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Q@ =wy |xi=[= Q=Okt w CNwU VW=B ẁQW |x} w=R Q}F-=D Vv=Q=mty w |@Lt

uSwQD}v |=yO}Um = |=yxOv}q; Vy=m |=Q@ G}=Q |=yVwQ R= |m} 1u}}=B =tO j=QDL=
u}= |=yVwQ u}rw= wRH 2uoty \wrNt |tm =QD p=aDW= j=QDL= [1]"CU= xOwO w
QOvr}U R= GQ=N uoty CQwYx@ =wy w CNwU \wrNt u; QO xm CU= j=QDL= ẁv
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Q=WDv= R= QDtm xOW xO=O V}=tv |SQv= Q=WDv= u}=Q@=v@ &OwW|t xDiQo xO}O=v ��20
l}t=v}OwtQD pw= uwv=k T=U= Q@ Q} R |x]@=Q j@=]t QF-wt |SQv= "CU= |ak=w |SQv=

"OwW|t x@U=Lt
Qi = c

k � 1 [k:pi: (Vi+n � Vi�n) + Vi: (pi+n � pi�n)] (3)

l}B wQD|rB ?} Q[ k '�xHQO 1� CU= |D=@U=Lt |xrLQt |xrY=i n u; QO xm
C@=F OOa c w QOvr}U |}x_Lr sHL V 'QOvr}U pN=O |}x_Lr Q=Wi p ' cpcvp@k =Q |ivt Q}O=kt ,qwtat |SQv= Q=WDv= |vLvt 'Q}N@D C=Q}F-=D x@ xHwD =@ [18]"CU=
"OyO|t u=Wv x_iLt pN=O x@ CNwU s}kDUt j} QRD =@ |=yQwDwt |=Q@ j=QDL= R=
Q_v QO 'OwW|t C@Ft xQ=@ wO dQ Q=Okt xm |ovr |x} w=R R= (SOC) j=QDL= ẁQW

"OwW|t xDiQo

=yuwtR; pL=Qt "4"2
w |}xrLQtlD VW=B 'pR}O CNwU VW=B hrDNt |=yOQ@y=Q |UQQ@ |=Q@
CNwU VW=B Q=Wi 'pR}O CNwU |}xrLQtlD VW=B QO "OW |UQQ@ |}xrLQtwO
QwDwt j=QDL= |xOwOLtVW=B Q=Wi Qy QO w OQm =O}B Q}}eD 600 bar =D 300 bar R=
XNWt |xOwOLt QO w OW XNWt pR}O CNwU VW=B nvr |x} w=R Q_v R=
Q=Wi Q}}eD |xv}W}@ 'HRR 'QOvr}U pN=O Q=Wi Ovv=t |k=QDL= |=yQDt=Q=B xOW
NOx w CO 'HC Ovv=t |oOv}q; |=yQDt=Q=B w IMEP w (Rmax) QOvr}U pN=O
xOW xO}W=B CNwU sQH s}UkD =@ |}xrLQt wO VW=B QO "OW VQ=Ro w |Q}oxR=Ov=
|xrLQt "OW xO}W=B j=QDL= |x_iLt pN=O x@ CNwU xrLQt wO QO 'CtUkwO x@
swO |xrLQt w sm =QD |xrLQt R=e; QO w =wy A=B wU uOW xDU@ R= TB (SOI1) pw=
nvr |x} w=R x@ xHwD =@ "CiQo s=Hv= VW=B TDC |x]kv |m}ORv QO (SOI2)

VW=B nvr |x} w=R Q_v R= QwDwt j=QDL= |xOwOLt 'pw= |xrLQt CNwU VW=B
Ovv=t |k=QDL= |=yQDt=Q=B xOW XNWt |xOwOLt QO w OW XNWt pR}O CNwU
'HC Ovv=t |oOv}q; |=yQDt=Q=B w IMEP w Rmax 'HRR 'QOvr}U pN=O Q=Wi

"OW VQ=Ro w |Q}oxR=Ov= NOx w CO

|=DU=Q QO xDi=} xaUwD Q=Wi QopQDvm R= xO=iDU= =@ 600 bar w 500 '400 '300
|Q=mlvN ?; |=tO w |OwQw |=wy |=tO "OW s=Hv= uwtR; s=Hv=\}=QW |R=UxO=t;
Q=Wi "OvOW |Q=Oyov O=Qo|Dv=U |xHQO 60 � 1 w 37 � 1 |=tO QO ?}DQDx@
h} QaD Q} R KQW x@ \qDN= V}B C@Uv "OW s}_vD 0 4 Mpa QO |OwQw |=wy

%OwW|t

rp =

mgaseousfuel�LHVgaseousfuel
mgaseousfuel�LHVgaseousfuel +mliquidfuel�LHVliquidfuel

(1)

w CNG CNwU |tQH |@O ?}DQDx@ mliquidfuel w mgaseousfuel u; QO xm
CNwU u}}=B|DQ=QL VRQ=?}DQDx@LHVliquidfuel wLHVgaseousfuel pR}O
u; QO xm rp = �60 \qDN= V}B C@Uv QO QwDwt uwtR; "OvDUy pR}O w CNG

"OW s=Hv= 'Ow@ Q=OQwNQ@ |@ wN |Q=O}=B R= QwDwt
|Q}ou}ov=}t =@ w\@[|r=wDt |xQwO 300 |=Q@ Q=Wi |=yxO=O 'Cr=L Qy |=Q@
nvr |x} w=R =@ Q_=vDt CA90 w CA50 ' CA10 |=yQDt=Q=B "OvOW x@U=Lt
u}= Q@xwqa "OwW|t h} QaD |DQ=QL |SQv= CW=@v= R= �90 w �50 '�10 ?}DQDx@
Q=Okt "OvwW|t xDN=vW j=QDL= pw] u=wvax@ CA90 w CA10 u}@ nvr |x} w=R
|xrO=at R= xNQJ Qy LHVDF |xDNwUwO j=QDL= Cr=L 21u}}=B |DQ=QL VRQ=

%O};|t CUO x@ Q} R

LHVDF
�
MJ
kg

�
= _mCNGLHVCNG + _mDieselLHVDiesel

_mCNG + _mDiesel
(2)

CNwUVW=B Q=Okt _mDiesel 'xNQJ Qy QOCNGVW=B Q=Okt _mCNG u; QO xm
LHVDiesel w CNG CNwU u}}=B |DQ=QL VRQ= Q=Okt LHVCNG 'pR}O

"CU= pR}O CNwU u}}=B |DQ=QL VRQ= Q=Okt
CNwU pm |SQv= 'rp Q}}eD s=ovy QO uwtR; \}=QW QO Q=@ QF= R= |Q}owrH |=Q@
Q=Ri=sQv QO 2 pmW j@=]t |}xt=vQ@ Qw_vtu}O@ &OW xDW=O xov C@=F xNQJ Qy |=Q@
xt=vQ@ u}= QO "OW xDWwv CNwU Qy VW=B pw] w VW=B u=R}t u}}aD |=Q@ ?rDt
VW=B |=Q@ =Q CNwU ẁv wO w |y=oQO CNwU u=wvax@ =Q CNwU ẁv wO u=wD|t
Qy |r=oJ w u}}=B |DQ=QL VRQ= u}}aD =@ "CiQo Q_v QO QOvr}U pN=O s}kDUt
uOw@C@=F ZQi =@ '\qDN= V}B C@Uv w CNwU l} VW=B u=R}t w 'CNwU
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v=mt

|U
Ovyt Q=Wi |xv}W}@ w Ow@ Oy=wN QDOwR xHQO 2 5 j=QDL= ẁQW '600 bar =D 300 R=

"O@=}|t V}=Ri= OYQO 2 68 HRR w OYQO 0 66 j=QDL= |x_iLt pN=O
nQt |x]kv R= p@k xHQO 52 OwOL x@ VW=B ẁQW |x} w=R QO Q}N-=D V}=Ri= =@
VW=B |x} w=R uDN=Ov= V}B =@ TmaQ@ w s}DUy V@ wm =@ x=Qty j=QDL= Oy=W q=@
w O@=}|t V}=Ri= ,=O}OW |}xNQJ C=v=Uwv q=@ nQt |x]kv R= p@k xHQO 60 x@
=@ 3 pmW j@=]t "Ovm|t Ci= u; u=wD xH}Dv QO w OwW|t |RwUO@ Q=JO QwDwt
QO Q}N-=D V}=Ri= =@ u=tRsy pR}O CNwU VW=B |x} w=R uDN=Ov= V}B u=R}t Vy=m
u}vJty &O@=}|t Vy=m Pmax w HRR |xv}W}@ =wy w CNwU \wrNt p=aDW=
MQ QDOwR pR}O CNwU VW=B |x} w=R uDN=Ov= V}B =@ Pmax w HRR |xv}W}@
pR}O CNwU VW=B ẁQW |x} w=R uDN=Ov= j} waDx@ =@ p=Ft |=Q@ [24]"CU= xO=O
QOvr}U pN=O Q=Wi |xv}W}@ OYQO 12 37Vy=m Oy=Wnvr |xHQO 6 |xR=Ov=x@

"ODi=|t Q}N-=D x@ nvr |xHQO 5 =D sy j=QDL= ẁQW |x} w=R w s}DUy
&O@=}|tV}=Ri= Rmax 'VW=B Q=WiV}=Ri= =@ OwW|t xO}O 5 pmW QO xmu=vJ
|xrLQt QO =wy w CNwU R= |QDW}@ \wrNt p}mWD Ea=@ VW=B Q=Wi V}=Ri= =Q} R
|xrLQt |=Q@ |QDW}@ |=wy w CNwU \wrNt 'u; `@Dx@ "OwW|t p=aDW= Q}N-=D
QO |QDW}@ |SQv= 'p=aDW= ẁQW =@ Cr=L u}= QO "OwW|t sy=Qi xDN}t;V}B j=QDL=
xH}Dv QO w OyO|t V}=Ri= =Q QOvr}U uwQO Q=Wi w OwW|t O=R; j=QDL= Ov}=Qi u=} QH
Q=Wi pR}O CNwU VW=B Q=Wi V}=Ri= =@ u}vJty "OWN@|t Ow@y@ =Q QwDwt OQmrta
V}=Ri= =@ QDu}}=B p=aDW= QO Q}N-=D u=tR uDW=O "O@=}|t Vy=m xm}Ov= \UwDt QF-wt
|iQ] R= &OwW|t QDW}@ |Wvm =w |xraW w \qDN= u=tR Vy=m Ea=@ 'VW=B Q=Wi
|x} w=R uDN=Ov= V}B =@ ,=vt[ "OwW|t \=U@v= |xrLQt QO QDtm Q=m O}rwD Ea=@
Rmax u=R}t u=tRsy w O@=}|t V}=Ri= p=aDW= QO Q}N-=D u=R}t pR}O CNwU VW=B
'(A10) ẁQW Q@ CNwU VW=B Q=Wi QF= 6 pmW QO "O@=}|t Vy=m IMEP w
xOy=Wt xm Qw]u=ty "CU= xOW xO=O u=Wv (A90) j=QDL= |=yDv= w (A50) xv=}t
ẁQW |x} w=R OQ=D} Q V}=Ri= u}vJty w CNwU VW=B Q=Wi Vy=m =@ OwW|t

|x} w=R =wy w CNwU \wrNt p=aDW= QO Q}N-=D V}=Ri= Crax@ 'pR}O CNwU VW=B
VW=B u=tR QO 7 pmW QO p=Ft |=Q@ "O@=}|t V}=Ri= A90 w A50 'A10 nvr
pw] '600 bar =D 300 R= pR}O CNwU VW=B Q=Wi V}=Ri= =@ 550CA BTDC

"O@=}|t Vy=m OYQO 7 6 '�A90 w A10 nvr |x} w=R hqDN=� j=QDL=

|oOv}q; Q@ pR}O CNwU VW=B ẁQW |x}w=R w Q=Wi QF= "2"3
V}=Ri= NOx Q=WDv= u=R}t pR}O CNwU VW=B Q=Wi V}=Ri= =@ 8 pmW j@=]t
CNwU VW=B Q=Wi V}=Ri= "O@=}|t Vy=m CO w UHC Q=WDv= u=R}t w O@=}|t
=@ w OwW|t QOvr}U pN=O QO =wy w CNwU \wrNt |R=Uj@]t V}=Ri= Ea=@
CNG R=o |xDN}t;V}B \wrNt pN=O QO CNwU |QBU= Pwiv CaQU V}=Ri=
QO w CNwU VW=B Q=Wi V}=Ri= =@ "O@=}|t Vy=m p=aDW= QO Q}N-=D u=tR '=wy w
Q=WDv= u=R}t u}=Q@=v@ &O@=}|t V}=Ri= j=QDL= |x_iLt |=tO HRR V}=Ri= xH}Dv
xDNwUv u@ QmwQO}y u=R}t xmu}= x@ xHwD =@ "O@=}|t Vy=m UHC w V}=Ri= NOx

pQDvm =Q CNwU uw}U=O}Um =w |x} RHD u=R}t 'j=QDL= |x_iLt QO \wrNt |=tO w
CNwU VW=B Q=Wi V}=Ri= =@ w CU= CO p}mWD MQv |xOvvmXNWt 'Ovm|t

"OvwW|t CO Vy=m Ea=@ pt=wa u}= pR}O
CNwU VW=B Q=Wi V}=Ri= =@ '550CA BTDC VW=B u=tR QO p=Ft |=Q@
w UHC w V}=Ri= OYQO 154 =D NOx Q=WDv= u=R}t '600 bar =D 300 R= pR}O

"O@=}|t Vy=m OYQO 57 w 32 =D ?}DQD x@ CO

"QDt=Q=B Qy C}a]k sOa w =yQDt=Q=B |Q}oxR=Ov= |xOwOLt "4 pwOH
��� C}a]k sOa |Q}oxR=Ov= |xOwOLt xYNWt

2 85 sHL �10 =D 0 CO |xOv}q;
2 74 sHL ppm 20000 =D 0 HC |xOv}q;
2 77 sHL ppm 5000 =D 0 NOx |xOv}q;
1 3 10 kg=h =D 0 CNG CNwU |@O
0 6 300 kg=h=D 200 g=h pR}O CNwU |@O
0 53 sHL �10 =D 0 |DQ=QL xOR=@
2 34 sHL ppm 20000 =D 0 HRR |SQv= Q=WDv= MQv
2 89 sHL ppm 5000=D 0 EGR OYQO

=]N p}rLD w x} RHD "5"2
`@=vt R= CU= umtt xm OvDUy C}a]k sOa R= |}xHQO |=Q=O =y|Q}oxR=Ov= |xty
'=y|Q}oxR=Ov= |xH}Dv =@ x]@=Q QO C}a]k sOa |@=} RQ= Ov}=Qi "OwW pY=L |vwo =vwo
C}a]k sOa [20w19]"OwW|th} QaD =]N p}rLD =}C}a]k sOa p}rLD u=wvax@?re=
u}}aD Q} R |x]@=Q R= xO=iDU= =@ |D=@U=Lt |=yQDt=Q=B w xOW |Q}oxR=Ov= |=yQDt=Q=B

"OvwW|t
R = f(x1; x2; :::; xn)

WR =
��

@R
@x1 �w1

�2
+
�
@R
@x2 �w2

�2
+ :::+

�
@R
@xn

�xn
�2� 12

�W = WR
R � 100

(4)

wn w|}=yvC}a]k sOaWR 'pkDUt QDt=Q=B x 'xOW |Q}oxR=Ov= QDt=Q=BR u; QO xm
|Q}oxR=Ov= |xOwOLt 4 pwOH QO [21]"CU= pkDUt |=yQ}eDt |=yC}a]k sOa

"CU= xOW xOQw; QDt=Q=B Qy C}a]k sOa w =yQDt=Q=B

G}=Dv "3
j=QDL= Q@ pR}O CNwU VW=B ẁQW |x} w=R w Q=Wi QF= "1"3

CNwU \qDN=C}i}m QO syt |rt=wa u=wvax@CNwUVW=B ẁQW |x} w=R w Q=Wi
CNwU VW=B Q=Wi "OvQ=O Q}F-=D QOvr}U uwQO \wrNt |R=Uj@]t Q@ w OvDUy pR}O
QHvt xm O@=}|t V}=Ri= C=Q]k sDvtwt u=R}t 'VW=B Q=Wi V}=Ri= =@ "1 %OQ=O QF= wO
V}=Ri= =@ "2 [22]OwW|t u; CUmW CaQU V}=Ri= w |QBU= |xQ=w}O h}a[D x@
O@=}|t V}=Ri= Q}N@D MQv 'CNwU C=Q]k uOW QDlJwm p}rO x@ 'VW=B Q=Wi
Ovy=wN |k=@ (squish) |oOQWi |x}L=v QO |QDtm `}=t CNwU |=yxDUO w
|x_iLt QO \wrNt |a[wt |Q}PBVvm =w w |R=Uj@]t Q@ pt=a wO u}= [23]"Ov=t
V}=Ri= 'CU= xOW xO=O u=Wv 3 pmW QO xm Qw]u=ty "OvQ=Po|t Q}F-=D j=QDL=
Q=Wi |xv}W}@ OwW|t Ea=@ '600 bar x@ 300 bar R= pR}O CNwU VW=B Q=Wi
Q]k =@ C=Q]k OwW|t Ea=@ q=@ VW=B Q=Wi "O@=} V}=Ri= (Pmax) QOvr}U pN=O
C=Q]k R= |QDtm O=OaD w OvwW Q}N@D (bulk) |}xOwD |x}L=v |m}ORv QO QDlJwm
O@=}|t V}=Ri= |rLt Vvm =w 'xH}Dv QO "Ovvm Pwiv QOvr}U |xQ=w}O l}ORv CtU x@
j@=]t p=Ft |=Q@ "O@=}|t V}=Ri= xv}W}@ (HRR) |SQv= |R=UO=R; MQv u=tRsy w
pR}O CNwU VW=B Q=Wi V}=Ri= =@ '550CA BTDC VW=B u=tR QO 4 pmW
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"QOvr}U pN=O HRR w Q=Wi Q@ pR}O CNwU VW=B ẁQW |x}w=R w Q=Wi QF= "3 pmW

|oOv}q; w j=QDL= Q@ CNwU |}xrLQtwO VW=B u=tR QF= "3"3
j=QDL= Q@ pR}O CNwU |}xrLQtwO VW=B Q}F-=D |UQQ@ |=Q@ xar=]t u}= QO
pN=O x@ |}xrLQtwO CQwYx@ 400 bar C@=F Q=Wi QO pR}O CNwU 'RCCI

w SOI� 1 nvr |x} w=R QO pw= |xrLQt QO 'OW xO}W=B j=QDL= | x_iLt
CNwU u}}=B hQYt x@ xHwD =@ SOI� 2 nvr |x} w=R QO swO |xrLQt QO
|w=Ut CQwYx@ SOI� 2 w SOI� 1 CNwU s}UkD u=mt= \ki 'QwDwt pR}O
CNwU |xOv=t}k=@ �50 w SOI� 1 QO pR}O CNwU �50 u}=Q@=v@ &OW O=H}=

u=R}t pR}O CNwU VW=B |x} w=R uDN=Ov= V}B =@ 8 pmW j@=]t |iQ] R=
NOx p}mWD "O@=}|t Vy=m CO w UHC Q=WDv= u=R}t w V}=Ri= NOx Q=WDv=
|x} w=R uDN=Ov= ?ka =@ "CU= QOvr}U uwQO |}xk]vt \}=QW x@ xDU@=w COW x@
CNG \wrNt OQ=w |QDq=@ |Q=Wi w |}=tO \}=QW QO pR}O CNwU |QBU= 'VW=B
MQv w OwW|t ẁQW j=QDL= |QDtm p=aDW= QO Q}N-=D =@ u}=Q@=v@ "OwW|t =wy w
QOvr}U pN=O Q=Wi w =tO |xQ=@m} V}=Ri= =@ xH}Dv QO &O@=}|t V}=Ri= HRR

Vy=m CO w UHC j=QDL= xOR=@ V}=Ri= Cra x@ w V}=Ri= NOx Q=WDv= u=R}t
"O@=}|t
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|=yDv= w xv=}t ' ẁQW Q@ pR}O CNwU VW=B ẁQW |x}w=R w Q=Wi QF= "6 pmW
"j=QDL=

'CU= xOt; G}=Dv QO xJ u; j@=]t SOI2 nvr |x} w=R Q}}eD w (SOI� 1)

"CiQo CQwY
j=QDL= Q@ SOI� 1 CNwU VW=B ẁQW |x} w=R QF= "1"3"3

x@ 114 R= SOI� 1 VW=B u=tR Q}}eD =@ SOI� 1 pw= VW=B u=tR C=QF= |UQQ@
R= SOI� 1 u=tR uOQm OQ=D} Q =@ 9 pmW j@=]t "CiQo s=Hv= 72 BTDC w 84
V}=Ri= HRR w QOvr}U pN=O Q=Wi Q=Okt |xv}W}@ ' 72 BTDC w 84 x@ 114
CNwU VW=B ẁQW x} w=R |=R= x@ Rmax Q=Okt 10 pmW j@=]t |iQ] R= 'O@=}|t

|x}w=R |=Q@ QOvr}U pN=O HRR w Q=Wi Q@ pR}O CNwU VW=B Q=Wi QF= "4 pmW
"550CA BTDC CNwU VW=B ẁQW

w xv}W}@ Q=Wi Q}}eD MQv Q@ pR}O CNwU VW=B ẁQW |x}w=R w Q=Wi QF= "5 pmW
"IMEP

VW=B u=tR pw] "OW xO}W=B j=QDL= |x_iLt pN=O x@ SOI� 2 QO pR}O
wO u}= u=tR Q}F-=D |xar=]t |=Q@ "CU= nvr |x} w=R |xHQO 7 xrLQtwO Qy QO
'114 nvr |x} w=R xU QO (SOI� 1) pw= VW=B 'QwDwt OQmrta Q@ xrLQt
VW=B u=tR Q}F-=D "OW xO=O Q}}eD q=@ nQt |x]kv R= p@k xHQO 72 w 84
pw= |xrLQt VW=B u=tR uDW=O x=ov C@=F =@ '(SOI� 2) swO |xrLQt
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OQ=D} Q "O@=}|t V}=Ri= IMEP u=R}t =t= "CU= u=Um} =@} QkD hrDNt SOI� 1
QHvt 11 pmW j@=]t 72 BTDC w 84 x@ 114 R= SOI� 1 VW=B u=tR uOQm
OwW|t HRR w QOvr}U pN=O Q=Wi |xv}W}@ V}=Ri= w p=aDW= QO Q}N-=D Vy=m x@

"ODi=|t j=iD= QDwrH j=QDL= |=yDv= w 'xv=}t ' ẁQW ,=vt[ w
j=QDL= Q@ SOI� 2 CNwU VW=B ẁQW |x}w=R QF= "2"3"3

\wrNt x@ QHvt xm OyO|t V}=Ri= =Q \qDN= u=tR 'SOI� 2 u=tR uDN=Ov= V}B
u=tR p}rOx@ |QDtm |Wvm =w \wrNt |iQ] R= &OwW|t |QDuoty \qDN=V}B
CNwU VW=B |x} w=R uDN=Ov= V}B =@ xH}Dv QO w OwW|t x}yD \qDN= QD|vqw]
w 10 '9 |=ypmW j@=]t [26w25]"O@=}|t V}=Ri= p=aDW= QO Q}N-=D u=R}t pR}O
p@k xHQO 72 w 84 '114 '(SOI� 1) pw= VW=B |x} w=R Cr=L xU QO 11
G}=Dv "OW xO=O Q}}eD (SOI� 2) swO VW=B ẁQW |x} w=R 'q=@ nQt |x]kv R=
Q=Wi |xv}W}@ u=R}t SOI� 2 uDN=Ov= V}B =@ xm OvyO|t u=Wv 9 pmW j@=]t
O@=}|t V}=Ri= p=aDW= QO Q}N-=D V}=Ri= Cra x@ HRR w j=QDL= |x_iLt pN=O
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"|oOv}q; Q@ pR}O CNwU VW=B ẁQW |x}w=R w Q=Wi QF= "8 pmW

44



1|
xQ=t

W'
37

�3
|xQ

wO'
�14

00
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt

"QOvr}U pN=O HRR w Q=Wi Q@ |}xrLQtwO CNwU VW=B ẁQW |x}w=R QF= "9 pmW
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1. low temperature combustion
2. homogenous charge compression ignition
3. partial premixed compression ignition
4. reactivity controlled compression ignition (RCCI)

5. spatial strati�cation
6. NOx
7. PM
8. CO
9. IMEP
10. peak pressure rise rate
11. cyclic of variation
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12. heat release
13. port fuel injection
14. direct injection
15. faryamann
16. common-rail
17. electronic control unit
18. start of injection
19. injection duration
20. non-dispersive
21. LHV
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