Turbojet driver

This note presents a brief documentation of the external class Thrust which is used as a driver model of single-
flow turbojet.

A driver can coordinate recalculation of a project Thermoptim under special rules. For our model, which is
presented in the form of guidance pages for practical work on the turbojet, the driver can coordinate updates to
the diffuser, the nozzle and the compression ratio in the whole project, to calculate the values of specific thrust
and consumption per unit of thrust, which are not provided directly by Thermoptim, and perform sensitivity
studies by saving the results to a file. Operating in this way, it greatly facilitates the use of the model.

As explained in details in Volume 3 of the reference manual, there are two ways to control Thermoptim: either
totally from an external application that instantiates the software and sets the parameters, or partially, for a given
project. It is in this latter context that we are.

In this case, we associate a specific management class to the model, and this class is instantiated when loading
the project. We must first make an external class for it to be loaded into Thermoptim at launch. Once the project
is open, the selection of the driver class associated with it is done through item "Driver screen” of menu Special
of the simulator, as described at the end of this note. When writing the project file, the name of the driver class is
saved so it can be instantiated during a subsequent loading of the project.

Brief recall of the features of the model to drive
Figure 1 shows a synoptic view of the turbojet model that is to be controlled. It involves an inlet diffuser for

creating a dynamic pressure at the compressor inlet when the aircraft is in flight, a gas generator comprising a
compressor, a combustion chamber and turbine, and finally a nozzle which propels the aircraft.
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Figure 1: Synoptic view of the turbojet in flight

To calculate an operating point, we must operate as follows:

Turbojet driver R. Gicquel, May 2006




- Enter in the diffuser screen values of external conditions, that is to say, the aircraft speed (m/s), pressure and
ambient temperature

- Enter in the nozzle screen the value of ambient pressure

- Set the compression ratio

- Enter in the combustion screen the turbine inlet temperature

- Recalculate the entire project with this setup

- Get in the screens of the diffuser and the nozzle the values of aircraft Cy and exhaust gas Cs speeds and flows

sucked mq and rejected ms to calculate the thrust and specific consumption per unit of thrust as shown below
The expression of the thrust is F = my Cq - ms Cs, and the specific thrust is F/mg .

The mass flow of fuel is m; =ms - mg , and consumption per unit thrust is m /F.

Such a sequence of operations is tedious to repeat when you want to do sensitivity studies, and so contains
errors. The completion of a driver is perfectly justified in this case.

Presentation of the external class

The driver class is an extension of extThopt.ExtPilot, which derives from rg.thopt.PilotFrame. Figure 2 shows a
screen for the driver, with above the definition of the conditions outside the aircraft, in the middle a field to enter
a value of the compression ratio to perform a single calculation, and in the bottom entry of compression ratio
bounds to perform several calculations (10 in this case) and save the results.
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void setupProject ()
Jfon récupére ici les instances des transfos externes dont on a besoin
ffafin d'accéder & leurs différents parawmétres pour les calculs ultériesurs
ffwe get the instances of external processes needed in order to
/faccess their settings for subsequent calculations
nozzle=new Nozzle[2]:
nonfozz=new Stringl[Z]:
nonMozz [0]="";
nonMozz[1]="";
Vector vExt=proj.getExternalClassInstances();//Vector contenant les classes externes
J/Wector containing externsal classes
int k=0, 3=0:
for(int i=0;i<vExt.zize();i++){
Chiject[] obj=new Chijesct[6&]:
ochij=iChject[] ) vExt.element At (1] ;
ExtProcess ep=(ExtProcess)okhi[1]:
if (ep instanceof Diffuser){
diff=({Diffuser)ep;
nowlhiff=cdiff.getName ()
J++;
H
if (ep instanceof HNozele) |
nozzlel[k]=(MNozzle)ep;
nowlozz[k] =nozzle[k] .getll=ame () ;
k++:

i
if (j*k==1) isBuilt=true;//test de cohérence du pilote par rapport au modéle
ffdriver consistency test

2) other initializations call methods getProject() and proj.getEditorComponentL.ist() presented in Volume 3 of
the reference manual, which provide the reference of the project (proj) and the list of components in the diagram
editor (method setupProject() is presented above).

public void initc{){
izInitialized=true;
proj=getProijet ()
setupProject ()
J/0n récupére la liste et le type des compoSants présents dans 1'éditeur de schémas
JfGets the list and type of components in the diagram editor
String[] listComp=pro]j.getEditorComponentList () ;
composant=new Itring[listComp.length];
nowCowposant=new S3tring[listComp.length] :

Jfon en extrait les noms dez transfos du noyau dont on a bhesoin
Jid savoir le compresseur et la chambre de corbustion
Jiwe get the nawes of processes needed (i.e. the compressor and the combustion chamber
for (int i=0;i<listCowp.length;i++) {
composant [1]=Util.extr valueilistCompl[i]l, "type”):
nomComposant[1]1=Util. extr value(listComp[il, "name");
if (composant[i] .egquals ("Combustion™) ) combust ionChamberNamwe=nomComposant [1] 7
if (composant[i] .eguals("Compression™) ) conpressorilame=nomiomposant [1]

fitest de cohérence [(des messages d'erreur plus précis seraient souhaitables)

/fconsistency tests (more specific error messages would he desirahle)

if [ {!'corbustionChamberiame .. equals (")) &L 'compressorlame . equals (™)) £& isBuilt) isBuilc=true;
if (isBuilt)setVisible(true);//on n'ouvre le pilote cque i Sa Structurse =3t Correcte

Jfthe driver is opened only if the structure is appropriate

déinitialisations pour la simulation (calculs pour 10 rapports de compression)
ffinitializations for simulation (calculation forr 10 compression ratios)

thrust=new double[10]:

conzso=new double[10] ;

taux=new doubhle[10] ;



3) initialization and calculation for a single compression ratio (the code to perform the simulation for 10
compression ratios is very similar, with the added backup of the results in a file). Warning: the new setting of the
compression is done by modifying the pressure downstream of the point, which requires that the compression is
carried out with a ratio "calculated" and not "set" as in the project without a driver.

void bCalculate actionPerformed(java.avt.event.ActionEvent event){
if {!isInitialized)init{};//First initiaslization
Pext=Util.1lit d{awbiantP_wvalue.getText ()] ://pression extérieure / awbient pressure [har)
Text=Util.lit dismbientT value.getText());//tenpérature extérieure / anbient temperature (K|
diff.setinbientConditions (Text, Pext);//wise & jour du point amont du diffuseur / diffuser update
nozzle[0] .2etExternalPressure (Pext) ;//mize & jour de la pression en aval de la tuyére / nozzle update
Ha=Util.liq_d(planeﬂach_value.getText(]];ffﬂach de l'awion / plane Mach number
double C=diff.get3peed(Ma, Text, Pext)://vitesse en amwont du diffuseur / wvelocity at the diffuser inlet
diff.setinletVelocity (C);
double comprRatio=Util.lit d{comprRatio_wvalue.getText());//rapport de compression / compression ratio
for{int i=0;i<3;i4++){//on effectus 3 recalculs pour garantir la convergence
ffthree calculations are performed to ensure Convergence
if [ lcombustionChawberName . equals ("™ ) {//mise & jour du compresseur

String[] args=new Stringl[2]:

arga[0]="proceaz";

args[1l] =compressorName ;

Vector wProp=proj.getProperties(args);

String smont= (3tring)vProp.elementit (1)

String sval=(String)vProp.elementit (2] !

arga[0]="point";

args[1] =smont ;

vProp=pro]j.getProperties(args) ;

Double f=(Double)vProp.elementit (3);

double Pawont=f.doubleValue():

double FPawval=Famont*comprRatio;/ /mise & jour du point aval du compresseur
/fupdate of the compressor outlet point

Veptor vPoint=new Vector():

vPoint .addElement (aval) ;

vPoint.addElement ("false™) ://update temperature

wPoint.addElement ("0™) ;

vPoint.addElement ("true™) ;//update pressure

vPoint.addElewent (Util. aff Jd(Paval)):

vPoint.addElement [("false™) ;

vPoint .addElement ("1™ ;

proj.updatePoint (vPoint) ;

proj.calcThopt () ;
}
Jdealoul des performances globales du moteur
Jdoverall turbojet performance
double Cin=diff.getInletVelocity ()
double CoutO=nozzle[0] .getfutletWelocity (]!
double airFlowv=diff.getFlow():
double combustionF low=airFlow;
if | 'combustionChanberlame. equals (7)) {
String[] args=new Stringl[z2]:
args[0] ="procesa"™;
args[ 1] =conbustionChanberlane
Vector wProp=proj.getPropertiesiargs) }
Double f=(Double)vProp.elementit (3]
cowbustionF low=f.doubleValus ()
}
double fiR=combustionFlow/airFlow-1;//fu=sl air ratio
double specThrust=([1+f4AR) *Cout0-Cin)/1000;
thrust_walues.setText (Ucil. aff dispecThrust, 3)]):
double specFuelCona=fiE/specThrust:
fuel value.setText (Util. aff dispecFuelCons, 5));

Loading the Driver

To load the driver, select item "Driver frame" of menu "Special" of the simulator. A combo then offers a list of
available drivers (Figure 3). Select the one you want to load (here "thrust") and validate.

When a driver is already loaded, item "Driver frame" of menu "Special” of the simulator opens the screen in
Figure 4, which allows you to return to the driver loaded (line with its name), to select another, or delete the
existing one without replacing it. Only one driver may be associated with a project.
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Figure 3: Selection of the driver
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Figure 4: Removing the driver




