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Air Standard cycles

Scilab code Exa 3.1 Carnot engine

clc; funcprot (0);//EXAMPLE 3.1
// Initialisation of Variables

TL=673; . //Max temp in Kelvin
t3=313; ;. //Min temp in Kelvin
W=130; . ... ... ... ... //Work produced in klJ
//calculations

etath=(t1-t3)/tl;........ ... ..... //Engine thermal

efficiency
disp(etath*100,” Engine thermal efficiency in %:”)

ha=W/etath;................. //Heat added in kJ
disp(ha,”Head added in kJ:”)
dels=(ha-W)/t3;........... //Change in entropy
disp(dels,”Change in entropy in kJ/K”)

Scilab code Exa 3.2 Carnot power cycle

18
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clc;funcprot (0);//EXAMPLE 3.2
// Initialisation of Variables

m=0.5;.......... ... ... ... //Mass of air in kg

etath=0.5;................. //Thermal efficiency of
engine

hie=40;......... .. .. ... ... //Heat transferred during
isothermal expansion in kJ

PL=T7; . //Pressure in bar at the
beginning of expansion

vi=0.12; ... ... .. //Volume in m"3 at the
beginning of expansion

cv=0.721; .. ... ... ... //Specific heat at
constant volume in kJ/kgK

cp=1.008; . ... ... ........ //Specific heat at
constant pressure in kJ/kgK

R=287; ... . . //Gas constant in J/kgK

// Calculations

t1=(pl1*107"6*v1)/(R*m) ;... ... ... ........... //Max temp
in K

t2=tl*x(l-etath);...... ... ... //Min temp in
K

disp(t1l,”The maximum temperature in Kelvin:")

disp (t2,” The minimum temperature in Kelvin:”)

v2=(%e " ((hie*x1000) /(m*R*xt1)))*vl;....... .. ... .....
//Volume at the end of isothermal expansion in m
"3

disp(v2,”Volume at the end of isothermal expansion
in m™37)

printf ("\n\n")

printf (" Process Heat
transfer\n”)

printf (”

\n” )
printf (" Isothermal expansion
%d kJ\n” ,hie)
printf (" Adiabatic reversible expansion

%d kJ\n” ,0)
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23 printf (”Isothermal compression
%d kJ\n” ,-hie)
24 printf (” Adiabatic reversible compressions
%d kJ”,0)

Scilab code Exa 3.3 Efficiencies of carnot cycle

clc;funcprot (0); //EXAMPLE 3.3

// Initialisation of Variables

pPl=18; .. ... //Maximum pressure in bar

t1=410+273; ... v //Maximum temperature in
Kelvin

ric=6;........... ... //Ratio of isentropic
compression

6 rie=1.5;.. .. ... ... ... ... //Ratio of isothermal
expansion

=W N =

ot
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vi=0.18; .. ... ... ... //Volume of air at the
beginning of expansion

ga=1.4; ... ... .. ... ... ... //Degree of freedom of gas
R=287; ... i //Gas constant in J/kgK
nc=210;......... ... .. ... . //no of working cycles

// Calculations

td=t1/(ric"(ga-1));............. //Min temp in K

t3=t4;

pd=pl/(ricga) ;... ... .. //Min pressure in
bar

p2=pl/rie; ... .. .. .. ... .. ... ... //pressure of gas
before isentropic expansion in bar

p3=p2*((1/6)7ga) ;.o v v .. //Pressure of gas

after isentropic expansion in bar
printf ("pl=%f bar \np2=%f bar \np3=%f bar \npd=%f
bar \ntl=t2=%f Kelvin \nt3=t4=%f Kelvin \n”,pl,p2
,p3,p4,t1,t3)
dels=(pl1*10~6*vi*log(rie))/(1000%*t1)
.................... //Change in entropy
dlsp(dels ”Change in entropy in kJ/K:”)

gs=tilxdels;......... .. ... .. ... //Heat supplied in
kJ

Qr=td*dels;......... ... //Heat rejected in
kJ

eta=(gs-Qr)/qgs;............ // Efficiency of the cycle

v3byvi=ric*rie;Vs=(v3byvi-1)*vl;................. //
Stroke volume

pm=((gs-Qr)*1073) /(Vs*10"5) ;........ //Mean effective

pressure of the cycle in bar
disp(pm,”Mean effective pressure of the cycle in bar
:77)
P=(gs-Qr)*(nc/60) ;... ... //Power
of engine
disp(P,”Mean effective pressure of the cycle in bar:

’7)
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Figure 3.4: Carnot Engine

Scilab code Exa 3.4 Carnot Engine

clc;funcprot (0);//EXAMPLE 3.4
// Initialisation of Variables

eta=1/6; ... . // Efficiency of the
engine
TEsS=70; . o //The amount of temp which

is reduced in the sink in C

// Calculation

tibyt2=1/(1-eta);

t2=(rts+273) /((2*xetaxtlbyt2) -tlbyt2+1) ;............
//Temperature of the sink in K

disp(t2-273,” Temperature of the sink in Celsius:”)

t1=tlbyt2*t2;....... ... ..... // Temperature of source
in K
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Figure 3.5: Carnot Engine

disp(t1-273,”7temperature of source in Celsius:”)

Scilab code Exa 3.5 Carnot Engine

clc;funcprot (0);//EXAMPLE 3.5
// Initialisation of Variables

t1=1990; .. ... .. .. . //Temperature of the
heat source in K

t2=850; ... ... //Temperature of the sink
in K

Q=32.5; . i //Heat supplied in kJ/min

P=0.4;. ... .. . . //Power developed by the

engine in kW

// Calculations

eta=1-(t2/t1);.......... // Efficiency of carnot
engine
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Figure 3.6: Otto cycle

etath=P/(Q/60) ;..... ... oo . // Efficiency of the
given engine

if (etath>eta) then printf (” Since the efficiency of
the given engine is more than efficiency of
carnot engine, the claim is not true.”)

end

Scilab code Exa 3.7 Otto cycle

clc;funcprot (0);//EXAMPLE 3.7
// Initialisation of Variables

etaotto=0.6;............ // Efficiency of otto engine
ga=1.5;. ... ... .. .. ...... //Ratio of specific heats
// Calculations

r=(1/(1-etaotto)) " (1/(ga-1)) ;. ... ............ //

Compression ratio

25
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Figure 3.7: Otto cycle

disp(r,”The compression ratio of

the engine is:”)

Scilab code Exa 3.8 Otto cycle

clc;funcprot (0);//EXAMPLE 3.8
// Initialisation of Variables

D=0.25;....... ... ... ... //Engine bore in m
L=0.375; ... ... //Engine stroke in m
Vc=0.00263;................ //Clearence volume in m"3
pl=1; ... . .. . //Initial pressure in bar
t1=323; i //Initial temperature in K
P3=25; . . //Max pressure in bar
ga=1.4;. ... ... ... ... . //Ratio of specific heats

// Calculations
Vs=(%pi/4)*D*D*L; . ... ............
"3

26
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Figure 3.8: Otto Cycle

r=round ((Vs+Vc)/VC) ;. v //
Compression ratio

etaotto=1-(1/(r"(ga-1))) ;.. ... ... ......... // Air
standard efficiency of otto cycle

disp(etaotto*100,” The air standard efficiency of
otto cycle in %:7)

p2=pl*((r)~ga);

TP=P3/ P25 e o e e e //Pressure ratio

pm=(pl*xr*((r~(ga-1))-1)*(rp-1))/((ga-1) *(r-1))

e //Mean effective pressure in bar

disp(pm,”Mean effective pressure in bar:”)

Scilab code Exa 3.9 0Otto Cycle

clc;funcprot (0);//EXAMPLE 3.9
// Initialisation of Variables

27
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e //Pressure in bar

t1=300; . . 0o // Temperature in K

Q=1500; . . o oo //Heat added in kJ/kg

T=8 i //Compression ratio

Cv=0.72; ... i //Specific heat at
constant volume

ga=1.4; ... ... ... .. .. .. .. //Ratio of specific
heats

//Calculations

t2=t1*x(r) " (ga-1);.......... // Temperature after
adiabatic compression in K

p2=pl*(r-ga);.............. //Pressure after
adiabatic compression in bar

t3=(Q/Cv)+t2; ... . // Temperature after
isochoric compression in K

pP3=(p2*t3)/t2; .. .. ... .. .. ... //Pressure after
isochoric compression in bar

t4=t3/(r"(ga-1)) ;. v //
Temperature after adiabatic expansion in K

p4=p3*(1/(r~(ga)));................ //Pressure after
adiabatic expansion in bar

Ws=Cv*x(t3-t2-t4+tl);......... //Specific work in kJ/
kg

etath=1-(1/(r"(ga-1)));............ // Thermal

efficiency

disp(t2,” Temperature after adiabatic compression
K:”)

disp(p2,” Pressure after adiabatic compression in
7))

disp(t3,” Temperature after isochoric compression
K:")

disp(p3,” Pressure after isochoric compression in
7))

disp(t4,” Temperature after adiabatic expansion in

77)

in

bar

in

bar

K:

disp(p4,” Pressure after adiabatic expansion in bar:”

)
disp(Ws,” Specific work in kJ/kg :7)

28
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Figure 3.9: Otto cycle and Atkinson cycle

disp(etath*100,” Thermal efficiency in %:”)

Scilab code Exa 3.10 Otto cycle and Atkinson cycle

clc;funcprot (0);//EXAMPLE 3.10

// Initialisation of Variables

T=6;. ... //Compression ratio

pl=1;.... ... ... ... ... //Pressure after isochoric
expansion in bar

t1=300; ... //Temperature after isochoric
expansion in K

t3=1842; . ... ... ... ... .. //Temperature after isochoric
compression in K

ga=1.4;............... //Ratio of specific heats

// Calculations
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p2=pl*x(r"ga);..... ... ... //Pressure after
adiabatic compression in bar

t2=ti1x(r~(ga-1));............. //Temperature after
adiabatic compression in K

p3=p2x(t3/t2);...... ... ... ... ... //pressure after
isochoric compression in bar

t4=t3/(r"(ga-1));.............. //Temperature after
adiabatic expansion in K

p4=p3*x(1/(r"(gad)));........... //Pressure after
adiabatic expansion in bar

etaotto=1-(1/(r"(ga-1)));............ // Efficiency of
otto cycle

p5=p1;

t5=((p5/p3) " ((ga-1)/ga))*t3;................ //

Atkinson cycle temp after further adiabatic
expansion in K

etatk=1-((ga*(t5-t1))/(t3-t2));........... //
Efficiency of atkinson cycle

disp(t2,” Temperature after adiabatic compression in
K:”)

disp(p2,” Pressure after adiabatic compression in bar
:77)

disp(t3,” Temperature after isochoric compression in
KZ”)

disp(p3,” Pressure after isochoric compression in bar
:77)

disp(t4,” Temperature after adiabatic expansion in K:
77)

disp(p4,” Pressure after adiabatic expansion in bar:”
)

disp((etatk-etaotto)*100,” Improvement in efficiency

in %:7)
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Figure 3.10: Otto cycle

Scilab code Exa 3.11 Otto cycle

clc; funcprot (0);//EXAMPLE 3.11
// Initialisation of Variables

Pl=1; ... //Initial pressure in bar

t1=343; . //Initial temperature in K

P2=T; . i //Pressure after adiabatic
compression

Qs=465;..... ... ....... //Heat addition at constant
volume in kJ/kg

cp=1; .. . //Specific heat at
constant pressure in kJ/kg

cv=0.706; ... ... //Specific heat at
constant volume in kJ/kg

a=Cp/CV; v //Ratio of specific heats

// Calculations

r=(p2/pl) " (1/ga) ;... o //Compression ratio

t2=t1*x(r~(ga-1)) ;... ... ... . . // Temperature
at the end of compression in K

t3=t2+(Qs/CcV) ;. oo //Temperature at the end
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Figure 3.11: Otto cycle

of heat addition in K

disp(r,” Compression ratio:”)

disp(t2,” Temperature at the end of compression in K”
)

disp(t3,” Temperature at the end of heat addition in
K”)

Scilab code Exa 3.12 0tto cycle

clc;funcprot (0);//EXAMPLE 3.12

// Initialisation of Variables

ga=1.4;.............. //Ratio of specific heats

p2bypl=15;..... ... ....... //Ratio pressure at the end
of compression to that of pressure at the start

t1=311; ... //Initial temperature in K

£3=2223; .. //Maximum temperature in K
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R=0.287;............... //Gas constant in kJ/kg K
// Calculations

r=p2bypl~(1/ga);............... //Compression ratio

etath=1-(1/(r"(ga-1)));............. // Thermal
efficiency

t2=tix(r~(ga-1));............ // Temperature at the

end of compression in K

t4=t3/(r"(ga-1));........... //Temperature at the end

of isothermal expansion in K
cv=R/(ga-1);....... ... ...... //Specific heat at
constant volume in kJ/kg

Q=cv*(t3-t2) ;. ... ... ...... //Heat supplied in kJ/kg
of air

Qr=cv*(td-tl) ;... ... . ... //Heat rejected in klJ
/kg of air

W=Q-Qr;........ ... ....... //Work done

disp(r,” Compression ratio:”)
disp(etath*100,” Thermal efficiency in %:”)
disp(W,”Work done in kJ:7)

Scilab code Exa 3.13 Otto cycle

clc;funcprot (0);//EXAMPLE 3.13
// Initialisation of Variables

v1i=0.45; . ... ... ... ... //Initial volume in m"3

pl=1; ... .. .. .. ... //Initial pressure in bar

t1=303;............. //Initial temperature in K

p2=11;. ... ... . ... ... ... //Pressure at the end of
compression stroke in bar

Q=210; .« it //heat added at constant
volume in kJ

N=210; ... ... //No of working cycles per
min
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Figure 3.12: Otto cycle

ga=1.4;............. //Ratio of specific heats

R=287;.......... .. ..... //Gas constant in kJ/kgK

cv=0.71;. ... ... ... ... //Specific heat at constant
volume in kJ/kg

// Calculations

r=(p2/p1) " (1/ga) ;. oo //Compression
ratio

t2=tl*x(r~(ga-1)) ;. ... .. ... .. ... ..... // Temperature at
the end of adiabatic compression

v2=(t2*%pl*vl) /(t1*p2) ;. oo //Volume at
the end of adiabatic compression in m"3

m=(pl*v1i*x10°6) /(R*xtl);................ //Mass of
engine fluid in kg

t3=(Q/(m*cv))+t2; .. ... ... ... ....... //Temperature at
the end of isochoric compression in K

p3=(t3/t2)*p2; .. ... //Pressure at the end
of isochoric compression in bar

v3=v2;

t4=t3*(1/r) " (ga-1) ;.. .. ... // Temperature
at the end of adiabatic expansion in K
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PA4=p3*(1/1)7ga,; . oo //Pressure at
the end of adiabatic expansion in bar

vd=v1l;

pc=(v2*100) /(v1-v2) ;. ... ... //Percentage
clearence

etaotto=1-(1/(r"(ga-1))) ;... . . //
Efficiency of otto cycle

Qr=m*xcv*(td-tl) ;... ... . //
Heat rejected in kJ/kg

pm=((Q-Qr)*1000) /((v1-v2)*100000) ;...... / /Mean
effective pressure in bar

P=(Q-Qr)*(N/60) ;... //Power

developed in kW
printf (" Temperature after adiabatic compression: %f

K\n\n”,t2)

printf (" Pressure after adiabatic compression: %f bar
\n\n”,p2)

printf (" Volume after adiabatic compression: %f m"3\n
\n”,v2)

printf (" Temperature after isochoric compression: %f
K\n\n”,t3)

printf (" Pressure after isochoric compression: %f bar
\n\n”,p3)

printf (" Volume after isochoric compression: %f m"3\n
\n”,v3)

printf (" Temperature after adiabatic expansion: %f K\
n\n”,t4)

printf (" Pressure after adiabatic expansion: %f bar\n
\n",p4)

printf (" Volume after adiabatic expansion: %f m"3\n\n
7, v4)

printf (" Percentage clearance: %f\n\n”,pc)

printf (" Efficiency of otto cycle: %f\n\n”,etaotto
*100)

printf ("Mean effective pressure: %f bar:\n\n”,pm)

printf (”Power developed: %f kW\n\n”,P)
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Figure 3.13: Otto cycle

Scilab code Exa 3.14 Otto cycle

clc;funcprot (0);//EXAMPLE 3.14
// Initialisation of Variables

t1=310;................ //Min temperature in K

t3=1220; ... ... //Max temperature in K

ga=1.4;............ ..., //Ratio of specific heats for
alr

cph=5.22;............ //Specific heat at constant
volume for helium in kJ/kg

cvh=3.13;............... //Specific heat at constant

pressure for helium in kJ/kg

// Calculations

r=(t3/t1)"(1/((ga-1)*2)) ;. ............. //Compression
ratio
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Figure 3.14: Otto cycle

etaotto=1-(1/(r"(ga-1))) ;... ... ... ...... // Air
standard efficiency

gah=cph/cvh;................ //Ratio of specific
heats for Helium

rh=(t3/t1) " (1/((gah-1)*2)) ;. ............. //
Compression ratio when Helium is used

etaottoh=1-(1/(rh~(gah-1))) ;... ... .. // Air

standard efficiency when Helium is used
disp(etaotto*100,” Air standard efficiency of the
engine in %:7)
if ((round (etaotto)- round (etaottoh)) == 0) then
disp (" There is no change in efficiency when
Helium is used as working fluid instead of air”)
end

Scilab code Exa 3.15 O0tto cycle
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Figure 3.15: Diesel Cycle

clc; funcprot (0);//EXAMPLE 3.15
// Initialisation of Variables

t1=310;......... //Minimum temperature in K

t3=1450;............ //maximum temperature in K
m=0.38;........... //Mass of working fluid in kg
cv=0.71;........... //Specific heat at constant

volume in kJ/kg
// Calculations

td=sqrt (t1*t3) ;... .. .. ... .. //Temperature at the end
of adiabatic expansion in K

t2=t4;

W=cv*(t3-t2-t4d+tl) ;... ... .. //Work done in
kJ/kg

P=W*(m/60) ;.....00uouiun... //Power developed in kW

disp (P,”Power developed in kW:7)
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Figure 3.16: Diesel Cycle

Scilab code Exa 3.17 Diesel Cycle

clc;funcprot (0);//EXAMPLE 3.17
// Initialisation of Variables

r=15; .. .. .. .. .. //Compression ratio

ga=1.4;.............. //Ratio os fpecific heats for
air

perQ=6;................ //Heat addition at constant

pressure takes place at 6% of stroke
// Calculations
rho=1+((perQ/100) *(r-1)); .. .. .. ... .... //Cut off
ratio
etad=1-((((rho~ga)-1)/(rho-1))*(1/(gax(r~(ga-1)))))
.................. // Efficiency of diesel engine
dlsp(etad*loo "Efficiency of diesel engine in %:”)
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Scilab code Exa 3.18 Diesel Cycle

clc; funcprot (0);//EXAMPLE 3.18
// Initialisation of Variables

L=0.25; .. ... ... ... //Engine stroke in m

D=0.15; ... . .. //Engine bore in m

v2=0.0004;............... //Clearance volume in m"3

pers=5;............... //Percentage of stroke when
fuel injection occurs

ga=1.4;.............. //Ratio of specific heats

// Calculations

Vs=(%pi/4)*D*D*L; .. ............ //Swept volume in m"3

VE=Vs+v2; . ... .. .. //Total cylinder volume
in m"3

v3=v2+((pers/100)*Vs) ;.. ............ //Volume at
point of cut off

rho=v3/v2;............ //Cut off ratio

r=1+(Vs/v2);............. //Compression ratio

etad=1-((((rho~ga)-1)/(rho-1))*(1/(gax(r~(ga-1)))))
e // Efficiency of diesel engine

disp(etad*100,” Efficiency of diesel engine in %:”)

Scilab code Exa 3.19 Diesel Cycle

clc;funcprot (0);//EXAMPLE 3.19
// Initialisation of Variables

r=14; ... ... .. //Compression ratio

persl=5;............... //Percentage of stroke when
fuel cut off occurs

Pers2=8; . .............. //Percentage of stroke when
delayed fuel cut off occurs

V2=1; . .. //Clearance volume in m”"3

ga=1.4;. ... ... ... ... ... //Ratio of specific heats
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// Calculations

//When the fuel is cut off at 5 %
rhol=((pers1/100) *(r-1))+1;

ratio

etadl=1-((((rhol~ga)-1)/(rhol-1))*(1/(ga*x(r~"(ga-1)))

1231 AM

6/30/2013

//Cut off

D) //Efficiency of diesel

engine

//When the fuel is cut off at 8 %
rho2=((pers2/100) *(r-1))+1;

Cut off ratio

etad2=1-((((rho2~ga)-1)/(rho2-1))*(1/(ga*x(r~(ga-1)))

// Delayed

D) // Efficiency of diesel
engine when cut off ratio is deyaled

disp((etadl-etad2)*100," Percentage loss

efficiency due to delay

in cut off:”)

in
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Figure 3.18: Diesel Cycle

Scilab code Exa 3.20 Diesel Cycle

clc; funcprot (0); //EXAMPLE 3.20

// Initialisation of Variables

Pm=7.5; . ... //Mean effective pressure in
bar

r=12.5;.. ... ... ... .. //Compression ratio

pl=1; ... . .. . . //Initial pressure in bar

ga=1.4; ... ... ... ...... //Ratio of specific heats

//Calculations

k=(pm*(ga-1)*(r-1))/(pl*x(r~ga));

cl=(r~(1-ga))/k;c2=(-ga)/k;c=1+(ga/k) -((r~(1-ga))/k)

function[f]=F(rho)
f=ci*x(rho~ga)+c2*rho+c;

endfunction

//Initial guess

rho=2;

//Derivative

function[z]=D(rho)
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Figure 3.19: Diesel cycle

z=cl*xga*(rho~(ga-1))+c2;
endfunction
y=fsolve (rho,F,D)
perc=((y-1)/(r-1))*100; .. .. .. ... .. .. .... //
Percentage of cutoff
disp(perc,”Cut off Percentage:”)

Scilab code Exa 3.21 Diesel cycle

clc;funcprot (0);//EXAMPLE 3.21
// Initialisation of Variables
D=0.2; .. ... //Engine bore in m
L=0.3;............. //Engine stroke in m

1 //Initial pressure in bar
=380 . e //No of working cycles per
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t1=300;.............. //Initial temperature in K

CO=8; .. .. //Cut off percentage

r=15; ... ... ... . . //Compression ratio

R=287; .. i //gas constant in J/kg

ga=1.4;...... ... ... .... //Ratio of specific heats

// Calculations

Vs=(%pi/4)*D*D*L;............. //Stroke volume in m

vi=(r/(r=-1))*Vs; ... .. .. ... ...... //Volume at the end
of isochoric compression in m"3

m=(pl*v1i*10°5) /(R*tl1) ;... .. ... ........ //Mass of air
in cylinder in kg/cycle

P2=pl*(r™ga) ;. o //Pressure at
the end of isentropic compression in bar

t2=tix(r~(ga-1)) ;.. ... ... // Temperature
at the end of isentropic compression in K

v2=Vs/(r-1) ;... .. .. ... .. .. ... //Volume at the end of

isentropic compressionin m"3

p3=p2;

rho=((r-1)*(co/100))+1; .. ... ... .. ..... //Cut off
ratio

v3=rho*v2;......... . ... ... ... ..., //Volume at the end

of isobaric expansion in m"3

t3=t2%x(v3/Vv2) ;... ... //Temperature at the
end of isobaric expansion in K

p4=((rho/r) ga)*p3; ... ........... //Pressure at the
end of adiabatic expansion in bar

t4=((rho/r) " (ga-1))*t3;.............. // Temperature

at the end of adiabatic expansion in K

vd=v1l;

printf (" Temperature after adiabatic compression: %f
K\n\n"”,t2)

printf (" Pressure after adiabatic compression: %f bar
\n\n”,p2)

printf (" Volume after adiabatic compression: %f m"3\n
\n”,v2)

printf (" Temperature after isobaric compression: %f K
\n\n",t3)

printf (" Pressure after isobaric compression: %f bar)
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n\n”,p3)

printf (" Volume after isobaric compression: %f m"3\n)\
n”,v3)

printf (" Temperature after adiabatic expansion: %f K\
n\n”,t4)

printf (" Pressure after adiabatic expansion: %f bar\n
\n”,p4)

printf (" Volume after adiabatic expansion: %f m"3\n\n
,v4)

etad=1-((((rho~ga)-1)/(rho-1))*(1/(gax(r~(ga-1)))))
.................. // Efficiency of diesel engine

d1sp(etad*100 "Efficiency of diesel engine in %:")

pm=pl*(r~ga)*[ga*x(rho-1) -((r~(1-ga))*((rho~ga)-1))

1x(1/(ga-1))*1/(r-1);....... //Mean effective
pressure

disp(pm,”Mean effective pressure :7)

Wdc=(pm*Vs*1075) /1000; ... ............... //Work done
per cycle in kJ/cycle

P=(WAc*N)/60; ...ttt //Power

developed in kW
disp(P,”Power developed in kW:")

Scilab code Exa 3.22 Diesel Cycle

clc;funcprot (0);//EXAMPLE 3.22

// Initialisation of Variables

rc=15.3; ... ... .. ... //Compression ratio

re=7.5;. . ... ... .. //Expansion ratio

cp=1.0056;................. //Specific heat at
constant pressure in kJ/kg K

cv=0.718; . ... ... //Specific heat at
constant volume in kJ/kgK

ga=1.4;....... .. .. .. . .. .. //Ratio of specific heats
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Figure 3.20: Diesel Cycle

Pl=1; . //Initial pressure in bar

t1=300;........ .. ... //Initial temperature in K

etamech=0.8;.................. //Mechanical
efficiency

C=42000; . ... 0 // Calorific value
of fuel in kJ/kg

rita=0.5; ... ... //Ratio of

indicated thermal efficiency to air standard
efficiency

R=287; .. //Gas constant in klJ
/kgK

//Calculations

t2=tl*x(rc”(ga-1));........ .. ... .... //Temperature at
the end of adiabatic compression in K

p2=pl*(rc™ga); .. ..o //Pressure at the
end of adiabatic compression in bar

t3=(rc*t2)/re; . ... ... // Temperature at
the end of constant pressure process in K

V2=1; .. //Volume at the end of

adiabatic process in m"3
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m=(p2*xv2*107°5) /(R*t2) ;. ................. //Mass of
working fluid in kg

td=t3*x((1/re)"(ga-1)) ;.. .. ... //
Temperature at the end of adiabatic expansion in
K

W=[m*x(cp*(t3-t2))]-[m*x(cv*x(td-t1))];........ // Work
done in kJ
pm=W/(rc-1) ;... . . . //Mean

effective pressure in kN/m"2
disp(pm/100,”Mean effective pressure in bar:”)
disp ((p2*100) /(pm) ,” Ratio of maximum pressure to
mean effective pressure 7)
etacy=W/(m*xcp*(t3-t2));............... //Cycle
efficiency
disp(etacy*100,” Cycle efficiency in %:”)

etaith=rita*etacy;.................. //Indicated
thermal efficiency
etabth=etaith*etamech;............... //Brake thermal
efficiency
mf=3600/(Cetabth*C);................ // Fuel

consumption per kWh
disp(mf,” Fuel consumption in kg/kWh:")

Scilab code Exa 3.23 Dual Combustion Cycle

clc;funcprot (0);//EXAMPLE 3.23
// Initialisation of Variables

Vs=0.0053;................ //Swept volume in m"3
Vc=0.00035;............... //Clearance volume in m"3
v3=Vc;

v2=Vc;

P3=65; ... .. ... //Max pressure in bar

CO=5; ittt //Cut off percentage
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Figure 3.21: Dual Combustion Cycle

p4=p3;ga=1.4;....... .. ...... //Ratio of specific
heats

t1=3563; .. ... ... //Temperature at the
start of compression in K

P1=0.9; . ... ... //Pressure at the start of
compression in bar

// Calculations

r=1+(Vs/Vec) ;... ... ... ... ... .. //Compression ratio

rho=(((co/100)*Vs)/Vc)+1; .. ... ... ... ....... // Cut
off ratio

p2=plx*(r-~ga);

Beta=p3/p2; ..ttt //Explosion
ratio

etadual=1-[(1/(r"(ga-1)))*((Beta*x(rho~ga))-1)*(1/((
Beta-1)+(Beta*ga*x(rho-1))))1;............ //
Efficiency of dual cycle

disp(etadual*100,” Efficiency of dual cycle:”)
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Figure 3.22: Dual Combustion Cycle

Scilab code Exa 3.24 Dual Combustion Cycle

clc;funcprot (0);//EXAMPLE 3.24
// Initialisation of Variables

r=14; ... ... //Compression ratio

Beta=1.4;................ //Explosion ratio

CO=B vt //Cut off percentage

ga=1.4;. ... ... ... ...... //Ratio of specific heats

//Calculation

rho=((co/100) *(r-1))+1; ... .. ... ... ..... //Cut off
ratio

etadual=1-[(1/(r~(ga-1)))*((Beta*x(rho~ga))-1)*x(1/((
Beta-1)+(Beta*xgax(rho-1))))1;............ //

Efficiency of dual cycle
disp(etadual*100,” Efficiency of dual cycle:”)
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Figure 3.23: Dual Combustion Cycle

Scilab code Exa 3.25 Dual Combustion Cycle

clc;funcprot (0);//EXAMPLE 3.25
// Initialisation of Variables

D=0.25;................. //Engine bore in m
L=0.3;............. //Engine stroke in m

pl=1; ... . .. .. //Initial pressure in bar
N=3; . i //No of cycles per second
p3=60;................ //Maximum pressure in bar
t1=303;.............. //Initial temperature in K
co=4; .. ... ... ... //Cut off percentage

r=9; .. ... .. //Compression ratio

R=287; ..o //gas constant in J/kg
cv=0.71;.. ... ... . ... ... //Specific heat at constant

volume in kJ/kgK
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cp=1.0; ... . //Specific heat at constant
pressure in kJ/kgK

ga=1.4;............ ... //Ratio of specific heats

// Calculations

p4=p3;

Vs=(%pi/4)*D*D*L; . ............ //Stroke volume in m"3

Ve=Vs/(r-1) ;... ... ... ... .... //Clearance volume in
m" 3

rho=((r-1)*(co/100))+1;...... ... .. ..... //Cut off
ratio

vi=Ve+Vs; . oo oo //Volume after isochoric
compression in m"3

p2=plx*x(r-ga);................ //Pressure after
adiabatic compression in bar

t2=tl1*x(r~(ga-1));.............. //Temperature after
adiabatic expansion in K

t3=(p3*t2)/p2; .o //Temperature after
isochoric compression in K

t4=t3*%rho;.......... ... ... .... //Temperature after
isobaric expansion in K

t5=t4*((rho/r) " (ga-1));......... //Temperature after
adiabatic expansion in K

p5=p4*(rho/r) ga;............... //Pressure after
adiabatic expansion in bar

Qs=(cv*(t3-t2)+cp*(t4-t3));..... //Heat supplied in
kJ/kg

Qr=cv*(tb-tl) ;. ... .. .. ... .. ...... //Heat rejected in
kJ/kg

etast=1-(Qr/Qs) ;... .. .. . ... //Air standard

efficiency
disp(etast*100,” Air standard efficiency in %:”)

m=(pl*v1i*10°56) /(R*tl) ;... ............ //Mass of air
in cycle

W=m*(Qs-Qr) ;.. oo v i //Work done per
cycle in kJ

P=WAN; . //Power developed
in kW

disp(P,” Power developed in kW”)
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Figure 3.24: Dual Combustion Cycle

Scilab code Exa 3.26 Dual Combustion Cycle

clc; funcprot (0); //EXAMPLE 3.26

// Initialisation of Variables

pl=1; ... ... ... ... ... //Initial pressure in bar
t1=363; .. . //Initial temperature in K
r=9; . ... //Compression ratio
P3=68; .. ... .. //Max pressure

Qs=1750;.............. //Total heat supplied
ga=1.4;............... //Ratio of specific heats
R=287; ... ... ... ....... //Gas constant in kJ/kgK

cv=0.71;. ... ... ..... //Specific heat at constant
volume in kJ/kgK
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cp=1; ... //Specific heat at constant
pressure in kJ/kgK
// Calculations

p2=pl*x((r)"ga);............ //Pressure at the end of
adiabatic compression in bar

t2=t1*x((r) " (ga-1));.......... // Temperature at the
end of adiabatic compression in K

t3=t2*(p3/p2);............ // Temperature at the end
of isochoric compression in K

Qu=cv*(t3-t2) ;. ............ //Heat added at constant
volume in kJ/kg

Qp=Qs-QV; . v //Heat added at
constant pressure in kJ/kg

t4=(Qp/cp)+t3; ... ... ... // Temperature at the
end of isobaric expansion in kJ/kg

rho=t4/t3; . ... ... .. .. .. ... .... //Cut off ratio

p5=p4*((rho/r) ga); ... ... .. //Pressure at the
end of adiabatic expansion in kJ/kg

t5=t4*((rho/r) " (ga-1));........... // Temperature at

the end of adiabatic expansion in kJ/kg
printf (" Temperature after adiabatic compression: %f

K\n\n",t2)

printf (" Pressure after adiabatic compression: %f bar
\n\n",p2)

printf (" Temperature after isochoric compression: %f
K\n\n”,t3)

printf (" Pressure after isochoric compression: %f bar
\n\n”,p3)

printf (" Temperature after isobaric expansion: %f K\n
\n”,t4)

printf (" Pressure after isobaric expansion: %f bar\n\
nw ,p4)
printf (" Temperature after adiabatic expansion: %f K\

n\n”,t5)
printf (" Pressure after adiabatic expansion: %f bar\n
\n”,p5)
Qr=cv*(tb-tl) ;... ... .. //Heat rejected in
kJ
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Figure 3.25: Dual Combustion Cycle

etast=1-(Qr/Qs) ;... .. ... //Air standard
efficiency
disp(etast*100,” Air standard efficiency in %:”)

pn=(1/(r-1))*[(68*(rho-1))+(((pd*rho) -(pb*r))/(ga-1)

)-((p2-r)/(ga-1)) ;.. ... //Mean
effective pressure in bar
disp(pm,”Mean effective pressure in bar:”)

748PM
6/30/2013

Scilab code Exa 3.27 Dual Combustion Cycle

clc;funcprot (0);//EXAMPLE 3.27
// Initialisation of Variables
t1=300;............... //Initial temperature

rmami=70;.................... //Ratio of max pressure

and min pressure
r=15; ... . .. //Compression ratio
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Figure 3.26: Dual Combustion Cycle

ga=1.4;. ... ... ... ... ... //Ratio of specific heats
R=287; ... ... .. .. . //Gas constant in kJ/kgK
t2=ti1*x(r~(ga-1));. ... ... ... ..... // Temperature at
the end of adiabatic compression in K
t3=t2x(rmami/(r"ga));............ // Temperature at
the end of isochoric compression in K
t4=t3+((t3-t2)/ga);.............. // Temperature at
the end of isobaric process in K
t5=t4/((1/(t4/(t3*r))) " (ga-1));.......... //

Temperature at the end of adiabatic expansion in
K
etast=1-[(t5-t1)/((t3-t2)+gax(t4-t3))
1o oo oo //Air standard efficiency
disp(etast*100,” Air standard efficiency in %:”)

Scilab code Exa 3.28 Dual Combustion Cycle
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clc; funcprot (0);//EXAMPLE 3.28
// Initialisation of Variables

t1=373;...... ... ... //Initial temperature in K

pl=1; ... .. //Initial pressure in bar

p3=65;.............. //Maximum pressure in bar

R=287;..... .. .. ... ..... //Gas constant in kJ/kg

p4=p3;

ga=1.41;....... ... ....... //Ratio of specific heats

Vs=0.0085;............ //Swept volume in m"3

afr=21;............... //Air fuel ratio

r=15; . ... .. .. .. .. ... //Compression ratio

C=43890;......00 ... // Calorific value of fuel in
kJ kg

cp=1;..... . ... ... ... //Specific heat at constant
pressure in kJ/kgK

cv=0.71;....... .. ..... //Specific heat at constant

volume in kJ/kgK
// Calculations
Ve=Vs/(r-1) ;... ... ....... //Clearance volume in m"3
v2=Vc;v1l=Vs+v2;
v3=Vc;vb=vl;

P2=pl*(r"ga) ;. ..o //Pressure at the
end of adiabatic compression in bar

t2=ti1x(r~(ga-1));..... ... ....... //Temperature at
the end of adiabatic compression in K

t3=(t2*p3) /P2 o v // Temperature at
the end of isochoric compression in K

m=(pl*v1*x10°5) /(R*xtl);............ //Mass of air in
the cycle in kg

Qu=m*cv*x(t3=12) 5 . o v e //Heat added
during constant volume process in klJ

fv=Qu/C; . o //Fuel added
during constant volume process in kg

mf=m/afr;.................. //Total amount of fuel
added in kg

mfib=mf-fv;...... ... ... ... .... //Total amount of
fuel added in isobaric process in kg

Qib=mfib*C;.......... .. .. ...... //Total amount of



28

29

30

31

32
33

34

B Scilab 5.4 Console -a
File Edit Control Applications 2

ZE|XD0|v &8 |X 2@

File Browser

e v & after adiabat: 522.211395 &
L= Pressure after adiabatic compression: 15.588457 bar
B3

after nors : 1201.987388 X

el
Bro s

Pressure after isochoric compression: 35.702596 bar
Temperature after isobaric expansion: 2163.577298 X
Pressure after ischbavic expansion: 35.702596 bar

after i 1246,871342 K

Pressure after adiabatic expansion: 4.775153 bar

Mean effective pressure in bar:

10.920179

Engine efficiency in %:

58.522193

Power of the engine in kif:

171.53377

1247 0M
7/2/2013

EREIETNS

Figure 3.27: Dual Combustion Cycle

heat added in isobaric process in kJ
t4=(Qib/ ((m+mf) *cp))+t3;........ //Temperature at the
end of isobaric process in K
va=(v3*t4)/t3;. ... ... //Volume at the end
of isobaric process in m"3
t5=t4/((v5/v4)"(ga-1));......... //Temperature at the
end of isochoric expansion in K
Qrv=(m+mf)*xcv*x(t5-t1);............... //Heat rejected
during constant volume process in kJ
W=(Qib+Qv)-Qrv; ... ... ... ...... //Work done in klJ

etath=W/(Qib+Qv) ;... ... ... ... ... ... // Thermal
efficiency

disp(etath*100,” Thermal efficiency in %:”)

Scilab code Exa 3.29 Dual Combustion Cycle

o7
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clc;funcprot (0);//EXAMPLE 3.29

// Initialisation of Variables

D=0.25;............. //Engine bore in m

L=0.4; ... .. ... //Engine stroke in m

t1=303; .. ... ... //Initial temperature in K

R=287;............... //Gas constant in kJ/kgK

pl=1; ... ... ... ... //Initial pressure in bar

N=8;........ ... .. //No of working cycles per sec

cv=0.71;...... ... .... //Specific heat at constant
volume in kJ/kgK

Cp=1; ... //Specific heat at constant
pressure in kJ/kgK

n=1.25;............. //Adiabatic index

re=9; . ... ... //Compression ratio

re=5; . ... .. ... //Expansion ratio

rqptqe=2;........... //Ratio of heat liberated at
constant pressure to heat liberated at constant
volume

// Calculations

P2=pl*x(rc™mn) ;..o //Pressure at
the end of adiabatic compression in bar

t2=tl*(rc™(n-1)) ;. ... .. ... .. ... ..... //Temperature at
the end of adiabatic compression in K

rho=rc/re;....... ... ... ... ... //Cut off ratio

t3=(2*xcv*t2) /((2*xcv)-(cp*(rho-1))) ;... ..t ... //
Temperature at the end of isochoric compression
in K

P3=p2*x (£3/t2) 5 . ot //
Pressure at the end of isochoric compression in
bar

PA=pP3;t4=Tho*t3; . . ot //
Temperature and pressure at the end of isobaric
process

P5=p4*(1/(re™m)) ;..o //
Pressure at the end of adiabatic expansion in bar

tE=t4*(1/(re”(n=1))) ;. ot //

Temperature at the end of adiabatic expansion in

K
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pm=(1/(rc-1))*[(p3*(rho-1))+(((pd*rho) -(p5*rc))/(n
-1)) -((p2-(pl*rc))/(n=-1))]1; ... ... .. //Mean
effective pressure

printf (" Temperature after adiabatic compression: %f

K\n\n”,t2)

printf (" Pressure after adiabatic compression: %f bar
\n\n"”,p2)

printf (" Temperature after isochoric compression: %f
K\n\n”,t3)

printf (" Pressure after isochoric compression: %f bar
\n\n”,p3)

printf (" Temperature after isobaric expansion: %f K\n
\n”,t4)

printf (" Pressure after isobaric expansion: %f bar\n)\
n”,p4)

printf (" Temperature after adiabatic expansion: %f K\
n\n”,t5)

printf (" Pressure after adiabatic expansion: %f bar\n

\n”,p5)
disp(pm,”Mean effective pressure in bar:”)
Vs=(%hpi/4)*D*D*L; ... ................. //Swept volume
in m"3
W=(pm*(107°5)*Vs) /1000; ... ... ... ... ... //Work done

per cycle in kJ
m=(pl*(10°5)*(rc/(rc-1))*Vs)/(R*xtl)
S //Mass of air per cycle in

kg
Qs=m*x[cv*(t3-t2)+cp*(td-t3)]; ... ... //
Heat supplied per cycle in kJ
eta=W/Qs ;. oo v //Engine efficiency
disp(eta*x100,” Engine efficiency in %:”)
P=WkN; . ..., //Power of the engine in kW

disp(P,”Power of the engine in kW:”)
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Figure 3.28: Atkinson Cycle

Scilab code Exa 3.31 Atkinson Cycle

clc; funcprot (0);//EXAMPLE 3.31

// Initialisation of Variables

cp=0.92; .. ... ... ... .. ... //Specific heat at
constant pressure in kJ/kgK

cv=0.75; .. ... . //Specific heat at
constant volume in kJ/kgK

pl=1; ... .. ... .. . //Pressure at the end of
adiabatic expansion in bar

P2=Pl ;e //Pressure at the end of
isobaric compression in bar

P3=4; ... //Pressure at the end of
isobaric compression in bar

PA4=16; . . .. //Final pressure after heat
addition in bar

£2=300; . ..o //Temperature at the end
of isobaric compression in K

ga=1.22;................ //Ratio of specific heats

// Calculations
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Figure 3.29: Brayton Cycle

t3=t2*((p3/p2) " ((ga-1)/gad));............ //
Temperature at the end of isobaric compression in
K

t4=(pa*t3) /P3; . it //Final
temperature after heat addition in K

t1=t4/((p4/pl)~((ga-1)/gad)) ;... ... ... .. ... //
Temperature at the end of adiabatic compression
in K

Qs=cv*(td-t3) ;.. ... //Heat
supplied in kJ/kg

Qr=cp*(t1-t2) ;... i //Heat
rejected in kJ/kg

W=Qs-Qr ;... ... //Work done per kg of

gas in kJ
disp(W,”Work done in kJ/kg:”)
eta=W/Qs; . oo vt // Efficiency of cycle

disp(eta*x100,” Efficiency of cycle in %:”)
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Scilab code Exa 3.32 Brayton Cycle

clc;funcprot (0);//EXAMPLE 3.32
// Initialisation of Variables

p1=101.325; .. ..... ... ... ....... //Pressure of intake
air in kPa

t1=300; . ¢ oot // Temperature of
intake air in kPa

TP=6; o ot //Pressure ratio in
the cycle

ga=1.4; .. .. . ... //Ratio of specific
heats

TEC=2.5; . //Ratio of

turbine work and compressor work
// Calculations

t2=t1x(rp~((ga-1)/gad));.................. //
Temperature at the end of isentropic expansion in
K

t3=(rtc*x(t2-t1))/(1-(1/(rp~((ga-1)/gad))));........ //
Temperature at the end of isobaric expansion in K

t4=t3/(rp~((ga-1)/ga)) ;... ..o //

Temperature at the end of isentropic compression
in K

eta=(t3-t4-t2+t1)/(t3-t2) ;... ..ot //Cycle
efficiency

disp(etax100,” Cycle efficiency in %:7)

Scilab code Exa 3.33 Brayton Cycle

clc; funcprot (0);//EXAMPLE 3.33
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Figure 3.30: Brayton Cycle

// Initialisation of Variables

Pl=1; ... //Intake pressure in bar

P2=5; //Supply pressure in bar

£t3=1000; . ... //Supply temperature in
Kelvin

cp=1.0425;................ //Specific heat at
constant pressure in kJ/kgK

cv=0.7662;................. //Specific heat at
constant volume in kJ/kgK

ga=cp/CVi; ..o //Ratio of specific heats

//Calculations

t4=t3x((pl/p2) " ((ga-1)/ga));

P=cp*(t3-t4);...... ... . ... ... ..... //Power developed
per kg of gas per second in kW

disp(P,”Power developed per kg of gas per second in
kW: ")
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Figure 3.31: Brayton Cycle

Scilab code Exa 3.34 Brayton Cycle

clc;funcprot (0);//EXAMPLE 3.34
// Initialisation of Variables

ma=0.1; ... ... //Air supplied in kg/s

pl=1; .. . //Supply pressure in bar

t4=285; .. ... .. //Temperature of air when
supplied to cabin in K

P2=4; .o //Pressure at inlet to
turbine in bar

cp=1.0;. ... ... ... ... ... //Specific heat at constant
pressure in kJ/kgK

ga=1.4;. ... ... ... ... ... //Ratio of specific heats

// Calculations

t3=t4*((p2/pl) " ((ga-1)/ga)) ;... .. //

Temperature at turbine inlet in K
disp(t3,” Temperature at turbine inlet in K:7)
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Figure 3.32: Brayton Cycle

P=ma*cp*(t3-t4) ;... ... //Power
developed in kW
disp(P,” Power developed in kW:”)

Scilab code Exa 3.35 Brayton Cycle

clc; funcprot (0); //EXAMPLE 3.35
// Initialisation of Variables

Pl=1; ... ... . //Pressure of air
entering the compressor in bar

P2=3.5; . ... //Pressure of air while
leaving the compressor in bar

t1=293; ... . ... ... //Temperature of air at the
onlet of the compressor in K

t3=873; ot //Temperature of air at the

turbine inlet in K
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cp=1.005;............... //Specific heat at constant
pressure in kJ/kgK

ga=1.4; ... ... .. ... ... ... //Ratio of specific heats

//Calculations

rp=p2/pl; . //Pressure ratio of the
cycle

eta=1-(1/(rp~((ga-1)/gal)));.............. //

Efficiency of the cycle

disp(eta*100,” Efficiency of the cycle:”)

t2=t1x((rp~((ga-1)/ga)));................ //
Temperature of air while leaving the compressor
in K

ql=cp*(t3-t2);................ //Heat supplied to the
air in kJ/kg

disp(ql,”Heat supplied to the air in kJ/kg:”)

W=eta*ql;.......... .. .. ... ... //Work available at
the shaft in kJ/kg

disp(W,”Work available at the shaft in kJ/kg:”)

q2=ql-W;................ //Heat rejected in the
cooler in kJ/kg

disp(q2,”Heat rejected in the cooler in kJ/kg:”)

td=t3/(rp~((ga-1)/ga)) ;... ..o //
Temperature of air leaving the turbine in K

disp(t4,” Temperature of air leaving the turbine in K

:77)

Scilab code Exa 3.36 Brayton Cycle

clc; funcprot (0);//EXAMPLE 3.36
// Initialisation of Variables

pl=1; .. . . . //Pressure of air entering
the compressor in bar
t1=300;................. //Temperature of air
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Figure 3.33: Brayton Cycle

entering the compressor in bar

TP=6; .. o //Pressure ratio

rtc=2.5;....... ... ... ... //Ratio of turbine work to
compressor work

ga=1.4;............ //Ratio of specific heats

//calculations

t2=t1*x(rp~((ga-1)/gad)) ;... //
Temperature at the end of isentropic expansion in
K

t3=(rtcx(t2-t1))/(1-(1/(rp~((ga-1)/ga))));........ //
Temperature at the end of isobaric expansion in K

t4=t3/(rp~((ga-1)/ga)) ;... ... //
Temperature at the end of isentropic compression
in K

eta=(t3-t4-t2+t1)/(t3-t2) ;.o v v v //Cycle

efficiency

disp(t3,”Maximum temperature in K:”)
disp(etax100,” Cycle efficiency in %:7)
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Scilab code Exa 3.37 Brayton Cycle

clc;funcprot (0);//EXAMPLE 3.37

// Initialisation of Variables

t1=303; ... ... //Min temperature in
K

t3=1073; oot //Max temperature in
K

C=45000;..... ... .. // Calorific value of
fuel in kJ/kg

cp=1; ... . . .. //Specific heat at constant
pressure in kJ/kgK

ga=1.4; .. ... ... //Ratio os specific
heats

diftc=100;......... .. .. ..... // Difference between
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Figure 3.35: Brayton Cycle

work done by turbine and compressor in kW
// Calculations
t2=sqrt (t1*t3); t4 = t2;..... // Assumed

mf=diftc/[C*x(1-((t4-t1)/(t3-t2))) ;. v ...

//Fuel used in kg per second
disp(mf,” Rate of fuel consumption in kg/s:”)
ma=[diftc-[mf*(t3-t4)]1]1/[(t3-t4-cp*x(t2-t1))

| //Rate of air consumption in kg/s
disp(ma,”Mass flow rate of air in kg/s:”)

Scilab code Exa 3.38 Brayton Cycle

clc; funcprot (0);//EXAMPLE 3.38
// Initialisation of Variables
t1=300; ... i //Inlet temperature in K
Pl=1; . //Inlet pressure in bar

69



© 0o N O Ot

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24
25

ma=1;.......... ... ... ... //Mass of air in kg

rp=6.25;............. //Pressure ratio
t3=1073;........... //Maximum temperature in K
etac=0.8;............ // Efficiency of compressor
etat=0.8;............. // Efficiency of turbine
ga=1.4;......... .. ...... //Ratio of specific heats
cp=1.0056;............. //Specific heat at constant

pressure in kJ/kgK

//Calculations

t2=t1*x(rp~((ga-1)/gad));........... //Ideal
Temperature of air while leaviing the compressor
in K

t21=((t2-t1)/etac)+tl;............ //Actual
Temperature of air while leaviing the compressor
in K

Wcomp=ma*cp*(t21-tl);............. //Compressor work
in kJ/kg

t4=t3/(rp~((ga-1)/ga));........ //Ideal temperature
of air while leaving the turbine in K

t41=t3-(etat*(t3-t4));.......... //Actual temperature
of air while leaving the turbine in K

Wtur=ma*xcp*x(t3-t41);.............. //Turbine work in
kJ/kg

Wnet=Wtur-Wcomp;................. //Net work produced
in kJ/kg

Qs=ma*xcp*(t3-t21);....... .. ... ..... //Heat supplied
in kJ/kg

disp (Wcomp,” Compressor work in kJ/kg:”)

disp (Wtur ,” Turbine work in kJ/kg:”)

disp(Qs,” Heat supplied in kJ/kg:”)

disp ((Wnet/Qs)*100,” Cycle efficiency in %:”)
disp(t41l,” Actual exhaust temperature of turbine in K

77)
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Scilab code Exa 3.39 Brayton Cycle

clc;funcprot (0);//EXAMPLE 3.39
// Initialisation of Variables

etat=0.85; ... ........... //Turbine efficiency

etac=0.8;............... //Compressor efficiency

t3=1148; .. ... .. .. ... ... //Max temperature in K

t1=300; ... ... ... .. //Temperature of working
fluid when entering the compressor in Kelvin

cp=1;. ... . //specific heat at constant
pressure in kJ/kgK

ga=1.4;..... ... ... ..... //ratio of specific heats

pl=1; ... .. .. . //Pressure of working fluid
while entering the compressor in bar

rp=4; ... ... //Pressure ratio

C=42000;............... // Calorific value of fuel
used in kJ/kgK

perlcc=10;............. //Percentage loss of

calorific value in combustion chamber
//calculations
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Figure 3.37: Stirling Cycle

P2=pl*TpP; . it //pressure of air while
leaving the compressor in bar

etacc=1-(perlcc/100);............ //efficiency of
combustion chamber

t2=t1*(rp~((ga-1)/ga));........... //Ildeal
Temperature of air while leaviing the compressor
in K

t21=((t2-t1)/etac)+tl;............ //Actual
Temperature of air while leaviing the compressor
in K

afr=((Cxetacc)/(cp*(t3-t21)))-1;........... //Air
fuel ratio

printf (" Air fuel ratio is %d:1”,round(afr))

Scilab code Exa 3.40 Stirling Cycle
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clc;funcprot (0);//EXAMPLE 3.40
// Initialisation of Variables

pl=1;........... //pressure before isothermal
compression in bar

t1=310;......... //temperature before isothermal
compression in K

p3=16;......... //pressure before isothermal
expansion in bar

t3=930;......... //temperature before isothermal
expansion in K

R=287;............. //Gas constant in kJ/kgK

// Calculations

vi=(R*xt1)/(pl*1075) ;. .............. //Volume before
isothermal compression in m"3

v3=(R*t3)/(p3*1075) ;. ... ... ....... //Volume before
isothermal expansion in m"3

v2=v3;v4=vl; ... ... .. .. ... ... //2—3 and 1—4 are
isochoric processes

r=v1/v2;...... ... .. ... //Compression ratio

ql2=R*tl*log(r);............... //Work done and heat
rejected in process 1-2

wl2=ql12;

disp(q12/1000,” Work done in process 1-2 in kJ/kg:”)

disp(w12/1000,” Heat rejected in process 1-2 in kJ/kg
7))

q23=0;w23=923 ;... ... .. ... ... //COnstant volume
process and hence work done is zero

disp(q23/1000,” Work done in process 2—3 in kJ/kg:”)

disp(q23/1000,” Heat rejected in process 2—3 in kJ/kg

:77)

q34=R*t3*log(r);............... //Work done and heat
rejected in process 1-2

w34=q34;

disp(q34/1000,” Work done in process 3—4 in kJ/kg:”)

disp(w34/1000,” Heat rejected in process 3—4 in kJ/kg
:77)

q41=q34-ql12;w4l1=q41;

disp(q41/1000,”Work done in process 4—1 in kJ/kg:”)
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26 disp(w41/1000,” Heat rejected in process 4—1 in kJ/kg
:77)

27 etath=w41/q34; ... ... . . ... // Thermal
efficiency

28 disp(etath*100,” Thermal efficiency of the cycle in %
:77)
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Scilab code Exa 4.2 Percentage change in otto cycle efficiency

clc; funcprot (0); //EXAMPLE 4.2
// Initialisation of Variables

T=8 i it //Compression Ratio

ga=1.4; .. .. ... .. .. .. .. //Degree of freedom
for the gas

Cvinc=1.1;.................... //Increase of specific

heat at constant volume in percentage

// Calculations

eta=1-1/(r"(ga-1));........... //efficiency of otto
cycle

deta=(1l-eta)*(ga-1)*log(r)*(Cvinc/100);............
//Change in efficiency

etach=-deta/eta; ... ... uuiiiinenennena.. //
Percentage change in efficiency of change in
efficiency

disp(etach*100,” The percentage change in the
efficiency of otto cycle (in %):7)
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Scilab code Exa 4.3 Percentage change in otto cycle efficiency

clc;funcprot (0);//EXAMPLE 4.3
// Initialisation of Variables

T=T 5 //Compression Ratio

ga=1.4; ... .. ... ... //Degree of freedom
for the gas

CVINC=3; ot //Increase of specific

heat at constant volume in percentage
// Calculations

eta=1-1/(r"(ga-1));........... //efficiency of otto
cycle

deta=(1l-eta)*(ga-1)*log(r)*(Cvinc/100) ;............
//Change in efficiency

etach=-deta/eta;.......... ... ... . ... //
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Percentage change in efficiency of change in
efficiency

disp(etach*100,”The percentage change in the
efficiency of otto cycle (in %):7)

Scilab code Exa 4.4 Change in air standard efficiency

clc;funcprot (0);//EXAMPLE 4.4
// Initialisation of Variables

T=18; . o //Compression Ratio

CO=B; ot //Cut off percent of
stroke

cv=0.71;. . ... ... //Mean specific heat
for cycle in kJ/kg K

R=0.285;. ... ... // Charecteristic gas

constant in kJ/kh K
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Figure 4.3: Change in air standard efficiency

CVINC=2; . it //Percentage increase

in mean specific heat of the cycle

// Calculation

rho=(co/100) *(r-1) +1;

ga=1+(R/cv);

eta=1-(1/(ga*x(r~(ga-1))))*((rho~ga)-1)/(rho-1)
T // Efficiency of diesel
cycle

etach=-((1-eta)/eta)*(ga-1)*(log(r)-(((rho~ga)*log(

rho))/((rho~ga)-1))+(1/ga))*(cvinc/100);...//
Variation in the air standard efficiency
disp(etach*100,” Percentage change in efficiency

77)

Scilab code Exa 4.5 Maximum pressure in cylinder

clc;funcprot (0);//EXAMPLE 4.5
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Figure 4.4: Maximum pressure in cylinder

// Initialisation of Variables
..... //Compression ratio
..... // Calorific value of fuel

T=7 e e e e e e
C=44000;.............
used in kJ/kg
afr=15;..............
t1=338;..............

..... //Air fuel ratio

charge at the end of the

pl=1;.... ... ... .. ...
at the end of the

stroke

// Temperature of the
stroke in Kelvin
//Pressure of the charge
in bar

//Index of compression

cv=0.71;...... //Specific heat constant at constant

volume in kJ/kgK
k=20%10"(-5);
// Calculations
p2=pl*(r) n;
t2=(t1*p2) /(pl*r);

ha=C/(afr+1);...... ... ... ... ... ... //Heat added per

kg of charge in kJ

t3=((-2*xcv)+sqrt ((dxcv*xcv)+(4dxk* ((2xcvxt2) +(k*xt2*t2)

+(2xha))))) /(2*k) ;
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Figure 4.5: Maximum pressure in cylinder

P3=(P2*t3) /L2 . oo / /Max
pressure for constant volume process in bar
P3=p2x((ha/cv)+t2)/t2;. ... ... ... ... ...... //Max

pressure for constant specific heat in bar
disp(p3,”Max pressure in the cylinder (in bar):”)

disp(P3,”Max pressure for constant specific heat (in

bar):”)

Scilab code Exa 4.6 Maximum pressure in cylinder

clc;funcprot (0);//EXAMPLE 4.6
// Initialisation of Variables

r=10; ... .. //Compression ratio

C=48000;.................. // Calorific value of fuel

afr=15; ... .. .. //Air fuel ratio
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t1=330; ... . i //Temperature of the

charge at the end of the stroke

in Kelvin

Pl=1; ... ... //Pressure of the charge
at the end of the stroke in bar

n=1.36;........0 . //Index of compression

cv=0.7117;...... //Specific heat constant at constant

volume in kJ/kgK
k=2.1%10" (-4) ;
//Calculations
p2=pl*(r) "n;
t2=t1x((p2/p1) "~ ((n-1)/n));
ha=C/Cafr+1) ;. ... . . . .. ..
kg of charge in kJ

//Heat added per

t3=((-2*%cv)+sqrt ((d*xcv*cv) +(4xk* ((2*xcv*xt2) +(k*xt2*t2)

+(2xha))))) /(2%k);
P3=(p2*t3)/t2; ... ..

........ / /Max

pressure for constant volume process in bar

P3=p2*((ha/cv)+t2)/t2;.............

........ / /Max

pressure for constant specific heat in bar
disp(p3,”Max pressure in the cylinder (in bar):”)

disp (P3,”Max pressure for constant

bar):”)

specific heat

(in

Scilab code Exa 4.7 Percentage of the stroke when the combustion is completed

clc;funcprot (0);//EXAMPLE 4.7
// Initialisation of Variables

r=15; .. . . . //Compression ratio

C=43000;................ // Calorific value of fuel
used in kJ/kg

afr=27; ... ... ... //Air fuel ratio

t2=870; ... . //Temperature of the

charge at the end of the stroke

81
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Figure 4.6: Percentage of the stroke when the combustion is completed

cv=0.71;...... //Specific heat constant at constant
volume in kJ/kgK

R=0.287; ... e //Gas constant in
kJ /keK

k=20%10"(-5) ;
// Calculations

CP=CV+R; ... o //Specific heat
at constant pressure
ha=C/(afr+1);...... ... ... ... ...... //Heat added per

kg of charge in kJ
t3=((-2*xcp)+sqrt ((dxcp*xcp) +(4*xk*x ((2*xcp*xt2) +(k*xt2*t2)
+(2xha))))) /(2%k) ;
co=((t3/t2)-1)/(r-1);............. //combustion
occupies this amt of stroke
disp(cox100,” Percentage of the stroke when the
combustion is completed is :7)
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Figure 4.7: Percentage of the stroke when the combustion is completed

Scilab code Exa 4.8 Percentage of the stroke when the combustion is completed

clc;funcprot (0);//EXAMPLE 4.8
// Initialisation of Variables

r=14; ... ... //Compression ratio

B1=87+273; ¢ o oot //Temperature of the
charge at the end of the stroke in Kelvin

Pl=1; . //Pressure of the charge
at the end of the stroke in bar

hsupa=1700; ... ... .t //heat
supplied per kg of air in kJ

cv=0.71;...... //Specific heat constant at constant

volume in kJ/kgK
k=20%10"(-5) ;

ga=1.4; .. .. ... . //Degree of freedom
R=0.287; ... . //Gas constant in kJ/
kgK
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// Calculations

p2=plx*x(r) ga;
t2=tl1*(r~(ga-1));
ha=hsupa/2;..................
of charge in kJ
t3=((-2*%cv)+sqrt ((4d*xcv*cv)+(4dxk*((2xcv*xt2) +(k*xt2*t2)
+(2xha))))) /(2%k);
p3=(p2*t3)/t2; ... .. ... . .....

co=((t4/t3)-1)/(r-1);
this amt of stroke

pressure for
P3=p2*((ha/cv)+t2)/t2;

....//Heat added per kg

.............. / /Max

constant volume process in bar

.............. / /Max

pressure for constant specific heat in bar
disp(p3,”Max pressure in the
cp=cv+R; ... ... o oo
capacity at constant pressure in kJ/kgK

t4=((-2*%cp)+sqrt ((4*xcp*cp)+(4xk* ((2xcp*xt3)+(k*xt3*t3)
+(2xha))))) /(2%k);

occupies

cylinder (in bar):”)
............ //Heat

..... //combustion

disp(co*100,” Percentage of the stroke when the
combustion is completed is

:77)

Scilab code Exa 4.9 Maximum pressure and temperature ignoring and considering fuel

clc; funcprot (0);//EXAMPLE 4.9

// Initialisation of Variables

T=8 it e //Compression ratio

C=44000;............ // Calorific value of fuel in kJ/
kg

afr=13.8;...... ... ... ... . //Air fuel ratio

T1=343; . // Temperature of

the mixture at the beginning of the compression

in Kelvin

Pl=1; ... . . //Pressure of the
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Figure 4.8: Maximum pressure and temperature ignoring and considering

fuel expansion

mixture at the beginning of the compression in
bar

cv=0.716; ... ... ... ... //Specific heat at
constant volume in kJ/kgK

in=1.35; .. .. //Index of
compression

DC=6; . ot it //No of carbon
elements in the given fuel

nh=14; .. ... ... //No of hydrogen
elements in the given fuel

MC=12; . it //Atomic mass of
carbon in amu

mh=2;. ..., ... ... //atomic mass of
hydrogen molecule in amu

MO=32; o ittt //Atomic mass of

oxygen molecule in amu

// Calculations

//The chemical equation is C6H14 + xO2 ==> yCO2 +
zH20
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//x is the no of oxygen molecules required for
complete combustion

//y is the no of carbon dioxide molecules produced
in complete combustion

//z is the no of Water molecules produced in
complete combustion

FEIC 5 e ot e e //As no of CO2
molecules is equal to no of C atoms in the fuel
z=nh/2; ... ... .. //No of H20

molecules is equal to half the no of H atoms in
the fuel

X=(Z/2) Y 5 e //No of oxygen
molecules required for combustionis half the no
of water molecules plus the no of oxygen
molecules

gafr ((x*32) x(100/23) )/ ((mcxy)+(mh*z))
................. //Gravimetric air fuel ratio

ms= (gafr/afr)*lOO ...................... //Actual
mixture strength

//Since the mixture strength is greater than 100 %

//The mixture is rich in fuel. The combustion is
therefore incompplete and hence CO will be formed

d=ms/100;......... .. ... ... ... .. //No of fuel
molecules required for combustion

//The chemical equation is d(C6H14) + 9.5(02) == a(
CO2) + b(CO) + c(H20)

c=(d*nh) /2; . . //No of
H20 molecules is equal to half the no of H atoms
in the fuel

a=(x*2) =(d*NC) =C v v i vt //Equating
atoms of the same element on both sides of
equation

b=(d*nc) -a;

//By adding nitrogen on both sides , we are adding
the same molecular weight on both sides.

//Air is 79 % nitrogen and 21 % oxygen

//Both N2 and O2 are diatomic molecules

n=x*(79/21) ;.. .. .. //No of
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nitrogen molecules

MbC=d+X+N; ... ... ... // Moles
before combustion

MAC=a+b+CHN ;o ittt // Moles
after expansion

me=(mac-mbc)/mbc; .. ... // Molecular
expansion

t2=(t1*(r~(in-1)));

t3=(t2+(C/(Cafr+1)*cv))) ;... .. .. ... ... / /Maximum
temperature ignoring molecular expansion in
Kelvin

P3=pl*xr*(t3/t1) ;. . / /Maximum
pressure ignoring molecular expansion in bar

t3me=t3; ... .. / /Maximum
temperature considering molecular expansion in
Kelvin

p3me=p3*(mac/mbc) ;.. ... .. .. ... .. ..... / /Maximum
pressure considering molecular expansion in bar

disp (t3,”Maximum temperature ignoring molecular
expansion (in Kelvin):")

disp (p3,”Maximum pressure ignoring molecular
expansion (in bar):”)

disp (t3me,” Maximum temperature considering molecular
expansion (in Kelvin):”)

disp (p3me,”Maximum pressure considering molecular

expansion (in bar):”)

Scilab code Exa 4.10 Otto cycle work done and efficiency

clc;funcprot (0);//EXAMPLE 4.10

// Initialisation of Variables

T=T 5 e //Compression Ratio

t2=715; .. ... ... ... //Temperature at the end of
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Figure 4.9: Otto cycle work done and efficiency

isentropic compression in Kelvin

t4=1610;................ // Temperature at the end of
expansion in Kelvin

// Calculations

VE2=65.8; . . . //From steam table

U2=524.2; . i //From steam table

vr4=5.69; ... ... ... //From steam table

ud=1307.63; .. ... . ... ... ... //From steam table

vrl=r*xvr2;

t1=338; . //From steam table

ul=241.38; ... . //From steam table

vr3=vrd/r;

t3=2800;................ .. //From steam table

u3=2462.5;....... ... ... ..... //From steam table

W=(u3-u2)-(ud-ul);...... oo, //Work done

Qa=(ud-u2) ;..o //Heat added

eta=W/Qa; ... ... //Cycle
efficiency

disp(W,”The cycle work (in kJ/kg):")

disp(eta*x100,”The cycle efficiency (in %):”)
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Combustion in SI engines

Scilab code Exa 5.1 Time for combustion process and total crank rotation

clc; funcprot (0);//EXAMPLE 5.1
// Initialisation of Variables

S T i W N~

10

11

12

13

d=10.2; ... ... ... ... //Engine bore in cm

Spo=0.6;............ //Spark plug offset in cm

vE=15.8;............ //Average flame speed in m/s

thetas=20;............. //The angle of the crank when
spark plug is fired

theta=6.5;.......... //Angle by which the Engine
rotates for combustion to develop (degree)

N=1200; .. .. ..., //Engine rpm

//calculations

dmax=(0.5*xd)+spo;.........

travel in cm

tf=(dmax)/(vEf*x100) ;

travel in seconds

degs=(N/60) *360;

//Max distance of flame

................ //Time of flame

................... //Conversion of

engine rpm into degree/second

ctheta=tf*degs;
flame travel

in degree

89

//Crank angle for
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Figure 5.1: Time for combustion process and total crank rotation

tc=theta/degs;....... ... //time for
combustion to develop in seconds

top=tf+tc; ... ... //Time for one
combustion process in seconds

thetatot=theta+ctheta;................ //Total crank
rotation in degree

thetacp = thetatot-thetas;.......... //Crank position

disp(top,”Time for one combustion process in seconds
)

disp (thetacp,”The crank position is (in degree):”)

Scilab code Exa 5.2 Time of spark

clc; funcprot (0); //EXAMPLE 5.2
// Initialisation of Variables
dp=22;............ //Delay period in degree

90
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Figure 5.2: Time of spark

cp=17; ... . //Combustion period in degree

dper=14;............... //Delay Percentage

// Calculations

thetad=dp/2;......... //Full throttle half speed will
result in delay angle being reduced for the same
time

//Thus ignition timing should be arranged so that
the total of thetad+cp ends 13 degree after TDC

tsp=(thetad+cp) -13;............ //Time of spark in
degree

disp(tsp,”The time of spark (in Degrees before TDC)”
)

//Half throttle half speed will result in an
increase of 14% in delay time over that at full
throttle half speed

theta=(dper*thetad) /100;

dtheta=thetad+theta;............ //Delay angle
tp=dtheta+cp;................ //Total period
tsp=tp-13; ... ... ... ..... //

disp(tsp,”Time of spark (in degrees before TDC)”)
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Chapter 7

Air Capacity of Four Stroke
Engines

Scilab code Exa 7.1 Volume of Gas

clc;funcprot (0);//EXAMPLE 7.1

// Initialisation of Variables

D=20.3; ... ... //Diameter in cm

L=30.5; ... vt //Length in cm

N=300; .. .o uuueunneon.. //Engine rpm

eta=78; ... .. // Efficiency in percentage

afr=4/1;................. //Air Fuel Ratio

// Calculations

StV = ((%pi)/4)*((D/100) "2) *(L/100) ;....... //
Calculating the stroke volume

Vinh= (eta/100)*StV;................... // Volume
Inhaled

Gainh= (Vinh/(4+1));.............. //Gas Inhaled

Gainhpm = Gainhx*(N/2);
disp (Gainhpm,”Gas Inhaled per minute:(m"3/min)”)
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|—>Vinh= (ea/100)*STV;.erovre.nn.. /Volume Inhaled

F->Gainh= (Vinh/ (4+1)):.aeeereeennns //Gas Inhaled

~->Gainhpm = Gainh* (N/2) 2

-->disp (Gainhpm, "Gas Inhaled per minute: (m"3/min)")

I 11| Double] _locall

Gas Tnhaled per minute: (m*3/min)
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end
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“end
e = i 1= 2os/013 varsaity - f [

il )

Figure 7.1: Volume of Gas

Scilab code Exa 7.2 Volumetric Efficiency

clc;funcprot (0) //EXAMPLE 7.2
//Initializing the variables

N=3600;................ //engine rpm

T=15; ot //Inlet temperature in degree
Celsius

Tk = T+273; .. ... //Inlet temperature in
Kelvin

P=760; ... ... ........ //Inlet pressure in mm of Hg i
.e. 1.013 x 10°5 Pa

ppa=1.013*(10"5) ;.. ....... // Inlet pressure in
Pascals

pdv=4066;.............. //Total piston displacement
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Name Di.. Type Vii.

Volumetric efficiency of the enginme is: e il ote] o[
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il )

Figure 7.2: Volumetric Efficiency

volume in cm”3

pdvsi=pdv*(10~(-6));............. //Total piston
displacement volume in m"3

afr=14/1; ... .. //Air fuel ratio is 14:1

bsfc=0.38;........ ... ... .... // b.s.f.c in kg/kWh

BP=86;............. //power output in kW

R=287; .. ... ... //Gas constant for air in J/kg
K

//Calculations

m = (BPxbsfcxafr)/60;............... // Air
consumption

V = (m*R*Tk)/ppa;

DV= pdvsi*(N/2);......... //Displacement Volume

VE=V/DV;............... //Volumetric Efficiency

disp (VE,” Volumetric efficiency of the engine is:”)
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Figure 7.3: Volumetric Efficiency

Scilab code Exa 7.3 Volumetric Efficiency
clc;funcprot (0) //EXAMPLE 7.3

//Initializing the variables

n=4; . .. //No of cylinders
d=5;..... ... ..... //diameter of orifice in cm
dsi=d/100;.......... // diameter in m
Cd=0.6;............. //Co—efficient of discharge
D=10; ..« vvin //Engine bore in cm
Dsi=d/100; ............ //Engine bore in m

L=12; . . oo //Engine stroke in cm
Lsi=L/100;............ //Engine stroke in m
N=1200;............... //Engine rpm

hw=0.046;............ //Pressure drop across orifice

in m of water

T = 17; ... ... //Ambient Temparature in Degree
Celsius

Tk = T+273;.......... // Ambient Temperature in
Kelvin
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Figure 7.4: Volumetric Efficiency

Pbar = 1;............. // Ambient pressure in bar
Ppa = 1 % (10756);....... //Ambient pressure in Pascal
R = 287;............. // Gas constant in J/kg.K

rhow = 1000;............ //Density of water in kg/m"3
g=9.81; . ... ... ... ... //Acceleration due to gravity

// Calculations

rhoa= Ppa/(R*Tk);......... //Density of air
ha= (hw*rhow)/rhoa;

av= sqrt(2xgxha);............. //Air velocity
area = (%pi/4)=*(dsi~2);

Vact = Cd*area*av;............. // V actual
Vswt = nx(%pi/4) *(Dsi~2)*Lsi*x(N/60%2);

eff = Vact/Vswt;............... // Volumetric

efficiency
disp (eff,”The volumetric efficiency based on the
free air condition : 7)
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Scilab code Exa 7.4 Volumetric Efficiency
clc;funcprot (0) //EXAMPLE 7.4

//Initializing the variables

n=1;....... ... . .. //No of cylinders

k=0.5;

Vs=7000;............ //displacement volume in cm”3

Vssi= Vs*(107(-6));........ //displacement volume in
m" 3

OP=14.7; ... . ... .. //Power developed in kW

N=450; .. .0t //Engine rpm

Sfc=0.272; .. ... ... ... ... //Specific fuel

consumption in kg/kWh
//Fuel used is CT7HI16

mC=12;............. //mass of carbon in amu

mH=1;................. //mass of hydrogen in amu

m0=16;................. //mass of oxygen in amu

pi=1.013 * (1075);................ //initial pressure

in pascal

T=30; ... ..., //initial temperature in
degree celsius

Tk=30+273; ... viee.. //initial temperature in
degree kelvin

R=287; .. i //Gas constant for air in J/
kg . K

//calculations

disp(”The given fuel C7TH16 requires 11(02) for
complete combustion”)

mf=(7*mC) +(16*mH) ;

disp (mf,”Hence, Mass of fuel is :7)

MO=11*%x 2 * m0;

disp (MO,”Mass of Oxygen required is :7)

ma = M0/0.23;....... //mass of air
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//Air contains 23% of oxygen by weight

afr = ma/mf;...... ... ... ... //air fuel ratio is the
ratio of mass of air to mass of fuel

disp(afr,”The air fuel ratio is :7)

MF = sfc *x OP;........... //actual fuel consumed in
kg /h

MA = afr*MF;

AAS = MA * (140.3) ;.o viu i //actual air
supplied in kg/h

M = AAS + MF;................ //mass of charge in kg/
h

VCS = ((M/60)*R*Tk)/pi;............. //Volume of
charge sucked in m”3/min

DVM = Vssi *x (N/2);.............. //Displacement
volume /min

eta = VCS/DVM;
disp (eta*100,”The volumetric efficiency of the
engine is (%) :7)

Scilab code Exa 7.5 Brake Torque
clc;funcprot (0) //EXAMPLE 7.5

//Initializing the variables

D=6 it //No of cylinders

vsi=730%x(10"(-6));.......... //Piston displacement
per cylinder in m"3

BP=80;............. //Power produced per cylinder in
kW

N=3100;........... //Engine rpm

C=44%x(107"6) ;. .......... // Calorific value of petrol
in J/kg

Pc=28;........ //Petrol consumed per hour in kg
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FE BRI

i »
7\EX7_4\ &
B4 87.430871
el
S ey The brake thermal efficiency is (%):
B7_45ce
23.376623
The brake torque (Nm):
246.43346
Comman History 22 x
1~ 19/05/20 13 15:02:20 ~ ] |
“-/jA program
1] — 18/05/2013 15:03:54 - /|
1 — 19/05/2013 16:03:30 — /|
1/ — 19/05/2013 16:04:00 - J/
1]~ 20/os[2013 22:32:20 — ||
15774
~-60/7
1]~ 2105/2013 12:46:1 — ||
o=t
[Beetyee
e disp(In,u(ml})
b e Lend
1~ 2105/2013 14:34:11 — J/
[ case sensitve []... 1] 21052013 15:53:53 - J] [V

afr = 13/1;....... //air fuel ratio

pi=0.88*%(10"5) ;. ....... ... ... //Intake pressure in pa
T=300; .. ..con.... //Intake temperature in Kelvin

R = 287;......... //gas constant in J/kg.K
//calculations

ma = (Pc*afr)/60;........... //air comsumed

rhoa = pi/(R*T);....... //Density of air

etaV=ma/(rhoa*xvsi*n*x(N/2)) ;

disp(etaV#*100,” The volumetric efficiency is (%):")

mf = Pc/3600;............... //Fuel consumed per sec

etaBT = (BPx1000)/(mf*C);

disp (etaBT*100,” The brake thermal efficiency is (%)
)

T=(BP*60%1000) /(2% (%pi) *N) ;

disp (T,”The brake torque (Nm):”)
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The volumetric efficiency is (%):

81.435234

Percentage Reduction in Output (2):

4.6080984

-

T~ 5515 15922 — ] |

1A L
—19/05/2013 15:03:54 - J/
1 — 19/05/2013 16:03:30 — /|
1/ — 19/05/2013 16:04:00 - J/
11~ 20fos/2013 22:32:20 ~ []
157/4

FYTS

—21/05/2015 12:46:19 ~ /]

1/~ 21/05/2013 14:34:11 - /f ||
[ case sensitve []... 1] 21052013 15:53:53 - J] [V

Figure 7.6: Percentage change in output

Scilab code Exa 7.6 Percentage change in output
clc;funcprot (0) //EXAMPLE 7.6

//Initializing the variables

etaVl = 0.8;......... //Volumetric efficiency
pil = 1.013;....... //Inlet pressure

pel= 1.013;pi2= 1.013;

pe2 = 1.15;......... //Exhaust pressure

Tkl = 298;........... //Temperature in Kelvin
Tk2 = 318;........... //Temperature in Kelvin
r=T7.5;........ //compression ratio
ga=1.4;.......... //degree of freedom for gas

//calculations

//For pressure change

eta_V2 = r - (pe2/pi2)~(1/ga);
eta_V1 r - (pel/pil)~(1/ga);
x=eta_V2/eta_V1;

//For inlet temperature change
y = sqrt(Tk2/Tk1);
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Variable Browser 2 x

Name Di.. Type Vi
2 x1/ouble] local| o
oo Biﬂnuhle local
oz | 1x1|Double|_local
rhot | xi|Double| local
Ee{ove T oxlacel Tocall =
Heo x1[Docble] _local
jetav2 | 1x1|Double| local

The percentage increase in volumetric efficiency is (%):

6.6792147 =

The percentage increase in power (3):

23.33625

1[Double|_local
Double| _ocal

E[E

-

e vi] i |Double|_local
] t= V2| 1t [Double|_local

o x1[Double]_local
1x1|Double] _local
= 1x1{Double] _local
et 1x1|Double] _local
pe2 1| Double _local
2 1x1[Double] _local
Command History £
1~ 13/05/20 13 15:02:20 — /]

[ = [<

1] — 18/05/2013 15:03:54 - /|

1 — 19/05/2013 16:03:30 — /|

1/ — 19/05/2013 16:04:00 - J/

11~ 20fos/2013 22:32:20 ~ []
157/4

~-60/7
1/~ 21/05/2013 12:46:19 — /]
(D)=
n=1:10 B
S ufD=2un)-3
IS :ww([n.u(n)]))

[Beetyee
e depllnul)
T Lend I
1/ -21/05/2013 143411 - ]
[ Case sensitve [].. 1/~ 21/05/2013 15:5%:53 - ] [v

(el )

Figure 7.7: Percentage change in output

//For volumetric efficiency , considering both
pressure and temperature

etaV2 = etaVlxxx*y;

disp (etaV2#*100,” The volumetric efficiency is (%):”)

PO=((etaV1/Tkl)-(etaV2/Tk2))/(etaV1l/Tkl);

disp(P0*100,” Percentage Reduction in Output (%): ”)

Scilab code Exa 7.7 Percentage change in output
clc;funcprot (0) //EXAMPLE 7.7

//Initializing the variables

pit 1.013;....... //Inlet pressure

pel= 1.013;pi2= 1.3;

pe2 1.013; ... //Exhaust pressure

Tk1 S //Temperature in Kelvin

|
w
o
o
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R=287;

.......... //Temperature in Kelvin

//calculations
//For pressure change

eta_V2
eta_V1

//For volumetric

= r -

(pe2/pi2) -~

//compression ratio
//degree of freedom for gas
//gas constant in J/kg.K

(1/ga);

= r - (pel/pil)~(1/ga);
x=eta_V2/eta_V1;
//For inlet temperature change
y = sqrt (Tk2/Tk1);

efficiency ,

pressure and temperature
((xxy)=1);......

pive =

volumetric
disp(pive*100,” The percentage

considering both

...//percentage increase in

efficiency

efficiency is (%):")

(pi1*107°5) /(R*Tkl) ;
(pi2%1075) / (R*xTk2) ;
z = (rho2/rhol)*x*y;

rhol =
rho2 =

pip =

disp (pip#*100,”The percentage

77)

(z-1)

)

increase in volumetric

increase in power (%) :

Scilab code Exa 7.8 Percentage change in Volumetric efficiency and Brake Power

clc;funcprot (0) //EXAMPLE 7.8

//Initializing the variables

IP1 =
kW

32 e

etamech=80;

sea

level

//Mechanical

102
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Name Di.. Type Vii.
P2 1x1|Double] local] o
P2 11| Double] _local

Double| _local
P2 | ixi[Double| local =

There is no change in volumetric efficiency due to inlet and exhaust pressure change

For inlet temperature change =

£

P_1 | 1x1[Double| local
P2 x1[Docble] _local
2 Ix1[Docble] _local
delp | 1x1|Double| local
Ix1[Docble] _local

Percentage decrease in &:

4.9948737

£

Brake power of the engine on the hill stacion in ¥H : Double| _local

rhoHg | 1xiDouble| local
2 x1|Double] _local
e 1x1|Double] _local
pL i|Double] _local
feta... | 1x1|Double| _local
P1 1x1|Double _local
z 1x1[Double] _local
Command History £
1~ 13/05/20 13 15:02:20 — /]

24.810191 =

- =

[ = [<

1] — 18/05/2013 15:03:54 - /|

1 — 19/05/2013 16:03:30 — /|

1/ — 19/05/2013 16:04:00 - J/

11~ 20fos/2013 22:32:20 ~ []
157/4

~-60/7
1/~ 21/05/2013 12:46:19 — /]
(D)=

n=t:

10
S ufD=2un)-3
IS :ww([n.u(n)]))

[Beetyee
e depllnul)
T Lend I
1/ -21/05/2013 143411 - ]
[ Case sensitve [].. 1/~ 21/05/2013 15:5%:53 - ] [v

(8] ) e

Figure 7.8: Percentage change in Volumetric efficiency and Brake Power

p1=1.013;............. //initial pressure at sea
level in bar

tkl = 308;............... //Initial temperature at
sea level in Kelvin

tk2 = 278 .. . //temperature atop the
hill in Kelvin

rhoHg=13600;.............. //Density of mercury in kg

h=2000;.......... ... ..., //Hill altitude

g = 9.81;. .. ... .. ... // Acceleration due to
gravity

delp = 10;.............. //drop of mercury in mm Hg
per every 100 m climb

//calculations

disp(” There is no change in volumetric efficiency
due to inlet and exhaust pressure change”)

disp ("For inlet temperature change”)

x = sqrt (tk2/tk1);................ //for inlet
temperature change
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//x is the ratio of the efficiencies at the
beginning and on hill top

disp ((1-x)*100,” Percentage decrease in %:”)

dp = rhoHg*g*((delp/1000)*(h/100))*(10"(-5))
S //Drop in pressure at hill station

p2=pl-dp;

IP_1 = pil/tkil;

IP_2 = (x*p2)/tk2;

k = IP_2/IP_1;.. ..., //Ratio of indicative
power output during initial and final conditions

IP2 = (IP1 * k)/(etamech/100);

//Since the engine speed is the same at two places,
the friction and hence mechanical efficiency
remains unchanged

BP2 = IP2*x(etamech/100) ;

disp (BP2,” Brake power of the engine on the hill
station in kW :7)

Scilab code Exa 7.9 Volumetric Efficiency and Indicated Power for Supercharged Eng
clc;funcprot (0) //EXAMPLE 7.9

//Initializing the variables

etaVl = 0.81;......... //Volumetric efficiency

pil = 1.01;....... //Inlet pressure before
supercharger

pel= 1.01;........... //Exhaust pressure before
supercharger

pi2= 1.38;............ //Inlet pressure after
supercharger

pe2 = 1.01;......... //Exhaust pressure in bar after
addition of super charger

Tkl = 300;........... //Temperature in Kelvin
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el

Indicated power of supercharged engine is (KW):

102.11243

-
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. JfA program 1
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Figure 7.9: Volumetric Efficiency and Indicated Power for Supercharged En-
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Tk2 = 321;........... //Temperature in Kelvin

r="7.5;........ //compression ratio

ga=1.4;.......... //degree of freedom for gas

R=287;............. //Gas constant for air in J/kgK

IP1=75; i //Indicated power output
before addition of supercharger

//calculations

//For pressure change

eta_V2 = r - (pe2/pi2)~(1/ga);

eta_Vl = r - (pel/pil)~(1/ga);

x=eta_V2/eta_V1;

//For inlet temperature change

y = sqrt(Tk2/Tk1l);

//For volumetric efficiency , considering both
pressure and temperature

etaV2 = etaVlx*xxx*xy;

disp(etaV2#*100,” The volumetric efficiency of
supercharged engine is (%):”)

rhol = (pilx*10°5)/(R*Tk1l);....//density of air
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before addition of supercharger

rho2 = (pi2*10°5)/(R*Tk2);..//density of air after
addition of supercharger

IP2 = IP1 * (etaV2*rho2)/(etaVlx*rhol);

disp(IP2,” Indicated power of supercharged engine is
(kW) :7)

Scilab code Exa 7.10 Volumetric Efficiency and Heating Value
clc;funcprot (0) //EXAMPLE 7.10

//Initializing the variables

n=1;..... //No of cylinders

D=0.32;..... //Bore of the cylinder in m

L=0.38;...... //Stroke of the cylinder in m

N = 280;....//Engine rpm

CV = 18600;....//calorific value of fues in kJ/m"3

Tkl = 300;....//Initial temperature in Kelvin

pl = 1.013;..... //Initial pressure in bar

ma = 3.36;....... //mass of air consumed per min

tge = 0.25;...... //test gas consumption in m"3/min

pw = 120;......... //pressure of water in mm during
the test gas consumption

tgect = 300;....... //Temperature in Kelvin during
test gas consumption

rhow = 1000;..... //density of water in kg/m"3

R=287;........... //Gas constant in J/kg.K

//calculations

V= (ma*R*Tk1)/(p1x(10°5));...//Volume of air

consumed at inlet condition

gsp = pl +(pw/rhow)/10.2; ... ... .. .. .. ....... /] Gas
supply pressure

//1 bar = 10.2 m

gcic = tgex(gsp/pl) ;.o //Gas consumption at
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Figure 7.10: Volumetric Efficiency and Heating Value

inlet condition

Vi = gcic+V;..... //Volume of mixture at inlet
condition

Vswt (hpi/4) *(D"2) xL*(N/2);...... //Swept volume

etaV Vi/Vswt;..... //Volumetric efficiency

disp(etaV*100,” The volumetric efficiency of the
engine is (%):7)

hv = (gcic/Vi)*CV;...... //Heating value

disp (hv,”The heating value of 1 m"3 of charge at 25
degree Celsius in kJ.m"37)

Scilab code Exa 7.12 Nominal Diameter of Inlet Valve and Volumetric Efficiency vs

clc; funcprot (0) //EXAMPLE 7.12
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the mach index beyond 0

Figure 7.11: Nominal Diameter of Inlet Valve and Volumetric Efficiency vs
Mach Index

//Initializing the variables

Z=0.55; .. ... //Mach Index

Dcy=0.11;............ //Engine Bore in m

L =0.14;............ //stroke length in m

N = 2400;............. //Engine rpm

N1 = 2800;............ //Engine rpm after
modification

N2=4800;............. //Max rpm for unmodified engine

p=0.88;......... //pressure at intake valve in bar

t=340;............... //temperature at intake valve
in Kelvin

ki = 0.33;........... //Inlet flow co—efficient

ga = 1.4; ... ... ... ... ... //degree of freedom of the
gas

R = 287;................. //Gas constant for air in J
/kg . K

//calculations
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Us = sqrt(ga*Rxt);...... //sonic velocity of air—fuel
mixture at the inlet wvalve
Up = (2%L*N)/60;........... //piston speed
Div = sqrt (((Dcy~2)*Up)/(Z*ki*Us));............... //
Nominal diameter of the inlet valve in m
disp(Div,” (i)Nominal diameter of the inlet valve is

(m) :77)
disp(Div*1000,” (mm)=")
Divl = sqrt (((Dcy~2) *2*L*N1)/(Z*xki*Us*60));....... //

Nominal diameter of inlet wvalve for the modified
engine in m
disp(Divl,” (ii)When the engine is modified to
develop max indicative power at 2800rpm, nominal
diameter of the inlet valve is (m):”)
disp(Div1#*1000,” (mm)=")
Upl=(2*L*N1)/60;............ //New piston speed for
modified engine
Z1 = ((Dcy/Div)"2)*(Upl/(ki*Us));
disp(Z1,” (iii)The new mach index value is :7)
disp (”Hence the volumetric efficiency drops (There
is a steady decrease in volumetric efficiency of
an engine if there is an increase in the mach
index beyond 0.55, Refer the FIG 7_12)")
Up2 = (2*%L*N2)/60;.............. //Piston speed at
max rpm for unmodified engine
Z2 = ((Dcy/Div) "2)*(Up2/(ki*Us));
disp(Z2,” (iv)The mach index for the unmodified
engine is :7)
disp(”The volumetric efficiency is approximately 56%
(from the FIG 7_.12)7)
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Chapter 11

Carburation and carburettors

Scilab code Exa 11.1 Suction at throat
clc; funcprot (0);//EXAMPLE 11.1

// Initialisation of Variables
d=0.1;........ . . ..

n=4; . . e

// Calculations

Vs=(%pi/4) *xd*d*1l*n;........

in m~3

Va=etaV*xVs; ................

per stroke in m"3
Vas=Vax(N/2)*x(1/60) ;
sucked per second

ma=Vas*rhoa;...............

in kg/sec

//Cylinder bore in m
//Cylinder stroke in m
//Engine rpm

//Throat diameter in m
//Co efficient of air flow
//Volumetric efficiency
//Density of air in kg/m"3
//No of cylinders

......... //Stroke Volume

....... //Actual volume

//Actual volume

.......... //Air consumed
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Cansole
= Suctien at throat (in N/m"2):
Name
EXiLL 4447.6097
el

Boai e B

~ [7]

[]Case sensitve [] Reguiar expression

Figure 11.1: Suction at throat

delp ((ma/(Cdax*(%pi/4)*d2%d2)) ~2)/(2*rhoa)
............. //Suction at throat in N/m"2
dlsp(delp,”Suctlon at throat (in N/m"2):7)

Scilab code Exa 11.2 Depression in Venturi throat and throat area

clc;funcprot (0);//EXAMPLE 11.2
// Initialisation of Variables

CP=5; i //Consumption of petrol in kg/
h

afr = 16; ... .. ... //Air fuel ratio

Af=2%10"(-6);.............. //Fuel orifice area in m
"2

z=0.005;................ //Distance between tip of

jet and level of petrol in float chamber in m
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BBXE le\l\@\e\x\u )

Jnes EXANPLESICHLIEXTE_1| v Iz|

Cansole
= Suction at the throat in (N/m"2)
Name
EXiLL 539.13447
el

Meacn Throat area (in en’2

zzzzzzzzz

Figure 11.2: Depression in Venturi throat and throat area

spgrp=0.75; .. ... .. ... ... //Specific gravity of
petrol

rhow=1000;................. //Density of water in kg/
m”3

rhoa=1.2; ... ... .. ... ... ... //Density of air in kg/
m” 3

Cda=0.8;............... // Coefficient of discharge
for venturi throat

g=9.81;. ... ... ... .... //Acceleration due to gravity

in m/sec "2

// Calculations

mf=cp/3600;................. //Fuel consumed in kg/
sec

delp=(((mf/(Af*Cda)) ~2)*(1/(2*spgrp*rhow)))+(g*z*
spgrp*rhow) ;

disp(delp,” Suction at the throat in (N/m"2)”)

ma=mf*afr;................ //Air flow rate

Atsqr ((ma/Cda) "2) *(1/(2*rhoax*delp))
.................... //Throat area in m"2

dlsp(sqrt(Atsqr)*lo 4,” Throat area (in cm”2)”)
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Figure 11.3: Diameter of the fuel jet

Scilab code Exa 11.3 Diameter of the fuel jet

clc;funcprot (0);//EXAMPLE 11.3
// Initialisation of Variables

PC=T7.2;. ... . //Petrol consumed in kg/h

Spgrp=0.75; ... ... .. .. ... ... //Specific gravity of
fuel

rhow=1000; ... .............. //Density of water in kg/
m” 3

t1=300; ... ... . //Temperature of air in
Kelvin

afr=15; ... .. ... ... //Air fuel ratio

d2=0.024; .. . //Diameter of choke
tube in m

z=0.0042;........... ... . ... //The height of the jet
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Cda=0.8;.............
discharge for air
Cdf=0.7;.............
discharge for fuel
pl1=1.013;............
in bar
g=9.81; . .,
gravity in m/s"2
R=287; ...... ... ... ...
K
//calculations
mf=pc/3600;..........

in float chamber in m

....... // Coefficient of
........ // Coefficient of
......... //Atmospheric pressure
......... //Acceleration due to

......... //Gas constant in J/kg

.......... //Rate of fuel

consumption in kg/sec

rhof=spgrp*rhow;.....
kg/m"3

rhoa=(pl1*10°5) /(R*xtl) ;

in kg/m"3
ma=mf*xafr;...........

.......... //Density of fuel in

............ //Density of air

............ //Air flow rate

delpa ((ma/(Cdax*x(%pi/4)*d2°2))"2)*(1/(2xrhoa))

..//Suction in N/m"2

df= sqrt((mf/sqrt(2*rhof*(de1pa (g*xz*xrhof))))*x(1/(Cdf

*(hpi/4)))) ;. oot

jet in m

.......... //Diameter of fuel

disp (df*1000,” Diameter of the fuel jet (in mm):”)

Scilab code Exa 11.4 Venturi depression and diameter and velocity of air across ve

clc;funcprot (0);//EXAMPLE 11.4
// Initialisation of Variables

pc=5.45;....... ... ...
in kg/h
afr=15;..............

......... //Petrol consumption

........ //Air fuel ratio
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Figure 11.4: Venturi depression and diameter and velocity of air across ven-

turi

af=2%10"(=-6) ;. ............... //Fuel jet orifice area
in m"2

z=0.00635; ... ... .. //Distance between tip
of fuel jet and level of petrol in the float
chamber in m

Cda=0.8; . . it // Coefficient of
discharge of venturi throat

rhoa=1.29; .. ... ... ... ... .. //Density of air
in kg/m"3

SPETP=0.72; .ot //Specific
gravity of fuel

rhow=1000; ... ... ... ... //Density of
water in kg/m"3

E=0 .81 //Acceleration
due to gravity in m/s"2

CAf=0.75; . . i // Coefficient of

discharge of the fuel
//calculations

mf=pc/3600;
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/sec

rhof=spgrp*rhow;............... //Density of fuel in
kg/m”3

delp (((mf/(Caf*Cdf)) "2) *(1/(2*rhof)))+(g*z*rhof)
...................... //Depression in venturi
throat in N/m"2

h2odep=delp/(g*x1000)
S //Depression in
venturi throat in cm of Water

disp(h20dep*100,” Suction at the throat (in cm of
Water):”)

ma=mf*xafr;................ //Air flow rate

At= sqrt(((ma/Cda) 2) *(1/(2*rhoax*delp)))
.................... //Throat area in m"2

S e e e //Throat
diameter in m

disp (dt*100,” Throat area (in cm):”)

Ct=sqrt ((2*xg*z*xrhof)/rhoa)
e //Velocity of air
across the venturi throat in m/sec

disp(Ct,” Velocity of air across the venturi throat (

in m/s):")

Scilab code Exa 11.5 Throat pressure with respct to air cleaner

clc;funcprot (0);//EXAMPLE 11.5
// Initialisation of Variables

afr=15;. ... ... ... . L //Air fuel ratio

PL=1; . //Atmospheric pressure
in bar

P2=0.8; ... . //Pressure at venturi

throat in bar
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Figure 11.5: Throat pressure with respct to air cleaner

pd=30; .. ... ... .. //Pressure drop to air
cleaner in mm of Hg

rhohg=13600;.................... //Density of Hg in
kg/m"3

af=240; . . .. //Air flow at sea
level in kg/h

€=9.81; . ... .. //Acceleration due to

gravity in m/s"2

//calculations

delpa=pl-p2; .. it //When there is
no air cleaner

pt=1-(rhohg*g*(pd/1000)*10~(-5))-delpa
P //Throat pressure in
bar

disp(pt,” Throat pressure (in bar):”)

afrn=afr*sqrt (delpa/(pl-pt))
S //Air fuel ratio
when the air cleaner is fitted

disp(afrn,” Air fuel ratio when the air cleaner is
fitted:”)
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Figure 11.6: Throat diameter

Scilab code Exa 11.6 Throat diameter

clc;funcprot (0);//EXAMPLE 11.6
// Initialisation of Variables

as=4.6; .. ... //Air supply in kg/
min

P1=1.013; . . .. //Atmospheric
pressure in bar

t1=298; . ... //Atmospheric
temperature in Kelvin

C2=80; ... .ot //Air flow velocity in
m/s

Cv=0.8; ... ... //Velocity co efficient

ga=1.4; .. ... ... //Degree of freedom
of gas
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Figure 11.7: Throat diameter and orifice diameter

/keK
//Calculations

//Gas constant in kJ

cp=R*(ga/(ga-1)) ;.. .. //Specific
heat capacity of air in kJ/kgK
p2=((1-(((C2/Cv)~2) *(1/(2*xcp*1000*t1)))) ~(ga/(ga-1))

Y*Apl; .

rhol=(p1%10°5) /(R*1000%t1) ;

rho2=rhol*(p2/pl) " (1/ga);
ma=as/60;......... ... ...

//Throat pressure in bar

...//Air flow in kg/s

A2=ma/(rho2*C2);................. //Throat area in m
"2
d2=sqrt ((4*xA2)/hpi) ;..o // Throat

diameter in m
disp(d2,” Throat diameter

in m”
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Scilab code Exa 11.7 Throat diameter and orifice diameter

clc; funcprot (0);//EXAMPLE 11.7
// Initialisation of Variables

AS =6 ¢ i //Air supply in kg/min

£s=0.45; . .. . //Fuel supply in
kg /min

p1=1.013; .. ... ... ... .. //Atmospheric
pressure in bar

t1=300; . ¢ ot //Atmospheric
temperature in Kelvin

rhof=740;...... ... . ... .. ... //Density of fuel in
kg/m”3

C2=92; ... ... //Air flow velocity in
m/ s

Cda=0.8;...... ... .. //Velocity co efficient

CAf=0.6; ... . // Coefficient of
discharge for fuel

ga=1.4; .. ... ... .. //Degree of freedom
of gas

r=0.75; ... ... . //ratio of pressure
drop across venturi and of that of choke

R=0.287; . ... i //Gas constant in klJ
/kgK

// Calculations

Ma=as/60; . vttt //Air flow
in kg/s

mE=fs/60; . ... .. . ... // Fuel
flow in kg/s

cp=R*(ga/(ga-1)) ;... ... //Specific

heat capacity of air in kJ/kgK
p2=((1-(((C2/Cda)"2) *(1/(2*cp*x1000*t1)))) " (ga/(ga-1)

D)*pl; .o // Throat pressure in bar

v1i=(R*t1%1000)/(p1*10~5);

v2=vi*x(pl/p2) " (1/ga) ;... oo //specific
volume in m"3/kg

A2=(ma*v2)/(C2) ;.. ... .. //Throat area in m
"2
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Figure 11.8: Choke diameter and fuel jet diameter

d2=sqrt ((4*A2)/%pi) ;. v v .. // Throat
diameter in m

disp(d2*100,” Throat diameter (in cm):”)

pdv=pl-p2;.......... //Pressure drop at venturi in
bar
pdj=r*pdv; .. ........... //Pressure drop at jet in bar

Af= ((mf/Cdf)*(l/sqrt(2*rhof*de*1O 5)))
............. //Area of orifice in m"2

df= sqrt((4*Af)/%p1) ................ // Orifice
diameter in m

disp(df,” Orifice diameter (in cm):”)

Scilab code Exa 11.8 Choke diameter and fuel jet diameter

clc;funcprot (0);//EXAMPLE 11.8
// Initialisation of Variables
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Vs=1489%107(=6) ;... ... // Capacity of
engine in m’3

N=4200;............... //Engine rpm at which max
speed is developed

etaV=0.75; .. ... .. ... ... //Volumetric
efficiency

afr=13; .. ... ... .. //air fuel ratio

Ct=85; oot // Theoretical air
speed at peak power in m/s

C2=Ct;

Cda=0.82;......... . ... // Coefficient of
discharge for the venturi

CAdf=0.65; . ... // Coefficient of
discharge of main petrol jet

spgr=0.74; ... ... ... ... ... ... //Specific gravity of
petrol

2=0.006; . .. .. //Level of
petrol surface below choke

p1=1.013; .. ... ... ... ... //Atmospheric
pressure in bar

T1=293; . // Atmospheric
temperature in Kelvin

r=0.4; .. ... //Ratio of
diameter of emulsion tube to choke diameter

R=0.287; .. //Gas constant
in kJ/kgK

ga=1.4; . . //Degree of
freedom for air

€=9.81; . ... //Acceleration
due to gravity in m/s"2

rhow=1000; . . ..ttt //Density of
water in kg/m"3

//calculations

rhof=rhow*spgr;........ ... ..., //Density
of fuel in kg/m"3

Va=(etaVxVsxN) /(60%2) ;. ... ................. // Volume
of air induced in m"3/s

ma=(pl*107°5*Va)/(R*xt1*%1000) ;............... // mass
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flow of air in kg/s

cp=Rx*x(ga/(ga-1)) ;... .. //Specific
heat capacity of air in kJ/kgK

p2=((1-(((C2)"2) *(1/(2*cp*1000*t1)))) ~(ga/(ga-1)))*

Pl e //Throat pressure in bar
pt=p2;
vt=Va*x(pl/p2) " (1/ga) ;..o v v // Volume
flow of air at choke in m"3/s
At=vt/(Ct*Cda); ... ..c.vuuuirnenn. . //Area of emulsion

tube in m
D=sqrt ((4xAt*10°6) /(%pi*(1-r~2)))

e //Diameter of choke in mm
disp(D,” Diameter of choke (in mm):”)
mf=ma/afr;.................. //Mass flow of fuel in

kg /s

delpa=(pl-p2)*10~5;

df=sqrt ((mf/sqrt (2*rhof*(delpa-(g*z*xrhof))))*x(1/(Cdf
k(%pi/4)))) ;e //Diameter of fuel
jet in m

disp (df*1000,” Diameter of the fuel jet (in mm):”)

Scilab code Exa 11.9 Air fuel ratio with respect to nozzle lip

clc; funcprot (0);//EXAMPLE 11.9
// Initialisation of Variables

da=0.018; . .. it //Throat Diameter
in m

df=0.0012; .. ... .. .. .. .. ... //Diameter of fuel
orifice in m

Cda=0.82;................. // Coefficient of air flow

CAf=0.65;.. ... ... // Coefficient of fuel
flow

z=0.006; .. ... //Level of petrol
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Figure 11.9: Air fuel ratio with respect to nozzle lip

surface below the throat

rhoa=1.2;......... ... .. .. ....... //density of air in
kg/m"3

rhof=750;.......... .. ... ... ....... //density of fuel
in kg/m"3

€=9.81; // Acceleration due to
gravity in m/s"2

delp=0.065%10"5; ... ... ... //Pressure drop
in N/m"2

// Calculations

afr1=(Cda/Cdf)*((da/df) "2) *sqrt (rhoa/rhof)
e //Air fuel ratio when the
nozzle lip is neglected

disp(afrl,” Air fuel ratio when the nozzle lip is
neglected :”)

afr2=afrix*sqrt(delp/(delp-(g*z*xrhof)))
T //Air fuel ratio when
nozzle lip is taken into account

disp(afr2,” Air fuel ratio when nozzle lip is taken

into account:”)
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Figure 11.10: Fuel consumption and air velocity through tube

17 C2=sqrt ((2xg*xz*xrhof)/rhoa) ;... ... ... ... ... ... ... ...
//Minimum velocity of air in m/s
18 disp(C2,”Minimum velocity of air (in m/s):”)

Scilab code Exa 11.10 Fuel consumption and air velocity through tube

1 clc;funcprot(0);//EXAMPLE 11.10

2 // Initialisation of Variables

3 d=0.11; .. ... .. . //Engine bore in m

4 1=0.11; .. .. //Engine length in m

5 da=0.042;................ //Throat diameter of the
choke tube in m

6 N=3000;.................. //Engine rpm

\]
[0)
ct
o
<
1}
o
\1
(é)]

e //Volumetric efficiency
e //Gas constant for air in J

co
= o)
)
Il
N
(0]
~
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Rv=907; ... .. .. .. ... .. .. ... //Gas constant for fuel
vapour in J/kgK

=273 . //Temperature in Kelvin

P=1.013; . . //Pressure in bar

delpa=0.12;................. //Pressure depression in
bar

t2=273+15; .. ... ... .. //Temperature at throat

D=8 . ottt //No of cylinders

mO=32; . . //Mass of Oxygen
molecule in amu

mC=12; ... ... ... .. //Mass of Carbon
molecule in amu

mH=1;...... ... ... ... ... ... .. //Mass of Hydrogen
molecule in amu

cC=84; . ... .. //Composition of carbon
in %

cH2=16;....... ... .. .. ... .... //Composition of

Hydrogen in %
// Calculations
Vim=(%pi/4) *d*xd*x1*n*x(N/2)*xetaV;.....................
//Volume of fuel mixture supplied in m"3/min
afr=((cCx(m0/mC))+(cH2*x(m0/(4*mH))))

/235 //Air fuel ratio
va=(Ra*t)/(p*1075) ;... .. i //Volume of
1 kg of air in m"3/kg
vE=(Rv*t)/(p*x1075) ;. ... //Volume of
1 kg of fuel vapour in m"3/kg
fc=(Vim/((afr*xva)+vE) ) *60; ... ............ // Fuel

consumption in kg/h
disp(fc,” Fuel consumption (in kg/h):”)
rhoa=((p-delpa)*10°5) /(Ra*t2);............... //
Density of air at the throat in kg/m"3
Ca=(afr*(£fc/3600))/((%pi/4)*da*xda*rhoa)
e //Velocity of air at the throat

disp(Ca,” Velocity of air at the throat (in m/s):”)
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Scilab code Exa 11.11 Air fuel ratio at a given altitude

clc;funcprot (0);//EXAMPLE 11.11
// Initialisation of Variables

a=4500;........ ... ...... // Altitude

afr=14;............... //Air fuel ratio at sea level

t1=25;. ... ... .... // Temperature at sea level in
Celsius

pl1=1.013;........... //Pressure at sea level in bar

// Calculations

t2=t1-(0.0064%a) ;. .o v v it //

Temperature at the given altitude using the given
formula in Celsius

p2=p1/(10°(a/19300) ) ;... ... //Pressure
at the given altitude using the given formula in
bar

afr2=afr*sqrt ((p2*x(t1+273))/(p1*x(t2+273)))
................... //Air fuel ratio at the
altltude

disp(afr2,” Air fuel ratio at the altitude:”)
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Figure 11.11: Air fuel ratio at a given altitude
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Chapter 12

Fuel Injection Systems for CI

Engines

Scilab code Exa 12.1 Quantity of fuel injected per cycle

clc;funcprot (0);//EXAMPLE 12.1

// Initialisation of

Variables

D=6 ..o //No of cylinders
BP=125; .. ... ... ... ... //Brake Power in kW
N=3000;.............. //Engine rpm
bsfc=200;............ //Brake Specific Fuel
Consumption g/kWh
spgr=0.85;............. //Specific Gravity

// Calculations

fc=(bsfc/1000)*BP; ...
h

fcpe=fc/n;........ ...
cylinder

FCPC=(fcpc/60)/(N/2) ;

...... //Fuel consumption in kg/

....... //Fuel consumption per
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Figure 12.1: Quantity of fuel injected per cycle

Consumption per cycle in kg

VFIC = (FCPC*1000)/SPEr; . v vt v e, //Volume
of fuel injected per cycle in cc

disp (VFIC,” Volume of Fuel Injected per Cycle (cc):”)

Scilab code Exa 12.2 Diameter of injector nozzle

clc;funcprot (0);//EXAMPLE 12.2
// Initialisation of Variables

D=6 it //No of cylinders

N=1500;............ //Engine rpm

BP=220;............. //Brake Power in kW

bsfc=0.273;.......... //Brake Specific Fuel
Consumption in kg/kWh

theta=30;............. //The Period of Injection in

degrees of crank angle
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Figure 12.2: Diameter of injector nozzle

spgr=0.85;............ //Specific Gravity of fuel

CE=0.9; ... ..., // Orifice discharge co—
efficient

ip=160;............... //Injection pressure in bar

Cp=40; ... //Pressure in combustion
chamber in bar

rhow=1000;................ //Density of water in kg/m
"3

// Calculations

vi = Cf*sqrt ((2*x(ip-cp)*10°5)/(spgr*rhow))
T //Actual fuel velocity of injection
in m/sec

qf =(bsfc*BP)/(spgr*rhow*3600) ;.................. //
Volume of fuel injected per sec in m"3

d=sqrt (qf/((%pi/4)*n*vf*(theta/360)*(60/N)*(N/120))
) B //Diameter of nozzle orifice

disp(d,” Diameter of Nozzle Orifice is (m):”)
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Figure 12.3: Volume of fuel injected and diameter of Injector

Scilab code Exa 12.3 Volume of fuel injected and diameter of Injector

clc;funcprot (0);//EXAMPLE 12.3
// Initialisation of Variables

n=1;............ //No of cylinders

N=650;............ //Engine rpm

theta=28;........... //Crank Travel in degree

fc=2.2;.. ... ... //Fuel consumption in kg/h

spgr=0.875;............ //Specific Gravity

ip=150;...... ... ...... //Injection Pressure in bar

Cp=32; ... ... //Combustion chamber Pressure
in bar

Cd=0.88; ... ..ovn... //co—efficient of discharge
of orifice

rhow=1000;........... //Density of water in kg/m"3

// Calculation

fcpec = fc/60; ... ... ... ... //Fuel consumption per
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Figure 12.4: Diameter of injector nozzle

cylinder

fipc = fcpc/(N/2);......... //Fuel Injected per cycle
in kg

vipc = fipc/(spgr*rhow);....//volume of fuel

injected per cycle

disp(vEfpc*10-6,” Volume of Fuel Injected per Cycle (

cm”3):7)

tfic=(theta/360) *(60/N);....//Time for Fuel

Injection per Cycle in sec

mf = fipc/tfic;....... ... ..... //Mass of fuel

injected per cycle in kg/s

vf = Cd*sqrt ((2*(ip-cp)*10°5) /(spgr*rhow))
T //Actual fuel velocity of

in m/sec
d=sqrt ((mf*4) /(%pi*vi*xspgr*rhow))
disp(d*1000,” Diameter of orifice

(1om)

:77)

injection
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Scilab code Exa 12.4 Diameter of injector nozzle

clc;funcprot (0);//EXAMPLE 12.4
// Initialisation of Variables

N=2000;............ //Engine rpm

theta=30;........... //Crank Travel in degree

sfc=0.272; .. ......... //Fuel consumption in kg/kWh

ip=120; ... v //Injection Pressure in bar

Cp=30; ... //Combustion chamber Pressure
in bar

Cd=0.9;............... //co—efficient of discharge of
orifice

rhow=1000;........... //Density of water in kg/m"3

api = 32;............ .. //API in degree

pw=15; ... ... ... .. //Power Output in kW

// Calculation

spgr= 141.5/(131.5+api);............ //Specific
Gravity

fcpc = (sfcxpw)/((N/2)*60) ;.............. // Fuel
consumption per cycle in kg

tfic=(theta/360)*(60/N);....//Time for Fuel
Injection per Cycle in sec

mf = fcpc/tfic;.... ... ... ... .. //Mass of fuel

injected per cycle in kg/s

vf = Cd*sqrt ((2*(ip-cp)*10°5) /(spgr*rhow))
e //Actual fuel velocity of injection
in m/sec

d=sqrt ((mf*4) /(Jpi*vi*xspgr*xrhow))

disp(d*1000,” Diameter of orifice (mm) :7)
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Figure 12.5: Fuel consumption

Scilab code Exa 12.5 Fuel consumption

clc;funcprot (0);//EXAMPLE 12.5
// Initialisation of Variables

N=1800;............ //Engine rpm

theta=32;........... //Crank Travel in degree

ip=118.2; . ... ... ... ...... //Injection Pressure in bar

cp=31.38; ... ... . //Combustion chamber
Pressure in bar

Cd=0.9; .. ..o //co—efficient of discharge of
orifice

rhow=1000;........... //Density of water in kg/m"3

api = 32;.............. //API in degree

pw=11; ... ... ... ... ...... //Power Output in kW

d=0.47; . ... //Fuel Injection orifice
diameter in mm

//Calculation

spgr= 141.5/(131.5+api);............ //Specific
Gravity

tfic=(theta/360) *(60/N);....//Time for Fuel
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Figure 12.6: Injector orifice area

Injection per Cycle in sec

vf = Cd*sqrt ((2*(ip-cp)*10°5)/(spgr*rhow))

T //Actual fuel velocity of injection
in m/sec

mf=vf*xspgr*xrhowx*(%pi/4)*(d/1000) "2;

tncp=(N/2)*60; .. ............. //Total no of cycles
per hour

FIPC=mf*tfic;................. //Mass of fuel
injected per cycle in kg/cycle

fc=FIPC*tncp*(1/pw) ;.. v //Fuel
consumption in kg/kWh

disp(fc,” Fuel consumption in kg/kWh :7)

Scilab code Exa 12.6 Injector orifice area

clc;funcprot (0);//EXAMPLE 12.6
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// Initialisation of Variables

n=8;...... //No of cylinders

pw=386.4;........... //Power output in kW

N=800;............. //Engine rpm

fc=0.25; ... ... ... .. //Fuel Consumption in kg/kWh

theta=12;.............. //Crank Travel in degree (for
injection)

spgr=0.85;........... //Specific Gravity

patm=1.013;............ //Atmospheric pressure

cf=0.6;.. ... ... //Co—efficient of discharge
for injector

pcB=32; ..., ... .. ... .. //Pressure in cylinder in
beginning in bar

piB=207;............... //Pressure in injector in
beginning in bar

PcE=55; ... .. .. ... .. .. //Pressure in cylinder at the
end in bar

PiE=595; ... ... ... ... ... //Pressure in injector at
the end in bar

rhow=1000;.............. //density of water in kg/m"3

//calculations

PWPC = PW/D; o vt //Output per
cylinder

fcpc = (puwpc*fc)/60;............. //Fuel consumption
per cylinder in kg/min

fipc = fcpec/(N/2) ;.. oo //Fuel injected
per cycle in kg

tfic = (theta*60)/(360*N);........... //Time for fuel
Injection per cycle

mf = fipc/tfic; ... .. i //Mass of fuel
injected per second

pdb = piB-pcB; .. ... //Pressure
difference at beginning

pde = piE-pcE; . ... .. .. ... .. .. ... //Pressure

difference at end
apd = (pdb+pde)/2;
Ao=mf/(cf*sqrt (2*xapd*10~"5*spgr*rhow) ) ;
disp (Ao*10000,” Orifice Area Required per injector (
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Figure 12.7: Amount of fuel injected and injector diameter

cm”2):7)

Scilab code Exa 12.7 Amount of fuel injected and injector diameter

clc;funcprot (0);//EXAMPLE 12.7
// Initialisation of Variables

D=6 ...t //No of cylinders

afr=20;........... //Air fuel ratio

d = 0.1;. ... ... //cylinder bore in mm

1=0.14;.............. //Cylinder length in mm

etav=0.8;............ //Volumetric Efficiency

Pa=l; ... //Pressure at the beginning of
the compression in bar

ta = 300;............. //Temperature at the beginning

of the compression in Kelvin

139



10

11

12

13

14

15

16

17
18

19

20

21

22

23

24

25

26

theta = 20;............... //Crank travel in degree
for injection

N = 1500;........... ..., //engine rpm

rhof=960;................. //Fuel density in kg/m"3

cf=0.67;. ... ... //Co efficient of discharge
for injector

pi=150; .. ... .. ... .. .. .. ... //injection pressure in
bar

PC=40; . . .. //combustion pressure in
bar

R=287; ... . //gas constant for air
in kJ/kg.K

//calculations

V=(%pi/4)*d " 2%1l*etav;..... ... //Volume
of air supplied per cylinder per cycle in m"3

ma=(pa*10°"5*V)/(R*¥ta) ;. ... ..o .. //Mass of
this air at suction conditions in kg/cycle

mf=ma/afr;....... .. ... ... ... .. //Mass of fuel
in kg/cycle

fipc = (theta*60)/(360*N);........... //Time taken
for fuel injection per cycle in seconds

MF = mf/fipc; ... ... .. . . . //Mass of fuel

injected into each cylinder per second
disp(MF,”The mass of fuel injected into each
cylinder per second in kg/s :”)

vi=cf*sqrt ((2*(pi-pc)*10°5)/rhof) ;... .......... //
fuel velocity injection in m/s
dO0=sqrt ((MF*4) /(Jpi*vE*rhof)) ;... ... ... ... .... //

diameter of fuel orifice in m
disp(d0x*1000,” Diameter of the fuel orifice in mm :7)

Scilab code Exa 12.8 Plunger displacement and effective stroke
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Figure 12.8: Plunger displacement and effective stroke

clc;funcprot (0);//EXAMPLE 12.8

// Imnitialisation of Variables

Vpbes=7;................. //Volume of fuel in the
pump barrel before commencement of effective
stroke in cc

df=3; ... //Diameter of fuel line from
pump to injector in mm

1£=700;................. //Length of fuel line from
pump to injector in mm

VEiv=2; ... .. ... ... ..... //Volume of fuel in the
injection valve in cc

VEd=0.1; .. ... ... ... .... //Volume of fuel to be
delivered in cc

p1=150;.............. //Pressure at which fuel is
delivered in bar

P2=1; o //atmospheric pressure in bar

cc=78.8%10"(=6);.......... //Co — efficient of
compressibility per bar

dp=7;.............. //Diameter of plunger in mm

//calculations
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Figure 12.9: Calculation of fuel spray time

Vi= Vpbes+(%p1/4)*((df/1o) 2)*(1£/10)+Vfiv
................... //Total initial fuel volume

delV ccx(pl-p2)*V1l; . ... . //Change in
volume due to compression
displu=delV+VEd;......... ... // Total

displacement of plunger
disp(displu,”Total displacement of plunger in cc
lp=(displux*4) /(%pi*(dp/10)"2) ;.. ........... //
Effective stroke of plunger
disp(lp,” Effective stroke of plunger in mm:”)

:77)

Scilab code Exa 12.9 Calculation of fuel spray time

clc; funcprot (0);//EXAMPLE 12.9
// Initialisation of Variables
pl=145;........... //injection pressure in bar
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p2=235;......... //Injection pressure in bar (2nd
t1=16; .. ... ... ... .. //spray penetration time in
S1=22; . .. ... //spray penetration length in
S2=22; . //spray penetration length in
PCc=30; ... //combustion chamber pressure

//calculations

delpl=pl-pc;

delp2=p2-pc;

t2=(s2/s1)*tl*sqrt(delpl/delp2);.......... //Spray
time in seconds for 2nd case

//Given that s=txsqrt(delp)

disp(t2,”The time required for spray penetration at
an injection pressure of 235 bar in milliseconds:

77)
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Chapter 15

Engine Cooling

Scilab code Exa 15.1 Coolant required for petrol and diesel engine

clc; funcprot (0);//EXAMPLE 15.1
// Initialisation of Variables

BP=90;......00vuun... //Brake Power in kW

deltw=27;.......... .. ..... //Raise in temperature of
water

etaP=0.25; .. ... .. ... .. ... // Efficiency of petrol
engine

etaD=0.3; . ..\t // Efficiency od diesel
engine

Pec=32; ... ... . . //Percentage of energy
going to coolant in petrol engine

DEC=28; . vt //Percentage of energy
going to coolant in diesel engine

cp=4.187;.......... //specific heat of water at
constant pressure

// Calculations

hsP = BP/etaP;............ //Heat supplied in kW or
kJ/s

ecP=hsP*(Pec/100) ;............. //Energy going to
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Figure 15.1: Coolant required for petrol and diesel engine

cooling water in kg/s

mwP=ecP/(cp*deltw);............. //Mass of cooling
water required

hsD = BP/etaD;............ //Heat supplied in kW or
kJ/s

ecD=hsD*(Dec/100) ;.. ........... //Energy going to
cooling water in kg/s

mwD=ecD/(cp*deltw);............. //Mass of cooling
water required

disp (mwP*3600,” The mass of cooling water required
kg/h)for petrol engine:”)

disp (mwD*3600,” The mass of cooling water required

kg/h)for diesel engine:”)

Scilab code Exa 17.28 Indicated mean effective pressure and

145
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Figure 15.2: Indicated mean effective pressure and brake mean effective pres-
sure

clc; funcprot (0);//EXAMPLE 17.28
// Initialisation of Variables

D=0.2; . it //Engine bore in m

L=0.25;............... //Engine stroke in m

D=2 0o //No of cylinders

r=13; .. . . //Compression ratio

fe=14; ... ... .. .. //Fuel consumption in kg/h

N=300; ... oo, //Engine rpm

etarel=0.65;.............. //Relative efficiency

etamech=0.76;............. //Mechanical efficiency

co=0.05;. ... ... ... .. //Cut off of the stroke

C=41800; .. ... ... // Calorific value of
fuel in kJ/kg

R=d e //Two stroke engine

ga=1.4; . . .. ... //Degree of freedom

//calculations

rho=1+(cox*(r-1));

etast=1-((1/(r~(ga-1)))*(1/ga)*((rho~ga)-1)*(1/(rho
“1))) s //Air standard efficiency
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etath=etarel*etast;........ ..o, // Thermal
efficiency

IP=etath*(£fc/3600)*C; .. ..o v . //
Indicated power in kW

BP=etamech*IP; . ... ... ... //
Brake power in kW

pmi=(6*IP)/(n*N*L*(%pi/4)*D*xDxk*10);............ //

mean effective pressure in bar
disp (pmi,”Mean effective pressure (in bar):”)
pmb=pmi*etamech;......... ... ... ... ... .. //Brake
mean effective pressure in bar
disp (pmb,” Brake mean effective pressure (in bar):”)
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Supercharging of 1IC Engines

Scilab code Exa 16.1 Power supplied to supercharger

clc; funcprot (0);//EXAMPLE 16.1
// Initialisation of Variables

pwu=735;............ //Power developed by naturally
aspirated engine in kW

afru=12.8;............. //Air fuel ratio for
naturally aspirated engine

bsfc=0.350;...... //Brake specific fuel consumption
in kg/kWh

metau=0.86;........... //Mechanical efficiency of
naturally aspirated engine

pi=730;........... //Inlet pressure in mm of Hg
absolute

tm=325;........... //Mixture temperature in Kelvin

pr=1.6;............. //Pressure ratio of supercharged

engine

etaa=0.7;............. //Adiabatic efficiency of
supercharged engine

metas=0.9;.............. //Mechanical efficiency of

supercharged engine
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Figure 16.1: Power supplied to supercharger

afrs=12.8;............. //Air fuel ratio for
supercharged engine

rhohg=13600;............. //Density of mercury in kg/
m” 3

R=0.287;. ... ... . //Gas constant in kJ/kgK

ga=1.4; . . ... ... //Degree of freedom for gas

cp=1.0056; ... ... ... ... .... //Specific heat of the
fuel

g=9.81;....... ... . ..... //Acceleration due to gravity

in m/s"2

//calculations

t2=tm*(pr) " ((ga-1)/ga) ;... ........... //Ideal
temperature for the supercharged engine

t2a=tm+(t2-tm)/etaa;................ //Actual
temperature for the supercharged engine

wa=cp*x(t2a-tm);........ .. ... ... ... .. //Work of the
supercharger

wsup=cp*(t2a-tm)/metas;.............. //Work required

to drive the supercharger in kJ/kg of air
//When unsupercharged
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pl=(pi/1000) *((g*rhohg) /1000) ;. ... .......... //Inlet
pressure in kN/m"2

rhounsup=pl/(R*tm) ;

maunsup=(bsfcxpwu*xafrs) /3600;........ ... ........ //
Air consumption in kg/s for unsupercharged engine

//When supercharged

rhosup=(pr*pl)/(Rxt2a);

masup=maunsup* (rhosup/rhounsup);.................. //
Air consumption in kg/s
PSUP=MASUP*WSUP ; « « « v v v v v e e //Power required to

run the supercharger in kW
disp (Psup,”The Power required to run the
supercharger (kW):”)

Scilab code Exa 16.2 Engine Capacity and Brake Mean effective Pressure
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clc;funcprot (0);//EXAMPLE 16.2

// Initialisation of Variables

p1=1.0132;.............. //Mean pressure at sea level
in bar

t1=283; .. //Mean temperature at sea
level in Kelvin

BP=260;............0....... //Brake Power output in
kW

etaV=0.78; . ... ... //Volumetric efficiency
at sea level free air condition

sfc=0.247;............ //Specific Fuel consumption in
kg /kW. h

afr=17; ... ... ... ... .. ... //Air fuel ratio

N=1500; ... ... ... //Engine rpm

at=2700; ... ... //Altitude in mts

P2=0.72; ... ... //Pressure in bar at the
given altitude

Psup=0.08;........00v...... //8% power of engine is
taken by the supercharger

R=287; ... .. i //Gas constant in J/kgK

t2=32+273; .. ... //Temperature in Kelvin at
the given altitude

//calculations

mf=(sfc*BP)/60;............. //Fuel consumption in kg
/min

ma = mf*xafr;.................. //Air consumption in
ig /min

acps = ma/(N/2);............ //Air consumption per
stroke in kg

Vs=(acps*R*t1)/(etaV*pl*1075) ;.. ... ........... //

Engine capacity in m"3

disp(Vs,”The Engin Capacity in m"3:7)

pmb=(BP*6) /(Vs*10%x(N/2));........ //Brake Mean
Effective Pressure in bar

disp (pmb,” The Brake mean effective pressure is (bar)
)

gp=BP/(1-Psup) ;... ... ... ... //Gross power
produced by supercharged engine in kW
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Figure 16.3: Increase in Brake Power due to supercharger

masup=ma*gp/BP; ... ... ... ... .. //Mass of air
required for supercharged engine in kg

matc=masup/(N/2);.............. //Mass of air taken
per cycle

pressure=(matc*R*t2)/(etaV*10"5*Vs) ;

disp(pressure-p2,”The Increase of pressure required
(in bar):")

Scilab code Exa 16.3 Increase in Brake Power due to supercharger

clc;funcprot (0);//EXAMPLE 16.3

// Initialisation of Variables

ec=3600%10"(=6);............. //Engine capacity in m
"3

pw=13; .. ... //Power developed in kW per m"3

of free air induced per minute
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pressure in bar
t1=298;
in Kelvin
pr=1.8;
rotary compressor
etaC=0.75;
of compressor
etaM=0.8;
ga=1.4;
the gas
td=4;
the temperature is
from compressor
R=287;
cp=1.005;
capacity
// Calculations
Vs=(ecx*N) /2;
"3 /min
Vu=VsxetaV;
volume induced per min
rcdp=prx*xpl;
pressure

kess

............ //Volumetric Efficiency
................ //Engine rpm

........... //Initial Air
..... //Initial Temperature

..//Pressure ratio in

//Isentropic efficiency

...//Mechanical efficiency
..//Degree of freedom for

.. //The amount by which

than delivery temperature

..//Gas constant in J/kg.K
....//Specific heat

...... //Swept volume in m
..... //Unsupercharged

........ //Rotary compressor delivery

t2=tl1x(pr) " ((ga-1)/ga);.............. //Ideal
temperature for the supercharged engine

t2a=t1+(t2-tl1)/etaC;................ //Actual
temperature for the supercharged engine

ta=t2a-td; ...t // Temperature
of air at intake to the engine cylinder

Vi=(rcdp*Vsx*tl)/(plx*xta);..

............... //

Equivalent volume at 1.0132 bar and 298 K

Vinc=V1-Vs;

............ //Increase in

induced Volume of air in m”3/min

ipincai=pw*Vinc;

IP from air induced

............. //Increase in



26

27

28

29

30

31

32

File Edit Control Applications ?

FEEEEIEEEEEEE
FleSrowser 2 x BT

aaaaaaaaa

111111111

Figure 16.4: Engine Capacity and Brake Mean effective Pressure

ipinciip=((rcdp-p1)*10°5*Vs)/(60*%1000) ;........... //
Increase in IP due to increased induction
pressure kW
ipinctot=ipincai+ipinciip;............... // Total
increase in Input Power in kW
bpinc=ipinctot*xetaM;.................... //Increase
in Brake Power of the engine in kW
ma=(rcdp*10"5*Vs) /(60*R*ta) ;... ....c.uuuueen .. //
Mass of air delivered by the compressor kg/s
pc=(maxcp*(t2a-tl))/etaM;.................... //Power
required by the compressor
bpincnet=bpinc-pc;....... ... ... //Net
Increase in BP
disp(bpincnet ,”The Net increase in Brake Power in kW

:77)
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Scilab code Exa 16.4 Engine Capacity and Brake Mean effective Pressure

clc; funcprot (0);//EXAMPLE 16.4

// Initialisation of Variables

p1=1.0132;.............. //Mean pressure at sea level
in bar

t1=283; ... ... //Mean temperature at sea
level in Kelvin

BP=250; . .ot //Brake Power output in
kW

etaV=0.78;....... .. .. ....... //Volumetric efficiency
at sea level free air condition

sfc=0.245;............ //Specific Fuel consumption in
kg /KW.h

afr=17; ... .. .. //Air fuel ratio

N=1500; ...« v i //Engine rpm

at=2700;......... .. ...... //Altitude in mts

pP2=0.72; .. ... ... ... ... //Pressure in bar at the
given altitude

Psup=0.08;.......ccovvun... //8% power of engine is
taken by the supercharger

R=287; ... ... ... //Gas constant in J/kgK

t2=32+4273; .. ... ... .. ... //Temperature in Kelvin at
the given altitude

//calculations

mf=(sfc*BP)/60;............. //Fuel consumption in kg
/min

ma = mfxafr;.................. //Air consumption in
ig /min

acps = ma/(N/2);............ //Air consumption per
stroke in kg

Vs=(acps*R*xt1)/(etaV*pl*1075);................ //

Engine capacity in m"3

disp(Vs,”The Engin Capacity in m"3:7)

pmb=(BP*6) /(Vs*10x(N/2));........ //Brake Mean
Effective Pressure in bar

disp (pmb,” The Brake mean effective pressure is (bar)

:77)
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Figure 16.5: Compressor run by supercharged Engine

gp=BP/(1-Psup) ;... ... . //Gross power
produced by supercharged engine in kW

masup=ma*xgp/BP; ... ... ... ... .. .. ... .. .. //Mass of air
required for supercharged engine in kg

matc=masup/(N/2);.............. //Mass of air taken

per cycle
pressure=(matc*R*t2)/(etaV*x10"5%Vs) ;
disp(pressure-p2,”The Increase of pressure required
(in bar):”)

Scilab code Exa 16.5 Compressor run by supercharged Engine

clc;funcprot (0);//EXAMPLE 16.5

// Initialisation of Variables

t1=298; . ... // Temperature of the air
while entering the compressor in Kelvin
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qrej=1210;.............. //Amount of heat rejected in
cooler in kJ/min

t2=273+65; .. ............. //Temperature of the air
leaving the cooler in Kelvin

P2=1.75; o i //Pressure of the air
leaving the cooler in bar

D=6 .. i //No of cylinders

d=0.1;...... ... ... ... ... //Bore of the cylinder in m

1=0.10; . 0t //Stroke of the cylinder
in m

etaV=0.72;................ //volumetric efficiency

N=2000;.... ..., //Engine rpm

Tout=150; ... ... //Torque Output in Nm

etaM=0.8;........... ... .... //Mechanical efficiency

R=287; .. o //Gas constant for air
in J/kgK

cp=1.005; .. ... .. .. .. ... .. .. //Specific capacity of
air

//calculations

BP=(2*%pi*N*Tout)/(60%1000) ;........... //Brake power
in kW

IP=BP/etaM;.......... //Input Power in kW

Ve=(%pi/4)*d*d*1;................... //Cylinder
Volume in m"3

pmi=(6*IP) /(n*Vc*x(N/2)*10) ;... ..o .. //

Indicated mean effective pressure
disp(pmi,”The indicated mean effective pressure (in

bar):")

Vs=Ve*6x(N/2) 5.0 //Engine
Swept Volume in m”3/min

Vaa=Vs*xetaV; . ... ..., // Aspirated
volume of air into engine in m”3/min

maa=(p2*10°5*Vaa) /(R*t2);.............. // Aspirated

air mass flow into the engine in kg/min
disp(maa,”The total aspirated air mass flow into the
engine (in kg/min):")
t2a=((((BP/cp)/(qrej/(60%cp)))*t2)-t1)/(((BP/cp)/(
qrej/(60*cp))) -1);
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27 mc=((BP/cp)/(t2a-t1))*60; .. .o v vt //
Air flow into the compressor in kg/min
28 disp(mc,” Air flow into the compressor in kg/min:")
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Chapter 17

Testing and Performance of I1C
Engines

Scilab code Exa 17.1 Indicated power

clc;funcprot (0);//EXAMPLE 17.1

// Initialisation of Variables

Pmi=6;..................... //Mean effective pressure
in bar

N=1000; ... vt //Engine rpm

d=0.11; ... ... .. ... .. //Diameter of piston in
m

1=0.14; ... ... .. //Stroke length in m

D=1; .. //No of cylinders

R=d e //k=1 for two stroke
engine

// Calculations

V=1*x(%pi/4)*d*xd;............. //Volume of the
cylinder in m"3

IP=(n*Pmi*V*k*10*N) /6;......... //Indicated Power
developed in kW

disp(IP,” Indicated power developed (in kW):")
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Figure 17.1: Indicated power

Scilab code Exa 17.2 Bore and Stroke of engine

clc; funcprot (0); //EXAMPLE 17.2
// Initialisation of Variables

D=4 . . //No of cylinders

P=14.7; . .. i //Power developed in kW

N=1000; .. ...\ //Engine speed in rpm

Pmi=5.5;........ .. .. ... ..... //Mean effective
pressure in bar

lbyd=1.5;....... ... ... ...... //Ratio of stroke to
bore

K=0.5; . i //For four stroke
engine

// Calculations
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Figure 17.2: Bore and Stroke of engine

d= ((P*6)/(n*Pm1*N*k*10*(%p1/4)*1byd)) (1/3)
...................... // Calculation of bore in m

L= 1byd#d ;o v oo //
Calculation of stroke in m

disp (d*1000,” The bore of the engine (in mm):”)

disp(1%1000,” The stroke of the engine (in mm):”)

Scilab code Exa 17.3 Brake power

clc;funcprot (0);//EXAMPLE 17.3
// Initialisation of Variables

Db=0.6; ... ... //Diameter of the brake
wheel in m

d=0.026;...... ... //Diameter of the rope
in m
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W=200; . ottt //Dead load on the
brake in N

S=30; i //Spring balance reading
in N

N=450; ...t //Engine speed in rpm

//Calculations

BP=((W-S)*%pi*(Db+d)*N) /(60%1000) ;.. ............. //

Brake Power in KW
disp (BP,” Brake Power (in KW):”)

Scilab code Exa 17.4 Engine displacement

clc;funcprot (0);//EXAMPLE 17.4

// Initialisation of Variables

D=4, //No of cylinders
0.5, e e e //For four stroke engine
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Figure 17.4: Engine displacement

Tb=160; .. .o oo //Max brake torque in Nm

N=3000; ... .. //Engine rpm

Pm=9.6; .. ..o //Brake mean effective
pressure in bar

// Calculations

D=((2*%pi*N*Tb*6) / (60*x1000*Pm* (%pi/4) *N*xk*10)) "~ (1/3)

e //Bore of engine in m
L=D; ... //Given that the stroke is
equal to bore
Disp=(%pi/4) *D*Dx*L

Displacement in m"3
disp(D*1000,” Since it is given that the stroke is
equal to bore, their value is (in mm): ”)
disp(Disp,”The engine displacement (in m"3):”)
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Figure 17.5: Bore and stroke

Scilab code Exa 17.5 Bore and stroke

clc; funcprot (0); //EXAMPLE 17.5

// Initialisation of Variables

D=6 ottt //No of cylinders

Pmb=6; ... .0uuiiie //Brake mean effective
pressure in bar

N=1000;........ ... ... //Engine rpm

k=0.5;. ... . ... //For four stroke
engine

Wce=820;................. //Work during compression
and expansion in kW

Wie=50;................... //Work during intake and
exhaust in kW

£=150; .. ... . //Rubbing friction in
engiine in kW

WnetT=40;................... //Net work done by
turbine in kW

// Calculations

BP=Wce-(Wie+f+WnetT);..................... //Net work
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Figure 17.6: Ratio of power output when using different fuels

available or brake power in kW

13 D=((BP*6) /(n*xPmb*(%pi/4)*N*xk*x10)) "~ (1/3)
I //Bore of engine in m

14 L=D; ittt // Given
that bore is equal to stroke

15 disp(D*1000,” Since the stroke and bore are equal,
their value is (in mm):”)

Scilab code Exa 17.6 Ratio of power output when using different fuels

1 clc;funcprot(0);//EXAMPLE 17.6
// Initialisation of Variables

3 Cm=50150; .. .\ttt //Heating value
of methane in kJ/kg
4 Co=44880; . oottt //Heating value

of octane in kJ/kg
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Figure 17.7: Brake power and brake thermal efficiency

5 //Calculations

6 //Since Energy supplied is proportional to mass of
fuel supplied time calorific value of the fuel
supplied

7 ratioP=Cm/Co;.......... . ... ... ... ... //Ratio of the
power input of the engine with methane fuel to
that with octane

8 disp(ratioP,” Ratio of the power input of the engine
with methane fuel to that with octane:”)

Scilab code Exa 17.7 Brake power and brake thermal efficiency

1 clc;funcprot(0);//EXAMPLE 17.7
// Initialisation of Variables
3 N=2000; ... .. //Engine rpm
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K=0.5; o //Four stroke
engine

Disp=0.025; .. ... ... ... . //Engine
displacement in m"3

Pmb=6; . . ot //Brake mean
effective pressure in bar

mf=0.018; ... .. .. .. // Fuel
consumption in kg/s

CE=42000; . ... i // Calorific

value of fuel in kJ/kg
//Calcuations

BP=(Pmb*Disp*N*k*10) /(6) ;................ //Brake
power in kW
etaBT=BP/(mf*xCf);................. //Brake thermal

efficiency
disp (BP,”The Brake power (in kW):")
disp(etaBT*100,” Brake thermal efficiency (in %):”)
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Figure 17.9: Indicated power and brake power and mechanical efficiency

Scilab code Exa 17.8 Brake power

clc;funcprot (0);//EXAMPLE 17.8
// Initialisation of Variables

T=175; . . //Torque due to brake
load in Nm

N=B500;......00 0., //Engine speed in rpm

//calcuations

BP=(2x%pi*N*T)/(60%1000) ;....................... //

Brake power developed by engine in kW
disp (BP,” Brake power developed by engine (in kW):”)

Scilab code Exa 17.9 Indicated power and brake power and mechanical efficiency
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clc;funcprot (0);//EXAMPLE 17.9
// Initialisation of Variables

D=0.3; . . //Bore of engine
cylinder in m

L=0.45; ... . . . //Stroke of
engine cylinder in m

N=300; . o ettt e //Engine rpm

Pmi=6;...... ... //Indicated mean
effective pressure in bar

NbLl=1.5; . e //Net brake load
in kN

Db=1.8; ... . //Diameter of
brake drum in m

d=0.02; ... ... //Brake rope
diameter

R=0 .5, o //Four stroke
engine

D=1 . //No of cylinders

// Calculations
IP=(n*Pmi*Lx*(%pi/4) *D*D*xN*xkx*10)

J6 5 //Indicated power in kW
BP=(Nblx*%pix*(Db+d)*N)

/B0 . o //Brake power

in kW

etam=BP/IP

Mechanical efficiency
disp (IP,” Indicated power (in kW):")
disp (BP,” Brake power (in kW):")
disp(etam#*100,” Mechanical efficiency (%):")

Scilab code Exa 17.10 BSFC and brake thermal efficiency
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Figure 17.10: BSFC and brake thermal efficiency

clc;funcprot (0); //EXAMPLE 17.10

// Initialisation of Variables

Db=0.7; .. //Diameter of
brake pulley in m

d=0.025; . ottt //Diameter of
the rope in m

W=B0; . ot //Load on the
tight side of the rope in kg

S=B80; . ot //Spring balance
reading in N

N=000; . ¢ ottt //Engine rpm

mE=4; . ... //Rate of fuel
consumption in kg/h

C=44000; ... ... // Calorific
value of fuel in kJ/kg

€=9.81; // Acceleration

due to gravity in m/s"2
// Calculations
BP=(((Wxg)-S)*%pi*(Db+d)*N)/(60%1000)
S //Brake power in kW
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bsfc=mf/BP
//Brake specific fuel consumption in kJ/hW-h
disp(bsfc,”Brake specific fuel consumption (in kJ/hW

Case senstive [ Regular expression
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Figure 17.11: Indicated thermal efficiency and brake power

_h)??)
etathB=(BP*3600) /(mf*C)

disp(etathB*100,” Brake thermal efficiency:”)

Scilab code Exa 17.11 Indicated thermal efficiency and brake power

clc; funcprot (0);//EXAMPLE 17.11
// Initialisation of Variables

..................... //No of cylinders

e e //Four stroke engine
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T=8 ittt //Compression ratio

d=0.1;...... .. ... .. .. //Engine bore in m

1=0.1; ... //Engine stroke in m

etaV=0.75;................. //Volumetric efficiency

N=4800; ... v, //Engine rpm

afr=15; . ... .. .. ... .. . ... //Air fuel ratio

C=42000000; ... ............. // Calorific value of fuel

rhoa=1.12;................. //Atmospheric density in
kg/m"3

Pmi=10; ... .0t //Mean effective pressure

in bar
etamech=0.8;............... //Mechanical efficiency

// Calculations

IP=(n*Pmi*1x*(%pi/4) *xd*d*xN*xk*x10)/6;.................
//Indicated power in kW

Ac=nx*(%pi/4)*d*xd*1*(N/2)*(etaV/60)
P //Air consumption in m”"3/s

ma=Ac*rhoa ;. ... ... e e e
//Mass flow of air in kg/s

mE=ma/afr ;. .
//Mass flow of fuel in kg/s

etath=(IP*1000) /(mf*C)

thermal efficiency
disp(etath*100,” Indicated thermal efficiency (%):")
BP=IP*xetamech ;. ... ... ... e
//Brake Power in kW
disp (BP,” Brake power (in kW):")

Scilab code Exa 17.12 Volumetric efficiency and BSFC

clc;funcprot (0);//EXAMPLE 7.12
// Initialisation of Variables
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Figure 17.12: Volumetric efficiency and BSFC

N=1800; ...« v.. //Engine rpm

1=0.11; ... ... .. . //Engine stroke in m

d=0.085; . ... //Engine bore in m

ma=0.56;.................. //Air flow rate in kg/min

BP=6; . ...t //Brake power developed in
kW

afr=20;......... ... ... ... //Air fuel ratio

C=42550; .. ... // Calorific value of fuel
in kJ/kg

rhof=1.18;................ //Density of fuel in kg/m
"3

//calculations

V=(hpi/4) *d*xd*1*x(N/2) ;.. ... .. ... .. ... ...... //Volume
displacemt in m”3/min

Ma=V*rhof ;. ....... ... ... ... //Mass of
air in kg/min

etaV=ma/Ma; ... ..ot //
Volumetric efficiency

fec=ma/afr;..... ... ... ... .. // Fuel
concumption
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Figure 17.13: Mechanical efficiency

bsfc=(fc*60)/BP; ... //Brake
specific fuel consumption in kg/kWh
disp(etaV#*100,” The volumetric efficiency (in %):”)

disp(bsfc,”Brake specific fuel consumption (in kg/
kWh) : ")

Scilab code Exa 17.13 Mechanical efficiency

clc; funcprot (0);//EXAMPLE 17.13
// Initialisation of Variables

pmicover=6.5;....... ... ... ... . ... //Mean effective
pressure on cover side in bar

pmicrank=7;.......... .. ... ... ... //Mean effective
pressure on crank side in bar

D=0.2; ot //Engine bore in m
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drod=0.02; ... ... .. e

piston rod in m

W=1370; ... .

the brake in N

S=145; . .. e

reading in N

Db=1.2; . e

diameter in m

d=0.02; ... . . .. e

diameter in m

k=0.5; .. e e

engine
N=420;.................
//calculations

Acover=(%pi/4)*D*D; . . ... i

cylinder on the cove

Acrank=(%pi/4)*((D~2) -(drod~2));

//Engine stroke in

...... //Engine rpm

r side in m"2

......... /)

//Brake rope

//Diameter of

//Dead load on

//Spring balance

//Brake wheel

//Four stroke

//Area of

Effective area of cylinder on the crank end side

in m~2

IPcover=(pmicover*l*xAcover*N*xkx10)
/65 //Indicated power on the cover

end side in kW

IPcrank=(pmicrank*l*Acrank*Nxk*10)
/65 //Indicated power on the crank

end side in kW

IPtotal=IPcover+IPcrank;.........

BP=((W-8) *%pi*x(Db+d) *N)

efficiency

/(60%1000)

//Brake power in kW

disp(etamech*100,” The mechanical

)

........... //TOtal
//Mechanical
efficiency is (%):”

175



=W NN~

"] Scilab 5.4.1 Console -

File Edit Control Applications 2
ZE|XD0|v &8 |X 2@
3 - | sotae

FieEr Soileh .41 Cansole

Engine bore (in mm):
152.98026

Engine stroke (in mm):

229.47038
{5 soidviorks Downioads
E UDC Output Fies |
ptesetup.bak
[] ptesetup.iog
{ ] Reeyding Composites in an Esy and Economical
std.out
1] trailbet. 1.
] trail.bet.2.
7] trail.txt.3

A

[]Case sensitve [] Reguiar expression

1117 AM
6/16/2013

Al il )

Figure 17.14: Engine bore and stroke

Scilab code Exa 17.14 Engine bore and stroke

clc;funcprot (0);//EXAMPLE 17.14
// Initialisation of Variables

BP=14.7; ... ... .. //Brake power in kW

P1=0.9; . ... . .. //Suction pressure
in bar

etamech=0.8; .. ... .. ... ... ....... //Mechanical
efficiency

T=6; . //Compression ratio

P3=24; .. .. //maximum explosion
pressure in bar

N=1000; ..« //Engine rpm

rld=1.5;. ... ... .. //Ratio of length

and stroke
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1c=1.35; .. . //Index of
compression curve

le=1.3; ... ... . //Index of expansion
curve

K=0.5; . o //Four stroke engine

//calculations

P2=(r ic)*pl; .o //intermediate
pressure (in bar) during compression

p4=p3/(r~ie) ;... //Intermediate

pressure (in bar) during expansion
pm=((((p3-r*pd)/(ie-1))-((p2-pl*r)/(ic-1)))*(10°5))
/(r=1) ;.. o //Mean effective pressure in N/
m” 2
pmb=pm
/100000 . e
//Mean effective pressure in bar
IP=BP/etamech

Indicated power in kW
D=((IP*6%4) /(pmb*xrld=*(%pi)*N*xk*x10)) ~(1/3)
e //Engine bore in m

Engine stroke in m
disp (D*1000,” Engine bore (in mm):”)
disp(L*1000,” Engine stroke (in mm):")

Scilab code Exa 17.15 Indicated thermal efficiency and brake thermal efficiency ar

clc;funcprot (0);//EXAMPLE 17.15

//Initialisation of Variables

IP=30; . it //Indicated power in
kW
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Figure 17.15: Indicated thermal efficiency and brake thermal efficiency and
mechanical efficiency

BP=26;..... .00 //Brake power in kW

N=1000; ... ..., //Engine rpm

fpbph=0.35;................... //Fuel per brake power
hour in kg/B.P.h

C=43900; .. ... 0. // Calorific value of

fuel used in kJ/kg
// Calculations

mf=BP*xfpbph;............. //Fuel consumption per hour
in kg/h

etalth=IP/((mf/3600)*C);................. //Indicated
thermal efficiency

etaBth=BP/((mf/3600)*C);................. //Indicated
brake efficiency

etamech=BP/IP; ... .. .. i, //

Mechanical efficiency

disp(etaIth*100,” Indicated thermal efficiency (in %)
:77)

disp(etaBth#*100,” Indicated brake efficiency (in %):”
)
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Figure 17.16: BSFC and brake thermal efficiency

disp(etamech*100,” Mechanical efficiency (in %):”)

Scilab code Exa 17.16 BSFC and brake thermal efficiency

clc;funcprot (0);//EXAMPLE 17.16

//Initialisation of Variables

Db=0.75; .. ... ... //Diameter of brake
pulley in m

d=0.05; . //Rope diameter in m

W=400; . vt //Dead load in N

S=B50; . it //Spring balance
reading in N

cf=4.2; . .. ... //Consumption of fuel
in kg/h

N=1000; ...« //Engine rpm
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Figure 17.17: Fuel consumption and calorific value of fuel

C=43900; .. ... 0. // Calorific value of
fuel in kJ/kg
// Calculations

BP=((W-8)*%pi*(Db+d)*N)/(60%1000) ;............... //
Brake power in kW

bSEC=CE/BP ot //
Brake specific fuel consumption in kg/kWh

etabth=BP/((cf/3600)*C) ;..o uuuiin et //

Brake thermal efficiency

disp(bsfc,”Brake specific fuel consumption (in kg/
kWh) : )

disp(etabth*100,” Brake thermal efficiency (in %):”)

Scilab code Exa 17.17 Fuel consumption and calorific value of fuel

clc;funcprot (0);//EXAMPLE 17.17
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//Initialisation of Variables

D=6 . ot //No of cylinders

D=0.09; ...t //Bore of cylinder
in m

L=0.1; .. . //Stroke length in
m

TS //Compression ratio

etarel=0.55;.......... ... ........ // Relative
efficiency

18FC=0.3; i //Indicated
specific fuel consumption in kg/kWh

imep=8.6;....... ... ... //Indicated mean
effective pressure in bar

N=2500; ... ... //Engine speed

ga=1.4; . //Degree of freedom

for air

K=0.5; .. //Four stroke
engine

//calculations

etastan=1-1/(r"(ga-1));....... ... ... ... // Air
standard efficiency

etath=etarel*etastan;..................... //
Indicated thermal efficiency

C=3600/(Cetath*isfcC) ;... .. ... //

Calorific value of fuel in kJ/kg

IP=(n*ximep*L*D*D*(%pi/4) *N*xk*10) /6; ... ... ..........
//Indicated power in kW

fe=IP*isfc; ... // Fuel
consumption in kg/h

disp (C,”The calorific value of the fuel used (in kJ
/kg):")

disp(fc,” Fuel consumption (kg/h):”)
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Figure 17.18: Engine bore and stroke and Fuel consumption

Scilab code Exa 17.18 Engine bore and stroke and Fuel consumption

clc; funcprot (0);//EXAMPLE 17.18
// Initialisation of Variables

BP=30; .« it //Brake power in kW

Pmi=8; . //Mean effective
pressure in bar

etamech=0.8;.................... //Mechanical
efficiency

D=4 ot //No of cylinders

N=2500; ..ottt //Engine rpm

rld=1.5;. ... ... .. //Ratio of length
and stroke

etabth=0.28; .. .......... ... .. ..... //Brake thermal
efficiency

R=d e //Two stroke engine

C=43900; ..« .ottt // Calorific value

of fuel in kJ/kg
//calculations
IP=BP/etamech
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Figure 17.19: Volumetric efficiency and brake thermal efficiency and brake
torque

Indicated power in kW

D=((IP*6%*4) /(pmi*xn*xrld*(%pi)*N*xkx10)) "~ (1/3)
R //Engine bore in m

Engine stroke in m
disp (D*1000,” Engine bore (in mm):”)
disp(L*1000,” Engine stroke (in mm):”)
mf=BP/(etabth*C);....... ... ... ... ... ... //
Fuel consumption in kg/s
disp (mf*3600,” Fuel consumption in (kg/h):”)

Scilab code Exa 17.19 Volumetric efficiency and brake thermal efficiency and brake
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clc; funcprot (0);//EXAMPLE 17.19
// Initialisation of Variables

D=6 ..ttt //No of cylinders

pdpc=700%10"(=6) ;.. ............... //Piston
displacement per cylinder in m"3

P=T78; . . //Power developed
in kW

N=3200; ... it //Engine rpm

ME=27 5 // Fuel
consumption in kg/h

C=44000; ... . i // Calorific value

of fuel in kJ/kg

afr=12; ... ... ... //Air fuel
ratio

PL1=0.9; //Intake air
pressure

pa=pl;

t1=305; ... . . //Intake air
temperature

ta=t1;

R=0.287; ... //Gas constant in kJ/
kgK

// Calculations

ma=afr*mf ;... ... ... ... . //maaa of air
in kg/h

Va=(ma*Rxt1)/(pl1*100);............. //Volume of air
intake in m"3/h

Vs=pdpc*n*(N/2) *60; ... ... ... .. //Swept
volume in m"3/h

etaV=Va/Vs ;. oo //Volumetric

efficiency

disp(etaV*100,”The volumetric efficiency of the
engine (in %):”)

etabt=P/(mf*x(C/3600));................... // Brake
thermal efficiency

disp(etabt*100,”The brake thermal efficiency of the
engine (in %):7)

Tb=(P*60) /(2% %pi*N) ;.. .ot //
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Figure 17.20: Average no of misfires per min

Brake torque in kNm
disp (Tb,” Brake torque (in kNm):”)

Scilab code Exa 17.20 Average no of misfires per min

clc;funcprot (0);//EXAMPLE 17.20
// Initialisation of Variables

D=6 . i //No of cylinders

Vs=1.756%10"(=3);.............. //Stroke volume in m"3

IP=26.3; it //Indicated power in kW

Ne=504; . ... ... //Expected Engine rpm

Pmi=6;...... .00, //Mean effective
pressure in bar

k=0.5; ... .. .. //Four stroke engine

// Calculations
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Figure 17.21: Indicated power and indicated thermal efficiency

Na=floor ((IP*6) /(n*Pmi*Vs*xk*10))
e e //Actual Engine rpm

af=(Na*n)/2; ... ... .. //Actual no of
fires in min

ef=(Ne*n) /2; ... ... //Expected no of
fires in min

Nm=ef-af;...... ..., //No of misfires/
min

nm=Nm/n;.................... //Average no of times

each cylinder misfires in one min
disp(nm,” Average no of times each cylinder misfires
in one min:”)

Scilab code Exa 17.21 Indicated power and indicated thermal efficiency

clc;funcprot (0);//EXAMPLE 17.21
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// Initialisation of Variables

D=4 ... //No of cylinders
D=0.075; .. .t //Engine bore in m
L=0.09; ottt //Engine length in m
err=39/8; . .. //Engine to rear
axle ratio
Dw=0.65;. ... ... //Wheel diameter in
m
PC=0.227; . ... . //Petrol consumption
in kg
pmi=5.625; ... ... . ... .. .. .. //Mean effective
pressure in bar
C=43470; . .. // Calorific
value of petrol in kJ/kg
K=0.5; . //Four stroke
engine
SC=48; . .. //Speed of the car
in km/h
d=3.2; . . //Distance

covered by car in km
//Calculations

scl=sc*x(1000/60) ;... ... .. .. ... .. .. .. //Speed of the
car in m/min

Nt=scl/(hpi*Dw) ;.. ... .. ... .. //Revolutions
made by tire per min

Ne=Ntkerr;.........uuuiuniineunennn.o.. //Speed of
engine shaft

IP=(n*pmi*L*(%pi/4)*DxD*Nexk*10)/6;........ //

Indicated power in kW
disp(IP,” Indicated power (in kW):")

SC2=SC/60; ... //Speed of the car
in km/min

t=d/SC2; ... . //Time for
covering 3.2 km in min

fec=pc/(t*60) ;... ... ... ... ... ... //Fuel consumed
per second in kg

etait=IP/(fc*C);............... //Indicated thermal

efficiency
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Figure 17.22: Finding all engine parameters

disp(etait*100,” Indicated thermal efficiency (%):”)

Scilab code Exa 17.22 Finding all engine parameters

clc;funcprot (0);//EXAMPLE 17.22
// Initialisation of Variables

n=1;................. //No of cylinders

D=0.25;................ //Engine bore in m

L=0.4;................. //Engine stroke in m

PME=T; .ot //Gross mean effective
pressure in bar

pmp=0.5;........ .. ..... //Pumping mean effective
pressure in bar

N=250;.................. //Engine rpm

Db=1.5;................ // Effective diameter of the
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N1=1080;.............. //Net load on the brake in N

fh=10; .. ... ... ... ..... //Fuel used per hour in kg

C=44300;............... // Calorific value of fuel in
kJ/kg

k=0.5; ... //Four stroke engine

// Calculations

mf=fh/3600; .. ... ... //Fuel used per
second in kg

PI=PME =PIMP 5 « v v v e oe et et e //Net pressure

IP=(n*pm*L*(%pi/4) *D*D*N*xk*10) /6;.......... ///

Indicated power in kW

disp (IP,” Indicated power (in kW):")

BP=((N1)*%pi*Db*N)/(60%1000) ;............... // Brake
power in kW

disp (BP,” Brake power (in kW):")

etamech=BP/IP; ... ... ... .. ... //
Mechanical efficiency

disp(etamech*100,” Mechanical efficiency (in %):”)

etath=IP/(mf*C) ;. ... ... ... ... .. ........ //Indicated
thermal efficiency

disp(etath*100,” Indicated thermal efficiency (in %):
77)

Scilab code Exa 17.23 Brake mean effective pressure

clc;funcprot (0);//EXAMPLE 17.23
// Initialisation of Variables

etabth=0.3;.......... .. ... .. ... //Brake thermal
efficiency

afrw=20; .. .. //Air fuel ratio by
weight

C=41800; . ...« // Calorific value

of fuel used in kJ/kg
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Figure 17.23: Brake mean effective pressure

R=287; . . o //Gas constant in J/kg

// Calculations

Wp=etabth*C;................... //Work produced per
kg of fuel in kJ

p1=1.0132;t=273+156;............ //STP conditions in
bar and Kelvin

V=(afrwxt*R)/(p1*1076);....... //Volume of air used
in m"3

pmb=(Wp*1000) /(V*10°5) ;........ //Brake mean

effective pressure in bar
disp (pmb,” Brake mean effective pressure (in bar):”)

Scilab code Exa 17.24 Volumetric efficiency

clc; funcprot (0);//EXAMPLE 17.24
// Initialisation of Variables
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Figure 17.24: Volumetric efficiency

vi=0.216; ... .. ... //Gas consumption in m
"3 /min

PW=75 o //Pressure of gas in
mm of water

t1=290; . ot // Temperature of gas in
K

ac=2.84; . ... ... //Air consumption in kg/
min

br=745; .. ... .. //Barometer reading in
m of Hg

D=0.25; it //Engine bore in m

L=0.475; .. ... //Engine stroke in m

N=240; ...t //Engine rpm

R=287; ... ... //Gas constant for air
in J/kgK

// Calculations

pl=br+(pw/13.6) ;... ... ... ... ... . ... //Pressure of gas
in mm of mercury

pP2=760;t2=273; .. ... ... ... . ... .. ... //NTP conditions

in mm of Hg and Kelvin
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Figure 17.25: finding all parameters of engine

v2=(pl*v1*t2) /(t1*p2);............... //Volume of gas
used at NTP in m"3

gs=v2/(N/2) ;.. ... .. //Gas used per
stroke in m"3

v=(ac*R*t2)/(1.0132%1075) ;........... // Volume
occupied by air at NTP in m"3/min

aps=v/(N/2) ;... . //Air used
per stroke

Va=gs+apS; v v i et //Actual volume of
mixture in m"3 drawn per stroke at NTP

Vs=(%pi/4)*D*D*L; .. ............. //Swept volume in mm
"3

etaV=(Va/Vs);........ ... . ... .... //Volumetric
efficiency

disp(etaV#*100,” Volumetric efficiency (in %):”)
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Scilab code Exa 17.25 finding all parameters of engine

clc;funcprot (0);//EXAMPLE 17.25
// Initialisation of Variables

T=1 //Duration of trial in hrs

Rev=14000;............. //Revolutions

nmc=500;............... //Number of missed cycles

bl=1470; .. ... ... ... ... //Net Brake load in N

Mep=7.5; ..., //Mean effective pressure in

bar

gc=20000;............... //Gas consumption in litres

lev=21; ... i //LCV of gas at supply
condition in kJ/litre

D=0.25; ... //Engine bore in m

L=0.4; .. i, //Engine stroke in m

r=6.5;....... ... .. .. ... //Compression ratio

n=1;...... .. . . //No of cylinders

Cb=4; ... . // Effective brake
Circumference

k=0.5; . i //Four stroke engine

ga=1.4;.. ... ... ... .. . //Degree of freedom

// Calculations

N=Rev/60;.............. //Engine rpm

Vg=gc/3600;............. //Fuel consumption in litres
/s

Na=((Rev/2)-nmc)/60;................ //Working cycles

per min
IP=(n*mep*L*(%pi/4)*DxD*Na*x10) /6;............ //

indicated power in kW

disp(IP,” Indicated power (in kW):")

BP=((bl)*Cb*N)/(60%1000) ;... ............ //Brake
power in kW

disp (BP,” Brake power (in kW):")

etamech=BP/IP;....... ... ... ... .. ... .. //
Mechanical efficiency

disp(etamech*100,” Mechanical efficiency (in %):7)

etath=IP/(Vg*1cv) ;. ..o //
Indicated thermal efficiency
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Figure 17.26: Compression ratio and thermal efficiency and gas consumption

disp(etath*100,” Indicated thermal efficiency (in %):

77)

etast=1-(1/r"(ga-1));

effi

etarel=etath/etast; ..

ciency

............ //Air standard

.......... //Relative efficiency

disp(etarel*100,” Relative efficiency (in %):")

Scilab code Exa 17.26 Compression ratio and thermal efficiency and gas consumptior

clc;funcprot (0);//EXAMPLE 17.26
// Initialisation of Variables

n=1.3;

....//Index of compression

pa=1.4;pb=3.6;posa=(1/4);.......... //Point a — the
position 1/4 of the stroke
posb=(3/4) ;..........

the

stroke

//Point b — the position 3/4 of
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Figure 17.27: Mean effective pressure developed

ga=1.4;............... //Degree of freedom for gas

etarel=0.4;................... //Relative efficiency

C=18800; ... ..o .. // Calorific value of
fuel in kJ/m"3

// Calculations

r=1+((((pb/pa) " (1/n))-1)/(posb-(((pb/pa) " (1/n) ) *(
posal)l)));......... //Compression ratio

disp(r,”The compression ratio :7)

etast=1-(1/r"(ga-1));............ //Air standard
efficiency

etath=etarel*etast;............ //Thermal efficiency

disp (etath*100,” Thermal efficiency (in %):”)

v=1/(etath*C);............... //Gas consumption per
IP sec

disp(v*3600,” Gas consumption (in m"3/IP hour):”)

195



Ol = W N =

[«

10

11

12

13

14

15

16

17

18

Scilab code Exa 17.27 Mean effective pressure developed

clc; funcprot (0);//EXAMPLE 17.27
// Initialisation of Variables

D=6 ottt //No of cylinders

r=5; .. ... //Compression ratio

Ve=0.000115;................ //Clearance volume of
each cylinder in m"3

fc=10.5; . .. //Fuel consumed in kg/h

C=41800; ... ... // Calorific value of
fuel in kJ/kg

N=2500; .. ittt //Engine speed in rpm

er=0.65;........ ... .. . L // Efficiency ratio

ga=1.4; . . ... //Degree of freedom

//calculations
etast=1-(1/17(ga=1)) ;. « i
//Air standard efficiency

etath=etast*er;......... ... ... .. ... //
Thermal efficiency

IP=etath*(£fc/3600)*C; .. ... ... ... ..., //
Indicated power in kW

Wnet=(IP*(10°3) *60) /(n*(N/2));.............. //Net
work froom one cycle per cylinder in N-m

Vs=(r=1)*VC; ..o //Swept volume in
m” 3

pm=Wnet/(Vs*10"5) ;... ... ... ......... //Mean

effective pressure developed
disp(pm,”Mean effective pressure developed (in bar):

77)

Scilab code Exa 17.28 Indicated mean effective pressure and brake mean effective y

clc;funcprot (0);//EXAMPLE 17.28
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Figure 17.28: Indicated mean effective pressure and brake mean effective
pressure

// Initialisation of Variables

D=0.2;................. //Engine bore in m

L=0.25;............... //Engine stroke in m

D=2 ottt //No of cylinders

r=13; . . //Compression ratio

fe=14; . ... .. ... .. //Fuel consumption in kg/h

N=300; ..« .. //Engine rpm

etarel=0.65;.............. //Relative efficiency

etamech=0.76;............. //Mechanical efficiency

co=0.05;. ... ... ... .. //Cut off of the stroke

C=41800; ... ..., // Calorific value of
fuel in kJ/kg

k=1;. .. //Two stroke engine

ga=1.4; .. ... ... ... //Degree of freedom

//calculations

rho=1+(cox*(r-1));

etast=1-((1/(r~(ga-1)))*(1/ga)*((rho~ga)-1)*x(1/(rho
“1))) //Air standard efficiency

etath=etarel*etast ;... ..., // Thermal
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Figure 17.29: Finding all parameters of engine

efficiency

IP=etath*(£fc/3600)*C; . ... ..., //
Indicated power in kW

BP=etamech*IP;........... ... ... ..., //
Brake power in kW

pmi=(6*IP)/(n*N*xL*x(%pi/4)*D*D*k*10) ;............

mean effective pressure in bar
disp (pmi,”Mean effective pressure (in bar):”)

pmb=pmi*etamech;.......... ... ... ... //Brake

mean effective pressure in bar

disp (pmb,” Brake mean effective pressure (in bar):”)

Scilab code Exa 17.29 Finding all parameters of engine

clc;funcprot (0);//EXAMPLE 17.29
// Initialisation of Variables
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n=4; ... .. //No of cylinders

C=45200; ... .. //calorific value of fuel
in kJ/kg

etamech=0.82;............... //Mechanical efficiency

etarel=0.7;................. //Relative efficiency

etast=0.52;............... //Air standard efficiency

etav=0.78;............... //Volumetric efficiency

sbr=1.25;.......... ... ...... //Stroke bore ratio

N=2400; ... v, //Engine rpm

P=1; . //Suction pressure in bar

t=298; . ... //Suction temperature in
bar

BP=72; . ... ... ... ....... //Brake power in kW

ga=1.4; . . .. ... //Degree of freedom

afr=16; .. ... .. .. ... .. //Air fuel ratio

R=287; ... .. . //Gas constant in J/kg

//calculations

r=(1/(1-etast)) " (1/(ga-1));............ //Compression
ratio

disp(r,”The compression ratio :7)

etath=etast*etarel;..................... //Indicated

thermal efficiency
disp(etath*100,” Indicated thermal efficiency:”)

IP=BP/etamech;.................... //Indicated power
in kW

mf=IP/(etath*C) ;.. ... .. ... //Fuel
consumption in kg/s

bsfc=mf/BP;......... ... ... ... .... //Brake specific

fuel consumption in kg/kWs
disp (bsfc*3600,” Brake specific fuel consumption (in

kg /kWs) :7)

mafm=afr+1;...... ... .. .. .. ... .. .. //Mass of air fuel
mixture in kg/kg of fuel

mafml=mafm*mf ;...... ... ... ... ... .. //Mass of air fuel

mixture when mf amount of fuel is supplied to
engine per second

v=(mafml*R*t)/(p*1075) ;... ... i ///
Volume of air fuel mixture supplied to the engine
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Figure 17.30: Full load brake power and mechanical efficiency

in m"3
Vs=v/etav; . ... ..o //Swept
volume in m"3
D= ((Vs)/((%p1/4)*sbr*n*(N/(Q*GO)))) (1/3)
............ //Engine bore in m
disp(D*1000,” Engine bore (in mm):”)
disp (D*1000*sbr,” Engine stroke (in mm):”)

-

Scilab code Exa 17.30 Full load brake power and mechanical efficiency

clc;funcprot (0);//EXAMPLE 17.30
// Initialisation of Variables

n=1;. ... .. .. //No of cylinders
D=0.18;....... ... ... ...... //Engine bore in m
L=0.34; . ... //Engine stroke in m
N=400; ...t //Engine rpm
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mepw=6

A

of working loop in

mepp=0

36 ..

..... //Mean effective pressure
bar
....... //Mean effective

pressure of pumping loop in bar

mepd=0

(dead cycle)

fs=46;

//calc

pminet

64 .

ulations
=mepw-mepp; .. ..

effective pressure

dc=(N/

2)-fs;.........

...... //Mean effective pressure

iin bar

.//Firing strokes per min

...... //Net indicated mean
in bar
...... //Dead cycles per min

IPnet=(n*pminet*(%pi/4) *L*D*Dxfs*4%10)
............. //Net indicated power output in

/6;
kW

ppdc=(n*pminet*L*(%pi/4)*D*D*x10*dc)/6;.............
//Pumping power of dead cycles in kW

FP=IPnet -ppdc;

Frictional power in kW
IP=(n*pminet*L*(%pi/4)*D*D*x(N/2)*10)

/6;
BP=IP-

FP; .. ..........

Indicated power in kW
//
...... //Brake power in kW

disp (BP,” Brake power (in kW):")

etamech=BP/IP;

efficiency
disp(etamech*100,” Mechanical efficiency (in %):”)

.......... //Mechanical

Scilab code Exa 17.31 Mechanical efficiency and brake thermal efficiency

clc; funcprot (0);//EXAMPLE 17.31
// Initialisation of Variables
............ //No of cylinders

. //Engine bore in m
//Engine stroke in m

201



Nelie o B o)

10

11

12

13

14

15

16
17

"] Scilab 5.4.1 Console -

File Edit Control Applications 2
ZB XBO|Y 8B =X ®®
2 x 3

wwwwwwwwwww =

aaaaaaaaa

333333333

[]Case sensitve [] Reguiar expression

g M = <[

Figure 17.31: Mechanical efficiency and brake thermal efficiency

N=200;.....cvuunuon.. //Engine rpm

Nk=90;.........0 ... //No of explosions per min

vi=11.68;............ //Gas used in m"3/h

pg=170; .. ... ... ... ...... //Pressure of gas in mm of
water

br=755; ... ... ... ... //Barometer reading in mm of
Hg

pmi=6.2;....... ... ... .. //Mean effective pressure
in bar

C=21600; .. ... ... // Calorific value of
gas in kJ/kg

bl=2040; ... ..o //Net load on brake in
N

Db=1.2; ... ... ... //Brake drum diameter
in m

t1=298; . .. //Ambient temperature in
Kelvin

// Calculations
IP=(n*pmix*L*(%pi/4)*B*B*xNk*10)
L //Indicated power in
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Figure 17.32: Finding all parameters of the engine

kW

BP=(blx*%pi*Db*N)/(60*1000) ;.. .. ...t
//Brake power in kW

etamech=(BP/IP) ;... ... ... . ... .o.o... //Mechanical
efficiency

disp(etamech*100,” Mechanical efficiency (in %):”)

pl=br+(pg/13.6) ;... ... . //In mm of Hg

P2=760;t2=273; .. ..o //NTP conditions in
mm of Hg and Kelvin

v2=(pl*xv1i*t2)/(p2*tl);

etabth=BP/((v2/3600)*C);.............. //Brake
thermal efficiency

disp(etabth*100,” Brake thermal efficiency (in %):")

Scilab code Exa 17.32 Finding all parameters of the engine
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clc;funcprot (0);//EXAMPLE 17.32
// Initialisation of Variables

n=1;.......... ... .. ... //No of cylinders

d=0.032; ... //Diameter of circular
orifice in m

Cd=0.62;............. //Co efficient of discharge

hw=150;................. //Pressure across orfice in
mm of water

t=20+273; ... .. //Temperature of air in the
room in Kelvin

p=1.0132;................. //Ambient pressure in bar

pd=0.00178;............ //Piston displacement in m"3

R=287; ... i //Gas constant in J/kg

T=6.5; ... . //Compression ratio

fc=0.135; ... . //Fuel consumption in kg/
min

C=43900; . ... ... // Calorific value of fuel
in kJ/kg

BP=28;................ //Brake power in kW

N=2500; ... v, //Engine rpm

k=0.5; . i //Four stroke engine

€=9.81; . ... .. ... //Acceleration due to
gravity in m/s"2

rhow=1000; .. ... ... ... //Density of water in
kg/m"3

ga=1.4;. ... ... ... . .. //Degree of freedom

//calculations
mbyv=(p*10°5) /(R*t) ;

pw=(hw/rhow)*rhow; .................... //Pressure
across orifice in kg/m"2

H=pw/mbyv,; ..ottt //Head of air
column causing the flow in m

ma=Cdx* (%pi/4) *xd*d*sqrt (2*xg*H) ;.. .............. // Air
flow through orifice in m"3/s

maps=(ma*x60) /(N/2) ;... .. . //Air
consumption per stroke

etav=maps/pd;................. // Volumetric

efficiency
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Figure 17.33: Finding all parameters of the engine

disp(etav*100,” Volumetric efficiency (in %):”)

ac=ma*60*mbyv;............... //Mass of air drawn
into cylinder per min in kg

afr=ac/fc; ... . //Air fuel ratio

disp(afr,” Air fuel ratio:”)

pmb=(6*BP) /(n*xpd*N*k*10) ;.. ................. //Mean

effective pressure in bar
disp (pmb,”Mean effective pressure (in bar):”)

etast=1-(1/(r"(ga-1))) ;... ............. //Air standard
efficiency

etabth=BP/((fc/60)*C);............... //Brake thermal
efficiency

etarel=etabth/etast;................. // Relative

efficiency
disp(etarel*100,” Relative efficiency (in %):")
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Scilab code Exa 17.33 Finding all parameters of the engine

clc; funcprot (0);//EXAMPLE 17.33
// Initialisation of Variables

N=400; ... ... uuiuuennan, //Engine rpm

n=1; ... //no of cylinders

W=370;. ... ... //Load on the brake in N

S=50; ... //Spring balance readin in N

Db=1.2; ... i //Diameter of the brake drum

mf=2.8; . ... //Fuel consumption in kg/h

C=41800;..... ..., // Calorific value of fuel
in kJ/kg

D=0.16;.......... ... ... //Engine bore in m

L=0.2; ... //Engine stroke in m

k=0.5; . //Four stroke engine

Sc=1; .. //Spring constant in bar/mm

1=40; ... //Length of diagram in mm

aic=300;................. //Area of indicator card in
mm’ 2

// Calculations

pmi=aic*(Sc/1);..... ... ... ... .. .. //Mean effective
pressure in bar

IP=(n*pmi*L*(%pi/4)*D*D*xk*N*10)/6;.............. //

Indicated power in kW

disp(pmi,” Indicated power (in kW):”)

BP=((W-S)*%pi*Db*N)/(60%1000) ;............ //Brake
power in kW

disp (BP,” Brake power (in kW):")

pmb=(BP*6) / (n*xL*D*D* (%pi/4) *xk*N*10) ;. .......... //
Brake mean effective pressure in bar

disp (pmb,” Brake mean effective pressure (in bar):”)

bsfc=mf/BP;................. //Brake specific fuel
consumption in kg/BP h

disp(bsfc,”Brake specific fuel consumption (in kg/BP
h)”)

etabth=BP/((mf/3600)*C);.................. //Brake
thermal efficiency

disp(etabth*100,” Brake thermal efficiency (in %):”)

206



28

29

0 N O U = W N -

"] Scilab 5.4.1 Console -

File Edit Control Applications 2

wwwwwwwwwww =

ZE|XE0|% & 88X ® e

555555555

aaaaaaaaa

[]Case sensitve [] Reguiar expression

€ ol [

Figure 17.34: Indicated thermal efficiency and brake mean effective pressure

etaith=IP/((mf/3600)*C);.................... //
Indicated thermal efficiency

disp(etaith*100,” Indicated thermal efficiency (in %)
:77)

Scilab code Exa 17.34 Indicated thermal efficiency and brake mean effective presst

clc;funcprot (0);//EXAMPLE 17.34
// Initialisation of Variables

R=287; ... ... ... ....... //Gas constant in J/kg K
D=4, //No of cylinders
D=0.0825;.............. //Engine bore in m
L=0.13;................ //Engine stroke in m
BP=28;.................. //Brake power in kW
N=1500; ... v //Engine rpm
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afrth=14.8;............... //theoretical air fuel

ratio
C=45980;.................. // Calorific value of fuel
in kJ/kg
etamech=0.9;............. //Mechanical efficiency
ap=70; ... ... . . //Percentage of Volume of
air in he cylinder
fr=20;............ ... ... //Percentage richness of the
fuel
p1=1.0132; .. ... .. ... //Ambient pressure in bar
PC=T62; ... //Pressure in the cylinder
in mm of Hg
tc=273+15.5; .. ............. //Temperature in the
cylinder in Kelvin
k=0.5; .. //Four stroke engine
// Calculations
Vs=(%hpi/4)*D*D*L; ... ... ... ... ... //Swept
volume in m"3
va=(ap/100)*Vs; . ..ot //Volume of air

drawn in m”3
p=(pc/760) *p1;

m=(p*x(10°56)*va)/(R*xtc);........ ... .. ...... //Mass of
air per stroke per cylinder
tmau=m*(N/2)*n;................... // Theoretical mass
of air used per minute in kg
tmfu=tmau/afrth;.................. // Theoretical mass
of fyel used per min in kg
mf=(tmfu/60) *((100+£fr)/100) ;............... //Mass of
fuel burnt per second in kg
IP=BP/etamech;....... ... ... //Indicated
power in kW
etaith=IP/(mf*C);...... .. .. ... .. ...... //Indicated

thermal efficiency

disp(etaith*100,” Indicated thermal efficiency (in %)
:77)

pmb=(BP*6) / (n*L*D*D* (%pi/4) *N*x10*k) ;. ..............
//Mean effective pressure in bar

disp (pmb,”Mean effective pressure (in bar):”)
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Figure 17.35: Finding all parameters of IC engine

Scilab code Exa 17.35 Finding all parameters of IC engine

clc;funcprot (0); //EXAMPLE 17.35

// Initialisation of Variables

n=1;....... ... .. ... //No of cylinders

D=0.2;............ //Engine bore in m

L=0.4;. ..., //Engine stroke in m

Nt=9400; ...« .ovvven. . //Total no of revolutions

Ne=4200;............... //Total no of explosions

t=40; ... ... //Duration of testing in min

Nk=Ne/t;............... //No of explosions

bl=540; .. ... ..o //Brake load in N

Db=1.6; . ... //Diameter of brake wheel in
m

d=0.02;................ //Diameter of rope in m
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gu=8.5; ... ... ... //Gas used in m"3/sec

C=15900; .. ... ... // Calorific value of fuel in
kJ/kg

Vg=(gu/(t*60)) ;. ................ //Volume of gas used
in m"3/sec

aic=550;........ ... .. .. ... //Area of indicator
diagram mm” 2

1=72; . //Length of indicator
diagram in mm

S=0.8; . o //Spring number in bar/mm

//calculations

pmi=Caic*xs)/1;..... .. ... ...... //Mean effective
pressure in bar

IP=(n*pmi*L*D*D* (%pi/4) *Nk*10) /6; ... ......... //

Indicated power in kW

disp (IP,” Indicated power (in kW):”)

BP=(blx%pi*(Db+d)*(Nt/t))/(60%1000) ;...............
//Brake power in kW

disp (BP,” Brake power (in kW):")

etaith=IP/(Vg*C) ;... ............ //Indicated thermal
efficiency

disp(etaith*100,” Indicated thermal efficiency (in %)
)

etabth=BP/(Vg*C);............... //Brake thermal
efficiency

disp(etabth*100,” Brake thermal efficiency (in %):”)

Scilab code Exa 17.36 Finding all parameters of IC engine

clc;funcprot (0);//EXAMPLE 17.36
// Initialisation of Variables
D=6 .. //No of cylinders
D=0.125;................ //Engine bore in m
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Figure 17.36: Finding all parameters of IC engine

L=0.125; ... ..., //Engine stroke in m

N=2400;................. //Engine rpm

W=490;............... //Load on the dynamometer in N

CD=16100;............... //Dynamometer constant

d0=0.055; . ...t //Air orifice diameter
In m

Cd=0.66;......0vvvin.... //Co efficient of
discharge

hw=310;................. //Head causing flow through
prifice in mm of water

br=760; ... ... ... //Barometer reading in mm of
Hg

t=298; ... .. .. //Ambient temperature in
Kelvin

fc=22.1;. ... . ... ... ... //Fuel consumption per
hour in kg

C=45100; .. ... ... .. // Calorific value of fuel
used in kJ/kg

perc=85;........ .. ... ...... //Percentage of carbon in
the fuel
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perh=15; .. ... .. ... ......... //Percentage of hydrogen
in the fuel

p1=1.013; ... .. ... ... ... ...... //Pressure of air at
the end of suction stroke in bar

t1=298; . . // Temperature of air
the the end of suction stroke in Kelvin

k=0.5; .. ... ... .. //Four stroke engine

R=287; . oot //Gas constant in J/kgK

//calculations

BP=W*(N/CD);...ovvvinen... //Brake power in kW

pmb=(BP*6) / (L*D*D*k*10*N*n*(%pi/4)) ;. ..o ...
//Brake mean effective pressure in bar

disp (pmb,” Brake mean effective pressure (in bar):”)

bsfc=fc/BP; . ... //Brake specific
fuel consumption in kg/kWh

disp(bsfc,”Brake specific fuel consumption (in kg/
Wh) :7)

etathb=BP/((fc/3600)*C) ;. . .. //
Brake thermal efficiency

disp(etathb*100,” Brake thermal efficiency (in %):”)

Vst=(%pi/4)*D*Dx*L;.............. //Stroke volume in m
"3
Val=840x (%pi/4) *d0*d0xCd*sqrt ((hw/10) /((p1*10°5) / (R*
t1))) s //Volume of air passing through
orifice of air box per min
Vac=Val/n; .. ...ouuiiinnnnnno.. //Actual volume
of air per cylinder in m"3/min
asps=Vac/(N/2);...... ... ... ... ... ... .. //Air supplied
per stroke per cylinder in m"3
etav=asps/Vst; ... ... ... ... ... ... //Volumetric

efficiency

disp(etav#*100,” Volumetric efficiency (in %)”)

Qa=(100/23) *(((perc/100) *(8/3))+((perh/100) *(8/1)))
e //Quantity of air required
per kg of fuel combustion

agas=(Val*((p1*107°5)/(R*xtl1))*60)/fc
S //Actual quantity of air
supplied per kg of fuel
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Figure 17.37: Heat balance sheet

pe=(aqas-Qa)/Qa; ........ouiiniin.... //Fraction of
excess air supplied to engine
disp (pe*100,” Percentage of excess air supplied :7)

Scilab code Exa 17.37 Heat balance sheet

clc; funcprot (0);//EXAMPLE 17.37

// Initialisation of Variables

n=1;. ... .. //No of cylinders
D=0.3; . ¢t //Engine bore in m
L=0.45; . ... .. //Engine stroke in m

mf=8.8;...... .. .. .. ... .. .. //Fuel consumption in kg/h
C=41800; ... ... // Calorific value of fuel

N=200; ... .0ouiuiinnenno.. //Engine rpm
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pmi=5.8; .. .. ... ... .. .. .. //Mean effective
pressure in bar

bl=1860;........ ... ... //Brake load in N

Db=1.22; .. ... i //Diameter of brake drum
in m

k=0.5; ... //four stroke engine

mw=650;............. ... ... ... //Mass of cooling water
in kg

cpw=4.18; . .. //Specific heat
capacity of water

delt=22; .. ... // Temperature rise

// Calculations

IP=(n*L*D*D*xk*10*pmi*N*(%pi/4))/6; ... ... ... ... //
Indicated power in kW

BP=(bl*%pi*Db*N)/(60%1000) ;... ..o vurunnue... //Brake
power in kW

etamech=BP/IP;............ //Mechanical efficiency

disp(etamech*100,” Mechanical efficiency (in %):”)

etathb=BP/((mf/3600)*C) ;... ... //Brake

thermal efficiency
disp(etathb*100,” Brake thermal efficiency (in %):”)
//Heat supplied

hip=IP*3600;........... //Heat equivalent of IP in kJ
/h

hcw=mw*cpw*xdelt;.......... //Heat carried away by
cooling water

hf=mf*C;................ //heat supplied by fuel

hex=hf-hip-hcw;.......... //Heat carried by exhaust
gasses

pf=100; pip=(hip/hf) *100; pcw=(hcw/hf) *100; pex=(hex/hf
) *100

printf ("\n\n”)

printf ("HEAT BALANCE TABLE\n”)

printf (”

\n”)
printf (" [tem kJ
Percent\n”)
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Figure 17.38: Heat balance sheet

supplied by fuel
%f\n” ,hf , pf)

absorbed in IP
%f\n” ,hip,pip)

taken away by cooling water
%f\n” ,hcw,pcw)

carried away by exhaust gases
%f\n” ,hex ,pex)

1225 AM

6/23/2013

%od
%od
%od

%d

Scilab code Exa 17.38 Heat balance sheet
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clc; funcprot (0);//EXAMPLE 17.38
// Initialisation of Variables

r=15; ... ... . ... ... ... //Compression ratio

D=1 e //No of cylinders

mf=10.2; ... .. //Fuel consumption in kg/h

C=43890;.......covv.... // Calorific value of fuel
in kJ/kg

ma=3.8;.......... ... //Consumption of air in kg/
min

N=1900; ... v, //Engine rpm

T=186; ... .0t //Torque on brake drum in
Nm

mw=15.5; ... ... ... ... ..... //Mass of cooling water
used in kg/min

delt=36;. ... //temperature rise

tg=410; . .. o //Exhaust gas temperature
in Celsius

tr=20;. ... ... //Room temperature in
Celsius

cp=1.17; .. ... ... ... ...... //Specific heat capacity
for exhaust gases kJ/kgK

Cpw=4.18; . ... //Specific heat capacity

for water in kJ/kgK

//calculations

BP=(2*%pi*N*T) /(60%1000) ;... ... vvou .. //Brake
power in kW

disp (BP,” Brake power in kW:”)

bsfc=mf/BP;...... ... ... ... ... // Brake
specific fuel consumption in kg/kWh

disp(bsfc,”Brake specific fuel consumption in kg/kWh
)

etabth=BP/((mf/3600)*C);.................... //Brake
thermal efficiency

disp(etabth*100,” Brake thermal efficiency in %:7)

//Heat supplied

mg=(mf/60)+ma;....... ..., //Mass of exhaust
gases in kg/min
hbp=BP*60;........... //Heat equivalent of BP in kJ/
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hcw=mw*cpw*delt;.......... //Heat carried away by
cooling water

hf=(mf/60)*C; .. .............. //heat supplied by fuel

hex=mg*cp*x(tg-tr);.......... //Heat carried by
exhaust gasses

ha=round (hf)-round (hbp+hex+hcw) ;... ......... //

Unaccounted heat

pf=100; pbp=(hbp/hf) *100; pcw=(Chcw/hf) *100; pex=(hex/hf
)*100; pa=(ha/hf)*100;

printf ("\n\n”)

printf ("HEAT BALANCE TABLE\n”)

printf (7
\n")
printf (" [tem kJ
Percent\n”)
printf (7
\n")
printf (" Heat supplied by fuel %d
%f\n” ,hf ,pf)
printf ("Heat absorbed in BP %d
%f\n” ,hbp , pbp)
printf (”Heat taken away by cooling water %d
%f\n” ,hcw ,pcw)
printf ("Heat carried away by exhaust gases %d
%f\n” ,hex ,pex)
printf (” Unaccounted heat %d
%f\n” ,ha,pa)
printf (”
77)
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Figure 17.39: heat balance sheet

Scilab code Exa 17.39 heat balance sheet

clc; funcprot (0);//EXAMPLE 17.39
// Initialisation of Variables

Cpw=4.18;.............. //Specific heat of water in
kJ /kgK

n=1;...... ... //No of cylinders

N=350;....... //Engine rpm

pmi=3.1;.......... //Mean effective pressure in bar

bl=640;.......... //Brake load in N

mf=1.52;............ //Fuel consumption in kg

mw=162;.............. //Mass of cooling water

twl=30;............... //Water inlet temperature in C

tw2=55; .. ... .. ... ... .. //Water outlet temperature in
C

Ma=32; ...t //Mass of air used per kg of
fuel in kg

tr=25;..... .. ... .. ... //Room temperature in C

tg=305;........ ... ...... //Exhaust temperature in C

D=0.2;................. //Engine bore in m
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L=0.28;................. //Engine stroke in m

Db=1;..... ... //Brake drum diameter in
m

ms=1.4;. ... ... //Mass of steam formed
per kg of fuel exhaust in kg

C=43900; . ... ... // Calorirfic value of
fuel in kJ/kg

Cps=2.09;.................. //Specific heat of steamm
in exhaust in kJ/kgK

Cpg=1.0; ... //Specific heat of dry
exhaust gases in kJ/kgK

k=1; .. .. .. . //Two stroke engiine

=20 0 e //Duration of testing in
min

// Calculations
IP=(n*pmi*N*D*D*Lxk*10* (%pi/4))

/65 //Indicated power in kW
disp(IP,” Indicated power in kW:")
BP=(bl*%pi*Db*N)/(60%1000) ;... ... ... .. //

Brake power in kW
disp (BP,” Brake power in kW:”)
//Heat supplied

hf=mf*C;................ //heat supplied by fuel

hip=IP*60*t;........... //Heat equivalent of BP in kJ
/min

hcw=mw*Cpw*(tw2-twl);.......... //Heat carried away
by cooling water

mg=mf+(ma*mf);.................... //Mass of exhaust
gases in kg/min

mSt=mf*mS; ...... .00t //Mass of steam formed

hg=(mg-mst)*Cpg*(tg-tr);.......... //Heat carried by

exhaust gasses
hst=mst*(417.5+2257.9+(Cps*(305-99.6)))
e //Heat carried by exhaust
steam , the obtained values are from steam table
and hence are constants at NITP
ha=round (hf)-round (hip+hg+hst+hcw) ;............ //
Unaccounted heat
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pf=100; pip=(hip/hf)*100; pcw=(hcw/hf)*100; pg=(hg/hf)
*100; pa=(ha/hf) *100; pst=C(hst/hf) *100;

printf ("\n\n")

printf ("HEAT BALANCE TABLE\n”)

printf (”

\n77 )
printf (" [tem

printf (”

)

printf (" Heat
%d

printf (" Heat
%od

printf (" Heat
%od

printf (" Heat
%d

printf (" Heat
%od

kJ

supplied by fuel
%f\n” ,hf,pf)

absorbed in IP
%f\n” ,hip,pip)

taken away by cooling water
%f\n” ,hcw,pcw)

carried away by dry exhaust gases
%f\n” ,hg,pg)

carried away by steam in exhaust gases
%f\n” ,hst ,pst)

printf (" Unaccounted heat

%d

%f\n” ,ha,pa)

Scilab code Exa 17.40 Finding the parameters for IC engine

clc; funcprot (0);//EXAMPLE 17.40
// Initialisation of Variables
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Figure 17.40: Finding the parameters for IC engine

D=6 .ttt //No of cylinders

D=0.1;............... //Engine bore in m

L=0.14;............... //Engine stroke in m

N=2500;............... //Engine rpm

k=0.5; . i //Four stroke

bl=480; ... ... //Brake load in N

br=76;....... ... .. .. ... //Barometer reading in cm of
Hg

d0=3.3/100;.............. //Orifice diameter in m

Cd=0.62; ... ... //Co efficient of discharge

of orifice

pd=14; . ... ... .. ... . . //Pressure drop across
orifice in cm of Hg

tr=25;...... ... ... ... //Room temperature in C

mf=0.32;................ //Fuel consumption in kg/min

rhohg=13600; .. ... ... ......... //Density of Hg in kg/m
"3

R=0.287;.......... .. .. ..... //gas constant in kJ/kgK

g=9.81;. ... ... ... ... ... //Acceleration due to

gravity in m/s"2
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CD=17000; ... ... .. //dynamometer constant
// Calculations

Vs=(%pi/4) *D*D*L*(N/2)*(n/60) ;.............. //Swept
volume in m"3

br1=(br/100) *rhohg*g*(10°-3) ;... ... ....... //
Barometer reading into kN/m"2

rhoa=brl/(R*(tr+273)) ;. .............. //Density of
air

pd1=(pd/100) *rhohg*g; .. ... ... .. //
Conversion of pd into N/m"2

ha=pdl/(rhoa*g) ;. ... ... vt .. //Head of air

causing flow in m

Va=Cd*(%pi/4)*d0*d0*sqrt (2*g*ha);............ //
Volume of air passing through orifice of air box
per min

etav=Va/Vs;....... ... .. .. ... ... //Volumetric

efficiency
disp(etav*100,” Volumetric efficiency in %:”)
BP=bl*(N/CD);................ //Brake power in kW
pmb=(BP*6) / (L*D*D*k*10*N*n*(%pi/4)) ;..o v,
//Brake mean effective pressure in bar
disp (pmb,” Brake mean effective pressure (in bar):”)
T=(BP*60%1000) /(2*%pi*N) ;.. ..., //
Engine torque in N-m
disp(T,” Engine torque in N-m:")
bsfc=(mf*60)/BP; ... ... //Brake
specific fuel consumption in kg/kWh
disp(bsfc,”Brake specific fuel consumption in kg/kWh
:7)

Scilab code Exa 17.41 Heat balance sheet

clc;funcprot (0);//EXAMPLE 17.41
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Figure 17.41: Heat balance sheet

// Initialisation of Variables

e //Specific heat of water in

//No of cylinders

...//Engine rpm
......... //Mean effective pressure in bar
....... //Brake load in N

//Fuel consumption in kg
//Mass of cooling water

//Water inlet temperature in C

e //Water outlet temperature in

e //Mass of air used in kg/h
e //Room temperature in C
e //Exhaust temperature in C
e //Engine bore in m
e //Engine stroke in m

e e //Brake drum diameter in

................... // Calorirfic value of

223



19

20

21
22

23

24
25

26
27

28

29

30

31

32

33

34

35

36

37

38

fuel in kJ/kg

Cps=2.093; . ... ... .. //Specific heat of
steamm in exhaust in kJ/kgK

Cpg=1.005;. ... ... ... ........ //Specific heat of dry
exhaust gases in kJ/kgK

R=1; . //Two stroke engiine

t=60; .. ... //Duration of testing in
min

perh=15; . ... ... ... ....... //Percentage of H2 in the
fuel

// Calculations
IP=(n*pmi*N*D*D*L*xk*10* (%pi/4))

/65 //Indicated power in kW
disp(IP,” Indicated power in kW:")
BP=(bl*%pi*Db*N)/(60%1000) ;........ ... .. //

Brake power in kW
etaith=(IP)/((mf/3600)*%C) ;. ..o .. //

Indicated thermal efficiency

disp(etaith*100,” Indicated thermal efficiency in %:”
)

//Heat supplied

hf=(mf/t)*C; ... ... . ... .... //heat supplied by fuel

hbp=BP*t;........... //Heat equivalent of BP in kJ/
min

hcw=(mw/60) *Cpw*(tw2-twl);.......... //Heat carried
away by cooling water

mg=(mf+ma)/t;..... ... ... //Mass of exhaust
gases in kg/min

mst=9% (perh/100) *(mf/60) ;.. ................ //Mass of
steam formed

MAG=ME "MST 5 o o o e e e e e e e e e e //Mass of
dry exhaust gases per min

hg=(mdg) *Cpg*x(tg-tr);.......... //Heat carried by

exhaust gasses

hst=mst*(417.5+2257.9+(Cps*(305-99.6)))
A //Heat carried by exhaust
steam , the obtained values are from steam table
and hence are constants at NTP
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ha=round (hf)-round (hbp+hg+hst+hcw) ;.. .......... //
Unaccounted heat

pf=100; pbp=(hbp/hf) *100; pcw=C(hcw/hf) *100; pg=C(hg/hf)
*100; pa=(ha/hf)*100; pst=(hst/hf) *100;

printf (”\n\n")

printf ("HEAT BALANCE TABLE\n”)

printf (7
)
printf (" [tem
kJ
Percent\n”)
printf (”
")
printf (" Heat supplied by fuel
Vot %f\n” ,hf , pf)
printf ("Heat equivalent of BP
%t %f\n” ,hbp , pbp)
printf (" Heat taken away by cooling water
%t %f\n” ,hcw ,pcw)
printf ("Heat carried away by dry exhaust gases
%t %f\n” ,hg,pg)
printf ("Heat carried away by steam in exhaust gases
%t %f\n” ,hst ,pst)
printf (" Unaccounted heat
ot %f\n” ,ha,pa)
printf (7
”)

Scilab code Exa 17.42 Heat balance sheet
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Figure 17.42: Heat balance sheet

clc;funcprot (0);//EXAMPLE 17.42

// Initialisation of Variables

Cpw=4.18;.............. //Specific heat of water in
kJ /keK

D=1, i //No of cylinders

N=350;....... //Engine rpm

pmi=2.8;.......... //Mean effective pressure in bar

bl=590;.......... //Brake load in N

mf=4.3;............ //Fuel consumption in kg

mw=500;.............. //Mass of cooling water

twl=25;...... .. ....... //Water inlet temperature in C

tw2=50;................ //Water outlet temperature in
C

ma=33;.......... ... //Mass of air used per kg of
fuel in kg

tr=25;.. ... ... ... ... //Room temperature in C

tg=400; ... ... ... ... ... //Exhaust temperature in C

D=0.22;................. //Engine bore in m

L=0.28;........ ... ...... //Engine stroke in m

Db=1; .. i //Brake drum diameter in
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C=43900; ... ... // Calorirfic value of
fuel in kJ/kg

Cps=2.09; . ... ... //Specific heat of steamm
in exhaust in kJ/kgK

Cpg=1.0; ... ... ... ... //Specific heat of dry
exhaust gases in kJ/kgK

k=1; .. . //Two stroke engiine

perh=15; .. ... .. ........... //Percentage of hydrogen

// Calculations
IP=(n*pmi*N*D*D*Lxk*10* (%pi/4))

/65 //Indicated power in kW
disp(IP,” Indicated power in kW:")
BP=(bl*%pi*Db*N)/(60%1000) ;... .....ooouiinn.. .. //

Brake power in kW
disp (BP,” Brake power in kW:”)
//Heat supplied

hf=(mf/60)*C;................ //heat supplied by fuel

hip=IP*60;........... //Heat equivalent of BP in kJ/
min

hcw=(mw/60) *Cpw* (tw2-twl);.......... //Heat carried
away by cooling water

mg=(mf+(mf*ma)) /60;.................... //Mass of
exhaust gases in kg/min

mst=9* (perh/100) *(mf/60) ;.. ... ... ... //Mass of
steam formed

MAG=ME=MST 5« v v o et e e e e e //Mass of
dry exhaust gases per min

hg=(mdg) *Cpg*x(tg-tr);.......... //Heat carried by

exhaust gasses
hst=mst*(417.5+2257.9+(Cps*(400-99.6)))

S //Heat carried by exhaust

steam , the obtained values are from steam tables

at NTP

mg=mf+(ma*mf);........ ... ... ...... //Mass of exhaust
gases in kg/min
ha=round (hf)-round (hip+hg+hst+hcw) ;............ //

Unaccounted heat
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pf=100; pip=(hip/hf)*100; pcw=(hcw/hf)*100; pg=(hg/hf)
*100; pa=(ha/hf) *100; pst=C(hst/hf) *100;

printf ("\n\n")

printf ("HEAT BALANCE TABLE\n”)

printf (”
")
printf (" [tem
kJ
Percent\n”)
printf (”
")
printf (" Heat supplied by fuel
%d %f\n” ,hf ,pf)
printf (" Heat absorbed in IP
%d %f\n” ,hip,pip)
printf (" Heat taken away by cooling water
%d %f\n” ,hcw,pcw)
printf (" Heat carried away by dry exhaust gases
%d %f\n” ,hg,pg)
printf ("Heat carried away by steam in exhaust gases
%d %f\n” ,hst ,pst)
printf (" Unaccounted heat
%d %f\n” ,ha,pa)
printf (”
7)

Scilab code Exa 17.43 Heat balance sheet

clc; funcprot (0);//EXAMPLE 17.43
// Initialisation of Variables
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Figure 17.43: Heat balance sheet

I=210; ...t //Output of generator in
A

V=200; ... ... . //Generator voltage in V

etag=0.82;.......... ... ..., //Generator efficiency

mf=11.2; ... .. //Fuel used in kg/h

C=42600; ... ... 0viin... // Calorific value of
fuel in kJ/kg

afr=18;...... .. ... ... ... //Air fuel ratio

mc=580;............ ... //Mass of water through
calorimeter in kg/h

delt=36; ... ... //Temperature raise in C

=98 . // Temperature of
exhaust in C

ta=20; . . //Ambient temperature
in C

phcw=0.32; . ... .. . //Heat lost to
cooling jacket is 32% of heat supplied

cpe=1.05;.. ... .. .. .. ... .... //Specific heat of
exhause gases in kJ/kgK

cpw=4.18; . ... ... ... .. //Specific heat of water
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// Calculations

pow=V*I; .. . .. //Total power
generated in W

BP=(pow/1000) /etag; ... ... ... ......... //Brake power
in kW

hf=(mf/60)*C;...... .. ... .. ...... //Heat supplied to
the engine

hbp=BP*60; . . .ottt //Heat equivalent

of BP
mg=(mf/60)x(afr+1);............... //Mass of exhaust

gases formed per min in kg
hg=((mc/60) *cpw*(delt))+(mg*cpe*x(tg-ta));..........
//Heat carried by exhaust gases per min

hcw=phcwxhf ;. ... ... ... ... ..... //Heat lost to
cooling jacket

ha=hf-(hcw+hg+hbp) ;... ... ... ... ... ..... // Unaccounted
heat

pf=100; pbp=(hbp/hf) *100; pcw=C(hcw/hf) *100; pg=C(hg/hf)
*100; pa=(ha/hf)*100

printf (”\n\n")

printf ("HEAT BALANCE TABLE\n”)

printf (”
)
printf (" [tem kJ
Percent\n”)
printf (7
)
printf ("Heat supplied by fuel %d
%f\n” ,hf ,pf)
printf ("Heat absorbed in BP %d
%f\n” ,hbp , pbp)
printf (" Heat taken away by cooling water %d
%f\n” ,hcw,pcw)
printf ("Heat carried away by exhaust gases %d

%f\n” ,hg , pg)
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Figure 17.44: Heat balance sheet

printf (" Unaccounted heat
%f\n” ,ha,pa)

%od

Scilab code Exa 17.44 Heat balance sheet

clc; funcprot (0);//EXAMPLE 17.44

// Initialisation of Variables

D=0.34; ... ... //Engine bore in m
k=0.5;........ ... ... //Four stroke engine
n=1;...... . ... . ... //No of cylinders
L=0.44;................ //Engine stroke in m
Ne=400;......ouuuuen... //Engine rpm
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aic=465;.............. //Area of indicator diagram in

mm” 2

1=60; ... ... //Length of diagram in mm

$=0.6; ... //Spring constant in bar/mm

W=950; ... .. //Load of dynamometer in N

CD=7460;................ //Dynamometer constant

mf=10.6;................ //Fuel used in kg/h

Ca=49500;................. // Calorific value of fuel
in kJ/kg

mw=25; .. ... ... ... ... //Cooling water circulated
in kg/min

cpw=4.18; .. ... ... .. .. ... ... //Specific heat capacity
of water in kJ/kgC

delt=25;.................. //Rise in temperature of
water

//Mass analysis of fuel

C=84;...... ... ... .. //Percentage of carbon

H=15; ... ... ... .. . //Percentage of hydrogen

In=1;.................. //Percentage of incombustible

//Volume analysis of exhaust gases

CO2=9; .. it //Percentage of caron
dioxide

0=10; ..t //Percentage of oxygen

N=81;.................. //Percentage of nitrogen

tg=400; . ... //Temperature of exhaust
gases in C

cpg=1.05;.............. //Specific heat of exhaust
gases in kJ/kgC

tr=25;....... .. ... ... //Temperature of room in C

ppst=0.03;.............. //Partial pressure of steam
in exhaust gases in bar

cpst=2.1;........... .. .... //Specific heat of

superheated steam in kJ/kgC
// Calculations

pmi=(Caic*s)/Ll;................ //Mean effective
pressure in bar
IP=(n*pmi*L*D*Dxk*x10*Ne*x(%pi/4))/6; ... ... .o ... //

Indicated power in kW
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BP=(W*Ne)/CD; ... ... ... //Brake power in

kW

FP=IP-BP;........ ..ot //Frictional
power in kW

hf=(mf/60)*Ca;......covvuvennen... //Heat supplied in
kJ per min

hbp=BP*60; . .......... ... ..... //Heat equivalent of
Brake power in kW

hfp=FP*60; ... ..ot //heat equivalent of
frictional power in kW

hcw=mwxcpwxdelt;.................. //Heat carried
away by cooling water

mal=(N*C)/(33%(C02));........... //Mass of air
supplied per kg of fuel

mgl=mal+1; ... ...t //Mass of exhaust
gases per kg of fuel

mg=mgl*(mf/60) ;................. //Mass of exhaust
gas formed per min

mst1=9%(H/100) ;................. //Mass of steam
formed per kg of fuel

mst=mstl*(mf/60);......... ... ... ... //Mass of steam
formed per min

mdg=mg-msSt;........ ... //Mass of dry
exhaust gas

hex=mdg*cpg*(tg-tr) ;... .. ... ... ..... //Heat carried by
exhaust gases

hst=(2545.5+(cpst*(tg-24.1)))*mst;................ //

Heat carried by steam in exhaust gases in klJ/kg
..... The values are from steam tables
corresponding to the partial pressure 0.03 and
temperature 400 Celsius

ha=hf-(hbp+hfp+hcw+hex+hst) ;.. ... ... ... ... .. ...... //
Unaccounted heat

pf=100; pbp=(hbp/hf) *100; pfp=C(hfp/hf) *100; pcw=C(hcw/hf
)*100; pex=(hex/hf)*100; pa=(ha/hf) *100; pst=Chst/hf
) *100;

printf (?\n\n")

printf ("HEAT BALANCE TABLE\n”)
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printf (”

")
printf (" [tem
kJ
Percent\n”)
printf (7
)
printf (" Heat supplied by fuel
%d %f\n” ,hf ,pf)
printf (" Heat absorbed in BP
%d %f\n” ,hbp , pbp)
printf (" Heat lost by FP
%d %f\n” ,hfp,pfp)
printf (" Heat taken away by cooling water
%d %f\n” ,hcw ,pcw)
printf ("Heat carried away by dry exhaust gases
%od %f\n” ,hex ,pex)
printf (" Heat carried away by steam in exhaust gases
%d %f\n” ,hst ,pst)
printf (" Unaccounted heat
%d %f\n” ,ha,pa)
printf (7
”)

Scilab code Exa 17.45 Morse test

clc;funcprot (0);//EXAMPLE 17.45

// Initialisation of Variables

D=4, . //No of cylinders
ga=1.4;.. ... .. ... .. .. .. ... //Degree of freedom
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Figure 17.45: Morse test

D=0.075; .« t it //Engine bore in m

L=0.1;. ... ... //Engine stroke in m

mE=6;..... .. //Fuel consumption in kg
/h

C=83600;.........000..... // Calorific value of fuel
used

Vc=0.0001;................. //Clearence volume in m"3

BP=15.6;................. //Brake power wilh all
cylinder working in kW

BP1=11.1; ... .. .. //Brake power wilh
cylinder no 1 cutout in kW

BP2=11.03; .. ... ... ... ... . //Brake power wilh
cylinder no 2 cutout in kW

BP3=10.88; .. ..t //Brake power wilh
cylinder no 3 cutout in kW

BP4=10.66; ... 0. //Brake power wilh
cylinder no 4 cutout in kW

// Calculations

IP1=BP-BPl;..... ... ... //Indicated

power produced in cylinder 1 in kW
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IP2=BP-BP2; .. ... ... i //Indicated
power produced in cylinder 2 in kW

IP3=BP-BP3; ... ...t //Indicated
power produced in cylinder 3 in kW

IPA=BP-BP4; .. ..ttt //Indicated
power produced in cylinder 4 in kW

IP=TP1+IP2+IP3+IP4; . oot i e //
Total Indicated power produced in kW

etamech=BP/IP; .. ... i //
Mechanical efficiency

disp(etamech*100,” Mechanical efficiency in %:”)

etaith=IP/((mf/3600)*C);..................... //
Indicated thermal efficiency

disp(etaith*100,” Indicated thermal efficiency in %:”
)

Vs=(%hpi/4)*D*D*L; ... ... .. ... //Stroke
volume in m"3

r=(Vs+Vc)/VC; . oo //
Compression ratio

etast=1-(1/(r"(ga-1))) ;. .« //

Air standard efficiency
disp(etast*100,” Air standard efficiency in %:”)

Scilab code Exa 17.46 Morse test

clc;funcprot (0);//EXAMPLE 17.46
// Initialisation of Variables

D=4 . . //No of cylinders
D=0.06; ... 0. //Engine bore in m
L=0.09; . ottt //Engine stroke in m
N=2800; .« ottt //Engine rpm
Ta=0.37; . .« //Length of torque
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Figure 17.46: Morse test

SpEr=0.74; ... ... ... ... //Specific graviy of
fuel

fc=8.986; ... ... .. .. .. //Fuel consumption in
ltrs /h

ME=fC*SPET 5 o v v v it //Fuel consumed in
kg /h

C=44100; ... ... // Calorific value of
fuel in kJ/kg

BPnl=160;................. //Net brake load in N

BP1=110; ...« .ot //Brake load with
cylinder no 1 cutout in N

BP2=107; ... ... ... //Brake load with
cylinder no 2 cutout in N

BP3=104;................... //Brake load with
cylinder no 3 cutout in N

BP4=110; ...« .vvii.. //Brake load with
cylinder no 4 cutout in N

k=0.5; ... . //Four stroke engine

// Calculations

T=BPnl*Ta;......uuuuiiunenennnn.. //Engine torque in
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disp(T,” Engine torque in Nm:”)

BP=(2x%pi*N*T)/(60%1000) ;
//Brake power in kW

pmb=(BP*6) / (n*xD*D*L*N*10% (%pi/4) *xk)

pressure in bar

disp(pmb,” Brake mean effective pressure

//Brake mean effective

in bar:”)

etabth=BP/((mf/3600)*C) ;... oo

//Brake thermal efficiency
disp(etabth*100,” Brake thermal
sfc=mf/BP ;... ... . .. ...

consumption in kg/kWh

efficiency in %:”)

//Specific fuel

disp(sfc,” Specific fuel consumption in kg/kWh:”)

TP1=BPRLl-BPL; .ot //Indicated
power produced in cylinder in kW

IP2=BPnl-BP2;........ ... ... ... //Indicated
power produced in cylinder in kW

IP3=BPnl-BP3;...... ... ... ... //Indicated
power produced in cylinder in kW

IP4=BPnl-BP4; ... ... . i //Indicated
power produced in cylinder in kW

IP=TP1+IP2+IP3+TIP4; ..o o et //
Total Indicated power produced in kW

etamech=BPnl/IP; ... ...ttt //
Mechanical efficiency

disp(etamech*100,” Mechanical efficiency in %:”)

pmi=pmb/etamech;....... ... ... .. .. ... //
Indicated mean effective pressure in bar

disp(pmi,” Indicated mean effective pressure

)

in bar:’
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Chapter 20

Air Compressors

Scilab code Exa 20.1 Single stage reciprocating compressor

clc; funcprot (0);//EXAMPLE 20.1
// Initialisation of Variables

vi=1l;......... //Volume of air taken in m”3/min

pl1=1.013;. ... ... .. ...... //Intake pressure in bar

t1=288;............... //Intake temperature in K

P2=T7; oo //Delivery pressure in
bar

n=1.35;.............. //Adiabatic index

R=287;.............. //Gas constant in kJ/kgK

// Calculations

m=(pl*v1i*x10°5) /(R*xtl);.............. //Mass of air
delivered per min in kg

t2=t1*((p2/p1) " ((n-1)/n)) ;... ... //Delivery
temperature in K

iw=(n/(n-1))*m*R*x(t2-t1);............ //Indicated
work in kJ/min

IP=iw/(60%1000) ;.. .o v v //Indicated
power

disp(IP,” Indicated power in kW:7)
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Figure 20.1: Single stage reciprocating compressor

Scilab code Exa 20.2 Motor power and bore of single stage compressor

clc; funcprot (0); //EXAMPLE 20.2
// Initialisation of Variables

N=300;............ //Compressor rpm

afr=15;......... //Air fuel ratio

etamech=0.85;....//Mechanical efficiency

etamt=0.9;....... //Motor transmission efficiency

v=1; .. //Volume dealt with per min at inlet
in m"3/min

rld=1.5;........ //Ratio of stroke to diameter

vi=1i;....... .. //Volume of air taken in m"3/min

pl=1.013;............... //Intake pressure in bar

t1=288;............... //Intake temperature in K
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Figure 20.2: Motor power and bore of single stage compressor

P2=7 5 et e //Delivery pressure in
bar

n=1.35;.............. //Adiabatic index

R=287;.............. //Gas constant in kJ/kgK

// Calculations

m=(pl*v1i*10°5) /(R*tl1);.............. //Mass of air
delivered per min in kg

t2=t1*((p2/p1) " ((n-1)/n)) ;. .......... //Delivery
temperature in K

iw=(n/(n-1))*m*R*(t2-t1);............ //Indicated
work in kJ/min

IP=iw/(60%1000) ;.. ... ...t //Indicated
power in kW

vdc=v/N;........ //Volume drawn in per cycle in m"3

D=(vdc/((%pi/4)*rld)) " (1/3);.......... //Cylinder

bore in m
disp(D*1000,” Cylinder bore in mm:”)

pc=IP/etamech;......... //Power input to the
compressor in kW
mp=pc/etamt;.......... //Motor power in kW
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Temperature at the end of compression in K:
430.06519

Work done during compression per kg of air in kJ:

236.02625

Heat transferred during compression per kg of air in kJ:

- 98.275738

o=

Figure 20.3: Work done and heat transferred during single stage compression

disp(mp,” Motor power in kW:”)

Scilab code Exa 20.3 Work done and heat transferred during single stage compressic

clc;funcprot (0);//EXAMPLE 20.3
// Initialisation of Variables

pl=1;...... //Suction pressure in bar

t1=293;..... //Suction temperature in K

n=1.2;...... //Compression index

p2=10;...... //Delivery pressure in bar

R=0.287;....//Gas constant in kJ/kgK

cv=0.718;...//Specific heat at constant volume in kJ
/kgK

// Calculations

t2=t1*((p2/p1) " ((n-1)/n));..... //Temperature at the

end of compression in K
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¢ Efficiency in :

77.387575

Indicated power in kil:

5.3502275

Isothermal efficiency in %t

79.791136

Mechanical efficiency in %:

85.603638

Overall efficiency in %:

£8.304117

Figure 20.4: Single stage compressor

disp(t2,” Temperature at the end of compression in K:
")

W=1*R*xt1*(n/(n-1))*(((p2/p1) " ((n-1)/n))-1);....... //
Work done during compression of air in kJ

disp(W,”Work done during compression per kg of air
in kJ:7)

Q=(t2-t1)*(cv-((R)/(n-1))) ;. ......... //Heat
transferred during compression of air in kJ/kg

disp(Q,”Heat transferred during compression per kg
of air in kJ:7)

Scilab code Exa 20.4 Single stage compressor

clc; funcprot (0);//EXAMPLE 20.4
// Initialisation of Variables
pl=1;........ //Suction pressure in bar
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t1=293;....... //Suction temperature in K

pP2=6;.......... //Discharge pressure in bar

t2=453;....... //Discharge temperature in K

N=1200;......... //Compressor rpm

Ps=6.25;........ //Shaft power in kW

ma=1.7;........ //Mass of air delivered in kg/min

D=0.14;...... //Engine bore in m

L=0.10;....... //Engine stroke in m

R=287;.......... //Gas constant in kJ/kgK

// Calculations

Vd=(%pi/4) *D*D*L*N;......... //Displlacement volume
in m"3/min

FAD=ma*R*t1/(pl1*10°5);........ //Free air delivered

etav=FAD/Vd;..... //Volumetric efficiency

disp(etav*100,” Volumetric Efficiency in %:”)

n=1/(1-((log(t2/t1))/(log(p2/p1))));........ //Index

of compression
IP=(n/(n-1))*(ma/60)*(R/1000) *t1*x(((p2/p1l) " ((n-1)/n)

)= //Indicated power in kW
disp(IP,” Indicated power in kW:7)
Piso=((ma/60)*(R/1000) *t1*(log(p2/p1))) ;. ..o ... //
[sothermal power
etaiso=Piso/IP;.............. //Isothermal efficiency
disp(etaiso*100,” Isothermal efficiency in %:”)
etamech=IP/Ps;........... //Mechanical efficiency
disp(etamech*100,” Mechanical efficiency in %:”)
etao=Piso/Ps;........ //Overall efficiency

disp(etao*100,” Overall efficiency in %:”)

Scilab code Exa 20.5 Low pressure water jacketed rotary compressor

clc;funcprot (0);//EXAMPLE 20.5
// Initialisation of Variables
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Figure 20.5: Low pressure water jacketed rotary compressor

ma=6.75;......... //Mass of air compressed in kg/min

pl=1;............ //Initial pressure in atm

cp=1.003;......... //Specifc heat at constant
vpressure in kJ/kgK

t1=21; ... ... ... .. //Initial temperature in Celsius

t2=43; ... .. ... .. //Final temperature in Celsius

rp=1.35;......... //Pressure ratio

ga=1.4;......... //Ratio os specific heats

delt=3.3;....... //Change in temperature

cpw=4.18;....... //Specific heat for water in kJ/kgK

// Calculations

W=ma*cpx(t2-t1);............ //Work output in klJ

disp (W,”Work output in kW:7)

t21=(t1+273) x(rp~((ga-1)/ga)) ;... ... .. //Final
temperature if the compression had been
isentropic

Qr=maxcp*(t21-(t2+273)) ;... ......... //Heat rejected
in kJ

mw=Qr/(cpw*xdelt);........ //Mass of cooling water in
kg /min
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Figure 20.6: Single stage double acting compressor

disp(mw,”Mass of cooling water in kg/min:”)

Scilab code Exa 20.6 Single stage double acting compressor

clc;funcprot (0);//EXAMPLE 20.6

// Initialisation

of Variables

ma=14;........ //Quantity of air delivered in kg/min
p1=1.013;...... //Intake pressure in bar
t1=288;......... //Intake temperature in K

P2=T7; o //Delivery pressure in bar
N=300;.......... //Compressor rpm

pervc=0.05;.......

//Percentage of clearance volume

in the total stroke volume

n=1.3;............
// Calculations
VibyVs=pervc+1;

//Compressor and expansion index
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Figure 20.7: Single stage double acting compressor

viminv4d=ma/(N*2) ;vdbyv3=((p2/pl) " (1/n)) ; vdbyvs=
vdbyv3*pervc;Vs=viminv4d/(VibyVs-v4dbyvs);..... //
Swept volume in m"3

disp(Vs,” Swept volume in m~3:7)

t2=t1*x((p2/p1) " ((n-1)/n));........ //Delivery
Temperature in K

disp(t2,” Delivery temperature in K:”)

IP=((n)/(n-1))*p1*(1075) *((ma) /(60%1000) ) *(((p2/p1)
“((n-1)/n))-1);

disp(IP,” Indicated Power in kW:”)

Scilab code Exa 20.7 Single stage double acting compressor
clc; funcprot (0);//EXAMPLE 20.7

// Initialisation of Variables
FAD=14;........... //Free air delivered in m”3/min
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p1=0.95;......... //Induction pressure in bar

t1=305;........ //Induction temperature in K

P2=T7; ... .. //Delivery pressure in bar

n=1.3;........... //Adiabatic index

VcbyVs=0.05;........ //Ratio of clearance volume and
swept volume

R=287;........... //Gas constant in J/kgK

t=288;........... //free air temperature in K

p=1.013;......... //free air pressure in bar

//Calculations

m=(p*100000*FAD) /(R*t);.......... //Mass delivered

per min in kg
t2=t1*((p2/p1) " ((n-1)/n));
IP=((n/(n-1))*m*x(R/1000) *x(t2-t1))/60;......... //
Indicated power in kW
disp(IP,” Indicated power in kW:7)
vdbyv3=(p2/pl1) " (1/n) ; vdbyvs=v4byv3*VcbyVs;viminv4
=(1+VcbyVs) -v4byvs;
Vbyvs=viminv4d=*(t/t1)*x(pl/p);
etav=Vbyvs/1;............. //Volumetric efficiency
disp(etav*100,” Volumetric efficiency in %:”)

Scilab code Exa 20.8 Single stage double acting compressor

clc;funcprot (0);//EXAMPLE 20.8

// Initialisation of Variables

FAD=16;....... //Free air delivered in m”3/min
p1=0.96;...... //Suction pressure in bar
t1=303;....... //Suction temperature in K
n=1.3;........ //Compression index
k=0.04;........ //Clearance ratio
p2=6;......... //Delivery pressure in bar
etamech=0.9;...//Mechanical efficiency
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Figure 20.8: Single stage double acting compressor

vp=300;....... //Piston speed in m/min
N=500;........ //Compressor rpm

p=1;..... //Ambient pressure in bar
t=288;..... //Ambient temperature in K
etac=0.85;...//Compressor efficiency
R=0.287;...... //Universal gas constant

// Calculations

m=(p*10~5*%FAD) /(R*1000*t) ;. .......... /| Mass

rate of compressor in kg/min
t2=t1*x((p2/pl) " ((n-1)/n));.....

end of compression
P=(n/(n-1))*(m/60) *R*x(t2-t1)*x(1/etamech) *(1/etac)

in K

//Temperature at the

flow

S //Power input to compressor in kW
disp(P,” Power input to compressor in kW:”)

//Stroke in m

in mm:”)

etav=((t/t1)*(pl/p)*(1+k-(k*((p2/p1)~(1/n)))))

L=vp/(2*%N);.........
disp(L*1000,” Compressor stroke
H //Volumetric efficiency

D=sqrt (FAD/((%pi/4) *L*N*2*etav));...........

Compressor bore

in m
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Figure 20.9: Single stage single acting compressor

disp(D*1000,” Compressor bore in mm:”)

Scilab code Exa 20.9 Single stage single acting compressor

clc;funcprot (0);//EXAMPLE 20.9
// Initialisation of Variables

m=0.6;.......... //Mass of air delivered in kg/min
p2=6;......... //Delivery pressure in bar
pl=1;.......... //Induction pressure in bar
t1=303;........ //Induction temperature in K
D=0.1;......... //Compressor bore in m
L=0.15;........ //Compressor stroke in m
k=0.03;........ //Clearance ratio
etamech=0.85;....//Mechanical efficiency
R=0.287;....... //Gas constant in kJ/kgK
n=1.3;........ //Compression index
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Figure 20.10: Percentage change in volume and power

// Calculations

etav=(1+k) -(k*((p2/p1) " (1/m)));.......... //

Volumetric efficiency

disp(etav*100,” Volumetric efficiency in %:”)

IP=(n/(n-1))*(m/60) *R*t1*(((p2/p1) " ((n-1)/n))-1)
R //Indicated power in kW

P=IP/etamech;........... //Power required to drive

the compressor in kW

disp(P,”Power required to drive the compressor in kW

)
FAD=(m*R*t1%1000) /(p1*1075) ;........... //Free air
delivery in m"3/min
Vd=FAD/etav;........ //Displacement volume in m"3/min
N=Vd/((%pi/4)*D*D*L);......... //Compressor rpm

disp(N,” Compressor rpm:”)
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Scilab code Exa 20.10 Percentage change in volume and power

clc; funcprot (0);//EXAMPLE 20.10
// Initialisation of Variables

L=88;........... //Compressor stroke in cm
k=0.02;........... //Clearance ratio
p3=8.2;........... //Delivery pressure in bar
p4=1.025;....... //Suction pressure in bar
pl=p4;....... //Suction pressure in bar
n=1.3;......... //Compression index
1lo=0.55;...//Length of distance piece fitted after

overhaul in cm

// Calculations

pcfa=(((L+(L*xk)) -((L*xk)*((p3/p4)~(1/n)))) -(((k*L)+1o
+L) - (((k*L)+10) *((p3/p4) " (1/n)))) )/ ((L+L*k) -((Lxk
)*((p3/p4)~(1/n))))

disp(pcfax*100,” Percentage change in free air
delivery :”)

pcpa=pcfa;...... //Percentage change in power
delivered

disp(pcpa*100,” Percentage change in power delivered:

77)

Scilab code Exa 20.11 Single stage double acting compressor

clc;funcprot (0);//EXAMPLE 20.11
// Initialisation of Variables

v=30; ... //Suction volume in m”3/min
pl=1;........... //Suction pressure in bar
t1=300;......... //Suction temperature in K
p2=16;........... //Delivery pressure in bar
N=320;.......... //Compressor rpm
k=0.04;......... //Clearance ratio
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Figure 20.11: Single stage double acting compressor

rld=1.2;......... //Ratio of stroke to bore

etamech=0.82;....//Mechanical efficiency

n=1.32;......... //Compression index

ti=39+273;...... //Temperature inside the suction
chamber in K

nc=4;......... //No of cylineders

// Calculations

W=(n/(n-1))*(p1/1000) *10°5*x(v/60) *x(((p2/p1) " ((n-1)/n

))-=1) ;.. //Work done in kW
mp=W/etamech;.......... //Motor power in kW
disp(mp,” Motor power in kW:”)
etav=((1+k) - (k*((p2/p1) " (1/n))))*(t1/ti);..... ... //

Volumetric efficiency
Vs=(v/nc)*(1/(2xN))*(1/etav);............ //Swept

volume of cylinder in m"3

D=(Vs/((%pi/4)*r1ld)) " (1/3) ;... .......... //Compressor
bore in m
L=D*rld;.............. //Compresor stroke in m

disp(D*1000,” Compressor bore in mm:”)

disp (L*1000,” Compressor stroke

in mm:”)
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Figure 20.12: Two cylinder single acting compressor

Scilab code Exa 20.12 Two cylinder single acting compressor

clc;funcprot (0);//EXAMPLE 20.12
// Initialisation of Variables

n=2;........ //No of cylinders

ma=16;........ //Mass of air supplied per min in kg
pl=1;........ //Suction pressure in bar
t1=288;....... //Suction temperature in K
k=0.04;....... //Clearance ratio

ni=1.3;........ //Compression index
R=0.287;........ //Gas constant in kJ/kgK
N=2000;........ //Engine rpm

P3=T; o //Delivery pressure in bar
rld=1.2;........... //Ratio of stroke to bore for

compressor cylinder and engine cylinder
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etamech=0.82;......... //Mechanical efficiency of

engine

pmb=5.5;.......... //Mean effective pressure in bar
in engine

ne=4;............. //No of engine cylinders

// Calculations
Vs=(((ma/n)*R*1000%t1)/(p1*10"56*N))/((1+k) -(k*x((p3/
pl)~(1/ni))));

Dc=(Vs/((%pi/4)*r1ld)) ~(1/3);......... //Diameter of
compressor cylinder in m
Lec=rld*Dc;............. //Stroke of the compressor

cylinder in m
disp(Dc*1000,” Diameter of compressor cylinder in mm:
77)
disp(Lc*1000,” Stroke of compressor cylinder in mm:”)
IP=(ni/(ni-1))*(ma/60)*R*t1*x(((p3/p1) "~ ((ni-1)/ni))

-1); ... //Indicated power of the compressor in
kW
BP=IP/etamech;............... //Brake power of the

engine in kW
De=((BP*60%1000) /(nexpmb*10~56*xrld*(%pi/4)*N))~(1/3)
T //Diameter of the engine cylinder in m
Le=rld#*De;........... //Stroke of the engine cylinder
in m
disp(Dex*1000,” Diameter of engine cylinder in mm:”)
disp(Lex1000,” Stroke of engine cylinder in mm:”)

Scilab code Exa 20.13 Single stage double acting compressor

clc;funcprot (0);//EXAMPLE 20.13

// Initialisation of Variables
nc=1.25;...... //Index of compression
ne=1.3;...... //Index of expansion
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Figure 20.13: Single stage double acting compressor

etamech=0.85;....... //Mechanical efficiency

pl=1;......... //Suction pressure in bar

p2=7.5;....... //Delivery pressure in bar

t1=25+273;....//Suction temperature in bar

Vamb=2.2;..... //Volume of free air delivered in m"3

N=310;........ //Engine rpm

k=0.05;....... //Clearance ratio

pamb=1.03;..... //Ambient pressure in bar

tamb=293;...... //Ambient temperature in K

//Calculations

etav=(1+k-(k*x((p2/p1) " (1/ned))));........ //Volumetric
efficiency

disp(etav*100,” Volumetric efficiency in %:”)

vi=(pamb*Vamb*tl)/(plxtamb);....... //Volume of air
delivered at suction condition in m"3

vs=(vl/(etav*N*2)) ;..

D=(vs/(%pi/4)) ~(1/3);
cylinder in m

L=D;

disp(D*100,” Diameter

....... //Swept volume in m"3
........ //Diameter of the

of the cylinder
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disp(L*100,” Stroke of the cylinder

Figure 20.14: Single stage single acting compressor

in cm:”)

W=2%vs*10"5*%(((nc)/(nc-1))*pl*(1+k)*(((p2/p1) "~ ((nc
-1)/(nc)))-1)-((ne)/(ne-1) ) *pl1*(k*x((p2/p1) ~(1/ne)

))*(((p2/p1)~((ne-1)/(ne)))-1));

....//Work

done per cycle of operation in Nm/cycle
IP=WxN/(60%1000) ;... ... ......... //Indicated power in
kW
BP=IP/etamech;............. //Brake power in kW
disp (BP,” Brake power in kW:”)

Scilab code Exa 20.14 Single stage single acting compressor

clc; funcprot (0); //EXAMPLE 20.14
// Initialisation of Variables
v=14;

..//Volume of air delivered
//Suction pressure in bar
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pP2=T7; . ... . ... //Delivery pressure in bar

N=310;........ //Compressor rpm

n=1.35;........ //Compression index

k=0.05;........ //Clearance ratio

rld=1.5;......... //Ratio of cylinder length and
diameter

// Calculations

etav=(1+k) - (k*x((p2/p1) " (1/n))) ;.. ........ //
Volumetric efficiency

Vs=v/(etav*N);............. //Swept volume in m"3

D=((Vs)/((%pi/4)*rld)) ~(1/3);...... //Compressor
diameter in m

L=rld*D;..........o ... //Compressor stroke in
m

disp(D*100,” Compressor diameter in cm:”)
disp (L*100,” Compressor stroke in cm:”)
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Scilab code Exa 20.15 Double acting compressor

clc; funcprot (0);//EXAMPLE 20.15
// Initialisation of Variables

D=0.33;......... //Cylinder diameter in m

L=0.35;......... //Cylinder stroke in m

k=0.05;......... //Clearance ratio

N=300;.......... //Compressor rpm

psuc=0.95;........ //Suction pressure in bar

tsuc=298;......... //Suction temperature in K

pamb=1.013;...... //Ambient pressure in bar

tamb=293;......... //Ambient temperature in K

p2=4.5;........... //Delivery pressure in bar

n=1.25;.......... //Compression index

cv=0.717;........... //Specific heat at constant
volume in kJ/kgK

ga=1.4;.......... //Ratio of specific heats

etamech=0.8;...... //Mechanical efficiency

R=0.287;......... //Gas constant in kJ/kgK

// Calculations

Vs=(%pi/4) *D*D*L*xN*2; . ........... //Swept volume in m
"3

pl=psuc;etav=1-(k*x(((p2/p1) " (1/n))-1));........ //
Volumetric efficiency

Vad=Vs*etav;................ //Actual air drawn per
min in m"3

FAD=(psuc/pamb) *(tamb/tsuc)*Vad;............ //Free

air delivered in m"3/min
disp (FAD,” Free air delivered in m"3/min:")

tl=tsuc;ma=(pl*10~56*Vad)/(R*¥1000*xt1);....... // Mass
of air delivered per min in kg

t2=t1*((p2/p1) " ((n=-1)/n)) ;. ......... //Delivery
temperature in K

Qr=ma*cv*((ga-n)/(n-1))*(t2-t1);.......... //Heat
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Figure 20.16: Two stage compressor

rejected during compression in kJ/min
26 disp(Qr,”Heat rejected during compression in kJ/min:

77)
27 P=((n)/(n-1))*R*xt1*x(ma/60) *(((p2/p1) " ((n-1)/(n)))-1)
*(1/etamech) ;. ......... //Power needed to drive

the compressor in kW
28 disp(P,” Power needed to drive the compressor in kW:”

)

Scilab code Exa 20.16 Two stage compressor

1 clc;funcprot(0);...//Example 20.16

2 //Initialisation of variables

3 p1=1.03;........... //Intake pressure in bar
4 t1=300;............ //Intake temperature in K
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P2=T; ... //Intake pressure for High
pressure cylinder in bar

t2=310;.............. //Temperature of air entering
high pressure cylinder in K

pP3=40; . ... .. ...... //Pressure of air after
compression in bar

V=30;......... //volume of air delivered in m"3/h

R=0.287;............ //Gas constant for air in kJ/kgK

ga=1.4;........... //Ratio of specific heats

// Calculations

m=pl*x10~5*V/(R*1000*tl1);.......... //Mass of air
compressed in kg/h

t21=t1*((p2/p1) " ((ga-1)/gad));....... //Actual

temperature of air entering high pressure
cylinder in K
t3=t2*((p3/p2) " ((ga-1)/ga));........ // Actual
temperature of air after compression in K
W=((ga)/(ga-1))*m*x(R/3600) *(t21-t1+t3-t2);..........
//Power required to run compressor in kW
disp(W,” Power required to run the compressor in kW:”

)

Scilab code Exa 20.17 Two stage compressor

clc;funcprot (0);//EXAMPLE 20.17

// Initialisation of Variables

FAD=6;....... //Free air delivered in m”3/min

pl=1;........ //suction pressure in bar

t1=300;...... //Suction temperature in K

p3=40;....... //Delivery pressure in bar

p2=6;........ //Intermediate pressure in bar

t3=300;........ //Temperature at the inlet to 2nd
stage in K
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Figure 20.17: Two stage compressor

n=1.3;......... //Compression index

etamech=0.8;..... //Mechanical efficiency

N=400;............ //Compressor rpm

R=0.287;......... //Gas constant in kJ/kgK

// Calculations

dlp=(FAD/(N*(%pi/4))) " (1/3) ;.. ... //
Diameter of the low pressure cylinder in m

dhp=sqrt (1/(dlp*N*(%hpi/4))) ;. ... ... ... //Diameter
of high pressure cylinder in m

disp(dlp*1000,” Diameter of low pressure cylinder in
mm: ")

disp (dhp*1000,” Diameter of high pressure cylinder in
H]IHZ”)

m=(pl*FAD*107"5) /(R*xt1%*1000%60) ;........ //Mass flow

of air in kg/s
W=n*(1/(n-1))*m*R*t1*x(((p2/p1) " ((n-1)/n))+((p3/p2)

“((n-1)/n))=2);........ //Indicated work in kJ/s
P=W/etamech;............... //Power required in kW
disp(P,” Power required to run the compressor:”)
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Figure 20.18: Two stage compressor

Scilab code Exa 20.18 Two stage compressor

clc;funcprot (0); //EXAMPLE 20.18

// Initialisation of Variables

NS=2;............. //No of stages

vi=0.2;......... //Intake volume in m"3/s

pl=1;.......... //Intake pressure in bar

t1=289; . ... . //Intake temperature in K

pP3=7; . ... ... .. //Final pressure in bar

n=1.25;....... //Compression index

N=600;........ //Compressor rpm

cp=1.005;..... //Specific heat at constant pressure
in kJ/keK

R=0.287;...... //Gas constant in kJ/kgK

// Calculations
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p2=sqrt (plx*xp3);...... //Intermediate pressure in bar
disp(p2/10,” Intermediate pressure in Mpa:”)

vslp=60*v1/N;.......... //Volume of low pressure
cylinder in m"3
vshp=pl*vslp/p2;.......... //Volume of high pressure

cylinder in m"3
disp(vslp,” Volume of low pressure cylinder in m"3:7)
disp (vshp,” Volume of high pressure cylinder in m~3:”
)
W=(ns*(n/(n-1)))*pl*10~5x(v1/1000) *(((p3/pl) " ((n-1)
/(ns*n)))-1) ;... ........ //Power required to drive
the compressor in kW
disp(W,” Power required to drive the compressor in kW

)

m=pl*10°5*v1/(R*t1*1000);......... //Mass of air
handled in kg/s

t2=t1*((p2/p1) " ((n-1)/n));......... //Temperature at
the end of first stage compression in K

Qr=m*cp*(t2-t1);....... //Heat rejected in the

intercooler in kW
disp(Qr,” Heat rejected in the intercooler in kW:”)

Scilab code Exa 20.19 Two stage compressor

clc,funcprot (0);....... //Example 20.19
//initialisation of variables

p3=30;.......... //delivery pressure in bar
pl=1;......... //suction pressure in bar
t1=273+15;....... //suction temperature in K
n=1.3;......... //adiabatic index

//calculation

p2=sqrt (pl*p3);..... //Pressure before entering High

pressure cylinder in bar
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Figure 20.19: Two stage compressor

t21=t1*x((p2/p1) " ((n-1)/n));......... //Actual
temperature before entering the high pressure
turbine in K

r=sqrt ((p2~(1/n))*(t21/t1)) ;. ........... //Ratio of
cylinder diameters

disp(r,” Ratio of cylinder diameters:”)

Scilab code Exa 20.20 Two stage compressor

clc;funcprot (0);//EXAMPLE 20.20
// Initialisation of Variables

ns=2;......... //No of stages

pl=1;........ //Suction pressure in bar
p2=7.4;....... //Intercooler pressure in bar
p3=42.6;....... //Delivery pressure in bar
t1=15+273;...... //Suction temperature in K
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Figure 20.20: Two stage compressor

n=1.3;........ //Compression index

R=0.287;....... //Gas constant in kJ/kgK

dlp=0.09;....... //Diameter of low pressure cylinder
in m

dhp=0.03;....... //Diameter of high pressure cylinder
in m

etav=0.9;..... //Volumetric efficiency

// Calculations

W=n*(1/(n-1))*R*t1*(((p2/p1) " ((n-1)/n))+((p3/p2) " ((n
-1)/n))-2);

disp(W,”Work done in compressing 1 kg of gas in kJ:”
)

//Given that stroke length is same in both cases

rV=p2/pl;......... //Ratio of volumes

rECV=((dlp/dhp) "2) *etav;......... //Ratio of
effective cylinder volumes

if (rECV>rV) then disp(” Pressure in the intercooler
would rise.”)

else if (rECV<rV) then disp(” Pressure in the
intercooler would fall”)
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Figure 20.21: Single acting two stage compressor

end

Scilab code Exa 20.21 Single acting two stage compressor

clc;funcprot (0);//EXAMPLE 20.21
// Initialisation of Variables

V=4;........... //Volume of air handled in m"3/min
pl1=1.016;..... //Suction pressure in bar
t1=288;........ //Suction temperature in K
N=250;......... //Compressor rpm

p3=78.65;..... //Delivery pressure in bar

vp=3; . ... ... //Piston speed in m/s
etamech=0.75;..... //mechanical efficiency
etav=0.8;........ //Volumetric efficiency
n=1.25;.......... //Compression index
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Figure 20.22: Single acting two stage compressor

R=287;........... //Gas constant in J/kgK

NS=2; .o //No of stages

// Calculations

1=(vp*60) /(2*%N) ;. ......... //Stroke length in m
d=sqrt (V/((%pi/4)*1xN*etav));....... //Bore in m

disp(l,” Stroke length in m:”)
disp(d,”Bore in m:”)

m=(pl*x10°56xV)/(Rxtl);....... //Mass of air handled by
the compressor in kg/min

p2=sqrt (pl*p3) ;... .......... //Intermediate pressure
in bar

t2=t1*((p2/p1) " ((n-1)/n));......... // Temperature at

the end of first stage compression in K
W=ns*(n/(n-1))*(m/60) *(R/1000) *x(t2-t1) *(1/etamech)
P //Work required in kW
disp(W,”Work required in kW:7)
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Scilab code Exa 20.22 Single acting two stage compressor

clc;funcprot (0);//EXAMPLE 20.22
// Initialisation of Variables

m=4.5;......... //Amount of air compressed in kg/min
ps=1.013;....... //Suction pressure in bar
ts=288;......... //Suction temperature in K
rp=9;........... //Pressure ratio
n=1.3;......... //Compression index
k=0.05;........ //Clearance ratio
N=300;......... //Compressor rpm
R=287;......... //Gas constant in J/kgK
NS=2; .o //No of stages

// Calculations

ti=round (ts*x((sqrt(rp)) " ((n-1)/n)));...... //

Intermediate temperature in K
W=round (ns*n*x(1/(n-1))*m*x(R/1000) *x(ti-ts))

S //Work required per min in kJ
IP=W/60;......... //Indicated power in kW
disp(IP,” Indicated power in kW:")
me=m/N;........... //Mass induced per cycle in kg
etav=(1+k) -(k*(sqrt(rp) " (1/n)));....... //Volumetric
efficiency
Vs=(mc*R*xts)/(ps*10~6*xetav) ;........ //Swept volume

for low pressure cylinder in m"3

disp(Vs,” Swept volume for low pressure cylinder in m
"3:7)

vdhp=(mc*ts*R) /(sqrt (rp) *ps*1075) ;... .. .. ..... //
Volume of air drawn in high pressure cylinder per
cycle in m”3

vshp=vdhp/etav;............... //Swept volume ofhigh
pressure cylinder in m"3

disp(vshp,”Swept volume of high pressure cylinder in
m-3:7)
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Figure 20.23: Two stage compressor

Scilab code Exa 20.23 Two stage compressor

clc;funcprot (0);//EXAMPLE 20.23

// Initialisation of Variables

vi=2.2; .. ... ... ... //free air delivered by the
compressor in m"3/min

pl=1;........ //Suction pressure in bar

t1=298;....... //Suction temperature in K

pd=55;........ //Delivery pressure in bar

N=210;....... //Compressor rpm

n=1.3;........ //Compression index

k=0.05;....... //Clearance ratio for high pressure
and low pressure cylinders

R=287;....... //Gas constant in J/kgK

ns=2;....... //No of stages
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// Calculations

ps=pi;

m =(pl*v1i*10°5)/(R*xtl);......... //Mass of air
deivered in m”3/min

W=(ns*(n/(n-1)))*m*xR*t1*(((pd/ps) “((n-1)/(ns*n)))-1)
e //Work done by compressor in Nm/min

P=W/(60%1000) ;........... //Power required to run the
compressor

disp(P,”Power required to run the compressor in kW:”

)

pi=sqrt(ps*pd);........ //Intermediate pressure in
bar

etavl=(1+k) -(k*((pi/p1)~(1/n)));........... //
Volumetric efficiency of the low pressure
cylinder

Vs=(v1%1076)/(etavli*N);............ //Swept volume in
cm” 3

dlp=(Vs/((%pi/4))) " (1/3) ;... ........ //Diameter of low
pressure cylinder in cm

11p=dlp; ... oo, //Stroke of low pressure

cylinder in cm
disp(dlp,” Bore of low pressure cylinder in cm:”)
disp(1llp,” Stroke of low pressure cylinder in cm:”)

dhp=sqrt (dlp*dlp/pi);......... //Diameter of high
pressure cylinder in cm
lhp=11p;

disp (dhp,” Bore of high pressure cylinder in cm:”)
disp (lhp,” Stroke of high pressure cylinder in cm:”)
rcv=pi/ps;..... //Ratio of cylinder volumes
disp(rcv,” Ratio of cylinder volumes:”)

Scilab code Exa 20.24 Two stage double acting compressor
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Figure 20.24: Two stage double acting compressor

clc;funcprot (0);//EXAMPLE 20.24

// Initialisation of Variables

pl=1;........ //Suction pressure in bar

p2=4;..... //Intermediate pressure in bar

p5=3.8;....... //Pressure of air leaving the
interooler in bar

p6=15.2;........ //Delivery pressure in bar

t1=300;.......... //Suction temperature in K

dlp=0.36;........ //Diameter of low pressure cylinder
in m

11p=0.4;........ //Stroke of low pressure cylinder in
m

N=220;........ //Compressor rpm

k=0.04;........ //Clearance ratio

cp=1.0035;......... //Specific heat at constant
pressure in kJ/kgK

n=1.3;........ //Compression index

R=0.287;........ //Gas constant in kJ/kgK

p8=p5;p3=p2;p7=p6;th=tl;
// Calculations
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Vslp=(%pi/4) *dlp*dlp*11lp*N*2;....... //Swept volume

in m"3

etavlp=(1+k) -(k*x((p2/p1) " (1/n)));..... //Volumetric
efficiency

valp=Vslp*etavlp;................ //Volume of air
drawn in low pressure cylinder in m"3

m=(pl*10°5*valp) /(R*1000*t1);........ //Mass of air

drawin in kg/min

t2=round (t1*((p2/p1) " ((n-1)/n)));

Qr=m*cp*(t2-t5);........ //Heat rejected to the
intercooler in kJ/min

disp(Qr,” Heat rejected to the intercooler in kJ/min:
7)

vahp=(m*R*t5%1000) /(p5*10°~5) ;... //Volume of air
drawn into high pressure cylinder per min in m"3

Vshp=vahp/etavlp;......... //Swept volume of high
pressure cylinder in m”3/min

dhp=sqrt (Vshp/((%pi/4) *2*xN*11p));.......... //
Diameter of high pressure cylinder in m

disp (dhp*1000,” Diameter of high pressure cylinder in
mm: 7 )

P=(n/(n-1))*m*(1/60) *R*x(t2-t1);....... //Power
required for high pressure cylinder in kW

disp(P,”Power required for high pressure cylinder in
kW: ")

Scilab code Exa 20.25 Two stage single acting compressor

clc; funcprot (0);//EXAMPLE 20.25
// Initialisation of Variables

ps=1;........ //Suction pressure in bar
pi=4.2;..... //Intermediate pressure in bar
pil=4;....... //Pressure of air leaving the
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Figure 20.25: Two stage single acting compressor

interooler in bar

pd=18;........ //Delivery pressure in bar

t1=298;.......... //Suction temperature in K

t5=t1;

dlp=0.4;........ //Diameter of low pressure cylinder
in m

11p=0.5;........ //Stroke of low pressure cylinder in
m

N=200;........ //Compressor rpm

k=0.05;........ //Clearance ratio

cp=1.004;......... //Specific heat at constant
pressure in kJ/kgK

n=1.25;........ //Compression index

R=0.287;........ //Gas constant in kJ/kgK

//Calculations

Vslp=(%pi/4)*dlp*dlp*1llp;.......... //Swept volume of
low pressure cylinder in m"3

etavlp=(1+k) -(k*x((pi/ps)~(1/n)));..... //Volumetric

efficiency
t2=round (t1*((pi/ps) " ((n-1)/n)));
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Figure 20.26: Two stage single acting compressor

m=(ps*10°5*xetavlp*Vslp)/(R*1000*t1);...//Mass of air

in kg
wlp=((n)/(n-1))*R*x1000*t1*m*(((pi/ps) " ((n-1)/(n)))
“1) ;. //Work done per min in Nm in low

pressure cylinder
whp=((n)/(n-1))*R*t5*m*1000* (((pd/pil) "~ ((n-1)/(n)))

)y //Work done per min in Nm in high
pressure cylinder
W=wlp+whp;......... //Net work done in Nm
IP=(W*N)/(60%1000) ;............ //Power required to

run the compressor in kW

disp (IP,” Power required to run the compressor in kW:
77)

Qr=m*N*xcp*(t2-tl);........... //Heat rejected in
intercooler in kJ/min

disp(Qr,” Heat rejected in intercooler in kJ/min:")
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Scilab code Exa 20.26 Two stage single acting compressor

clc; funcprot (0);//EXAMPLE 20.26
// Initialisation of Variables

pl=1;............ //Intake pressure in bar

P2=4; .. .. ... //Pressure after first stage in
bar

p3=16;............ //Final pressure in bar

NS=2;............ //No of stages

t1=300;............ //Intake temperature in K

n=1.3;............ //Compression index

klp=0.04;......... //Clearance ratio for low pressure
cylinder

khp=0.06;........ //Clearance ratio for high pressure
cylinder

N=440;............ //Engine rpm

R=0.287;.......... //Gas constant in kJ/kgK

m=10.5;............. //Mass of air delivered in kg/
min

cp=1.005;......... //Specific heat at constant

pressure in kJ/kgK

// Calculations

rp=sqrt (pl*p3);........... //Pressure ratio per stage

P=((ns*n)/(n-1))*R*t1x(m/60) *(((p3/pl) " ((n-1)/(ns*n)
D)=1) ;o //Work done per min in Nm

disp(P,” Power required in kW:”)

isoWd=(m/60) *R*t1*xlog(p3/pl);.......... //Isothermal
work done in Nm

disp(isoWd,” Isothermal work done in kW:7)

etaiso=isoWd/P;............... //Isothermal
efficiency

disp(etaiso*100,” Isothermal efficiency in %:”)

FAD=(m*R*xt1%1000) /(p1*10"5) ;. ............ //Free air
delivered in m”3/min
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disp (FAD,” Free air delivered in m"3/min:")

t2=t1*x((p2/p1) " ((n-1)/n));..... //Temperature at the
end of compression in K
Qt=(m/60) xcp*(t2-tl1);.............. //Heat

transferred in intercooler in kW
disp(Qt,” Heat transferred in intercooler in kW:”)

etavlp=(1+klp) -(klp*((p2/p1)~(1/n))) ;.. ... . ... //
Volumetric efficiency of low pressure stage
etavhp=(1+khp) - (khp*((p2/p1) " (1/n)));.......... //
Volumetric efficiency of high pressure stage
vslp=FAD/(N*xetavlp);...... //Swept volume for low
pressure stage in m’3
velp=klp*vslp;.............. //Clearance volume for

low pressure stage in m'3

printf (”\nSwept volume for low pressure stage in m
"3 %f\n” ,vslp)

printf ("\nClearance volume for low pressure stage in
m~3:  %f\n”,vclp)

vshp=FAD/(N*rp*etavhp);...... //Swept volume for high
pressure stage in m’3
vchp=khp*vshp;.............. //Clearance volume for

high pressure stage in m"3

printf ("\nSwept volume for high pressure stage in m
“3:  %f\n”,vshp)

printf ("\nClearance volume for high pressure stage
in m*3:  %f\n”,vchp)

Scilab code Exa 20.27 Three stage compressor

clc;funcprot (0);//EXAMPLE 20.27

// Initialisation of Variables
ns=3;...... //No of stages
p1=1.05;...... //Intake pressure in bar
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Figure 20.27: Three stage compressor

pd=40;.......... //Delivery pressure in bar
V=3; ... .. //Volume of air xupplied per min in m

n=1.25;........ //Compression index
// Calculations
Wd=((ns*n)/(n-1) ) *pl*xV*x10"5x(((pd/pl) " ((n-1)/(ns*n))

)-1) ;oo //Work done per min in Nm
disp(Wd,”Work done in Nm:”)
isoWd=10"56*pl*V*xlog(pd/pl);.......... //Isothermal

work done in Nm
disp(isoWd,” Isothermal work done in Nm:”)
etaiso=isoWd/Wd;............... //Isothermal
efficiency
disp(etaiso*100,” Isothermal efficiency in %:”)
wdss=((n)/(n-1))*pl*V*x10°56*x(((pd/pl) " ((n-1)/(n)))-1)

P //Single stage Work done per min in Nm
disp(wdss,” Single stage work done per min in Nm:”)
perws=(wdss-Wd)/wdss;....... //Percentage of work

saved

disp(perws*100,” Percentage of work saved:”)
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Figure 20.28: Three stage compressor

Scilab code Exa 20.28 Three stage compressor

clc; funcprot (0); //EXAMPLE 20.28

// Initialisation of Variables

pl=1;............. //Intake pressure in bar
p4=36;........ //Final pressure in bar
n=1.25;......... //Compression index
R=0.287;....... //Gas constant in kJ/kgK
t1=300;.......... //Intake temperature in K
ns=3;........... //No of stages

v=15;.......... //Volume of air delivered in m"3

// Calculations

p2=p1*((p4/pl)~(1/ns));

p3=p2*((p4/pl)~(1/ns));

printf ("\n\nlntermediate pressures\n\n p2=%f\n
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Figure 20.29: Three stage compressor

%f\n\n" ,p2,p3)
t2=t1*((p4/p1) " (((n-1)/n)*(1/mns)));....//Delivery
temperature in K
m=pl*x10"5*v/(R*1000*t1);........... //Mass of air
handled per min in kg

Wt=((n/(n-1))*m*R*(1/60) *(t2-t1)*ns);........ // Total

work done in three stages
disp(Wt,” Indicated power required in kW:”)

Scilab code Exa 20.29 Three stage compressor

clc; funcprot (0);//EXAMPLE 20.29

// Initialisation of Variables
ns=3;........ //No of stages
N=200;....... //Compressor rpm
pl=1;....... //Intake pressure in bar
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t1=20+273;....//Intake temperature in K

D=0.35;...... //Engine bore in m

L=0.4;....... //Engine stroke in m

p2=4;........ //Discharge pressure from first stage
in bar

p6=16;........ //Discharge pressure from second stage
in bar

pl10=64;........ //Discharge pressure from third stage
in bar

pd=0.2;........ //Loss of pressure between
intercoolers in bar

R=0.287;...... //Gas constant in kJ/kgK

k=0.04;....... //Clearence volume in 4% of the stroke
volume

ni=1.2;..... //Compressor index for first stage

n2=1.25;..... //Compressor index for second stage

n3=1.3;..... //Compressor index for third stage

cp=1.005;...... //Specific heat at constant pressure
in kJ/kgK

etamech=0.8;..... //Mechanical efficiency

//Calculations
pS=p2-pd; p9=p6-pd;tb=tl;t9=t1;

Vs=(%pi/4) *D*D*L*xN=*2;............ //Swept volume of
low pressure cylinder per min in m"3

etavli=(1+k) -(k*((p2/p1) " (1/n1)));..... //Volumetric
efficiency in first stage

etav2=(1+k) -(k*((p6/p5) " (1/n2)));..... //Volumetric
efficiency in second stage

etav3=(1+k) - (k*((p10/p9) " (1/n3)));..... //Volumetric
efficiency in third stage

vainl=Vs*etavl;................. //Volume of air
taken in first stage in m”3/min

m=(pl1*10°5) *vainl/(R*t1*1000) ;........... //Mass of

air intake in kg/min in first stage
t2=round (t1*((p2/p1) " ((n1-1)/n1)));
t6=t5x((p6/p5) " ((n2-1)/n2));
t10=t9*((p10/p9) " ((n3-1)/n3));
Qri=m*cp*(t2-t5);........ //Heat rejected in
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intercooler after first stage in kJ/min

Qr2=m*cp*(t6-t9);........ //Heat rejected in
intercooler after second stage in kJ/min
Qr3=m*cp*(t10-t1);........ //Heat rejected in

intercooler after third stage in kJ/min

disp(Qrl,”Heat rejected in intercooler after first
stage in kJ/min:”)

disp(Qr2,” Heat rejected in intercooler after second
stage in kJ/min:")

disp(Qr3,” Heat rejected in intercooler after third
stage in kJ/min:”)

vainip=m*R*t5*x1000/(p5*1075) ;......... //Volume drawn
in intermediate pressure cylinder /min

Vsip=vainip/etav2;............. //Swept volume of
intermediate cylinder in m”3/min

Dip=sqrt (Vsip/ (2*N*L*(%pi/4))) ;.. .......... //

Diameter of the intermediate cylinder in m
disp(Dip*1000,” Diameter of the intermediate cylinder

in mm:”)
vainhp=m*R*t9%1000/(p9*107~5) ;......... //Volume drawn
in high pressure cylinder /min
Vshp=vainhp/etav3;............. //Swept volume of
high pressure cylinder in m"3/min
Dhp=sqrt (Vshp/ (2*N*L*(%pi/4))) ;.. .. ... ..... //

Diameter of the intermediate cylinder in m
disp (Dhp*1000,” Diameter of the intermediate cylinder
in mm:”)
Ps=[{(n1/(n1-1))*m*R*x(t2-t1) }+{(n2/(n2-1) ) *m*R* (t6-
t5) }+{(n3/(n3-1) ) *m*R*(t10-t9) }]1*(1/(60*etamech))
;...//Shaft power in kW
disp(Ps,” Shaft power in kW:”)

cv=cp-R;.......... //Specific heat at constant volume
in kJ/kgK

ga=cp/Cvi; ... ... //Ratio of specific heats

Qtl=cvx*x((ga-n1)/(ga-1))*(t2-t1)*m;............ //Heat
transfer during first stage in kJ/min

Qt2=cv*((ga-n2)/(ga-1))*(t6-tl)*m;............ //Heat

transfer during second stage in kJ/min
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Figure 20.30: Multi stage compressor

Qt3=cv*((ga-n3)/(ga-1))*(t10-t1)*m;............ //
Heat transfer during third stage in kJ/min

printf ("\nHeat transferred during first stage in kJ/
min: %f\n”,Qt1)

printf ("\nHeat transferred during second stage in klJ
/min: %f\n”,Qt2)

printf ("\nHeat transferred during third stage in kJ/
min: %f\n”,Qt3)

Scilab code Exa 20.30 Multi stage compressor

clc; funcprot (0);//EXAMPLE 20.30
// Initialisation of Variables

pl=1;..... //Intake pressure in bar
p5=125;..... //Pressure of the compressed air in bar
rpr=4; . ........ //Pressure ratio is restricted to 4
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Figure 20.31: Multi stage compressor

// Calculations

X=(log(p5/pl)/log(rpr));

if (X>round (X))

x=round (X) +1;

else

x=round (X) ;

end

disp(x,”No of stages:”)

esrp=(p5/pl1) " (1/x);

disp(esrp,” Exact stage pressure ratios:”)

p4=p5/esrp;p3=p4/esrp;p2=p3/esrp;...... //
Intermediate pressures in bar

printf ("\nlntermediate pressures\np4=%f\np3=%f\np2=
%t ,p4,p3,p2)

Scilab code Exa 20.31 Multi stage compressor
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clc;funcprot (0);//EXAMPLE 20.31
// Initialisation of Variables

ps=1;......... //Suction pressure in bar

t1=273+125;....... //Delivery temperature in K

pd=160;........... //Delivery pressure in bar

tm=40+273;........ //Min temperature

ts=298;........ //Suction temperature in K

n=1.25;...... //Adiabatic index

cv=0.71;....... //Specific heat at constant volume in
kJ /kgK

R=0.287;...... //Gas constant in kJ/kgK

ns=3;....... //No of stages

// Calculations

pl=psx((t1/ts) " (n/(n-1)));

x=(log(pd/p1))/(((n/(n-1))*(log(tl/tm))));

disp(round(x)+1,”No of stages:”)

rpl=pl;........... //Pressure ratio in 1lst stage

rp=(pd/rpl) " (1/ns);......... //Pressure ratio in the
following stage

W=(n/(n-1))*R*xts*(((rpl) " ((n-1)/n))-1);......... //
Work done in first stage in kJ

Wif=ns*(n/(n-1))*R*tm*x(((rp) " ((n-1)/n))-1);.........
//Work done in next three stages in klJ

WE=WHWE ;.. //Total work done per kg in kJ

disp(wt,” Total work done in kJ/kg:”)

cp=cv+R;.............. //Specific heat at constant
pressure in kJ/kgK

Qr=ns*cp*(tl-tm);............. //Heat rejected in
intercoolers in kJ/kg

disp(Qr,” Heat rejected in intercoolers in kJ/kg:")

Scilab code Exa 20.32 Three stage compressor
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Figure 20.32: Three stage compressor

clc;funcprot (0);//EXAMPLE 20.32

// Initialisation of Variables

Vamb=10.5;........ //Free air volume in m"3
Pamb=1.013;........... //Free air presssure in bar
Tamb=273+15; ... ....... //Free air temperature in K
T1=(273+25) ;. ... ...... //Temperature at the end of
suction in all cylinders in K
Pl=1;............ //Pressure at the suction in bar
pd=95;........... //Delivery presssure in bar
N=100;......... //Compressor rpm
n=1.25;.......... //Adiabatic index
k=0.04;......... //Fractional clearances for LP
k1=0.07;......... //Fractional clearances for HP
// Calculations
z=(pd/P1) " (1/3) ;.. ....... //Pressure ratio
pil=z*P1;

pi2=zx*pil;
etavollp=1+k-(k*x(z"(1/n)));
etavolhp=1+k1-(k1x(z~(1/n)));
vi=(Pamb*Vamb*T1)/(Tamb*P1) ;
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sclp=(round(vl))/(etavollp*N);......... //Swept
capacity of LP cylinder in m"3

disp(sclp,”Swept capacity of low pressure cylinder
in m~3:7)

vip=(Pamb*Vamb*T1)/(pil*Tamb);......... //Volume of
free air reduced to suction conditions of IP
cylinder

scip=vip/(etavolhp*N);......... //Swept capacity of

IP cylinder in m"3
disp(scip,”Swept capacity of intermediate pressure
cylinder in m~3:7)

vhp=(Pamb*Vamb*T1) /(pi2*Tamb) ;......... //Volume of
free air reduced to suction conditions of HP
cylinder

schp=vhp/(etavolhp*N);......... //Swept capacity of

HP cylinder in m"3
disp(schp,”Swept capacity of intermediate pressure
cylinder in m"3:7)

Scilab code Exa 20.34 Indicated power and air supplied per minute

clc;funcprot (0);//EXAMPLE 20.34
// Initialisation of Variables

D=0.0635;....... //Engine bore in m

L=0.114;......... //Engine stroke in m

pl=6.3;.......... //Supply pressure in bar

t1=273+24; . ........ //Supply temperature in K

p4=1.013;.......... //Exhaust pressure in bar

cv=0.05;............ //Clearance volume is 5% of the
swept volume

cr=0.5;.......... //Cut off ratio

n=1.3;........... //Adiabatic index

R=287;............... //gas constant in kJ/kgK
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Figure 20.33: Indicated power and air supplied per minute

N=300;.....00uv.... //Engine rpm
ga=1.4;........... //Ratio of specific heats

// Calculations

Vs=(%pi*D*DxL)/4;........ //Swept volume in m"3
Ve=cvxVs;.......... //Clearance volume in m"3

v6=Vc;vb=v6;
v1=(Vs/2)+Vc;v2=Vs+Vc;v3=v2;p3=pd;vd=v5+(cv*Vs);

p2=pl*x((v1/v2) " n);....... //Pressure at the end of
expansion
t2=t1x((v1i/v2) " (n-1));........ // Temperature at the

end of expansion in K
disp(t2,” Temperature at the end of expansion in K:7)
p5=p4*((v4/v5) "n);
w=((pl*x(v1-v6))+(((pl*xvl)-(p2*v2))/(n-1))-(p3*(v3-v4

)) - (((p5*v5) -(p4*v4))/(n-1)))*1075;....... / / Workk
done per cycle in Nm
IP=(w*N)/(60%1000) ;.......... //Indicated power in kW

disp(IP,” Indicated power of the motor in kW:”)
t3=t2*x((p3/p2) " ((ga-1)/ga));
t4=t3;m4=(p4*v4*10-5) /(R*t4) ;ml=(pl*xv1i*10~5) /(R*tl);
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Figure 20.34: Comparison of roots blower and vane type compressor

ma=(m1-m4)*N;.......... //Mass of air supplied per
min
disp(ma,”Mass of air supplied per min in kg:”)

Scilab code Exa 20.35 Comparison of roots blower and vane type compressor

clc; funcprot (0);//EXAMPLE 20.35
// Initialisation of Variables

v=0.03;.............. //Induced volume in m"3/rev
p1=1.013;........... //Inlet pressure in bar

rp=1.5;. ... ... ... //Pressure ratio
ga=1.4;........... //Ratio of specific heats

// Calculations

p2=rp*pl;

wr=(p2-p1) *(10°5) *v/1000; ... .. //Work input for roots

compressor in kJ
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Figure 20.35: Roots blower

disp (wr,”Work input for roots compressor in kJ/rev”)

pi=(p2+pl)/2;

wv=((p2-pi)*(10°56) xv*((pl/pi)~(1/ga))*(1/1000))+((ga
/(ga-1))*p1*(10°5) *(v/1000) *(((pi/pl) " ((ga-1)/ga)
)-1));...//Work input required for vane type in
kJ/rev

disp(wv,”Work input for vane compressor in kJ/rev”)

Scilab code Exa 20.36 Roots blower

clc;funcprot (0); //EXAMPLE 20.36

// Initialisation of Variables

v=0.08;......... //Volume of air compressed in m"3

pl=1;.......... //Intake pressure in bar

p2=1.5;........ //Pressure after compression in in
bar
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Figure 20.36: Centrifugal compressor

ga=1.4;......... //Ratio of specific heats

// Calculations

wac=v*(p2-p1)*1075;........ //Actual work done in Nm

wid=(ga/(ga-1))*pl*xv*x(1075) *(((p2/pl) " ((ga-1)/ga))
1) //Ideal work done per revolution
in Nw

etac=wid/wac;................ //Compressor efficiency

disp (etac*100,” Compressor efficiency in %:”7)

Scilab code Exa 20.37 Centrifugal compressor

clc; funcprot (0);//EXAMPLE 20.37
// Initialisation of Variables

m=2.5;.......... //Air flow rate in kg/s
pl=1;........ //Inlet pressure in bar
t1=290;............ //Inlet temperature in bar
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C1=80;.......... //Inlet Velocity in m/s

p2=1.5;........ //pressure after compression in bar

t2=345;. ... ........ //temperature after compression
in bar

C2=220;.......... //Velocity after compression in m/s

cp=1.005;........... //Specific heat at constant
pressure in kJ/kgK

ga=1.4;............ //Ratio of specific heats

R=287; ... //Gas constant for air in kJ/kgK

// Calculations

t21=t1*((p2/p1l) " ((ga-1)/ga));

wisen=cp*(t21-t1)+((C2%C2) -(C1*C1))/(2%1000) ;..... //
Isentropic work done in kJ/kg

w=cp*(£2-t1)+((C2%C2) - (C1%C1)) /(2%1000) ;.. ... //
Actual work done (in impeller) in kJ/kg

etaisen=wisen/w;............... //Isentropic
efficiency

disp(etaisen*100,” Isentropic efficiency in %:”)

P=m*w;.......... //Power required to drive the
coompressor in kW

disp(P,” Power required to drive the coompressor in
kW:”)

t3=(((C2%C2) -(C1%C1))/(2*%1000*cp))+t2;....//
Temperature of air after leaving the diffuser in
K

p3=p2*((t3/t2) " (ga/(ga-1)));.......... //Pressure of
air after leaving the diffuser in bar

t31=t1*((p3/pl) " ((ga-1)/gad));........... //Delivery
temperature from diffuser in K

etao=(t31-t1)/(t3-t1) ;... ... ... //Overall

efficiency
disp(etao*100,” Overall efficiency in %:”)
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Figure 20.37: Single inlet type centrifugal compressor

Scilab code Exa 20.38 Single inlet type centrifugal compressor

clc; funcprot (0);//EXAMPLE 20.38
// Initialisation of Variables

ma=528;............. //Air flow in kg/min
m=ma/60;............. //Air flow in kg/s
pl=1;........ //Inlet pressure in bar
t1=293;............ //Inlet temperature in bar
N=20000;.............. //Compressor rpm
etaisen=0.8;......... //Isentropic efficiency
pol=1;......... //Static pressure in bar
p02=4;........... //Final total pressure in bar
Cl=145;......... //Velocity of air when entering the
impeller in m/s
rwt=0.9;.......... //Ratio of whirl speed to tip
speed
dh=0.12;........ //Hub diameter in m
cp=1.005;........... //Specific heat at constant
pressure in kJ/kgK
ga=1.4;............ //Ratio of specific heats
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R=287;.............. //Gas constant for air in kJ/kgK
// Calculations

t01=t1+((C1*C1)/(2%cp*1000)) ;... ....... //Stagnation
temperature at the inlet to the machine in K
pOl=p1*x((t01/t1) "~ (ga/(ga-1)));..... //Stagnation

pressure at the inlet to the machine in bar
t021=t01x((p02/p01) " ((ga-1)/ga));

deltisen=t021-t01;......... //Isentropic rise in
temperature in K
delt=round(deltisen/etaisen);........ //Actual rise

in temperature
disp(delt,” Actual rise in temperature:”)

wc=cp*delt;......... //Work consumed by compressor in
kJ/kg

Cbl2=sqrt (wc*1000/rwt) ;

d2=Cbl2*60/(%hpi*N) ;... . ... ... //Tip diameter of the

impeller in m
disp (d2*100,” Tip diameter of the impeller in cm:”)

P=m*wC;............ //Power required in kW

disp(P,”Power required in kW:”)

rhol=(p1*10°5) /(R*xtl);....... //Density at entry in
kg/m"3

di=sqrt (((m*4) /(Cl*rhol*%pi))+(dh~2));....... //Eye

diameter in m
disp(d1%*100,” Diameter of the eye in cm:”)

Scilab code Exa 20.39 Centrifugal compressor

clc; funcprot (0);//EXAMPLE 20.39
// Initialisation of Variables

N=10000;................. //Compressor rpm
v=660;............ //Volume of air delivered in m"3/
min

294



© 00~ & O

10

11
12
13

14
15
16
17
18

19

20

"] Scilab 5.4.1 Console -

File Edit Control Applications 2

ZE|XE0|% & 88X 0 e

wwwwwwwwwww

2:48 AM
17/2013

W .l )

Figure 20.38: Centrifugal compressor

pPl=1; ... //Inlet pressure in bar
t1=293;. ... ... .. .. .. //Inlet temperature in K
rp=4; ... .. ... ... .. //Pressure ratio
etaisen=0.82;........ //Isentropic efficiency
CE2=62; . ... ..o //Flow velocity in m/s
Tr=2; ... ... //Ratio of outer radius of
impeller to inner radius of impeller
ka=0.9;.............. //Blade area co efficient
fis=0.9;........... //Slip factor
cp=1.005;.............. //Specific heat at constant
pressure in kJ/kgK
ga=1.4;............ //Ratio of specific heats
R=287;.............. //Gas constant for air in kJ/kgK
// Calculations
t21=t1*(rp~((ga-1)/ga));Cf1=Cf2;

t2=t1+((t21-tl1)/etaisen) ;.......... //Final
temperature of air

m=(pl*10°56xv/60) /(R*tl);............... //Mass flow
rate in m"3/s
P=m*cp*(t2-t1);......... // Theoretical power in kW
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disp(t2,” Final temperature of air in Kevin:")
disp(P,” Theoretical power in kW:”)
Cbl2=sqrt (1000*cp*(t2-t1)/fis);

d2=60%*Cbl2/(%pi*N) ;... ....... //Impeller diameter at
outlet in m

di1=d2/rr; ... ... //Impeller diameter at inlet
in m

disp(d2*100,” Impeller diameter at outlet in cm”)

disp(d1*100,” Impeller diameter at inlet in cm”)

b1=(v/60) /(2x%pi*(d1/2)xCfixka);......... //Breadth
of impeller at inlet in m

disp(b1%100,” Breadth of impeller at inlet in cm:”)

Cbl1=Cbl2/rr;

betal=(atan(Cf1/Cbl1))*180/%pi;

al2=(atan(Cf2/(fis*Cb1l2)))*180/%pi;

disp(betal,” Impeller blade angle at inlet in degrees
:77)

disp(al2,” Diffuser blade angle at inlet in degrees”)

Scilab code Exa 20.40 Centrifugal compressor

clc;funcprot (0);//EXAMPLE 20.40
// Initialisation of Variables

vi=4.8;...... //Volume of air compressed in m 3/s

pl=1;....//Inlet pressure in bar

t1=293;........ //Inlet pressure in K

n=1.5;........ //Compression index

Cf1=65;...... //Air flow velocity at inlet in m/s

Cf2=Cf1;...... //Flow velocity is same at inlet and
outlet

d1=0.32;.......... //Inlet impeller diameter in m

d2=0.62;........ //Outlet impeller diameter in m

N=8000;........ //Blower rpm
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Figure 20.39: Centrifugal compressor

cp=1.005;...... //Specific heat at constant pressure
in kJ/kgK

// Calculations

t21=t1*((n/pl1) " ((n-1)/n));....//Temperature at the
outlet of compressor in K

Cbl1=(%pi*d1xN)/60;...... //Peripheral velocity at
inlet in m/s

Cbl2=(%pi*N*d2)/60;...... //Tip peripheral velocity

at outlet in m/s

Cw2=(cp*x(t21-t1)*1000) /Cbl2;

bel=(atan(Cf1/Cbl1))*180/%pi;be2=(atan(Cf2/(Cbl2-Cw2
)))*x180/%pi; ... ... //Blade angles at the tip of
the impeller

al2= (atan(Cf2/Cw2))*180/%pi;

printf ("\nBlade angles \n\n\t Blade angle at the
inlet of the impeller: beta 1=%f \n\t Blade angle
at the outlet of the impeller: beta 2=%f \n\t
Absolute angle at the tip of impeller: alpha 2=%f
\n\n” ,bel,be2,al2)

bl=v1/(2*x%pi*(d1/2)*Cf1) ;... ..... //Breadth of blade
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Figure 20.40: Centrifugal compressor

at inlet in m
disp(b1%100,” Breadth of the blade at inlet in cm”)

v2=(v1*t21*pl)/(n*xtl);.............. //Discharge at
the outlet in m"3/s
b2=v2/(2*%pi*(d2/2) *C£f2) ;... ..... //Breadth of blade

at outlet in m
disp(b2%100,” Breadth of the blade at outlet in cm”)

Scilab code Exa 20.41 Centrifugal compressor

clc;funcprot (0);//EXAMPLE 20.41
// Initialisation of Variables

m=16.5;....... //Air flow in kg/s
rp=4;........ //Pressure ratio
N=15000;......... //Compressor rpm
t01=293;......... //Inlet head temperature
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Total head in K:

447.09408

Static temperature at outlet in K:

439.9299

Static pressure at exit in bar:

3.4500595

tatic temperature at inlet in K:

278.24876
] trailbet.3.
Static pressure at inlet in baz:

0.9022741

cccccc pressure ratio:
3.8257379

Work dome on air in ki/kg:

159.88955

Power required to drve the compressor in ki:

1918.6726
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Figure 20.41: Centrifugal compressor

fis=0.9;........... //Slip factor

fiw=1.04;......... //Power input factor

etaisen=0.8;....... //Isentropic efficiency

cp=1.005;........ //Specific heat at constant
pressure in kJ/kgK

ga=1.4;...... //Ratio of specific heats

// Calculations
t021=t01x(rp~((ga-1)/ga));
delt=(t021-t01)/etaisen;Cbl2=sqrt ((1000*xcp*delt) /(
fiwxfis));
D=(60*Cb1l2)/(%pi*N);
impeller
disp(D,” Diameter of the
P=m*xcpx*delt;
disp(P,”Power input to compressor

//Diameter of
impeller in m:”)

in kW:7)
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Scilab code Exa 20.42 Centrifugal compressor

clc;funcprot (0);//EXAMPLE 20.42
// Initialisation of Variables

rp=3.6;.......... //Pressure ratio

die=0.35;....... //Diameter of inlet eye of
compressor in m

Cf=140;.......... //Axial velocity in m/s

m=12;............. //Mass flow in kg/s

Cbl2=120;......... //Velocity in the delivery duct in
m/s

Ci=460;.......... //The tip speed of the impeller in
m/ s

N=16000;............ //Speed of impeller in rpm

etaisen=0.8;....... //Isentropic efficiency

pc=0.73;........ //Pressure co efficient

pa=1.013;.......... //Ambient pressure in bar

ta=273+15; .. ... ... ... . ..., //Ambient temperature in K

ga=1.4;.......... //Ratio of specific heats

cp=1.005;......... //Specific heat at constant
pressure in kJ/kgK

R=0.287;........ //Gas constant in kJ/kgK

// Calculations

delt=((ta*((rp~((ga-1)/ga))-1))/etaisen);....... //
Rise in temperature

t02=ta+delt;............ //Total head temperature in
K

disp(t02,” Total head temperature in K:7)

£2=t02-((Cb12%Cb12) /(2% cp*1000)) ;... ....... //Static

temperature at outlet in K

disp(t2,” Static temperature at outlet in K:7)

pO2=pax*rp;

p2=p02/(1+((Cb12%Cb1l2) /(2*%R*t2*1000))) ;... ........ //
Static pressure at exit in bar

disp(p2,” Static pressure at exit in bar:”)

tl=ta-((CE*Cf)/(2%xcp*1000)) ;... .......... //Static
temperature at inlet in K

disp(tl,” Static temperature at inlet in K:7)
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Figure 20.42: Centrifugal compressor

pl=pa/(1+((CE*Cf) /(2*xR*xt1%1000))) ;.. ... ......
Static pressure at inlet in bar

disp(pl,” Static pressure at inlet in bar:”)

rp=p2/pl;..... //Static pressure ratio

disp(rp,” Static pressure ratio:")

£23AM
/15/2013

W=cpxdelt;........... //Work done on air in kJ/kg of

alr
disp(W,”Work done on air in kJ/kg:”)

P=m*cp*delt;.......... //Power required to drive the

compressor in kW
disp(P,”Power required to drve the compressor

77)

in kW:

Scilab code Exa 20.43 Centrifugal compressor

clc;funcprot (0);//EXAMPLE 20.43
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// Initialisation of Variables

t1=300;......... //Inlet temperature in K

N=18000;............. //Compressor rpm

etaisen=0.76;....... //Isentropic efficiency

0d=0.55;...... //Outer diameter of blade tip

sf=0.82;...... //Slip factor

cp=1.005;......... //Specific heat capacity at
constant pressure in kJ/kgK

ga=1.4;............. //Ratio of specific heats

// Calculations

Cbl2=(%pi*od*N)/60;W=Cbl2*Cbl2xsf/1000;........... //
Work done per kg of air in kW

delt=W/cCp; . uvuuuenieon.. //Temperature rise of air

while passing through compressor

disp(delt,” Temperature rise of air while passing
through compressor :7)

t21=(etaisenx*delt)+tl;rp=((t21/t1) " (ga/(ga-1)))
S //Pressure ratio

disp(rp,” Pressure ratio:”)

Scilab code Exa 20.44 Axial flow compressor

clc;funcprot (0);//EXAMPLE 20.44
// Initialisation of Variables

Cbl=240;........ //Mean blade velocity in m/s
Cf=190;......... //Air flow velocity in m/s
all=45;al2=14;......... //Blade angels in degrees
rho=1;......... //Density of air in kg/m"3

// Calculations

pr=(1/2) *(rho*Cf*Cf/(1075) ) *(((tan(all*%pi/180)) "2)
-((tan(al2*%pi/180))°2)) ;.. ..... //Pressure rise
in bar

disp(pr,” Pressure rise in bar:”)
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Figure 20.43: Axial flow compressor

W=Cb1*Cf/1000%((tan(all*%pi/180))-(tan (al2*%pi/180))
) //Work done per kg of air in kW
disp(W,”Work done per kg of air in kW:7)

Scilab code Exa 20.45 Axial flow compressor

clc; funcprot (0);//EXAMPLE 20.45
// Initialisation of Variables

etaisen=0.82;....... //Overall isentropic efficiency
N=8;.......o.... //No of stages

t1=293; .. ......... //Inlet temperature in K
ga=1.4;............ //Ratio of specific heats

rp=4; ... .. ... .. ... //Pressure ratio
Rd=0.5;................ //Reaction factor

Cbl=180; ... v, //Mean blade speed in m/s
CE=90; . ... ... //Air flow velocity in m/s
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Figure 20.44: Axial flow compressor

cp=1.005;......... //Specific heat at constant
pressure in klJ/kgK

// Calculations

t21=t1*(rp~((ga-1)/ga));

t2=((t21-t1)/etaisen)+tl;

wrt=cp*(t2-t1);......... //Work done by the machine
in kJ/kg

disp (wrt,”Work done by the machine in kJ/kg”)

bel=atan (((cp*(t2-t1)*1000/(Cf*Cb1l*N))+(Cbl/Cf))/2)
*x180/%pi;

all=atan((Cbl/Cf)-tan(belx*%pi/180))*180/%pi;

printf ("\nBlade angels are as follows (In degrees)\n
\nalphal=%f\tbetal=%f\n\nalpha2=%f\tbeta2=%f\n\n"
,all ,bel ,bel,all)

Scilab code Exa 20.46 Axial flow compressor
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Figure 20.45: Axial flow compressor

clc;funcprot (0); //EXAMPLE 20.46

// Initialisation of Variables

etaisen=0.85;....... //Overall isentropic efficiency
t1=293;........... //Inlet temperature in K

rp=4; . //Pressure ratio
RA=0.5;................ //Reaction factor
Cbl=180;................. //Mean blade speed in m/s
wip=0.82;.............. //Work input factor
all=12;bel=42;...... //Blade angels in degrees
ga=1.4;............ //Ratio of specific heats
cp=1.005;......... //Specific heat at constant

pressure in kJ/kgK
// Calculations
t21=t1*(rp~((ga-1)/ga));
t2=((t21-t1)/etaisen)+tl;
wrt=cp*(t2-t1);......... // Theoretical work required
in kJ/kg
Cf=Cbl/(tan(all*%pi/180)+tan(bel*%pi/180));
Cwl=Cf*tan(all*%pi/180) ;Cw2=Cf*tan(belx*%pi/180) ;
weps=Cbl*x(Cw2-Cwl)*wip/1000;............. // Work
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Figure 20.46: Eight stage axial flow compressor

consumed per stage in kJ/kg
N=round (wrt/wcps);....... //No of stages
disp(Cf,”Flow velocity in m/s:”)
disp(N,”No of stages:”)

Scilab code Exa 20.47 Eight stage axial flow compressor

clc;funcprot (0); //EXAMPLE 20.47
// Initialisation of Variables

rp=5;.......... //Stagnation pressure ratio ga

etaisen=0.92;....... //Overall isentropic efficiency

t1=290;............. //Inlet stagnation temperature
in K

pl=1; ... ... ... ... .. //Inlet stagnation pressure in
bar

Cbl=160;........... //Mean blade speed in m/s
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ga=1.4;........... //Ratio of specific heats

Rd=0.5;............ //Degree of reaction

CE=90;................ //Axial velocity of air
through compressor in m/s

N=8; . ... //No of stages

m=1;......... //Mass flow in kg/s

cp=1.005;............ //Specific heat at constant

pressure in kJ/kgK

// Calculations

tN1=t1*(rp~((ga-1)/ga));...... // Temperature at the
end of compression stage due to isentropic
expansion in K

tN=((tN1-t1)/etaisen)+t1;

bel=atan (((cp*(tN-t1)*1000/(Cf*Cbl*N))+(Cbl/Cf))/2)
%180/ %pi;

all=atan((Cbl/Cf)-tan(bel*%pi/180))*180/%pi;

printf ("\nBlade angels are as follows (In degrees)\n
\nalphal=%f\t\tbetal=%f\n\nalpha2=%f\tbeta2=%f\n\
n” ,all ,bel,bel,all)

P=m*cp*(tN-tl1);.......... //Power required by the
compressor in kW

disp(P,”Power required by the compressor in kW:”)

Scilab code Exa 20.48 Axial flow compressor

clc; funcprot (0);//EXAMPLE 20.48
// Initialisation of Variables

rp=4;........ //Stagnation pressure ratio

etaisen=0.85;..... //Stagnation isentropic efficiency

pl=1; ... ... ...... //Inlet stagnation pressure in bar

t1=300;........... //Inlet stagnation temperature in
K

Rd=0.5;............ //Degree of reaction
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Figure 20.47: Axial flow compressor

Cu=180;........... //Mean blade speed in m/s

Wd=0.9;........... //Work done factor

htr=0.42;....... //Hub tip ratio

all=12;be2=all;....... //Relative air angle at rotor
inlet in degrees

al2=32;bel=al2;........ //Relative air angle at rotor
at outlet in degrees

ga=1.4;........... //Ratio of specific heats

cp=1.005;.......... //Specific heat capacity at
constant pressure in kJ/kgK

R=287;.......... //Gas constant in J/kgK

m=19.5;.......... //Mass flow in kg/s

// Calculations

tNi=t1x(rp~((ga-1)/ga));...... //Temperature at the
end of compression stage due to isentropic
expansion in K

tN=((tN1-tl1l)/etaisen)+tl;

etap=log(rp~((ga-1)/ga))/log(tN/t1);........... //
Stagnation polytropic efficiency
disp(etap*100,” Stagnation polytropic efficiency in %
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Cf=Cu/(tan(all*%pi/180)+tan(belx*%pi/180));
Cwl=Cf*xtan(allx*%pi/180) ;Cw2=Cf*xtan(al2x*%pi/180) ;
weps=Cu*(Cw2-Cwl)*Wd/1000;............. // Work

consumed per stage in kJ/kg
we=cp*(tN-tl1);............... //Work consumed by

compressor in kJ/kg
N=round (wc/wcps);....... //No of stages
disp(N,”No of stages:”)
Cl1=Cf/cos(all*%pi/180);....... //Absolute velocity at
exit from guide vanes in m/s
ti=t1-((C1%C1)/(2%cp*1000));.......... //Inlet

temperature in K

disp(ti,” Inlet temperature in K:7)

pi=pl*((ti/t1) " (ga/(ga-1)));...... //Inlet pressure
in bar

disp(pi,” Inlet pressure in bar:”)

rhol=(pi*1075) /(R*xti);............. //Density of air

approaching the first stage
ri=sqrt(m/(rhol*%pi*Cf*(1-(htr~2))));rh=rix*htr;
l=ri-rh;............ //Height of the blade in the
first stage in m
disp(1%100,” Height of the blade in the first stage
in cm:”)

Scilab code Exa 20.49 Multi stage axial flow compressor

clc;funcprot (0);//EXAMPLE 20.49
// Initialisation of Variables

ma=20;.......... //Air flow rate in kg/s

pl=1;......... //Inlet stagnation pressure in bar

t1=290;......... //Inlet stagnation temperature in
Kelvin
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Figure 20.48: Multi stage axial flow compressor

t2=305;......... //Temperature at the end of first
stage in K

etapc=0.88;..... //Polytropic efficiency of
compression

P=4350;...... //Power consumed by compressor in kW

ga=1.4;..... //Ratio of specific heats

cp=1.005;...... //Specific heat at constant pressure

// Calculations
p2bypl=(j%e~(etapcxlog(t2/t1))) " (ga/(ga-1));
tN=(P/(ma*cp))+tl;
pN=p1*((tN/t1) " ((etapc*ga)/(ga-1)));...... //Delivery
pressure in bar
disp(pN,” Delivery pressure in bar:”)
N=log(pN/pl)/log(p2bypl);........... //No of stages
disp(round(N),”No of stages:”)
tN1=t1*x((pN/pl) "~ ((ga-1)/ga));
etao=(tN1-t1)/(tN-t1) ;. ... ... ....... //Overall
efficiency
disp(etao*100,” Overall efficiency in %:”)
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Chapter 21

Gas Turbines and Jet
Propulsion

Scilab code Exa 21.1 Open cycle gas turbine

clc;funcprot (0);//EXAMPLE 21.1

// Initialisation of Variables

pl=1;......... //Pressure of air while entering the
turbine in bar

t1=293;........ // Temperature of air entering the
turbine in K

p2=4;......... //Pressure of air after compression in
bar

etac=0.8;....//Efficiency of compressor

etat=0.85;..... // Efficiency of turbine

afr=90;........ //Air fuel ratio

ma=3;........... //Mass of air in kg/s

ga=1.4;........ //Ratio of specific heats

cp=1;............. //Specific heat at constant
pressure in kJ/kgK

C=41800;............. // Calorific value of fuel in kJ
/ kg
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Figure 21.1: Open cycle gas turbine

// Calculations

t2=t1*((p2/p1) " ((ga-1)/gal));............... //Ideal
temperature of air after compression in K

t21=((t2-t1)/etac)+tl;.............. //Actual
temperature of air after compression in K

t3=round ((C/((afr+1)*cp))+t21);.............. //
Temperature before expansion in turbine in K

p4=pl;p3=p2;t4=t3*x((p4/p3) " ((ga-1)/gal));............

//Ideal temperature after expansion in turbine in

K
t41=t3-(etat*(t3-t4));................. //Actual
temperature after expansion in turbine in K
wt=((afr+1)/afr)*cp*(t3-t41);........ //Work done by
turbine in kJ/kg of air
we=round (1*xcp*x(t21-t1)) ;. ... ... ... ....... //Work done
by compression in kJ/kg of air
wnet=wt-wcC;.......... //Net work done in kJ/kg
P=wnet*ma;................. //Power developed in kW/
kg of air

disp (P,” Power developed in kW/kg of air:”)
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Figure 21.2: Open cycle gas turbine

gs=(1/afr)*C; . ... ... ... ..... //Heat supplied in kJ/
kg of air
etath=wnet/qs;................ //Thermal efficiency

disp(etath*100,” Thermal efficiency in %:”)

Scilab code Exa 21.2 Open cycle gas turbine

clc;funcprot (0);//EXAMPLE 21.2
// Initialisation of Variables

t1=288;........ //Temperature of air entering the
turbine in K

t3=883;.............. //Temperature before expansion
in turbine in K

etac=0.8;....//Efficiency of compressor

etat=0.82;..... // Efficiency of turbine

rp=6; ... ... //Pressure ratio
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ma=16;........... //Mass of air in kg/s

gac=1.4;........ //Ratio of specific heats for
compression process

gae=1.333;............ //Ratio of specific heats for
expansion process

cpc=1.0056;............. //Specific heat at constant
pressure in kJ/kgK during compression process

cpe=1.11;............. //Specific heat at constant
pressure in kJ/kgK during expansion process

C=41800;............. // Calorific value of fuel in kJ
/ kg

// Calculations

t2=t1*x((rp) "((gac-1)/gac));............... //Ideal
temperature of air after compression in K

t21=((t2-t1)/etac)+tl; .. ... ... .... //Actual
temperature of air after compression in K

t4=t3/((rp) " ((gae-1)/gae)) ;. ........... //Ideal
temperature after expansion in turbine in K

t41=t3-(etat*(t3-t4));................. // Actual
temperature after expansion in turbine in K

wt=cpex(t3-t41);........ //Work done by turbine in
kJ/kg of air

we=(lxcpcx(t21-t1)) ;. ... ... ... ... .... //Work done by
compression in kJ/kg of air

wnet=wt-wcC;.......... //Net work done in kJ/kg

P=wnet*ma;................. //Power developed in kW/
kg of air

disp (P,” Power developed in kW/kg of air:”)

Scilab code Exa 21.3 Thermal efficiency of Gas turbine

clc;funcprot (0);//EXAMPLE 21.3
// Initialisation of Variables
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Figure 21.3: Thermal efficiency of Gas turbine

pl=1;......... //Pressure of air while entering the
turbine in bar

t1=300;........ //Temperature of air entering the
turbine in K

p2=6.2;......... //Pressure of air after compression
in bar

etac=0.88;....//Efficiency of compressor

etat=0.9;..... // Efficiency of turbine

far=0.017;........ //Fuel air ratio

ga=1.4;........ //Ratio of specific heats for
compression

gae=1.333;........ //Ratio of specific heats for
expansion

cp=1.147;............. //Specific heat at constant
pressure in kJ/kgK during expansion

cpc=1.005;............. //Specific heat at constant
pressure in kJ/kgK during compression

C=44186;............. // Calorific value of fuel in kJ
/kg

// Calculations
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t2=t1x((p2/pl) " ((ga-1)/ga)) ;.. ououen.... //Ideal
temperature of air after compression in K

t21=((t2-tl)/etac)+tl;.............. //Actual
temperature of air after compression in K
t3=(((Cxfar)/((far+1)*cpc))+t21) ;.. ... . ....... //

Temperature before expansion in turbine in K
p4= p1 p3=p2;t4=t3*x((p4/p3) " ((gae-1)/gae))
............ //ldeal temperature after expansion
in turbine in K

-

t41=t3-(etat*(t3-t4));................. //Actual
temperature after expansion in turbine in K

wt=(cp*(t3-t41));........ //Work done by turbine in
kJ/kg of air

wec=round (Ixcpc*x(t21-t1)) ;. ................ // Work
done by compression in kJ/kg of air

wnet=wt-wcC;.......... //Net work done in kJ/kg

gs=(far)*C;................ //Heat supplied in kJ/kg
of air

etath=wnet/qs;................ //Thermal efficiency

disp(etath*100,” Thermal efficiency in %:7)

Scilab code Exa 21.4 Air fuel ratio for gas turbine

clc; funcprot (0);//EXAMPLE 21.4
// Initialisation of Variables

t1=300;........ // Temperature of air entering the
turbine in K

t3=1148;.............. //Temperature before expansion
in turbine in K

etac=0.8;....//Efficiency of compressor

etat=0.852;..... // Efficiency of turbine

rp=4;........... //Pressure ratio

pl=1; ... ... ... ... .. //Pressure of air before
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Figure 21.4: Air fuel ratio for gas turbine

entering compressor

ga=1.4;........ //Ratio of specific heats

cp=1.0;............. //Specific heat at constant
pressure in kJ/kgK

C=42000;............. // Calorific value of fuel in kJ
/kg

perlcc=10;............ //Percent loss of calorific
value of fuel in combustion chamber

// Calculations

P2=pl*TpP; . i //Pressure of air after
compression in bar

etacc=(100-perlcc)/100;....... // Efficiency of
combustion chamber

t2=t1x((rp) " ((ga-1)/gad));............... //Ideal
temperature of air after compression in K

t21=((t2-t1)/etac)+tl; ... ... ....... //Actual
temperature of air after compression in K

afr=((Cxetacc)/(cp*(t3-t21)))-1;........ //Air fuel
ratio

printf (" Air fuel ratio is %d:1”,round(afr))
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Figure 21.5: Thermal efficiency of gas turbine

Scilab code Exa 21.5 Thermal efficiency of gas turbine

clc;funcprot (0);//EXAMPLE 21.5

// Initialisation of Variables

t1=300;........ //Temperature of air entering the
turbine in K

t3=883; .. . // Temperature before expansion
in turbine in K

etac=0.8;....//Efficiency of compressor

etat=0.852;..... // Efficiency of turbine

rp=4;........... //Pressure ratio

pl=1; ... ... ... ... .. //Pressure of air before
entering compressor

ga=1.4;........ //Ratio of specific heats

cp=1.11;............. //Specific heat at constant
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C=42000;............. // Calorific value of fuel in kJ
/ kg
perlcc=10;............ //Percent loss of calorific

value of fuel in combustion chamber
// Calculations

P2=pl*Trp; ..o //Pressure of air after
compression in bar
etacc=(100-perlcc)/100;....... // Efficiency of
combustion chamber
t2=t1*x((rp) " ((ga-1)/ga)) ;... vuurn.... //Ideal
temperature of air after compression in K
t21=((t2-tl)/etac)+tl;.............. //Actual
temperature of air after compression in K
gs=cp*(t3-t21) ;. ... .. //Heat supplied in
kJ/kg
t4=t3/((rp) " ((ga-1)/ga)) ;... ... ... //Ideal
temperature after expansion in turbine in K
t41=t3-(etat*(t3-t4));................. // Actual
temperature after expansion in turbine in K
wt=cp*(t3-t41);........ //Work done by turbine in klJ
/kg of air
we=(1xcp*(t21-t1)) ;.. ... ... ....... //Work done by
compression in kJ/kg of air
wnet=wt-wc;.......... //Net work done in kJ/kg
etath=wnet/qs;................ //Thermal efficiency
disp(etath*100,” Thermal efficiency in %:”)
wrr=wnet/wt;................... //Work ratio

disp(wrr,”The work ratio is:”)

Scilab code Exa 21.6 Open cycle gas turbine

clc; funcprot (0);//EXAMPLE 21.6
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Figure 21.6: Open cycle gas turbine

// Initialisation of Variables

pl=1;......... //Pressure of air while entering the
turbine in bar

t1=293;........ //Temperature of air entering the
turbine in K

P2=5; ... ... .. //Pressure of air after compression in
bar

plcc=0.1;..... //Pressure loss in combustion chamber
in bar

t3=953; . ... // Temperature before expansion in
turbine in K

etac=0.85;....//Efficiency of compressor

etat=0.8;..... // Efficiency of turbine

etacc=0.85;...... // Efficiency of combustion chamber

ga=1.4;........ //Ratio of specific heats

cp=1.024;............. //Specific heat at constant
pressure in kJ/kgK

P=1065;............. //Power developed by the plant
in kW
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// Calculations

P3=p2-pPlCC; v it //Pressure before
expansion in turbine in bar

p4=p1l;

t2=t1*((p2/pl) " ((ga-1)/ga)) ;. .. v . //Ideal
temperature of air after compression in K

t21=((t2-t1)/etac)+tl;.............. //Actual
temperature of air after compression in K

t4=t3*((p4/p3) " ((ga-1)/ga)) ;... ......... //Ideal
temperature after expansion in turbine in K

t41=t3-(etat*(t3-t4));................. // Actual
temperature after expansion in turbine in K

wt=(cp*(t3-t41));........ //Work done by turbine in
kJ/kg of air

we=round (1*xcp*x(t21-t1)) ;.. ... ... ... ....... //Work done
by compression in kJ/kg of air

wnet=wt-wc;.......... //Net work done in kJ/kg

ma=P/wnet;............. //Quantity of air in

circulation in kg
disp(ma,” Quantity of air in circulation in kg”)
gs=cp*x(t3-t21)/etac;...... ... ... ...... //Actual heat
supplied per kg of air circulation in klJ
disp(gs,” Actual heat supplied per kg of air
circulation in kJ:7)
etath=wnet/qs;............. //Thermal efficiency
disp(etath*100,” Thermal efficiency in %:”)

Scilab code Exa 21.7 Pressure ratio and temperature of the exhaust

clc;funcprot (0);//EXAMPLE 21.7

// Initialisation of Variables
ma=20;.............. //Air flow rate in kg/s
t1=300;........ //Temperature of air entering the
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Figure 21.7: Pressure ratio and temperature of the exhaust

turbine in K

t3=1000;............ //Temperature before expansion
in turbine in K

rp=4; ... ... ... //Pressure ratio

cp=1;............. //Specific heat at constant
pressure in kJ/kgK

ga=1.4;........ //Ratio of specific heats

// Calculations

t2=t1*((rp) " ((ga-1)/ga));............... //
Temperature of air after compression in K

t4=t3-t2+tl; .. .......... //Temperature after
expansion in turbine in K

prlp=rp/((t3/t4) " (ga/(ga-1))) ;... ... ... .... //

Pressure ratio of low pressure turbine
disp(prlp,” Pressure ratio of low pressure turbine:”)
t5=t4/((prlp) " ((ga-1)/ga)) ;... ... .. // Temperature

of the exhaust from the unit in K

disp(t5,” Temperature of the exhaust from the unit in
KZ”)
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Figure 21.8: Efficiency of open cycle gas turbine

Scilab code Exa 21.8 Efficiency of open cycle gas turbine

clc;funcprot (0);//EXAMPLE 21.8
// Initialisation of Variables

pl=1;......... //Pressure of air while entering the
turbine in bar

t1=300;........ // Temperature of air entering the
turbine in K

t21=490;........ //Actual temperature of air after
compression in K

t3=1000;............ //Temperature before expansion
in turbine in K

rp=5; .. .. //Pressure ratio

etac=0.8;....//Efficiency of compressor

etat=0.8;..... // Efficiency of turbine
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Figure 21.9: Multi stage gas turbine

ga=1.4;........ //Ratio of specific heats

cp=1.005;............. //Specific heat at constant
pressure in kJ/kgK

// Calculations

t4=t3/((rp) " ((ga-1)/ga));............ //1deal
temperature after expansion in turbine in K

t41=t3-(etat*(t3-t4));................. //Actual
temperature after expansion in turbine in K

t5=((t41-t21)*etac)+t21;........... //Temperature of
the exhaust from the unit in K

we=cp*x(t21-tl);............. //Work consumed by
compressor in kJ/kg

wt=cp*x(t3-t41);........ //Work done by turbine in kJ/
kg

gs=cp*(t3-t5);.......... //Heat supplied in kJ/kg

etac=(wt-wc)/qgs;......... //Cycle efficiency

disp(etac*100,” Cycle efficiency in %:”)
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Scilab code Exa 21.9 Multi stage gas turbine

clc;funcprot (0);//EXAMPLE 21.9
// Initialisation of Variables

pl=1;......... //Pressure of air while entering the
turbine in bar

t1=288;........ // Temperature of air entering the
turbine in K

p2=8;......... //Pressure of air after compression in
bar

t3=1173; .. .. ... ...... //Temperature before expansion
in turbine in K

etac=0.76;....//Efficiency of compressor

etat=0.86;..... // Efficiency of turbine

ma=23;......... //Quantity of air circulation in kg/s

ga=1.4;........ //Ratio of specific heats for
compression

gag=1.34;........ //Ratio of specific heats for
expansion

cp=1.0056;............. //Specific heat at constant
pressure in kJ/kgK

cpg=1.128;............. //Specific heat at constant
pressure in kJ/kgK

C=4200;............. // Calorific value of fuel in kJ/
kg

etamech=0.95;........ //Mechanical efficiency

etagen=0.96;......... //Generator efficiency

//Calculations

t2=t1*x((p2/pl) " ((ga-1)/ga)) ;.. ... . //Ideal
temperature of air after compression in K

t21=((t2-tl)/etac)+tl;.............. //Actual
temperature of air after compression in K

P4=pl;p3=p2; . e //Isobaric processes

t4=t3*((p4/p3) " ((gag-1)/gag)) ;..o oo .... //Ideal
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t41=t3-(etat*(t3-t4)) ;. ... ... ... ...... //Actual
temperature after expansion in turbine in K

we=cp*x(t21-t1) ;. ... ... ... ..., //Work dony by
compressor

mi=(wc)/(cpg*(t3-t41)) ;... ......... //Flow through
compressor turbine in kg

m2=1-ml;.............. //Flow through power turbine
in kg

wpt=m2*(cpg*(t3-t41));......... //turbine work in kJ/
kg

P=ma*xwpt*etamech*etagen;......... //Power output in
kW

qi=cpg*t3-cp*t21;............. //Input heat in kJ/kg
of air

etath=wpt/qi;............. //Thermal efficiency of

power turbine
disp(etath*100,” Thermal efficiency of power turbine
in %:7)

Scilab code Exa 21.10 Multi stage gas turbine

clc;funcprot (0);//EXAMPLE 21.10
// Initialisation of Variables

t1=288;........ // Temperature of air entering the
turbine in K

t3=883; . ... .. .. ... // Temperature before expansion
in turbine in K

etac=0.82;....//Efficiency of compressor

etathp=0.85;..... // Efficiency of high pressure
turbine

etatlp=0.85;..... // Efficiency of low pressure
turbine
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Figure 21.10: Multi stage gas turbine

TP=T oot //Pressure ratio

pl=1.01;............... //Pressure of air before
entering compressor

ga=1.4;........ //Ratio of specific heats for
compression

gag=1.333;........ //Ratio of specific heats for
expansion

cp=1.005;............. //Specific heat at constant
pressure in kJ/kgK

cpg=1.156;............. //Specific heat at constant

pressure in kJ/kgK in generator
//Calculations

p2=pl*rp;

t2=t1*x((p2/p1)~((ga-1)/gal));............... //ldeal
temperature of air after compression in K

t21=((t2-t1)/etac)+tl; ... ... ....... //Actual
temperature of air after compression in K

we=cp*(t21-t1);............ //Compressor work in kJ/
kg

t41=t3-(wc/Cpg); v v // Temperature of gasses
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entering the turbine in K
disp(t41l,” Temperature of gasses entering the turbine

in K:7)
t4=round (t3-((t3-t41)/etathp));......... //Ideal
temperature of gases entering the turbine in K
pP3=p2;......... //Isobaric processes
p4=p3/((t3/t4) " (1/((gag-1)/gag)));....//Pressure of

gasses entering the power turbine in bar
disp(p4,” Pressure of gasses entering the power

turbine in bar:”)
t5=t41*((((t3/t4) " (1/((gag-1)/gag)))/(rp)) " ((gag-1)/

gag));
t51=t41-(etatlp*x(t41-t5));
wlp=cpg*(t41-t51) ;.. ... ....... //Net power output in
kW
disp(wlp,”Net power output in kW:”)
wr=wlp/(wlp+wc);............ //Work ratio
disp (wr,”Work ratio:”)
gs=cpg*(t3-t21);........... //Heat supplied in kJ/kg
etath=wlp/qs;.......... //Thermal efficiency

disp(etath*100,” Thermal efficiency of the unit:”)

Scilab code Exa 21.11 Power developed and efficiency of power plant

clc; funcprot (0);//EXAMPLE 21.11

// Initialisation of Variables

rp=5.6; ... ... ... ... //Pressure ratio

t1=303; .. ... . ... ... //Temperature of intake air in K

pl=1;............ //Pressure of intake air in bar

t5=973; . . ... ... //Highest temperature of the
cycle in K

etac=0.85;.......... // Effeciency of compressor

etat=0.9;.......... // Efficiency of turbine
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Figure 21.11: Power developed and efficiency of power plant

ma=1.2;.......... //Rate of air flow in kg/s

cp=1.02;........... //Specific heat at constant
volume in kJ/kgK

ga=1.41;............. //Ratio of specific heats

// Calculations

t2=t1*((sqrt(rp)) " ((ga-1)/ga));

t21=((t2-t1)/etac)+t1;

we=2*maxcp*x(t21-tl1);............ //Work input for the
two stage compressor in kJ/s

t6=t5/(rp~((ga-1)/ga));

t61=t5-etat*(t5-t6) ;

wt=max*xcp*(t5-t61);............... //Work output from
turbine in kJ/s

WHet=Wt-WC;.................... //Net work available
in kJ/s

disp(wnet,” Net work output in kW:")

gs=ma*cpx(tb-t21);..... ... ... ...... //Heat supplied
in kJ/s

etath=wnet/qgs;
disp(etath*100,” Power plant efficiency in %:”)
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Figure 21.12: Efficiency of gas turbine cycle

Scilab code Exa 21.13 Efficiency of gas turbine cycle

clc;funcprot (0); //EXAMPLE 21.13

// Initialisation of Variables

t1=288;............. //Temperature of intake air in K

rp=4;. ... ... ... .. //Pressure ratio

etac=0.82;......... //Compressor efficiency

etahe=0.78;........... // Efficiency of heat exchanger

etat=0.7;........... // Turbine efficiency

t3=873; ... ... .. ... //Temperature before expansion in
turbine in K

R=0.287;............ //Gas constant for air in kJ/kgK

ga=1.4;........... //Ratio of specific heats

//Calculations

t2=t1*((rp) " ((ga-1)/ga)) ;... .. //Ideal
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temperature of air after compression in K

t21=((t2-tl)/etac)+tl; ... ... ... ...... //Actual
temperature of air after compression in K

t4=t3/(rp~((ga-1)/ga));............ //Ideal
temperature after expansion in turbine in K

t41=t3-etat*(t3-t4d);............ //Actual temperature
after expansion in turbine in K

cp=Rx(ga/(ga-1));.............. //Specific heat at
constant pressure in kJ/kgK

we=cp*x(t21-t1);............. //Compressor work in klJ/
kg

wt=cp*(t3-t41) ;... ... ... .. ... ... //Turbine work in
kJ/kg

WHEet=Wt-WC; . ................... //Net work available
in kJ/s

tb=(etahex(t41-t21))+t21;

gs=cp*(t3-t5);...... ... .. ... .... //Heat supplied in kJ
/kg

etac=wnet/qs; ............... //Cycle efficiency

disp(etac*100,” Cycle efficiency in %:”)

Scilab code Exa 21.14 Heat exchanger in gas turbine

clc; funcprot (0);//EXAMPLE 21.14
// Initialisation of Variables

etahe=0.72;................. // Efficiency of heat
exchanger

p1=1.01;......... //Pressure of air while entering
the turbine in bar

t1=293;........ // Temperature of air entering the
turbine in K

p2=4.04;......... //Pressure of air after compression
in bar
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Figure 21.13: Heat exchanger in gas turbine

etat=0.85;.......... //Turbine efficiency

pdhe=0.05;............ //Pressure drop on each side
of heat exchanger in bar

pdcc=0.14;........... //Pressure drop in combustion
chamber in bar

etac=0.8;........... //Compressor efficiency

ga=1.4;............. //Ratio of specific heats

C=41800;............. // Calorific value of fuel in kJ
/kg

cp=1.024;........... //Specific heat at constant
pressure in kJ/kgK

afrc=90;.............. //Air fuel ratio for simple
cycle

// Calculations

t2=(t1*((p2/p1) " ((ga-1)/gal))) ;. v . //Ideal
temperature of air after compression in K

t21=round (((t2-tl)/etac)+tl) ;... ............ //Actual
temperature of air after compression in K

t3=((1%C) /(cp*(afrc+1)))+t21;............ //

Temperature before expansion in turbine in K
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p4= p1 p3=p2-pdcc;td=round (t3*((p4/p3) " ((ga-1)/ga)))
............ //ldeal temperature after expansion
in turbine in K

-

t41=t3-(etat*(t3-t4));................. //Actual
temperature after expansion in turbine in K
etath=(t3-t41-t21+t1)/(t3-t21);........... //Thermal

efficiency in simple cycle
disp(etath*100,” Thermal efficiency in simple cycle
in %:7)

p3he=p2-pdhe-pdcc;.......... //Pressure before
expansion in turbine in bar in heat exchanger
cycle

pdhe=pl+pdhe;.......... .. .... //Pressure after
expansion in turbine in bar in heat exchanger
cycle

t4he=t3*((p4he/p3he) "((ga-1)/gal));............ //

Ideal temperature after expansion in turbine in K
in heat exchanger cycle
t4lhe=round (t3-(etat*(t3-t4he))) ;... .............. //
Actual temperature after expansion in turbine in
K in heat exchanger cycle
t5=(etahex(t41lhe-t21))+t21;
etathhe=(t3-t41he-t21+t1)/(t3-t5);............. //
Thermal efficiency for heat exchanger cycle
disp(etathhe*100,” Thermal efficiency in heat
exchanger cycle in %:”)
inc=etathhe-etath;
disp(inc*100,” Increase in thermal efficiency in %:”)

Scilab code Exa 21.15 Multi stage gas turbine with intercooler and heat exchanger

clc; funcprot (0);//EXAMPLE 21.15
// Initialisation of Variables
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Figure 21.14: Multi stage gas turbine with intercooler and heat exchanger

t1=293;........ // Temperature of air entering the
turbine in K

rp=9; . ........... //Overall pressure ratio

etac=0.8;........ //Efficiency of compressor

t6=898;.......... //Reheat remperature

t8=t6;etat=0.85;....... // Efficiency of turbine

etamech=0.95;.......... //Mechanical efficiency

etahe=0.8;............... //Heat exchanger thermal
efficiency

cpg=1.156;............. //Specific heat capacity for
gases in heat exchanger in kJ/kgK

cpa=1.005;............ //Specific heat capacity for
normal air in kJ/kgK

gag=1.333;............. //Ratio of specific heats for
gases in heat exchanger

ga=1.4;............... //Ratio of specific heats for
normal gases

P=4500;................. //Power output of turbine in
kW

// Calculations
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t2=t1*((sqrt(rp)) " ((ga-1)/ga));
t21=((t2-t1)/etac)+t1;

wec=cpa*x(t21-t1);............ //Work input per
compressor stage
whp=(2%wc)/etamech;......... //Work output of HP

turbine in kJ/kg
t71=t6-(whp/cpg);t7=round (t6-((t6-t71)/etat));
k=(rp/((t6/t7) " ((gag)/(gag-1)))) " ((gag-1)/gag);

k1=((round ((k/2)*100))*2) /100;.............. //
Rounding off upto 2 decimals

t9=t8/ (k1) ;

£t91=t8-((t8-t9) *xetat) ;

wout=cpg*(t8-t91)*etamech;.............. //Net work

output in kJ/kg
t5=etahe*x(t91-t21)+t21;

qs=cpg*(t6-t5)+cpg*x(t8-t71) ;... ... ......... //Heat
supplied

etath=wout/qgs;................. //Thermal efficiency

disp(etath*100,” Thermal efficiency in %:”)

wgross=whp+(wout/etamech);......... // Gross work
output in kJ/kg

Wr=Wout/Wgross; ................ //Work ratio

disp (wr,” The workk ratio is:”)

mi=P/wout;............... //Mass flow in kg/s

disp(ml,”Mass flow in kg/s:”)

Scilab code Exa 21.16 Multi stage gas turbine

clc; funcprot (0);//EXAMPLE 21.16

// Initialisation of Variables

//Conditions of the closed gas turbine

t1=293;. ... .. .. .. .. //Temperature at the inlet of
first stage compressor in K
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Figure 21.15: Multi stage gas turbine

t5=1023; . .. i //Maximum temperature in K
pl=1.5;.. .. .. ... .. ..... //Inlet pressure in bar
P2=6; ... ... //Pressure in bar
etac=0.82;.............. //Compressor efficiency
etat=0.82;.............. //Turbine efficiency
etare=0.70;................ //Regenerator efficiency
P=350;......... ... //Power developed by the
plant in kW
ga=1.4;........ ... . ..., //Ratio of specific heats
cp=1.005;.............. //Specific heat at constant
pressure in kJ/kgK
t3=t1;

// Calculations

t2=t1*((sqrt(p2/pl1)) "~ ((ga-1)/ga));

t21=((t2-t1)/etac)+tl;t41=t21;

t6=t5/((p2/sqrt (pl1*p2)) "~ ((ga-1)/ga));

t61=t5-(etat*x(t5-t6));t81=t61;

t7=t5;

ta=(etare*x(t81-t41))+tdl;....... //Temperature of air
coming out of regenerator in K
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Figure 21.16: gas turbine power plant

wnet=2*xcp*(t5-t61-t21+tl1);........ //Net work done in
kJ/kg of air

gs=cp*(t5-t41+t7-t61);........... //Heat supplied
without regenerator in kJ/kg of air

gsr=cp*x(t5-ta+t7-t61);............ //Heat supplied
with regenerator in kJ/kg of air

etath=wnet/qs;............. //Thermal efficiency (
without regenerator)

etathr=wnet/qgsr;......... //Thermal efficiency (with
regenerator )

mfl=P/wnet;.......... //mass of fluid circulated in
kg /s

disp(etath*100,” Thermal efficiency of the turbine
without regenerator (in %):”)

disp(etathr*100,” Thermal efficiency of the turbine
with regenerator (in %):”)

disp(mfl,”Mass of fluid circulated in kg/s:”)
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Scilab code Exa 21.17 gas turbine power plant

clc; funcprot (0);//EXAMPLE 21.17
// Initialisation of Variables

t1=293;............ //Temperature of inlet air into
low pressure compressor in K

pl1=1.05;......... //Pressure of inlet air into low
pressure compressor in bar

t3=300;........... //Temperature of air after passing

it through intercooler in K

t6=1023;.......... //temperature of air in combustion
chamber in K

TP=25 oo e e //Pressure ratio of each compressor

etac=0.82;........ //Compressor efficiency

etat=0.82;.......... //Turbine efficiency

etaht=0.72;............ //Heat exchanger efficiency

ma=16;........... //Air flow in kg/s

ga=1.4;........... //Ratio of specific heats for air

gag=1.33;.......... //Ratio of specific heats for
gases

cpa=1.0;........... //Specific heat at constant
pressure in kJ/kgK for air

cpg=1.15;......... //Specific heat at constant
pressure in kJ/kgK for gases

C=42000;......... // Calorific value of fuel in kJ/kg

// Calculations

t2=round (t1*x(rp~((ga-1)/ga)));

t21=round (((t2-t1l)/etac)+tl);
t4=t3*(rp~((ga-1)/ga));

t41=round (((t4-t3)/etac)+t3);

t71=round (((cpg*t6)-cpa*x(t21-t1+t41-t3))/cpg);
t7=t6-((t6-t71)/etat) ;

p6=pl*rp*rp;

p7=p6/((t6/t7) " ((gag)/(gag-1)));
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Figure 21.17: Multi stage gas turbine

t8=round (t71/((p7/pl) "~ ((gag-1)/gag)));

t81l=round (t71-(etat*(t71-t8)));

P=cpg*(t71-t81);........... //Net power output in kJ/
kg

disp (P*ma,” Net power output in kW: 7)

tb=etaht*(t81-t41)+t41;

gs=max*xcpg*(t6-t5);...... //Heat supplied in
combustion chamber in kJ/s

etath=P*ma/qs;......... //Thermal efficiency

disp(etath*100,” Thermal efficiency is (in %):”)

afr=C/(cpg*(t6-t5));...... //Air fuel ratio

mf=ma*3600/afr;.............. //Fuel supplied per
hour in kg

sfc=mf/(P*ma);........... //Specific fuel consumption
in kg/kWh

disp(sfc,” Specific fuel consumption in kg/kWh:”)
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Scilab code Exa 21.18 Multi stage gas turbine

clc; funcprot (0);//EXAMPLE 21.18

// Initialisation of Variables

t1=293;............ //Temperature of inlet air into
low pressure compressor in K

pl=1.1;......... //Pressure of inlet air into low
pressure compressor in bar

p2=3.3;.......... //Pressure of air in the low
pressure compressor in bar

t3=300; ... ... ... //Intercooled temperature in K

pli=0.15;.......... //Loss in pressure due to
intercooling in bar

p3=p2-pli;........... //Pressure after intercooling
in bar

p4=9.45; .. ... ... .. //Pressure of air after high
pressure compressor in bar

p6=p4;t6=973;......... // Temperature of gases
supplied to high pressure turbine in K

t8=943;......... //Reheat temperature in K

plr=0.12;........... //Loss of pressure after
reheating in bar

pP7=3.62; .. .......... //Pressure of gases at the end
of expansion in high pressure turbine in bar

p8=p7-plr;........... //Pressure of outlet gases in
bar

ga=1.4;........... //Ratio of specific heats for air

gag=1.33;.......... //Ratio of specific heats for
gases

cpa=1.0056;........... //Specific heat at constant
pressure in kJ/kgK for air

cpg=1.15;......... //Specific heat at constant
pressure in kJ/kgK for gases

etac=0.82;........ //Compressor efficiency
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etat=0.85;.......... //Turbine efficiency

etaht=0.65;......... // Efficiency of heat exchanger
P=6000;.................. //Power generated in kW
p9=pl;

// Calculations

t2=round (t1*((p2/p1) " ((ga-1)/ga)));
t21=round (((t2-t1)/etac)+tl);
t4=round (t3*((p4/p3) " ((ga-1)/ga)));
t41=round (((t4-t3)/etac)+t3);
t7=round (t6/((p6/p7) " ((gag-1)/gag)));
t71=round (t6-(etat*(t6-t7))) ;
t9=round (t8/((p8/p9) " ((gag-1)/gag)));
t91=round (t8-(etat*(t8-t9)));
t5=round (etaht*(t91-t41)+t41);

wthp=cpg*(t6-t71);....... //Work done by high
pressure turbine in kJ/kg of gas

wtlp=cpg*(t8-t9);....... //Work done by low pressure
turbine in kJ/kg of gas

wchp=cpg*(t21-t1);....... //Work done by high
pressure compressor in kJ/kg of gas

wclp=cpg*(t41-t3);....... //Work done by low pressure

compressor in kJ/kg of gas

gs=cpg*(t6-t5+t8-t71);......... //Heat supplied in kJ

/kg of gas

etath=(wthp+wtlp-wchp-wclp)/qs;..//Overall
efficiency
disp(etath*100,” Overall efficiency (in %):")

wr=(wthp+wtlp-wchp-wclp)/(wthp+wtlp);...... // Work
ratio

disp (wr,”Work ratio :7)

m=P/(wthp+wtlp-wchp-wclp);..... //Mass flow rate

disp(m,”Mass flow rate in kg/s:”)
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Figure 21.18: Turbo jet engine

Scilab code Exa 21.19 Turbo jet engine

clc; funcprot (0);//EXAMPLE 21.19
// Initialisation of Variables

ma=60.2;........... //Rate of air consumption in kg/s

delh=230;....... //Enthalpy change for nozzle in kJ/
kg

z=0.96;.......... // Velocity co efficient

afr=70;............ //Air fuel ratio

etaco=0.92;....... . ... ... //Combustion eficiency

CV=42000;.............. // Calorific value of fuel in
kJ/kg

v=1000;............ //Velocity of aircraft in km/h

Ca=v*(5/18);............ //Aircraft velocity in m/s

//Calculations

Cj=z*sqrt (2*xdelh*v);........... //Exit velocity of
jet

disp(Cj,” Exit velocity of jet in m/s:”)

mf=ma/afr;......... //Rate of fuel consumption

disp(mf,” Rate of fuel consumption in kg/s:”)
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Figure 21.19: Turbo jet engine

tp=max*x(Cj-Ca);...... //Thrust produced in N

tsfc=mf/tp;......... //Thrust specific fuel
consumption in kg/N

disp(tsfc,” Thrust specific fuel consumption in kg/N:
”)

etath=((Cj~2)-(Ca~2))/(2x(1/afr)*CV*xetaco*1000)
S //Thermal efficiency

disp(etath*100,” Thermal efficiency in %:”)

pp=(ma/1000) *x((Cj~2)-(Ca"2))/2; .. ... .. //
Propulsive power in kW

disp(pp,” Propulsive power in kW:”)

etapp=(2*Ca)/(Cj+Ca); ..« v .. //
Propulsive efficiency

disp(etapp*100,” Propulsive efficiency in %:”)

etao=((Cj-Ca)*Ca)/((1/afr)*CV*xetaco*1000)
e //Overall efficiency

disp(etao*100,” Overall efficiency in %:”)
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Scilab code Exa 21.20 Turbo jet engine

clc; funcprot (0);//EXAMPLE 21.20
// Initialisation of Variables

v=800;............. //Speed of the turbojet in km/h
etapp=0.55;...... //Propulsive efficiency
etao=0.17;......... //Overall efficiency
al=9500;............... //Altitude in m
rhoa=0.17;............ //Density of air at the given
altitude in kg/m"3
dr=6100;........... //Drag on the plane in N
CV=46000;......... // Calorific value of fuel in kJ/kg
// Calculations
Ca=v+*(1000/3600) ;......... //Velocity of jet in m/s
Cj=((2*%Ca)/etapp)-Ca;........ // Velocity of gases at

nozzle exit relative to the aircraft in m/s
disp(Cj-Ca,” Absolute velocity of jet in m/s:”)
ma=dr/(Cj-Ca);............ //Rate of air flow in kg/s
Va=(ma/rhoa) *60;.......... //Volume of air

compresssed per min in kg
disp(Va,”Volume of air compressed in kg/min:”)
d=sqrt ((Vax4) /(60*%pi*Cj)) ;... ........ //Diameter of

the jet in m
disp(d*1000,” Diameter of the jet in mm:”)

tp=dr*(Ca/1000) ;........... //Thrust power in kW

wt=tp/etapp; ...« ... //Turbine output in kW

disp(wt,” Turbine output in kW:")

mf=wt/(etao*CV);........... //Rate of fuel
consumption in kg/s

afr=ma/mf;.......... //Air fuel ratio

printf ("\n\nAir fuel ratio is %f:1”7,afr)
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Figure 21.20: Jet propulsion

Scilab code Exa 21.21 Jet propulsion

clc; funcprot (0); //EXAMPLE 21.21

// Initialisation of Variables

t1=288;.......... //Temperature of the inlet air into
compressor in K

pl=1.01;...... //Pressure of the inlet air into
compressor in bar

t3=1023;......... //Maximum temperature in K

p2=4.04;......... //Pressure of air at the end of
compression in bar

etac=0.82;....... //compressor efficiency

etat=0.78;...... //Turbine efficiency

etan=0.88;........ //Nozzle efficiency

R=0.287;......... //Gas constant for air in kJ/kgK

ga=1.4;............ //Ratio of specific heats

C=42000;.......... // Calorific value of fuel in kJ/kg
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// Calculations

t2=t1*x((p2/p1) " ((ga-1)/ga));........ //Ideal
temperature at the end of compression in K
t21=((t2-t1)/etac)+tl;........... //Actual
temperature at the end of compression in K
cp=R*(ga/(ga-1));.............. //Specific heat at
constant pressure in kJ/kgK
Pc=cp*(t21-tl);............. //Power required to

drive the compressor in kW
disp (Pc,” Power required to drive the compressor in
kW: ")

afr=((C)/(cp*(t3-t21)))-1;....//Air fuel ratio
printf ("\n\nAir fuel ratio %f:1\n”,afr)
t41=t1+t3-t21;...... //Actual temperatur of gases
leaving the turbine in K
t4=t3-((t3-t41)/etat);...... //1Ideal temperature of
gases leaving the turbine in K
p3=p2;p4=p3*x((td/t3) "(ga/(ga-1)));....... //Pressure

of gases leaving the turbine in bar
disp(p4,” Pressure of gases leaving the turbine in
bar:”)
p5=pl;t5=t41/((p4/p5) " ((ga-1)/ga));
tb1=t41-(etan*(t41-t5));

Cj=sqrt (2% cp* (41 -t51)%1000) 5. ... ... .. .. /] Jet
velocity in m/s

th=Cj*1; ... ... //Thrust per kg per second
in N

disp(th,” Thrust per kg of air per second in N:7)

Scilab code Exa 21.22 Turbo jet with diffuser and nozzle

clc;funcprot (0);//EXAMPLE 21.22
// Initialisation of Variables
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Figure 21.21: Turbo jet with diffuser and nozzle

Ca=216;................ //Speed of aircraft in m/s

t1=265.8;............... //Intake air temperature in
K

p1=0.78; . ... ... ... ..... //Intake air pressure in bar

rp=5.8; . . //Pressure ratio in
compressor

t4=1383;......... .. ... ... // Temperature of gases
entering the gas turbine in K

pd=0.168; . .............. //Pressure drop in
combustion chamber in bar

etad=0.9;.............. // Diffuser efficiency

etan=0.9;............ //Nozzle efficiency

etac=0.9;............ //Compressor efficiency

etat=0.8;............. //Turbine efficiency

C=44150;............ // Calorific value of fuel in kJ/
kg

cp=1.0056;............. //Specific heat at constant
pressure in kJ/kgK

ga=1.4;............... //Ratio of specific heats

cin=0.12;............... //Inlet cross sectio of the
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R=0.287;............ //Gas constant in kJ/kgK

// Calculations

t2=t1+((Cax*Ca)/(2*cp*1000));...... //For ideal
diffuser

t21=t1+((Ca*Ca)/(2*cp*etad*1000));...... //For actual
diffuser

p2=p1x((t2/t1) " (ga/(ga-1)));
t3=t21*(rp~((ga-1)/ga));t31=t21+((t3-t21)/etac);

afr=(C-(cp*t4))/(cp*(td-t31)) ;.. .......... //Air fuel
ratio

disp(afr,” Air fuel ratio:”)

pP3=p2*rp;p4=p3-pd; . ... //Pressure of gases

entering the turbine in bar
t51=t4-(t31-t21) ;t5=round (t4-((t4-t51)/etat));
p5=p4/((t4/t5) " (ga/(ga-1))) ;p6=pl;
t6=t51/((p5/p6) " ((ga-1)/ga));t61=t51-(etac*(t51-t6))

Cj=44.72*sqrt (cp*(t51-t61));........ // Velocity at
the exit of the nozzle in m/s

st=(1+(1/afr))*Cj;............ //Specific thrust in N
/ kg

disp(st,” Specific thrust in N/kg:”)

vi=Ca*cin;........... //Volume of flowing air in m”"3/
S

ma=(pl*v1*x10~5) /(R*t1%1000) ;......... //Mass flow of
alr

tt=ma*st;.............. //Total thrust in N

disp(tt,” Total thrust in N:7)

Scilab code Exa 21.23 Jet engine

clc;funcprot (0);//EXAMPLE 21.23
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Figure 21.22: Jet engine

// Initialisation of Variables

al=9000;.......... // Altitude in m
Ca=215;........... //Speed of aircraft in m/s
TP=750;............. //Thrust power developed in kW
p1=0.32;........... //Inlet pressure of air in bar
t1=231; .. .. . //Inlet temperature of air in K
£3=963; . ... ... ... ... //Temperature of gases leaving
the combustion chamber in K
rpc=5.2;............ //Pressure ratio
C=42500;.......... // Calorific value of fuel in kJ/kg
C41=195;......... //Velocity in ducts
etac=0.86;.......... //Compressor efficiency
ga=1.4;............ //Ratio of specific heats for air
gag=1.33;............ //Ratio of specific heats for
gases
etat=0.86;.......... //Turbine efficiency
etajt=0.9;.......... //Jet tube efficiency
cp=1.005;............ //Specific heat at constant
pressure in kJ/kgK for air
cpg=1.087;............ //Specific heat at constant
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pressure in kJ/kgK for gases
R=0.29;........ ... ....... //Gas constant for exhaust
gases in kJ/kgK
//Calculations
t2=t1*(rpc~((ga-1)/ga));
t21=t1+((t2-t1)/etac);
mf=(cpg*x(t3-t21))/(C-(cpg*(t3-t21)));
afr=1/mf;.......... //Air fuel ratio
t4l=round (t3-((cp*(t21-t1))/(cpg*x(1+mf))));
t4=t3-((t3-t41)/etat) ;pé4=rpc;

rpt=(t3/t4) " (gag/(gag-1)) ;.. ........... //Expansion
pressure ratio in turbine
rpj=pAa/Tpt; .o //Expansion pressure

ratio in jet tube
t5=t41/(rpj~((gag-1)/gag));
Cj=sqrt(etajt*2*((cpgx1000*(t41-t5))+((C41%C41)/2)))

etao=((((1+mf)*Cj)-Ca)*Ca)/(1000*xmf*C);...... //
Overall efficiency

disp(etao*100,” Overall efficiency in %:”)

ma=(TP*1000) /((((1+mf)*Cj)-Ca)*Ca);........ //Rate of

air consumption in kg/s

disp(ma,” Rate of air consumption in kg/s:”)

P=max* (1+mf)*xcpg*(t3-t41);.............. //Power
developed by the turbine in kW

disp(P,”Power developed by turbine in kW:7)

t51=t41-(((Cj~2)-(C41°2))/(2%1000*cpg));

rhoe=(p1*107°5) /(R*1000%t51);.......... //Density of
exhaust gases
Ajt=(ma*(1+mf))/(Cj*rhoe);....... //Discharge of jet

area in m"2
disp(Ajt,”The outlet area of jet tube in m~2:7)
sfc=(mf*ma*3600) /(1000 (TP/Ca));.......... //Specific
fuel consumption in kg/thrust—hour
disp(sfc,” Specific fuel consumption in kg per kg of
thrust:”)
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