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'j=QDL= |=Q=O Cq=L QO pm |xOWO=R; CQ=QL xm OyO|t u=Wv 5 pmW|UQQ@
hqDN= R= CQ=QL |R=UO=R; MQv =@ xU}=kt QO xm CU= 250 J |r= 200 J u}@=t
x@ xHwD =@ "CU= j=QDL= u=tR COt R= |W=v OQmrta u}= "CU= Q=OQwNQ@ |QDsm
=t= OwW|t hkwDt j=QDL= OwW|t QiY |vLvt ?}W xm |}x]kv QO 'pmW u}=
xm CU= C@Ft xQ=wty EGR = �30 Cr=L QO Q=Owtv ?}W xm OwW|t xOy=Wt
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j=QDL= |=tO Vy=m R= |W=v OQmrta u}= "O@=}|t Vy=m COWx@ NOx |xOv}q;
xm u}= x@ xHwD =@ w CU= j=QDL= Ov}=Qi QO |HwQN |DWoQ@ |=yR=o CmQW QF= QO
=tO Vy=m 'OyO|t MQ q=@ |=y=tO QO (N) uSwQD}v w (O) uS}Um = |}=}t}W Ovw}B
Vy=m QO |QF-wt Vkv Ov=wD|t EGR sDU}U u}=Q@=v@ "OwW|t NOx O}rwD R= `v=t
V}=Ri= CQ=QL |R=UO=R; MQv =@ ?U=vDt NOx O}rwD "OW=@ xDW=O NOx |xOv}q;
"OwW|t xQ}NP sDU}U QO w xDiQv u}@ R= xOW O}rwD NOx 'j=QDL= s=tD= =@ w O@=}|t
,=@} QkD NOx u=R}t q=@ |=tO Ow@v w j=QDL= Ow@v p}rOx@ EGR = �30 Cr=L QO

"CU= QiY

"pm xOW O=R; CQ=QL Q@ EGR Q}F-=D "5 pmW

"NOx O}rwD Q@ EGR Q}F-=D "6 pmW

R= GwQN CQwY QO xm Ow@ Oy=wN pw@k p@=k u}at |xOwOLt l} QO EGR p=ta=
Q=Wi RmQtD EGR OYQO V}=Ri= =@ "CW=O Oy=wNv =Q sRq |}=Q=m QwDwt xOwOLt u}=
R= "CU= |r=aDW=OwN QO Q}N-=D R= QF-=Dt xm O@=}|t Vy=m q=@ nQt |x]kv QO l}B
Q=Wi Vy=m '�3 w 2 |=ypmW� OvQ=O sy =@ |t}kDUt |x]@=Q Q=Wi w =tO xm =Hv;
R= |W=v Xk=v j=QDL= p}rOx@ Qt= u}= "Ot=Hv=|t QOvr}U |=tO \UwDt Vy=m x@
|WN@ Xk=v j=QDL= O=H}= =@ "CU= HCCI j=QDL= QO |HwQN |=yR=o CmQW
|SQv= O}rwD uwO@ xH}DvQO w j=QDL= Ov}=Qi QO CmQW uwO@ CNwU/=wy \wrNt R=

"OwW|t GQ=N QOvr}U R= |}=tQo
|r=aDW=OwN Ov}=Qi QO |tytVkv =yv; Q=WDv= w O=R; |=yp=m}O=Q O=H}= xm =Hv; R=
=@ R}v w 'Ovm|t =i}= uoty CNwU |tm =QD j=QDL= |=yQwDwt QO CNwU/=wy \wrNt
COWx@ Ovm|t O}rwD =Q =yp=m}O=Q u}= xm |}=yVvm =w s=Hv= CaQU xm u}= x@ xHwD
=@ EGR V}=Ri= 'O@=}|t |Q}otWJ Vy=m =tO Vy=m =@ w CU= xDU@=w =tO x@

"OwW|t |r=aDW=OwN QO Q}N-=D ?Hwt =tO Vy=m
OvJ u=R}tx@ CQ=QL |R=UO=R; MQv 100BTDC |m}ORv QO 4 pmW x@ xHwD =@
x@ xHwD =@ XwYN u}ty QO "OwW|t l}ORv QiY x@ xQ=@ wO w O@=}|t V}=Ri= pwS
xm O@=}|t V}=Ri= |QDW}@ COW =@ xOwOLt u}= QO R}v Q=Wi w =tO '3 w 2 pmW wO
"CU= HCCI Ov}=Qi R= xOwOLt u}= QO h}a[ |k=QDL= ẁkw Qou=Wv OQmrta u}=
x@ C@Uv =Q CQ=QL u} QDW}@ w xOW ẁQW QDOwR j=QDL= u}= EGR uwO@ Cr=L QO
uwO@Cr=L QO j=QDL= |=Q@ QD?U=vt\}=QW Qou=Wv xm Ovm|t O}rwD EGR =@Cr=L
u} QDW}@ |=Q=O CQ=QL |R=UO=R; MQv pmW u}= x@ xHwD =@ u}vJty "CU= EGR

TB |xrLQt QO xm OwW|t xOy=Wt "CU= EGR uwO@ Cr=L QO OwN Q=Okt
=@ w CU= Cq=L Q}=U R= QDW}@ xQ=wty EGR = �30 Cr=L |vLvt 'j=QDL= R=

"j=QDL= |x_iLt |=tO \UwDt Q@ EGR Q}F-=D "3 pmW

"CQ=QL |R=UO=R; MQv Q@ EGR Q}F-=D "4 pmW
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(100ATDC) q=@ nQt |x]kv R= Oa@ xHQO 10 C}akwt QO QOvr}U pN=O \}Lt
\UwDt xm OyO|t u=Wv |}=tO C=Q}}eD x@ \w@ Qt uwDU "CU= xDiQo =Qk |UQQ@ OQwt
pmW u}= x@ xHwD =@ "Ovm|t Ci= EGR OYQO V}=Ri= =@ j=QDL= |x_iLt |=tO
QOvr}U |q=@ |=[i QO 'Cr=L |t=tD QO |}=tO RmQtD u} QDW}@ xm OwW|t XNWt

"OQ}o|t CQwY xQ=w}O |m}ORv QO w
OYQO V}=Ri= =@ xm OyO|t u=Wv NOx |xOv}q; O}rwD x@ \w@ Qt uwDU
|=Q@ xOW x�=Q= C=L}[wD x@ xHwD =@ "O@=}|t Vy=m |O}rwD NOx u=R}t EGR

w QOvr}U |q=@ |=[i QO xOv}q; u}= O}rwD xm OwW|t |v}@V}B '|}=tO C=Q}}eD
OQ}o|t CQwY x}L=v u}= QO |}=tO RmQtD =Q} R 'OQ}o CQwY xQ=w}O |m}ORv QO
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QO uS}Um = u=R}t 'pmW u}= x@ xHwD =@ "O@=}|t Vy=m QOvr}U QO OwHwt uS}Um =
V}=Ri= =@ w OQ=O =Q OwN Q=Okt u} QDsm xQ=w}O |m}ORv QO w QOvr}U |q=@ |=[i
u}= ẁkw "OwW|t QiY ,=@} QkD Q_v OQwt |x}L=v QO xvwo u}= u=R}t EGR OYQO

"CU= x}L=v u}= QO q=@ |}=tO RmQtD p}rOx@ xO}OB
OYQO V}=Ri= =@ xm OyO|t u=Wv Tvqw@ QwD |W@vH |SQv= x@ \w@ Qt uwDU
V}=Ri= QF= Q@ =tO Vy=m R= |W=v OQmrta u}= "O@=}|t Vy=m |SQv= u}= RmQtD EGR

"CU= |DWoQ@ |=yR=o u=R}t

|Q}oxH}Dv "5
pN=O x@ j=QDL= R= pY=L |HwQN |=yR=o CWoR=@ Q}F-=D |UQQ@ xar=]t u}= R= hOy
u}= |}=Q=m V}=Ri= w Deutz pO@t QwDwt QO HCCI j=QDL= pQDvm Qw_vtx@ QOvr}U

"CU= QwDwt ẁv
=O}B Vy=m QOvr}U Q=Wi xv}W}@ EGR u=R}t V}=Ri= =@ OyO|t u=Wv =y|UQQ@ �
QDW}@ Xk=v j=QDL= X=N |xOwOLt l} R= EGR OYQO Qw@a =@ "Ovm|t
|xO}OB ẁkw p=tDL= xOwOLt u}= R= Qw@a w OvwQ u}= |xt=O= =@ w OwW|t u=}=tv
pw@k p@=k u}at |}xOwOLt QO EGR p=ta= =Pr "O@=}|t V}=Ri= COWx@ |oiN

"Ow@ Oy=wN

"xOwO O}rwD Q@ EGR Q}F-=D "7 pmW

"CO2 O}rwD Q@ EGR Q}F-=D "8 pmW

xOW xO=O u=Wv EGR hrDNt |=yOYQO QO xOwO O}rwD u=R}t 7 pmW QO
xOWO}rwD |xOwO u=R}t EGR OYQO V}=Ri= =@ OwW|t xOy=Wt xm u=vJ "CU=
R= |HwQN |=yR=o CmQW QF= Q@ Xk=v j=QDL= O}rwD p}rOx@ u}= w O@=}|t V}=Ri=
|D}akwt QO xOwO Q=Okt u} QDW}@ 7 pmW x@ xHwD =@ "CU= j=QDL= Ov}=Qi QO QwDwt
OwW|t O}rwD 1200BTDC |xOwOLt QO 'j=QDL= u=tR w q=@ nQt |x]kv R= QwO
EGR = �30 Cr=L QO "CU= xOwOLt u}= QO CNwU Xk=v j=QDL= Qov=}@ xm
xOwO O}rwD xQ=wty 'ORwU|t Xk=v CQwYx@ Ov}=Qi u=}=B =D xDNwUv CNwU uwJ

"O@=}|t V}=Ri= u; u=R}t w OQ=O OwHw
xOW xO=O u=Wv EGR hrDNt |=yOYQO QO CO2 O}rwD u=R}t 8 pmW QO
CO2 O}rwD u=R}t EGR V}=Ri= =@ OwW|t XNWt pmW u}= x@ xHwD =@ "CU=
x@ |QDsmCNwU/=wy \wrNt '|DWoQ@ |=yR=o u=R}tV}=Ri= =@ xm =QJ O@=}|tVy=m
CmQW QD|wk |}=}t}W |=yVvm =w QO O 'uS}Um = Ow@tm =@ u}=Q@=v@ "OUQ|t QOvr}U
|Oa@ |=yC} wrw= QO uS}Um = |=ypwmrwt |=Q@ CO2 p}mWD Qo}O CQ=@ax@ "Ovm|t
V}=Ri= =@ |iQ] R= "O@=}|t Vy=m xOv}q; u}= O}rwD u=R}t wQ u}ty R= w OQ=O Q=Qk
O@=}|t V}=Ri= Ov}=Qi |=OD@= QO QOvr}U pN=O x@ |OwQw CO2 u=R}t EGR OYQO

"OUQ|t Q_v x@ |a}@] EGR sDU}U C}y=t x@ xHwD =@ xO}OB u}= xm
xOW xO=O u=Wv EGR hrDNt |=yOYQO QO CO O}rwD u=R}t 9 pmW QO
xHwD =@ "O@=}|tV}=Ri= CO u=R}t EGR OYQOV}=Ri= =@ xm OwW|t xOy=Wt "CU=
w xO=O Vvm =w u@ Qm |=ypwmrwt =@ OwHwt uS}Um = Cio u=wD|t p@k C=L}[wD x@
uS}Um = pwmrwt Ow@tm HCCI j=QDL= Ov}=Qi QO |HwQN |=yR=oCmQW p}rOx@ uwJ
OvyO|t Vvm =w uS}Um = pwmrwt l} =@ ,=iQY u@ Qm |=ypwmrwt =Pr 'OQ=O OwHw
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"(100ATDC)

QO j=QDL= xm OyO|t u=Wv EGR R=hrDNt |=yOYQO QO xOW O=R; CQ=QL MQv �
NOx |xOv}q; u=R}t EGR OYQO V}=Ri= =@ "OyO|t |wQ |Dw=iDt |=yu=tR
QF= Ov=wD|t EGR sDU}U u}=Q@=v@ "O@=}|t Vy=m COWx@ QOvr}U R= |HwQN

"OW=@ xDW=O NOx |xOv}q; Vy=m Q@ |@ wr]t
xOW O}rwD |xOwO u=R}t 'Xk=v j=QDL= O}rwD p}rOx@ w EGR OYQO V}=Ri= =@ �

"O@=}|t V}=Ri=
V}=Ri= =@ u}vJty &OwW|t CO2 O}rwD u=R}t Vy=m ?Hwt EGR V}=Ri= �

"O@=}|t V}=Ri= CO u=R}t EGR OYQO

j=QDL= O=H}= =@ "OwW|t QOvr}U |=tOVy=mEa=@u}vJty EGR u=R}tV}=Ri= �
xH}DvQO w j=QDL= Ov}=Qi QO CmQW uwO@ CNwU/=wy \wrNt R= |WN@ Xk=v
?Hwt EGR u=R}t V}=Ri= "OwW|t GQ=N QOvr}U R= |}=tQo |SQv= O}rwD uwO@
|rw &CU= Xk=v j=QDL= R= |W=v xm OwW|t xOW O=R; CQ=QL Q=Okt Vy=m
�� sm =QD V}=Ri= QF= Q@ =tO V}=Ri= p}rOx@ �� |oiN |xO}OB uOW Qy=_ =@ |DL
sOa CQwYQO |DL xH}DvQO "Ovm|t |] |OwaY Q}U xOWO=R; CQ=QL u=vJty
O=R; CQ=QL MQv u} QDW}@ CU= QmP p@=k "OW Oy=wN O=R; CQ=QL 'j=QDL= OwHw

"CU= EGR uwO@ Cr=L QO xOW

=yCWwv=B
1. computational 
uid dynamic (CFD)
2. homogeneous charge compression ignition (HCCI)
3. exhaust gas recirculation (EGR)
4. compression ignition (CI)
5. spark ignition (SI)
6. indicated mean e�ective pressure (IMEP)
7. before top dead center (BTDC)
8. after top dead center (ATDC)
9. crank angle degree (CAD)
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