
PROGRAM CICLU CARNOT ENDOREVERSIBIL 
> restart; 
> tau:=3;P1:=eps*(1-1/eps/tau);P2:=eps*(1-1.25/eps/tau);P3:=eps*(1-1.5/eps/tau); 

 

; ;  

> plot([P1(eps),P2(eps),P3(eps)], eps=0..1, color=[blue,red,black], style=[line,line,line]); 

 
> restart; 
> tau:=1.2;P1:=eps*(1*tau/eps-1);P2:=eps*(1.25*tau/eps-1);P3:=eps*(1.5*tau/eps-1); 

 

; ;  

> plot([P1(eps),P2(eps),P3(eps)], eps=0..1, color=[blue,red,black], style=[line,line,line]); 
 

 
 



 
JOULE – BRAYTON AGENTI DE LUCRU 

> restart; 
> cpaer:=1.01027-1.73736E-4*T+6.08005E-7*T^(2)-3.80644E-10*T^(3)+7.49874E-14*T^(4); 
cvaer:=0.72301-1.73889E-4*T+6.09496E-7*T^(2)-3.81877E-10*T^(3)+7.52717E-14*T^(4); 
cpO2:=0.82397+3.05587E-4*T+5.32089E-8*T^2-1.30137E-10*T^3+3.58225E-14*T^4; 
cvO2:=0.56574+2.96923E-4*T+6.54515E-8*T^2-1.36918E-10*T^3+3.71407E-14*T^4; 
cpH2O:=1.84336-2.31223E-4*T+1.1966E-6*T^2-6.15263E-10*T^3+1.0015E-13*T^4; 
cvH2O:=1.38161-2.29361E-4*T+1.19327E-6*T^2-6.13657E-10*T^3+9.99765E-14*T^4; 
cpN2:=1.07623-3.25964E-4*T+7.92186E-7*T^2-4.66137E-10*T^3+8.87148E-14*T^4; 
cvN2:=0.77884-3.22759E-4*T+7.86981E-7*T^2-4.62795E-10*T^3+8.79811E-14*T^4; 
cpCO2:=0.46236+0.0016*T-1.2402E-6*T^2+4.78609E-10*T^3-7.32796E-14*T^4; 
cvCO2:=0.27337+0.0016*T-1.24189E-6*T^2+4.79536E-10*T^3-7.34111E-14*T^4; 
cpHe:=5.19; cvHe:=3.12; 
cpH2:=13.63327+0.00349*T-5.57821E-6*T^2+4.56786E-9*T^3-1.12853E-12*T^4; 
cvH2:=9.44039+0.00386*T-6.19336E-6*T^2+4.94382E-9*T^3-1.2046E-12*T^4; 
Raer:=(.2868355533+0.28726)/2; 
RO2:=(.2599467914+0.25823)/2; 
RN2:=(.2967773441+0.29739)/2; 
RCO2:=(.190161689+0.18899)/2; 
RHe:=2.07; 
RH2:=(4.14292647+4.19288)/2; 

 

 

 



 

 

 

 

 

 

 

 
 

 

 

 
 
 

 
 

 



> T0:=273;etaC:=0.88;etaT:=0.94;etam:=0.99;dpsursa_calda:=0.98;dpsursa_rece:=0.98; 
 

 
 
 

 
 

> DOMENIUpic;piC:=25;DomeniuT3;T3:=1273.15; 
 

 
 

 

> p1:=1;T1:=293.13;p2:=p1*piC; 
 

 
 

> COMPRIMARE; 
dh12aer:=int(cpaer,T=T1..T2); 
dh12O2:=int(cpO2,T=T1..T2); 
dh12N2:=int(cpN2,T=T1..T2); 
dh12CO2:=int(cpCO2,T=T1..T2); 
dh12He:=int(cpHe,T=T1..T2); 
dh12H2:=int(cpH2,T=T1..T2); 
du12aer:=int(cvaer,T=T1..T2); 
du12O2:=int(cvO2,T=T1..T2); 
du12N2:=int(cvN2,T=T1..T2); 
du12CO2:=int(cvCO2,T=T1..T2); 
du12He:=int(cvHe,T=T1..T2); 
du12H2:=int(cvH2,T=T1..T2); 
k12aer:=dh12aer/du12aer; 
k12O2:=dh12O2/du12O2; 



k12N2:=dh12N2/du12N2; 
k12CO2:=dh12CO2/du12CO2; 
k12He:=dh12He/du12He; 
k12H2:=dh12H2/du12H2; 

 
 

 

 

 

 
 

 

 



 

 

 
 

 

 

 



 

 

 

> eq12taer:=T2-T1*piC^((k12aer-1)/k12aer); 
eq12tO2:=T2-T1*piC^((k12O2-1)/k12O2); 
eq12tN2:=T2-T1*piC^((k12N2-1)/k12N2); 
eq12tCO2:=T2-T1*piC^((k12CO2-1)/k12CO2); 
eq12tHe:=T2-T1*piC^((k12He-1)/k12He); 
eq12tH2:=T2-T1*piC^((k12H2-1)/k12H2);T2taer:=fsolve(eq12taer,T2); 
T2tO2:=fsolve(eq12tO2,T2); 
T2tN2:=fsolve(eq12tN2,T2); 
T2tCO2:=fsolve(eq12tCO2,T2); 
T2tHe:=fsolve(eq12tHe,T2); 
T2tH2:=fsolve(eq12tH2,T2); 





 

 

 
 
 

 
 
 

> dh12taer:=int(cpaer,T=T1..T2taer); 
dh12tO2:=int(cpO2,T=T1..T2tO2); 
dh12tN2:=int(cpN2,T=T1..T2tN2); 
dh12tCO2:=int(cpCO2,T=T1..T2tCO2); 
dh12tHe:=int(cpHe,T=T1..T2tHe); 
dh12tH2:=int(cpH2,T=T1..T2tH2); 



dh12raer:=dh12taer/etaC; 
dh12rO2:=dh12tO2/etaC; 
dh12rN2:=dh12tN2/etaC; 
dh12rCO2:=dh12tCO2/etaC; 
dh12rHe:=dh12tHe/etaC; 
dh12rH2:=dh12tH2/etaC; 

 
 
 

 
 
 
 
 
 

 
 
 

> eq12raer:=dh12raer-int(cpaer,T=T1..T2riaer); 
eq12rO2:=dh12rO2-int(cpO2,T=T1..T2riO2); 
eq12rN2:=dh12rN2-int(cpN2,T=T1..T2riN2); 
eq12rCO2:=dh12rCO2-int(cpCO2,T=T1..T2riCO2); 
eq12rHe:=dh12rHe-int(cpHe,T=T1..T2riHe); 
eq12rH2:=dh12rH2-int(cpH2,T=T1..T2riH2); 
T2raer:=fsolve(eq12raer,T2riaer); 
T2rO2:=fsolve(eq12rO2,T2riO2); 
T2rN2:=fsolve(eq12rN2,T2riN2); 
T2rCO2:=fsolve(eq12rCO2,T2riCO2); 
T2rHe:=fsolve(eq12rHe,T2riHe); 
T2rH2:=fsolve(eq12rH2,T2riH2); 



 

 

 

 

 
 

 
 
 

 
 

 

> 
SURSA_CALDA;T2aer:=770.5881744;T2O2:=744.7098586;T2N2:=775.7479070;T2CO2:=589.4623521;T2He:=11
62.672821;T2H2:=791.5362518;dh23aer:=int(cpaer,T=T2aer..T3);dh23O2:=int(cpO2,T=T2O2..T3);dh23N2:=int(c
pN2,T=T2N2..T3);dh23CO2:=int(cpCO2,T=T2CO2..T3);dh23He:=int(cpHe,T=T2He..T3);dh23H2:=int(cpH2,T=T2H
2..T3);p3:=p2*dpsursa_calda; 

 
 



 
 

 
 
 

 
 
 

 
 
 

 

> 
DESTINDERE;p4:=p1/dpsursa_rece;dh34aer:=int(cpaer,T=T3..T4);dh34O2:=int(cpO2,T=T3..T4);dh34N2:=int(cp
N2,T=T3..T4);dh34CO2:=int(cpCO2,T=T3..T4);dh34He:=int(cpHe,T=T3..T4);dh34H2:=int(cpH2,T=T3..T4);du34ae
r:=int(cvaer,T=T3..T4);du34O2:=int(cvO2,T=T3..T4);du34N2:=int(cvN2,T=T3..T4);du34CO2:=int(cvCO2,T=T3..T4
);du34He:=int(cvHe,T=T3..T4);du34H2:=int(cvH2,T=T3..T4);k34aer:=dh34aer/du34aer;k34O2:=dh34O2/du34O2;
k34N2:=dh34N2/du34N2;k34CO2:=dh34CO2/du34CO2;k34He:=dh34He/du34He;k34H2:=dh34H2/du34H2; 

 
 

 

 

 



 

 
 

 

 

 

 

 
 



 

 

 

 

 

 

> piT:=p4/p3;eq34taer:=T4-T3*piT^((k34aer-1)/k34aer);eq34tO2:=T4-T3*piT^((k34O2-1)/k34O2);eq34tN2:=T4-
T3*piT^((k34N2-1)/k34N2);eq34tCO2:=T4-T3*piT^((k34CO2-1)/k34CO2);eq34tHe:=T4-T3*piT^((k34He-
1)/k34He);eq34tH2:=T4-T3*piT^((k34H2-



1)/k34H2);T4taer:=fsolve(eq34taer,T4);T4tO2:=fsolve(eq34tO2,T4);T4tN2:=fsolve(eq34tN2,T4);T4tCO2:=fsolve(
eq34tCO2,T4);T4tHe:=fsolve(eq34tHe,T4);T4tH2:=fsolve(eq34tH2,T4); 

 
 



 



 



 

 



 

 
 
 

 
 
 

> 
dh34taer:=int(cpaer,T=T3..T4taer);dh34tO2:=int(cpO2,T=T3..T4tO2);dh34tN2:=int(cpN2,T=T3..T4tN2);dh34tCO2
:=int(cpCO2,T=T3..T4tCO2);dh34tHe:=int(cpHe,T=T3..T4tHe);dh34tH2:=int(cpH2,T=T3..T4tH2);dh34raer:=dh34t
aer*etaT;dh34rO2:=dh34tO2*etaT;dh34rN2:=dh34tN2*etaT;dh34rCO2:=dh34tCO2*etaT;dh34rHe:=dh34tHe*eta
T;dh34rH2:=dh34tH2*etaT; 

 
 
 



 
 
 
 
 
 

 
 
 

> eq34raer:=dh34raer-int(cpaer,T=T3..T4riaer);eq34rO2:=dh34rO2-int(cpO2,T=T3..T4riO2);eq34rN2:=dh34rN2-
int(cpN2,T=T3..T4riN2);eq34rCO2:=dh34rCO2-int(cpCO2,T=T3..T4riCO2);eq34rHe:=dh34rHe-
int(cpHe,T=T3..T4riHe);eq34rH2:=dh34rH2-
int(cpH2,T=T3..T4riH2);T4raer:=fsolve(eq34raer,T4riaer);T4rO2:=fsolve(eq34rO2,T4riO2);T4rN2:=fsolve(eq34r
N2,T4riN2);T4rCO2:=fsolve(eq34rCO2,T4riCO2);T4rHe:=fsolve(eq34rHe,T4riHe);T4rH2:=fsolve(eq34rH2,T4riH2
); 

 

 

 

 

 



 

 
 
 

 
 

 

> 
SURSA_RECE;T4aer:=609.2577079;T4O2:=632.3355147;T4N2:=604.3604020;T4CO2:=810.5859486;T4He:=413.
2466333;T4H2:=573.1501398;dh41aer:=int(cpaer,T=T4aer..T1);dh41O2:=int(cpO2,T=T4O2..T1);dh41N2:=int(cp
N2,T=T4N2..T1);dh41CO2:=int(cpCO2,T=T4CO2..T1);dh41He:=int(cpHe,T=T4He..T1);dh41H2:=int(cpH2,T=T4H2
..T1); 

 
 
 
 

 
 
 

 
 
 

 
 
 

> 
RANDAMENT;Eaer:=1+dh41aer/dh23aer;EO2:=1+dh41O2/dh23O2;EN2:=1+dh41N2/dh23N2;ECO2:=1+dh41CO
2/dh23CO2;EHe:=1+dh41He/dh23He;EH2:=1+dh41H2/dh23H2; 

 



 
 
 

 
 
 

> 
PUTERI;Paer:=dh41aer+dh23aer;PO2:=dh41O2+dh23O2;PN2:=dh41N2+dh23N2;PCO2:=dh41CO2+dh23CO2;P
He:=dh41He+dh23He;PH2:=dh41H2+dh23H2; 

 
 
 
 

 
 

 

> GENERARE_ENTROPIE;ds12aer:=int(cpaer/T,T=T2taer..T2aer);ds23aer:=int(-
Raer/p,p=p2..p3);ds34aer:=int(cpaer/T,T=T4taer..T4aer);ds41aer:=int(-
Raer/p,p=p4..p1);dsqaer:=int(cpaer/T,T=T2aer..T3);Nirraer_int:=1+(ds12aer+ds23aer+ds34aer+ds41aer)/dsqae
r; 

 
 
 

 
 

 
 

> ds12O2:=int(cpO2/T,T=T2tO2..T2O2);ds23O2:=int(-
RO2/p,p=p2..p3);ds34O2:=int(cpO2/T,T=T4tO2..T4O2);ds41O2:=int(-
RO2/p,p=p4..p1);dsqO2:=int(cpO2/T,T=T2O2..T3);NirrO2_int:=1+(ds12O2+ds23O2+ds34O2+ds41O2)/dsqO2; 

 



 
 
 

 
 

> ds12N2:=int(cpN2/T,T=T2tN2..T2N2);ds23N2:=int(-
RN2/p,p=p2..p3);ds34N2:=int(cpN2/T,T=T4tN2..T4N2);ds41N2:=int(-
RN2/p,p=p4..p1);dsqN2:=int(cpN2/T,T=T2N2..T3);NirrN2_int:=1+(ds12N2+ds23N2+ds34N2+ds41N2)/dsqN2; 

 
 

 
 

 
 

> ds12CO2:=int(cpCO2/T,T=T2tCO2..T2CO2);ds23CO2:=int(-
RCO2/p,p=p2..p3);ds34CO2:=int(cpCO2/T,T=T4tCO2..T4CO2);ds41CO2:=int(-
RCO2/p,p=p4..p1);dsqCO2:=int(cpCO2/T,T=T2CO2..T3);NirrCO2_int:=1+(ds12CO2+ds23CO2+ds34CO2+ds41C
O2)/dsqCO2; 

 
 

 
 

 
 

> ds12He:=int(cpHe/T,T=T2tHe..T2He);ds23He:=int(-
RHe/p,p=p2..p3);ds34He:=int(cpHe/T,T=T4tHe..T4He);ds41He:=int(-
RHe/p,p=p4..p1);dsqHe:=int(cpHe/T,T=T2He..T3);NirrHe_int:=1+(ds12He+ds23He+ds34He+ds41He)/dsqHe; 

 
 

 
 



 
 

> ds12H2:=int(cpH2/T,T=T2tH2..T2H2);ds23H2:=int(-
RH2/p,p=p2..p3);ds34H2:=int(cpH2/T,T=T4tH2..T4H2);ds41H2:=int(-
RH2/p,p=p4..p1);dsqH2:=int(cpH2/T,T=T2H2..T3);NirrH2_int:=1+(ds12H2+ds23H2+ds34H2+ds41H2)/dsqH2; 

 
 

 
 

 
 

> save 
piC,piT,T1,T3,T2aer,T4aer,T2O2,T4O2,T2N2,T4N2,T2CO2,T4CO2,T2He,T4He,T2H2,T4H2,Paer,PO2,PN2,PCO2,P
He,PH2,Eaer,EO2,EN2,ECO2,EHe,EH2,Nirraer_int,NirrO2_int,NirrN2_int,NirrCO2_int,NirrHe_int,NirrH2_int,"dat
e brayton agenti de lucru";read "date brayton agenti de lucru"; 

 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 



 
 
 

 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

>  
PROGRAM ARDERE CU RECIRCULARE GAZE DE ARDERE 

> restart; 

> p1:=0.94;T0:=273;T1:=293;T2:=1473;p0:=1;pv0s:=610.8/100000; 

 

 

 

 

 

 

> mair:=4;l0:=2500;u0:=l0-610.8*206.3/1000; 

 

 



 

> 

Molar_mass_in_kg_per_kmole;MCH4:=16;MC2H6:=30;MC3H8:=44;MC4H10:=58;MCO2

:=44;MN2:=28;MC:=12;MH2:=2;MO2:=32;MH2O:=18; 

 

 

 

 

 

 

 

 

 

 

 

> Natural_gas_mole_composition_in_kmole_per_kmole_fuel; 

rCH4f:=0.865;rC2H6f:=0.079;rC3H8f:=0.022;rC4H10f:=0.003;rCO2f:=0.005;rN

2f:=0.026;sumrif:=rCH4f+rC2H6f+rC3H8f+rC4H10f+rCO2f+rN2f;Mf:=rCH4f*MCH4

+rC2H6f*MC2H6+rC3H8f*MC3H8+rC4H10f*MC4H10+rCO2f*MCO2+rN2f*MN2; 

 

 

 

 

 

 

 

 

 

> 

Natural_gas_mass_composition_in_kg_per_kg_fuel;gCH4f:=rCH4f*MCH4/Mf;gC2

H6f:=rC2H6f*MC2H6/Mf;gC3H8f:=rC3H8f*MC3H8/Mf;gC4H10f:=rC4H10f*MC4H10/Mf



;gCO2f:=rCO2f*MCO2/Mf;gN2f:=rN2f*MN2/Mf;sumgif:=gCH4f+gC2H6f+gC3H8f+gC4

H10f+gCO2f+gN2f;gCf:=MC*(rCH4f+2*rC2H6f+3*rC3H8f+4*rC4H10f)/Mf;gH2f:=MH

2*(2*rCH4f+3*rC2H6f+4*rC3H8f+5*rC4H10f)/Mf;sumgif_C_H2:=gCf+gH2f+gCO2f+

gN2f; 

 

 

 

 

 

 

 

 

 

 

 

> 

Dried_Air_Mole_composition_in_kmole_per_kmole_dair;rO2dair:=0.2059;rN2d

air:=0.7809;rCO2dair:=0.0132;Mdair:=rO2dair*MO2+rN2dair*MN2+rCO2dair*MC

O2; 

 

 

 

 

 

> 

Dried_Air_Mass_composition_in_kg_per_kg_dair;gO2dair:=rO2dair*MO2/Mdair

;gN2dair:=rN2dair*MN2/Mdair;gCO2dair:=rCO2dair*MCO2/Mdair;sumgdair:=gO2

dair+gN2dair+gCO2dair; 

 

 

 



 

 

> Humid_Air_Mass_composition_in_kg_per_kg_dair;phi1:=0.5;t1:=T1-

273.15;pvsH2O1:=-.4164460979e-18*t1^10+.2004215749e-

15*t1^9+.6588432820e-3*t1-.4117823023e-13*t1^8-.4560213564e-

4*t1^2+.4719547427e-11*t1^7+.6985705427e-5*t1^3-.3308562609e-9*t1^6-

.4022805689e-6*t1^4+.1465463358e-7*t1^5+.6108e-

2;x1:=MH2O*phi1*pvsH2O1/(p1-phi1*pvsH2O1)/Mdair; 

 

 

 

 

 

> 

Humid_Air_Mass_composition_in_kg_per_kg_air;R:=8.3145;gO2air:=gO2dair/(

1+x1);gN2air:=gN2dair/(1+x1);gCO2air:=gCO2dair/(1+x1);gH2Oair:=x1/(1+x1

);sumgair:=gO2air+gN2air+gCO2air+gH2Oair;Rair:=R*(gO2air/MO2+gN2air/MN2

+gCO2air/MCO2+gH2Oair/MH2O); 

 

 

 

 

 

 

 

 

> 

Humid_Air_Mass_flow_rates_in_kg_per_sec;mO2air:=mair*gO2air;mN2air:=mai

r*gN2air;mCO2air:=mair*gCO2air;mH2Oair:=mair*gH2Oair;summair:=mO2air+mN

2air+mCO2air+mH2Oair; 

 



 

 

 

 

 

> 

Stoechiometric_relations_in_kg_per_kg_fuel;mO2min:=MO2*(gCf/MC+gH2f/MH2

/2);mairmin:=mO2min/gO2air; 

 

 

 

> First_Flue_gases_mass_flow_rates_in_kg_per_sec;mO2fg1:=mair*gO2air-

mf1*mO2min;mN2fg1:=mair*gN2air+mf1*gN2f;mCO2fg1:=mair*gCO2air+mf1*(MCO2

*gCf/MC+gCO2f);mH2Ofg1:=mair*gH2Oair+mf1*(MH2O*gH2f/MH2);mfg1:=mCO2fg1+

mO2fg1+mN2fg1+mH2Ofg1;mfg_verif1:=mair+mf1*(gN2f+MCO2*gCf/MC+gCO2f+MH2O

*gH2f/MH2-mO2min); 

 

 

 

 

 

 

 

> 

First_Flue_gases_mass_compozition_in_kg_per_kg;gO2fg1:=mO2fg1/mfg1;gN2f

g1:=mN2fg1/mfg1;gCO2fg1:=mCO2fg1/mfg1;gH2Ofg1:=mH2Ofg1/mfg1; 

 

 

 

 



 

> 

First_Dried_flue_gases_mass_composition_in_kg_per_kg;gO2fgd1:=mO2fg1/(m

fg1-mH2Ofg1);gN2fgd1:=mN2fg1/(mfg1-mH2Ofg1);gCO2fgd1:=mCO2fg1/(mfg1-

mH2Ofg1); 

 

 

 

 

> 

Heating_values_of_fuel_in_kJ_per_kg_fuel;HHV_CH4:=evalf(4.185*212790/MC

H4);HHV_C2H6:=evalf(4.185*372810/MC2H6);HHV_C3H8:=evalf(4.185*530570/MC

3H8);HHV_C4H10:=evalf(4.185*686310/MC4H10);HHV:=gCH4f*HHV_CH4+gC2H6f*HH

V_C2H6+gC3H8f*HHV_C3H8+gC4H10f*HHV_C4H10; 

 

 

 

 

 

 

> cpO2:=0.82397+3.05587E-4*T+5.32089E-8*T^2-1.30137E-10*T^3+3.58225E-

14*T^4;cvO2:=0.56574+2.96923E-4*T+6.54515E-8*T^2-1.36918E-

10*T^3+3.71407E-14*T^4;cpH2O:=1.84336-2.31223E-4*T+1.1966E-6*T^2-

6.15263E-10*T^3+1.0015E-13*T^4;cvH2O:=1.38161-2.29361E-4*T+1.19327E-

6*T^2-6.13657E-10*T^3+9.99765E-14*T^4;cpN2:=1.07623-3.25964E-

4*T+7.92186E-7*T^2-4.66137E-10*T^3+8.87148E-14*T^4;cvN2:=0.77884-

3.22759E-4*T+7.86981E-7*T^2-4.62795E-10*T^3+8.79811E-

14*T^4;cpCO2:=0.46236+0.0016*T-1.2402E-6*T^2+4.78609E-10*T^3-7.32796E-

14*T^4;cvCO2:=0.27337+0.0016*T-1.24189E-6*T^2+4.79536E-10*T^3-7.34111E-



14*T^4;cpCH4:=0.18537+0.00191*T-3.13681E-6*T^2+2.2951E-

9*T^3;cpair:=gO2air*cpO2+gN2air*cpN2+gCO2air*cpCO2+gH2Oair*cpH2O;cvair:

=gO2air*cvO2+gN2air*cvN2+gCO2air*cvCO2+gH2Oair*cvH2O;cpC2H6:=4.185*(1.6

2+42.1E-3*T-13.9E-6*T^2)/MC2H6;cpC3H8:=4.185*(0.12+64.47E-3*T-22.76E-

6*T^2)/MC3H8;cpC4H10:=1.25*4.185*(0.12+64.47E-3*T-22.76E-6*T^2)/MC4H10;  

 

 

 

 

 

 

 

 

 
 



 

 

 

 

> 

cplw:=4.185;mlw1:=0;eqca1:=0.95*mf1*HHV+mf1*(gCH4f*int(cpCH4,T=T0..T1)+

gC2H6f*int(cpC2H6,T=T0..T1)+gC3H8f*int(cpC3H8,T=T0..T1)+gC4H10f*int(cpC

4H10,T=T0..T1))+mO2air*int(cpO2,T=T0..T1)+mN2air*int(cpN2,T=T0..T1)+mCO

2air*int(cpCO2,T=T0..T1)+mH2Oair*(int(cpH2O,T=T0..T1)+l0)+mlw1*int(cplw

,T=T0..T1)-mN2fg1*int(cpN2,T=T0..T2)-mCO2fg1*int(cpCO2,T=T0..T2)-

(mH2Ofg1+mlw1)*(int(cpH2O,T=T0..T2)+l0)-

mO2fg1*int(cpO2,T=T0..T2)=0;mfv1:=solve(eqca1,mf1);Qfuel1:=mfv1*HHV; 

 

 

 

 

 

> 

First_Flue_gases_mass_flow_rates_values_in_kg_per_sec;mO2fgv1:=mair*gO2

air-

mfv1*mO2min;mN2fgv1:=mair*gN2air+mfv1*gN2f;mCO2fgv1:=mair*gCO2air+mfv1*

(MCO2*gCf/MC+gCO2f);mH2Ofgv1:=mair*gH2Oair+mfv1*(MH2O*gH2f/MH2)+mlw1;mf

gv1:=mCO2fgv1+mO2fgv1+mN2fgv1+mH2Ofgv1;mfg_verifv:=mair+mlw1+mfv1*(gN2f

+MCO2*gCf/MC+gCO2f+MH2O*gH2f/MH2-

mO2min);coef_stoechiometric1:=mfgv1/mairmin; 



 

 

 

 

 

 

 

 

> 

First_Flue_gases_mass_compozition_values_in_kg_per_kg;gO2fgv1:=mO2fgv1/

mfgv1;gN2fgv1:=mN2fgv1/mfgv1;gCO2fgv1:=mCO2fgv1/mfgv1;gH2Ofgv1:=mH2Ofgv

1/mfgv1;sumgfgv1:=gO2fgv1+gN2fgv1+gCO2fgv1+gH2Ofgv1; 

 

 

 

 

 

 

> 

First_Flue_gases_mole_compozition_values_in_kmole_per_kmole;rO2fgv1:=gO

2fgv1/MO2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/MH2O);rN2fgv1

:=gN2fgv1/MN2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/MH2O);rCO

2fgv1:=gCO2fgv1/MCO2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/MH

2O);rH2Ofgv1:=gH2Ofgv1/MH2O/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2O

fgv1/MH2O);sumrfgv1:=rO2fgv1+rN2fgv1+rCO2fgv1+rH2Ofgv1; 

 

 

 

 

 

 



> 

First_Dried_Flue_gases_mass_compozition_values_in_kg_per_kg;gO2dfgv1:=m

O2fgv1/(mO2fgv1+mN2fgv1+mCO2fgv1);gN2dfgv1:=mN2fgv1/(mO2fgv1+mN2fgv1+mC

O2fgv1);gCO2dfgv1:=mCO2fgv1/(mO2fgv1+mN2fgv1+mCO2fgv1);sumgdfgv1:=gO2df

gv1+gN2dfgv1+gCO2dfgv1; 

 

 

 

 

 

> Rair:=int((cpair-cvair),T=T1..T2)/(T2-T1);RO2:=int((cpO2-

cvO2),T=T1..T2)/(T2-T1);RN2:=int((cpN2-cvN2),T=T1..T2)/(T2-

T1);RCO2:=int((cpCO2-cvCO2),T=T1..T2)/(T2-T1);RH2O:=int((cpH2O-

cvH2O),T=T1..T2)/(T2-T1); 

 

 

 

 

 

> 

Rfgv1:=gO2fgv1*RO2+gN2fgv1*RN2+gCO2fgv1*RCO2+gH2Ofgv1*RH2O;Rdfgv1:=gO2d

fgv1*RO2+gN2dfgv1*RN2+gCO2dfgv1*RCO2; 

 

 

> Second_Flue_gases_mass_flow_rates_in_kg_per_sec;mO2fg2:=mO2fgv1-

mf2*mO2min;mN2fg2:=mN2fgv1+mf2*gN2f;mCO2fg2:=mCO2fgv1+mf2*(MCO2*gCf/MC+

gCO2f);mH2Ofg2:=mH2Ofgv1+mf2*(MH2O*gH2f/MH2);mfg2:=mCO2fg2+mO2fg2+mN2fg

2+mH2Ofg2;mfg_verif2:=mfgv1+mf2*(gN2f+MCO2*gCf/MC+gCO2f+MH2O*gH2f/MH2-

mO2min); 

 

 



 

 

 

 

 

> 

mlw2:=0;eqca2:=0.95*mf2*HHV+mf2*(gCH4f*int(cpCH4,T=T0..T1)+gC2H6f*int(c

pC2H6,T=T0..T1)+gC3H8f*int(cpC3H8,T=T0..T1)+gC4H10f*int(cpC4H10,T=T0..T

1))+mN2fgv1*int(cpN2,T=T0..T9r)+mCO2fgv1*int(cpCO2,T=T0..T9r)+mlw2*int(

cplw,T=T0..T1)+mH2Ofgv1*(int(cpH2O,T=T0..T9r)+l0)+mO2fgv1*int(cpO2,T=T0

..T9r)-mN2fg2*int(cpN2,T=T0..T10r)-mCO2fg2*int(cpCO2,T=T0..T10r)-

(mH2Ofg2+mlw2)*(int(cpH2O,T=T0..T10r)+l0)-

mO2fg2*int(cpO2,T=T0..T10r)=0;mfv2:=solve(eqca2,mf2);Qfuel2:=mfv2*HHV; 

 

 

 

 

> 

Second_Flue_gases_mass_flow_rates_values_in_kg_per_sec;mO2fgv2:=mO2fgv1

-

mfv2*mO2min;mN2fgv2:=mN2fgv1+mfv2*gN2f;mCO2fgv2:=mCO2fgv1+mfv2*(MCO2*gC

f/MC+gCO2f);mH2Ofgv2:=mH2Ofgv1+mfv2*(MH2O*gH2f/MH2)+mlw2;mfgv2:=mCO2fgv

2+mO2fgv2+mN2fgv2+mH2Ofgv2;mfg_verifv2:=mfgv1+mlw2+mfv2*(gN2f+MCO2*gCf/

MC+gCO2f+MH2O*gH2f/MH2-mO2min);coef_stoechiometric1:=mfgv2/mairmin; 

 

 

 

 

 

 

 



 

> 

Second_Flue_gases_mass_compozition_values_in_kg_per_kg;gO2fgv2:=mO2fgv2

/mfgv2;gN2fgv2:=mN2fgv2/mfgv2;gCO2fgv2:=mCO2fgv2/mfgv2;gH2Ofgv2:=mH2Ofg

v2/mfgv2; 

 

 

 

 

 

> 

Second_Flue_gases_mole_compozition_values_in_kmole_per_kmole;rO2fgv2:=g

O2fgv2/MO2/(gO2fgv2/MO2+gN2fgv2/MN2+gCO2fgv2/MCO2+gH2Ofgv2/MH2O);rN2fgv

2:=gN2fgv2/MN2/(gO2fgv2/MO2+gN2fgv2/MN2+gCO2fgv2/MCO2+gH2Ofgv2/MH2O);rC

O2fgv2:=gCO2fgv2/MCO2/(gO2fgv2/MO2+gN2fgv2/MN2+gCO2fgv2/MCO2+gH2Ofgv2/M

H2O);rH2Ofgv2:=gH2Ofgv2/MH2O/(gO2fgv2/MO2+gN2fgv2/MN2+gCO2fgv2/MCO2+gH2

Ofgv2/MH2O);sumrfgv2:=rO2fgv2+rN2fgv2+rCO2fgv2+rH2Ofgv2; 

 

 

 

 

 

 

> 

Second_Dried_Flue_gases_mass_compozition_values_in_kg_per_kg;gO2dfgv2:=

mO2fgv2/(mO2fgv2+mN2fgv2+mCO2fgv2);gN2dfgv2:=mN2fgv2/(mO2fgv2+mN2fgv2+m

CO2fgv2);gCO2dfgv2:=mCO2fgv2/(mO2fgv2+mN2fgv2+mCO2fgv2);sumgdfgv2:=gO2d

fgv2+gN2dfgv2+gCO2dfgv2; 
 

 



 

 

 

> 

Rfgv2:=gO2fgv2*RO2+gN2fgv2*RN2+gCO2fgv2*RCO2+gH2Ofgv2*RH2O;Rdfgv2:=gO2d

fgv2*RO2+gN2dfgv2*RN2+gCO2dfgv2*RCO2; 

 

 

> 

dh78t:=mCO2fgv1*int(cpCO2,T=T7r..T8)+mN2fgv1*int(cpN2,T=T7r..T8)+mH2Ofg

v1*(int(cpH2O,T=T7r..T8)+l0)+mO2fgv1*int(cpO2,T=T7r..T8);du78t:=mCO2fgv

1*int(cvCO2,T=T7r..T8)+mN2fgv1*int(cvN2,T=T7r..T8)+mH2Ofgv1*(int(cvH2O,

T=T7r..T8)+u0)+mO2fgv1*int(cpO2,T=T7r..T8);k78t:=dh78t/du78t;eq78t:=T8-

T7r*(p8/p7)^((k78t-1)/k78t)=0;T8t:=fsolve(eq78t,T8); 
 

 

 



 

 

> 

dh78t:=mCO2fgv1*int(cpCO2,T=T7r..T8t)+mN2fgv1*int(cpN2,T=T7r..T8t)+mH2O

fgv1*(int(cpH2O,T=T7r..T8t)+l0)+mO2fgv1*int(cpO2,T=T7r..T8t);dh78r:=mCO

2fgv1*int(cpCO2,T=T7r..T8)+mN2fgv1*int(cpN2,T=T7r..T8)+mH2Ofgv1*(int(cp

H2O,T=T7r..T8)+l0)+mO2fgv1*int(cpO2,T=T7r..T8);;eq78r:=dh78r/dh78t-

etat1=0;T8r:=fsolve(eq78r,T8);t8r:=T8r-273.15; 

 
 



 

 

 

> 

cpfgv1:=gN2fgv1*cpN2+gO2fgv1*cpO2+gCO2fgv1*cpCO2+gH2Ofgv1*cpH2O;Pt1:=-

etam*mfgv1*int(cpfgv1,T=T7r..T8r);Pc12:=-

mair*(int(cpair,T=T1..T2r)+int(cpair,T=T3r..T4r)); 

 

 

 

> 

dh1011t:=mCO2fgv2*int(cpCO2,T=T10r..T11)+mN2fgv2*int(cpN2,T=T10r..T11)+

mH2Ofgv2*(int(cpH2O,T=T10r..T11)+l0)+mO2fgv2*int(cpO2,T=T10r..T11);du10

11t:=mCO2fgv2*int(cvCO2,T=T10r..T11)+mN2fgv2*int(cvN2,T=T10r..T11)+mH2O

fgv2*(int(cvH2O,T=T10r..T11)+u0)+mO2fgv2*int(cpO2,T=T10r..T11);k1011t:=

dh1011t/du1011t;eq1011t:=T11-T10r*(p11/p10)^((k1011t-

1)/k1011t)=0;T11t:=fsolve(eq1011t,T11); 
 

 



 

 

 

> 

dh1011t:=mCO2fgv2*int(cpCO2,T=T10r..T11t)+mN2fgv2*int(cpN2,T=T10r..T11t

)+mH2Ofgv2*(int(cpH2O,T=T10r..T11t)+l0)+mO2fgv2*int(cpO2,T=T10r..T11t);

dh1011r:=mCO2fgv2*int(cpCO2,T=T10r..T11)+mN2fgv2*int(cpN2,T=T10r..T11)+

mH2Ofgv2*(int(cpH2O,T=T10r..T11)+l0)+mO2fgv2*int(cpO2,T=T10r..T11);eq10

11r:=dh1011r/dh1011t-etat2=0;T11r:=fsolve(eq1011r,T11);t11r:=T11r-

273.15; 

 



 

 

 

 

> 

cpfgv2:=gN2fgv2*cpN2+gO2fgv2*cpO2+gCO2fgv2*cpCO2+gH2Ofgv2*cpH2O;Pel:=-

etam*etael*mfgv2*int(cpfgv2,T=T10r..T11r);DP:=100*(Pel-1200)/1200; 

 

 

 

> eqrec:=mfgv2*int(cpfgv2,T=T12r..T11r)-

mair*int(cpair,T=T4r..T5)=0;T5r:=fsolve(eqrec,T5);t5r:=T5r-273.15; 
 

 

 

> t1:=T1-

273.15;t13:=90;T13:=t13+273.15;T13r:=T13;saturation_pressure_of_water_v

apor;p_in_bar;t_in_degrees_Celsius; pvsH2O1:=-.4164460979e-

18*t1^10+.2004215749e-15*t1^9+.6588432820e-3*t1-.4117823023e-13*t1^8-

.4560213564e-4*t1^2+.4719547427e-11*t1^7+.6985705427e-5*t1^3-

.3308562609e-9*t1^6-.4022805689e-6*t1^4+.1465463358e-7*t1^5+.6108e-

2;xsfgv21:=Rdfgv2*pvsH2O1/(p1-pvsH2O1)/RH2O;pvsH2O13:=-.4164460979e-



18*t13^10+.2004215749e-15*t13^9+.6588432820e-3*t13-.4117823023e-

13*t13^8-.4560213564e-4*t13^2+.4719547427e-11*t13^7+.6985705427e-

5*t13^3-.3308562609e-9*t13^6-.4022805689e-6*t13^4+.1465463358e-

7*t13^5+.6108e-2;xsfgv213:=Rdfgv2*pvsH2O13/(p12-pvsH2O13)/RH2O; 

 

 

 

 

 

 

 

 

 

 

 

> LHV:=HHV-mH2Ofgv2*l0/(mfv1+mfv2); 

 

> xfgv2:=mH2Ofgv2/(mO2fgv2+mCO2fgv2+mN2fgv2);dxfgv2:=xfgv2-xsfgv21; 

 

 

> mH2Ofgv2_cond:=(mN2fgv2+mCO2fgv2+mO2fgv2)*(xfgv2-xsfgv21); 

 

> 

Qfuel:=Qfuel1+Qfuel2;Q:=Qfuel+mair*int(cpair,T=T5r..T6r)+mfgv1*int(cpfg

v1,T=T8r..T9r);Q0:=mN2fgv2*int(cpN2,T=T12r..T1)+mO2fgv2*int(cpO2,T=T12r

..T1)+mCO2fgv2*int(cpCO2,T=T12r..T1)+mH2Ofgv2*(int(cpH2O,T=T12r..T1))+m

air*int(cpair,T=T2r..T3r);Q0rec:=mfgv2*int(cpfgv2,T=T12r..T1)+mair*int(

cpair,T=T2r..T3r);P:=mfgv2*int(cpfgv2,T=T11r..T10r);eft:=P/Q;efel:=Pel/

Q; 

 

 



 

 

 

 

 

> 

h1:=int(cpair,T=T0..T1);h2t:=int(cpair,T=T0..T2t);h2r:=int(cpair,T=T0..

T2r);h3r:=int(cpair,T=T0..T3r);h4t:=int(cpair,T=T0..T4t);h4r:=int(cpair

,T=T0..T4r);h5r:=int(cpair,T=T0..T5r);h6r:=int(cpair,T=T0..T6r);h7r:=in

t(cpfgv1,T=T0..T7r);h8t:=int(cpfgv1,T=T0..T8t);h8r:=int(cpfgv1,T=T0..T8

r);h9r:=int(cpfgv1,T=T0..T9r);h10r:=int(cpfgv2,T=T0..T10r);h11t:=int(cp

fgv2,T=T0..T11t);h11r:=int(cpfgv2,T=T0..T11r);h12r:=int(cpfgv2,T=T0..T1

2r); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

> 

Final_1_Flue_gases_mass_compozition_values_in_kg_per_kg;gO2fgv1:=mO2fgv



/(mfgv-mH2Ofgv+mH2Ofg_rest1);gN2fgv1:=mN2fgv/(mfgv-

mH2Ofgv+mH2Ofg_rest1);gCO2fgv1:=mCO2fgv/(mfgv-

mH2Ofgv+mH2Ofg_rest1);gH2Ofgv1:=mH2Ofg_rest1/(mfgv-

mH2Ofgv+mH2Ofg_rest1);sumfg1:=gO2fgv1+gN2fgv1+gCO2fgv1+gH2Ofgv1; 

 

 

 

 

 

 

> 

Final_1_Flue_gases_mole_compozition_values_in_kmole_per_kmole;rO2fgv1:=

gO2fgv1/MO2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/MH2O);rN2fg

v1:=gN2fgv1/MN2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/MH2O);r

CO2fgv1:=gCO2fgv1/MCO2/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH2Ofgv1/

MH2O);rH2Ofgv1:=gH2Ofgv1/MH2O/(gO2fgv1/MO2+gN2fgv1/MN2+gCO2fgv1/MCO2+gH

2Ofgv1/MH2O);sumrfg1:=rO2fgv1+rN2fgv1+rCO2fgv1+rH2Ofgv1; 
 



 

 

 

 



 



> 

p0N2:=rN2air*p0;p0O2:=rO2air*p0;p0CO2:=rCO2air*p0;p0H2O:=pv0;p4tN2:=rN2

fgv*p4t;p4tO2:=rO2fgv*p4t;p4tCO2:=rCO2fgv*p4t;p4tH2O:=rH2Ofgv*p4t;sump4

t:=p4tN2+p4tO2+p4tCO2+p4tH2O=p3r;p4rN2:=rN2fgv*p4r;p4rO2:=rO2fgv*p4r;p4

rCO2:=rCO2fgv*p4r;p4rH2O:=rH2Ofgv*p4r;sump4r:=p4rN2+p4rO2+p4rCO2+p4rH2O

=p4r;p5tN2:=rN2fgv*p5t;p5tO2:=rO2fgv*p5t;p5tCO2:=rCO2fgv*p5t;p5tH2O:=rH

2Ofgv*p5t;sump5t:=p5tN2+p5tO2+p5tCO2+p5tH2O=p5t;p5rN2:=rN2fgv*p5r;p5rO2

:=rO2fgv*p5r;p5rCO2:=rCO2fgv*p5r;p5rH2O:=rH2Ofgv*p5r;sump5r:=p5rN2+p5rO

2+p5rCO2+p5rH2O=p5r;p6tN2:=rN2fgv*p6t;p6tO2:=rO2fgv*p6t;p6tCO2:=rCO2fgv

*p6t;p6tH2O:=rH2Ofgv*p6t;sump6t:=p6tN2+p6tO2+p6tCO2+p6tH2O=p6t;p6rN2:=r

N2fgv*p6r;p6rO2:=rO2fgv*p6r;p6rCO2:=rCO2fgv*p6r;p6rH2O:=rH2Ofgv*p6r;sum

p6r:=p6rN2+p6rO2+p6rCO2+p6rH2O=p6r;p7tN2:=rN2fgv*p7t;p7tO2:=rO2fgv*p7t;

p7tCO2:=rCO2fgv*p7t;p7tH2O:=rH2Ofgv*p7t;sump7t:=p7tN2+p7tO2+p7tCO2+p7tH

2O=p7t;p7rN2:=rN2fgv*p7r;p7rO2:=rO2fgv*p7r;p7rCO2:=rCO2fgv*p7r;p7rH2O:=

rH2Ofgv*p7r;sump7r:=p7rN2+p7rO2+p7rCO2+p7rH2O=p7r;p1N2:=rN2fgv1*p1;p1O2

:=rO2fgv1*p1;p1CO2:=rCO2fgv1*p1;p1H2O:=rH2Ofgv1*p1;sump1fg:=p1N2+p1O2+p

1CO2+p1H2O=p1; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

> T7t:=T7r;s1:=int(cpair/T,T=T0..T1)-

Rair*int(1/p,p=p0..p1)/1000;s2t:=int(cpair/T,T=T0..T2t)-

Rair*int(1/p,p=p0..p2t)/1000;s2r:=int(cpair/T,T=T0..T2r)-

Rair*int(1/p,p=p0..p2r)/1000;Ds12t_in_proc:=100*(s2t-

s1)/s1;s3t:=int(cpair/T,T=T0..T3t)-

Rair*int(1/p,p=p0..p3t)/1000;s3r:=int(cpair/T,T=T0..T3r)-

Rair*int(1/p,p=p0..p3r)/1000;s4t:=gN2fgv*(int(cpN2/T,T=T0..T4t)-

RN2*int(1/p,p=p0N2..p4tN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T4t)-

RO2*int(1/p,p=p0O2..p4tO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T4t)-

RCO2*int(1/p,p=p0CO2..p4tCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T4

t)-

RH2O*int(1/p,p=p0H2O..p4tH2O)/1000);s4r:=gN2fgv*(int(cpN2/T,T=T0..T4r)-

RN2*int(1/p,p=p0N2..p4rN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T4r)-

RO2*int(1/p,p=p0O2..p4rO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T4r)-

RCO2*int(1/p,p=p0CO2..p4rCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T4

r)-

RH2O*int(1/p,p=p0H2O..p4rH2O)/1000);s5t:=gN2fgv*(int(cpN2/T,T=T0..T5t)-

RN2*int(1/p,p=p0N2..p5tN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T5t)-

RO2*int(1/p,p=p0O2..p5tO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T5t)-

RCO2*int(1/p,p=p0CO2..p5tCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T5

t)-RH2O*int(1/p,p=p0H2O..p5tH2O)/1000);Ds45t_in_proc:=100*(s5t-

s4r)/s5t;s5r:=gN2fgv*(int(cpN2/T,T=T0..T5r)-

RN2*int(1/p,p=p0N2..p5rN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T5r)-

RO2*int(1/p,p=p0O2..p5rO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T5r)-

RCO2*int(1/p,p=p0CO2..p5rCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T5

r)-

RH2O*int(1/p,p=p0H2O..p5rH2O)/1000);s6t:=gN2fgv*(int(cpN2/T,T=T0..T6t)-

RN2*int(1/p,p=p0N2..p6tN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T6t)-



RO2*int(1/p,p=p0O2..p6tO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T6t)-

RCO2*int(1/p,p=p0CO2..p6tCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T6

t)-

RH2O*int(1/p,p=p0H2O..p6tH2O)/1000);s6r:=gN2fgv*(int(cpN2/T,T=T0..T6r)-

RN2*int(1/p,p=p0N2..p6rN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T6r)-

RO2*int(1/p,p=p0O2..p6rO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T6r)-

RCO2*int(1/p,p=p0CO2..p6rCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T6

r)-

RH2O*int(1/p,p=p0H2O..p6rH2O)/1000);s7t:=gN2fgv*(int(cpN2/T,T=T0..T7t)-

RN2*int(1/p,p=p0N2..p7tN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T7t)-

RO2*int(1/p,p=p0O2..p7tO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T7t)-

RCO2*int(1/p,p=p0CO2..p7tCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T7

t)-

RH2O*int(1/p,p=p0H2O..p7tH2O)/1000);s7r:=gN2fgv*(int(cpN2/T,T=T0..T7r)-

RN2*int(1/p,p=p0N2..p7rN2)/1000)+gO2fgv*(int(cpO2/T,T=T0..T7r)-

RO2*int(1/p,p=p0O2..p7rO2)/1000)+gCO2fgv*(int(cpCO2/T,T=T0..T7r)-

RCO2*int(1/p,p=p0CO2..p7rCO2)/1000)+gH2Ofgv*(l0/T0+int(cpH2O/T,T=T0..T7

r)-

RH2O*int(1/p,p=p0H2O..p7rH2O)/1000);s1fg:=gN2fgv1*(int(cpN2/T,T=T0..T1)

-RN2*int(1/p,p=p0N2..p1N2)/1000)+gO2fgv1*(int(cpO2/T,T=T0..T1)-

RO2*int(1/p,p=p0O2..p1O2)/1000)+gCO2fgv1*(int(cpCO2/T,T=T0..T1)-

RCO2*int(1/p,p=p0CO2..p1CO2)/1000)+gH2Ofgv1*(l0/T0+int(cpH2O/T,T=T0..T1

)-RH2O*int(1/p,p=p0H2O..p1H2O)/1000); 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

> Tmq2r3t:=(T3t-T2r)/ln(T3t/T2r);Tmq2r3ts:=(h3t-h2r)/(s3t-

s2r);Tmq5r6t:=(T5r-T6t)/ln(T5r/T6t);Tmq5r6ts:=(h5r-h6t)/(s5r-

s6t);Tmq6r7r:=(T6r-T7t)/ln(T6r/T7t);Tmq6r7rs:=(h6r-h7r)/(s6r-s7t); 

 

 

 

 

 

 

> DTairmax_fgin:=T5r-T3r;eps_rec:=(T3r-T2r)/(T5r-T2r); 

 

 

> etaelref:=0.35;etaQref:=0.95;HP:=-Qcog/P;HPel:=-

Qcog/Pel;Exfuel:=Qfuel*0.9875;ExQcog:=-Qcog*(1-

T0/Tmq6r7rs);etaexcog:=(P+ExQcog)/Exfuel;etaexelcog:=(Pel+ExQcog)/Exfue

l;Qfuelref:=Pel/etaelref-Qcog/etaQref;FESR:=1-Qfuel/Qfuelref; 

 

 

 

 

 

 

 



 

 

 

> save 

DTairmax_fgin,p1,p2r,p3r,p4r,p5r,p6r,p7r,T1,T2r,T3r,T4r,T5r,T6r,T7r,eps

_rec,P,Pel,Qfuel,Qcog,HP,HPel,etaHHV,etaelHHV,etacogHHV,etaelcogHHV,eta

excog,etaexelcog,FESR,"date brayton Michel";read "date brayton Michel"; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
TURBOMOTORUL DUBLUFLUX – GAZ PERFECT 

cpaer =1.01027-1.73736E-4*T+6.08005E-7*T^2-3.80644E-10*T^3+7.49874E-14*T^4 [kJ/kgK];  

cvaer =0.72301-1.73889E-4*T+6.09496E-7*T^2-3.81877E-10*T^3+7.52717E-14*T^4 [kJ/kgK]; 

cpO2 =0.82397+3.05587E-4*T+5.32089E-8*T^2-1.30137E-10*T^3+3.58225E-14*T^4 [kJ/kgK]; 

cvO2 =0.56574+2.96923E-4*T+6.54515E-8*T^2-1.36918E-10*T^3+3.71407E-14*T^4 [kJ/kgK]; 

cpH2O =1.84336-2.31223E-4*T+1.1966E-6*T^2-6.15263E-10*T^3+1.0015E-13*T^4  [kJ/kgK]; 

cvH2O =1.38161-2.29361E-4*T+1.19327E-6*T^2-6.13657E-10*T^3+9.99765E-14*T^4 [kJ/kgK]; 

cpN2 =1.07623-3.25964E-4*T+7.92186E-7*T^2-4.66137E-10*T^3+8.87148E-14*T^4 [kJ/kgK]; 

cvN2 =0.77884-3.22759E-4*T+7.86981E-7*T^2-4.62795E-10*T^3+8.79811E-14*T^4 [kJ/kgK]; 

cpCO2 =0.46236+0.0016*T-1.2402E-6*T^2+4.78609E-10*T^3-7.32796E-14*T^4 [kJ/kgK]; 

cvCO2 =0.27337+0.0016*T-1.24189E-6*T^2+4.79536E-10*T^3-7.34111E-14*T^4 [kJ/kgK]; 
>  

> 

nC:=0.85/12;nH2:=0.15/2;Maer:=0.21*32+0.79*28;Hs:=(nC*94030+nH2*57800)*

4.185; 

 

 

 

 

>  

> restart; 

> nC:=0.85/12;nH2:=0.15/2;Maer:=0.21*32+0.79*28;Hs:=46000; 

 

 



 

 

> gO2:=0.21*32/Maer;gN2:=0.79*28/Maer;nO2:=gO2/32;nN2:=gN2/28; 

 

 

 

 

> cp:=1.01027-1.73736E-4*T+6.08005E-7*T^(2)-3.80644E-10*T^(3)+7.49874E-

14*T^(4);cv:=0.72301-1.73889E-4*T+6.09496E-7*T^(2)-3.81877E-

10*T^(3)+7.52717E-14*T^(4);cpO2:=0.82397+3.05587E-4*T+5.32089E-8*T^2-

1.30137E-10*T^3+3.58225E-14*T^4;cvO2:=0.56574+2.96923E-4*T+6.54515E-

8*T^2-1.36918E-10*T^3+3.71407E-14*T^4;cpH2O:=1.84336-2.31223E-

4*T+1.1966E-6*T^2-6.15263E-10*T^3+1.0015E-13*T^4;cvH2O:=1.38161-

2.29361E-4*T+1.19327E-6*T^2-6.13657E-10*T^3+9.99765E-

14*T^4;cpN2:=1.07623-3.25964E-4*T+7.92186E-7*T^2-4.66137E-

10*T^3+8.87148E-14*T^4;cvN2:=0.77884-3.22759E-4*T+7.86981E-7*T^2-

4.62795E-10*T^3+8.79811E-14*T^4;cpCO2:=0.46236+0.0016*T-1.2402E-

6*T^2+4.78609E-10*T^3-7.32796E-14*T^4;cvCO2:=0.27337+0.0016*T-1.24189E-

6*T^2+4.79536E-10*T^3-7.34111E-14*T^4;  

 

 

 

 



 

 

 

 

 

 

> 

p1:=1;p7:=1;T0:=273;T1:=293;h1:=int(cp,T=T0..T1);T5:=1573;efv1:=0.9;efv

2:=0.9;piv1:=1.1;piv2:=1;pic:=35/piv1/piv2;efc:=0.8;eft:=0.85;dpca:=0.9

8;mv1:=350;mv2:=mv1/2;mc:=evalf(mv1/5); 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

> p2:=p1*piv1;T2t:=T1*piv1^((1.401282041-1)/1.401282041);dh12t:=int( 

cp, T=T1..T2t);du12t:=int( cv, 

T=T1..T2t);km12t:=dh12t/du12t;dh12:=dh12t/efv1;h2t:=int( cp, 

T=T0..T2t); 

 

 

 

 

 

 

 

> eq12:=dh12-int(cp, T=T1..T2)=0; 
 

> T2eq:=evalf(solve(eq12,T2)); 
 

> T2:=302.0076223;ev1:=(T2t-T1)/(T2-T1);h2:=int( cp,T=T0..T2);c12:=(h2-

h1)/(T2-T1);du12:=int(cv,T=T1..T2); km12:=dh12/du12; 

 

 

 

 

 



 

> p3:=p2*piv2;T3t:=T2*piv2^((1.397001058-1)/1.397001058);dh23t:=int( 

cp, T=T2..T3t);du23t:=int( cv, 

T=T2..T3t);km23t:=dh23t/du23t;dh23:=dh23t/efv2; 

 

 

 

 

 

 

> eq23:=dh23-simplify(int(cp, T=T2..T3))=0; 
 

> T3eq:=evalf(solve(eq23,T3)); 
 

> T3:=302.0076223;ev2:=(T3t-T2)/(T3-T2);h3:=int( cp,T=T0..T3);c23:=(h3-

h2)/(T3-T2);du23:=int(cv,T=T2..T3); km23:=dh23/du23; 

 

 

 

 

 

 

> p4:=p3*pic;T4t:=T3*pic^((1.379753301-1)/1.379753301);dh34t:=int( cp, 

T=T3..T4t);du34t:=int( cv, 

T=T3..T4t);km34t:=dh34t/du34t;dh34:=dh34t/efc;h4t:=int( cp, T=T0..T4t); 

 

 



 

 

 

 

 

> eq34:=dh34-simplify(int(cp, T=T3..T4))=0; 
 

> T4eq:=evalf(solve(eq34,T4)); 
 

> T4:=896.1614303;ec:=(T4t-T3)/(T4-T3);h4:=int( cp, T=T0..T4);c34:=(h4-

h3)/(T4-T3);du34:=int(cv,T=T3..T4); km34:=dh34/du34; 

 

 

 

 

 

 

>  

> eqca:=mcb*Hs+mc*int(cp,T=T0..T4)-mc*nN2*28*int(cpN2,T=T0..T5)-

mcb*nC*44*int(cpCO2,T=T0..T5)-mcb*nH2*18*int(cpH2O,T=T0..T5)-(mc*nO2-

mcb*nC-mcb*nH2/2)*32*int(cpO2,T=T0..T5)=0; 

 

> mcb:=solve(eqca,mcb); 

 

> mga:=mc+mcb;mga:=mc*nN2*28+mcb*nC*44+mcb*nH2*18+(mc*nO2-mcb*nC-

mcb*nH2/2)*32; 

 



 

> 

h5:=(mc*nN2*28*int(cpN2,T=T0..T5)+mcb*nC*44*int(cpCO2,T=T0..T5)+mcb*nH2

*18*int(cpH2O,T=T0..T5)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T0..T5))/mga; 

 

>  

> p5:=p4*dpca;c45:=(h5-h4)/(T5-T4); 

 

 

> 

dh56ti:=(mc*nN2*28*int(cpN2,T=T5..T6t)+mcb*nC*44*int(cpCO2,T=T5..T6t)+m

cb*nH2*18*int(cpH2O,T=T5..T6t)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T5..T6t))/mga;dh56i:=dh56ti*eft; 
 

 

> eqI:=mv1*dh12+mv2*dh23+mc*dh34+mga*dh56i=0; 
 

> T6teqI:=evalf(solve(eqI,T6t)); 
 

> 

T6t:=942.9968412;dh56t:=(mc*nN2*28*int(cpN2,T=T5..T6t)+mcb*nC*44*int(cp



CO2,T=T5..T6t)+mcb*nH2*18*int(cpH2O,T=T5..T6t)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T5..T6t))/mga;dh56:=dh56t*eft;du56t:=(mc*nN2*2

8*int(cvN2,T=T5..T6t)+mcb*nC*44*int(cvCO2,T=T5..T6t)+mcb*nH2*18*int(cvH

2O,T=T5..T6t)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cvO2,T=T5..T6t))/mga;h6t:=(mc*nN2*28*int(cpN2,T=T0..T

6t)+mcb*nC*44*int(cpCO2,T=T0..T6t)+mcb*nH2*18*int(cpH2O,T=T0..T6t)+(mc*

nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T0..T6t))/mga;dh56:=dh56t*eft;km56t:=dh56t/du5

6t; 

 

 

 

 

 

 

 

> eqIverificare:=mv1*dh12+mv2*dh23+mc*dh34+mga*dh56=0; 

 

> eq56:=dh56-

simplify((mc*nN2*28*int(cpN2,T=T5..T6)+mcb*nC*44*int(cpCO2,T=T5..T6)+mc

b*nH2*18*int(cpH2O,T=T5..T6)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T5..T6))/mga)=0; 
 

> T6eq:=evalf(solve(eq56,T6)); 
 

> T6:=1041.347056;p6:=p5*(T6t/T5)^((dh56t/du56t)/((dh56t/du56t)-

1));et:=(T5-T6)/(T5-



T6t);h6:=(mc*nN2*28*int(cpN2,T=T0..T6)+mcb*nC*44*int(cpCO2,T=T0..T6)+mc

b*nH2*18*int(cpH2O,T=T0..T6)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T0..T6))/(mc*nN2*28+mcb*nC*44+mcb*nH2*18+(mc*n

O2-mcb*nC-mcb*nH2/2)*32);c56:=(h6-h5)/(T6-

T5);du56:=(mc*nN2*28*int(cvN2,T=T5..T6)+mcb*nC*44*int(cvCO2,T=T5..T6)+m

cb*nH2*18*int(cvH2O,T=T5..T6)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cvO2,T=T5..T6))/(mc*nN2*28+mcb*nC*44+mcb*nH2*18+(mc*n

O2-mcb*nC-mcb*nH2/2)*32);km56:=dh56/du56; 

 

 

 

 

 

 

 

> T7t:=T6*(p7/p6)^((1.331543213-

1)/1.331543213);dh67t:=(mc*nN2*28*int(cpN2,T=T6..T7t)+mcb*nC*44*int(cpC

O2,T=T6..T7t)+mcb*nH2*18*int(cpH2O,T=T6..T7t)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T6..T7t))/mga;du67t:=(mc*nN2*28*int(cvN2,T=T6.

.T7t)+mcb*nC*44*int(cvCO2,T=T6..T7t)+mcb*nH2*18*int(cvH2O,T=T6..T7t)+(m

c*nO2-mcb*nC-

mcb*nH2/2)*32*int(cvO2,T=T6..T7t))/mga;km67t:=dh67t/du67t;h7t:=(mc*nN2*

28*int(cpN2,T=T0..T7t)+mcb*nC*44*int(cpCO2,T=T0..T7t)+mcb*nH2*18*int(cp

H2O,T=T0..T7t)+(mc*nO2-mcb*nC-mcb*nH2/2)*32*int(cpO2,T=T0..T7t))/mga; 

 

 

 

 

 

> dh67:=dh67t*0.98; 

 

> eq67:=dh67-



simplify((mc*nN2*28*int(cpN2,T=T6..T7)+mcb*nC*44*int(cpCO2,T=T6..T7)+mc

b*nH2*18*int(cpH2O,T=T6..T7)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T6..T7))/mga)=0; 
 

> T7eq:=evalf(solve(eq67,T7)); 
 

> T7:=749.6445992;eaj:=(T7-T6)/(T7t-

T6);h7:=(mc*nN2*28*int(cpN2,T=T0..T7)+mcb*nC*44*int(cpCO2,T=T0..T7)+mcb

*nH2*18*int(cpH2O,T=T0..T7)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cpO2,T=T0..T7))/mga;c67:=(h7-h6)/(T7-

T6);du67:=(mc*nN2*28*int(cvN2,T=T6..T7)+mcb*nC*44*int(cvCO2,T=T6..T7)+m

cb*nH2*18*int(cvH2O,T=T6..T7)+(mc*nO2-mcb*nC-

mcb*nH2/2)*32*int(cvO2,T=T6..T7))/mga;km67:=dh67/du67; 

 

 

 

 

 

 

>  

> w7:=sqrt(-2000*dh67);Ft7:=mga*w7/1000/9.81; 

 

 

> w7v2:=sqrt(2000*0.98*(dh12+dh23));Ft7v2:=(mv2-mc)*w7v2/1000/9.81; 

 

 

> w7v1:=sqrt(2000*0.98*dh12);Ft7v1:=(mv1-mv2-mc)*w7v1/1000/9.81; 



 

 

> Ft:=Ft7+Ft7v2+Ft7v1; 

 

> > restart; 

> cpN2:=evalf(1.742661-22878.11/T^(3/2)+478584.8/T^2-

3.660212*10^7/T^3);cpO2:=evalf(1.670028+8.968502*T^(3/2)/10^7-

7966.8957/T^(3/2)+105683.9/T^2);cpH2O:=evalf(6.382172-

2.5894729*T^0.25+0.3691933*T^0.5-1.6502632*T/10^3);cpCO2:=evalf(-

0.1666681+0.136205*T^0.5-1.8307308*T/10^3+1.079593*T^2/10^7); 

 

 

 

 

> cpaer:=0.21*cpO2+0.79*cpN2; 

 

> haer:=cpaer*(T-T0);evalf(int( haer, T = T0..T1 )); 

 



 

 
> DUBLUFLUX OPTIMIZARE; 

 

>  

> restart; 

> 

m:=355;mga:=1.02*m/rm;k12:=1.4;k23:=1.37;k45:=1.305;c12:=1.005;c23:=1.0

55;c45:=1.24;efv:=0.9;efc:=0.8;eft:=0.85;T1:=293;T4:=1573;;pic:=35/piv; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

> T2t:=T1*(piv)^((k12-1)/k12);T2:=T1+(T2t-T1)/efv; 



 

 
> T3t:=T2*(pic)^((k23-1)/k23); 

 

> T3:=T2+(T3t-T2)/efc; 
 

> p4:=p3*dpca; 

 

> p5:=p4*pit;T5t:=T4*pit^((k45-1)/k45); 

 

 
>  

> T5:=T4-(T4-T5t)*eft; 

 
> p6:=1; 

 

>  

> T6t:=T5*(p6/p5)^((k56-1)/k56); 

 

>  

> T6:=T5-(T5-T6t)*efaj; 



 

>  

> eqI:=evalf((mga*c45*(T4-T5)-m*c12*(T2-T1)+m*c23*(T3-T4)/rm))=0; 
 

>  

>  

>  

> 449.0040*(1337.05-

1337.05*pit^.2337164751)/rm=116150.0833*piv^.2857142857-116150.0833-

374.525*(-1564.861111-81.3888889*piv^.2857142857+3.265284980*(-

32.5555555+325.5555555*piv^.2857142857)*(1/piv)^.2700729927)/rm; 
 



>  

> pit:=(-(rm*(116150.0833*piv^.2857142857-116150.0833-374.525*(-

1564.861111-81.3888889*piv^.2857142857+3.265284980*(-

32.5555555+325.5555555*piv^.2857142857)*(1/piv)^.2700729927)/rm)/449.00

40/1337.05-1))^(1/.2337164751); 

 

> plot3d( pit,piv=1.1..1.6,rm=2..4.5); 

 
>  

>  

>  



> restart; 

> dh12:=wv^2/2;dh56:=wt^2/2; 

 

 

> m:=1;mga:=1.02*m/rm; 

 

 

>  

> eqI:=m*dh12+m*dh23/rm-mga*dh45=0; 

 

> eqT:=fT-mga*wt-m*wv/rm=0; 

 

 
 

POMPA DE CALDURA CU APORT SOLAR 

 

A:=aperture;Asc:=absorber_area;Is:=solar_insolation;FO:=optical_efficie

ncy;etasc:=solar_colector_efficiency;epssc:=solar_colector_effectivenes

s;UL:=solar_colector_heat_loss_coefficient;Tsai:=-

.6666666666*Ta+491.9166666;Tsao:=-

.9047619047*Ta+562.1904761;Ca:=1000;Csc:=1000; 

 

 

 

 

 

 

 

 



 

 

 

> Ntsai_50_30;DNtsai_tsao_10;with(CurveFitting): 

Tsai:=PolynomialInterpolation([[253.15,323.15],[288.15,303.15]], Ta); 

 

 

 

> with(CurveFitting): 

Tsao:=PolynomialInterpolation([[253.15,333.15],[288.15,304.4]], Ta); 

 

> restart; 

> 

Refrigerent_R134a;Ta:=253.15;Is:=50;FO:=0.95;UL:=2;Ca:=1000;Csc:=1000;e

tasc:=0.75;epssc:=0.75; 

 

 

 

 

 

 

 

 

 

> Tsai:=-.5714285714*Ta+467.8071428;Tsao:=-.8214285714*Ta+541.0946428; 

 

 

> Condenser;Tc:=Tsai+Qc/Ca/epsc; 

 

 

> Solar_colector;Asc:=100;A:=Asc;Tsc:=Ta+Is*(FO-



etasc)/UL;Ts:=Ta+Is*FO/UL;Tsco:=Ta+Is*(FO-etasc)/UL-

etasc*Is*Asc/epssc/Csc;Tsci := Ta+etasc*Is*Asc*(1-1/epssc)/Csc+Is*(FO-

etasc)/UL; 

 

 

 

 

 

 

 

> Evaporator;Te:=Ta+etasc*Is*Asc*(1-1/epssc)/Csc+Is*(FO-etasc)/UL-

etasc*Is*Asc/epse/Csc;Qe:=epse*Csc*(Tsci-Te); 

 

 

 

> Irreversibility;RT:=Tc/Te;COP_r:=-

.9796943861+1.91034690519667039*RT;;Irr:=COP_r/RT; 

 

 

 



 

> Qc:=solve((Qc-Qe*RT*Irr),Qc);Tsao:=Tsai+Qc/Ca; 
 

 

> W:=Qe-Qc;COP:=-Qc/W; 
 

 

> COP_Carnot:=Tc/(Tc-Te);R_COP:=COP/COP_Carnot; 



 

 



> 

plot3d(W,epsc=0.1..0.9,epse=0.1..0.9,title="W");plot3d(Qc,epsc=0.1..0.9

,epse=0.1..0.9,title="Qc");plot3d(COP,epsc=0.1..0.9,epse=0.1..0.9,title

="COP"); 

 

 



 
> 

plot3d(Tc,epsc=0.1..0.9,epse=0.1..0.9,title="Tc");plot3d(Te,epsc=0.1..0

.9,epse=0.1..0.9,title="Te"); 

 



 
> 

plot3d(Irr,epsc=0.1..0.9,epse=0.1..0.9,title="Irr");plot3d(R_COP,epsc=0

.1..0.9,epse=0.1..0.9,title="R_COP=COP/COP_Carnot");plot3d(COP_Carnot,e

psc=0.1..0.9,epse=0.1..0.9,title="COP_Carnot"); 

 



 

 
>  

COMPRESOR CENTRIFUGAL 

 

> restart; 

1-Debitul masic: m [kg/s] 
> m:=1.2; 



 

2-Umiditatea relativa a aerului aspirat de compresor: fiN 
> fiN:=0.7; 

 

3-Presiunea totala a aerului aspirat de compresor: p_tot_N, [n/m2] 
> p_tot_N:=101325; 

 

4-Temperatura aerului aspirat de compresor: T_tot_N, [K] 
> T_tot_N:=288; 

 

5-Constanetele de gaz perfect pentru aerul aspirat de compresor si vaporii de apa: R_a_us si R_v, [J/kg K] 
> R_a_us:=287;R_v:=462; 

 

 

6-Exponentul adiabatic al aerului: k 
> k:=1.395; 

 

7-Presiunea de saturatie a vaporilor din aerul umed: p_sat, [N/m2] 
> p_sat:=1704.1; 

 

8-Presiunea partiala a vaporilor din aerul umed aspirat: p_v, [N/m2] 
> p_v:=fiN*p_sat; 

 

9-Continutul de umiditate al aerului umed aspirat de compresor: x, [kg/kg] 
> x:=0.622*p_v/(p_tot_N-p_v); 

 

10-Constanta de gaz perfect a aerului umed, R_a_um, [J/kg K] 
> R_a_um:=(R_a_us+x*R_v)/(1+x); 

 

11-Caldura specifica izobara a aerului umed aspirat de compresor: cp, [J/kg K] 
> cp:=k*R_a_um/(k-1); 



 

12-Viteza absoluta a aerului aspirat de compresor: c1, [m/s] 
> cN:=30; 

 

Viteza absoluta a aerului la intrarea in rotor: c1, [m/s] 
> c1:=60; 

 

13-Unghiul vitezei absolute la intrarea in rotor, pozitiv in sensul de rotatie al rotorului, considerat constant 

pe raza (se alege intre 0 si 30 grade): psi, [rad] 
> psi:=(30*evalf(Pi)/180);psi_gr:=psi*180/evalf(Pi); 

 

 

Temperatura statica a aerului aspirat de compresor: TN, [K]  
> TN:=T_tot_N-cN^2*(k-1)/2/k/R_a_um; 

 

14-Presiunea statica a aerului aspirat de compresor: pN, [N/m2] 
> pN:=p_tot_N*(TN/T_tot_N)^(k/(k-1)); 

 

15-Raportul vitezelor in racordul de aspiratie, c1_cN 
> c1_cN:=c1/cN; 

 

16-Temperatura teoretica statica a aerului la intrarea in rotor, T1s, [K] 
> T1s:=T_tot_N-c1^2*(k-1)/2/k/R_a_um; 

 

17-Coeficientul de pierderi in racordul de aspiratie, (se alege in domeniul 0,5....1,5): zRI 
> zRI:=1; 

 

18-Pierderi in racordul de aspiratie: l_N_1, [J/kg]; L_N_1, [W] 
> l_N_1:=zRI*c1^2/2;L_N_1:=l_N_1*m; 

 

 



19-Cifra politropica in racordul de aspiratie, (este de fapt n/(n-1)): sRI 
> sRI:=k*(1-l_N_1*(k-1)/k/R_a_um/(T1s-TN))/(k-1); 

 

20-Exponentul politropic in racordul de aspiratie: n 
> n:=sRI/(sRI-1); 

 

21-Temperatura statica a aerului la intrarea in rotor, T1, [K] 
> T1:=T_tot_N-(c1^2-cN^2)/2/cp-l_N_1/cp; 

 

22-Presiunea statica la intrarea in rotor: p1, [N/m2] 
> p1:=pN*(T1/TN)^(n/(n-1)); 

 

23-Presiunea totala la intrarea in rotor: p1_tot, [N/m2] 
> p1_tot:=p1*(T_tot_N/T1)^(k/(k-1)); 

 

Coeficientul de restabilire a presiunii totale: DRI 
> DRI:=p1_tot/p_tot_N; 

 

24-Presiunea totala a aerului comprimat: p_tot_K, [N/m2] 
> p_tot_K:= 920000; 

 

25-Raportul de comprimare al compresorului, in parametri de franare: piC 
> piC_tot:=evalf(p_tot_K/p_tot_N); 

 

26-Randamentul izentropic global, se impune initial in domeniul 0,75....0,85 si se verifica ulterior: etas 
> etas_tot:=.7166739258; 

 

27-Consumurile energetice teoretice globale: ladC_tot, [J/kg] si LadC_tot, [W] 
> ladC_tot:=k*R_a_um*T_tot_N*(piC_tot^((k-1)/k)-1)/(k-

1);LadC_tot:=m*ladC_tot; 

 



 

28-Consumuri energetice reale globale: l_real_C, [J/kg] si L_real_C, [W] 
> l_real_C_tot:=ladC_tot/etas_tot;L_real_C_tot:=m*l_real_C_tot; 

 

 

29-Cifra de debit (aleasa intre 0,25....0,35, probabil este raportul c2r/u2): fi2 
> fi2:=0.25; 

 

30-Numarul de palete pe rotor (intre 15 ....35): z2 
> z2:=18; 

 

31-Unghiul geometric de iesire din paletele mobile: beta2 [rad] 
> beta2:=evalf(Pi/2);  

 

32-Raportul dintre diametrul minim al paletei la intrare (curgerea axiala) si diametrul maxim al rotorului 

(uzual intre 0,15 ....0,35): db_rap 
> db_rap:=0.015; 

 

33-Raportul dintre diametrul maxim al paletei la intrare (curgerea axiala) si diametrul maxim al rotorului 

(intre 0,45 ....0,65): db_rap 
> dext_rap:=0.545; 

 

34-Raportul dintre diametrul mediu al paletei la intrare (curgerea axiala) si diametrul maxim al rotorului: 

d1_pe_d2 
> d1_pe_d2:=sqrt((dext_rap^2+db_rap^2)/2); 

 

35-Coeficientul de circulatie: miu 
> miu:=1/(1+2*evalf(Pi)/3/z2/(1-d1_pe_d2^2)); 

 

36-Coeficientul cinematic de sarcina (probabil c2u/u2): fiu2 
> fiu2:=miu*(1-fi2*cot(beta2)); 



 

37-Coeficient de pierderi prin frecare (intre 0,03....0,1): alfa 
> alfa:=0.075; 

 

38-Unghiul vitezei absolute la intrarea in rotor: alfa1 [rad], alfa1_gr [grade] 
> alfa1:=evalf(Pi/2)-psi;alfa1_gr:=alfa1*180/evalf(Pi); 

 

 

39-Viteza tangentiala la intrarea in rotor (considerata constanta pe raza, zona de curgere axiala): c1u [m/s] 
> c1u:=c1*cos(alfa1); 

 

Viteza axiala la intrarea in rotor (considerata constanta pe raza, zona de curgere axiala): c1a [m/s] 
> c1a:=c1*sin(alfa1); 

 

40-Viteza tangentiala la iesirea din rotor: u2 [m/s] 
> 

u2:=c1u*d1_pe_d2/2/(fiu2+alfa)+sqrt((c1u*d1_pe_d2/2/(fiu2+alfa))^2+l_re

al_C_tot/(fiu2+alfa)); 

 

41-Densitatea aerului la intrarea in rotor: ro1 [kg/m3] 
> ro1:=p1/R_a_um/T1; 

 

42-Pierderi raportate prin scapari, intre roata si carcasa (intre 0,02....0,04): betapr  
> betapr:=0.03; 

 

43-Diametrul exterior al rotorului: d2 [m] 
> d2:=sqrt(4*m*(1+betapr)/evalf(Pi)/ro1/c1a/(dext_rap^2-db_rap^2)); 

 

44-Diametrul butucului la intrare (la baza paletei, curgere axiala): d1b [m] 
> d1b:=d2*db_rap; 

 



45-Diametrul maxim al rotorului la intrare (la varful paletei, curgere axiala): d1ext [m] 
> d1ext:=d2*dext_rap; 

 

46-Diametrul mediu al rotorului la intrare (curgere axiala): d1 [m] 
> d1:=d2*d1_pe_d2; 

 

47-Turatia rotorului: turatia [rot/min] 
> turatia:=60*u2/evalf(Pi)/d2; 

 

Viteza unghiulara a rotorului: omega [rad/s] 
> omega:=evalf(Pi)*turatia/30; 

 

48-Viteza tangentiala intrarea in rotor, la diametrul mediu: u1 [m/s] 
> u1:=u2*d1_pe_d2; 

 

49-Viteza tangentiala la varful paletei, la intrarea in rotor: u1ext [m/s] 
> u1ext:=u2*dext_rap; 

 

50-Viteza tangentiala la baza paletei, la intrarea in rotor: u1b [m/s] 
> u1b:=u2*db_rap; 

 

51-Componenta tangentiala a vitezei relative a aerului la d1ext (negativa pentru ca este in sens contrar lui 

u): w1ext [m/s] 
> w1uext:=c1u-u1ext; 

 

52-Componenta tangentiala a vitezei relative aerului la d1b (negativa pentru ca este in sens contrar lui u): 

w1b [m/s] 
> w1ub:=c1u-u1b; 

 

53-Unghiul vitezei relative la d1ext (masurat de la axa +u): beta1ext [rad], beta1ext_gr [grade] 
> beta1ext:=evalf(Pi)-arctan(c1a/(u1ext-



c1u));beta1ext_gr:=beta1ext*180/evalf(Pi); 

 

 

54-Unghiul vitezei relative la d1b (masurat de la axa +u): beta1b [rad], beta1b_gr [grade] 
> beta1b:=evalf(Pi)-arctan(c1a/(u1b-

c1u));beta1b_gr:=beta1b*180/evalf(Pi); 

 

 

55-Unghiul vitezei relative la d1 (masurat de la axa +u): beta1 [rad], beta1_gr [grade] 
> beta1:=evalf(Pi)-arctan(c1a/(u1-c1u));beta1_gr:=beta1*180/evalf(Pi); 

 

 

56-Viteza relativa la d1ext: w1ext [m/s] 
> w1ext:=sqrt(c1a^2+w1uext^2); 

 

57-Viteza sunetului la intrarea in rotor: a1 [m/s] 
> a1:=sqrt(k*T1*R_a_um); 

 

58-Numarul Mach la d1ext: Mw1ext [m/s] 
> Mw1ext:=w1ext/a1; 

 

59-Viteza relativa la intrarea in rotor, la diametrul mediu: w1 [m/s] 
> w1:=c1a/sin(beta1); 

 

60-Unghiul vitezei absolute la iesirea din rotor:  alfa2 [rad], alfa2_gr [grade] 
> alfa2:=arctan(fi2/fiu2);alfa2_gr:=alfa2*180/evalf(Pi); 

 

 

61-Viteza absoluta la iesirea din rotor: c2 [m/s] 
> c2:=u2*sqrt(fi2^2+fiu2^2); 

 



Temperatura franata a aerului la iesirea din rotor: T2_tot [K] 
> T2_tot:=TN+l_real_C_tot*(k-1)/k/R_a_um; 

 

62-Temperatura franata a aerului la iesirea din rotor: T2_tot [K] 
> T2:=T2_tot-c2^2*(k-1)/2/k/R_a_um; 

 

63-Coeficientii de rezistenta ai rotii de lucru, la intrare csi1 (intre 0,1...0,3) si la rasucirea curentului in 

roata de lucru csi2 (intre 0,1...0,2) 
> csi1:=0.15;csi2:=0.15; 

 

 

64-Pierderi in rotor: suma_lr [J/kg], suma_Lr [W] 
> suma_lr:=csi1*w1^2/2+csi2*fi2^2*u2^2/2;suma_Lr:=m*suma_lr; 

 

 

65-Pierderi prin frecare i rotor: lf [J/kg], Lf [W] 
> lf:=alfa*u2^2;Lf:=m*lf; 

 

 

66-Cifra politropica in roata de lucru: sr1 
> sr1:=k*(1-(k-1)*(lf+suma_lr)/k/R_a_um/(T2-T1))/(k-1); 

 

67-Exponentul politropic in roata de lucru: n_r1 
> n_r1:=sr1/(sr1-1); 

 

68-Presiunea statica la iesirea din rotor: p2 [N/m2] 
> p2:=p1*(T2/T1)^sr1; 

 

69-Densitatea aerului la iesirea din rotor: ro2 [kg/m3] 
> ro2:=p2/T2/R_a_um; 

 



70-Latimea raportata a rotii de lucru la iesire:b2_pe_d2 (uzual intre 0,03....0,08) 
> b2_pe_d2:=m/evalf(Pi)/d2^2/fi2/ro2/u2;  

 

71-Latimea rotii de lucru la iesire:b2 [m] 
> b2:=d2*b2_pe_d2; 

 

72-Viteza sunetului la iesirea din rotor: a2 [m/s] 
> a2:=sqrt(k*R_a_um*T2); 

 

73-Numarul Mach la iesirea din rotor, pentru viteza absoluta: Mc2 
> Mc2:=c2/a2; 

 

74-Consumuri energetice politropice in roata de lucru: lpol12 [J/kg], Lpol12 [W] 
> lpol12:=n_r1*R_a_um*T1*((p2/p1)^((n_r1-1)/n_r1)-1)/(n_r1-

1);Lpol12:=m*lpol12; 

 

 

75-Randamentul interior al rotii de lucru: etai12 
> etai12:=(lpol12+0.5*(c2^2-c1^2))/l_real_C_tot; 

 

76-Dimensiunea radiala raportata a difuzorului nepaletat (intre 1,03....1,15): d3_pe_d2 
> d3_pe_d2:=1.2; 

 

77-Latimea difuzorului nepaletat la iesire (normal = b2+(0,0005....0,001): b3 [m] 
> b3:=b2+0.001; 

 

78-Raportul intre densitatea ro2 si ro3, (se alege prealabil 0,75...0,98 si se verifica ulterior): ro3 [kg/m3] 
> ro2_pe_ro3:=.9100861254; 

 

79-Unghiul de orientare a gazului la iesirea din difuzorul nepaletat: alfa3 [rad], alfa_gr [grade] 
> 



alfa3:=arctan(b2*ro2_pe_ro3*tan(alfa2)/b3);alfa3_gr:=180*alfa3/evalf(Pi

); 

 

 

80-Diametrul la iesire din difuzorul nepaletat: d3 [m] 
> d3:=d2*d3_pe_d2; 

 

81-Viteza gazului la iesirea din difuzorul nepaletat: c3 [m/s] 
> c3:=m*ro2_pe_ro3/evalf(Pi)/ro2/d3/b3/sin(alfa3); 

 

81-Temperatura statica la iesirea din difuzorul nepaletat: T3 [K] 
> T3:=T2_tot-(k-1)*c3^2/2/k/R_a_um; 

 

82-Coeficientul de rezistenta al difuzorului nepaletat (intre 0,03...0,25; valori mai mici pentru d3/d2 mai 

mici): csidn 
> csidn:=0.15; 

 

83-Pierderi pe difuzorul nepaletat: lp_dn [J/kg], Lp_dn [W] 
> lp_dn:=csidn*c2^2/2;Lp_dn:=m*lp_dn; 

 

 

84-Cifra politropica pentru comprimarea din difuzorul nepaletat: sdn 
> sdn:=k*(1-lp_dn*(k-1)/k/R_a_um/(T3-T2))/(k-1);  

 

85-Exponentul politropic pentru comprimarea din difuzorul nepaletat: n_dn 
> n_dn:=sdn/(sdn-1); 

 

86-Recalcularea raportului ro2_pe_ro3 
> ro2_pe_ro3_f:=(T2/T3)^(1/(n_dn-1));errro:=ro2_pe_ro3/ro2_pe_ro3_f; 

 

 



87-Presiunea statica la iesirea din difuzorul nepaletat: p3 [N/m2] 
> p3:=p2*(T3/T2)^(sdn); 

 

88-Viteza sunetului la iesirea din difuzorul nepaletat: a3 [m/s] 
> a3:=sqrt(k*R_a_um*T3); 

 

89-Numarul Mach la iesirea din difuzorul nepaletat: Mc3  
> Mc3:=c3/a3; 

 

90-Viteza gazului la iesirea din difuzorul paletat (intre 60...120): c4 [m/s] 
> c4:=70; 

 

91-Latimea difuzorului paletat la iesire - nu are indicatie de alegere: b4 [m] 
> b4:=b3; 

 

92-Unghiul geometric al paletelor la intrarea in difuzorul paletat (alfa3 + pana la 2 grade): alfa3p [rad] 

alfa3p_gr [grade] 
> alfa3p:=alfa3+1.42*evalf(Pi)/180; alfa3p_gr:=alfa3_gr+1.42; 

 

 

93-Unghiul geometric al paletelor la iesirea din difuzorul paletat (alfa3p + (10..15) grade): alfa4p [rad] 

alfa4p_gr [grade] 
> alfa4p:=alfa3p+14*evalf(Pi)/180;alfa4p_gr:=alfa3p_gr+14; 

 

 

94-Unghiul de ramanere in urma a curentului la iesirea din difuzorul paletat (1..3 grade): dalfa4 [rad] 

dalfa4_gr [grade] 
> dalfa4:=2*evalf(Pi)/180;dalfa4_gr:=dalfa4*180/evalf(Pi); 

 

 

95-Unghiul vitezei absolute la iesirea din difuzorul paletat: alfa4 [rad], alfa_gr [grade] 



> alfa4:=alfa4p-dalfa4;alfa4_gr:=alfa4p_gr-dalfa4_gr; 

 

 

96-Coefientul de rezistenta al difuzorului paletat (intre 0,1....0,25): csidp 
> csidp:=0.12; 

 

97-Pierderi in difuzorul paletat: lp_dp [J/kg], Lp_dp [W] 
> lp_dp:=csidp*c3^2/2;Lp_dp:=m*lp_dp; 

 

 

98-Temperatura statica la iesirea din difuzorul paletat: T4 [K] 
> T4:=T2_tot-c4^2*(k-1)/2/k/R_a_um; 

 

99-Cifra politropica in difuzorul paletat: sdp 
> sdp:=k*(1-lp_dp*(k-1)/k/R_a_um/(T4-T3))/(k-1); 

 

100-Exponentul politropic in difuzorul paletat: n_dp 
> n_dp:=sdp/(sdp-1); 

 

101-Presiunea statica  la iesirea din difuzorul paletat: p4 [N/m2] 
> p4:=p3*(T4/T3)^sdp; 

 

102-Raportul dimetrelor in difuzorul paletat (recomandabil intre 1,25...1,35): d4_pe_d3 [m] 
> d4_pe_d3:=c3*(T3/T4)^(1/(n_dp-1))*b3*sin(alfa3)/c4/b4/sin(alfa4); 

 

103-Diametrul de iesire din difuzorul paletat: d4 [m] 
> d4:=d3*d4_pe_d3; 

 

104-Unghiul mediu de deschidere echivalent al unui difuzor plan (se alege intre 6....8 grade): tetam [rad], 

tetam_gr [grade] 
> tetam_gr:=7;tetam:=tetam_gr*evalf(Pi)/180; 



 

 

105-Numarul de palete din difuzor (se rotunjeste, e de dorit ca z2 si z3 sa fie numere prime intre ele): z3 
> 

z3:=round(2*evalf(Pi)*sin((alfa3p)^2)*((d4*sin(alfa4p)/d3/sin(alfa3p))^

2-1)/((d4/d3)^2-1)/tetam); 

 

106-Sectiunile de curgere normale la vitezele de intrare si iesire din difuzorul paletat: S3, S4 [m2] 
> S3:=evalf(Pi)*d3*b3*sin(alfa3);S4:=evalf(Pi)*d4*b4*sin(alfa4); 

 

 

107-Raportul ariiloe S4/S3, mai mic de 4: S4_pe_S3 
> S4_pe_S3:=S4/S3; 

 

108-Viteza la iesirea din camera spirala, (intre 40...80, dar mai mica decat c4): c5 [m/s] 
> c5:=50; 

 

109-Coeficient de rezistenta in camera spirala (intre 0,15...0,3): csics 
> csics:=0.258; 

 

110-Pierderi in camera spirala: lp_cs [J/kg], Lp_cs [W] 
> lp_cs:=csics*c4^2/2;Lp_cs:=m*lp_cs; 

 

 

111-Temperatura statica la iesirea din camera spirala: T5 [K] 
> T5:=T2_tot-c5^2*(k-1)/2/k/R_a_um; 

 

112-Cifra politropica din camera spirala: scs 
> scs:=k*(1-(k-1)*lp_cs/k/R_a_um/(T5-T4))/(k-1); 

 

113-Exponentul politropic in camera spirala: n_cs 



> n_cs:=scs/(scs-1); 

 

114-Presiunea statica la iesirea din camera spirala: p5 [N/m2] 
> p5:=p4*(T5/T4)^scs; 

 

115-Presiunea totala la iesirea din camera spirala: p5_tot [N/m2] 
> p5_tot:=p5*(T2_tot/T5)^(k/(k-1)); 

 

116-Raportul de crestere a presiunii totale: piC_tot_f  
> piC_tot_f:=p5_tot/p_tot_N;errpiC:=piC_tot/piC_tot_f; 

 

 

117-Randamentul izentropic calculat in parametrii de franare: etas_tot_f 
> etas_tot_f:=T_tot_N*(piC_tot_f^((k-1)/k)-1)/(T2_tot-

T_tot_N);erretas:=etas_tot/etas_tot_f; 

 

 

118-Randamentul mecanic al compresorului (intre 0,95...0,99): etamec 
> etamec:=0.975; 

 

119-Puterea totala reala a compresorului: Pm [J/kg], P [W] 
> Pm:=l_real_C_tot/etamec;P:=m*Pm; 

 

 
>  

>  

>  

>  

> save 

m,psi_gr,piC_tot_f,P,turatia,etas_tot_f,etai12,TN,T1,T2,T3,T4,T5,pN,p1,

p2,p3,p4,p5,p5_tot,d1b,d1ext,d1,d2,d3,d4,b2,b3,b4,beta1b_gr,beta1ext_gr



,beta1_gr,Mw1ext,alfa2_gr,c2,Mc2,c3,Mc3,c4,c5,alfa3p_gr,alfa4p_gr,alfa4

_gr,z2,z3, "date COMCIP"; 

> read "date COMCIP"; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

>  

IREVERSIBILITATE – VARIATII CONSTANTE DE ENTROPIE 

 

>  

>  

 

 

>  

 

 

>  
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>  

>  

IREVERSIBILITATE – VARIATII CONSTANTE DE ENTROPIE 

 

>  

>  

 

 

>  

 

 

>  
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>  

>  IREVERSIBILITATE – Q CONSTANT 

 

>  

>  

 

 

 

 

>  
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>  TURBOMOTORUL TRIPLUFLUX 

> restart; 

> G2:=solve((RF-G1/G2),G2);G1:=solve((R-((G1+G2)/(G-G1-G2))),G1); 

 

 

> restart; 

> 

G:=359;R:=10.869;RF:=3;G1:=evalf(G*R*RF/(R+RF+1+R*RF));G2:=evalf(G1/RF)

;G3:=G-G1-G2;sumG:=G1+G2+G3; 

 

 

 

 



 

 

 

> 

piF:=1.745;piF1:=1.288;piF2:=piF/piF1;piC:=32.7/piF;es12:=0.92;es23:=0.

92;es34:=0.88;es56:=0.94;em:=0.99;fi2a:=0.99;fi3b:=0.99;fi6c:=0.99; 

 

 

 

 

 

 

 

 

 

 

 

 

> Ta:=273.15;p0:=1.01325;T0:=288; 

 

 

 

> 

aer_uscat;rausO2:=0.2059;rausN2:=0.7809;rausCO2:=0.0132;MO2:=32;MN2:=28

.016;MCO2:=44.01;MH2O:=18.0156;Maus:=rausO2*MO2+rausN2*MN2+rausCO2*MCO2

;gausO2:=rausO2*MO2/Maus;gausN2:=rausN2*MN2/Maus;gausCO2:=rausCO2*MCO2/

Maus;sumgaus:=gausO2+gausN2+gausCO2; 

 

 

 

 



 

 

 

 

 

 

 

 

 

> aer_umed;l0:=2500;u0:=l0-610.8*206.3/1000;phi0:=0.4;t0:=T0-

273.15;pvsH2O0:=-.4164460979e-18*t0^10+.2004215749e-

15*t0^9+.6588432820e-3*t0-.4117823023e-13*t0^8-.4560213564e-

4*t0^2+.4719547427e-11*t0^7+.6985705427e-5*t0^3-.3308562609e-9*t0^6-

.4022805689e-6*t0^4+.1465463358e-7*t0^5+.6108e-

2;x0:=MH2O*phi0*pvsH2O0/(p0-

phi0*pvsH2O0)/Maus;gaumO2:=gausO2/(1+x0);gaumN2:=gausN2/(1+x0);gaumCO2:

=gausCO2/(1+x0);gaumH2O:=x0/(1+x0);sumgaum:=gaumO2+gaumN2+gaumCO2+gaumH

2O; 

 

 

 

 

 

 

 

 

 

 

 

 

> cpO2:=0.82397+3.05587E-4*T+5.32089E-8*T^2-1.30137E-10*T^3+3.58225E-



14*T^4;cvO2:=0.56574+2.96923E-4*T+6.54515E-8*T^2-1.36918E-

10*T^3+3.71407E-14*T^4;cpH2O:=1.84336-2.31223E-4*T+1.1966E-6*T^2-

6.15263E-10*T^3+1.0015E-13*T^4;cvH2O:=1.38161-2.29361E-4*T+1.19327E-

6*T^2-6.13657E-10*T^3+9.99765E-14*T^4;cpN2:=1.07623-3.25964E-

4*T+7.92186E-7*T^2-4.66137E-10*T^3+8.87148E-14*T^4;cvN2:=0.77884-

3.22759E-4*T+7.86981E-7*T^2-4.62795E-10*T^3+8.79811E-

14*T^4;cpCO2:=0.47158+0.00155*T-1.15247E-6*T^2+4.2015E-10*T^3-6.01131E-

14*T^4;cvCO2:=0.28209+0.00156*T-1.15879E-6*T^2+4.24136E-10*T^3-

6.09268E-

14*T^4;cpaum:=gaumO2*cpO2+gaumN2*cpN2+gaumCO2*cpCO2+gaumH2O*cpH2O;cvaum

:=gaumO2*cvO2+gaumN2*cvN2+gaumCO2*cvCO2+gaumH2O*cvH2O;Raum:=cpaum-

cvaum;RO2:=cpO2-cvO2;RH2O:=cpH2O-cvH2O;RN2:=cpN2-cvN2;RCO2:=cpCO2-

cvCO2;  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

> w1r:=160;w1t:=w1r/0.99;h0:=int(cpaum,T=Ta..T0);h1r:=h0-

w1r^2/2/1000;h1t:=h0-w1t^2/2/1000;es01:=(h0-h1r)/(h0-h1t); 

 

 

 

 

 

 

> eq01t:=h1t-

int(cpaum,T=Ta..T1ti)=0;T1t:=fsolve(eq01t,T1ti);eq01r:=h1r-



int(cpaum,T=Ta..T1ri)=0;T1r:=fsolve(eq01r,T1ri);k01:=int(cpaum,T=T0..T1

t)/int(cvaum,T=T0..T1t); 
 

 
 

 

 

> combustibil;gC:=0.85;gH2:=0.15;Hs:=46000; 

 

 

 

 

> p1:=(T1t/T0)^(k01/(k01-1)); 

 

> 

compression_F1;h1f:=h1r+w1r^2/2/1000;T1f:=fsolve((int(cpaum,T=Ta..T1fi)

-

h1f),T1fi);k11f:=int(cpaum,T=T1r..T1f)/int(cvaum,T=T1r..T1f);p1f:=p1*(T

1f/T1r)^(k11f/(k11f-

1));k1f2:=int(cpaum,T=T1f..T2ti)/int(cvaum,T=T1f..T2ti);eq12:=T1f*piF1^

((k1f2-1)/k1f2)-

T2ti=0;T2t:=fsolve(eq12,T2ti);h2t:=int(cpaum,T=Ta..T2t);h2r:=h1f+(h2t-

h1f)/es12;T2r:=fsolve((int(cpaum,T=Ta..T2ri)-h2r),T2ri);es02:=(h2t-

h0)/(h2r-h0);PF1:=G*(h2r-h1f); 

 

 



 

 

 
 

 

 

 

 

 



 

 

> 

speed_of_first_jet;p2:=p1f*piF1;k2a:=int(cpaum,T=T2r..Ttai)/int(cvaum,T

=T2r..Ttai);Tta:=fsolve((T2r*(p0/p2)^((k2a-1)/k2a)-

Ttai),Ttai);wat:=sqrt(2000*int(cpaum,T=Tta..T2r));war:=wat*fi2a;Th1:=G1

*war;Tra:=T2r-(T2r-Tta)*fi2a^2;Rgpa:=int(Raum,T=Tta..Tra)/(Tra-

Tta);ka:=int(cpaum,T=Tra..Tta)/int(cvaum,T=Tra..Tta);Machar:=war/sqrt(1

000*Rgpa*ka*Tra); 

 

 
 

 

 

 

 

 

 

 

 

> 

compression_F2;k23:=int(cpaum,T=T2r..T3ti)/int(cvaum,T=T2r..T3ti);eq23:

=T2r*piF2^((k23-1)/k23)-

T3ti=0;T3t:=fsolve(eq23,T3ti);h3t:=int(cpaum,T=Ta..T3t);h3r:=h2r+(h3t-

h2r)/es23;T3r:=fsolve((int(cpaum,T=Ta..T3ri)-

h3r),T3ri);p3:=p2*piF2;PF2:=(G-G1)*(h3r-h2r); 

 



 

 

 

 

 

 

 

 

> 



speed_of_second_jet;p3:=p2*piF2;k3b:=int(cpaum,T=T3r..Ttbi)/int(cvaum,T

=T3r..Ttbi);Ttb:=fsolve((T3r*(p0/p3)^((k3b-1)/k3b)-

Ttbi),Ttbi);wbt:=sqrt(2000*int(cpaum,T=Ttb..T3r));wbr:=wbt*fi3b;Th2:=G2

*wbr;Trb:=T3r-(T3r-Ttb)*fi3b^2;Rgpb:=int(Raum,T=Ttb..Trb)/(Trb-

Ttb);kb:=int(cpaum,T=Trb..Ttb)/int(cvaum,T=Trb..Ttb);Machbr:=wbr/sqrt(1

000*Rgpb*kb*Trb); 

 

 
 

 

 

 

 

 

 

 

 

> 

compression_34;k34:=int(cpaum,T=T3r..T4ti)/int(cvaum,T=T3r..T4ti);eq34:

=T4ti-T3r*piC^((k34-

1)/k34);T4t:=fsolve(eq34,T4ti);h4t:=int(cpaum,T=Ta..T4t);h4r:=h3r+(h4t-

h3r)/es34;T4r:=fsolve((int(cpaum,T=Ta..T4ri)-

h4r),T4ri);p4:=p3*piC;PC:=G3*(h4r-h3r); 

 



 

 

 

 

 

 

 

 

> 



combustion;T5:=1540;p5:=p4*0.97;eca:=0.98;GO2:=gaumO2*G3;GN2:=gaumN2*G3

;GCO2:=gaumCO2*G3;GH2O:=gaumH2O*G3;h5N2:=int(cpN2,T=T0..T5);h5CO2:=int(

cpCO2,T=T0..T5);h5O2:=int(cpO2,T=T0..T5);h5H2O:=l0+int(cpH2O,T=T0..T5);

u5N2:=int(cvN2,T=T0..T5);u5CO2:=int(cvCO2,T=T0..T5);u5O2:=int(cvO2,T=T0

..T5);u5H2O:=u0+int(cvH2O,T=T0..T5); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

> eq45:=eca*mcb*Hs+G3*(h4r+gaumH2O*l0)-GN2*h5N2-

(GCO2+44*mcb*gC/12)*h5CO2-(GH2O+18*mcb*gH2/2)*h5H2O-(GO2-

32*mcb*(gC/12+gH2/4))*h5O2=0;mcb:=fsolve(eq45,mcb); 

 

 

> 

GO2consumat:=32*mcb*(gC/12+gH2/4);alfaO2:=GO2/GO2consumat;Gga:=G3+mcb; 

 

 

 



> 

h5:=(GN2*h5N2+(GCO2+44*mcb*gC/12)*h5CO2+(GH2O+18*mcb*gH2/2)*h5H2O+(GO2-

32*mcb*(gC/12+gH2/4))*h5O2)/Gga;u5:=(GN2*u5N2+(GCO2+44*mcb*gC/12)*u5CO2

+(GH2O+18*mcb*gH2/2)*u5H2O+(GO2-32*mcb*(gC/12+gH2/4))*u5O2)/Gga; 

 

 

> eqpr1:=Gga*(h5-h6)-(PF1+PF2+PC)/em=0; 

 

> h6r:=fsolve(eqpr1,h6);h6t:=h5-(h5-h6r)/es56; 

 

 

> 

h6N2:=int(cpN2,T=T0..T6);h6CO2:=int(cpCO2,T=T0..T6);h6O2:=int(cpO2,T=T0

..T6);h6H2O:=l0+int(cpH2O,T=T0..T6); 
 

 

 

 

> eq6r:=h6r-

(GN2*h6N2+(GCO2+44*mcb*gC/12)*h6CO2+(GH2O+18*mcb*gH2/2)*h6H2O+(GO2-

32*mcb*(gC/12+gH2/4))*h6O2)/Gga=0;eq6t:=h6t-



(GN2*h6N2+(GCO2+44*mcb*gC/12)*h6CO2+(GH2O+18*mcb*gH2/2)*h6H2O+(GO2-

32*mcb*(gC/12+gH2/4))*h6O2)/Gga=0; 
 

 

> T6r:=fsolve(eq6r,T6);T6t:=fsolve(eq6t,T6); 

 

 

> 

u6N2t:=int(cvN2,T=T0..T6t);u6CO2t:=int(cvCO2,T=T0..T6t);u6O2t:=int(cvO2

,T=T0..T6t);u6H2Ot:=u0+int(cvH2O,T=T0..T6t);u6N2r:=int(cvN2,T=T0..T6r);

u6CO2r:=int(cvCO2,T=T0..T6r);u6O2r:=int(cvO2,T=T0..T6r);u6H2Or:=u0+int(

cvH2O,T=T0..T6r);u6t:=(GN2*u6N2t+(GCO2+44*mcb*gC/12)*u6CO2t+(GH2O+18*mc

b*gH2/2)*u6H2Ot+(GO2-

32*mcb*(gC/12+gH2/4))*u6O2t)/Gga;u6r:=(GN2*u6N2r+(GCO2+44*mcb*gC/12)*u6

CO2r+(GH2O+18*mcb*gH2/2)*u6H2Or+(GO2-

32*mcb*(gC/12+gH2/4))*u6O2r)/Gga;PT:=Gga*(h5-h6r);DP:=PT-

(PC+PF2+PF1)/em; 

 

 

 

 

 

 

 

 

 



 

 

 

> k56:=(h5-h6t)/(u5-u6t);p6:=p5*(T6t/T5)^(k56/(k56-1)); 

 

 

> 

p7:=p0;h7N2:=int(cpN2,T=T0..T7);h7CO2:=int(cpCO2,T=T0..T7);h7O2:=int(cp

O2,T=T0..T7);h7H2O:=l0+int(cpH2O,T=T0..T7);u7N2:=int(cvN2,T=T0..T7);u7C

O2:=int(cvCO2,T=T0..T7);u7O2:=int(cvO2,T=T0..T7);u7H2O:=u0+int(cvH2O,T=

T0..T7);h7t:=(GN2*h7N2+(GCO2+44*mcb*gC/12)*h7CO2+(GH2O+18*mcb*gH2/2)*h7

H2O+(GO2-

32*mcb*(gC/12+gH2/4))*h7O2)/Gga;u7t:=(GN2*u7N2+(GCO2+44*mcb*gC/12)*u7CO

2+(GH2O+18*mcb*gH2/2)*u7H2O+(GO2-

32*mcb*(gC/12+gH2/4))*u7O2)/Gga;k67:=(h6r-h7t)/(u6r-u7t); 

 
 

 

 

 



 

 

 

 

 

 

 

> eq67:=T7-T6r*(p7/p6)^((k67-1)/k67)=0; 



 

> T7t:=fsolve(eq67,T7); 

 

> 

h7N2t:=int(cpN2,T=T0..T7t);h7CO2t:=int(cpCO2,T=T0..T7t);h7O2t:=int(cpO2

,T=T0..T7t);h7H2Ot:=l0+int(cpH2O,T=T0..T7t);u7N2t:=int(cvN2,T=T0..T7t);

u7CO2t:=int(cvCO2,T=T0..T7t);u7O2t:=int(cvO2,T=T0..T7t);u7H2Ot:=u0+int(

cvH2O,T=T0..T7t);h7t:=(GN2*h7N2t+(GCO2+44*mcb*gC/12)*h7CO2t+(GH2O+18*mc

b*gH2/2)*h7H2Ot+(GO2-

32*mcb*(gC/12+gH2/4))*h7O2t)/Gga;u7t:=(GN2*u7N2t+(GCO2+44*mcb*gC/12)*u7

CO2t+(GH2O+18*mcb*gH2/2)*u7H2Ot+(GO2-

32*mcb*(gC/12+gH2/4))*u7O2t)/Gga;k67:=(h6r-h7t)/(u6r-u7t); 

 

 

 



 

 

 

 

 

 

 

 

> speed_of_third_jet;wcr:=fi6c*sqrt(2000*(h6r-

h7t));Rfg:=(GN2*RN2+(GCO2+44*mcb*gC/12)*RCO2+(GH2O+18*mcb*gH2/2)*RH2O+(

GO2-32*mcb*(gC/12+gH2/4))*RH2O)/Gga;h7r:=h6r-fi6c^2*(h6r-h7t); 

 

 

 

 

> 

h7N2r:=int(cpN2,T=T0..T7ri);h7CO2r:=int(cpCO2,T=T0..T7ri);h7O2r:=int(cp

O2,T=T0..T7ri);h7H2Or:=l0+int(cpH2O,T=T0..T7ri);T7r:=fsolve(h7r-

(GN2*h7N2r+(GCO2+44*mcb*gC/12)*h7CO2r+(GH2O+18*mcb*gH2/2)*h7H2Or+(GO2-

32*mcb*(gC/12+gH2/4))*h7O2r)/Gga,T7ri);u7N2r:=int(cvN2,T=T0..T7r);u7CO2

r:=int(cvCO2,T=T0..T7r);u7O2r:=int(cvO2,T=T0..T7r);u7H2Or:=u0+int(cvH2O

,T=T0..T7r);u7r:=(GN2*u7N2r+(GCO2+44*mcb*gC/12)*u7CO2r+(GH2O+18*mcb*gH2

/2)*u7H2Or+(GO2-32*mcb*(gC/12+gH2/4))*u7O2r)/Gga;k7:=(h7r-h7t)/(u7r-

u7t);Rfgc:=int(Rfg,T=T7t..T7r)/(T7r-

T7t);Machc:=wcr/sqrt(1000*Rfgc*k7*T7r); 
 



 

 

 

 

 

 

 

 

 

 

 

 

> 

Thfg:=Gga*wcr;Th:=Th1+Th2+Thfg;mcbspecific:=36000*mcb/Th;difmcbspecific

:=100*(0.383-mcbspecific)/0.383; 

 

 

 

 

> X:=(PF1+PF2+PC)/(PT+Gga*(h6r-

h7r));XT:=(es12*PF1+es23*PF2+es34*PC)/(PT/es56+Gga*(h6t-h7t)); 

 

 

> save R,RF, X,piF1, piF2, piF,piC,war, wbr, wcr, Th1, Th2, Thfg, Th, 



mcb,mcbspecific,difmcbspecific, G1,G2,G3,Gga, "date tripluflux"; 

> read "date tripluflux"; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

>  

>  

>  

 


