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Summary of exergy analysis of combustion chamber, heat exchanger and entire
boilers.
Combustion chamber
Energy input klfs 133440
Energy efficiency % 100
Exergy destruction kl/s 43959
Exergy efficiency y 4 68.89
Heat exchanger
Heat losses kl/s 2376.6
Energy efficiency b4 82.21
Exergy destruction klfs 4,226.1
Exergy efficiency % 7009
Entire boiler
Energy efficiency b4 82.21
Overall exergy destruction klfs 9,500.7
Overall exergy effidency % 32.77
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clear

clc

%$Boiler Analysis
format long

$Thermodynamic Tables

SAir
load Air.txt

TWater

%$Saturated Water Table
load water.txt
%$SuperHeated Water Table
load SHWater6000.txt
load SHWater8000.txt
load SHWater10000.txt
load SHWater15000.txt
load SHWater20000.txt
load SHWater30000.txt
load SHWater40000.txt

$CO2

load CO2.txt

%CO
load CO.txt

$H20
load H20.txt




A

load N2.txt

%02
load 02.txt

%H
load H.txt

$H2
load H2.txt

%0
load O.txt

%OH
load OH.txt

$H2
load H2.txt

SNO
load NO.txt

%$Boiler Performance Data
load unitl.txt

%Reference State

T0=298.15; % Dead State Temp T0=25 C
P0=100; $Dead State Press P0=100Kpa
%$Water Dead state

hOw=spline (water(:,1),water(:,3),T0-273.15);
sOw=spline (water(:,1),water(:,6),T0-273.15);
exw0=hOw-T0*s0w;

%$Steam Dead state

hOs=spline (water(:,1) ,water(:,4),T0-273.15);
sOs=spline (water(:,1),water(:,5),T0-273.15);

exs0=h0s-T0*s0s;

$MoleFraction of Air in RHO0=60%
yn2=0.7662;%0.7565;%
y02=0.2055;%0.2035;%
yco2=0.0003;
yh20=0.01876;%0.0303;%

PsatO=spline (water(:,1) ,water(:,2),T0);

%Boiler section II/Hour 1
$k=1;




4

for k=1:24

%$Fan Data

mal=unitl (3, k); $Ton/hr F.D Fan Right

Cl=unitl (2,k); $Electrical current of Fan per Amper

wfl1l=380*0.8*C1; $Work of Fan Per Watts

ma2=unitl (5, k) ; %$Ton/hr F.D Fan Left
C2=unitl (4,k); $Electrical current of Fan per Amper
wf2=380*0.8*C2; $Work of Fan Per Watts

$Burner Data
GPl=unitl (10,k)*98.1; $Ignition Gas pressure per kPa
Tf1=25; $Tempreture of Fuel Gas

vi=unitl (11,k)*1000; $Volume Rate of Fuel Gas per m3/hr
pf=0.74; $Density of Fuel Gas Kg/m3
mf=vi*pf; $Mass Flow Rate of Fuel Kg/hr

tWater Flow

Twl=unitl (9, k); $Temp of feed water C
Pwl=unitl(8,k)*98.1; %$Pres of feed water KPa
mw=unitl (7, k) ; %$Mass flow Rate of water ton/hr

hwin=spline (water(:,1),water(:,3),Twl)+0.5* (spline (water(:,1),water(:,

8),Twl)+spline (water(:,1),water(:,8),Twl))* (Pwl-

spline (water(:,1),water(:,2),Twl));

sw=spline (water(:,1),water(:,6),Twl);

exw=hwin-hOw-TO0* (sw-sOw)-0.4615* (TO) *1log (yh20*P0/Psat0) ;

%Steam Flow

Ts=unitl (13,Xk); $Temp of steam flow inlet C
Ps=unitl (14,k)*98.1; %Pres of steam flow inlet per KPa
ms=unitl (15, k); %Mass flow Rate of steam ton/hr

%Enthalpy of Steam

if Ps>6000 & Ps<8000

hs=(Ps-6000) * (spline (SHWater8000(:,1), SHWater8000(:,4),Ts) -

spline (SHWater6000(:,1), SHWater6000(:,4),Ts))/ (8000-
6000) +spline (SHWater6000(:,1), SHWaterc000(:,4),Ts) ;
elseif Ps>=8000 & Ps<=10000

hs=(Ps-8000) * (spline (SHWater10000(:, 1), SHWaterl10000(:,4),Ts) -

spline (SHWater8000(:,1), SHWater8000(:,4),Ts))/ (10000~
8000) +spline (SHWater8000(:,1), SHWater8000(:,4),Ts);
elseif Ps>=10000 & Ps<=15000

hs=(Ps-10000) * (spline (SHWater15000(:, 1), SHWaterl5000(:,4),Ts) -

spline (SHWater10000(:, 1), SHWater10000(:,4),Ts))/ (15000~
10000) +spline (SHWater10000(:, 1), SHWaterl10000(:,4),Ts);
elseif Ps>=15000 & Ps<=20000

hs=(Ps-15000) * (spline (SHWater20000(:, 1), SHWater20000(:,4),Ts) -

spline (SHWater15000(:, 1), SHWater15000(:,4),Ts))/ (20000
15000) +spline (SHWater15000(:, 1) ,SHWaterl15000(:,4),Ts);
elseif Ps>=20000 & Ps<=30000

hs=(Ps-20000) * (spline (SHWater30000(:, 1), SHWater30000(:,4),Ts) -

spline (SHWater20000(:, 1), SHWater20000(:,4),Ts))/ (30000-
20000) +spline (SHWater20000(:,1), SHWater20000(:,4),Ts) ;
elseif Ps>=30000 & Ps<=40000




-

hs=(Ps-30000) * (spline (SHWater40000(:, 1), SHWater40000(:,4),Ts) -
spline (SHWater30000(:, 1), SHWater30000(:,4),Ts))/ (40000-

30000) +spline (SHWater30000(:, 1), SHWater30000(:,4),Ts);

end

$Entropy of Steam
if Ps>6000 & Ps<8000
ss=(Ps-6000) * (spline (SHWater8000(:, 1), SHWater8000(:,5),Ts) -

spline (SHWater6000(:,1), SHWater6000(:,5),Ts) )/ (8000-

6000) +spline (SHWater6000(:,1), SHWaterc000(:,5),Ts) ;
elseif Ps>=8000 & Ps<=10000

ss=(Ps-8000) * (spline (SHWater10000(:, 1), SHWater10000(:,5),Ts) -
spline (SHWater8000(:,1), SHWater8000(:,5),Ts))/ (10000~

8000) +spline (SHWater8000(:, 1), SHWater8000(:,5),Ts);

elseif Ps>=10000 & Ps<=15000

ss=(Ps-10000) * (spline (SHWater15000(:,1), SHWater15000(:,5),Ts) -
spline (SHWater10000(:, 1), SHWater10000(:,5),Ts))/ (15000~

10000) +spline (SHWater10000(:,1), SHWater10000(:,5),Ts);

elseif Ps>=15000 & Ps<=20000

ss=(Ps-15000) * (spline (SHWater20000(:,1), SHWater20000(:,5),Ts) -
spline (SHWater15000(:, 1), SHWater15000(:,5),Ts))/ (20000-

15000) +spline (SHWater15000(:,1), SHWater15000(:,5),Ts);

elseif Ps>=20000 & Ps<=30000

ss=(Ps-20000) * (spline (SHWater30000(:,1), SHWater30000(:,5),Ts) -
spline (SHWater20000(:, 1), SHWater20000(:,5),Ts))/ (30000-
20000) +spline (SHWater20000(:,1),SHWater20000(:,5),Ts) ;
elseif Ps>=30000 & Ps<=40000

ss=(Ps-30000) * (spline (SHWater40000(:,1), SHWater40000(:,5),Ts) -
spline (SHWater30000(:, 1), SHWater30000(:,5),Ts))/ (40000-

30000) +spline (SHWater30000(:, 1), SHWater30000(:,5),Ts);
end

exs=hs-h0s-T0* (ss-s0s)-0.4615* (T0) *1log (yh20*P0/Psat0) ;

$Combustion analysis
FtAa=mf/ ((mal+ma2) *1000) ; $Actual Air to Fuel Ratio

o°

Natural Gas Composition For "Khangiran" refinery

o\°

(
%+ (a7)*C5H12 +(a8)*C6H14 +(a9) *N2

al=0.98548; %of Methane CH4
az2=0.00647; %of Ethane C2HO6
a3=0.00069; %of Propane C3HS8
a4=0.00018; %of iso Buthane C4HI10
a5=0.00039 %of nButhane C4H10
a6=0.00018 %of Iso Pantane C5HI12
a7=0.00021 %of nPantane C5H12
a8=0.00014 %of Hexane C6hl4
a9=0.005; %of Nitrogen N2

al0=0; %of CO2

$Combustion Formula

% (Natural Gas)+ aa (02 + 3.76N2)= bCO2 4+ cH20 + dN2

%$Coefficients for Stochiometric combustion
b=al+a2*2+a3*3+ad*4+a5*4+a6*5+a7*5+a8*6;
cc=(al*4+a2*6+a3*8+ad*10+a5*10+a6*12+a7*12+a8*14) /2;

al)*CH4 +(aZ2)*C2H6 +(a3)*C3H8 +(a4)*C4H10 +(ab)*C4H10 + (ab)*C5HHI2




O [EXLIWT

=(b*2+cc) /2;
d=3.76*aa+a9;

FtAs=(al*0.016+a2*0.03+a3*0.044+a4*0.0584+a5*0.058+a6*0.072+a7*0.072+a8
*0.086+a9*0.028+a10*0.044) / (aa* (0.032+3.760*0.028)); %$Stochiometric
Air to Fuel Ratio

phi (k) =FtAa/FtAs;

ea (k)=1/phi (k) ;
mfm=(al*0.016+a2*0.034+a3*0.044+a4*0.058+a5*0.058+a6*0.072+a7*0.072+a8*
0.086+a9*0.0284a10*0.044) ; $Molar Mass of Fuel kg/mole
cco=al*1l+a2*2+a3*3+ad*4+a5*4+a6*5+a7*5+a8*6;
hco=al*4+a2*6+a3*8+a4*10+a5*10+a6*12+a7*12+a8*14;

nco=agq%*2;

LHV=(al* (802.3)+a2*(1427.8)+a3*(2044)+ (ad+ab) *(2657)+ (ab+a7) *(3272.1) +

a8* (3856.7)) /mfm; %Low Heat Value of Gas Kj/kg
EXF=(al* (832.4)+a2*(1497.1)+a3*(2153.2)+ (a4+a5)*(2807.7)+ (ab+a7)* (3461
.9)+a8* (3856.7)) /mfm; $Chemical Exergy of Gas Kj/kg

Qin (k) =mf*LHV; %kj/hr
msteam (k)=ms*1000; %Kg/hr
fts (k)=mf/msteam (k) ; %$Kg fuel to kg Steam
TE(k)—msteam(k)*(hs—hwin)/Qin(k);
( y=(wfl+wf2)/1000;
k) =msteam (k) * (exs—-exw) / (mf*EXF) *100;

HR=1:24;

global T a CO2 H20 N2 CO H H2Z OH NO O 02 ¢c y z aa
a=1/phi (k) ;
c=cco;
y=hco;
Z=NCO;
=11 11111111171;
temp=2200;
T11=25;
hform=(al* (74.85)+a2* (84.68)+a3*(103.85)+ (ad4+ab)*(126.15)+(ab+a7)* (146
.44)+a8* (198.67)) ; $Enthalpy formation of fuel
T=temp;
mm=fsolve (@myfun2,mm) ;
11=1;
for i=1:2
for §=500:2500
T=7;

inlet energy=mm(3)* (spline(N2(:,1),N2(:,2),T11+273.15) )+ (mm(3)/3.76)*(
spline (02(:,1),02(:,2),T11+273.15));

gc=hform+mm (1) * (spline (CO2(:,1),C02(:,2),T)+
393.522))+mm (2) * (spline (H20(:,1), H20(., ), T)+ (-
241.826) ) +mm (3) * (spline (N2 (:,1),N2(:,2),T))+mm(4) * (spline(CO(:,1),CO(:

IZ)IT)+(_

110.524) ) 4+mm (5) * (spline (H2 (:
), T)+249.173)+mm (7) * (spline (
(:,1),0H(:,2),T)+38.987) +mm (
1)*(spline( 2(:,1),02(:,2),T

,1),H2(:,2),T))+mm (6) * (spline (O (:,1),0(:,2
H(:,1),H(:,2),T)+217.999)+mm(8) * (spline (OH
9) * (spllne(NO( ,1),NO(:,2),T)+90.291) +mm (1
))-inlet energy;

if abs(gc)<abs(1ll)
11l=qgc;




temp=7j;

end

end
end
temp
mhg= (mm (1) * (0.044)+mm (2) * (0.018) +mm (3) * (0.028) +mm (4) * (0.028) +mm (5) * (0.
002)+mm (6) * (0.016) +mm (7) * (0.001) +mm (8) * (0.017) +mm (9) * (0.03) +mm (11) * (0.
032)) *mf/mfm; $Mass flow rate of Flue Gases Kg/hr

$Flue Gas Compostion
nco2=mm (1) /mm(10) ;
nh2o=mm (2) /mm (10) ;
nco=mm(4) /mm(10) ;
no2=mm(11) /mm(10) ;
nn2=mm (3) /mm (10) ;
T=temp;

hhgl=mm (1) * (spline (CO2(:,1),C02(:,2),T))+mm(2)* (spline (H20(:,1) ,H20(:,
2),T))+mm (3) * (spline (N2 (:,1),N2(:,2),T))+mm(4) * (spline(CO(:,1),CO(:,2)
,T))+mm (5) * (spline (H2 (:,1),H2(:,2),T))+mm(6) * (spline(O(:,1),0(:,2),T))
+mm (7) * (spline(H(:,1),H(:,2),T))+mm(8) * (spline (OH(:,1),0H(:,2),T)) +mm(
9)* (spline (NO(:,1),NO(:,2),T))+mm(11l)* (spline(02(:,1),02(:,2),T));
hhg2=0.99* (1-TE (k) ) *hhgl;
$After Heat Exchanger
11=1;
for 1=100:500
T=i4+273.15;
gc=(mm(1l) * (spline (CO2(:,1),C02(:,2),T))+mm(2) * (spline (H20(:,1), H20(.,2
),T))+mm (3) * (spline (N2 (:,1),N2(:,2),T))+mm(4) * (spline(CO(:,1),CO(:,2),
T))+mm(5)*(spline(H2(:,l),H2(:,2),T))+mm(6)*(spline(0(:,l),O(: 2),T))+
mm(7)* (spline(H(:,1),H(:,2),T))+mm(8) * (spline (OH(:,1),0H(:,2),T))+mm (9
) *(spline (NO(:,1),NO(:,2),T))+mm(11l)* (spline (02(:,1),02(:,2),T))) -
hhg2;
if abs(gc)<abs(1l1l)
1ll=qgc;
Tfg=T-273.15;
end
end
Tfg
T=TO;
TFG d(k)=Tfg;
shg0=(mm (1) * (spline (CO2(:,1),C02(:,3),T))+mm(2) * (spline (H20(:,1),H20(:
,3),T))+mm (3) * (spline (N2 (:,1),N2(:,3),T))+mm(4) * (spline(CO(:,1),CO(:,3
), T))+mm(5) * (spline (H2(:,1),H2(:,3),T))+mm(6) * (spline(O(:,1),0(:,3),T)
)+tmm (7) * (spline(H(:,1),H(:,3),T))+mm(8) * (spline(OH(:,1),0H(:,3),T))+mm
(9)*(spline (NO(:,1),NO(:,3),T))+mm(1l1l)* (spline(02(:,1),02(:,3),T))) *mf
/ (mfm*3600) *0.001;
hgO=(mm (1) * (spllne(COZ( ,1),C02(:,2),T)-
spline (CO2(:,1),C02(:,2),0))4+mm(2) * (spline (H20(:,1),H20(:,2),T)-
spline(H20( 1),H20(:,2),O))+mm(3)*(spline(N2(:,l),N2(:,2),T)—
spline (N2 (:,1),N2(:,2),0))+mm(4) * (spline(CO(:,1),CO(:,2),T)-
spline (CO(:,1),CO(:,2),0))+mm(5) * (spline (H2(:,1),H2(:,2),T) -
spline(HZ( 1),H2(:,2),0))+mm(6) * (spline(O(:,1),0(:,2),T) -
spline (O (: ) O(:,2),0))+mm(7) * (spline(H(:,1),H(:,2),T) -
spline(H(:,1),H(:,2),0))+mm(8) * (spline(OH(:,1),0H(:,2),T) -
spline(OH( 1),0H(:,2),0))+mm(9) * (spline (NO(:,1) ,NO(:,2),T) -




spline (NO(:,1),NO(:,2),0))+mm(11) * (spline(02(:,1),02(:,2),T)-
spline (02(:,1),02(:,2),0)))*mf/ (mfm*3600) ;
T=Tfg+273.15;

shg2=(mm (1) * (spline (CO2(:,1),C02(:,3),T))+mm(2)* (spline (H20(:,1),H20(:
,3),T))+mm (3) * (spline (N2 (:,1),N2(:,3),T))+mm(4) * (spline (CO(: ) CO(:,3
), T))+mm(5) * (spline (H2(:,1),H2(:,3), ))+mm(6)*(spline(0(.,1),O(:,3),T)
)+tmm (7) * (spline(H(:,1),H(:, ),T))+mm(8)*(spline(OH(:,1),OH(:,3),T))+mm
(9)*(spline(NO(:,1),NO(.,3),T))+ m(ll)*(spline(02(:,1),02(:,3),T))) *mf
/ (mfm*3600)*0.001;

hg2=(mm (1) * (spline (CO2(:,1),C02(:,2),T) -

spline (CO2(:,1),C02(:,2),0))+mm(2)* (spline (H20(:,1),H20(:,2),T) -
spline(H20( , 1), H20(.,2),O))+mm(3) (spline (N2 (:,1),N2(:,2),T)-

spline (N2 (:,1),N2(:,2),0))+mm(4)* (spline(CO(:,1),CO(:,2),T)-

spline (CO(:,1),CO(:,2),0))+mm(5) * (spline (H2(:,1),H2(:,2),T)~-
spline(H2( 1),H2(:,2),0))+mm(6) * (spline(O(:,1),0(:,2),T) -

spline (O (: ) O( +2),0))+mm(7) * (spline(H(:,1),H(:,2),T)-
spline(H(:,1),H(:,2),0))+mm(8) * (spline(OH(:,1),0H(:,2),T) -

spline(OH( 1),0H(:,2),0))+mm(9) * (spline (NO(:,1),NO(:,2),T) -

spline (NO(:,1),NO(:,2),0))+mm(11l) * (spline(02(:,1),02(:,2),T)~-

spline (02(:,1),02(:,2),0)))*mf/ (mfm*3600) ;

exfqg (k)=hg2-hg0-TO0* (shg2-

shg0) + (nco2*1log (nco2/yco2) +nh2o0*1log (nh20/yh20) +nn2*1log (nn2/yn2)+no2*1o
g(no2/yo2))*(T0)*8.3144*mf*0.001/ (mfm*3600) ;

It (k)= (mf/3600*EXF)+msteam (k) * (exw-exs) /3600-exfqg (k) ;

exfg me (k) =hg2-hg0-T0* (shg2-shg0) ;

exfg ch(k)=(nco2*log(nco2/yco2)+nh2o0*log(nh2o0/yh20)+nn2*log(nn2/yn2)+n
02*1log (no2/yo2))*(T0)*8.3144*mf*0.001/ (mfm*3600) ;

end

plot (phi, TE*100, '*'");title('Variations of Equivalence Ratio to Thermal

o)

efficincy');xlabel ('Phi');ylabel ('Thermal Efficiency %')

plot (phi,EF, '"");title('Variations of effectiveness to Equivalence
Ratio');xlabel (' Equivalence Ratio');ylabel ('Effectivness %')

plot (phi, (ea-1)*100, ' ");title('Variations of Excess Air to
Equivalence Ratio');xlabel (' Equivalence Ratio');ylabel ('Excess Air

1)

plot (phi,exfg me,'"'");title('Variations of Mechanical exergy FG to
Equivalence Ratio');xlabel (' Equivalence Ratio');ylabel ('Mechanical
exergy of flue gas')
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