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Table 3 -1 Specifications of RCEM.

Bore[mm]
Stroke[mm]

Connecting Rod length[mm]

Maximum speed [RPM ]
Compression Ratio

100
450
900
300
10-23.5

Table 3 -2 Specifications of Pressure sensor.

Measuring range [bar]
Calibrated sub-ranges [bar]

Overload [bar]

Sensitivity [pC/bar]

Natural frequency, nominal [kHz]
Linearity in all ranges

(at 23°C) [%/FSO]
Acceleration sensitivity

axial [bar/g]

Radial [bar/g]

Operating temperature range[°C]
Temperature min./max [°C]
Connector [°C]

0---250

0---50, 0---100,
0---150, 0---250

300
~-20
~160

<%£0,3

<0,0002
<0,0005
-20---350
-50---400
200

20
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Model type KL3-W200
Operating range +350mm
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Resolution 5um
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Table 3 -4 Specifications of gasoline and biodiesel[23].

Gasoline Biodiesel

Formula CnHi1.87n Cl18 to C19
Molecular weight 114.15 300 (approx.)
Composition (weight %)

Carbon 85-88 78
Hydrogen 12-15 11
Oxygen 0 11
Sulfur -1 0.001-0.00024
Density (kg/L, at 15° C) 0.73 0.87
Specific gravity 0.73 0.87
Boiling point (°C) 25-230 315-350
Viscosity (mPa s at 20°C) 0.626 3-6
Lower heating value (MJ/kg) 43.8

Latent heat of vaporization (kJ/kg) 289 -
Cetane number - 48-65
Octane number 86-94 -
Auto ignition (°C) 257 225

23



Table 3 -5 Specifications of gasoline-biodiesel blends [19].

Unit Test method GB20
Heating value MJ/kg ASTM D240:2009 43.6
Lubricity mm [SO 12156-1:2012 236
Cloud point °C ISO 3015:2008 -16
Density (15°C) kg/m’ ISO 12185:2003 757.1

=HE e, 80volne

24
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Table 3 -6 Experimental conditions

Fuel GB20
Intake gas temperature [K] 323-383
Injection pressure Piy; [bar] 800
Injector specification 7 holes

[mm] hole diameter 0.090
Equivalence crank speed [rpm] 200
Compression ratio 10,12,14,16

Injection Timing [°CA ATDC]

-49, -41,-33, -28,

-20,-15, -10, O
Premixed gas reactants Air
Equivalence ratio 0.3
Ambient gas temperature at start of injection 720-850

Tini [K]
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Table 4 -1 Max Pressure at CR=12

Injection Timing Max Pressure
[ CA ATDC] [bar]

-49 41.9

-41 42.2

-33 43.3

-28 44.2

-20 45.0

-15 46.2

-10 44.7

-0 43.2
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4.1.2 ALA3EA-Heat release rate
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Figure 4 -8 In Cylinder Pressure & Heat release rate(Inj=—15°CA ATDC)
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Ignition delay[ms]

Table 4 -2 Ignition Delay

Injection Timing [gnition
[° CA ATDC] Delay[ms]

-49 16.4

-41 11.8

-33 8.53

-28 6.41

-20 5.34

-15 4.10

-10 3.50

-0 3.52

:
&
P
i

=
£
4|9 41 -33 -28 -20 -15 -10

Injection timing[°CA ATDC]

Figure 4 -11 Ignition delay[ms]
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Table 4 -3 Ignition Delay at CR=12

Injection Timing IMEP
[° CA ATDC] [bar]
-49 4.73

-41 4.75

-33 5.02

-28 5.20

-20 5.76

-15 0.77

-10 0.77

-0 5.36
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Table 4 -4 Max Pressure at CR = 10, 14, 16

Injection Max Max Max
Timing | Pressurelbar] at| Pressurel[bar] at| Pressurelbar] at

[° CA ATDC] CR10 CR14 CR16
33 31.3 49.6 52.7

-20 25.9 50.7 55.3

-15 20.3 -
-10 Misfire 51.6 57.1
0 Misfire 50.2 55.3
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Table 4 -5 Ignition Delay at CR=10, 14, 16

Injection | Ignition delay[ms] | Ignition delay[ms] | Ignition delay[ms]
Timing at CR10 at CR14 at CR16
[ CA ATDC]
-33 15.5 6.19 5.00
-20 7.3 3.96 2.72
-15 6.0 - -
-10 Misfire 2.84 1.76
0 Misfire 2.32 1.41
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Figure 4 -16 Heat release rate at CR=10
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Table 4 -6 IMEP at CR=10, 12, 14, 16

Injection IMEP|[bar] IMEP|[bar] IMEP[bar] IMEP[bar]
Timing at CR10 at CR12 at CR14 at CR16
[ CA ATDC]
-33 4.64 5.02 4.66 4.35
-20 4.12 5.76 6.24 5.30
-15 2.93 .77 - -
-10 Misfire 5.77 6.07 5.93
0 Misfire 5.36 5.56 6.12
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Figure 4 -20 In Cylinder Pressure & Volume diagram at CR=10
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Appendix

file_forCheck='Data.xlsx'
[num_forCheck]=xlsread(file_forCheck);

columnA=num_forCheck(:,1); %colunm A :timels]
columnB=num_forCheck(:,2); %colunm B :dis[V]
columnD=num_forCheck(:,4)/25; %colunm D :Pressure[bar]->P[Volt]
columnF=num_forCheck(:,6); %colunm F :inj[V]
columnG=num_forCheck(:,7); %colunm G :PSO[V]
columnH=num_forCheck(:,8); %colunm H :PS50[V |
columnl=num_forCheck(:,9); %colunm I :PS100[V ]
columnJ=num_forCheck(:,10); %colunm J :enc|[V |

t=columnA; %colunm A :timels]
dis_Volt=columnB; %colunm B :dis[V]
P_Volt=columnD; %colunm D :Pressure[Volt]
inj_Volt=columnF; %colunm F :inj[V]

PSO_Volt=columnG; %colunm G :PSO[V]
PS50_Volt=columnH;  %colunm H :PS50[V]
PS100_Volt=columnl; %colunm I :PS100[V ]
enc_Volt=columnl; %colunm J enc[V]

M_dis=max(dis_Volt);
m_dis=min(dis_Volt);
Bet_Mm=M_dis—-m_dis;
q=350/Bet_Mm:;

Ddis=diff(dis_Volt);
Dt=diff(t);
Gdis=Ddis./Dt;

ans_Gdis=find(abs(Gdis)>0.9%10"4);
if length(ans_Gdis)==2

sp_Nol_2=ans_Gdis(1);
fp_Nol_2=ans_Gdis(2)+ 1;

t_baseSensor=t(sp_Nol_2:fp_Nol_2);
dis_Volt_baseSensor=dis_Volt(sp_Nol_2:fp_Nol_2);
P_Volt_baseSensor=P_Volt(sp_Nol_2:fp_Nol_2);
inj_baseSensor=inj_Volt(sp_Nol_2:fp_Nol_2);
PSO_baseSensor=PS0_Volt(sp_Nol_2:fp_Nol_2);
PS50_baseSensor=PS50_Volt(sp_Nol_2:fp_Nol_2);
PS100_baseSensor=PS100_Volt(sp_Nol_2:fp_Nol_2);
enc_baseSensor=enc_Volt(sp_Nol_2:fp_Nol_2);
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f Nol_2=fit(t_baseSensor,dis_Volt_baseSensor#*q,' fourier8');
CF_dis_mm=f_No1l_2(t_baseSensor);
dCF_dis1=diff(CF_dis_mm);

ans_if1=find(dCF_dis1>=0);

t_if1=t_baseSensor(ans_if1(1):length(CF_dis_mm));
dis_Volt_if1=dis_Volt_baseSensor(ans_if1(1):length(CF_dis_mm));
dis_if1=CF_dis_mm(ans_if1(1):length(CF_dis_mm));
P_Volt_if1=P_Volt_baseSensor(ans_if1(1):length(CF_dis_mm));
inj_if1=inj_baseSensor(ans_if1(1):length(CF_dis_mm));
PSO_if1=PSO_baseSensor(ans_if1(1):length(CF_dis_mm));
PS50_if1=PS50_baseSensor(ans_if1(1):length(CF_dis_mm));
PS100_if1=PS100_baseSensor(ans_if1(1):length(CF_dis_mm));
enc_ifl=enc_baseSensor(ans_if1(1):length(CF_dis_mm));

dCF_dis2=diff(dis_if1);
ans_if2=find(dCF_dis2<=0);

t_aSlip=t_if1(ans_if2(1):length(dis_if1));
dis_Volt_aSlip=dis_Volt_if1(ans_if2(1):length(dis_if1));
dis_aSlip=dis_if1(ans_if2(1):length(dis_if1));
P_Volt_aSlip=P_Volt_ifl1(ans_if2(1):length(dis_if1));
inj_aSlip=inj_if1(ans_if2(1):length(dis_if1));
PS0_aSlip=PS0_if1(ans_if2(1):length(dis_if1));
PS50_aSlip=PS50_if1(ans_if2(1):length(dis_if1));
PS100_aSlip=PS100_if1(ans_if2(1):length(dis_if1));
enc_aSlip=enc_ifl(ans_if2(1):length(dis_if1));

else if length(ans_Gdis)==4

sp_Nol_2=ans_Gdis(3);
fp_Nol_2=ans_Gdis(4)+ 1;

t_aSlip=t(sp_Nol_2:fp_Nol_2);
dis_Volt_aSlip=dis_Volt(sp_Nol_2:fp_Nol_2);

f_fit=fit(t_aSlip,dis_Volt_aSlip*q, fourier8");
dis_aSlip=f_fit(t_aSlip);

P_Volt_aSlip=P_Volt(sp_Nol_2:fp_Nol_2);
inj_aSlip=inj_Volt(sp_No1l_2:fp_Nol_2);
PS0O_aSlip=PS0_Volt(sp_Nol_2:fp_Nol_2);
PS50_aSlip=PS50_Volt(sp_Nol_2:fp_Nol_2);
PS100_aSlip=PS100_Volt(sp_Nol_2:fp_Nol_2);
enc_aSlip=enc_Volt(sp_Nol_2:fp_Nol_2);

else
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figure
subplot(2,1,1)
plot(dis_Volt)
subplot(2,1,2)
plot(Gdis)

end

end

L=900;
R=225;
change_dis_Ori=dis_Volt_aSlip*q—min(dis_Volt_aSlip*q);

Fun_dis_smooth=fit(t_aSlip,dis_Volt_aSlip, smoothingspline','SmoothingParam’',0.99999999999
97)
dis_smooth=Fun_dis_smooth(t_aSlip);

M_dis2=max(dis_smooth);
m_dis2=min(dis_smooth);
Bet_Mm2=M_dis2-m_dis2;
q2=350/Bet_Mm2;

change_dis_fit=dis_smooth*q2-min(dis_smooth)*q2;
x_Ori=(L+ R)-change_dis_Ori; % [mm]
x_fit=(L+ R)-change_dis_fit;

figure

plot(dis_Volt_aSlip,'r")

hold on

plot(dis_smooth,'b:")

n_x=length(x_Ori)

fori=1:n_x

cosT_Ori(i,1)=(x_Ori(D)"2+ R"2-L"2)/(2+R*x_Ori());
cosT_fit(i,1)=(x_fit(0) 2+ R"2-L"2)/(2*R*x_fit(1));
end

T_Ori=acos(cosT_Ori)*180/pi; %[rad->degree]
T_fit=acos(cosT_fit)*180/pi;

figure

subplot(2,1,1)

plot(T_Ori,'r")

hold on

plot(T_fit,":b")

title("Theta Original-»j°£°0")
grid on

54



ans_TDC_O=find(min(T_Ori)==T_Ori);
T_Ori_dividing=[-T_Ori(1:ans_TDC_0-1);T_Ori(ans_TDC_O:length(T_Ori))];
ans_TDC_f=find(min(T_fit)==T_fit);

Fun_T_s=fit(t_aSlip, T_Ori_dividing,'fourier8");
T_fit_dividing=Fun_T_s(t_aSlip);

figure
plot(t_aSlip,T_Ori_dividing,'r.")
hold on

plot(t_aSlip, T_fit_dividing,'b—")
hold on

plot(t_aSlip, T_fit_dividing_test,'g.")
grid on

%% Volume Calculate & P-V Diagram
CR=12; %Compression Ratio
Bore=100 % [mm]
%L=conneting rod+eAl

%R=crank shaft

L_Vc=2+R/(CR-1)

V_c=(pi*(Bore"2)/4)*1._Vc;

for i=1:length(x_Ori)
InS_ori(i,1)=L"2-(R"2*(sin(T_Ori_dividing(, 1)*pi/180)"2));
InS_fit(i,1)=L"2-(R"2#(sin(T_fit_dividing(i,1)*pi/180)"2));

s_ori(i,1)=R*cos(T_Ori_dividing(i, 1)*pi/180)+ sqrt(InS_ori(, 1));
s_fit(d,1)=R#cos(T_fit_dividing(i,1)*pi/180)+ sqrt(InS_fit(,1));

Volume_ori(i,1)=(V_c+ ((pi*Bore~2)/4)*(L+ R-s_ori(i)))*10"-3; %mm”~3->(x10"-
3)em”™3

Volume_test(i,1)=(V_c+ ((pi*Bore”2)/4)*(L+ R-s_fit(i,1)))*10"-3; J%mm”™3-
>(*10"-3)cm”™3

end
Fun_V_s=fit(t_aSlip,Volume_ori,'fourierg");
Volume_fit=Fun_V_s(t_aSlip);

figure
plot(Volume_ori,'r'
hold on
plot(Volume_fit,":b")
grid on

title(" Volume")

%% Pressure Fitting
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Fun_P_S=fit(t_aSlip,P_Volt_aSlip,'smoothingspline','SmoothingParam’',0.999999999)
P_final_aSlip=Fun_P_S(t_aSlip); figure

plot(T_fit_dividing,P_Volt_aSlip,'r.")

hold on

plot(T_fit_dividing,P_final_aSlip,'b—")

grid on

hold on

plot(T_fit_dividing,inj_aSlip/2,'k")

axis tight

gamma=1.35
V_m3=Volume_test*10"-6;
dV_m3=diff(V_m3);

dt=diff(t_aSlip);
P_pa=P_final_aSlip*25%10"5;
dP_pa=diff(P_pa);
dP_bar=diff(P_Volt_aSlip)*25%10"5;
dT=diff(T_fit_dividing);

P_bar_aSlip=P_Volt_aSlip*25;
for j=1:length(t_aSlip)-1
net_hrr_Js_original(j,1)=(gamma/(gamma-
1))#(((P_bar_aSlip(j)+ P_bar_aSlip(j+ 1))*10°5/2))*dV_m3()/dt()+ (1/(gamma-
D)*=((V_m3(()+ V_m3(j+ 1))/2)*(dP_bar(j)/dt());

net_hrr_Js(j,1)=(gamma/(gamma—
1)*((P_pa(j)+ P_pa(+ 1))/2))*dV_m3(j)/dt(j)+ (1/(gamma-
1))+((V_m3G+ 1)+ V_m3())/2)*(dP_pa(j)/dt());
net_hrr_Jdeg(j,1)=(gamma/(gamma-—
1)*((P_pa()+ P_pa(j+ 1))/2))*dV_m3(;)/dT()+ (1/(gamma-
1)*((V_m3(+ 1)+ V_m3(j))/2)*(dP_pa(;)/dT());

t_hrr(j,1)=(t_aSlip(G)+ t_aSlip(+ 1))/2;
T_hrr(j,1)=(T_fit_dividing(G)+ T_fit_dividing(G+ 1))/2end

figure

subplot(4,1,1)
plot(t_hrr,net_hrr_Js_original)
grid on

subplot(4,1,2)
plot(t_hrr,net_hrr_Js)

grid on

subplot(4,1,3)
plot(T_hrr,net_hrr_Jdeg)

grid on
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%% 1 injection timing
format long

figure

subplot(2,1,1)
plot(t_aSlip,inj_aSlip)
title('injection signal')
dinj=diff(inj_aSlip);
dt_cut=diff(t_aSlip);
grad_inj=dinj./dt_cut;

subplot(2,1,2)
plot(grad_inj)
title('Gradient of Inj signal')

ans_inj=find(grad_inj>=5%10"4);
t_inj=t_aSlip(ans_inj);

if length(ans_inj)>1

fprintf('Please check the injection timing')
else

fprintf('time=%fs',t_inj)
end

injection_delay=0.36

t_inj_real=t_inj+ injection_delay*10"-3
fitHRR2=fit(T_hrr,net_hrr_Jdeg,'gauss&");
HRR_Jdeg2=fitHRR2(T_hrr);

Fun_HRR_Sp={it(T_hrr,net_hrr_Jdeg,'smoothingspline')

T_hrr_continue=[T_hrr(1):0.005:T_hrr(length(T_hrr))]";
HRR_fit_Sp=Fun_HRR_Sp(T_hrr_continue);
HRR_fit_spline=spline(T_hrr,net_hrr_Jdeg,T_hrr_continue);
pt_max_HRR=find(max(net_hrr_Jdeg(ans_inj:length(net_hrr_Jdeg)))==net_hrr_Jdeg);
pt_max_P=find(max(P_final_aSlip)==P_final_aSlip);

cut_HRR_forFind_Slope=net_hrr_Jdeg(ans_inj:pt_max_HRR);
cut_T_hrr_fFS=T_hrr(ans_inj:pt_max_HRR);
cut_P_forFind_Slope=P_final_aSlip(ans_inj:pt_max_P);
cut_T_fFS=T_fit_dividing(ans_inj:pt_max_P);

cut_t_fFS=t_aSlip(ans_inj:pt_max_P);
d_fFS_HRR=diff(cut_HRR_forFind_Slope);
d_fFS_T_hrr=diff(cut_T_hrr_fFS);
d_fFS_P=diff(cut_P_forFind_Slope);
d_fFS_T=diff(cut_T_fFS);

57



d_fFS_t=diff(cut_t_fFS);
grad_fFS_HRR=d_fFS_HRR./d_fFS_T_hrr;
grad_fFS_PT=d_fFS_P./d_{fFS_T;
grad_fFS_Pt=d_fFS_P./d_fFS_t;

for j=1:length(cut_T_hrr_{fFS)-1
T_dhrr(§, D=(cut_T_hrr_fFSG)+ cut_T_hrr_fFSG+ 1))/2;%T_fit_dividing(j+ 1,1);%
end
for j=1:length(cut_T_{fFS)-1
T_d_fFSG,1D=(cut_T_fFSG)+ cut_T_{FSG+ 1))/2;
t_d_fFS(,D=(cut_t_fFS()+ cut_t_fFSG+ 1))/2;
end

pt_LocalMaximumValue_ HRR=find(grad_{fFS_HRR==max(grad_fFS_HRR));
pt_LMV_P=find(grad_fFS_PT==max(grad_fFS_PT));
for i=1:length(T_fit_dividing)
line(i,1)=20;

end
figure
subplot(2,2,1)
plot(T_hrr,net_hrr_Jdeg,'r.")
hold on
plot(T_fit_dividing,P_final_aSlip*25%10,'b.")
hold on
plot(T_fit_dividing,inj_aSlip*10,'k")
title(HRR[J/deg]-»; P[10"-1kPal-&A")
hold on
plot(T_fit_dividing,line,'g-")
axis( [-80 80 -600 6001 )
grid on
subplot(2,2,3)
plot(cut_T_hrr_fFS,cut_HRR_forFind_Slope,'r.")
hold on
plot(cut_T_fFS,cut_P_forFind_Slope*25%10,'b.")
hold on
plot(cut_T_hrr_fFS(pt_LocalMaximumValue_HRR),cut_HRR_forFind_Slope(pt_LocalMaximumV
alue_HRR),'ko");
hold on
plot(cut_T_fFS(pt_LMV_P),cut_P_forFind_Slope(pt_LMV_P)*25%10,'g0")

grid on
subplot(2,2,2)
plot(cut_T_hrr_fFS,cut_HRR_forFind_Slope,'r.")
grid on
title(HRR[J/deg ")

subplot(2,2,4)
plot(cut_T_fFS,cut_P_forFind_Slope*25,'b.")
title('P[bar]")

grid on

figure
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subplot(1,2,1)

plot(T_dhrr,grad_fFS_HRR,'k.");

hold on
plot(cut_T_hrr_fFS,cut_HRR_forFind_Slope,'r.")
grid on

subplot(1,2,2)
plot(T_d_fFS,grad_fFS_PT=*25,'k.");

hold on
plot(cut_T_fFS,cut_P_forFind_Slope*25,'b.")
grid on

%% Ver20-4_Stepl3;

cutting_ans=find(T_hrr_continue>-55 & T_hrr_continue<-50);
Ch_net_hrr Jdeg=HRR_fit_Sp;
for i=1:cutting_ans(1);
Ch_net_hrr_Jdeg(i,1)=0;
end
ans_combustion=find(net_hrr_Jdeg>=20);
ans_combustion_inC=find(Ch_net_hrr_Jdeg>=20);
Theta_combustion1=T_hrr_continue(ans_combustion_inC(1)-1);
Theta_combustion2=T_hrr_continue(ans_combustion_inC(1));
C_hrr1=HRR_fit_Sp(ans_combustion_inC(1)-1);
C_hrr2=HRR_fit_Sp(ans_combustion_inC(1));
%ans_combustion=find(HRR_fit_Sp==20)
Conl=abs(20-C_hrrl);
Con2=abs(20-C_hrr2);
if Con1<Con2
position_inC=ans_combustion_inC(1)-1
T_combustion_inC=Theta_combustionl
%t_combustion_inC=t_hrr(position_inC)
else
position_inC=ans_combustion_inC(1)
T_combustion_inC=Theta_combustion2
%t_combustion=t_hrr(position_inC)
end
C_hrr=HRR_fit_Sp(position_inC);

T_fit_Sp=fit(t_hrr,T_hrr,'smoothingspline','SmoothingParam',1)
t_hrr_continue=[t_hrr(1):0.00001:t_hrr(ength(T_hrr))1";
T_HRR_continue2=T_fit_Sp(t_hrr_continue);

ans_ThetaAtC=find(T_HRR_continue2>=T_combustion_inC);

t_combustion=t_hrr_continue(ans_ThetaAtC(1));
T_combustion=T_HRR_continue2(ans_ThetaAtC(1));

peak_hrr=max(net_hrr_Jdeg(1:length(net_hrr_Jdeg),1));
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peak_pt=find(net_hrr_Jdeg==peak_hrr);

figure

subplot(3,1,1)

plot(t_aSlip,inj_aSlip)

hold on

plot(t_inj,ans_inj*0,'ro")

subplot(3,1,2)

plot(t_hrr,net_hrr_Jdeg,'k.")

hold on

plot(t_combustion,20,'bo")

hold on
plot(t_hrr(ans_combustion),net_hrr_Jdeg(ans_combustion),'ro")
title('s_combustion AJ°C E®AT')

hold on

plot(t_aSlip(peak_pt),peak_hrr,'bo")

grid on

subplot(3,1,3)
plot(t_aSlip,inj_aSlip,'b',t_hrr,net_hrr_Jdeg,'r.",t_inj,0,'b*' t_inj_real,0,'r*',t_combustion,C_hrr,'ro
't_hrr,HRR_Jdeg2,'b-")

%% Ver 20—-4_Step?2

cut_T_continue=[T_d_fFS(1):0.005:T_d_fFS(ength(T_d_fFS)1";
ans_pt_combustion=find(cut_T_continue>=T_combustion_inC);
%cut_T_sp=cut_T_continue(ans_pt_combustion(1));
sp_grad_fFS_P=spline(T_d_{FS,grad_{FS_PT,cut_T_continue);

figure

subplot(1,2,1)

plot(T_dhrr,grad_fFS_HRR,'k.");

hold on
plot(cut_T_hrr_fFS,cut_HRR_forFind_Slope,'r.")
grid on

hold on

plot(T_combustion,C_hrr,'bo")

subplot(1,2,2)
plot(T_d_fFS,grad_fFS_PT=25,'k.");

hold on
plot(cut_T_fFS,cut_P_forFind_Slope*25,'r.")

hold on
plot(T_combustion_inC,sp_grad_fFS_P(ans_pt_combustion(1))*25,'bo")
grid on

fprintf('pressure at Combustion point =%f bar',sp_grad_fFS_P(ans_pt_combustion(1))*25)
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T_inj=T_fit_dividing(ans_inj);

if T_combustion>0 & T_inj>-9
figure
plot(T_hrr,net_hrr_Jdeg,'r.")
hold on
plot(T_fit_dividing,P_final_aSlip*25%10,'b.")
hold on
plot(T_fit_dividing,inj_aSlip*10,'k")
hold on
plot(T_fit_dividing,line,'s—")
axis( [-80 80 -600 600] )
hold on
plot(T_combustion,C_hrr,'k*")
grid on

cut_P_basePdropl=cut_P_forFind_Slope;
cut_T_basePdropl=cut_T_{FS;
cut_t_basePdropl=t_aSlip(ans_inj:pt_max_P);

UnderZero_gradP=find(grad_fFS_Pt<=0);

figure

subplot(2,2,1)
plot(cut_t_basePdropl,cut_P_basePdrop1#25,'r.")
grid on

subplot(2,2,2)
plot(cut_T_basePdropl,cut_P_basePdropl1#*25,'r.")
grid on

subplot(2,2,3)

plot(t_d_fFS,grad_fFS_Pt*25,'k.");

hold on

grid on
plot(t_d_fFS(UnderZero_gradP),grad_fFS_Pt(UnderZero_gradP)*25,'bo")

1_UZ_gP=length(UnderZero_gradP);
pt_Ch_gradP=UnderZero_gradP(1_UZ_gP);
t_Ch_gradP=cut_t_fFS(pt_Ch_gradP);
cut_P_basePdrop2=cut_P_basePdrop1(1:pt_Ch_gradP+ 1);

cut_T_basePdrop2=cut_T_basePdrop1(1:pt_Ch_gradP+ 1);
cut_t_basePdrop2=cut_t_basePdrop1(1:pt_Ch_gradP+ 1);

pt_max_P_bPd2=find(max(cut_P_basePdrop2)==cut_P_basePdrop2);
P_max_inP_bPd2=max(cut_P_basePdrop2);
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%step 3

cut_P_basePdrop3=cut_P_basePdrop1l(pt_Ch_gradP+ 2:length(cut_P_basePdropl));
cut_T_basePdrop3=cut_T_basePdropl(pt_Ch_gradP+ 2:length(cut_P_basePdrop1l));
cut_t_basePdrop3=cut_t_basePdropl(pt_Ch_gradP+ 2:length(cut_P_basePdropl));

t_bPd3=[min(cut_t_basePdrop3):0.00001:max(cut_t_basePdrop3)];
P_bPd3=spline(cut_t_basePdrop3,cut_P_basePdrop3,t_bPd3);
pt_near_MaxP=find((P_max_inP_bPd2-0.5)<P_bPd3 & (P_max_inP_bPd2+ 0.5)>P_bPd3);
P_maxMinusP=abs(P_max_inP_bPd2-P_bPd3(pt_near_MaxP));
pt_recoverP=find(min(P_maxMinusP)==P_maxMinusP);

recover_t=t_bPd3(pt_recoverP);

T_bPd3=spline(cut_t_basePdrop3,cut_T_basePdrop3,t_bPd3);

recover_T=T_bPd3(pt_recoverP); % Recover pressure point

T_combustion=recover_T
t_combustion=recover_t

else

%% 3. Real Injection Timing [deg]
figure
plot(T_fit_dividing,inj_aSlip, T_hrr,net_hrr_Jdeg,'r.", T_fit_dividing(ans_inj),0,'b*', T_combustion,
C_hrr,'ro', T_hrr,HRR_Jdeg2,'b-")
title('signal of Inj & HRR(J/deg)")
xlabel('Theta(deg)")

ylabel('J/deg, Volt")

axis ( [-80 80 -200 5001 )

grid on

end

IDT=t_combustion-t_inj_real %[second]|
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T_inj=T_fit_dividing(ans_inj);

if max(P_final_aSlip)*25 < 25 %misfire Condition from motoring data!

end
%% 4. Saving

columnAl=t_aSlip;

columnB1l=dis_Volt_aSlip; % [Volt] Data from laser displacement Sensor
columnC1=T_fit_dividing;

columnD1=P_Volt_aSlip; % [Volt] Actual Data.
columnE1=P_final_aSlip; % [Volt] Smoothline fitting .
columnF 1=inj_aSlip;

columnG1=PS0_aSlip;

columnH1=PS50_aSlip;

columnl1=PS100_aSlip;

columnJ1l=enc_aSlip;

columnK1=Volume_test; %[cm”3]

columnAZ2=t_hrr;
columnB2=T_hrr;
columnC2=net_hrr_Js;
columnD2=net_hrr_Jdeg;
columnE2=HRR_Jdeg?2;

columnA3=t_inj;
columnB3=t_inj_real;
columnC3=T_inj;
columnD3=t_combustion;
columnE3=T_combustion;
columnF3=IDT;

Saving_Arrayl=[columnAl,columnB1l,columnC1,columnD1,columnEl,columnF1,columnG1,colu
mnH1,columnll,columnJ1,columnK1];
Saving_Array2=[columnA2,columnB2,columnC2,columnD2,columnE2];
Saving_Array3=[columnA3,columnB3,columnC3,columnD3,columnE3,columnF31;
S_filename='"title_cal_garduation.xlsx'

xlswrite(S_filename,Saving_Arrayl,1)

xlswrite(S_filename,Saving_Array?2,2)

xlswrite(S_filename,Saving_Array3,3)

% IMEP

file_for_IMEP='"title_cal_garduation.xlsx' %jpg

63



[Data_oril=xlsread(file_for_IMEP);

Theta=Data_ori(:,3);
P=Data_ori(:,5);
Volume=Data_ori(:,11);

pt_V_min=find(min(Volume)==Volume);

V_CS=Volume(1l:pt_V_min);
P_CS=P(1:pt_V_min);

V_ES=Volume(pt_V_min+ 1:length(Volume));
P_ES=P(pt_V_min+ 1:length(Volume));

check80degl=abs(V_CS-2000);
pt_V_CS_at80deg=find(min(check80deg1l)==check80degl);

check80deg2=abs(V_ES-2000);
pt_V_ES_at80deg=find(min(check80deg2)==check80deg?2);

figure
plot(Volume,P#25,'b.",V_CS(pt_V_CS_at80deg),P_CS(pt_V_CS_at80deg)*25,'r+'\V_ES(pt_V_ES_
at80deg),P_ES(pt_V_ES_at80deg)*25,r*")

hold on

plot(2614,[0:max(P)],'¢'

grid on

cutV_CS=V_CS(pt_V_CS_at80deg:length(V_CS));
cutP_CS=P_CS(pt_V_CS_at80deg:length(V_CS))*25;

cutV_ES=V_ES(1:pt_V_ES_at80deg);
cutP_ES=P_ES(1:pt_V_ES_at80deg)*25;

work_CS=trapz(cutV_CS,cutP_CS)
work_ES=trapz(cutV_ES,cutP_ES)

% Bore=100 CrankRod=225
V_d=(pi*10"2/4)%2%22.5 % [cm"3]
mep=(work_CS+ work_ES)/V_d %|[bar|

fprintf("Wnmep = %f barWn',mep)
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Abstract

A Study on the Autoignition characteristics
of gasoline/biodiesel blended fuel using a

Rapid Compression Expansion Machine

Kyeonghun Jwa
Dep. of Mechanical and Automotive Engineering

Graduate School, University of Ulsan

Internal combustion engines using fossil fuels cause two problems:
exhaustion of petroleum resources and global warming due to combustion
products and air pollution. For researchers, therefore, increasing fuel
efficiency and reducing harmful emissions was an important concern. Among
them, the gasoline compression ignition method can reduce exhaust gas
emissions with high efficiency. However, due to the spontaneous 1gnition
resistant characteristics due to the high-octane number of gasoline, there
1s a problem that the combustion 1s not performed properly at a low intake

temperature under low load operation.
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In this study, the problem of GCI method at low intake air temperature was
solved by using gasoline biodiesel blended fuel, and the autoignition
characteristic of gasoline biodiesel blended fuel was analyzed using a
rapid compression expansion machine(RCEM).

Gasoline biodiesel blend fuel was mixed 20% of biodiesel with gasoline
volume and spontaneous ignition characteristics were analyzed according to
fuel injection timing and compression ratio.

First, this study investigated the spontaneous ignition characteristics of
gasoline biodiesel blended fuel according to the injection timing. The
compression ratio was fixed at 12, and the injection timing was delayed
from -49 ° CA ATDC. In the range of -10 ° CA to ATDC, the ignition delay
time of the mixed fuel was shortened and the IMEP was increased as the
injection timing was delayed. However, the ignition delay time and IMEP did
not change when injected near TDC.

To investigate the auto—ignition characteristics of the gasoline biodiesel
blended fuel according to the compression ratio, the compression ratios
were tested at 10, 14 and 16, and the injection timing was -33 ° CA ATDC,
-20 ° CA ATDC, -10 ° CA ATDC, and -0 ° CA ATDC. The Ignition delay
tended to be shorter as the injection timing was delayed at all compression
ratios. However, IMEP calculated the IMEP at CR10, CR16 only at specific

injection periods and -10 ° at -20 ° CA ATDC. At the compression ratios
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12 and 14, the best IMEP results were obtained at the widest crank angle

range of -10 ° CA ATDC at -20 ° CA ATDC.
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