << “AlFt "o all;

gt Lhe e Slendrzios a4 chst o sTistuedd
garmra = Alr_dara(asnenphere. oosus (all, leng) TEMPEIVTTRRD )
Afnosphnece, sonkepielt, (long) 2RBESIURE)
o Efcoupiacce, lonkepigle, (Eongi TRAVACT] ;
TEo — Atacophore, LoCkapiall . {(loogiDRHETTY, ;

Ff pEriat pcaosra
MEFale == *Ali3 tHhE® «c AlE < "\TCammt VT <o gEENG cc "AEPTomgaLvr ALY 2 p <s endd
SUERI T s e "Manui\FY =x Fass < *“zhhs:vrY e pho <« "WiSref:Al® <o Arad <« eizl;

AL Fxle <2 "inipt,;
CurFile s MMVESLINESIRENRAEEAEUT SO VA OW\ LOL SO D 0wt Y

Fédvisbhbnicdebibibgobrpdpidd gwsr-bie®ds bvh 7

Eor (M= 0, M.=Molat ntf- ] Me_MELop)

N ¢ Ly

Cz = Thougt, Zonkap (M, (SongiCTi;

A nsw. tor suscmined tim oxslE, fd - Gy
A7 a0 TaeR hpod OO wrrespoading ©e LT - OfF

S0 3t eke nowh number o Towar Lk ehe dicg WC have 2ver lalde
A0 Lpen uvy e Zaks aveilabhis
rerstal = AccoDals . Loowup(fMaMLisre d]i0Mane 6] =M, =1L, €e, 1L, 07
W - wasgtd/ (0.5 rgamatp S0EL = Srel
switchireislal) |
case CLOCkapdD: :errMOME:

el LacooT
nw Gl Jow y FFookd Duow ol

SR » giagrlid.S*rho*Cl-n/ (maon*g/Siel) )
ATENEW ¥yt {0, 5Araos Sl 80N -2.0) ) {n*aasstg/aret) |

QuLPLlle «a M oz vheM:

Appendix O-1 Sustainod Tuern Ratg Fragram: Cate IS5 hagram



mErile
ublile
TubFile
Suerile
SutFile
GutFile
CutFile
JutFile

braak;

C1H
o<
L
w
€
L
L4

L

STR

n we

o
Ot o<
Cur e
OE S

C15 0w

o

LES
STEnew <«

u '.“l “j
" 'l\t n <
n .'\l'_" :
n\ll'tll i

whp

el

M

e apdl

aage CLaokipsD: et rOTOFRANGE:
M oaow U "\.t th

mmtFile
CutFile
DutFile
CutFile
DutFile

ool
e
o
el
=

L File «

CutFile
break;

dafault:

]

Sublile o< endl;

retyrn 1;

s

WAEN oo e
""-._I‘_" Cel) ||'\.I‘t|| ;
III'I‘tII oz "I'l,t".'
"\t" e ||‘|I‘t||r.
BEcs hpm
Dw 2= endl;

CUETLlE <o M oo endl;
break;

Appandiy 0-1 Susteined Tum Rate
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Appendix D-2  Specific Excess Power

- rssamsissamanE i ek e e AR Fu R RS sl e RN FE N ARIEE VN s R N E T sk ksl b da v nam e mw

.

| FILENANS: 1DFrunMoosdTheLsc, oop

| na ‘!‘ #a L |
| lkARLPILLN: Yeat Tor oiass Turbnjet)s |
| AlITHOR Dyrakaslh Facpkso {
DATH: azsy 2354 |
e : |

10 o,
LA

R W _l.#p'\.l.1'-l.-'l.i.l.-'\k#k"-k'\r-‘-l.--'-d.-i---|.i-a+l--l--i-l.l--ll-l-tllil-llll|lJ‘ltittt:rt*a*ttr**'ks'*'k'ra."n'l't'i'l f

pivalndeg v S DRvoptade S oRropkode . bpp
Hipelude W, . /Darnfilslppuctiiu-asilaimpur  hpp
Binglede v, S OoneTe: shefCone”alake kY
gireluda Y./ iockopib/ Lockapib. At

finclede cmdharil o
Sivelrds cscdin ha
fircluda <aazh.h>
2ivalede <ardl b b=

int main! inc arge, char *arge[]!

I
£iavgues; |
soulr a4 "No inpet fioe specificd on comqund line. Yav;
souk v CHoags: IDPESmModelThrent inpunliloe® «<w vondl;
roturn 1
}
Lesuabkfile TurkajetBata;acgeil], funrin | dononocreate, Tilsbul: csh_roaed)
if, 1arnniezlaca. onod (|
ZRvE e TTRSuFTile: ?oas arge (L) we ondl
ey <« VINPUITITLE BT GEON® <o &Mt
roturn 2
)
ckar ‘upwodeei] = {  "edm SOBSCONLIY, O CUTATTIIDT |
TecHd SOBCEII ICAL®, e0H OU. T _CR™T
"2oM SOUPTECRITICALY
anam [ALCITUOE, URPRESEALVHE, 2AEHSTU0RK, DMNNGTTY. GREAVASC, YILRTISTTY, EEK, SONICw
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feagsswraerididntnsisdesaninidnivesnarserdn vy ioh i i ForbivrinrigRertrtvysbddmdywd

CaNAIY PAPSNETENG

double MO_atart;
double 3 crd;
double 30 atéap;
double Als starr;
double Al:
double Al%

s
L

N A -

int aftsrbarner;

O TIavis Beppqure F3llor

ouble pi L ¢f bvpasy fap pressure Etic

double pi & S GnEoeaocr nestulse sl
double pi_b; A0 e pragrure mario
double pl a; S ubreshyinir ppeagnne rucio

KFf1srenaier
double &La 1) £ Ly
gouble eta_c; /¢ coopawuEcy
double Mla by 0 Devais
double ata_f; /) sprhiaas
double via_m; /7 abfosburor
double asla 0y 0 anmais
dcuble eta_nb;: /¢ hjyprRos nozzae

double bela; 40 hpeproy eelle

A4 Maxamiim lemparatican

double TL4max; /F muex cudlon® fialet lerp
double Ttamax: // max & rashenar e

FF maasami cnkar Flow and sporicn capabdlitie

double wdolmasx; A memamun wiar Lidee Lhe ANEIne

L O e R

dAoubhle Mo muL; A maan Floaw &R Moy due e opieming effeck

A Mges
double OR: 77 Jower el lng walue oV et Feel

i Nozrle lvpas
ink nuesleprinary;
int nozzlebypass;

Appondix D-2 Specific Excoss Power

Program: CalcTSDiagram
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F0OERID drEudE
dogble 27 max;
double A% max;
doubla a7 rmin;
double thq:.H:

rafsrsncs Arsa
P P - T
double mass;
doubla EfrcE;

S LT S} Sl A £
double soneatole; 7 angla o Fes O oG rEna]
char Jutlatake '512];: -7 iookup fuble oy cho intake
dhar asrolcara’ol [512] ;

char atwfaame [F12] ;

double iMmax;
double iMmioz;
doubls indol
doukle irhc;
double ifabPil;

S5 aperaring vondininns
double *MLisl;
douhble *A17TidnL

int oM, nRlk;
char psaMack [1004],  -F
char peahll1084];

int “HaDalu-2;
char fouzname[&H12] ;
char cabmams[1324] ;

..._.w._.-..‘.._.-..;.._.h Flakligshdacbhkvrilrklydbattlaoblabidwbdwlarobdarsbrkliablwkdwilas r.ﬁf.._..c.f.rlnbr:.r.x.

L4 LOTAT YERTARLEH

int crrwal:
int Mort, Rlbonty

Fiwpdwrdhdwndddadlibbrril binabdcalrdbrnbdbrarrndanddbdddddrndorbosdnednadnddnddaohi Ak

A7 GET OHE LATR

Appocadix 0-2 Specific Excess Power Fragram. Cale T50iagram
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furbejetieta

GO LT 3% T T 9

TursejotanAa
Turiciechaly
Tur o esDhgba
‘arbacataca
Turbo:ezDuaba

w e

delly ul
0w

aalA

new
R
L g

» TCwW

L= TRR e (b=t
- R
=

Turbc, oMz
Turhd =:Tata
‘Turbc:cthaza

AV rdripinn
Turbo stiaza
Tarbo=21NEs 4
‘rarbac otiaza

ka jetat &
2prlaieatrugsn
Tarbeo el Tt 4

Tarbai#i Nal s
L AN iy fagtp PP Rl
Tarhojetiata
larbajertiakbe
TarbojutCate

lurbedjetiata

Tirhusjarna
Lrhajatiiata
larbajekiaka
Tuvrho jerCak s
Turbo jeitit v
trrbhajartara
turbajebieke

TrrhejaERarcs
TerbajetDuka

TeranjaEliata
Ter=ojetika

now

naw

new
Hienwr

v T

2 TITE

Bin

fale

]
WA
St

R

]

e

ey

W

naw
s
o
L)
I W
T

prl L)

B
T
nLaw
new
LW
e
W

L
=l

TR
e

Fllolosubvur (AT EFREREEALAY | atnSiawe; ;

npafy

FilmlozarVar | TH-MNTIF, AN ;

FulelzuubkVer  "MAROREOES" . uszMack):

F lelopulWar (*N-ATT", Ar2 kI

Frlo npubEVar [ =ALUTHOGS . przalr: ;
FolelzputVer [ "AZROEHAMZFET®, ecrcinemoombt’

F lelipoiVar (M0 3t af®, L9 skark)
File™apu Var ("MO-2a0% 2% eadl ;
File_apuzvar 4 stop . EM)_=2tesi;

File.apuzvar 1%alt Stert®, sa'- =terkl;
F.le"apas¥ar *Alr-3nd”, sa’; esdi:
¥ile_apuzvarivnle-Stepm, Al srtep;

Py latmwe ! T T, BT,
i Jmanpus A WO .

FilsTapa:Var, ".-'4.'-'1-'.')3|‘:f—l"l’"F'"1 taTlerburnsrd;

FilmTopad Yar ("pi=-14, &3
MOaminninr fpi-m-R
Elislrpuuvar"pi-o-y
FiTa™npa War (Mpd -aty
Flielmpmtvar('pl =",
FlisZnpat War (hpL o',

PLielmpityar i bamat,

AiTaTapul W (el g BT webyg 230
Ploalnpatiar ("ehe-a", eAkaln S
Pllelmulevaz [eka-3", sobReRi:
FilelnpubWar("ske ", Sebalt)
FileTupul War (Mebd-at, P o) ;
Fitelnpuevar ["ace-a", &rbta 2ty
Filalnpunyar ("cta-nbht, Eebe o5h;

FilaTnasueVee ("FREMnAF o, Ladoimax )
Flleloyubvar | Farpieesrlsg". Srdfocsuc J:

FiTarasueVar (PMaXTI &, KTiinsx)
FilelryvtVar i"KacTee" . STrepex! :

Appanox D 2 Specic Excoss Howar

rogram Calc TSiagem
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St
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Cimtelntake 'platake = lestlez Createintake Dt cocnearngle), &FrecStream, falIlalakol

TRIHIT aANTOEE T 1 R e o
i AvtaDost g S e gl
AR I e g LS I I RN

noacaks-shntalaaign (minn, iMmink, ivha, AHMDaxl ;
—latake- ~buhnoniceil litub2il)
wlnkalke =SevcMassFlows ol imee, mdal soas)

Teatdat ri £ipi_
Yeatdel _PL <lz=i o
Test Tab _Fi D |".':-1'T1'|
Veniaes opionlsdals

Tear Jar JOyasaRat o hakal ;

Tosldoel Eoa Fieka T
Uetlen.lkba cleta oo
Teetlet Eta hbileza bl
Taul JaT FLa b [n—':.-.._J:H,-
UeEtoet.lkta aleza al:
ToulbJoel Ela nfoeoa o)
Uostoet.kwTa nkieta nhl

Tesblel A7 max (AT max;
Tesboel, BY Fus (BS Tax
Ceatlet. AV _nin AT i
Tusklek A9 Lo (RS i ¢

lestlet "2t 4 !ltdmax:
Tesziel TL 6 TLEMGA, |

leandes MaxMasellow imdotmax) ;

TeyoJal FuelQioR)

Teabdern HYyczzlelyze | Moz «Enmuninozzleovuass, ;

AR L R LR R EL R R R R R L R R RN R A S R L R I R ] '-i--ﬁi-ﬁ-tﬁ-tr."

FAOURRLATR L fnbebite opaluwinge

ciatroean dalaouk (Mo name, “oa;coul, Tilebul ropenproo)
ooatream tahcnt (tabrame | izzc-out, filebuf: openprozl

B R LT T L R T e e T ey
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FA L L, el

double VHFC[2]
doubla F oodockal2];
deuble [ 2]
double F ma;

AfddEnacrs we "Mornthiustimdenf Nl na s tintskeMods: Smformax endosin L smdotae L oola),

double M, T, mdotl, COT;

doubla p, <. Toug: S0 . ofre
deuble Ow, T3, SFR;

double Hii;
1ot wnhlt;

int reiatan;

S we want ohe same acnbor of gltiiode and Moo onpwebon s

Al e A T T
int =stepes;

vlepss - (MC and - MO start) SM0_step;

S wuen e froadden Fop fhe rand

fcr[P:E-::J_atart_-Mc:MiJ_E—:l-:"..-M—:M:J_':i-‘_f_ Volaboul we MR oo MG
tabout <= erdl:

a

L8 ForamnAi sl i han Al nnAli—+;

for(Blt=fp:il wlarl;hibs-Aik and;alt- nlo stepl o

St e Ry o ot S o B B LEleg
sin
s Hrps Pifeipabadieni b Zotod b e 3T PR A SR A g N

o EXELRErtIeR

Armosphores, Lockos a1, (long. PEFSSTEF,

i = fdlowspters, Dockep il o, [long) GRAVACD) ;
Temp = Atmoepksrs. Lockup Alt, |long) TBMEESATORI,

H R
n

Bir, T TEwp)

Aatamut <. "Altiruads:tht" 2o Bl L UREN
Falaons we Mo Ty wr VALY
dataout <« "prit" LR o we BAERYNS

Endl i donEls) steraa) -

Appondix D-2 Speciic Excess Howsar

Priagram: Calo TSOEgram
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datacuz . clozcl

r=turn 1;

broak

Appangs (2-7 Sosoine Excres Power
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Appendix D-3 Draq - Thrust - Load Factor Chart

D.3.1 Program: CdMnAlt

2iasiuds
giarludc
Aamrluce
frarinde

inkt mAln

doubla
doglile
deuble
double
double

B LN T

ft

douple
double

int M,

iny Meng,

douhaa

ol e

«atdlik n

» wiplicaw. h>

eaTdin. ks
~EEktn nx 7/

o

ch.omme ERlll i TN

"o fTdenlGan/ ZdanlGas k-

S Lacsupd D/ Lookupall, 1°

o IMaLaPi Y aTInoel STaLaR T lopan hpa

amarhucil k»

iweid)

If_ -
alLy
Clreg:,
e

n;

Valvams ISyl

TN
Mgl g = !r'-.'-"-

o

2eriar il
b P B
=AlrLimn;

uhkll g
b Bt

char prRzMachiZoua];
char puzhlz |1024);

T retatazsd;

char infnawe %12]:
char vatfnamc|512);

B
I+

Appsto -3 Urag - Thaet - Load Factor Chan

Lo Bag, 518

Egl

; bifZara rn hold text fors

T L

FLEF R it I R Lk 0 A L R F 0 I o O B SO 6 6 T L8 A el A58 U P - DB B R W B s - D i B LA o S I !‘:-_.l S

.

a2 Mgoly ety

Frogram: ColnAN



char atmfname [512] ;
char ac=otnamaim= [532" ;

doublae
double

doubla
double
double
f o ML | EF'
double
deuble
doubla
double
doubla

altszop;
BETRP;

niTars:
neil ;

recep;

LS R

E.

3
ECLU TR
[ CLETH
Sref;

int errval;
int ENolatas0;

emum (ALLLIULE, TEMPSKALLKE, PHRESSURE, DEXSITY, GRAVRIC,
At tha Irpue blie

oous <+ "Entuer the camm of the iwpat fila: Y
cin = nfnama;

topuzFile [onDakba (infnamel ;

Ay mhaok shaco liput Llde an ok

LE(InData, paddl | ITabaza. geadl] | |
corr oo MBad iopat fi%e: " oee putfoame <o endl;
return 0;

Caaleart tha Slenr hit of <daca
inpara »: new FilelnpuasVar ("OUTRUTFILEY, outTuame) ;
InData »: mew FilulnpuasVar (“ATMCHPHFREDATAY, atwmicame) ;

TnlLata »» Dew FileinpazVar ("% MRCH", &uM) ;
InCata »> new FileTwpuasVar ("MACTMOSY, nazHachl ;
Tofata »» new Fitalapatvar ("¥-AU0", &nAlt):
Telata ~»> oew FilelnpatVar ["AUTHOS®, puekls):

Appendix 0-3 Crag - Tins! - Load Faclor Chart
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InDuta =+ new Filelnputvar{"ASAOFHAMETETY gerolaamelol) ;
A7 oqel prasery varloblier

JF IntatE e Aew FIIATGmd ooy "ALTO", asalcecars;i:
Ipdata »» now Fllainmucvani“Alm =, &3liend: 5

inUata »u aswt T lAINpur Vs ST, AMepire) ;
I20Gsd =» Ny CIleTreunVas ", Maedl

*7 IaDats »> new Fjlelnpul Var (*MSTEDY, SMEitep):
InData »» new FilalrpucVar (CALTETER', sa.lstep):

Tanata s> pow Filelnpel¥Vas(“al*, fnets=t!:
inData »» new FilaTnpirVar("al®, breac);
InDala »» pew Fllelopucyas("a8TRP*, Lnatan! -

f =t orhar dara nesged
TnDsLa »» new FileTopulVar(“MASS®, Emass) .
~abars »» new FileTogurVur ("SREF", W“Srel!:

InDaba »x vew FileInpul Vo (BLANKNIUATAY, cfNcData)

Frosertorm the redad
InDaLla. Readlulull ;

oF Ciogc the lnpur Eile
InDats. 2lonel) )

FogeEnerats whe Trarg of 4707 ady and Mok Nudbes
char *tempol:1, *Lenpple? )

A_LLial = new double|nalt; ;

tempulirl = patalt;

for (Altent=0;Al bantanAl b RlLealag )
AlrbLiefr (altont) = abrLod (fenpple:, Sieopptc);
tempperl = tampphrl-1;

MLLet = mew doublae|aM];

cempptrl = pazMach;

for (Ment=2; Mool e Maalso ] |
MLiat fMmnL] - sletodilemppl=l, &lemppt=l];
teopPLrl = tompptrl+l;

fr Croute o AD aoceuy cabie T hoid Los asre Mala &0 Medrs o

Apperdix 13-3 Degn - Thrust - Losd Feclor Chart



CTadupeDd Aerulatu (Mizst, AltLiee, oM, nalt, serofcameiat)

ifiezrva. = Marnbata . TauwlIccoril) | 77 soba: nos —=, hi— acaigasesns
cerr <« "Ervor crealing lookap Table: * <o errval;
reéturn Ji

Coul <+ "ALL Data Leadad® <o ecdl;

Jhbshdwlegrrasmn g e

SO pos vhe rahiea have besn loaded, 30 we S23 99 400

;
%]
¢
o
i
i
g
i
4
L1
LIF]
:
)
B
t‘ll
A

S reare the ootpes fils

of gt rean JucPlLle lout faame) ;

iFioctT=le. badi)} |
oerT «< "Unable to propearly oreate outdul t.ole" == emdl:
recurn 0,

£ auw Sraach Rt atmoanhese Dodinn
LockepTakle Atouvsphose latmErams, LookupTable: TIYEAR, TookapTable: :DLCH:

A uren e wi ddwnl gRR - owe mead shoa Coe g
ldealGan 3iv 287,20, Cpkilr).

A paw werk o hegagh 'he Alldzude and Mach Namber 3ior
forlalb-0, 0 altu=hlELian [AATT-1] talbe-alboban) |

amit me Enill)
SO we MALEL M o£q o piiy

A opel Lue gay propcrtias at rhan gl boolyde
gamma = Alr. Ganma (Atmonghers, Lovkupialt,  |long) UEMEELLITEE] ) ;
p = Atmosphere. Togkupialt, (leong) PREESURE] ;
E] Alnouphere. Lookup(alt, [(long)Quihvasc) ;

£ print hpadern

Cuzkile ec "AlEjbade: LY 4 @.z <= Y\cgamma:it" cc gamma << "\SPressnresiTY <c P =< endl;
CILFlle << "Alb\tMacatio";

for M=natart ;neenid; G -pulepl OutFile e W"\-p=" -= n;

Sulpile sv epdl:

Appendu O 3 Orag - Thrust - Load Facter Chart FProgram: Coldnai 171
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Aieclude * .. /IdealGae/ldealGas. 2"
Binolude *. . Oala@ilaTepul /DalaFilelnpal Gpo®
#irclude <machuri] . b

int mair woald) -
chaz icfrars[512].

char cul {nams [512]
char atmframs(512];

double allsLarl:
double alrerd;
double Fstart:
double Memd)
double netartr:
double nond;

double ¥, a. alt;
doniile Molep, nulop, allutep:

double Clzeg;
double p;
double o
domadale CAGTA
double masn;
doubla Srel;

enimn {!.J.H.'l.l'l.!ﬂh}, CHMPLIA IO, PREOOURE, DINATIY, GRAVACD, WIRCORTLY, KEK, SCNICY ;'j

cout w4 "Eaber the pame of the dpput files " <e endl;
cin s dnd e

Inputkile incate (infnome)

A48 chacy rhat anpue flla ia nkay

if {inbata.bad() | 'lnData .good() | o
gats e« "Had input Eile: © ve ouciname <o endl;
catuen Ny

}

IrCara s aew FilsInpaeVar ("OUTRUTYTIE", oot lare) ;
IrData »> new Fl.elrputVar(“ATWMISPHEREDAIA", acrtname);

FOget priadavy vavialiien
InCala »» aew Fi_clnputVar ("ALT0"  salcetarc):

Append -1 Drag - Thrust - Load Factor Chart Program: Cieshvsn



LrData
TnDaLs

[aDuta
nlals
=nbAaTa

InCaca
IaltaL e
TnCara

0

i

TrRDEra
leDica

froaLa

tnluta,

r

e
=1

P
i

£

new TolulnpatVari®AiT14, Raliand);
now FilolApurvar D YALTUTESY . Lalteter)

poew TilaTapalVariYMGT, EMarart) ;
new Filalnpmrvar("KL-, SHendi ;
rew FilelnpatVas ("MSTEPY, aMutep! .

raw Fl_olopulVas(*n0®, Gnolarr:;
now Fi.eTnmarvar(®nl®, koeadl
new FilelrputVas(*nSTEPY, Loutvmh;

cines data aeeded

-

new PrisirpurVar("MASS", Eoauul ;

new Filulnpui¥ar ("GREF®, &4Nieli;

JResdDaL e [

zloaml)

£ orence che oulput Llie
ol teun JaL¥) e laarEnans ;

ifloueyile kad i)
carr <« "ndable Lo poopacly mreale sarput Sile” <= endl;

return 2

Toakaptuble nrocephese luenbnane, LeokopTalle: (LINEAR, TooknpTable: -Cin)

ifialrararr o Atmesphara, ReageMiafl)) |

aerr ew “ipeeified atosc aleltade is lewer Lkagoglavl Gf pbmcosherio dara. Adqusning Fe osrarr of armoapherds dara, " e cndl;

altetart = Almssphioon, RaugeMini)

i

iEfaiiend » ALaonphuote Rapgstaxi) | ¢
cerr a4« "Spu¢lilivd end wlLlailade is

wliend = ALmosphers  RangsMaxii;

utki‘e
QacFlle
OuLTFi.e
outkile

av Mipput Tile:htY <o dnlnaow << codl;
we "This Film:i\l" <« curfnare << endl;
e "inMaza:\T" <« TaEs << endl;

et "Urafi\e? ae Stel w0 "\nT <. endl;

Apgerecix -3 Drag - Thvust - Load Factor Chan

Iiigher than end of Arocapheric data. Adjusring ro end of armospavric dutu,' < vndl

Program: ChsMesn

174



£¢ creats an ideal gan - wa naed rhis for gamms
TdealGap ALiri{287.0, Cphicti,

for (alc-alcatart;alte-altend; alvi-alestep) |
gamma = Alg.Gamma (Atmonphers Lockaglalt, {long) TFMEERATIRE] ;
p = Atmosphere. Lockupialt, (long) FRESSURE) ;
g = Atoouphére. LWockapiale, (long) CRAVACE) ;

rf print beadars
CutPile <« “Rlritude:\t" << alt <« “‘tgamsa:\t" <: comm <: "\tPressuara:\t®" «< p << fndl;
CutPile << “Alt\tMackRe-;
for in=natart ;ncsnend;a«=astep) |
Clreq = n*masec*g/ (0. S5*gamma n*5Q M) ~Sref) ;
CutPLile <+ *\tn-* << 0y
CutFile <« madl;
Loz iM=Mutarct rM=-Mend,; MreMutepd |
mEPile <= AL <= "\C* 2x M;
for (n=natart, nesnand; n+=natan] |
Clrag = n*mass+q/ (0.5 *gammasp» 50 {M) *Sref] ;
CuLFilm we "\L" ex Clrmg;
CutFile v« andl)

1
CutFile ««< mndl;

}

CutFile, clogal) )
return 1;

Appendix D-3 Drag - Thrus! - Load Faclor Chart Frogram: Civshvan
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Appendix E:

General Source Code

Appendix E-1  Taylor-Macoll Flow

E.1.1 Main File: TMFowPropshain.cpp

A e e B
Sk g e

wfatream h-

et jme i Aoy mims no kadding!
Firoluarde wmarhuril he
*opanamo Ldcindss vl
fipclude v, S TdealGas, Teoa 2 ey b S Car v agae Tdead Han

$ilpclude "THMTZowT s ot
oz Te "f;_:-.-“.i':'l:rif:-l.:ll‘:-lﬁ ik

int malowoid,

Zngurn s
doubila Marazrt, Maat:
doulrle srtepaic;
doukle M,

double colba;

double T nf;

T ooutout wariabios
double comi o)
clouble M2,
double Mo
dovhble pd g7
dauble e o
docuble rl rl;
doutsle o vh:

int HzZowws — Ly
inkE Wi~ wsmAax = L000;

Aooondix E-1 Tawor-Macal Digw

Mar o

Meriy!

Adairy Fite: ) M ropstdain oo

=]
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Bl

> UEprS T MOy S0 ey

P (IXEHRATEN => BATEH] W% EAX.) oTTUm |
TpT=aBATEX

1= 9= '1€ of ‘ay <7 z3 -3 zd ‘zp cworreds 3 ivm  (BUTORINIG CK)SUOSENCTIKI = sac

SOTEETUN S L) A
C(RORACCIR RN P HERAEDMT 'RTRAUOSN EATPH) Bd0I4MO T IR
2E333 MerIRTETIGT FO TaERI &y3 awE )

| op

{AnT gug

01 = GATRA
Volzruds e e YoEnE v 92 R H) 793

CHERAICIEISEWY  CHEWALOIEN  CUTRALOWY  CHATPRY | WD TAMD D IR
LhCh ) idll L LU Sl Yy Jah sy

A TI AT TE ol g a3 T R T S rde B e Ty v BT aviep
Cmednados ryoneTTr mnieeT COLENIING] ATTIEIER LEASIEI0

Fpoesiltagy
tiaTwdn 'LED)STY ERSTEARL

fRLIMITING << oo

fy toueunTIy gndinng U IeLuE,. we ynooo
._Mr..q.._._ i .ﬂ..ﬂu

Tu TA] SITIPABGRY DTIVIE LMAI T WRIT SN Jaurg, ss Jnos
Iwyley =< miz

Ya o [BEp] STBuM Sund ALY 2@sUy, x> 1900
‘zvedaczs << a1z

T TEEY TWANEYL | WUD I8LO0. B 000
Iptiy s U1

g IBOUNG LIEW PUR WLD Jauud, R oLnos
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1 (=er) | ff tHerl wall o voluticn

datafile c« K eo "AEY < BOD{epaiionl g 30" we PR <o "NLY Sepd pl e "N

endl ;
'
else Sarafile <« M << "V 4¥o Sciclisa ul bRl Mack dMunberin®:

1
i

retime = Tima FLLL;

dalaf L L =< ERASI GrE T .®e8: " e AREITS << =Nl :
darafzls «« *wArand Uime: ® e« potigr s oo
datakzly <« "Tula. Tomue: << celime - A

c "geanrdn® oo oepnil:

dactafile.c_can{!;
Tetorn 1;

il ¢ Calduletms Apetl St 4R TR &lr AT @ given compcoracioro
double (pAlridouble b}
i

fF Epde Ly dmeanmt e date predsa)ad G Ruorew 6 odefiman el 4,

fogearion 5 OFR IR, Ry AY.

if E4Ll03C.00 return 13.60308 (U3 TARM=TI R0 4 (D 2Rl s-E L SRy - (Lo YELI2R-0YE*UQ(E] = (DU sanldn=-L0] *HQ (HGITY )
roburn (3 04473 ¢ 17 LANEChA-E) R - (D AMBELEe-B)*R0IT) + 0 JS85ATEe B AEAuQ L (9, 0CRTEI23w 100 B0(E0 (R}

E.1.2 Header File: TMFlowProps.h

FLf tdeZined ) TMELOWARORA i1 RRAPAIGO A30R1S37_)
#doiine TMILONPROZS i MPARANOD FUORIEST

int Taylustacesl. deubls M1, doubie Jeliad, TdedlGas *Cone’lcwsias, dcuble feps lon, deuble fMY, doubliae M)

int TMZluwPropyidoubls M, doubls Jul g, TdealGas =Corsrlowdas. deoutle SepRilcn. double &MY, double &pd pl, double arl_r:i, double aic, double

fpn pi, double &re U5

void SctTMFlowbropuiint 1wt yiupn, dok SorwCnoMin. lot ConvintMax. ismt bstatonwias!;
vopid CeLTMFlowPropnilng =irtatepa, int stCoovinsMic. fat *CenvCntMax, int “hecaleavCas! g

ssnd 7 S rdefined) THFIORFRSHT 1] BALIENG J2052957 1 S

Appondix E-1 Taylar-Aacod Flow

1 teadar Fia: TMBraProps it
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Yied pu ol e MEET s
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E.1.3 Implementation File: TMFlowProps.cpp

;-‘-.--.-"'-""III"l'-ll-l--"a.-.'-.-pq,.iq,i"i'.-".l

L
i TRYLEN-MATOOLL FLI OVAR A CONE -
¥ Neldviined progiticy bohind a oonical o
- MR gL ANAE - s
) Paved on tho mo=hod sranancsd o o
£e Fuoroe, Maprizo 2. ann Noffoor, Jas 2., L
= vax Lrmaxicg Vol 2, Sor i5-5 po 173-183 e/

J'll‘-.lll!l-l-l-‘ihF-viIIDIII-I-lIIIIIIll-ll-l.--ll-l-‘p.q.f;l..p_|r'

Fiaclude <erdic s

Binclude omazh. h-

Fiaslede ot hol il

#incleds ~float. b // for _iaman!)

B nelude kot zeam he

#inzlude *. . frcorninas /vkd hppt

Bizactude * ., fTdco Gas/ldealdan . hr S for olses Tdealsas
$ivelude “TMFowlrope, k"

fdafine FATSFR ©
tdefine YRUs L

conpt deuble Bezulol = Le &; A Lere roTasAEvpa Spe dlgpas
inling int S20dferoidouble vall | return (faba(val)«ieroTel);

VL ooV ENCS

A% Tl Funoliddn Feotolipes +f
vold TMOLOW_srpliveanor *pod, Vecler aderlvs, double pail;

A uiabel varighley

double gamreR¥; A5 gonnd For BE4 durivoSates

int ndiva = Lo; FE omimber of iaregiacion glians

int ceCouvCrotMin = 20; ./ somsesgence count

iot cofonvCnlMax = 10C; /) convesganss Souns

int betalloavCnhMax = 1006; /F convergsnce sound for walid epsilon »= hsta

void SerTHFIcePrope (int lutolaps, Lnt ConvintMin. int JoawCarbMsx, iat belsCoovtaz)
HAive = irtarepn;

Appendix E-1 Taylor-Macoll Flow impomenatmn Fie: TMPowiYops.cop
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WeTomvonLMin » CoemSrLMing
deConvnrkax = Convintdne:
bezuConvinzHax = Zatulonvin: |

void ColTWFlowTropoiint visnteraps, iat *Ioruvin=Mir, lot *Doodimckax, iob =2scaCauwycrn)
:
tin-rrepR = Ndiva:
*JoovCrekin = dzlonvCntMin
ETomelT L Ma g de ol L Max
*hetAlEMine = 2AtAlCAVCRERa
i
]

int TMFlowPropn idouble M1, double daltan, I1dealitas *Doosklowdiaz. double &sprilon, double Sy, doubles Lp2 pl,

&pc_pl, double &rc il
{

int rHasalr;
dovble comma = JoreF_Oowias STWierd oo

nReeL T - TayliacEacoal (. deltac, Coneblowias, ensclsm, B, Kol
S oohorg For BuCicss
fEinRenLliti=]) reburn olArRIlr:

p2_pl = ConeFlowday w08 33 pLiML, cpuad.ou)y
FR ] Core? guCan=-»0R “F_ri M, Apailen);
Po_pl = Conellowidum »pb_p iMd) *pi_pl/ConePlowdias »pt_piMel;
roe ®l = Conaf_owGues src (M3 Ar2 1/ CuuPLliwGad-nrl rikal;

return LResult;

inlire double FER|double x. double aus) | return pow! (1.0- oaw-L. 00/ fuame 1,00 #3002, gan {gam=1.0)
inlice double 2RR (deubile o, deniia gsi) | cetuen pow] (1.00- (agan-1.0) 7 (maa-1 .00 #3000, 7 00/ fean=1.00

S
1)

ddoelium TRECATE M1 ae "AS® wu dm’ fag <o “WEY o AleRn. e« YAWEY o delbaiizan)

int TaylozMavcell (dauble MD, double duliac, Tilasltan *OoneFlowias, deckle fepai’on, double M7, doubile &M

double & 13, tdu_w. adu oy A alvank wave Aoy
douzle Jzoi 3] folanegen (an feen nirey
doyble 2a‘d;, va 3], ekyel 1)

double dultu. |3]:

doubile Mln, MSo;

douh’e 2era, Setuold;

Appandix E-1 Taylor Macal Flow Impdementation bie: TRk s oo
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double zkezas,

int onl: A4 loop couarter
ine secentr;

int deenznin - 0;

int decnimax - 0;

inc bhasacrt;

ine fDore;

dousle gamna = ConelowGan: =Cammal)
long dterabionna=o;

Vackor state(2:; /7 slade evagner for RungeXucte dovegrataon
Rarcrafuctad Coneflowi(zstare, TMFLlow esyu)y £ RMmgelicts ‘nregration ingcanuy

fF use tHia to cheox: FRE 1pEegracion proccss

4 olplradd oufppinfiies TR kel sEw . et ™, foans cpurn, FilepaF- iepSRLIGt) )
Coneiiow. Appenorcy “Loutpat f iiss
soreSiow. TnipalDerivei2s;
frnaPlow. LogTine 70:

.

doudle alpha = asinil C/M1l: /.’ tres civoan Mach angle-

F7N'R e moriligarmand GoEIQ NI I2 0vigRmEA - L. 05220 P X EER 3.)8%
Mly = ConeFlowGas-=M2Ms (ML)
A CTRR <€ “MIi; %oor WIG e onndl

onT o= 3
#lenl! - delras » c_s-alpha; </ Fak 16 64

fhone = FALSE;
batn = J.64a[unt’

do |
i cuilpuitiie <« "Tterarion @' <« (iceratioditds) << gndi;
betaold = heta;
betuctt - O;
do {
£ 1F the provious wvaluve tor e ylelded an Zmpossiblc walue fo7 Cora (.8 bBAtA = e, then re-escizoce

A7 e Buscd Lo lweia
ifiafent: chetu) §
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ot <+ "epsilozot we AfENrES o«

" Wil Do agruscec Eo R oaa ha'y gw el

mlent] - Tebta; 7 28 ¢ have an imgrsiihia

|

1f{ {rmt)l as (e{cut 1]==betacld} |
i T we TRrovions oqors) sEs alas s berm Y o= anal;

&|omt] — T.07%hed acld,

Lan ¢ = tan(elcot]) ;

gin p - sinieloot)):

bty - atand tan e*d .0 1.0/804M1*uln_e] 1 O 5% igamma L.C);/ (gamma) s .91 b A0 Erom g
,r WHHoes Moo dond T el CieRe) e mndl;

# =T e Mhatar B oo fufa ose UREL S

| while I{beca>e[catl) & | (belLacnb-+)«-botalCcovinzMax) :;

if (Perarat—betaConvCalMax) | /7 the essipetion oF aeltas haes oo convelged
CEYY << "FStimatioa of walid cprilcon has not coaverged® «- end

eaturn 0;

ff ealsilare ohe stoc-fazo

dpoil(d = delent! - deltac)/({deuble)Wdivul;

thatay = Rione] - bela;
MAR o Mlgegin o id O 0 (gamma+l 0] *S3 ML Edn ad ] o idammé 1.0% figamma=1.6) | folnibetal ;
Prd CuLs s MMIer o gw Y as endl;

LaanPlom, 5enS5VEL(D, MIstcceibetal) :
Comablow. SebivRl (1, -M2gvsiaibeln)
Conerlow. SecS-epidp=ifa) )

ConesFl e SeLAccumalatedStepale lent] ) ;

/7 do tke integraficon

A/ aeE the sur-erl poaiiion o Rive ghogl anelo

gawnaEN = garma; Fs eet rthe value of gamiy pres b “he B2 Sarivarive fuapotios

{7 g The curven® prooifzo? = MIGPIn (0L

va 0] = ToneFlow SetSiHEiil);

Appendix E-1 Taylor-Macoll Siow
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fé wr tor tie laar aiep 18 iegn thanh DOIO, B WE
ve .1l = ¥v=I[27;

whileivn[1] < ©.0; !

...... .....ﬂ-..l.ﬂ ke CIrrrenn STadun

28 |6] = ConeFlow. et VEL(D) ;

v [0] - ConeFlow. CetSYELiZ);

tkpari (0] - Conef_ow. CGethocumulateditepnl)

g E...L LnC neXe srap

ConeFlow Run{ll ;

A5 mes rha cpdared aisln

uell]l = ConeF_ow. celAVELIO)

v (1] - TooeF_ow. ekdvEl (1)
1E4_ismantvu|t];) 0

aers << "MaX encoanktered affer intieagratlion

roburn O;

EEEd o fiargie =0 fFird ncluEion «wRaerc v =0

sbep,.” <« emdl;

S ur has aow ofne pesitive,  we aeed oo diecard the logr mtep and repst BMe praco veCTov.
fF wi thea chasge che siap lengtlt, Thc asw stop fengrth s deissalpod by linmsar ipterpoiatiorc
f7 Betwedn o peanls purrernclyoacorad in JO) ang (21
o coul << "Dzing rigear aterpciarl o an doal 2]
iflvalll==valoll i
daus <o HUIVICE By we[1] -~ va [0 4 Y oas wBI1] oo el
raturn 9;
elae dpul(l] = dpedilo]+ 1o 0 = wa0]) /v [Ll] valoly;

Af nen Rha dew GLED

s |
e
1]

&

Coneflow. Setdcepidpsi (1]}
S ruburn the ztare of the infAgrulion soiien, co
ConaFlow, SckAccamalateddzepe (rkpni [0 )

Conallow. 3eC3VEL(D, uslo]):

ConePlow SersVELIL, vu[0]):

ConeFlow Runil)

ut 2] = Core¥_cw. GetSvEl (0; -
wg 2] - ConeFlow.GetSvE1ll);

Appondix E-1 Tapkwr-Macol Flow
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Impfcmentation File! TMESwProps cpp



i

|lr o

whileilSenzze=as(va[21])

}

[l

Zond 2o MAnpieing pecant MorRad (o dowd (3 \mv

A5 st sepane pakhod o Sinug gext etan Tenglh Foobe used.

ifivalal--val1]) |

CAaT a4 "DIVIDE-BY 4 owr[2] = o2 [1] 0 " we w2l =< enddl;

rebra 0

elze dus5i 3] = {(dpail1]l-dpaz[oZ)a(0.9 val2l)firal2)-wsI2]) &+ dpai 1]

Cor=F_cd. St Stop (dpsi 125 ;
SF rriuzin che pRate of Mhe latogration SCRARE O Inc positisd AT wlann vr la EriET (heddtavl
CoreFlow. SutAccunuiatedsteps { kol [0]0
Comedlaw. Bat3VEL{0, us G]);
ConeZlow, SebSVRL, walnl),

Concxlow. Kanil);

dp=i [0] - dpat[z]
dpaill] = dpel[21;
wr 1] - wg 3],

g 72] = ConaFlow GezhVEL (9
w=[2] = ConaFlow . GelSVELIL: ;

JEopacgsit veathud 13 pot yisiding & Aanlulion

ifl imeccas++:=160 1

]
i

cott <« "Secant mathoad nut converging! << andl;

return 0;

CauT e e SR miogld e within Semsiferaipnt:

" arorhie poeipt, wa anould e oclove cnough Bg whare o
43

e b ba, Bow pel che currcent

Cooe Sftata whinh variafies “he wave Bt Lind CSCIDETS - a D wave angle hansd an ciudt.

deltaZ onz] = ComeRlas. CetAcoumla-edStepa ()

iE{!SeuZeznideltac-daltai [cur] )

ewltchicnt) |

cage §:; @mlentel]
ME g

brank.

cage 1: wmlont+l]

Appsnidis E-1 Tavior-Macol Flow

= clens] + Cc.5ndidw tas - foikuz leot]) s

= wloas] + lefant] - e[aat-11) 4 (delbac - Aalnal [ont! |/ idelzal ot

Implemantation Fita: | MFiowProps epo

deltaifent-111;
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eld]
wl1]
8 4

= alll;:

ulzl
ideltad|ll<daltac)
docntwines;
ducnbleax: <

it jdvdlad (1] sdelvac) wi fdellai[0] sdeitac? 3
decarnin--;
desnioaxss;

I

delrai[n] delrai [1];

il iducnleizsdoConeIniMinl - | {(GucareaxsdoConeCniMaxt

coul < "Jlorataion couni 2% DESn exveeced: Fax:*

OF " 2« AclomwiarMin <o endl;

return ©; A Coeel,

]
i
break:;
i
else tDone = TRUE;

S ehagk to mes chat the valoe fust calc'd for e is st1tl :oss

i
AL imleneiaM_ FT_A) & lefnun Lleshacar
ook oot 2w B0 aAngd proviuug o brtg. RoiiarEors &b 3,50
e ) TeRTA el Ay
II
- .
¥
ifim[oon] =M _F1_di
i oaar ew rateEbw et

elont] = @ 53¢ (M_F1_2 + Detal;

» while [|Eoune!

ersilon = elonkl; S ner the ohiak wave snfgle

ifiepeilans (alpha+d ordallanly |

crut ec "Calaularard Angle swoesds paximam possikie, " <« endl;
CENE << EMUUATA <« andl:
Teturn O;

J

M2 = ConcFlowGan «M32MIM2E!
Mo = JonellowGar->MaZMisqre (G las 2] ) +a2{vs[2]1)))

Appendix E-1 Tayior-Macol Flow

&5 {deltea 0] edeilaw) § [

Tarl,

thar 30 den.

. LN R L

impdemeniaticn Fée; TMPlowProps.cpp

JFLL dhe rnialer of
<< dochiiran -«

" of ¥ «f doConvintMax <« * and Min:

LEAARICAR hER axgesadsd 5 oerrI

s Aormiwmin =«

185



roturn L:

S EZuR lE-B2
inlipos deouble AA{double x, double ¥y, double mam! | reburn ( [gamel.0) -igam-1.0)*(50(=x) -53Q0y1 J)/72.0; )

vodd THFLow ovquiVoector *pos, Weobon &derive, double pel.
|

doubla dvudpei;

double a_au_ua;

doubla us = pos-=Geti(l);,;

double vi = poa »>3etil);

deriva.Setid, wva); 7 ZRIFAE 6D

S DOEE TRAr gamman® & o glotal variable whick myar by zern o calliag shisfime.
A i.e. act before oxllipa RE&:1:Pun{)

a_as_a = Akfus, vs, gamaR¥ |
Af deyrdpag - un o+ 4 SE Fgeioa + VESrADIDO ) }SISFivE] o as agi; 7 L) €-6)
dvadpas = (i{-va"ifQivs)={gamnaRE-1.C) -50(us] garmaRE-1_O+gamnaBK*SQus) ) ftanipri) + (-2 0*ps* (53 (us; ¢ (carmadi-1. 0] ~ganraRKicanma®E=53 (va) -

1.68) 3/480(vs) cammeRE L.C+garmamp~SQius; + JarnaRE*S50(vs) 501ua; ) ;
darive.feb (1, dvodpsii:
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Appendix E-2 Lookup Tables

E.2.1 Header File: LookupTB.hpp

#3f dofinel{LOCKEUPTARLT ¥ PRARIHOD TONSTINRADO  THCJMFE_)
fécl _ne LCEDPTARLT E PPAREECD LONCTIMEACO TRCLLTFD

Fiefiae 1THUE 1
sctiac FALSFE 0

class T.Oli:lup.-ﬁ'[l]l_r [

privala:
char *faamk; ) dema fiie rags
Tang viowdy e avray dimspsiong

long cooumns;
long loslpou (2l 5 27 Sewe poudylus o tokle

double -*mrrayinpub:
double =acrayrdalag

inz tlnkorp, fA e rsaaatldon Laag LTNEAS  LOWER, [TPER
iot [2TTa 4 L ey foraat Slay  eadher DIn = Thacks eniupd wnd (ke satpad celu

o RN - =l % S R ok - D e B Fo o Tind dana in mabla

int Loaddaba(vadd; ) A0 Tovda s dacad e vad

int foxaySzacsy 7 wll witar sencus tlan - TROE S\alidy, FALSE = ordbiom
int vrreoade; S0 an dnkogur peror coudy

public:
Lockuplable cons: char *folondme, int loterpolatiosa, int Zatclayosaz);
~heasxupTanle): ;
int FedseoiDacd fvaia. ¢

TAln Zzcen® Juncrizne
double Toosep (conat doubla keyva' , lang oilh;

1

deubla Toosupliconst doubla xval, cons: deouble wwall;
SE Tumpaiccan 20 ode (7 capntrad vyius o in the tabiats gngs
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int SutRanges fconst dotble keyrsll
fnt Cuthante (const double xval, const double zrali

A2 Tumetdean whiizh #wiaen Jhe alin o haa rapae.
double Lockupable:: langoiin iveid) :
double LockupTalilo. :Rargstnx ivoid) ;

7 ariar Sececcion Fusceizne
int Ia0¥(woidl [ return LOxayS-az; *
ink Twul Brror ivoidl | returs evreoods: )

5 oaumre i

eDum ‘' LINEAR, LUAYR, UPPER}.

enum ‘DLD, DID:«; ri
B O RN

enum ¢ FLLENIUFOUND, BADMALLOS, OUTOSRANGE}

e
5.0 ==t

b

#ondil

E.2.2 Implementation File: LookupTB.cpp

Finvlode swlring ks
Finaluds «fuzrwan. no

Finclode M leokepbhb. bipp!

LookupTable: (LookupTab e (aonst ahar A Lilepane, iok interpalalion, ink dataloval )

fintezp = intarpao’abion;
ZiCCata = dakalayoul;

lugtpanlol ~ lagigeo[1] & 0;

! shegk o duve 45 wo lawd o L1 ot
LEi1Filanamal |
[Dkay@la: - FALSRE;
EA By IR
arruydats = WOLL; /7 02 Lhil es d2n'! Jenscars erraces shen destrosning
arvayingue = RN
recurn;

Appendix E-2 Lookup Tables tmplementation Fie: LookupTB cpp
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GEL

o] 51 ONOD] 5P HOREUSLSILY SOQOL dnNyoO] Z-3 spuodify

‘pyepieize [| sjerep (wawnAwaiiw:JrT

| esle
il
SRGEAEE DY BT Bele SO it @Y ORS00 fINns = owmaa
iyenig sate
fyEaan SETS

Tl by o ol el @dan g [ lweo] ues] aefuzfeaae coogpTunduy i) goetepTZmEuLi) 3T
LIS TN T A0, 10D 0= 2000 207
P} 3ou BTTAANdUT | ) ET

(F+3U0 M ERDR UL fn=qul i) 303

faunspen o [L-tun] ndutdeace - Dqun] gufutfezaw o0 PID  AMBTAINS ! Taqup) Iog

‘paEpAeiay = [ andurdwasy
joiEnHupARALE WY EEpANALe) IT
!lEmed g aronop mew - pudu i desre
([N [0 TG ) BTgNoR Meu = nupdisae
‘quoa ‘auaa ‘3un Buot

|
VLW LU BEn 28 cer BopuE weroen Jrdind eno i e Seboamt gor o een angy As 111711 asthH
AFISE OF 2 T 3PSy CUT 338 DUNTOD DI MUT INOST UV sl PUAp ey o sl wueo
IHANE AeART FIED S50 (EEF OM 9920 LT JIsTAA @ een S | 1EABSOTI YD TAE

Iuanog «n aTT4amio
IAMET << TLAardel
EITE WU TMLWAN L SIS DT pes. A

‘manjax
]
HILI T Seviy
Tenlu, sa@Twp
j fewwazigy
fpaan - ando- ferae
W Y Ty - einpfeaIe
-
) Teiefeysy
(peab - atTgndal)ige

TEIT 1oy ponf st owaace ol S0 3wLS Noemo

Ca)

Fus Yane Toun eooa

S is3PaIa0u! [ EDT _ IR LEDY .#Iu“.tﬂﬁmuﬂhu_ wESAdE4T

fiowwanTey Cowwt)ldoagu
T4 IBLEUNMTES I IR I08 ) INYD MAU = SUEL]



if{Rrrayinput! delate |[: arzaylnput:

fEr 1o N

InpulFile . clogel}l

LexakupTables r-LookupTable () ¢

if larzavdala) delete ] arraydaLa:
if lsrrayinpur) delera [] array-npus;
1E [Eram=) delests || fnaxe;

w8 = ooluerne = 0;

itkavsTar FRLER,

double LuokupTabler  Looguy(const double kKeyval, long ial)
T

lgng rrartt, andd, cpon;
double wal,

20 phere BRAT we liaee the raight dara fosman ©or tiee uZe ofoThia Fnction
if(EiDUakal=0Lll) return 3.0

plarls = {lagupns 0]=0) 7 lagnnon[0]-1) 0 Je mamand our aparch avea By ons
endd = (lastponr 0)ezowal ? (lagkposa[0]+L)-xzowa; o an eleior =ide ol the lagt cos

Aovhotdn LU LhE ke T el pRig eansads] aganch raiel T 5o, ardreh enLird rali e,
if) (eayvalearvayinpak [abavts] (01 || eevvelsarzayioput(eaddl (0]) )

RTAYTE = 0Oy

&nsd = rows;

while {(endd akart=! » 1} {
cpor = (endd stazzt)/f2 + ukarty;
val - arcayinpat [emonl [0];
ifivalsleyval! eudd = opouy
elea Af valezayval] srAZTE = cpoa;
eless if (valsskeywvalil |

Appendix £-2 Lookup Tables implesnanistion File: Lookap TR.cpp



14:13 a3 g LOnyoo By Uoieiesag soqey doyoo] g3 xipuaddy

ey o A A Mavae-Appav) = Auoda
bt e iLaeiu-Anpaet s 97 igm

f1-wuuros = Avpus
o e Agdawas
+ 1 ([dpvEa] [o] andotdeazeseal) || [ [4337090] [o] ode iAveaesead) 137
TBLGPY SITUNS NAPAT 0 1 SOuUr LdRes DOPUPURE UTY1 SPFEIND ETIRT A3% U3 TT ¥IOR: /7

tiT-smentoal f[T- [l ecdigesi 07 amangao s 2 oadee ) - Appus
it andaeer: o (0 [T wodaeeT! = A39mM a6

P ravel Sepvet ddr syl dalf f7
T I TSI TSI

LG wanger (QRde:ROdETITT
ATRA 'TEA aTqoop
fAwads ‘Appue *A333E36 Buoy

‘aoda ‘npte 971914 Buot

i
(el Fromoy JEuos ©jRax STYNop IFmod) dnyooT:sigeidnyccd eignop

f'p wanaax

f11ec] [fpaa] ydorivaie gangea

ippua =[] godyevy 1dEdEn ecua
e [viars] edeofeasy aanasa
'azeas = [r]omdyee ‘uRENr] 9Sen

|
tupfdpa ! ie] Insresajandotde e pradayl o [193] [1iavie) ardo i viay pnmaea
74338 = [7] sodaeeT
TOST o] Wdoilvare - |30 |3izvue) anduiieiar = Ap e qnop
! i) rppoe] ndoTdEzTe o] [ nduifeaaw - xp ejguop

i
‘EYENIT eERD
| (dasuns3iyoitas

! ea) feods; andutdezae winjad
raads - [o)nadigr|



waly. arcayivnpan (37 [epory §

1f{valyseva i LR T Sl

e.awn LE{valyayval] ATazrny w cpomy:

e_ae ifivalyssyve.} lustpcs .] = snddy = startty = cposy:

Jamndnmslavanadpmdbinnin

fr 2y t e Jomd L T e DR

sterts = luszposd (€] 037 ilawtges 3] 13 .3 el
T Tankpoy C)l= irowe=1) iPdlanrpas Cl41) : [Eowes-10 o /7 ThoE
fy oo AL LA ho duiag univeor whiy Saobade? e ovn o on1es . T g, feasss ghleze M.

ifi fxvaluarvayicpur [etax=r][nl) | fxvalsarravacpuzferdd] (007 & |
ArATTF = O;
=add = rows:

whila iiecdd-szarrr, = 1} ¢
opna o= jEndd-ater=rl /2 o+ ETETIE;
val = arruyvinpas lepes] (0],
ifivalsxoval! endd = cpos;
wlup Qifivalexvall ATAYTE = apos:
elage if{valssxval) Luwtpen[d] = spdd = siuril - opows;

awitan ! f_azarp) |
cage LINIAR
T

1
121 (andd .= mtarts) Lk lenddy 1= gruxiew | FF dptomoiate en ooch

double Luwipyl, wonfys,

double dy = arrayioput U] [2tarstsy : arrvayinpaz (9] [enddy] ,

doublae dx = avvayirgue (gtures] slut-ty] arvayinpul _slarlt] enddy];

rarpys = arrayinput |starcs] [startiy] + iyval arvayinpol |90 [staresy]d fde/dy;

da = appayicpul Seadd] [arasttyl - arrarivport =add] fenddy)
Fempyd - Arrayinpus fendd) |startzy] + {yval arrayoapar C] (scazzcy) | =dx/dy;

dx = ppedyiopul Terarsr] (U] - arrayinpas [endd] 0] ;
Ay = Fanpyl - tenpyd:
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lastpos 0] = starce;
Tant poau "1] vlarkty;

Sl Leagwl @ faval . conpned s cdisds
return tempyl + (Xval-artayaapat [skactt] €] 7 cdysdx:

olfm if( {endd -« startb) & lenddy 1= srtarcey) ) 0 7 Setcepoaate on y
double 4y - arrayinpat (0] [stactty array-apiat | 3] [enddy]
doubla dx « arrayinput [epos] jstartty]l - acrayiapatlopos” [enddy] ;
lartpos (11 = fEartiy;
return ALrAyioDuk lopeal sturtty o Drsaloarrayinget [0] stactUy] i *da/dy;
elsm | /7 1urerpolale oo X v oEMEoT
double dx - drraylapat [stactt] [0 arrayinpuor e=nds] [al ;
double dy « arvayinpot [atarll] Jescey] - acruyiapat lendd’ |cposyl ;
Iaatpan ji] = etarte;
TaLurh HEESYinput [stantt] [optuy. + {ava. arrayinect istaret] [0] ) =8y /dxg

1
i
cone LUWER: cuutpow |0 = mtartt:
loaskpiy "3 = startty;
return arrvayinpak [atarte] jetavety] |
cape LTAER. luptpag |0, = codd;
Tamtpin [E] = enddy,
reburn arrayinpak [endd] fenddy] ;

]

raturn 9.

int LockupDable- | Oatlunge (const double <aywal |

L

return | leeyvalcarvayioput 61 1617 | fkesval-arrayiapub lrows 111910 45

int fockupTall s OulRanygs ieonst double aval, conet double yvall

int retwvall:
int rotva 2,

v oimek oo omas 1F the x oaed povalesp Ao 8 cbe sarocs sogzainsd in the
zoble borders. Nooé thal the Unper lafs oedi Je dgudieg siccwe (eis
Aocy pol cumbasr g (wblye soordindase

-I".
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tetvall = 1 Ixval=arrayicsor (1] (900
resvalz i fewgearrayicoet JC) [L])

raturr: vealvall o roelvaZ2;

double Loakiplanle::FanceMinivo:d)
[
caburn arrayinees [C] 0]

double LodkipTavts: iRaroeMax (void!
|

seburn artdyinout lrows 1) 10 ;

E.2.3 Header File: Laockup4D.h

Lenkirvic he inrerfacse Far (M= sl e

P

Fa g fmi Py g By AFFy

R Rl AT e it EEE P EEr it EN £ i 0r

fxeval sarrayinpul [ Foss- 1] [C]) 1
tvwvalzarvayionncte C] oolusmas: 1]) )

L I T i f i F il iy

wif 1defined (APY LOOFUR4N A BUI454D2 S3D0_L1D1 HBES: _0CGIODICUOGIL. IRCLIMED |
#daling MFA_LOUKUPAD_H_RAS0454DZ 5500 1101 2EDS G050D0008000_ INCLITGED

it _MHO_VER Mo 1000

FPIrAQTA CaLa e

pendal 0 RED VER a= 2000

kinglude . /LaccupTabkle /LoakapTh. hpa!

elass CLodkupdD

public:

ehum sFyrCodes - criMOHE, orrFILINOrFOLHD, ArTHACMALLOC, errOUTOFRANIE. coreNODATA. ATTBADDIMENSTONG, orrHONAMETEMPLATE, aryTARLETEZATTON.

arptMNoRy 1.
eMMM aIrntCrD | IHEIM, SOWMER, UPFRR

public:

int CutRange {const double rowval, const doubla solwal);

int TwalEvroy ivoid]
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£y moLbiteiy

int Lockap(double keyrow, double kvyeol, double caklekey, long tablecal, doubled zosult))

7 Tonyirueiovs & AEnt funnor

CLonitypsaD {double* zowkeyus, double* cclkeyu, long rows, lomg cols, coost char* toamwcteoplole, elnoluerp IntespType-LINERR, dnt
TavcatTypeshocicaptable: D100 ;

CLoakupsDil;

virzual - CLocxupdl L) ;

protected:
vold Freefh-rayliwolid)
LooxupTak. & =* T _Array2amc;
eBrrilodes & czronls;

long w_coolumed;

long r_voun;

double *w_poolicys: /7 colven hearders - Q.o ascross
double *m proweeyn; S row headers - i.c. uowd

long -aslypowf2); /) 'ant poRition in cabie.
cIntery m BINCRYD]

char *n plasrcsformar;

[
v ?

#aalif /), fedafiamd tAYA_LOSATMN 5  BAZ46400 'Z-TJ.I{J__'.'i.'.u_Li.'.L”.‘:-_C'r.‘-jﬂﬂﬂ-ﬁﬂﬁ'-ﬁﬂn‘-‘_..;fﬁ_-_ﬂ_ﬂ }

E.2.4 Implementation File. LookupdD cpp

A bookipdl . cpp: ampluomensdt lon ol Lhe (Tookupdl widae,
r

;

tl

¥
FFAFSar P F v es, PP e TR TR P e P PRSP P T P i S i

sinnlade eandlih.hs
finclude <stdio.h»
FAlzne! ke edpanrp. R
gincluds <string. he
fFinclude *lLockapdD. h®

f"l'lr,f".'. "r-".afj-r.frf.-'l 'J.“'f i i’-- £ )l' fl .jul-.‘r 1’ ¥ I-'r '.lr'.‘ ¥ .|J.-;f-r-’ (.' .fr !4 r."."’.i"p‘ﬂ’l’d"-’:"|:f ',-J_i'-.,'{.'.rl.i'.f‘;- ff!'r’ fl'. -"
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s B E LA el ol e R Pl bl ]

ClockupdD: : CLockup4b ()

¢ Bzoe all polacer senbore so awll end svertiling else ic rero

m ArrAayBage - WULL;
m_calurra = 0L;

m_elncery = LINEAR;
m_erronds - eYCNCHE;
m_poolkeya = XULT;
o_pinasetoreat = MOLL:
m_prowkeys - NULLy

m rows = QL;

Jastpes(e] - Lustpos[l] - 0

CLookupil: : ~CLockupali)

i
Freshrray(i;
A aeleage Lhe eenopp used for o CTlenare fotings anviog ST Tt ® wilh  strdapr|)
ifm pfoamafarrat) fresim_pfnamefarmat);

!

QLc:q'R.up-’.Dl:L‘Lamkup%n[dauhh“ vowheys, double* colkeys, lemg vows, loag cols, const char* toumetemplute, alnoterp Interolype, Lok LayoubType)

long rawont;
Loy colont

char framebuf(513],
FF check TRE. we've been gupnlied willl key daiz
if: (trowkeys) | (.colkeyal ) {
m_grroodes = Avr¥CDATA;
reeurn;
!

Fs mhank that che dipeasiona ars valdid
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A irawsel: || toedm<id ) oo
m_eryoods = arcBASOIMENTLERN
return;

P oeheet Shar A4 rete raxntans hun bess cuppdfad
if!1Fasmezemplate) |
m_crsoode = crsUSAMETEMPLATS:
return;

ATVl A MRA RAm0y
o srravbass = pew Lookeplatls **irowe. ; /) simay o DoIoTer Yo LOINTEY
if ‘e hpgayliane) [ T o e T
m_Arraylasa )’ = new Lockuplable = [rewa=celal; 5/ srrey of poaacevs
ifiim AzcoyBuoe 0]y | ‘e Gliocatiue fslive
delate o_ArrayRana;
m_errords = ArrBACDMAILIN
vatuzn,

A s
L I-?’ L RE e L .

}

AL owet ald ghe princuora o NULL
womess b Az cayBase B), 0, rowureolu)

elee [ ST m SrEapiane pay Lér sliowstad
m_ar=oeds = &rrBALDKALLOC;
rakburn)

o n Che Taide of gaintiery
for irowmtsl ;) Fowinb cEaQWE | FaWwanT e m_frrayiage [rowsnz] = om ArraybEee [rowsnb-1l] 0 o6l ey

m_FoOWws = IOWd;
o volwenn oty

for lrowinl =0, powsis e towl j cowss i) f
ool onsefpeelonlaceldrselanl o) |
F8onrag e rha T leaame
aprianf(fnammliaf, foamecamptale, rvowkeyval:aowont], calkeva zolont]) g
o ArsayRuve [sowonl feulent] = aew LookhupTaliie (loumelbus, TuleorpTwpe. Layourype) s
ifiim BrrayRese rowsul] =eleal]) o
m erreade - &rrTANTICREATION;
rrasazray () ;
I&tura;

if{im B:cayReoe rowonl] (solenl]-sT4SEil) [ 7 calss fon Parmye
m_errcods = [(a3rriodagim ArpavBaselrowsn.] [coleen]-=Teaat3rrord’
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Frochroay [,
ragurn;

o _eInierp - InLarpTime;
¢/ may vEnT ta add cooc o acCuRily cops ond data lvow SoiRovs Lo ooar ush loculios
m_zoeolkevs = colkeys:

a_orowkeve - rowkeyn;

m_pfrasaformar = _strdup fnametcomplacze) .

lasipos|o] - lastpoalll = o;
[
wodd Choohupdh: s Frosdrray ()
long rowenl, calonm;

if(n ArvayBase; |
if{m ArrayPRane[d]) |
for [rawonns=b; rovent «n_rows: rowsiz o4 )

for (colepl=0;unleat eft columnf;cal ont ++)
LE(m_Arvayhasa [rowsan] jaolenk] ! delete o _ArrayBase |lrowomkt] loclonk]
delate w_hrvayBase 0] ;
_ m_ArrayBmme 0] = NULL:
!
delete n_ArrayBase
o ArrayDags = NULLG

J

m_orowa = DL;
m_columas s UL

int Zlackepan:Llookup(double keyrow, double keyool, double zablekey, long btablecol, doubles veesalsz!

{
long ntarcl, endd, opon;
long rrar-ry, enddy, cposy:
double val, valy:
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J7 check poat we Nave & valiJd sec of lonkuc kevs
i L Range (keyrow, kepealil o
2 croende - O pOUTIFRENGEF

return r_errcotie;

s 8l I R L. T o B

Jrasieswndinninnirans

¢ gat the row bosder paviticr

slagily - (lantpos 1] =007 (1o peu (11 -1) :0;
enddy » {laaczos[lleie_soloma-1}) Y (lsatpoa|l! -1): (o colems 2f ¢

£ ovEask LF ke ey Talle ouckide Thix Extandon S-uion pofe.  Dio3D, Sseasor ectinagabic.
iff fxeyeolen poolkeve 0] | ikeyes! sn_pocikeyslensdvid 1 {

staclly + 3

rrddy = w_colamarn-1;

£ coniad D Sdl w0 B0 e DwD gt fatheel
77 hoawter, rlirew 'ENGT-STAYREY) == §
FOE0, olErk o Goel es it 1Ee A1 ealdl mEaleh Eresd.

if: (wvalyem poolkeyu enddy]) -« keyool) oposy - sbarbty — enddw;
olas LE! (waly.m oonlhkeyo ukartny ] «= keyocl) cpasy = enddy = scartry;

while |(eutey starzey! » 2 |
cuoay = (entey BERTEEY! /2 v Olapilyy
Watly= v et Lheyo [ipouy ]
if (valyslkeyeul) enddy = cpusy;
alae if (valyxkeyond) ovaglly = ¢pgoy;
glpe if(valyecspyoal! laangon 1] = andiy = gtaz-cy = cpozsy;

FArdwvtddlawivividteny vegw,S

F7 el the row unpob pacician

etarzt = (lascpoad] »0) F(lavlped (9] =1) 104 P8 oerpeEne cus pearcll Avea oYy e
edd - Oartpos [0] < (n_vewe-10 17 llastpoa (0] 41 s im rows 1:; ;7 om cither sade of che last pos
fopkmee (0 i LAy Yalle oureide shim expended zesrch zome.  EIE s, searsh enicire =able.

if{ lkeyrowsm prowkeyu[staril]l | (kevrrcensn prowseyafenddll o
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ERArtT - 0

eyl = W_TOWH;
!
S odo THe bur oeesk Boryt Lor CEanTl pder pllencs
1€1 (valew_prowkeys onddil == keyrow ) cpos = startt = endd;
elne Lfilvelen prowiesyn latartl]l) == keyrow | cpus - enxdé slartr;
while {{vnud ole-etd - IV |

cpos = jepdd slap. L) /7 ¢ gtartr;

val - 2 eronbeyr cpar’ ;

iE{val=keyrow) cudd - Cpaue

elge ifival-kmyrow) sravt:s = opon;

eloe ifival==keyrow! lascpes|0] = endd - Soarts  Cpos:

L0 ek TO Baa AT WS BVD BE oxaes Bt
Lfi fewmdd —= starrt) &% fenddy == startby: ) |
FF cahompe thyt sNe a=her wxlte {a i3 o b e e
A€ in_ArzayBaue Cpiu] [cputy] - stukRenge fLahlekey: | rakurn m erroode - eUEITOFRARGR;
A0 At Fhe waina wetie ookl S
reralt = w_Arraviaive[apos| |eposy] »lookap (tabockey, cawpleccl)
return mroHONE;

}

ine frangm-0;

switchin. elaverp! |
caasa | JINCAL:
1
I 1€ [endd 1. mtarly) &6 (Tamddy = atarcryd ) 4 57 isnsrpslane sn o honh

S ode & muick shask o onalke sy LoE L ool
A dzrovowepoccdl 2 kave muilarg b e L
tronge = o ArzoyBaue [Duacol] [BLactly] -sutRange taklekay) ;
trange oo arvaylape [aLaret) fenddsy] - sttt Renge (teblesay)
frange += 0 _Avraydase [endd] [eterrcy] sOvtHangoitabociesy)
frange += m_hrraytase |eadd) |endusy] =OutRanges Lawlekey)

it itrapge) o
 erroode - &rrOTTOFRANGE
TOLULN O_esLocude;

|
doubles toopyl., tespyd;
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doubio dy = m petlseyy vlaeily. - 7w soolkeys[enddy ;
dsuble dx = m_Arrvaylaes[stasrel [startty)] - sLookupitsblekey. -zilecol! - o Arrsyuass starer] [eaddy] -stesanzdsaniakoy. tanlooali;
taopyl = M_AvrayBasc sts=tt] [starcty] :Leokup {Laslekery, tableco:! + tkeyzel o poclhoys stactny’ ) odx/dy;

dx - w_rrrayRass [eadd’ [rRarnty’ —alookopitablekes, tiblieoni] - v _Mrravhass jacdd] Janddv] - wlawckup (Lablegey, tablesal)
teopys s o _hrsayBasc ondd) [atartiy] slodaupitabickey, cabieassll o+ {goyeal w_pealioys lenarnzyl ) =dx/dy;

dx < n_prowkeys (srarsa] - a2 provkevsendd
dy = tempyl  Laapy2:

TARtpR (D = mEATPE,
—aslpus|.] = siarlty;

remilr = Teopyl ¢ (dUyicw-a_prowkevs|starse]§ edyfdx:

rotiirn &L VHIRE;
[]

¥
olze Lif( lendd r= wlarlt)  Lw (esddy ' ostaricy) 0 [ 24 inzepwiats
8o e R R ahenk
frarge = = ArTtayuass ‘oooal lacartsy] sCutisrgeftshlokow: ;
frange += m_AtzayBanc vpoe) [eoddy]  »0IlRaome it afizekeyl |
ififxarne) ¢
f_gTrvode = CrrOUrTEIANIE:
reatirn m_errocds;

i

double dy = i _peolkeyd utaclly] dat grtet keser [ecedidy]

doubiee a - i Arvaylasefopos] Jstaroty] -sLockapitablekey, tablecall - v AvrayRane fopen’ [eedly -stackipicahlekes, Lablecnll
Faur puan [1] fil AT neY;

TREULE a m_ArrayUase [cpoa) [slarioy] stockup (labicloy, tablcecol) - (levoos r_peelkeye Buartty) ] cdx/dy;

raturn b LNONTF )

I
elae P T T -1 T2 o=, =TT R ATt S Rty T
SE EwhyR el
Lrazge = o ArpayBaue [geacts ] eyl - sintRanue (takTekewd
fravgs =- m_Arravdane [endd] Joneay] -adutisnoe (tshlexos: |
£ Lranego)
rourreody = e OVTOFRANCE;
EELUER o mTrarle;

comble <X . m_prawgeys [starts] - o prowkess andu -
couble 4y = m_Arraylasc aiarit) leposy. sLoogupitabzckey, tabicccs! w_arrayviasza|endd) |vposy] sucokupitablekey, tabiscoi;;
taslpow ). = wiares;
resull = o RrzayBaye Julaclt] [teosy] -sTosannizakieksy; tabiecel] 1 {seyrow-n prowkeys [ulazul ] ivdyrdxg
return viiNOHE
]
i
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I

wvasg LOWER - iastpoa|vd] = ararer;
laezpot 1] = ata=try;
1€im_AvvayRase [slurtz) [startty] ->0uskanoe{tablakey) ) return m_errcode = erpOAITOTRANGS:

resuvlz = m Aryaydase[ularel] (srarrly’ - sLockapitabiehey, tablecoll,
rabtura ~r=BONE,
cane UVIEL lantpon [0 - cndds
Lastpas 0] - enddy;
if o ArruyHase lendd] [enddy] - ~OutRangs i—aklekeyi ! return »_errocds - crxOlUTTPRANGE:

eamult - v Arraydoue [endd] lenddv] Lookupirakickoy. tablesol)
raturn crekOBE,
|

return & LUEECSDWE

int CLockapdD: :LarTRErvor ()

{

i
I

recurn m_prroode;
int ClookupdD:: DurRange (vonpk doubls vrowval, const double colwal!

ine ratvall;
int racvall,

rervall = (powvualem_prowkeyalo]l | (rcweals=m prowkersio rows L] );
ratvall - § (eclvulen_peolkevsl[0]) | foolvalsm poaclkeys o colunms )0 )

return fotvell « rebtvnll;
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'L eTqnop)meang eTqrep

!t IPFOA) vIIve S1qrOp

ipiealE aTqeop

[Ewan leroep;d pioa

T ipTonids @ iqnop

fiw egropid gl epqnop

U L e R R -

Loy atemen: 1L @ qhop

f{ae3ay BqRop|K7el 21qnop

LY BTEnep! BaEH BTarep

CraTTR e erdnep CTa wranop T4 20 50 aTgmen

SAEM HouuE SNSTTOE LY FELIOE arant nrrieReTd STIRIN S
fjue|tvde arEmep TW ATANOR) TI 4 50 aTqnop
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L ipTeA] ADTURE eTgnoD
Cug e Te wTanuR ok RTOROR) L4d mudTEn eTumap
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LIATANVYRUYS BTAROD ‘oW wTANOR & LRueml ayioyy @Tanop
togrand
dulwepl vreTD
L00c =< S84 D8N 3 paag
sonc ewEetss
CUGT =€ WhA am 3Td
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{ TRCTTONT 7SS60%SHEAHTY 0 3510 9oed LLOVLMED 1 SVIFIVEDD x4vjpautzen; JTa

'RIFTD AFDINSEI - YT ICT JOAJIDIUT MCRPSTEONT

Y'segieap| :9ji4 Jepeey |'€3

inojAeyeg Se5 jeap]  ¢£-3 xipuaddy



TdealGas !
virtual -Idea_Cae(]:

protected:
Souble [*CpDger) (dsuble): /F user spocitiod Cu fopcttiom =sking T 5 [KJ
double xTp,; Jf apeciic heal [5rik3.E!

]

double woyemmin: S spocific hoat ratio
Gouble oT; // realic (espesacizce (T
double mk: /. gam constan: [Ifrg Kl

.r‘I'rt'I.i'Jillill-#--iiliuljjl"rl
£ SLODRL FIRCTTONE FOR OB w)

ferravssssswrsrssnrsnbnvaneen®

double Cphiridoubla £ ;

fendlf A/ ldeftivd AFN TOFATGAS H_ G387AC7?I_ES06 IIGC BUDT AGHFBNGCSEGE  TRULIDORD U

E.3.2 Implementation File: l[dealGas.cpp

Jf idealGaa.opp: Amplementaticn of the rdwaidas alzeos.
o,

PR e S S OSSP E ES TP OISR PP e TSR PRE PO o L I i F e P

finclude "IdealGas h'

Elpeludes <matl.bis

dinnlude comathutil.he /) for 87 ang wcosianis

finclude Y.  froutines/rkd Lpp® /¢ Ffor rhe 4o spregracicn used Tn the
fF dgxlor Macsoll fiow stcff

LR SO S S E T SO S S T R T TR ST F s S F SN Eg g ]
S Coumbenet ion T muct i on
W e e Ll A P T B P v T Tia VA d ) I d Vi e i d i id i

Appendix £-3 el Gas Betwviowr implementation Fic: ldealGas cpp



IdealCas: s Tdealgas il

i
i

Ieca_Can: i =Tdea Cus ()

{

sdealGan:  Tdealdas (eonst douple gasseunt, double (CplscaFunc! [(double) )
i

mE ganconar
Cplaesy = CpuUserbunc:
'

double TdealGan: :Cpldouble newl]

{
i

void [dealGas: . Tigouble rawT
i

return Cpliucr (aewTi ;

ml' = 0w

S deasermine the pew proneriioee
Moy = CpinewT)
Megamna = Camma (newTl ;

deuble 'dealiias::T4)

{
|

double ldealGae::Gamsaidouble newT)
)

Teturn NT;

double Cpremp = CopinesT) ;
return Cptemp/ 1ICpiong - il ;
'

double Idealtas:-Zammal)
|

FetuTn Mgamma;

Appendix E-1 (tleat Gas Behaviour

Implemantation Fite: IdealGas. cop



deuble TdealCat: (RI)

i
raburn mE;

J

wolid TdealGus-  F!doubla w3
N -newR

double IZea_lfan::(pi]

i
retucn mp;

double Ideallas: pt g (double Hi

return powl(f - . € + 9.5 ipgagma - 1. C1+53IK) ) | poamma)/ iooamma 1.9) ) ikl d&l Do

]
i

dauble ldecalias:  ri ridouble M)
I

L
returts powil 1.0 + 0, 5% (eegaonma L. 0)*S0(MY ), 1.0 {ogamma-1.03 ) 768 1% S0 pu
i
double TdwalCac: T Tideuble M|
" ysbusn ( 1.0 4 0.37 lngmmmm 1,889 1; A0 CaB Is-id pw7ag

double Idealidas::MezMidouble Metox;

eoatuden Molaprpgel | A, 00 (1, 0smgamma +830 | MoLary 7 (1. -mgammai } E T o A
1
d

doubile TdealCas::MiMy [double M)

{

return Méeqrre( (moamma+l ) /(2 - (mgaoma 1) eS50HRD ) ; £ ZeH 3L

k-
e
L+

double Tdealian::08_pi_pl(double ML, double apailcm)

L]
atatic preaffurse L P TR e T
# & L FAE
epeiion ia

Appendix E-3 Ideal Gas Behavowr Implemantation Eie; idoalGas.cpp




double sin_ans & nindanszlon;:
relurn 2 “mgemoat (SQiMLAuie vped Drgarsma )0 1Zargansa 1 S imgaarrs -1, ;. SF ZEH 28 &f

double [dealGas::T0 1y rlidouble M1, double cpzilcos)
i
double =in_ann - smiviepailen),
return (woamnatl . TOQIMIRIn_ape) S{2. - ngamma- L THEGIMC R engll, S Tar 7,37

double ITdvalGas: .05 pl7 ¢t (doable M, double =9=ilcx)

'
£ EAragmaCiod] pro@Eulcs CRECiD ACer0s3 en GEliguc anock wenes
O 1w Mzl dosber DEfoce SRETR wgve
fr oanEiien fa wevs angle

double MIN: /7 Mo Sheiar pesrpancicaiar fc 3o shock

Mla = Mi*giplepsiloul
FF BragmisIon PICSUSIY 48 fuol ab Ab 1Idw antenss & ogoewel sheor
7 i a alewm STowrng &t Min

i

roturn N5 pl? peto(Mal)

B R R

v
A TAYLOE .MRCIOLL ) CONICAL SHOTH QA8 DEARTRTIEZ
LEThe wee el Cheas Luag! 1asn feguitven the daisial
A Mach mombar dnd she oonical shnek anele o be
A0 kmowrn The condont onoek angdo muoat bavy 5
A e e Turid e, e g By Bhe jlgcacive
S peoradure paad 1 TElowd snnn, maee

4.'-4.-.-...-..1. whpaivdssybdabhosdntris ghoslobinthepy

vold THM oW aquiVestar *pon, Veobor hderive, double psi):

double TMgawwaRE; /7 globog waas Foo gooene gaed 14 gategee s Soespative Pl o

int [dealGas::IMRayFrops {double M., double slctxanale, double reyanule, double & Mray, double L thatu!

|
double Ml=z, M2Zs;

double wpu, bels,
double tan_es, sin_@;

Appendiv £-3 deal Gos Bohaviour implementation Fie: ideali>as cop



double deig
double un, vE;
double uel, wul.
double | Bl wa;

long stope = 131

Vector SLat&;2); .7 rreve vaorar fonr uagesucto imtogoatioe
Rungefuctad Concblowitatate, TMElow _cga) . OF BUnRERIINLE Srtege-llte JonTroate

H.s = MIMu:iMl};
Fi noTo =he sotdablion: fhn Joliowa the agracfag ioozow
eps = shockargls:

1ah & = Tan {&ra)

gin o = ain{cps):

bata = arand tam_c*2.0+01 C/SQIMLvie &) + F.G=ingaemis-1.0% ) impapeasl 0} 5 /8 Frow TAIT I6 AT
" FFAR RIaR

ﬁﬁﬁl = «(eps - rayadglel/ ((double)steps);

APV anole AZRer riva mhoox
Lhatan = apn - habas

M2g - MluVa,n e 5.0/ [ {mgamma+i U] =8 (Ml*sin )] ¢« ingsmce 1,37/ [mgamna+l &) ) fsiaibetal

Qonet'low, SoEAVEL (0, M3a*aun (dlal) g

Conallow, SHESVT 11, -Misvaln (kanal);

Conellow, Sandtap dped! ;

ConeFlow, Sel Avoumdlul dBlepa (wpny ;7 Ban fie corresc pusicicn fo ke wshngk aagls

S de Fhn inregritiun
THaarmaliy, = mgamma; 4ol Whdcegigroof Jahe ueRd Birothe KKI deravanive Fanarion

ConeFlow, R (olepu )
fovelogiticA alonyg LAy
up = ConcFlow.GotEVRL (N
vi = ConeF. ow.GeLBVR™ (1) ;

[ COUTEINILLAL WO e

usl = usTeof (rayanglel - vergialzayangle) ;
val = ar-ainirayarale)l + vorcoaizgyargled;

Appendin E-3 ideal Gas Rehawaur Implementation File: jdesiGas cop



Mrey = MEiMisqgrTi30fiue)+SUlwell);
checa = atanivalfusl]:

~ rerturn 1;

J

NFaE L T P

inline double AA{double x, double ¥y, double gam] { re-urn ( {gan+l 0} - icam-L1.GC3* iS50 =) -2y il/2.6; }

t H- =¥

vold THY_ow equiVestos *pos, YVeetor &derive, double psi)
]

donble dvedpai:
dovble A& 20 uf;
doubhle us = poA->Uez!0);
double vy - Pou- et (L

darive.Ban 0, veh: ff ¥Em JE-BS

Coneie BRA gasvinRd 10 A ginbal vardsble wRick oist be sotibeforo oglligg rhis funs.
f 3k AWE Sdtrare oprllUng BRE ARLA
1 ®2_8g = AAlus, ve, TMoumoizRE) )

/ VEGPAL = =23 = M_GN_Sgtfur oo vetan(pell FF IS0 ves 3o sala SR VF T

dedidn o 0 Dewn® THD TR % THgAMmARK - L U) <SG (aa) - rMganmakk - LoosiMyammakk SO ua) L Sranioad) o+ =0 0fame (A0 nn) | L MganmaRK-1 .
THAMMARE+THeAMmal 52 (vin) -1 .80 1 | A (S0 iva)l TrgumciRE 1.0 v TroammaFE* S0 s ) +THownmaER* S0 fvs) S00ual )
dexiva . det (L, dyvudpul) ¢
i
double ToealfSas: (NA_prd_prlidouble M)
Y caxan Erex 288 740

double partl = ¢ immamma-1.0]/(mousma+l 00 + 2.0/1 jmgumma+ Gl ASDOME )
double part? = § 2,CYpgrAmmptSQ0Mi ¢ imusmma~-1) - imgammE-1.0) Fimgamma-1.00 )

return pou; powipartl, moumma) *putt2), 1.CHimguammn 1.00 5

Appendix E-3 Ideal as Relvnaoowr Implomentation Foe: ldeaiGas.cop



R s e e e e P e R R B s

LR AL FUNTIANG MUK APeCIPIZ AEAT PDPWNTIZN by
r‘?“"-""“!‘J“-ﬁ!“‘ﬁl‘“‘i-l'.iilfi’l“‘-ilﬂlﬂ.lﬁ.*l-‘ri‘!l".'.l".‘lf

St malmiiares rpecific hear for oaiv ar a given tesperaturs
double CpAir(double L)
{

F4 thia Is bawed on cuta prowented in kucsow & Eoflwan Tol, 1.
Jf Bagied TN A, RS OT
1f{r<1030.3} return (3.65359 - (1.33736e 3i*t + 13.29521e S14800E) - {(1.9:143e-S!*c+80(0E) + 10.27%462e-22) "HQI52ir)} 14287, ;
ralurn (3.04473 + {1.33805e-3]"] - ([D.4B8756&-G)=S2ir! - (C.0ASS475e-3j"L=*50IL} - (C.O0STOTIRe-130 *HOISQILT) 287,
double idea’Gas::Sondcvi)

return sqrt (mgummotnkRémT) |

vold ldea’ Gap::CopyFrom(ldealGus & other)

Cplasr = orher, Cpilamy;
olp = other.Cp;

mgannd = oL 1T, my s
MR - ollhar . mR;

ol = athexr. ol

f

double —dealGas::Sacckfluwhngle (double MO, daouble shockangle!
i

double eps, twn_ &, sin e, bela:

eps = shcokangie;

tan ¢ - Laafepoi
fin_& = Ainleps);

Appendix E-3 ldeal Gas Bahaviour imglemandation Fa: ldeaiGas. cop 210



ety = atan? zan g42.C4{. 0750 M04Eir #) - C.5*(ogaowa 1.6))  imaarmasl . 0; b

FFlow angle RUERT the
return ers beln;

shock

E.3.3 Header File: IdealGasStream.h

S Adeslcapirvans. b irrarfecs far che i desivssitress

CTaasd .
o
G R SRR TS S S S AT P rd e O s 7. AT oy o i
fif tdefiaed (AFE_TDRALGANITEEAMS H__4CIHI0FL_GCED_LLDT_BIIR COO0CINCINCD  TNCTUDED.)

Flafire RFE_TORRLGARSITIMC I 4006I0FL_(ORD_1131 DORED0CIOCCIOCIN_ TNOTINGD

#if MED_VER »= LOOG
FEranoa once
fendif 0 MOU WK ss LG

#irclude "IcdealCeu k"

class CTdedlupfitiesn o publio Tdeoitus

public:

OldraliGardnraan (LisniGans daa) ;

CldeallassStceani)

virtval -lldsasdasdteraam))

double piveid! | return
double viweid) | return
double !waid) | retarn
double i !woid) | Teturn

void pidouble pragaieel
void vi{double walacity)
void Midouble Maclitks) |

protected:
double w «; 7 welooiiy
double w_p; s/ preasmurs

Appendx E-3 ldeid Gas Bobavouwr

P
BEwE
I.'.I_V.l"ﬂn.'.lni".‘.'a.l' o i
I -FRE T -

W_E = preseuce; |
AT oa yvasocizy: |}

|I r
|:
o v = MashiNo*Sandsvi);

Heador Fiie: idexfGasSiream i

" Erom LaM lE-f
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dendif )/ tdefined Avy TOEALGASSTREAM & 44A0SinEY_gign 1107 EESS 00000000550 INCLUTED

E.3.4 Implementation File: IdealGasStream.cpp

S Idvalrgioram. cpo: Irvlocoentucion of Lie Cideslhasltrean clzas.

e

L

.l“'-l"-f.";'l."‘."a'rflr'!" (..f i’( f.f f.'rf,d'r".p"r'.'r{.f "f’:’.-'/,.'ff.'ff .a'fr'f'a'r' .*;.-".a;.".-'l.f -,--_J"r‘r-_r‘.r f:;";‘;’;rrtf;‘rrff.f?f
dirclude *ldealGasStrcam.h”

LTI E LT e e T L i I r e Fis i d s e F ia ¥
A CamgrrucLion Meacriesion

r'.dj.r“.l';f?:'.."fllf.:rf...J’r'.'(-".'r!':' f"r"- "‘f.f.‘f;xf.r-)')'t/.f.f‘.’rf.f.'Jr'l-' r!‘-"’."’f"‘-"’)”f‘f‘-"‘dr-f—"; f.-"_f}"_,—'/'_f;'f’_r’fjf{ "
CidealGasStieam: CTdealGasttream ()

CldealdasStream: 1 «OTdealGanlitream ()

J

Ordealdasstrean, CTdes | Gapdnresm (Ldealdae & Gas)

!

mp = 9.0
mow o= 0,0;
A enpy tee valucw Lrom Lhe 18pie gas
OapyFromiGas) ;

Appendix E-3 ideal Gas Bahawviour implamantation Fie: JdealGasSimam. coe 12



Appendix E-4 Data Input File System

E 4 1 Header File: Datafilelnput.hpp

T e T R R T T TR

| Filemaxe: wacrafilalngasl.lpp i
| i Clasg il T eTim
1 .':.*_";4,'._:.". RO CFluipseE ) AFTs Toomm s |
wolurid; fabelad dita filo |
Authnz i T |
e e |
Kevizion |
P S R o S (P U e N

2:nprlude -at=ing, A

ciasa FilelopoakEVar

4
¥

privake:
char varname 285 ;
union |
it *intner;
double *uduablopl v
ghar *charp=",

J oy

Valelapubvas Anuatvar

pablide;
A puiblis data
Bnum vyt YRS | vATIEL, varbULAIk, warsTRING }y

45 ennrNe e
FilelnputVar [eeanst char *wvname, let =wvsmvar) ;

FiloTnpulVae (congs char *voame, int *vizvar, FirleIvpolVar *newt] ;
FileTppulVa s (conat char *vname, double *sizvari;

FlleTnpul Var (conat char =wnam:, double “vi“var., FileTapat¥ar <aext);
Pilelrputvazioenst char *viiams, clhar *vaTvar);

ralelnputVor(ooest char =vname, char *va-var, FilcelopulVar #*#pest);

A ard e Punotiuy

FileT g var “EsxcVariveid) [recurn suexivarg |

Appendx E-4 Dara tnput Fite System Hoador Fiie: Databienpat fpp
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int lefanciconst ahar *nosslociscg]

wedd ArtachUata{int captoved) [ =ivar_intptr] = captured; }

wvoid AttachDutuadeuble capiured: | *isar.doublentr) = captured; }

wodd ALLactNGLA lecast char *captured: | stropyfvar chasptr, captaredi;
vold Tack rilv_.aputVar *plivVacloPacvi) ;

private:

varcyrne vVardarscypo:

publie:

vartype [vpeivoid: [relurn vordetalyps; |

class -nputiile : public ifstruem

]

private.

FLlenpalVar *headver;
FoleToapaeVer sLad Vs g

publia;

Ippll¥ilaloonat char+ mziame, int aMede = dcu iin tousnocreale, Lot alrot
=inputgile ivold) o DLubzems - i Lt vean ()

Do LeeaWurSiol (0
i

i
TnuutFiloicount vhay *faana. Pilatppn=var Afipad!;
lapabiiles aperator el FLloTopusiir APl irbssvar 3y

A owe pecd Laora Dl eaesar cha hage nlass! effracrtion ooorsators I W0 wien ©o
A waka Lian eral Teizle.
inline InpulFilue operator ws( chat* pos | o
- raturn (Tagra L P los) dpe; sums 1 oparator ssi{ pez |}
i
inline lnputPl.uk operater =-( inké n ) |
reture (TaputFilek! iairear : ocperakor =1 n 3;
|

inline Znpat?liss operator =»i lengé i3 )
raburm (IngniFilesl imirear: : operator =»{ Im ::
I

igline InputFilesa opérakor »>»! doubles 4 ) |

Agpondix E-4 Data lnput FRe Systen Header Filz. Datafteinput hpp

Lalanulernl: read )
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~ Teturn (InputFilek] iatraam: : operator »=1{ ¢
i

int AtmachVari¥alolnputVar veardata)
int HeadData{void: :

void Dolot&Vartd rt fviold)

if {vardartal aeadV¥ar = varsata: robtorn 9, |

]

E 42 Implementation File: Datafilelnput.cpp

'.L-‘ll|i!'I'!'II!I!Ill!b!!'II'l‘lII#’!’Iiﬂ".I'.*"""‘I"‘"I*"‘.“-“.l--‘-‘-.-il*".‘.ll
FiieNueE: Leralilelnpul.oop

LTl T Clogipen Trpisile, FliednmiiiVar

TSI REIOn: JEplaTenss Cwe Ly gty (o Inpering dats S o«
simarinrmi, Takacmd dats 2dio

Auehor : Prabarh PARrbhoo

TAre: 28704597

devislon Hislurs

':i'ﬁ‘ﬁﬁjtp‘ﬁ"it.l1l-lf‘.‘lb..I'lIQ"I‘.'U*rﬁ‘.-i--iII'I'l"-“l’#*l.*iﬁ'#*'-*i-"i"[_’

1ianlude aetring. be
#zaclade «lubreun he
#inulade "Datafielapas . hpp!

Fllelnputvar::Flielnputvar loonst char *uvname, lnt -wvervez)

1f{vname) stropy |vArname, vamna)
Var, 1ahplkr = warvar,
virdolul ype - wATLHL
nuexbear - NOLL;
[
FlleZupuiVaro1EileTaputVer (const ohar *vname, ink fvarvar, FileIcpatvar *oest)
ifivaame) sbLrzpy(vurnums, vaame) ;
var. iatpts = varvur)
vardatatype = wurTNT;
néextvar - nExh;

i?i.l.elr.;l;t:‘l.";r: irilelnputVar joonst char *viure, donhle *varwech
:
iffvnaral RLrooyIVAITATC. VEOTA)

Appendix E-4 Date Inpul Filz Sysfom tmplementation Fide: Datafieinput cop
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—

varl doublosit = varwas;
vardabasypse .. varDOUBLE;
EAXEYAT = NOlL:

Telnputvar: -Filslnsut¥aricoast chap *vhame,

LEdvname) ulrspy (Fammame, woamc)
v Aoyblaply = varvar;
vardaratype = varsJU2LE:

NEETVAL = OEAL

PalelupueWYoux  Filelapucvar (conat char tvaume,

i

Fi_elnputvar: : PFllclcsulYer iconak char =vnamc,

sf(vaure) ssropyivarnoems, Viame)
TAE CLALPTY = wATHAL

vardelalype - varsliiNG:

naXftvaTr = NuUil;

if Jvnase) str-opyivarisme, YA
VAT, Sharprr = Varvsnr:

vArdiLlulype = VarSTRINSG:

NEXTYaL = OEXS )

douable svarwar, FilelaputVar *nexs!

char *varvar)

char ‘varvar, Filelopui¥ar *mexr)

int Filelnnut¥ar::leHame (const char *punetachaitk)

[

if(lulremy inemetocheck, wvarnume!) raturn

emELTR G

vold Filalnputvar: -Tacx(Filelnputvar *pfilvvarlolack)

{

frhivek If we sre iteRTind
if(naxevasz: |
fr aheck 1f wo a-= irgestaing & 1z=0
L ipfivariolack sacxcvar) o

Filatopurvar =pfivTeep = pflwWarTaTask-snextvar;
FileZoput¥ar *zfi1+VarToTackTail = NULL;

A0 rtng ke a1l of =he [iar

Appendi E-4 Data Input File System

imotementabon Fifo: Catafiiolnput cpp
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TTRTEED 0
arToTackrail =
o o L:I_ j_'.'Tl'_-|'||::

alas
privvarTelack-wasxtvar
1
I

nexkvar = wE-vVarTcTack:

Zapazsile: clcpazkilsicanas chart
ifstrear(sztanzs, oMods, nbrobl

int TrpgLlFoola:cFsadtel alvoid)

il o 2T, A AR
int spoony - 0 f !
1ot .agioh = e

ciigr ablin
char nuafsl]

HIAE TR el ST
ShanrlpeEts

Appandiy E-4 Data ingut File Systom

i e,
AT Rk 7

BENAam=,

int nMade,

ins

Bl

froperngahion Flg Dalaiisiopod opin



int lenZ;
FilelnpulVar *Lempvaz;

¥

Fooheck Fg Aes FDAC WA DAVe & vitiebe.s 40t o beli, i rolors
if(theadtar! return 1.

J7 recurr. witk crror onde 32 the Flie fn bad

if(bad(l || (1gomdiii |
CRYT ¢ “IOpuCHFile:: Resddata: bad slremm ® << = daiafilcnome «- +7 erdl;
return O

int rewpine;
double bcmpdouble;
char Lempsatr[5312°

whileiteaf i}t

gell. neibuf, sizeefibuty, ‘S\u');
A vtk for !

lpseSizl - alrehribafl, couch)
S oahmak dme !

lpaz&tr? = utrchriball, spesh);

AAF manhmr of romne shars are Clran on Lhoe Thne, 8o o CSiexl alne
if( (lpez&rrl == bufl)] || (lpezftr2 == buZl) ) cootinue;

A0 ol Slod winoh vevusd L lrat, spdoe Gcy ana than excract oiars mp ot than peied
Aif0 (1lpezdtyl) L& T1lpez8tydl ) lenl =.strlenihufl;;
elaa lenl = {(lpuzBtrlslpazStri| tlpezStrdilpezadtrl) - hmfl;

A varlabls oaiz will gturd llie this: *WaR, ac if lerd 2e only 3, we o0y Lave ad -

if(lenlci] continue;

A chaen Cear Bufl atublE wish ¥
1fbeil|0] != artclh! continua;

fonoe oogy Jep! | siaraciesy anle Luela

Appenda E-4 Dala input File Syslem Implemeniaton Fie Dataifelnpud cpp 218



ol praclnsyegeiee] s LOEpUTtLMHLN LMEAS Bty Rl ey - KipUeooy

IO = AVATIR
hponx - IMARMSY
]
![(2qat3d eqatep
P ()xopgEane —dasTaryd -~ duala)zd
idusrarsd = Tacatid
P 1de1ay3d)aTiga
g — TacaTi. Iopgndciatya
famapean - dumlatid, aepanduTarya

{Pros) IsToIEABYETEA: fa( (4l proa

f
AR PR

Dy tepgeapes readusy = awadoe) esTe
e - aesdua)
SHESIZ
T {x3edeed ) Tarcgaeaays - Ieadiay
frasduan <« ST,
rosTHISIOA: tapsITdE a1t ased
HESan
! pgnamdiee) ) miomErgiy: readisy
SATTRepdony <= STUI.
SRNONOC A faRs .._.._|.n._“._HH..d..4|...m BIeD
!yEsIg
ldurdue ] ) eaedloe ) 1Y -T2 a810g
fgusdany v« BTUI.
ELNTIBAD (I UNEUTSTTY WEBOD
Vo adiye-teadeay) goaTss
SLMPM Sl STORIIRA AU AR e SF ..+ LlgsnginiegeE D aeadusi) 33
vofaenclisy ) BTTYM
TAEAPESY = JARadua)

G URTARA T JETT L0 T SUEU ergeTass T D07 RoaT osan NS

‘gEo - [TwaT]zing

AL {PATIDNOCOY QAU OF 1 oeoim ATNITIR, FITE 07 Svhs TIRA B poakie 3) ARSI s S
fltuwl C(awgo) goazis+[Ing CrInglAdraaae

t IO



ToputPLles TuputFila: coperacor > FileInpatVar ‘ol lvNewvar )

S ohees tha!l we have a valid variabiec
pf(ipfivNewvar) return *this;
if (baiivar) |
tailvar-sTack ! pfivhewiar);
tailvar = pfivMowiar;

elae |
hoadVor = plivHowdar;
cad I¥ar - pfiviiewysr;

I

ratiurn *this;
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