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ẁv u}= "CU= Qo}Om} R= R=o wO |R=U=OH '|R=U=OH ẁv u} QDxO}J}B p=L u}a QO
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"CiQo Q=Qk

CwY jwi=t R=U=OH |Oa@l} |L=Q] "3
|irDNt |=yVN@ x@ u=wD|t =Q CQwY jwi=t R=U=OH 'OW xQ=W= xm xvwou=ty
|UQQ@ xv=o =OH CQwY x@ u=} QH ẁv w \}=QW x@ xHwD =@ =Q VN@ Qy w OQm s}UkD

%R= Ov=CQ=@a =yVN@ u}= |rm Qw]x@ "OQm
24u=} QH |xOvv=NQJ �

=Qo =w-=Qoty pR=v �
|O=@OQo =} |WNQJ R=U=OH �

Q=Wi Ci=} R=@ QRw}i}O �
Qw]x@ "CU= xOW x�=Q= xOvv=NQJ |=Q@ |vwo =vwo |=y|L=Q] 'hrDNt C=k}kLD QO
QO "OW QwYDt u=wD|t =Q Cw=iDt Q=DN=U wO u; |Q}oQ=Qk u=mt x@ xHwD =@ |rm
pR=v |HwQN QO CwY jwi=t u=} QH QO xOvv=NQJ [25�23]25'�1 QDU} wD� R=U=OH
xOvv=NQJ [26]'ENGO CmQW 26 �3S� R=U=OH QO wCU= xDiQo Q=Qk =Qo =w � =Qoty

"CU= xOW |}=tv=H =Qo =w � =Qoty pR=v |OwQw QO w CwY uwO=t VN@ QO
u=} QH Qw@a =@ =t= 'CU= CN=wvm} w s=Q; u=} QH �1 QDU} wD� R=U=OH pR=v QO
|}x@ Q[ |=yGwt '|U=tt x@ |QwLt u=} QH p}O@D w xOvv=NQJ R= CwY jwi=t
�3S� R=U=OH QO "CU= Q=wWO Q=}U@ =yv; pQDvm xm OwW|t p}mWD |OOaDt p}=t
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"""|
L=Q]

QF -wt
|=y

QDt=Q
=B|

HvU
C}U

=UL"?NDvt |R=U=OH Ov}=Qi "2 pwOH
PR MFMethane;Vap s[KJ=kmol�K] Pin[kPa] Tin[K]

28 7 0 924 69 377 7750 288

MFMethane;Liq q[mol=mol] psep[kPa] Tsep[K]

0 139 0 867 270 160

[28]"pR=v |=Qo =w w x=owro VN@ |xQ=wKQ] "2 pmW
"x}rw= pR=v |O=a@= C=YNWt "3 pwOH

A=A� d=d� x=d� `]kt
2 426 1 558 �2 219 |OwQw
1 0 1 0 0 x=owro

1 866 1 366 2 780 |HwQN
"|}=yv pR=v QO u=} QH w |O=a@= C=YNWt "4 pwOH

A=A� d=d� Mach P[kPa] T[K] `]kt
2 426 1 558 0 26 7750 81 288 0 |OwQw
1 0 1 0 1 0 4758 98 254 55 x=owro

1 866 1 366 1 97 1145 85 192 35 x}rw= |HwQN
5 144 2 268 2 70 270 02 160 0 |ak=w |HwQN

VN@ ?}W =@ Q@=Q@� C@=F ?}W =@ pR=v |xQ=w}O 'xOW |L=Q] pR=v QO \=U@v= uOw@v
"OUQ@ ?wr]t Q=Wi w =tO x@ u=} QH =D Ovm|t =O}B xt=O= �Q=Po

|WNQJ R=U=OH |L=Q] "3"3
|x_iLt 'u=} QH |xOvv=NQJ VN@ xU pt=W |O=@OQo =} |WNQJ R=U=OH
|=Q=O u=} QH |xOvv=NQJ 'OW xQ=W= xm xvwou=ty "CU= |HwQN w 31V}=OH
x@ QHvt xm CU= |irDNt |=y|L=Q] w �pR=v R= Oa@ =} p@k� hrDNt |=y|}=tv=H
V}=OH |x_iLt "OwW|t u=} QH u=O}t QO Cw=iDt `} RwD w CQOk =@ VNQJ O=H}=
=OH |=Q@ sRq CYQi u=} QH x@ xm CU= C@=F `]kt K]U =@ xrwr l} pta QO
QO "OyO|t =Q VNQJ R= pY=L RmQt R= R} Qo |wQ}v CLD R=o w `}=t |=yR=i uOW
CU= xOW x}@aD xQ=w}O |wQ Q@ `}=t R=i sHL =@ ?U=vDt |=QHt R}v R=U=OH |HwQN
|L=Q] |wLv x@ O}=@ =QHt u}= 'Ovm GQ=N |rY= u=} QH R= =Q xOW =OH `}=t R=i =D
|=yGwt w OwWv O=H}= |rY= u=} QH QO |v=yo =v `]kt K]U w Q}Ut Q}}eD xm OwW

"OvwWv p}mWD 'Ci= x@ QHvt |}x@ Q[

=} w R=o pt=m CQwYx@ xO=t l} x=oI}y '|ak=w \}=QW QO 'R=iwO \wrNt QO
"OwW|t Ci=} R=i wO Qy QO O=wt |xty R= ?re= xmr@ 'CU}v `}=t pt=m CQwYx@
QO xm 'OW=@ O=wt R= |m} |v=QL@ |=tO R= QDW}@ \wrNt |=tO xm |]}=QW QO |DL
|rwmrwt u}@ VWm |=ywQ}v p}rO x@ 'OQ=Ov OwHw `}=t p}mWD u=mt= Xr=N Cr=L
'Qt= u}= "OW Oy=wN `}=t Qo}O |xO=t x=Qty x@ R}v xO=t u; R= |Q=Okt '\wrNt
Q=Wi w =tO O}=@ w Ovm|t Q=wWO =yR=o pt=m |R=UXr=N w |R=U=OH |=Q@ =Q \}=QW
|rY= R=o u=tRsy CQwYx@ =D OwW ?=NDv= |wLv x@ |R=U=OH pLt QO \wrNt
u} QDW}@ |=Q=O |aQi R=o w �u=a}t xv}tm � R=o R=i QO umtt Q=Okt u} QDW}@ |=Q=O

"OvW=@ �u=a}t xv}W}@� `}=t R=i QO umtt u=R}t
R=o \wrNt u} wrm 288 |=tO w \=U@v= uOw@ l}B wQDvR}; ZQi x@ xHwD =@
x@U=Lt pR=v QO R=}v OQwt Q=Wi C@Uv w |OwQw QO R=o \wrNt Q=Wi '|OwQw QO
w `=@W= |xOwOLt x@ |m}ORv p}rOx@ 'Ov}=Qi uOw@ l}B wQDvR}; OwHw =@ "OwW|t
OQ=Ov OwHw p;xO}= |=yR=o l}B wQDvR}; |m}t=v}OwtQD \@=wQ R= xO=iDU= u=mt= 'u=a}t
R= VywSB u}= QO "OwW G=QNDU= |ak=w R=o |=ypOt R= u=} QH C=YNWt O}=@ w
p=}U |m}t=v}OwtQD C=YNWt |x@U=Lt |=Q@ NIST REFPROP 8 Q=Ri=sQv
xOW x�=Q= 2 pwOH QO ?NDvt |R=U=OH Ov}=Qi C=YNWt "CU= xOW xO=iDU=

"CU=

=Qo =w � =Qoty pR=v |L=Q] "2"3
27Ir} wi |O=yvW}B VwQ T=U= Q@ CwY jwi=t =Qo =w � =Qoty pR=v VywSB u}= QO
28|wQ}=OTwk '=Qoty|vLvtVN@ Q=yJ x@ pR=vVwQu}= QO [28]"CU= xOW|L=Q]
(AB) =Qo =w 30Q=Po |vLvt w (DA) =Qo =w 29|a=aW |vLvt '(QTD) x=owro
xO=O V}=tv 2 pmW QO pR=v u}= |=Qo =w w x=owro VN@ |xQ=wKQ] "OwW|t s}UkD

"CU= xOW
Q]k w |HwQN QO M=t OOa Q=Okt O}=@ pR=v |L=Q] Qw_vtx@ VwQ u}= QO
QO |Q=O}=B=v R= R}yQB Qw_vtx@ "OwW XNWt V}B R= pR=v |HwQN w |OwQw |xv=yO
,=D@Uv pR=v |HwQN M=t OOa 'pR=v pN=O QO s�=k |}x@ Q[ Gwt p}mWD w u=} QH

"OwW|t ?=NDv= 2 OOa OwOL QO w u}}=B
C@=F 
 ZQi =@ u; |UOvy C=YNWt w pR=v pw= |xrLQt QO VywSB u}= QO
'`]kt Qy QO 
 |x@U=Lt w pR=v pw] QO |wQW}B =@ TBU w x@U=Lt pR=v pw] QO
C=YNWt w xOW |L=Q] |x}rw= pR=v C=L}[wD u}= =@ "OwW|t K}LYD pR=v

"CU= xOW x�=Q= 3 pwOH QO pR=v u}= �x=owro x@ C@Uv� Oa@|@ |O=a@=
R=o u=} QH |Q}o?=DW w \=U@v= Q=DiQ 'pR=v pw] QO 
 Q=Okt Q}}eD x@ xHwD =@
pR=v C=YNWt "CU= Cw=iDt �C@=F 
� p;xO}= u=} QH =@ pR=v pN=O QO |ak=w
"CU= xOW x�=Q= 4 pwOH QO u; hrDNt `]=kt QO u=} QH w Q}eDt 
 ZQi =@ |}=yv
x@U=Lt 
 |rLt Q=Okt pR=v pw] QO |wQW}B =@ 'pR=v |xUOvy KqY= Qw_vtx@
|i=m x@ xHwD =@ "OwW|t KqY= w x@U=Lt u; T=U= Q@ |m}t=v}OwtQD X=wN w
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1|
xQ=t

W'
37

�3
|xQ

wO'
�14

00
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt xQ]k uO}UQ w V}=OH |=Q@ |QDV}@ u=tR 'OW=@ QDQwO xQ=w}O R= w OW=@ xrwr RmQt

C=Q]k u} QDQwO w u} QDlJwm \ki VywSB u}= QO 'wQu}= R= "CU= R=}v xQ=w}O x@
"OvQ}o|t Q=Qk |UQQ@ OQwt |R=U=OH Q=}at u=wvax@

|=Q@ 33|v=QL@ `=aW l} 'u=} QH u=O}t C=YNWt x@ xHwD =@ 'u=}t u}= QO
u}@ R= |v=QL@ `=aW R= QDtm `=aW =@ C=Q]k xm |wLv x@ OwW|t h} QaD C=Q]k
u=wvax@ u=wD|t =Q |v=QL@ `=aW u}= 'xH}Dv QO "OvOQo|tR=@ R=o R=i x@ ,=OOHt w xDiQ
"CiQo Q_v QO C=Q]k hrDNt h}] QO `}=t C=Q]k Q=O}=B `=aW u} QDlJwm

"CU= xOQm x�=Q= =Q 1 |xrO=at '|v=QL@ `=aW x@U=Lt Qw_vtx@ [30]CU+Q*B
r� = 2�

�lRvT ln (S)
(1)

Rv w `}=t R=i |r=oJ �l 'xQ]k |L]U VvD � '|v=QL@ `=aW r� xrO=at u}= QO
?}mQD <RH Qy |=Q@ R}v 34`=@W= C@Uv =} S QDt=Q=B "CU= R=o R=i |=Q@ =yR=o C@=F

"OwW|t h} QaD R}v CQwYx@
Sk =

yvk
yeq:vk

(2)

Q}e w OwHwt \}=QW QO� R=o R=i QO ?}mQD s=k <RH |rwt C@Uv yvk x]@=Q u}= QO
"OvyO|t u=Wv =Q |rO=aD \}=QW QO R=o R=i QO <RH u; |rwt C@Uv yeq:vk w �pO=aD

"ODi}@ j=iD= Ov=wD|t s=k <RH u=a}t 'OW=@ OL=w R= QDnQR@ Sk xm |t=ovy
QO |L]U VvD x@U=Lt |=Q@ '|@ QHD |=yV}=tR; R= xO=iDU= =@ 35=w}@Ov=
xOQm x�=Q= =Q Q} R |xrO=at 'hrDNt |=y=tO QO u=D= w u=Dt \wrNt |=Q@ 1 |xrO=at

[31]"CU=
� = �0 +A (T ) ylmeth +B (T ) y2

lmeth (3)

QO u=Dt |rwt C@Uv ylmeth 'Xr=N u=D= QO |L]U VvD �0 'xrO=at u}= QO
x�=Q= 5 w 4 CqO=at QO xm OvDUy =tO ?UL Q@ |a@=wD B(T ) w A(T ) '`}=t R=i
x@U=Lt p@=k 6 |xrO=at j} Q] R= xm CU= =tO x@ xDU@=w R}v �0 Q=Okt "Ov=xOW
KQW x@ R}v =yQDt=Q=B Q}=U Q=Okt "CU= u=D= |v=QL@ |=tO Tc \@=wQ u}= QO "CU=

%CU= Q} R
A (T ) = 0 478597� 0 006641T + 1 635922� 10�5T 2 (4)

B (T ) = �0 013588 + 1 115972� 10�4T � 2 15913
�10�7T 2 (5)

�0 = �t� (1 + �t) (6)

t = 1� T
Tc

� = 60 57mN/m

� = �0 245
� = 1 3

(7)

u=tR Q=O}=B xQ]k u} QDmJwm =D OwW u}}aD |}xvwox@ O}=@ R=U=OH |x_iLt pw]
u=tR VwQ R= 'u=tR u}= |x@U=Lt |=Q@ "OW=@ xDW=O =Q xQ=w}O x@ uO}UQ |=Q@ |i=m
CmQL u=tR VwQ u}= QO [32]"OwW|t xO=iDU= 37I}Or ,y\UwD xOW O=yvW}B 36R=wQB
! |}x} w=RCaQU QO r1 `=aW =D r0 `=aW R= |a=aW |=DU=Q QODd Q]k =@ |}xQ]k

"OwW|t x@U=Lt 8 |x]@=Q R=
tradial = 18�v

Dd (�l � �v)!2 ln
�
r1
r0

�
(8)

[29]"pR=v |OwQw QO Q=OxQB |xOvv=NQJ =@ CwY jwi=t R=U=OH |xvwtv "3 pmW

xDiQo Q=Qk xO=iDU= OQwt pR=v |OwQw QO 32Q=OxQB |xOvv=NQJ VywSB u}= QO
|U=tt |=DU=Q QOCaQU |xir-wt w OyO|t x} w=R u=} QH x@ xOvv=NQJ ẁv u}= "CU=
RmQt R= `=aW pw] QO xQB |x} w=R xmu}= x@ xHwD =@ "Ovm|t O=H}= �|WNQJ CaQU�
Oy=wN u=Um} `=aW |=DU=Q QO |WNQJ CaQU |xir-wt u}= 'CU= C@=F xQ=w}O =D
"Ci=} Oy=wN Vy=m xQ=w}O CtU x@ uOW l}ORv =@ u=} QH |}x} w=R CaQU =t= Ow@
xOW xO=O V}=tv 3 pmW QO Q=OxQB xOvv=NQJ |xQ=wKQ] w u=tO}J u}= R= |}xvwtv

"CU=
VNQJ COW Q}}eD w =Qo =w � =Qoty pR=v R= |WNQJ u=} QH Qw@a xm|}=Hu; R=
'CU= |Oa@xU C=P x@ w xO}J}B |}xO}OB =DU=Q xU Qy QO CaQU |=yxir-wt w
"OQ=Ov OwHw xr=kt u}= QO xOW x�=Q= |Oa@l} xO=U pOt QO u; |UQQ@ u=mt=
Q_v hQY pR=v pw] QO u=} QH VNQJ C=QF= R= VywSB u}= QO 'wQ u}= R=
V}=OH |x_iLt x@ OwQw s=ovy w pR=v |=yDv= R= |WNQJ u=} QH w OwW|t
V}=Ri= ?Hwt =Qo =w � =Qoty pR=v R= |WNQJ u=} QH Qw@a [16]"OwW|t |UQQ@
=Q Q}N@DR=@ C=QF= u=a}t w VNQJ u=tRsy ẁkw u}vJty 'OwW|t VNQJ COW
|R=U=OH xOR=@ Vy=m ?Hwt C=QF= u}= R= uOQm Q_vhQY [27]"OyO|t Vy=m
xQ=w}O x@ `}=t C=Q]k uO}UQ |=Q@ V}=OH |x_iLt R=}v OQwt pw] V}=Ri= w
R= |W=v Ci= V}=Ri= ?Hwt xJQo = V}=OH |x_iLt pw] V}=Ri= "OwW|t
OQ=Ov |R=U=OH |wQ Q@ |Q}osWJ ?QNt QF= =t= 'OwW|t xQ=w}O l =m]Y=
CQwY Cr=L u} QDxv=v}@O@ |=Q@ R=U=OH |L=Q] |R=UxO=U u}= =@ wQu}= R= w
Oy=wN |QDy@ C@Uv x@ OQmrta |=Q=O xOt; CUO x@ |xUOvy pta QO w xDiQo

"Ow@
Ct=N[ =@ xLiY l} CQwYx@ xOvv=NQJ 'VywSB u}= QO 'C=L}[wD u}= =@
u}O@ "OwW|t xDiQo Q_v QO V}=OH |x_iLt |OwQw w pR=v |HwQN QO QiY
x@ |OwQw QO w CU= VNQJ uwO@ w |QwLt ,qt=m pR=v pN=O u=} QH ?}DQD
O=H}= u; QO `=aW pw] QO CN=wvm} |WNQJ =} |U=tt CaQU V}=OH |x_iLt
w |JU C=ar=]t Q}_v 'Qo}O |Oa@l} C=ar=]t w =ypOt QO C=}[Qi u}= "OwW|t
Q_v QO VNQJ |x} w=R w CaQU "CU= xDiQo Q=Qk xO=iDU= OQwt R}v [22]Vv=Q=mty
|=yxQB |x} w=R =@ Q_=vDt |Oa@l} pOt QO V}=OH |x_iLt |OwQw QO xOW xDiQo
|xU}=kt |=Q@ |Q=}at u=wvax@ ,=iQY w CU}v pR=v |OwQw QO xOW x}@aD xOvv=NQJ

"CU= xDiQo Q=Qk xO=iDU= OQwt u=} QH VNQJ u=R}t
|QDtm |wQ}v QDlJwm C=Q]k x@ 'RmQt R= R} Qo |wQ}v QF= CLD |R=U=OH QO
x@ QDl}ORv xQ]k xJQy 'Qo}O hQ] R= "CU= QDQ=wWO =yv; |R=U=OH w xOW OQ=w
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"""|
L=Q]

QF -wt
|=y

QDt=Q
=B|

HvU
C}U

=UL

"V}=OH |x_iLt w pR=v pw] QO Q=Wi C=Q}}eD "4 pmW

"V}=OH |x_iLt w pR=v pw] QO M=t OOa C=Q}}eD "5 pmW

|OwQw u=} QH QO Q}}eD QF= |UQQ@ "4
R=U=OH x@ |OwQw u=} QH ?}mQD w Q=Wi '=tO QO Q}}eD QF= |UQQ@ x@ 'VN@ u}= QO
|L=Q] pR=v |xUOvy R= VN@ u}= s=tD QO "OwW|t xDN=OQB u; OQmrta |wQ Q@
QO w xOW xO=iDU= 2 pwOH QO xOW XNWt |OwQw u=} QH T=U= Q@ xOW
xOW x�=Q= 4 pwOH QO pR=v u}= |UOvy C=YNWt "CU= C@=F =y|UQQ@ pw]

"CU=

`}=t R=i |wQ Q@ Q}F-=D "1"4
w \=U@v= Q=DiQ 'C@=F |xUOvy =@ pR=v x@ |OwQw R=o ?}mQD =} Q=Wi '=tO Q}}eD =@
Q}}eD u}= "Ovm|t Q}}eD pR=v R= |HwQN u=} QH |m}t=v}OwtQD \}=QW w |Q}o?=DW
"OwW|t xOW p}mWD C=Q]k Q]k u}vJty w `}=t R=i sHL QO Q}}eD x@ QHvt \}=QW
Q=O}=B Q]k pk=OL w pR=v R= |HwQN u=} QH C}i}m C=Q}}eD 9 =D 7 |=ypmW QO
|L=Q] \}=QW x@ C@Uv |OwQw R=o ?}mQD w Q=Wi '=tO Q}}eD =@ xOW p}mWD C=Q]k
nvQQ,B s�qa =@ pR=v |L=Q] |x]kv '=ypmW u}= QO "CU= xOW xO=O V}=tv pR=v

"CU= xOW R}=tDt
V}=Ri= x@ QHvt 'pR=v x@ |OwQw |=tO V}=Ri= 'OwW|t xOy=Wt 7 pmW QO
`}=t R=i sHL u; `@Dx@ w u=a}t u=R}t w OwW|t pR=v R= |HwQN Q=Wi Vy=m w =tO
`}=t R=i |r=oJ w `=@W= C@Uv Vy=m ?Hwt Qt= u}= u}vJty "O@=}|t Vy=m
=tO V}=Ri= =@ "OwW|t C=Q]k |v=QL@ Q]k V}=Ri= ?Hwt 1 |x]@=Q j@] w xOW
=D 0 842 R= R=o C}i}m '�|L=Q] |=tO x@ C@Uv ��5� u} wrm 303 =D 273 R=
|xv}tm u}vJty '�|L=Q] \}=QW x@ C@Uv ��3 ,=@} QkD� O@=}|t V}=Ri= 0 891

"CU= R=o w `}=t R=i |r=oJ ?}DQD x@ �v w �l w R=o R=i CHRr �v x]@=Q u}= QO
R= L pw] x@ |}xrwr QO vaxial |QwLt CaQU =@ xQ]k l} Qw@a u=tR u}vJty

"OwW|t x@U=Lt 9 |x]@=Q

taxial = L
Vaxial

(9)

Q@=Q@ R= V}=OH |x_iLt R=}v OQwt pw] pk=OL 'C=Q]k ?U=vt V}=OH Qw_vtx@
"OwW|t pY=L taxial w tradial uO=O Q=Qk

u=tR w C=Q]k |a=aW CmQL 'CU= xOW xO=O u=Wv 8 |x]@=Q QO xm xvwou=ty
CaQU x@ xDU@=w COW x@ V}=OH |x_iLt pw] xH}Dv QO w xQ=w}O x@ =yv; uO}UQ
|WNQJ =} |U=tt CaQU x@ xDU@=w u=} QH |}x} w=R CaQU "CU= u=} QH |}x} w=R
|U=tt CaQU C@Uv "OwW|t x@U=Lt 10 |x]@=Q R= w CU= `=aW Qy QO u=} QH
|=yxOvv=NQJ QO [21]"OwW|t xO}t=v 38VNQJ COW u=} QH |QwLt CaQU x@
CU= u=} QH VNQJ |x} w=R u=ty =} xQB |x} w=R Cv=Sv=D pO=at QDt=Q=B u}= Q=OxQB

"�12 w 11 \@=wQ�

! = V�
r

(10)

S = V�
Vaxial

(11)

tan (�swirl) = V�
Vaxial

= s (12)

|RQt |x}q R= |W=v Ci= R= u=} QH |q=@ ROrwv} Q w CaQU x@ xHwD =@ xr=kt u}= QO
V}=OH x_iLt pN=O QO u=} QH w xOW Q_v hQY V}=OH |x_iLt pN=O QO
u=} QH Q=Wi w =tO 'M=t OOa 'CQwY u}= QO [21]"CU= xOW ZQi l}B wQDvR}; R}v
CmQL \ki w CU= xOw@ Q}}eD uwO@ 'C@=F `]kt K]U =@ V}=OH x_iLt pw] QO
4 |=ypmW QO [22]"ODi=|t j=iD= R=o R= `}=t R=i V}=OH w Q=w}O CtU x@ C=Q]k
|x_iLt |=yDv= =D pR=v |OwQw R= u=} QH M=t OOa w Q=Wi C=Q}}eD R= |}xvwtv 5 w

"CU= xOW x�=Q= V}=OH
VNQJ COW ?UL Q@ V}=OH |x_iLt R=}v OQwt Oa@|@ pw] 6 pmW QO
xOy=Wt xm xvwou=ty "CU= xOW xO=O V}=tv C@=F |OwQw u=} QH \}=QW |=Q@
pw] �xHQO 15 VNQJ |x} w=R OwOL pO=at� u}}=B VNQJ COW QO OwW|t
COW V}=Ri= =@ "CU= pR=v x=owro Q]k Q@=Q@ 100 OwOL V}=OH |x_iLt R=}v OQwt
l} =@ Q@=Q@ VNQJ COW |=Q@ w Ovm|t =O}B Vy=m CaQU x@ pw] u}= VNQJ
QDW}@ V}=Ri= =@ "OUQ|t x=owro Q]k Q@=Q@ 10 R= QDtm x@ �xHQO 45 VNQJ x} w=R�
|=Q@ w Ovm|t =O}B Vy=m |QDtm CaQU =@ R=U=OH |x_iLt pw] 'VNQJ COW
2 6 OwOL x@ �xHQO 60 OwOL VNQJ |x} w=R pO=at� 1 7 =@ Q@=Q@ VNQJ COW

"OUQ|t x=owro Q]k Q@=Q@
xDiQo Q_v QO C@=F `=aW pw] QO VNQJ |x} w=R w COW C=@U=Lt u}= QO
QO u=} QH VNQJ COW Ci= R= w �C@=F |x} w=R =@ xOvv=NQJ |xQB� CU= xOW
C=YNWt 'C=L}[wD u}= =@ "CU= xOW Q_v hQY R}v R=U=OH |x_iLt pw]

"Ow@ Oy=wN 5 pwOH KQW x@ xOW |L=Q] V}=OH |x_iLt |UOvy

"V}=OH |x_iLt |UOvy C=YNWt "5 pwOH
d=d� A=A� S �swirler L=d� L=d

2 268 5 144 0 577 30 deg 23 43 10 33
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"|OwQw ?}mQD ?UL Q@ C=Q]k Q]k |xv}tm w |HwQN R=o C}i}m "9 pmW
"pR=v |HwQN Q@ |OwQw u=} QH C=YNWt Q}}eD Q}F-=D |xU}=kt "6 pwOH

�r�=� �q=�
�r� �q � QDt=Q=B
[�] [�] [�] xOQm Q}}eD

5 59 0 54 58 2 5 7 10 4 T

�1 19 �0 10 �23 1 �2 0 19 4 P

�2 87 0 39 �87 5 11 9 30 5 MF Methane

x@ C@Uv |OwQw Q=Wi ��10 Q}}eD =@ "O@=}|t Vy=m 1 |x]@=Q =@ j@=]t C=Q]k
\ki R=o C}i}m 'p=mU=B wr}m 8500 =D 7000 R= �p=mU=B wr}m 7750� |L=Q] Q=Wi
Q]k |xv}tm w �0 859 =D 0 876� xDW=O Q}}eD |L=Q] |x]kv x@ C@Uv ��1
=D +�12 5� uwQm}t 0 805 =D 1 013 |xR=@ QO Q}}eD |=Q=O R}v C=Q]k Q=O}=B

"CU= ���9 5
��15� 0 95 =D 0 7 R= |OwQw R=o QO u=Dt |rwtC@UvV}=Ri= =@ 9 pmW QO
0 929 x@ 0 826 R= |HwQN R=o C}i}m '�|L=Q] |x]kv QO 0 82 x@ C@Uv
xm |r@k |=yCr=L hqNQ@ '\}=QW u}= QO '���7 =D ��5 R=� CU= xDi=} V}=Ri=
R=o C}i}m V}=Ri= OwHw =@ 'Ow@ =DU=Q l} QO xQ]k Q]k |xv}tm w C}i}m C=Q}}eD
uwQm}t 0 508 x@ ���44� uwQm}t 1 297 R= C=Q]k Q=O}=B Q]k |xv}tm '|HwQN
u=R}t '|OwQw R=o ?}mQD QO u=Dt |rwt C@Uv V}=Ri= =@ "Ovm|t =O}B Vy=m ���56�
'xH}Dv QO "O@=}|t Vy=m uOQm =OH x@ R=}v `}=t R=i sHL w |OwQw QO |Yr=N=v
w u=Dt uOw@ QDl@U x@ xHwD =@ "O@=}|t V}=Ri= |HwQN u=} QH QO R=o R=i sHL
u=R}t '|OwQw R=o ?}mQD QO u=Dt u=R}t V}=Ri= =@ 'u=D= x@ C@Uv 
 Q=Okt uOw@ QDu}}=B
=O}B Vy=m |HwQN u=} QH |=tO w O@=}|t V}=Ri= pR=v pw] QO =tO Vy=m w O} Q@D
OwW|t `}=t u=D= R= |QDW}@ Q=Okt '`}=t R=i sHL Vy=m OwHw =@ 'xt=O= QO "Ovm|t
QO w `=@W= C@Uv V}=Ri= ?Hwt u}vJty Qt= u}= "O@=}|t V}=Ri= u=Dt XwrN w

"OwW|t C=Q]k Q=O}=B Q]k pk=OL Vy=m xH}Dv
'q=@ QO xOW |UQQ@ |=yQDt=Q=B R= l} Qy |Q=PoQF= u=R}t |xU}=kt Qw_vtx@
C=Q]k Q=O}=B Q]k |xv}tm w |HwQN u=} QH R=o C}i}m |xOW p=tQv C=Q}}eD ?}W
6 pwOH QO �|L=Q] \}=QW x@ C@Uv� |OwQw QO u=Dt ?}mQD w Q=Wi '=tO x@ C@Uv

"CU= xOW x�=Q=
u} QDW}@ |=Q=O |OwQw u=} QH |=tO QO Q}}eD 'OwW|t xOy=Wt xm xvwou=ty
R= TB 'CU= C=Q]k Q=O}=B Q]k |xv}tm w |HwQN u=} QH R=o C}i}m |wQ Q@ Q}F-=D

"VNQJ COW ?UL Q@ V}=OH |x_iLt R=}v OQwt pw] "6 pmW

"|OwQw |=tO ?UL Q@ C=Q]k Q]k |xv}tm w |HwQN R=o C}i}m "7 pmW

"|OwQw Q=Wi ?UL Q@ C=Q]k Q]k |xv}tm w |HwQN R=o C}i}m "8 pmW

=D ��25 ,=@} QkD� O@=}|t V}=Ri= uwQm}t 1 203 =D uwQm}t 0 678 R= C=Q]k Q]k
"�|L=Q] \}=QW x@ C@Uv ��33

|=tO w Q=Wi 'pR=v x@ |OwQw Q=Wi V}=Ri= =@ xm OwW|t xOy=Wt 8 pmW QO
V}=Ri= `}=t R=i sHL w u=a}t u=R}t xm O@=}|t V}=Ri= |wLv x@ pR=v R= |HwQN
Q=O}=B Q]k pk=OL 'u=} QH |=tO w `=@W= C@Uv V}=Ri= =@ u}vJty "Ovm|t =O}B

117



"""|
L=Q]

QF -wt
|=y

QDt=Q
=B|

HvU
C}U

=UL

"|OwQw |=tO ?UL Q@ V}=OH |x_iLt pw] "10 pmW

"|OwQw Q=Wi ?UL Q@ V}=OH |x_iLt pw] "11 pmW

"|OwQw ?}mQD ?UL Q@ V}=OH |x_iLt pw] "12 pmW
Qw_vtx@ |OwQw u=} QH C=YNWt u=tRsy C=Q}}eD u=Q@H |=Q@ R=}v OQwt VNQJ
hrDNt\}=QW QO �5 pwOH� xOW |L=Q] pw] =@ Q@=Q@V}=OH |x_iLt pw]^iL
303 =D 273 |xR=@ QO |OwQw rFk|=tO =yQwDv=m u}= QO "CU= xOW xO=O V}=tv
u=Dt |rwt C@Uv w p=mU=B wr}m 8500 =D 7000 |xR=@ QO |OwQw Q=Wi 'u} wrm
|=Q@ |D=}rta C}OwOLt w xOQm Q}}eD OYQO 95 =D 70 |xR=@ QO |OwQw R=o QO
|L=Q] \}=QW QO QDt=Q=B Qy Q=Okt u}vJty "CU= xOWv xDiQo Q_v QO VNQJ COW

"CU= xOW XNWt u}J\N \w]N \UwD �2 pwOH�

'CU=yQDt=Q=B u}= |wQ Q@ |yHwD p@=k Q}F-=D |=Q=O R}v |OwQw R=o ?}mQD QO Q}}eD u;
"CU}v Q}osWJ =yQDt=Q=B Q}=U =@ xU}=kt QO Q=Wi C=Q}}eD Q}F-=D =t=

V}=OH |x_iLt |wQ Q@ Q}F-=D "2"4
C=YNWt 'pR=v x@ |OwQw u=} QH C=YNWt Q}}eD =@ 'OW xQ=W= xm xvwou=ty
|x_iLt x@ |OwQw w pR=v R= |HwQN QO C=Q]k Q]k w u=} QH u=O}t '|m}t=v}OwtQD
|=Q@ C=Q]k R=}v OQwt u=tR '8 |x]@=Q T=U= Q@ wQu}= R= "OQm Oy=wN Q}}eD V}=OH
V}=OH |x_iLt R=}v OQwt pw] u; `@D x@ w R=o R=i R= V}=OH w xQ=w}O x@ uO}UQ
R=}v OQwt pw] C=Q}}eD 12 =D 10 |=ypmW QO "OW Oy=wN Q}}eD VwNCUO R}v
|=Q@ 'pR=v x@ |OwQw R=o ?}mQD w Q=Wi '=tO C=Q}}eD ?UL Q@ V}=OH |x_iLt
xO=O V}=tv �xHQO 30 VNQJ |x} w=R pO=at 0 577 =@ Q@=Q@� C@=F VNQJ COW

"CU= xOW
|x_iLt R=}v OQwt pw] |OwQw |=tO V}=Ri= =@ 'OwW|t xOy=Wt xm Qw]u=ty
pw] '|OwQw u=} QH QO u=Dt |rwt C@Uv w Q=Wi V}=Ri= =@ w O@=}|t Vy=m V}=OH
C@Uv� C=Q}}eD u}= |xOW p=tQv Q=Okt "O@=}|t V}=Ri= V}=OH |x_iLt R=}v OQwt
w R=o ?}mQD '=tO C=Q}}eD ?}DQDx@ "CU= xOW x�=Q= 7 pwOH QO �|L=Q] |x]kv x@
"OvDUy V}=OH |x_iLt R=}v OQwt pw] |wQ Q@ Q}F-=D u} QDW}@ |=Q=O |OwQw Q=Wi

C@=F |xUOvy =@ R=U=OH "3"4
R=U=OH pR=v x@ |OwQw u=} QH \}=QW Q}}eD =@ xm OW xO=O u=Wv |r@k |=yVN@ QO
p}mWD C=Q]k Q]k w u=a}t u=R}t 'pR=v R= |HwQN u=} QH \}=QW 'CwY jwi=t
=t= "OQm Oy=wN Q}}eD xvwo xJ x@ V}=OH |x_iLt R=}v OQwt pw] =yv; `@D x@ w xOW
Q}}eD u=mt= '|Q=OQ@xQy@ \}=QW QO w CwY jwi=t R=U=OH CN=U R= TB pta QO
"OwW pQDvm Qo}O |wLv x@ O}=@ V}=OH OvwQ w OQ=Ov OwHw V}=OH x_iLt pw]
|x_iLt =} pR=v |xUOvy w xQ=w}O QO Q}}eD j} Q] R= u=} QH pQDvm xm |}=Hu; R=
Q}}eD V}=OH pQDvm |=Q@ VwQ u} QDpwkat 'CU= xv} RyQB w Q=wWO Q=}U@ V}=OH
6 pmW QO xm Qw]u=ty "CU= u=} QH VNQJ COW w xOvv=NQJ |=yxQB |x} w=R
|x_iLt pw] |wQ Q@ |yHwD p@=k Q}F-=DVNQJ COW Q}}eD 'CU= xOW xO=OV}=tv
u=} QH C=YNWt QO Q}}eD R= |W=v C=QF= u=wD|t j} Q] u}= R= w OQ=O V}=OH
w Q=Wi '=tO C=Q}}eD ?ULQ@ R=}v OQwt VNQJ COW C=Q}}eD "OQm u=Q@H =Q |OwQw
xOW |L=Q] pw] =@ Q@=Q@ V}=OH |x_iLt pw] ^iL Qw_vtx@ |OwQw R=o ?}mQD

"CU= xOW xO=O V}=tv 15�13 |=ypmW QO �5 pwOH�
V}=Ri= =@ V}=OH |x_iLt pw] ^iL |=Q@ 'OwW|t xOy=Wt xm xvwou=ty
V}=Ri= =@ w O@=} Vy=m xOvv=NQJ |xQB |x} w=R w VNQJ COW O}=@ |OwQw |=tO
xOvv=NQJ |xQB |x} w=R w VNQJ COW O}=@ |OwQw QO u=Dt |rwt C@Uv w Q=Wi
VNQJ COW w xOvv=NQJ |xQB R=}v OQwt |OQmrta |xR=@ 8 pwOH QO "O@=}V}=Ri=
V}=tv u; R=}v OQwt C=Q}}eD ?}W w |OwQw \}=QW QO Q}}eD C=QF= u=Q@H |=Q@ u=} QH

"CU= xOW xO=O
|OwQw |=tO C=Q}}eD QDW}@ |Q=PoQ}F-=D x@ xHwD =@ 'CiQ|t Q=_Dv= xm xvwou=ty
|xQB |x} w=R C}U=UL 'V}=OH |x_iLt R=}v OQwt pw] w pR=v OQmrta |wQ Q@

"CU=yQDt=Q=B Q}=U R= V}@ =tO C=Q}}eD x@ xOvv=NQJ
'ODi=|t j=iD= s-=wD CQwYx@ ?re= |OwQw u=} QH \}=QW Q}}eD xm|}=Hu; R=
O=[Dt |y=o w u=tRsy C=Q}F-=D xm OwW s}_vD |}xvwox@ O}=@ xOvv=NQJ |xQB |x} w=R
COW Q}}eD |=yxWkv xt=O= QO "Ovm u=Q@H =Q |OwQw u=} QH C=YNWt QO Q}}eD
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"0 70 u=Dt |rwt C@Uv QO Q=Wi w =tO ?ULQ@ VNQJ COW "16 pmW

\}=QW� 0 82 u=Dt |rwt C@Uv QO Q=Wi w =tO ?ULQ@ VNQJ COW "17 pmW
"�|L=Q]

"0 95 u=Dt |rwt C@Uv QO Q=Wi w =tO ?ULQ@ VNQJ COW "18 pmW
?UL Q@ R=}v OQwt VNQJ COW Q}}eD |=yQwDv=m 18�16 |=ypmW QO
V}=tv |OwQw QO u=Dt R=o |rwt C@Uv Q=Okt xU |=Q@ |OwQw Q=Wi w =tO C=Q}}eD
COW =tO Vy=m w Q=Wi V}=Ri= =@ OwW|t xOy=Wt xm xvwou=ty "CU= xOW xO=O
VNQJ COW |wQ Q@ Q=Wi C=Q}}eD |Q=PoQ}F-=D =t= 'O@=}|tV}=Ri= R=}v OQwtVNQJ

"|OwQw |=tO ?UL Q@ VNQJ COW "13 pmW

"|OwQw Q=Wi ?UL Q@ VNQJ COW "14 pmW

"|OwQw ?}mQD ?UL Q@ VNQJ COW "15 pmW

"V}=OH |x_iLt pw] Q@ |OwQw u=} QH C=YNWt Q}}eD Q}F-=D |xU}=kt "7 pwOH
�Lsep=d�

�

�Lsep=d� � xOQm Q}}eD QDt=Q=B
[�] [�]

�12 19 �127 0 10 4 T

2 57 49 8 19 4 P
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"8500 Q=Wi QO u=Dt |rwt C@Uv w =tO ?ULQ@ VNQJ COW "21 pmW

C=QF= u=Q@H Qw_vtx@ 'OwW|t xOy=Wt =yQwDv=m u}= QO xm xvwou=ty "CU= xOW xO=O
VNQJ COW V}=Ri= x@ R=}v '|OwQw R=o QO u=Dt |rwt C@Uv V}=Ri= w =tO Vy=m
|OwQw Q=Wi Q=Okt Q}}eD =@ R}v \}=QW u}= QO "CU= V}=OH |x_iLt QO u=} QH
R=o ?}mQD w =tO C=Q}}eD x@ VNQJ COW C}U=UL '|L=Q] \}=QW x@ C@Uv

"O@=}|t V}=Ri=
?UL Q@ R=}v OQwt VNQJ COW Q}}eD |=yQwDv=m 24�22 |=ypmW QO
V}=tv |OwQw Q=Wi Q=Okt xU |=Q@ |OwQw QO u=Dt R=o |rwt C@Uv w =tO C=Q}}eD
C=Q}}eD ?ULQ@ R=}v OQwt VNQJ COW Q}}eD =yQwDv=m u}= QO "CU= xOW xO=O
,=@} QkD Q=Wi V}=Ri= =@ VNQJ COW QDq=@ |=y=tO QO w CU= R}J=v |OwQw Q=Wi
OQwt VNQJ COW R}v |OwQw QO u=Dt R=o |rwt C@Uv V}=Ri= =@ "Ov=t|t C@=F
V}=Ri= =@ R}v |OwQw R=o ?}mQD x@ VNQJ COW C}U=UL =t= 'O@=}|t V}=Ri= R=}v

"OW Oy=wN Vy=m Q=JO =tO

|Ov@`tH "5
|R=UXr=N w|R=U=OHhOy =@ CwYjwi=t R=U=OH|Oa@l}|L=Q] xr=ktu}= QO
|L=Q] x@ =OD@= '=DU=Q u}= QO "CU= xDiQo Q=Qk xHwD OQwt |a}@] R=o ?}mQD QO u=Dt
=yR=i ?}mQD u} QDy@ x@ uO}UQ |=Q@ |m}t=v}OwtQD ^=Lr x@ ?U=vt |R=U=OH Ov}=Qi
xDN=OQB pR=v |HwQN w |OwQw QO \}=QW u}= =@ ?U=vDt Q=Wi w =tO w |HwQN QO
"CU= xOW x�=Q= 2 pwOH QO u=Dt |R=UXr=N |=Q@ ?U=vt Ov}=Qi "CU= xOW
"CU= xOW |L=Q] R=}v OQwt \=U@v= Ov}=Qi =@ ?U=vDt pR=v |xUOvy xt=O= QO
u=mt= 'CU= R=iwO w `=@W= \N x@ l}ORv |L=wv QO pR=v OQmrta xm|}=Hu; R=

"7000 Q=Wi QO u=Dt |rwt C@Uv w =tO ?ULQ@ VNQJ COW "19 pmW

\}=QW� 7750 Q=Wi QO u=Dt |rwt C@Uv w =tO ?ULQ@ VNQJ COW "20 pmW
"�|L=Q]

=tO C=Q}}eD x@ VNQJ COW C}U=UL u}vJty "CU=tO C=Q}}eD R= QDtm Q=}U@
u; C}U=UL R= QDtm '|L=Q] \}=QW =@ Q@=Q@ |OwQw R=o ?}mQD \}=QW QO Q=Wi w
C@Uv V}=Ri= xm OwW|t xOy=Wt "CU= Qo}O C=@}mQD =@ |OwQw R=o \}=QW QO
QDW}@ V}=Ri= ?Hwt �18 pmW� |L=Q] \}=QW x@ C@Uv |OwQw R=o QO u=Dt |rwt
QO u=Dt |rwt C@Uv Vy=m =@ xU}=kt QO |OwQw Q=Wi w =tO x@ VNQJ C}U=UL

"OwW|t �16 pmW� |OwQw R=o
?UL Q@ R=}v OQwt VNQJ COW Q}}eD |=yQwDv=m 21�19 |=ypmW QO
V}=tv |OwQw Q=Wi Q=Okt xU |=Q@ |OwQw QO u=Dt R=o |rwt C@Uv w =tO C=Q}}eD
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R=}v OQwt pw] 'VNQJ COW w u=} QH |xOvv=NQJ |xQB |x} w=R Q}}eD =@
s}_vD xOW |L=Q] V}=OH |x_iLt pw] =@ pO=at w OQm pQDvm wQ |R=U=OH
|OwQw QO C=Q}}eD QF= u=Q@H |=Q@ R=}v OQwt VNQJ COW xH}Dv QO "Owtv
u=tRsy Q}}eD R}v =yDv= QO "CU= xOW x@U=Lt C@=F |xUOvy =@ R=U=OH QO
xOW xO=O V}=tv xv}y@ |R=U=OH |=Q@ R=}v OQwt VNQJ COW w |OwQw |=yQ}eDt

"CU=
OQwt VNQJ COW =tO Vy=m w Q=Wi V}=Ri= =@ xm CU= u; R= |m =L G}=Dv
R= QDtm Q=}U@ VNQJ COW |wQ Q@ Q=Wi C=Q}}eD |Q=PoQ}F-=D =t= 'O@=}|t V}=Ri= R=}v
\}=QW QO Q=Wi w =tO C=Q}}eD x@VNQJ COWC}U=UL 'u}vJty "CU=tO C=Q}}eD
|OwQw R=o \}=QW QO u; C}U=UL R= QDtm '|L=Q] \}=QW =@ Q@=Q@ |OwQw R=o ?}mQD
x@ C@Uv |OwQw R=o QO u=Dt |rwt C@Uv V}=Ri= 'u}vJty "CU= Qo}O C=@}mQD =@
QO |OwQw Q=Wi w =tO x@ VNQJ C}U=UL QDW}@ V}=Ri= ?Hwt |L=Q] \}=QW
QO "�18�16 |=ypmW� OwW|t |OwQw R=o QO u=Dt |rwt C@Uv Vy=m =@ xU}=kt
=tO Vy=m w |OwQw R=o QO u=Dt |rwt C@Uv V}=Ri= C=QF= u=Q@H Qw_vtx@ 'xt=O=
QO "CU= V}=OH |x_iLt QO u=} QH VNQJ COW V}=Ri= x@ R=}v '|OwQw QO
COW C}U=UL '|L=Q] \}=QW x@ C@Uv |OwQw Q=Wi Q=Okt Q}}eD =@ R}v \}=QW u}=
Q}}eD "�22�19 |=ypmW� O@=}|t V}=Ri= R=o ?}mQD w =tO C=Q}}eD x@ VNQJ
|=y=tO QO w CU= R}J=v |OwQw Q=Wi C=Q}}eD ?ULQ@ R=}v OQwt VNQJ COW
R=o |rwt C@Uv V}=Ri= =@ "Ov=t|t C@=F ,=@} QkD Q=Wi V}=Ri= =@ VNQJ COW QDq=@
COW C}U=UL =t= 'O@=}|t V}=Ri= R=}v OQwt VNQJ COW R}v |OwQw QO u=Dt
|=ypmW� OW Oy=wN Vy=m Q=JO =tO V}=Ri= =@ R}v |OwQw R=o ?}mQD x@ VNQJ

"�24�22

xt=vxS=w
R=U=OH `]kt CL=Ut %A

xQ]k |L]U VvD |x@U=Lt `@=D %A(T )

xQ]k |L]U VvD |x@U=Lt `@=D %B(T )

xQ]k Q]k %D
|QwLt |=DU=Q QO pw] %L

M=t OOa %Mach

|rwt C@Uv %MF

|rwt sQH %MW

Q=Wi %P
Q=Wi C@Uv %PR

"273 |=tO QO u=Dt |rwt C@Uv w Q=Wi ?ULQ@ VNQJ COW "22 pmW

\}=QW� 288 |=tO QO u=Dt |rwt C@Uv w Q=Wi ?ULQ@ VNQJ COW "23 pmW
"�|L=Q]

"303 |=tO QO u=Dt |rwt C@Uv w Q=Wi ?ULQ@ VNQJ COW "24 pmW

|ak=w R=o pOt R= w OQ=Ov OwHw u; x@ \w@ Qt CqO=at w p;xO}= R=o pOt R= xO=iDU=
CHRr C=QF= R= pR=v |L=Q] QO "CU= xOW xO=iDU= pR=v pw] QO 
 C=Q}}eD x=Qty x@

"OwW|t ZQi l}B wQDvR}; u=} QH w CU= xOW Q_v hQY |RQt |x}q w
QO `=@W= jwi CQwYx@ pR=v R= |HwQN u=} QH '|WNQJ R=U=OH |L=Q] QO
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"""|
L=Q]

QF -wt
|=y

QDt=Q
=B|

HvU
C}U

=ULxQ]k |L]U VvD %�
|}x} w=R CaQU %!
=yT}wvQ} R �

|QwLt |=DU=Q QO %axial

|v=QL@ \}=QW %c
xQ]k %d

pR=v x@ |OwQw %in
`}=t R=i %l

`}=t R=i %liq
|a=aW |=DU=Q QO %radial

V}=OH |x_iLt '|R=U=OH \}=QW %sep
u=} QH VNQJ %swirl

u=} QH |xOvv=NQJ %swirler
R=o R=i %v

R=o R=i %vap
R=U=OH |U=tt |=DU=Q QO C=YDNt %�

T}wvq=@ �
|v=QL@ \}=QW QO xQ]k 'pR=v x=owro `]kt %*

R=o C@=F %R
u=} QH VNQJ COW '`=@W= C@Uv %S

&=tO %T
R=U=OH `]kt Q]k %d

?}mQD |=RH= |xOvQ=tW %k
�pm x@ R=o R=i C@Uv� R=o C}i}m %q

R=U=OH `=aW |=DU=Q QO C=YDNt 'xQ]k `=aW %r
|B wQDv= %s

Oa@|@ |=tO 'u=tR %t
R=U=OH QwLt |=DU=Q QO C=YDNt %x

|rwt C@Uv %y

|v=vw} hwQL �
xQ]k |L]U VvD |x@U=Lt C@=F %�
xQ]k |L]U VvD |x@U=Lt C@=F %�

|DQ=QL |=yC}iQ_ C@Uv %

xQ]k |L]U VvD |x@U=Lt C@=F 'CHRr %�

|r=oJ %�

=yCWwv=B
1. adsorption
2. dissolve
3. membranes
4. cryogenics
5. supersonic separators
6. laval nozzle
7. cyclone separator
8. dew point control
9. Garret
10. Linhardt
11. Nasikas
12. Prast
13. Molleson
14. Stasenko
15. Malyshkina
16. Koo
17. Ma
18. spontaneous condensation
19. inner-core
20. heterogeneous nucleation
21. Castier
22. peng-robinson
23. Secchi
24. swirler
25. Twister I
26. supersonic swirl separator: 3S
27. Foelsch
28. circular arc
29. radial curve

30. transition curve
31. separation chamber
32. vanned swirler
33. critical radius
34. saturation ratio
35. Andbaeva
36. time of 
ight
37. Holdich
38. swirl intensity
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