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double delay[3000];
double x[nmax],xm[nmax],f[nmax],u[nmax],ti,t,dti,tend,dt;

int n,count,delay_count;

void initialize(){
n=4;
X[1]=1.0;
X[2]=1.0;
X[3]=1.0;
X[4]=1.0;
t=ti;
dt=dti;

}

void derivs(double t,double x[],double f[]){
double rpm0=1.04;
double Tt=5.0;
double Ta=2.0;
double gain=25.0;
double Tc=0.1;
double Th=0.1;
double delta z=0.5;
double upper_limit=1.1;
double loss=0.1;
double lower_limit=0.0;
double excess_air_ratio=3.5;
double control=x[1];
double air=x[2];

double air_flow=x[4];
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double rpm=x[3];
double gas_flow;
double load=0.9;
double torque=1.0;
double delay_time=0.04;
delay_count=(int)(delay_time/dti);
if(t>1.0){

load=0.0;
}
if(t>10.0) load=0.9;
double fuel_flow_demand=gain*(rpmO-rpm);
double Xr=control;
double deviation=fuel_flow_demand-Xr;
if(deviation<=-delta_z) deviation=-delta_z;
if(deviation>= delta_z) deviation= delta_z;
f[1]=deviation/Th;
if(control>=upper_limit) Xr=upper_limit;
if(control<=lower_limit) Xr=lower_limit;
double fuel_flow=Xr;
if(fuel_flow>=excess_air_ratio*air_flow) gas_flow=excess_air_ratio*air_flow;
if(fuel_flow<=excess_air_ratio*air_flow) gas_flow=fuel flow;
delay[count]=gas_flow;
torque=gas_flow;
if(count>delay_count) torque=delay[count-delay count];
f[2]=(torque-air)/(Tt);
if(torque>u[4]){

f[4]=(air-air_flow)/Tc;
lelsef

f[41=f[2];
}
f[3]=(torque-load-loss)/Ta;

u[1l]=load;
u[2]=deviation;
u[3]=gas_flow;

u[4]=torque;
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u[5]=fuel_flow;

}

/.
/ *kk*k *kkhkhkkhkhkkkhkkihkkik *kkhkkhkkhkhkhkkikkhkihkhkkikkikxk

1* Integration by Runge-Kutta Method for Crank

*Kkk*k

xxxxxxx

/
/ *kk*k *khkkhkkhkhkkkhihkkik *kkhkkhkkhkhkkhkkikkkhkihkhkkikikk

void rk4(double t,double dt,double x[],double xm[]){
int i;
double xt[nmax],ftinmax],fm[nmax];
double h,hh,h6,th;
h=dt;
hh=h*0.5;
h6=h/6.0;
th=t+hh;

derivs(t, x, f);
for (i=1;i<=n; i++){
xt[i]=x[i]+hh*f[i];
}
derivs(th, xt, ft);
for (i=1;i<=n; i++){
xt[i]=x[i]+hh*ft[i];
}
derivs(th, xt, fm);
for (i=1;i<=n; i++){
xt[i]=x[i]+h*fm[i];
fm[i] +=ft[i];
}
derivs(t+h, xt, ft);

for (i=1;i<=n; i++){

*kk*k

xxxxxxx

xm[i]=x[i]+h6*(f[i]+ft[i]+2.0*fm[i]);

}

for (i=1;i<=n; i++) x[i]=xm[i];

-15-

1030149



oo googoboood

ggboboboooobooooooobobooooobooboboooobobooooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
gbboodgbboooboobbooboobbooboooboon

gogboboboobooooooobbooobobobooobbobbooooboboooobooboao

00O Block diagram for diesel generation system simulation 1

-16 - 1030149



O O Block diagram for diesel generation control system simulation 2

-17 - 1030149



oo googobgd

ggboboboooobooooooobobooooobooboboooobobooooooobooo
ubbooobboooboobbooboobboobboooboonboo

Ubobobobobobobo NogEIOOoooooobobobonooouooNoshg
uggoboboboooobobooooooboboooboboboooooboobooooobooo
uggoboboboooobobooooooboboooboboboooooboobooooobooo
ubobooobooanoog

fuel_flow torque(output)

P >
Combustion chamber

bombe — 3

air_flow

Turbo charger

OO0 Block diagram for combustion chamber with turbo charger and air tank

udoooooooboboooobboooaa
dodooooobobbbbobbotdddouuoooooon
TB%PB:_QB

00001,00000000P,00000000Q,00000000000O
gogooobbooooooooooobbboooooooobbboooooooa
gogooobbooooooooooobbboooooooobbboooooooa
gogooobbooooooooooobbboooooooobbboooooooa
gogooobbooooooooooobbboooooooobbboooooooa

uboooaoo

- 18- 1030149



orque

L

000 Block diagram for diesel generation control system simulation 3

-19 - 1030149



0d

guoboboboooooooboooobboboooobooboooooboobooooobooo
un
U buoobboobobbooboboobooboobbooboobobonoobooa
ggooaoo
U boobboobooboboboboobooobbobbooboobobooboobooo
uag
U buoobbooboobbooobooboboobbooboobobobobooa
goog
U bogbboobobodobboooboobooboooboboobboboobooa
goboobobooobooobbooboboooboonoobooaoo

ggboobobooooboooooooboboooooboobobooooboboooooooboobo
gboboooboooobooboboaoo
gogbooooboooboboooo
gobooobobooooboobooboo
ggoboboboooobobooooooboboooobboboooooboobooooobooo
ubbodobooooboooboobooboboobuoobboobooboo
gobboboobooooooboooooboobobooooboobobooooboobooooobooo
gbobooobooboooboonoog

-20- 1030149



0d

gobooboobooboboobobooboboboboobobobobobobobo co
gbbodboooobgoboboobooboobbooboobooboaoo

guobobobooooooooboooobboboooobooboobooooboobooooobooo
ugbobooooodn

goon

Ul odooboobooboboobbooboobbooboo
o oooodadg 0o
gogbooonb oob oboboobodoboo 2000.2.28

o odobogbood
gd o0Odd
odn

ub boooobdado
ug oooodg oboodb oooboodo boooo bboob oobo
gd o0Odd
goog

-21- 1030149



b Oobotoobouododoogd

guobobobooooooooboooobbobooooboobooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
gbobbooboboobodoboooouoobboobuooboboobuooobtdewdn
UmdO0OpOddonoooonooan

B
v, P

m
Tl / u

Fig.1 Converging nozzle

FigDDDDDDDDDDDP1D|]DTIDDDV1DDDDDuDDDDDDIhDDDPD

00T, 0PO0000000O0000000O0O000DO0000O0O0ODO00000

goooougogd
ubobogboooooaad

dq =de+dw O
0000qOboO000000Ded00ODODODOOWOOO 0COOOO

-22- 1030149



Moving boundary

gas

Fig.2 Piston-cylinder device

O0ROOOVOOOOvVOOOOAOODDOOODOOOdMsODOOO

dw— pAds = pdV O
O0dwOOOO0O0OO0O0000O0000

dw = pdv O
000000000000000000O0000

dq =de+ pdv O

gobobbbobooooobbuoooooon

000000000000000000000hOO0O0O0O0O0O0O0O00O0O000
h=e+ pv O

goboobbogooooobobd

guobobobooooooooboooobbobooooboobooooboobooooobooo

ugboboodboobobooboboobooboobboobooboboabooon

2
q=e+ pv+u7+gz O

00O000O0[0]o0[0]oooooon

2
q:h+u7+gz O

ugobobobooooboboooooobobooooboboooooboobooooobooo
gboboooboobooobodonoog

-23- 1030149



u2
SK+— 0
a 2

000000000000000000000000000
dg=dh+udu=0 O
o000

goboobbogooooo

guobobobooooooooboooobbobooooboobooooboobooooobooo
ugbobooboboooboobboobooboboobbooobooboooobooan
0000 ROODOOODOvVOOOOOTOOOOD pOb0O00O0O0OOO0OODOOOOODOO

0oo0[@oloooo
pv=RT 00

goooo
guobobobooooooooboooobbobooooboobooooboobooooobooo

ooo0oooooOoooooooooooC,DooooC,00o00oUpooooooo
O

dq =de+ pdv O
o0o00oO0O0o0oooag
dq =dh-vdp 00
000000000
q=q(T) 00
00o0000o0o0o0ooooooooooooooooCdtoOonoo
_(0a) _
dq_[a_ij =C,dt OO0
o000
dq:[a—qj =C,dt oag
aT ),
O[0]J0DD0ATOOOOOO
dg=de 00
ooooooag
dg =dh oag

-24 - 1030149



googd

oe
= == ag
& [0ij
C. :(Ej 00
T ),

O000ded00000O0O0OOO0OOOOUDOOOOdhWODOOOODOOODOODOODO
000000oooo
O[ooljoo[@ooloon
de=C,dt 0o
dh=C_,dt 00

goboobbogooooo

0000o0C,0C,00000[0]00[@0]000000000

dh = de+ pdv + vdp 00

pdv +vdp = RAT 00
o000mo[@poo]oo

dh =de+ RdT oag
OO0O0D0[00]00[@0O0]000o000dTooooooo

C,dT =C,dT +RdT oag

C.=C, +R oag

oodoooooooC,0oo0oUiouROOC,U0D0O0OUODODOUOOOODOOO
Ub0d0xk0O000DOO0ODOO0ODODODODODODODODODKkOODODODODOO

Cp
K=—— ag
C,
00000[po0]joo[0o]oo
K
Co=—— 00
K-1
1
Co=——R 00
K-1
gopooooooog

-25- 1030149



goboboboogd

guobobobooooooooboooobbobooooboobooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
ugoboboboooobobooooooboboooobooooooboobooooobooo
ubbooobooobooboboobooboobbooobog

f%go 00
§§: 00

Process A 2

Process B

Fig.3 Reversible process

Fig30O[0O]0o0oODOO
fR=[ R (R 0o
T AT kT

ocooogopo)ooooooboooobooobogoboboooooboooooDoboo

2 2

| Q =] Q .

1 T A 1 T B
godooooobooooooooooooooooooooooboooocooooooo
00000000000000000000000dQUOUON00N000OoOoOooon

00000000000000000000000000dQUUONDON TOOOODOD
O0000000O00dsobooooo

ds:d—Q 0o
T
ds:% 0o
T
goooo
dq =Tds 00

-26 - 1030149



O[0oo000[@o]00[@EolJ0000000@Eolo0@Eoljooonn
Tds=de+ pdv=0 00
Tds=dh-vdp=0 00

gobobbbodooooobbodogd

000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
000000000000s=000000ds=0000[00]00[00]0ds=0000
oooog

O[0O0]j00[0o0]00[@o]o0[@oloooooon

C,dT + pdv=0 0o
C.dT —vdp =0 0o
O[0o0]joo[@oojoo
Cp __vdp 0o
G pdv
00000[@0O0lo0[@Eojpoooon
(=_Vdp
p dv
d__.p
av v
%:—Ky RN
p \Y;

0000000000000000000000000[@O]0000000000o0an
In p=-«lnv+c
Inp+klJlnv=c
Inp+Inv* =c
Inpv© =c
pv“ = constant oo

-27- 1030149



gobobbbooooobbodogd

guobbkOObOooooboooooobooboooooobobooooooboooooboo
uboboogboboooboobbooboobbooboooboobooooo

dh+udu =0 O

0000000000000 000000

Tds=dh-vdp 00
O[0]0D[00]0000Tds=0000000000

Tds+vdp+udu =0

udu = -vdp 00
ooooooooobobop=p,0v=v,00000([EO]0

pv, = p,v,” 00
oooo0

1
3]

ud
O[oo]oD[@Oolooooo
1
udu:—pl—vld—? 0o
K
pl(
udodooooonbon
1 2 _ l _%
JU=-piv[p “dp
ol
=T PruiP “+c
1—-—
K
u’ Kk 1
—=———pxV,p ¥ +cC 00
) K_1p1 1P
0000000000000 p=p,0u=000
1 L}
O=——1pl?v1p +C
1 &1
=——p,—V,pl ¥ 00
_IIOlK 1P

00000[@00j00[@0O0poo0oog

-28 - 1030149



un

DDDDF=£DDDDDDDUD

P

|2k =
u= mprll‘f 00

OOo0OOoO0o0ooO0oooo0oboboOoU0Db FigmODOO

oooouooobooggad

\

/ u

p=1/v

Fig.0O Converging nozzle
O
Fig.0OOOOODODODODODmMUOOOO p0000000FOOOOODOOOOOOOO

-29- 1030149



m]
m = pFu 00

1
oooogpouolop=—00000D000ODOO
\%

1 1
P=p v, pr 0o
00000[0O0]00[@0O0]00

0 I L N, P2 P 2
m= Fpl KV, 1pK mplvl 1_(—]

1 K-1
= Frk 2_K& 1-r1 X 00
K—1v,

OooDoo[@po]oo
- dm
m=——

dt
gobooooooooooboooooobogo robboooobooooudoonon

un

dm
DDDDDDDDDDDDDr*DDDDDDDDDDIEDDDDDDDDDDDDDFm

gooad
uggboboboooobooooooobobooooobooboooobbooooooobooo
00000 FigOOODO

OpBoDoo0000oor=00000

0

dam_, 00
dr

dm 26 p| 1 1a o lg-1
_=F __1 _r'l( l_r/( __r/( rK
dr K-1v, |k 2 K K1

-30- 1030149



r

I'_T—l:K_l
2
— k-1
r« =1+
2
L k+1
r« =—
2

o[bolpooooooboboobbooboooo

0 1 i
m=Fr~ 2K B I=r*
K-1vy,

K

_F(zjx—l 2/(&1_(2
K +1 K-1vy, K+1

231 -

1030149

un

un



1
TI
VR

2 Y1 2k P k-]
K +1 kK-1v, k+1
. ( 2 j—l 2k Py

K+1 K+1ly

K+1

R‘N

mE=F |k 2P 00
kK+1 v
O[00j00[@Uojo00oo0o0o0o000ooooooooooon
u= 2_va l_rKT_l
K_l 171
i K
IS (AT )
k-1 """ K+1
_ | 2k v [1- 2
k-1"""0 k+1
_ 2K 1Vl/(—l
K -1 K+1
K+1I011

OOoo0O0oO0o0D FigdODOO
odboooooooooo@pojpoobodv,bOob0obo0o0ooooooboboOoooooo
gooooo

k-1
u:\/z—KRTl[l—rKJ 00
K -1

0 1 k-1
m=F &) r« 2K(1—r"} 0o

-32- 1030149



u* = |- RT,
K+1
nD1*—F P px

RT,

-33-

1030149

go

un



LFPROGARAM FILESYMICROSOFT WVISUAL STUDIDECOMMONYMEDEVEI¥FPFROJECTS¥ESENF

pL=1400}

R L. p2/pl

Fig4 Drawing Isentropic Velocity Calculation

PECHFHOGHAM FILESMICGHOSOE T WESLAL S T UEOWGC MM NEMES D E WS FHOED 1Y EsHE L.

Isentropic Flow Calculation

1.0

ol =1 400

Fig6 Drawing Isentropic Flow Calculation

-34 - 1030149



CEPROGRAM FILESYMIGROSOFT VISUAL STUDKECOMMONYMEDEVIEYPFROJECTSSISENF . =] E3

Isentropic Flow Calculation

1.0

Fig7 Drawing Isentropic Flow Calculation

VCEPROGRAM FILESYMICROSOFT YVISUAL STUDKOWOOMMEONYMEDEVISYPFROJECTSVISENF ...

[sentropic Velocity Calculation

Fig8 Drawing Isentropic Velocity Calculation

-35- 1030149



