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11.� ʕɅωF|ʯZʡɈȽˉYXo`ș̛Ƚ  ̄

ȉȟŐţ̣̐Ǝġ˄ƍ� ƉǶĩƪ 
i 

ȸˊgȺƵ 
� őĘgèBȺƵahYȸˊhźƕg̜BŏégȺƵYvogh

źƕgèBȓégȺƵaŮŒo`BrT=XNaYŏégŘĻe

hYɼǬȆˢgʰĔưeȝɋo̠ čŬ˥Ğe{~Ó�hTgdB̡

ɼǬǿŬ»£ÁF|ȃʷGʦ��rT=˞eYȓégŘĻehY

ËʰĔdčŬ˥ĞeɏɋoZȿƲȓé»£ÁF|ȃʷGʦ��

`BrT=őĘG̜gd]`g~bY̧ɆɋgȺƵaA~λég

ȺƵGȽ�rT= 

 

Ŏ11-1.� ȸˊgȺƵŎ 
 

ȯ˴��xÈ˰gģĻȸhȦƕgÉǣe{]`λéȺƵ�ɻU

eYŏéF|ȓénbȺƵşģorT=NgȽˉ�ǣʝbʵBr

T=NgǣʝȽˉhȹđdÕbʍaG\aTGYőĘĢ˶ωg

őĘßÊaA�iĂ`gģĻȸhǣʝorT=˞ eőĘĢ˶ω

ßÉaA�iȯ˴��avλģPs~Õhĸʑbd}rT=ȯ˴

��ģ˶ωh �̣+�+8Y��	-��" aTgạȯ˴��

gŏẹ́¥¿����hţȓő���	�	��"	ahλéȺ

Ƶ�ɻUeȓéed}rT=^r}?ǣʝ@bBCʵ

ʟḥAgravœȾŗȩaA]`̣Ȯǧ̣Ǵǧah

ˠɂodBbBCÕaT=�

� ŏéGʥʳo`λéed~̈géɞşģhYʡɈe{~λéF

|ȓéngéɞşģbȒo̐ƎeƀPBgGǫˠaT=XNaʥ

ʳg�Å¤Ã®Ç̠Ó̊P̡vègYʡɈȫȶeȒoYʥʳȶG

ƀPBÕgĮŊed]`BrT=X�hYőĘgèḄȦƕgè

BȺƵÊahYλéčŬgǄ^˥Ğ�§Á�ÇhYŏégǄ^˥

Ğ�§Á�Çe˛BÕ�ƳŃorT= 

őĘgèBȺƵÊbʵ]`vY̧˶ωgőĘ{}èi�iYλɍ

hŮŒors�gaÊ̅ḩ˶ωgőĘaT=ʕɅωßÉahY

xh}λɍhŮŒaedBgaYÉ̅hʕɅőĘaT=̧˶ωa

hYŏéYλéXo`ȓéGƐʨȺƵaŮŒorT=ŏéGŮŒ

ae~ßÉY̧˶ωgȦƕhʥωe̐Ǝe˛gd}rT=Ngʥ

ωbBCȦƕhYčŬgƞȺYȅưY«¡�Å�goxTPdc

aţegşģT~gaȧųxǎɩǦoBgaY(T1mmHg, 

1mmHg)�̧˶ωgÞ�}eǋɂoZÕhĕɤa˝oroZ=

Ƹ>Gʯ~ȇ>dλé̠ œȾŗȩg258YţȓőÊ g̡˥Ğ�§

Á�ÇhYŢggŘĻY(T1mmHg, 1mmHg)e{}˛gY̠ ʕɅȦ

ƕ[Tc], ʕɅőĘ[Pc]̡ F|h˪gd}rT=258agʡɈ�ʍa

~d|Yŗȩωh(T1mmHg, 1mmHg)eʊggGŨƝaT=șωxY

̥ȓőßÉg̜BőĘagʡɈ�ʍa~gaA�iYčŬg˥Ğ

�§Á�ÇgʲωF|Yŗȩωh(Tc, Pc)eʊgǟGŨƝed}r

T=XNaYNgɤahYʕɅωF|ʯZʡɈȽˉ�ʯ`Ber

ozC= 

 

� NgŏéPλégȺƵşģẽo`vYȔh̐ƎeȏƭdģĻ

ȸaT=λéhÈʘɉehȦƕGÊG~bźƕG̜gd}rT=

bN�GYλébo`gȔhYɱ48aźƕGÈɆ̜gd}rT=

X�ßÊed~bȔɵɼĻgȆˢé�ɁƷoũuY˞ eźƕhè

gd}Y̤8ed~bɼǬģGˤsYŏégȔgźƕhλégȔ

bȒoɱ10̟ƀPgd}rT=ŏégpCGλé{}vźƕGè

BghFd}ȼoBȸˊaT=ȕh̐ƎeʰĔȍoBɼǬ�ì~

ga�Å¤Ã®Ç̠Ó̊P̡hƀPgd}rT=XNaYȕ�σ

FTehYXg�Å¤Ã®Çčţedȶ˸GƩʮed}rT=̘

˯�jB`ȶGA~ǪeYȕǻ�íCghYéF|ţedȶ˸�

ŦCƩʮGA~F|aT=Z[oYX�hʥʳȶ�KJ/Kgaʯ

ZǪaA]`YKJ/molaʯZǪehˠƎgǲȋσūgÐahƀ

Pd÷ed}rT=N�hYȕF|σiZ`gȔhr[�Å¤Ã

®ÇGĥč̜gȲBÕbYȔgčŬ˸G18b̐ƎeƀPBgaY

KgAZ}gmolǛG̐ƎeţeBF|aT= 

 

ʕɅω 
� ʕɅωgųʌhȇ>dvgGA}rT=ȸȿƅP�gųʌ Ụ̈̀

ůɉdųʌ̣ģůƋụ̊äȶƋụ̊ȋȁƅP�ɉdųʌ̣X�Y

�gč˷aȇ>dʵBǟGA~{CaT=ǛůGʜƻaģůg˧

eˤ�[əbo`ḥǛƗahdg̣ģůgŗǶÐgŗǶ ?̣Ƚ

ˉgʲż@F|ȿʳT~ʕɅω�ʍa`ʯrozC=ĕɫa˝o

Z{CeYŏéF|λénȺƵşģoZɌƣhYλégźƕhŏ



égźƕbţeghş�}rs�=Ngλé�c�c�Ěȶo`

BgbYλégźƕhλégȦƕG̜gd~e^�ÊG]`ʦe

rT=λégźƕhčŬ /˸čŬéɞaʶɩae~ÕhĕɤaˁǤ

oroZ=źƕGÊG~bBCÕhčŬéɞGţegd~bBC

ÕaoZGYčŬéɞGȸȿɉeţegd~gahȲgYčŬg

ȶǇĞgȱečŬGĪu~ɠ̂gţePGȦƕgÉǣbăeţ

egd~bBCÕaoZ= 

 

� NgĮȿ�í]ZgG̣éɞȦƕʶaT=ǛĦƑgǦaṿ˿

P�ȧ~̠ÑehÙ̂gȈȩɉdţeP�ĒɂoZ̡ƂƕxǪ̂

�ȧ~̠ǡgČF|ǡα�ĒɂoZ̡ƂƕḥĂÍɅeA}ro

Z=ȔGć]Z|ĆZB=ȔGș̛o`BZ|ȶB=N�hĂÍ

ɅaăˠeA]ZÕaozCG̣X��čĖo`éȦe36bB

CǛŭ�Ìa~gḥ˿ PxǪ̂bȒo`̐ƎěoBNbaA

]ZaozC=ķÞ��±¤g�Á�º£�gǪÞehȦƕʶ|

oeʫʊGA}roZG̣ȽÞgȦƕʶe̗T~vgḥÁ§�

Å�ǳe�ÀÂ�GɈǤoZȓéȦƕʶGǱďbP�`BrT= 

ȓẹ́Ȕ˻x�Á�ÇẠ́ȶaʔƚPs~vghʚ>aTG̣Ŕ

ˊdŤPg�¿�gɷɪ�ì~gǦoF]Zga˛ÞraȦ

ƕʶGì�dF]Z{CaT= 

 

� X�ah Ạ̇ƕG̜gd~e^�ÊG]`BgźƕhcNra

ÊG~gaozCF �̫ B�y~ȈȩșωbBCghYœȾg˱

ĻaoZ=XNaY˫ƝdőĘ�Fi`B�iYλéhș̛sU

eȦƕh̜gd}YźƕhÊG}ʁirT=λégȦƕGA~̅

Ʌ̠ʕɅȦƕ̡e˨T~bYźƕg÷v̅Ʌ̠ʕɅźƕ̡e˨o

rT=ʕɅȦƕahYčŬgȶǇĞe{]`ɠ̂eĪu~ţeP

GʕɅéɞ̠ čŬ /˸ʕɅźƕ b̡d}rT=ÈǟYȓégźƕh

cCaozCF �̫ λégȦƕG̜gd~e^�Yȓɍe̙kČ

TčŬgǛGśa~gaYȓɍgŸɞGÈųd|ȓégźƕhY

ȦƕgÉǣbbve̜gd]`ʦerT=ȓɍahźƕG̜gd

]`BeYλɍahźƕGƀPgd]`BeYʕɅωahÎʎg

źƕhÈʗorT=^r}YλébȓégźƕgŚGdgd~g

GʕɅωaT=ʕɅȦƕßÉgȶ�§Á�Ç�Ìa`B~bYc

�de̜BőĘ�Ìa`vYλɍhȽ�rs�=čŬehY̠ Ʊ

ǧg˶Ęg{Ce̡čŬgţePY˶Pdceƥ]ZY5̉r�

CbT~ĘSYčŬ̂ĘGýB`BrT=NgčŬ̂ĘbȶǇĞ

g�§Á�ÇG˺}ĻCgGʕɅωaT=XNaʕɅȦƕßÉg

ȶ�§Á�Ç�Ìa`orCbYčŬG˰čɉẻr~̠λéȺ

Ƶ Y̡čŬ̂Ę̪ȶ�§Á�Çg̔ŖGdgd~gaYc�de

őĘ�Fi`vλɍhȽ�dBgaT= 

rZYʕɅőĘßÉahYλéhc�deĚȶo`vș̛hor

s�=ș̛bBCghYλéčŬg˥Ğ�§Á�ÇGšő�Éŉ

]ZǪeʯ|�~?λégȬoBʡɈȽˉ@aT=ʕɅőĘßÉ

gőĘGFF]`B~ŘĻehYĚȶe{]`Ìa|�Z�§Á

�ÇhYčŬgȶǇĞ�§Á�Çeí��rTGYNgčŬg�

§Á�ÇGšő�Éŉ~ghYȦƕGʕɅȦƕßÉed~ƩʮG

A}rT=ʕɅω�ˎaZȐ̇aYλɍbȓɍgŚhȲgd]`

orCgaYλéʖéGŮŒodBgaYλégȬoBʡɈȽˉ

hˍN}ars�= 

 

 NgʕɅωhYčŬ̂Ębg̃ǛdgaYčŬe{]`÷hr

\r\aT=čŬgţePYƞȺYčŬ�ȆƷT~ĮŬŋgɝ̗

dce{]`ʕɅωgʀŽ÷hsdɇd}rT=čŬ̂ĘbʕɅ

ųǛG˺}Ļ]ZȺƵbBCƳŃahYʕɅųǛ�čŬgŗȩe

b~bYčŬgƌɇ�ŀĴaerT=XNaȸư÷gȿʳeh̐

ƎeǲĜaA~bʵarT=Ng{CeǲɂdǅȈdgaTGY

ŵhNgʕɅųǛGŵ̚ɉeȖr]`B~ģĻȸh1000ģĻȸ

eρZdBgaT=ȧųȚhYɢÝg�ÁeģĻȸ�B�YȦƕY

őĘ�̜go`YλɍbȓɍgŚGȲgd~ȦƕYőĘ�ǌor

T=ɭĨXCeƮa~Fvo�rs�GYŘĻe{]`hYģĻ

ȸ�Ɓ˸ƿeČoZ}YĚaZ}o`̠voghŸɞĸş�Ág

Ēɂ Y̡λɍPȓɍgŚ��ÁgɢgçʊeǄ]`Ndi�id|

BdBdcY̐ƎeŌ̌dȧųed}rT=rZYčŬGţeg

d~bYʕɅȦƕv̜gd}Y̜Ȧ�ŰųģPs~ÕgŌ̌PY

ģĻȸʖégȶŰųưgŇ̕dcF|ŵ̚÷hYNgĀYŢgh

śadBaozC= 

 
ʕɅωbPVTʄŎYʕɅ˔  ˑ
� ʕɅųǛ�ȧųT~̈eƦ|�~YȦƕYőĘYźƕ̠ čŬ˸

/čŬéɞ̡�±Ã¡¤oZvg�YPVTʄŎbńkrT=Ţg

gŘĻYX˖eV̠ éɞ Y̡Y˖eP̠ őĘ �̡b}YȦƕ�Èų

eoZǪg̠ PYV ω̡�±Ã¡¤T~Y�YȦƕ�şadG|ʉ

}˜o`ʦerT=Èîbo`��¨ÇÁgPVTʄŎ�Ŏ11-2

eɗorozC= 

ĺˣʁT~ʄh258begÈ^gȦƕ�ɗorT= 

ÈɆÉgˋBʄhYȦƕG600KgǪgőĘ(P)-éɞ(V)̃ ò�ɗ

orT=ȦƕG��¨ÇÁgʕɅȦƕßÉdgaYőĘG̜g`

vλģhsUeYˎʕɅȞébńi�~Ȟéed}rT= 

λébȓéGăŮT~̔Ŗh̞Bʄaɗo`BrT=Ă`Gλé

g̔Ŗh̝ʚgʄaɗo`BrT=ȺƵşģ�ȦƕY400Kaˁ

ǤorozC=ʏőưgŸɞĸş�Áe400Kg���ʻu~b

9gȺƵed}rT=Xg�Á�YȦƕ�ó]Zrrőʈo`ʦ

gbȺƵ:aY��gÈ˰GλģoũurT=P|eőʈo`ʦ

gbȓλGȤŒo`B~̂hYőĘhÈųed}rT=Ă`Gλ

ģT~bYλéhőʈo`véɞhpb�cş�|UőĘ[iG

ƯÉǣo`;gȺƵe˨orT=N�h˞ľeeĞFo`vļp

NbaT=Ȧƕ�400K, 450K, 500Kb̜go`ʦge^�Yȓ



λGȤŒT~̠̞Bʄg˰č̡Gɓgd]`ʦggGʳ~bƮB

rT=ȦƕG514Ked~bYȓébλégĤđGdgd}Yʕ

Ʌωe˨orT=NgʕɅωF|ȓλȤŒg̞BʄgÎɥ�^d

B[ɶʚgʄ�ʕɅ˔ˑbńkrT= 

 

 
Ŏ11-2.� ��¨ÇÁgPVTʄŎ 
 

ļȇe²��ÅgPVTʄŎ�ìƷorT= 

 

Ŏ11-3.� ²��ÅgPVTʄŎ 
 

� ��¨ÇÁb²��ÅahʕɅωgʀŽ÷hɇd}rT= 

 
Ŏ11-4.� ʕɅ˔ˑgÈʗ 

oFoYʕɅ˔ˑ�ĵ}ČoYʕɅω�˶f~b˔ˑhpqűĂ

eÈʗorT=ƥ]`Yȇ>dģĻȸgčŬbo`gŗȩω�ʕ

Ʌωeb}Yĺȸư÷GʕɅωF|c�[i̋�`B~Faʺñ

ae�iYģĻȸg˩B�ŀĴae~Õed}rT=ĕɤaḥ

258agɍŽʡɈˡƕhˮÿőĘ(258agʡȓő/ʕɅőĘ)g

seðŮT~Nb�ɗoroZ=N�h ʕ̣ɅőĘv258agʡ

ȓővģĻȸe{]`÷hɇd}rTG ʕ̣Ʌ˔ˑhÈʗo`B

~gạˮ ÿőĘGļpaA�iɍŽʡɈˡƕvÈʗT~bBC

Nb�ƳŃorT=NgŗȩωF|c�[i̋�`B~F�ɗT

Ƃƕ�ŽʕɅ÷bBBrT=Ȧƕ�ʕɅȦƕaĖ]Z÷�ˮÿȦ

ƕYőĘ�ʕɅőĘaĖ]Z÷�ˮÿőĘYéɞ�ʕɅéɞaĖ

]Z÷�ˮÿéɞbńkrT=ĺ>gʀŽ÷hɇd}rTGYȒ

Ȼeo`oraiYcg{CdģĻȸav��ÇÁvĿuÈʗT

~ga̐ƎeƽBxTgd}rT=NgǟȚaȸư÷�ʯ~x}

ǟ�?ŽƬȺƵĮȿȚ@bBBrT=X�ahYʡȓő�îeŽ

ƬȺƵĮȿȚ�s`srozC= 

 
ŽƬȺƵĮȿȚe{~ʡȓőƗ 
� rUɭĨdîbo`YȈȩșω(Tb, 0.1MPa)F|ʕɅω(Tc, Pc)

ĝgâƳgȦƕ(Tref)agʡȓő(Pref)�Ȗu~ʡȓőƗ�ìƷ

o`srozC= 

 

Ŏ11-5.� ŽʕɅ÷ʡȓőƗ 
 

� ÐůɁavʳ~{Ce�¿¯aʍa`srozC=ĺȦƕYő

ĘhʀŽ÷ahƽ�dBaŽʕɅ÷aƽBrT=ʡȓőhŎÐg

̏BʄaɗP�`B~gaYNg̏BʄgǛƗ�ȖurT=Ɍʄ

gÈʘƗh 

Y=aX+b 

aahüeaTF|Ya=̠ log(Pc/Pc) – log(0.1/Pc)̡ / (Tc/Tc – Tb/Tc) 

= (1+ log(Pc)) / (1- Tb/Tc) bd}rT= 

ƗgYelog(Pc/Pc)=0, XeTc/Tc=1�ÞāT~bYb=-abd~

gaY 

log(Pref/Pc)= -a*(1-Tref/Tc) 

a=(1+log(Pc))/(1-Tb/Tc) 

ÉʸgƗ�íCbYģĻȸgȈȩșω(Tb)YʕɅȦƕ(Tc)YʕɅ

őĘ(Pc)GȖr]`B�iYâƳgTrefgǪgʡȓőPrefGȖ



r}rT= 

ĕɤgAntoinegʡȓőƗaȃʷoZλée^B`Yʡȓő�ʯ

`srozC= 

 

Ŏ11-6.� ŽʕɅȦƕeŽT~ŽʕɅőĘ 
 

NgʡȓőƗhYȈȩșωF|ʕɅωragʡȓőGɌʄa˛æ

ae~bBCĕǐaì]ZƗaT= 

NNaYTref/TcG0.70F|1.0ĝahλégɝ̗e{|Ue

{gÈʗo`B~NbG�F~bƮBrT=ŢggģĻȸaY

Tb/Tch0.68K|BaTgaYșωF|ʕɅωragʡȓőhɌ

ʄ˛æo`vţed̂˩BhȲBÕed}rT=ȦƕGșωßÊ

ed~bYƯȬeʡȓőhȥƁorT=Ngrr[bƽBegB

gaYǦgÙhYĕɤaí]ZʡȓőƗgC\aÈɆ�Å±Ád

Clausius-ClapeyronƗ�íCÕeoroZ= 

log(P)=A – B/T 

NNavYĺȦƕYőĘhʀŽ÷ahƽ�dBaŽʕɅ÷aƽB

rT=Ȉȩșω(Tb, 0.1MPa)bʕɅω(Tc, Pc)�ˠ~ǷáF|Y 

log(Pref/Pc) = h*(1 – 1/(Tref/Tc)) 

h=(Tb/Tc)*log(Pc) / (1- (Tb/Tc)) 

bBCYÈʘģʡȓőƗGƦ|�rT= 

 

Ŏ11-7.� ÈʘģʡȓőƗ 

 

NgÈʘģʡȓőƗ�í]`Yȉ˖�(1-1/(Tref/Tc))bo`±Ã¡

¤T~bŎ11-17eɗT{CeǭʄhYpqɌʄed}rT=o

FoY°�¨ÇÁg{CdȔɵɼĻưgλéhÜgλébhǆĞ

Gɇd}rT=AntoineƗahAntoine BųǛ̠ ʡɈȫȶ a̡ʬ

ȍGFF]`BroZ=ÈʘģʡȓőƗahøƨŊŬbBCǞZ

d«¿ºÇ��ſāo`ʬȍ�Fi~ǟȚGĵ|�roZ= 

 

øƨŊŬ 

 øƨŊŬ2(Acentric factor)h1955ƑePitzere{]`ųʌP

�Z«¿ºÇ�aT= 

� 2 = -log Pvpr ( at Tr=0.7) -1.0 

a� ʶɩP�~÷aYPvprh, (Tr=0.7bd~Ȧƕebi~ʡȓ

ő)/ʕɅőĘed}rT=øƨŊŬ�ŵ̚ɉeƦ~ȱehYșωY

ʕɅȦƕYʕɅőĘYTr(=Tref/Tc)=0.7bd~Ȧƕebi~ʡȓ

őgŵ̚÷GƩʮed}rT=Ng«¿ºÇ�GǐȀP�Zbe

ehYøƨŊŬhĨečŬgøƨưx̐Ⱦƞƕ�ʩTvgbP�

`BroZ=XNaYĨĮŬ��xº�ÅdcahøƨŊŬhY

pq�Ãed}rT=čŬGţegd]Z}YȅưGAG~bø

ƨŊŬhţegd~gaYƒêůXo`ȅưɉdÐƨF|gU�

�ɗT«¿ºÇ�bo`˶ŴP�`BrT= 

 

Ŏ11-8.� øƨŊŬgųʌ 

 

�¿¯Ðeųʌgω�ǯe˚tbȿʳGȣr~aozC=Ţgg

λéahŽʕɅȦƕTr(Tref/Tc)G0.7bd~ȦƕhșωßÉaT=

aTF|Y̠ șωY̥ ȓő Y̡̠ Tr=0.7YPvpr̡ ,̠ TcYPc g̡̧ω

�ˠ~ʡȓőǭʄeT~ÕaYǭȻ�ʬȍT~«¿ºÇ�aA~

NbGʳ}rT=ÈʘģʡȓőƗeøƨŊŬ�ɺs˚�[ƞaĒ

ɂae~bYĒɂñ÷G̜BgaTGYËĝƛdG|YXCoZ

ƗehbɋeFF]ZÕhA}rs�=XgȿɃgÈ^hYșω

ßÉYʕɅωßÊgʡȓőƗhɌʄ˛æo`vţed˩BhȲgY

ŶȦßÉșω˛úgʡȓőhAntoineƗdc�íaiĥčɯƕG

ZFBgaYÈʘģʡȓőƗeɺs˚tƩʮGȲF]Zgahd

BFbƮBrT=\dseYAntoine CųǛvčŬGţegd]

Z}YȅưGAG~bţegd~ųǛaA~Õ�ĕɤaɸÛor

oZ= 



 

Ŏ11-9.� Antoine C«¿ºÇ�bøƨŊŬg̃ò 

 

XNaYAntoine CųǛeŽo`øƨŊŬ�±Ã¡¤T~bŎg

{Ce̜Bɍ̃GA~ÕG�F}rT=XNac\|g«¿ºÇ

�včŬgčŬ̂Ę�ʍżT~Éa˶ʮd«¿ºÇ�aA~b

ʵarT= 

øƨŊŬGÈʘģʡȓőƗeɺs˚r�dF]ZvCÈ^gȿ

ɃhʳǺɉdʶɩƗgɈƆGAM|�rT= 

ÈʘģʡȓőƗhYâƳgŽʕɅȦƕTr(Tref/Tc)gǪgŽʕɅő

ĘPr(Pref/Pc)�Ȗu~ÕGaerT=XNaYTr=0.7gǪg

P0.7/PcvʶɩaerT= 

log(P0.7/Pc) = h*(1 – 1/(0.7)) 

h=(Tb/Tc)*log(Pc) / (1- (Tb/Tc)) 

2 = -log (P0.7/Pc)-1.0 

F| 

2 = (3/7)*h -1 

bd}rT=NgøƨŊŬgÕ�YEdmister 1̠958Ƒ̡gøƨ

ŊŬbńkrT= 

NgEdmistergøƨŊŬhYȯģȔɵģĻȸg̠ŵ̚F|Ȗu

ZYPitzerg̡øƨŊŬb{gÈʗoZÕF|Y̐Ǝeţed 

ȤÓGȽŒraʁB`B~gaT= 

Ƹ>hYǵ[ečŬ̂eýgĘ�Ă`ȿʳo`B~bhʵars

�=ro`xYXgčŬ̂ĘgȦƕðŮưraĿu~bŢg�ʿ

�dBgaT=PitzergøƨŊŬhYXgõ>ehčĖaedB

čŬ̂ĘgʃŅ�ŵ̚÷gʡȓőȧųF|ȗųT~vgaT=X

�eŽo`EdmistergøƨŊŬhYșωYʕɅȦƕYʕɅőĘ

gsF|Ȗr~÷aT=ʭ̊dčŬ̂ĘGșωYʕɅȦƕYʕɅ

őĘeĳǨP�`B~ŘĻehÎʎhÈʗorTGYŎeɗor

T{CeƩUovÈʗT~bhʵars�= 

 

Ŏ11-10.� PitzerbEdmistergøƨŊŬg̃ò 

 

bN�GYEdmistergƷęßǸYøƨŊŬhʕɅ÷F|Ȗu~

vged]`orBroZ=ʕɅųǛF|ʡȓő�ǎɩT~Ɨb

o`hY 

RiedelȚ(1954Ƒ) 

Riedel-Plank-MillerȚ(1965Ƒ) 

Lee-KeslerȚ(1975Ƒ) 

dcGA}rT= 

Lee-KeslerhȌƗaøƨŊŬ�ʶɩorT=(Tbr=Tb/Tc) 

2 = f(0)(Tbr)/f(1)(Tbr) 

f(0)(Tbr)= -ln(Pc) -5.92714 +6.09648*Tbr-1+1.28862*ln(Tbr) – 

0.169347*Tbr6 

f(1)(Tbr) = 15.2518 -15.6875*Tbr-1 – 13.4721*ln(Tbr) + 

0.43577*Tbr6 

̐Ǝeʭ̊dʶɩƗaTGYĨɳdEdmistergøƨŊŬbȒ˗

o`s~bYpb�cűĂeÈʗo`orBrT= 

 

Ŏ11-11.� EdmisterbLee-keslergøƨŊŬg̃ò 

 

XNaYLee-KeslergʡȓőƗ 

ln(Pref/Pc) = f(0)(Tr) + 2f(1)(Tr) 

aʡȓő�ʶɩoZbo`vYʭ̊dčŬ̂Ę�Ă`ĵ}˚u`

B~bhʵars�=̠ Pitzergŵ̚÷F|ȖuZøƨŊŬbg

ƌčhȏ]`orBrT=̡  

ʽoghɧʎgHP

h̠ttps://www.pirika.com/JP/TCPE/VP-Theory.html̡  



�İȵ̒eZBgaTGYRiedelƗahøƨŊŬbʵCʵBǟh

o`Brs�GYKcbBC«¿ºÇ��ųʌo`BrT=N�vY

șωYʕɅȦƕYʕɅőĘF|ʶɩP�~«¿ºÇ�bd}rT= 

 

Ŏ11-12.� EdmistergøƨŊŬbRiedelgKcg̃ò 

 

Ng«¿ºÇ�v��ÇÁhɇd}rTGYEdmistergøƨŊ

Ŭbŵˊļpȸed}rT= 

 

ßÉgÕ�˒ra~bYŽƬȺƵĮȿȚ�ɂBZʡȓőƗhYʭ

̊dčŬ̂ĘGșωYʕɅȦƕYʕɅőĘeĳǨP�`B~ŘĻY

voghYșωßÉgȦƕŖahX�d}gɯƕGǳơaerT

GYX�ßšgŘĻeh̄̍eôp`hBidBNbGʳ}rT= 

oFvYʕɅųǛgȍɖdȧų÷hÚƣţegśa~Õhǳơa

edBgaYɯƕg̜BǎɩǟȚǵɈGƩʮed}rT= 

 

ʕɅųǛgǎɩ 
� ʕɅųǛgǎɩȚhȇ>dvgGA}rT=Ěɩ÷dcʽoB

NbhɧʎgHPeˈ~bo`YNNahJobackȚbBCĮŬ

ŋŹÌȚe{~ǎɩȚ�ʯ`ʦerozC=Dr. Jobackh1984

ƑYMITgůɁgbeeʕɅųǛdcgǎɩƗ�́ɈoYȽŒa

vƓgí��`BrT=̠ Dr. JobackhəgõÙɉdĲÙavA

}YȸưǎɩƗgǮd~ɯƕľÉ�ɋǅodG|ˇ˃�ʦd]`

BrT  ̡

 

JobackȚhȌƗe{]`ʕɅųǛ�ʶɩorT= 

Tc = Tb[0.584 + 0.965JITc - (JITc)2]-1 

Pc = (0.113 + 0.0032NA  - JIPc)-2        

Vc = 17.5 + JIVc 

ITcYIPcYIVchYĺĮŬŋeĖ}Ǉ|�ZĚɩ÷aT=č

Ŭ�ȆƷT~ĮŬŋ�ǛaÉMYXgõǛeĚɩ÷�ǊiĻ�s

`YXgʃŅ�ʶɩorT=TbhȈȩșωYNAhčŬ�ȆƷT

~ĮŬǛgʃŅ�ɗo`BrT=XNaYčŬgȆˢbȈȩșω

GƦ|�`B�iʕɅųǛGƦ|�~Õed}rT= 

� X�ahYrUYʕɅȦƕgƳŃĻB�ʍa`ʯrozC=

JobackƗahʕɅȦƕ̩șω (̢ĮŬŋgŹÌ)bd]`BrT=

XNaYTc/TbGc�dȸư÷bɍ̃GA~gF˂o`ʯrT=

rUYȔɵĮŬ�ĿtĮŬgʃŅb±Ã¡¤o`ʯrozC= 

 
Ŏ11-13.�  čŬÐĮŬǛbTc/Tbg̃ò 

 

Tc/TbgƐŔhbb{X1.5ed}YčŬ�ȆƷT~ĮŬgǛG

Ţgd~pcYTc/Tbg÷hƀPgd}rT=XNaYĮŬǛg

ĜΔh˞ǛaĜB`BrT=čŬGǄ^Ųʑŗgɝ̗Gȗr�i

̠îai��¢ÁģĻȸ̡ĮŬgǛGŢgd~e^�Ɍʄɉe

Tc/Tbg÷hȥƁT~gaY��¢ÁŗgŹÌȻ�ųu�iYĮ

ŬŋŹÌȚaʕɅȦƕ̠ Tc̡Gǎɩae~Nbed}rT=ȍɖ

ehYƗgƞ�ʯ�i�F~{CeY̦Ȍ̃ǛgÉeĊa˛æo

`B~gG Joback ȚgʕɅȦƕǎɩȚaA~NbG�F}rT=

X�ahY�Á�ÇÁx�Áµ��ÁģĻȸaTc/TbGƀPBb

BCghê�ƳŃT~gaozCF �̫ șωgĖeʕɅȦƕG

èB̠voghYʕɅȦƕgĖeșωG̜B̡Nb�ƳŃo`B

`YN�hb}vɌPUYșω{}v̜BbN�eƄǭω�Ǆ^

bBCNb�ƳŃorT=XgƄǭȻgţePbhYĕɫaˁǤ

oZøƨŊŬbļpÕed}rT= 

 
Ŏ11-14. PitzergøƨŊŬbTc/Tbg̃ò 

 
XNaYŵ̚÷F|ȖuZPitzergøƨŊŬeŽo`YTc/Tb�

±Ã¡¤T~bŎeɗT{CdVgŭŕg̃òGƦ|�rT= 

ÔƲoZ{CeYFd}ʙBɍ̃GA}rT=ĕɤaˁǤoZȍ

Ĕσλẽo`hģĻȸgɝ̗e{|UYøƨŊŬG̠ .̨̤ K|

Bgƺra̡ţegd~e^�YTc/TbhɌʄɉeȥƁT~ÕG

�F}rT=Ng̔Ŗẽo`hYøƨŊŬgǄ^ƳŃĻBgÈ



^aA~ȾƞF|gU�Gţegd~bTc/TbGƀPgd]`ʦ

erT=îaiYC5H12aʩP�~´Å�Ågɇưé�ʯ`s

rozC=n-́ Å�Å(CH3CH2CH2CH2CH3)ahY

Tc/Tb=469.8/309.2=1.519Y��´Å�Å

(CH3CH(CH3)CH2CH3)ahYTc/Tb=460.4/301.0=1.530Y§�

´Å�Å(C(CH3)4)ahYTc/Tb=433.8/282.7=1.534bd}rT=

ļpĮŬǛaTGYčŬgǽčF�GŢgd~e^�`șωxʕ

ɅȦƕhƀPgd}rT=oFoYșωgȥƁčGƁoţeBg

aYTc/Tbhţegd]`ʦerT= 

øƨŊŬG0.5ßÉbd~ģĻȸhY�Á�ÇÁģĻȸx�Áµ

��ÁģĻȸed}rT=N�|gģĻȸhYȔɵɼĻe{]`

̐ȍĔσλ̠ ȔɵɼĻ�Ď~ZueŢggʡɈ�§Á�ÇGƩʮ̡

ed~λéaT=ȍĔσλhčŬGţegd~bøƨŊŬGţe

gd}roZGY̐ȍĔσλahY˞ečŬGƀPgd~bøƨ

ŊŬGţegd}rT=Xo`YøƨŊŬGţegd~bY˞e

Tc/TbGţegd}rT=Ng̔ŖahøƨŊŬgđgù̑Yȅ

ưgø}gĜΔe{]`ƘeˍNP�rT= 

Ng¤¶Ã��Ádøƨưbȅưgøƨư�È^g«¿ºÇ�

2eǁo˚�aB~gaYb`vʭ̊d«¿ºÇ�aA~ÕG�

F}rT= 

ȔYº�¨ÇÁY�˴dchYčŬGƀPgYȾƞe˛gYȅư

avA~gaVŭŕgʄF|hţegš�rT= 

ţÕdωhYɀȺģĻȸgȹɇưaT=ȍĔY̐ȍĔσλg˩B

[iadgYĀpcgVŭeÒ|dBģĻȸbo`hYɀȺ��

¢ÁYɀȺ�Á�ÇÁɨgɀȺģĻȸdcGA}rT=N�|g

ɀȺģĻȸehYê|FgčŬ̂ĘGýB`YTc/Tbg÷G˾Ⱥ

ģĻȸbɇd]`erT=XgÕGê�ƳŃT~FbBCbY

JobackgĚɩ÷aNCoZɀȺģĻȸ�ʶɩo`v̜Bɯƕh

ǳơaedBbBCNbaT=X�hYJobackȚahɀȺg�

�¢ÁŗY̦ɴgȔ˴ŗgĚɩ÷GųʌP�`BdBF|aT=

ȸưǎɩƗhYXgǎɩƗ�ȆɬoZǪgȑ̉ŋeðŮorT=

ȑ̉ŋe̗ægģĻȸ�ʶɩT~ŘĻhX�d}gɯƕGǳơ

aerTGYc�dģĻȸeŽo`v�ÇÁ·�¢�ÇeɯƕG

̜BǎɩƗbBCghYr[r[̌oBgGȽȺaT=ŵ̚÷g

øƨŊŬ�íaiŉ˭ae~Ň̕aTGYøƨŊŬʖé�ʕɅų

ǛF|ʶɩaČoZŘĻehYˀ ƌGśƏP�~ĸʑưGA~N

b�ʍƶodg`hd}rs�= 

 

ʕɅőĘgǎɩeɛ}rozC= 

JobackȚgʕɅőĘǎɩƗahYȔɵ�ĿtĂĮŬǛ(NA)bĮŬ

ŋgĚɩ÷(IPc)gʃŅaʕɅőĘGʶɩP�rT=ǎɩƗe{

]`hY˶ĮŬ[iYčŬ˸dcbɍ̃_iZ}o`BrTGY

ŗǶɉehčŬGţegd~bʕɅőĘhʅxFeƀPgd~

ÕGbčF}BZ[i~aozC̠Ŏ11-15 =̡ 

 

Ŏ11-15. ˶ĮŬǛbʕɅőĘg̃ò 

�

ţegš�`B~gh�/.(gȔaT=Xo`�Á�ÇÁx�¸ÅY

řɵģĻȸGǭʄF|š�rT=řɵģĻȸhļpĮŬǛd|ř

ɵgǛGŢBpcʕɅőĘhƀPgd}rT=ǭʄF|š�Zč

�ĮŬŋgĚɩ÷(IPc)aʬȍT~gGJobackȚaT=čŬg˥

Ğ˃ɉeʵaiYčŬGţegd~bčŬ˸GlaYĞeegg

d}Ŝbgʧɡvȥ}rT=čŬļŞgʧɡvśaYőĘbo`

ʲȧP�~ȍŃg˸vȥ~Nbed}rT=čŬÐgřɵgǛG

śa~ĜΔhčŬ˸gĜΔaʳ˵aerT=ȔɵɼĻưģĻȸg

ʕɅőĘG̜gd~ÕhYȔɵɼĻ�Ď~ZueʕɅȦƕv̜g

d~ĜΔbgĄfĻBed~ga̐ƎetUFoBŇ̕ed}

rT= 

^r}Y©Ã�ÅĮŬ�Ǆ^�Á�ÇÁgʕɅőĘGBg^ed

~FhÔȧaedBNbed}rT= 

XCoZǪeǲĜdʍaǟ�ɗo`berozC=ȉ˖�258a

gčŬéɞeşa`srT=T~břɵģĻȸgȹɇưhȡaį

~ÕG�F}rT=̂ r}YJobackȚaĂĮŬǛ(NA)bBCǪe

hYłǳƢʩaɦ̦łǳgĮŬragNbaYɦ̧łǳgřɵhY

sBtBčŬÐe̥^ɜƕgǪeƷɣT~[idgaT=ȯɵb

řɵ�ļpĮŬǛ̥bǛa~bYřɵģĻȸGǭʄF|U�`o

rBrT=oFo¯�Å£ÁÄÇÁ�ħƠGřɵh20%śobʍ

a�iYÜgĮŬbĤđo`ʍa~ƩʮhȲgd}rT=Ügǅ

Ȉbo`hčŬ˸vʍa|�rTGYřɵhȯɵg300%śob

d}YFa]`ǜȿG^Fdgd}rT= 

 

Ŏ11-16.� čŬéɞbʕɅőĘg̃ò 



XNaYčŬéɞ�ÿeoZǞZdǎɩƗ�ȆɬoYÜgǎɩƗ

b�Ã� �¡��T~Õe{]`Ƥ>eɯƕ�AM`ʦgb

BCœ˧dìȄ�Dr. Jobackbʦd]`BrT= 

 

ǱƣeʕɅéɞgǎɩaT= 

JobackȚgʕɅéɞǎɩƗh̐Ǝe�Å±ÁdĮŬŋŹÌȚa

T=ĺĮŬŋeĖ}Ǉ|�ZIVcgʃŅeųǛ�ˏTbʕɅéɞ

GƦ|�rT=ʕɅȦƕYʕɅőĘbȒo~bȸư÷bo`˶ʮ

ƕGèBbƮ��G\aYȤÓo`B~ȸư÷aT=ŵȧ÷bo

`Ʀ|�~ghʕɅźƕaT=čŬ (˸MW)GĐ]`B~ga

MW/ʕɅźƕGʕɅéɞed}rT=N��5ʶɩ÷gʕɅéɞS

bń�aʸ˘T~ŘĻbYĮŬŋŹÌȚaʶɩo`5ʶɩ÷gʕ

ɅéɞSbńmŘĻYĨeʕɅéɞbńmŘĻGA~{CaT= 

Āpcvʴ�roZGYǎɩƗhX��ȆɬoZ£Ç�³Ç�g

÷eƛgðŮorT=Xg÷GAxlxP�Ŀ�aB~ŘĻYƦ

|�ZǎɩƗgɯƕv̜gd}{CGdBÕ�ʱa`bgƩʮ

GA}rT=rZYʕɅéɞhȸư÷bo`˶ʮadBbBCg

vʾˆ�Ǘu~ƩʮGA}rT=źƕgȦƕðŮưhʕɅźƕG

È^gɹωaT=źƕhʩ̑ƚĘYɮƕYȶäſȻgȸư÷bX

gȦƕðŮưeţeg̃Ìo`g~ȸư÷dgab`v˶ʮd

ǅȈaT=258agčŬéɞbʕɅéɞ�±Ã¡¤T~bŎ

11-17g{Ce̜Bɍ̃GA~ÕG�F}rT=n]g}ʵaiY

258agčŬéɞģöGʕɅéɞed}rT=Úraʯ˦OP

�`BroZGYŵhN�h̐ƎeɗņeŻtÕŵdgaT=λ

égźƕh258F|Ȧƕ�ÉM`BgbƤ>eÊG]`Ber

T=ʕɅȦƕg÷hλégɝ̗e{]`ɇd}rT=258F|̜

BʕɅȦƕ(îai4008)raʞ\ʁi`vYèBȦƕ̠îai

1908̡aʕɅȦƕe˨o`vźƕhêǪv258gǪg1/3bd

~bʵ]`B~�iaTF|ǩ̐ËƮˇeƮ]`BZ[eZB

ƺaT= 

 

Ŏ11-17.� 258ebi~čŬéɞbʕɅéɞg̃ò 

 

λéčŬéɞGȦƕgÉǣbăeţegd~ghYčŬGţeg

d~gahȲgYčŬ˥ĞGȬogd]`YčŬGĪu`B~ɠ

̂Gţegd~ÕaA~bhYĕeˁǤoroZ=Xgɠ̂G

258gǪģöed~bYʕɅωe˨T~gaT=ȓéhȦƕG

̜gd~bőĘGc�c�̜gd~gaYźƕG̜g̠čŬéɞ

hƀPg d̡]`BerT=Xo`YXgȓégĪu~ɠ̂G258

λégǪģöed~bYȓébλégźƕGÈʗo`ʕɅωb

o`ʲȧP�~gaT=ȔhƀPdčŬdgaYéɞaʯ~b3

öehd}rs�GYʕɅźƕh0.322g/cm3dgaźƕɉeh

258g1/3ed}rT= 

 

 
Ŏ11-18.� ʕɅωebi~éɞeŽT~őĘgşģ 

 

NgʕɅωahYéɞeŽT~őĘgşģgüeG�Ãed}r

T=ʕɅω˛ú�ǃţo`ɗorT=ĺʄh̥8ēsgȦƕ�ɗ

orT=Ng̔ŖahőĘYȦƕGp�gƁoy|K[iaYé

ɞGţegşģorT̠XNGYȧųG̐ƎeŌ̌aA~Ƀʆa

T =̡ȇ>dģůĳƬˡƕYȶȸư÷YσʳưGėɉeşģT~

̔Ŗdga5¸¿�ÁÆ£Å�¢�ÇSbńi�`BrT= 

Xg̔Ŗacg{CdÕGˍe`B~gFgÈî�ɗoroz

C=ģůʎg5ʾˆ5bo`ʕɅωacg{CdÕGˍe`B~

FgȿʳGȣr~bƮBrT= 

 
Ŏ11-19.� ȯ˴��gźƕbȶäſƕg̃ò 



 

Ö˴ģȯɵgʕɅω˛úagȶäſȻgşģ�Ŏ11-19eɗor

T=Ö˴ģȯɵgȶäſȻhʕɅω˛úaƯeţegd}rT=

N�hʕɅɈǚbńi�~ȽˉaT=ȓégȶäſȻhλégȶ

äſȻg1/10K|Bed]`orBrT=X�hȓéG����

aȶg̜B̠˥Ğ�§Á�Çg̜B̡čŬGÜgčŬem^F]

`�§Á�Çgx}ĵ}�T~ɖȻGèBF|aT=X�ahˎ

ʕɅȺƵahYêǘYλé{}P|eȶäſȻG̜gd~gFb

ʵCbÀ¼Ç¥sZBdvgbˁǤP�`BrT=À¼Ç¥

aǱďe°ÂÇ�T~ǪehÈ^gµÇÁ�ƛgɡerT̠ ȶg

̜BčŬ =̡X�Gĥč˿Bː̋ˌ]`10õgµÇÁgŏr}e

m^F~b�§Á�ÇgǉĶGʦ��10õhƜi̙krT̠ȶ

g̜BčŬF|ȶäſo`̜Bȶ�Ǆ]ZčŬn =̡Xg̈e10

õG×Beg]^B`B~be�Be°ÂÇ�aerTGYÈ˰

hd�`BZ}T~bCrgBers�=ȔɵɼĻưgλégȶ

äſȻGÜgvgbȒo̜BghYčŬGg]^B`B~F|b

ˁǤP�rT=µÇÁGCpwCpwB~ƺ̠λé̡aµÇÁ�

ƛgɡgbÜgµÇÁeh�®Ç¥Gä�|UƜeÉG]`o

rBrT=̠ ȓéed]`orC̡X�d�iaʕɅω˛úah

ȶäſȻh̐Ǝe̜gd~bʵ��`BrT=NgěˌĤ̂Gʕ

ɅωahYƐŔT�i258agčŬéɞg3öaA~NbYźƕ

ǒ|IG̐ƎeţegYȭBbN�bʢBbN�gA~̍g{C

dƞaŮŒo`B~gGʕɅȺƵgčŬgŪbʵa~gaoz

C=NCoZȶäſȻg̜P̠̆ȶgoxTP Y̡σʳư�Ēɂ

o`¯¡ɵɰg»¨·Ç�˶ĻT~ˎʕɅ˶ĻGŵɂģP�`

BrT= 

 

ˎʕɅȯ˴��bBCbêFTOgȹđdŮŒg{CeƮa~

Fvo�rs�=oFoYÐ�ʯ~Nbhaers�GYȯ˴�

�gȡģňhȦƕG318�ˎa�iYÐ˓gȯ˴��hʕɅωe

˨orT=ŠŘehɭĨeˎʕɅȯ˴��ed~gaYȡȮň�

ǡľeʊgghxurozC=\dseY)�8e˨T~b�	���

�F"�gőĘed~gaŰĂǹGɕʪoYÐ˓GŁeČorT= 

 

ȌehYʕɅųǛbYș̛ẽòT~ȸư�ʯ`ʦerozC= 

ș̛Ƚˉe^B`hYəhž̀ŷahȲBgaɄʣĀɁg?ș̛

gɚů@�ĒɂPs`BZ[erT= 

 

ȓțǾgɈɁ 
� λé�Ç�Çg{Cdā�ȸeā�`Ěȶ�ũu~bYλé

gȦƕGÉǣo`YxG`Ç�ÇgƔgǟețGɈɁorT= 

?XgǪgȦƕGșωaA~@bBCgĥ˩BaA~ÕGɄʣ

ĀɁgʠǯeʸ˘P�`BrT=țGɈɁT~ehYșω{}Ɓ

o̜BȦƕGƩʮed}rT=șωbhʡȓőG̥ȓőe˨T~

ȦƕaTGYλégÐahʩ̑ƚĘGýB`B~gaYXgʩ̑

ƚĘeƼ\ğ^[iYƁo̜BȦƕGƩʮed}rT= 

 
Ŏ11-20.� ȓțǾgɈɁ 

 

XgǪgȓțǾgħƠ(r)bYʩ̑ƚĘ(N)YőĘƌ(IP)hȌƗa

ɗP�rT= 

ΔP=Pb – Pliq = 2σ/r 
r = 2N/IP 

ʩ̑ƚĘg̜BλéhļpőĘƌ�FiZŘĻavYȓțǾgħ

Ơhţegd}YÇ�ÇgƔgţedĊċF|oFș̛adg

d~XCaT=XNaYŘĻe{~bɡș̠șω{}ĥč̜BȦ

ƕe˨oZλéGêFg�¾¡�aɡȴȬogș̛T~Ƚˉ �̡

ˍNoZ}orT=ʩ̑ƚĘGèBλéh˞eÇ�ÇgƔĂ̑

F|ɷFBțGɈɁT~Nbed}rT= 

λégőĘƌGBg^ed~FhYĕɤgAntoineƗxNgɤg

ʡȓőƗgbN�aˁǤoZƗeșω(Tb)b˦ȶč̠ Tb+IT �̡

ā��iɭĨeʶɩaerT=Ȍeλégʩ̑ƚĘ�ˁǤoro

zC=ȹeţÕdghʩ̑ƚĘgȦƕðŮưgŇ̕aT=îbo

`șωGpq1008g8ɝ̗gλé�ʯ`BerozC= 

 
Ŏ11-21.� Ȧƕbʩ̑ƚĘg̃ò 

 

Ŏ11-21eɗorT{CeYcgλévȦƕGÉǣT~eˣ�`

ʩ̑ƚĘhƀPgd}YʕɅȦƕe˨oZǪeʩ̑ƚĘh�Ãe

d}rT=ȔY¦¤Ãº�ÅY1,4-����Ådch258aţe

dʩ̑ƚĘ�Ǆ\rTGYX�ßšgλéhY�Á�ÇÁaA]

`vpqļpg|Bgʩ̑ƚĘed}rT=ʕɅȦƕa�Ãed

~ȸưdgačŬŗȩgȦƕeşǑT~ZueYȉ˖�

(1-Tref/Tc)eşǑorT=�¿¯gĮω(0,0)G(ʕɅȦƕ, ʩ̑ƚ



Ę=0)ed}rT= 

 

Ŏ11-22.�  (1-Tref/Tc)bʩ̑ƚĘg̃ò 

 

ȔY¦¤Ãº�ÅY1,4-����ÅGÜgλébĻ�dBghY

ʕɅőĘgsBdgaYP|eXgʬȍ�ā�rT= 

 

Ŏ11-23.�  log(Pc)*(1-Tref/Tc)bʩ̑ƚĘg̃ò 

 

T~bYȔvĿu`ɌʄhpqÈʗorT= 

Surface Tension @Tref=100.72*log(Pc)*(1-Tref/Tc)-1.5305 

aâƳgλégâƳgȦƕagʩ̑ƚĘ�Ʀ~ÕGaerT= 

^r}YλégʕɅȦƕbʕɅőĘGƦ|�`B�iYâƳgȦ

ƕagʩ̑ƚĘg÷GƦ|�~Nbed}rT=ʡȓő�Ʀ~g

eƩʮdȸư÷vʕɅȦƕbʕɅőĘbșωaTgaYʕɅųǛ

bșωGĐ]`B�iâƳgITgǪgȓțǾgţePhÔȧa

e~Nbed}rT=ɷFBƌɇhčŬgƞȺe{~vgaT=

ȂȺgčŬbȾȺgčŬaƌGȏ]`orBrT= 

Þʩɉdʩ̑ƚĘgŽƬȺƵĮȿǎɩȚehBrock-BirdȚGA

}rT= 

 

σ: ʩ̑ƚĘYPc : ʕɅőĘYTc : ʕɅȦƕ 

Tr : ˮÿȦƕYTbr : șω/Tc 

 

Ŏ11-24.� Brock-BirdȚe{~ʩ̑ƚĘgǎɩ 

 

Brock-BirdȚbȒo~b Ụ́ŉìƷoZĨɳdƗaʙŧeǎɩa

e~NbG�F~bƮBrT=ţÕdωḥĕɤaǅǓoZȇe

Úra258agʩ̑ƚĘG̜BģĻȸ�ȅưσūaA~bʍa

`ǸZgĥ˩BaA~bBCNbaT=258 1̣ȓőGʕɅȦ

ƕ̣ʕɅőĘF|c�[i̋�`B~F[iạʩ̑ƚĘg÷h

ȗr~bBCNbaT=B�y~ȅưŗGčŬeſāP�~ḅ

ʕɅȦƕG̜gd~ga 2̣58ag(1-Tr)Gţegd}ʩ̑ƚĘ

Gţegd~[ibBCNbed}rT= 

 

ȓțǾgƷ  ˿
� ÈǢțGae~bYXgțhc�c�Ʒ˿�ũurT= 

 

Ŏ11-25.� ȓțǾgƷ  ˿

 

 
Ŏ11-26.� λégʡɈ 

 

λégʡɈhŗǶɉehYȓɍbǍo`B~˰čF|ˍN}rT=

λéGλébo`ŮŒae~ȱehYXgȦƕagȶǇĞ{}ţ

edčŬ̂Ę�Ǆ^ƩʮGA}rT=λégą˰ahčŬhł}

�ÜgčŬaĵ}ōr�`B~gaYčŬ̂ĘGÈɆƛgd}r

T=Ŝ̑YȓɍbǍo`B~̑hčŬ̂ĘGĎ�`B~ȺƵed

~gaʡɈhXCoZ˰čF|ˍN}rT=̂ r}ǱďeȓțǾ

Gae~bYXgȓțeǍo`B~čŬhčŬ̂ĘGƙgd]`



B~gaȓțgÐeʡɈo`BggaȓțGƷ˿oũurT= 

XgʡɈgoxTP�ȗu`B~gGYʡɈȫȶaT=Ngȸư

÷�ŽƬȺƵĮȿaʍa`srozC=ĨçGKJ/molaA~N

beȝƳo`g[PB=ģůƋůxȋȁɰahKJ/KgaƽCÕ

GŢB{CaT= 

 
Ŏ11-27.� ȦƕeŽT~ʡɈȫȶg̃ò 

 

ʡɈȫȶvʩ̑ƚĘbļȇeʕɅωe˨T~b÷G�Ãed~

ȸư÷aT=oFoYʩ̑ƚĘahλée{]`ØƌT~Nbh

ȲF]ZgaTGYʡɈȫȶgŘĻehʕɅωeľi`ƯȬe÷

GƀPgd~gaǭʄGØƌT~ÕGA}rT=Èʯʭ̊eʯa

rTGYĀpcbļȇeȉ˖�(1-Tref/Tc)eşǑT~b�¡�À

orT= 

 
Ŏ11-28.�  (1-Tref/Tc)eŽT~ʡɈȫȶg̃ò 

 

Ng̃ò�í]`A~ȦƕagʡɈȫȶg÷bʕɅȦƕg÷F

|̣ȹųgȦƕagʡɈȫȶeşǑT~WatsonƗǴɈP�`

BrT= 

 

oFọNgƗ�í]`şǑo`ʙBghȍĔσλ[iaT=

WatsonƗgǅǛ0.38hȍĔσλgƐŔ÷[F|aT= 

�Á�ÇÁbȔGţegš�~g�ȔɵɼĻgȱbʍa~bYȔ

gǟGƛBȔɵɼĻ�T~hUdgaʼGĻ�dgd}rT=ŵ

hNg˩BhYʕɅȦƕeľi`ƯȬeʡɈȫȶGèÊT~Xg

ǭȻeðŮo`BrT=Xo`̣XgǭȻbhʡȓőg̓aˁǤ

oZøƨŊŬeÜd}rs�= 

 

 
Ŏ11-29.�  (1-Tref/Tc)*2bʡɈȫȶg̃ò 

 

XNaYȉ˖�P|eøƨŊŬ�Fi`ʬȍ�T~bĂ`gǭʄ

hpqÈʗorT=øƨŊŬvʕɅȦƕYʕɅőĘYșωF|ʶ

ɩaerT=XNaʕɅųǛbșωGĐ]`B�iYâƳgλé

gâƳgȦƕagʡɈȫȶhʶɩaČTNbGĸʑed}rT=

ȏ}gɷFBƌhʩ̑ƚĘgǪbļpaƞȺŊŬe{~vgb

Ʈ��rT= 

âƳgȦƕagʡɈȫȶ�ǎɩT~ŽƬȺƵĮȿȚbo`h

Pitzer-Carruth-Kobayashi ȚGʠĽaT=N�hÊƗaʡɈȫ

ȶ�ʶɩorT= 

 

IHv : ʡɈȫȶ� (KJ/mol)  Tr : ˮÿȦƕ  (T / Tc) 

w : øƨŊŬ� R : ȓéųǛ 

 

 

Ŏ11-30.�  Pitzer-Carruth-Kobayashi Țe{~ʡɈȫȶgǎɩ 

 

Pitzer-Carruth-Kobayashi Țah÷Gţed̔Ŗ̠ȧųȦƕG

èBȦƕgǪ̡gˀƌhţegd}rT=ǶṆ̀øƨŊŬ�ɂB

�ièȦagʬȍvP�~hUaTG̣Ụ̏�Á�ÇẠ́¦¤Ã

º�ÅạţedU�Gȏ]`orBrT= 

 



îaịșω408gλé�708aʡɈPs~ǪgNb�ʍa`

srozC=�Å®½Ç�aʃƝZ}ɉečŬ�ɈɁPs~=X

o`șωxʕɅųǛ�Ôȧo ș̣ωG408˛˙gvg�ˬǀT~=

708gǪgʩ̑ƚĘxʡɈȫȶ�ʕɅųǛF|Ôȧo`̣ș̛Æ

ʡɈoxTBȆˢ�ʂʋɉeƦ~=bB]Zɔɟgˤuǟh1990

ƑĹehǫˠex|�`BZɔɟǟȚaT=ĕ˝gDr. Jobackg

ìƷoZ�!�/��2bBC�¯¤���ÇhXCoZNbGɭĨe

ae~�¯¤���ÇaT=�Å®½Ç�gưʑľẸ́©Ç¥£

���gŸ˸śẸ̌§¡¤ÄÇ�g̜ˡģdce{]`̣NCo

ZɔɟƻȚhrTrTŸǥeʦa~{Ced]`eroZ=ƝǪ

h?ȸưǎɩb˞ʹʶ@bBCʵBǟ�o`BroZG̣Úah

?·¢À�ÁÆ�¨¹@bF?·¢À�ÁÆ�Å¯�·¢���@

bBCʵBǟ�T~{Ced]`eroZ=Dr. JobackbhP|

e?±Ã��Æ�¨¹@a±Ã��raĿu`�¨¹ʳǺo{C

bɔɟ�ˤu`B~bN�aT=ɻ ʟhş�]`vx|dg`h

d|dBÕh Ạ̄eˁǤoZ{CeģĻȸg˩B�BFeŀĴT

~F̫�ʍa~ÕaT=vCoi|gT�ịXCoZÕhAI

Gğƻex]`g�~ǪÞGǸ~aozC=ŵ̈Ṇ̌̕əʖ˓N

CoZǎɩƗ�ʍa~beeh ụ̋ĂʖĞbrahʦers�G̣

ʖčaì]Z¦½Ç¿Á§¡¤ÄÇ�g�¯¤eƻěio`v

|]`BrT=AIbàʙgo` ẠI���¤�Ǳţ̅eĒɂa

e~{CeT~bBCghəgǉȄagţÕd�Å�±¤aT=�

 

� Ȍeɛ~ĕe ·̣��Ã��Ç°̠ MW e̡{~ĚȶÆș̛Ƚ

ˉeʴ�`berozC=MWe{~Ěȶhɋɉe{]`h̐Ǝ

eþ�ZĚȶȚaT=ĳƬgĴȻxˬǀȻGėɉeľÉoZ}T

~ga�ÀÇÅÆ�¸�¤ÀÇdcevĒɂP�`BrT=Ʉʣ

ĀɁgʠǯehY?MWaîaiȔGĚȶP�~ghYȔg��

¶ÇÁÆ»ÇºÅ¤bMWgȜ˿GÈʗT~gaYčŬGŉ˕

o`XgǔǕȶaĚȶP�~@bBC{Cdʸ˘GA}rT=X

CoZˁǤahYîai?º¿¸ÅΣʒgŸň�MWaĚȶT

~d@gȿɃ�ȿʳaers�=º¿¸ÅΣʒhƃɵŗGŢǛɼ

ĻoZ¶À·ÇaTgaYŉ˕aers�=XNaŉ˕e{~ǔ

ǕȶGɈɁT~NbhA}rs�=oFoYº¿¸ÅΣʒhMW

�{gŀĴo`σʥÆȯģorT=ˠƎg�¿�hMW�ŀĴ

ors�GY˼x�Å��¢Åg˴ģȸh̐ƎeʙgMW�ŀ

ĴorT=XCoZ˹Ƈ˴ģȸʴūhMWe{]`ĳƬˡƕG

̐ƎeĚˡP�rT=Ng{CeMWe{~Ěȶhȇ>dʮŊ

GɽsĻCgaÈʵahˁǤaedBvgaT=λée̅�iY

?MW�ŀĴoZčŬÐgA~ɼĻGȈȩɼĻ˿{}˿gd}Y

�Å¤Ã®ÇGśţT~=XgɼĻ˿Gÿeƹ~beečŬgȶ

˥ĞeşǑP�~@bBCgGÈɆ˛BʩȽed~gFvo�r

s�=ĺĮŬGª§ag]^BZčŬF|̣È^gĮŬ�Ƙeå

iőTb ª̣§Gÿeƹ~ĠBačŬĂéGȬog˥ĞT~b

B]Z�ºÇ�aozCF̫cgĮŬ̂´�GƘeåiP�~

gFbBCḅXgɼĻg��¶ÇÁ»ÇºÅ¤[]Z}̣ɼĻ

ȌǛ[]Z}orT=ȕGMWahĚȶaedBgḩ̣Ȍÿ

ɉdȔɵɼĻg§¡¤ÄÇ�aʯFigɼĻǛGŢg ª̣§�Ƙ

eƖisdBF|bʍa|�rT= 

� MWĚȶh λ̣égÐƨ˰�ĚȶT~bBCvCÈ^gȹƧG

ǆM|�rT=ɣ ƎgĚȶh̜ȦgŜ̑dc�ˠp`gäſäȶ

aT=ŎavˁǤoroZ{CẹŜ̑xȓébǍoZ̑ahč

Ŭ̂Ęg§¡¤ÄÇ�GĎ�`B` X̣NF|ʡɈGũr}rT=

λégÐƨ˰h§¡¤ÄÇ�GÈɆƛŏdgaÈɆĞeegB

̔ŖaT=XNaMW�í]`λégą˰F|Ěȶ�T~ḅ

Ȉȩșωe˨oZƣvȓțǾ�ɁƷaedBÕGA}rT=N�

��Ç«Ç¬Ç¤ȽˉbʵBrT=˳˴xº�¨ÇÁdcaḥ

șω{}208ßÉ̜BȦƕera˨orT=êF�¾¡�GA~

bȷɈɉeș̛T~ɡș�ˍNTgaȝƳGƩʮaT= 

 

ȓțǾgƷ -˿Xg  ̦
� ȓțeǍo`B~λéF|ʡɈȫȶ�ŦBdG|ȓțǾGƷ

˿T~NbhĕɫaˁǤoroZ=λégùbo`hȶ�Ŧ��

~gaλégȦƕhèÊorT=Ŧ��~ȶ˸hʡɈȫȶaTg

a Q̣=Hv=Ȓȶ*ITč[iȦƕGèÊorT=XgITG̐Ǝ

eţeF]Z}T~ḅλégȦƕGșωßÊeraĆīP�̣

ȓțǾG˞eƀPgd]Z} Ṛ̌Ļe{]`hȡťT~ÕGA}

rT̠Ĉʈ̖ȶ�Ìa~ =̡Ŝ̑F|ȶGā]`ǸZǪec�[

iȦƕGÉG~FvļpƗed~ga λ̣égȒȶe^B`ʍa

`srozC=rUYʵʟgųʌaTGYȒȶbļp{CdƳŃ

eí��~ȶŸ˸bBCʵʟGA}rT=ȶŸ˸hA~ȸˊ�Y

18Ȧƕ�AM~geƩʮdȶ˸�ʵBrT=XNaļpȸˊa

v˸Göed�iYȶŸ˸vöed}rT=ȒȶhA~ȸˊ1g 

(1mol, 1cc)�Y18Ȧƕ�AM~geƩʮdȶ˸�ʵBrT=XN

aYȒȶe˸�FiZvgGȶŸ˸ed}rT= 

ȓégȒȶe^B`hčŬ˥Ğ˃dcvĿuȇ>dǎɩȚǴ

ɈP�`BrTGYλégȒȶẽo`hYǎɩȚhŢghA}

rs�=rZYNgȒȶẽo`hYʕɅųǛdcF|ȸư÷�

Ȗu~ŽƬȺƵĮȿȚgîhËĝƛdG|ɒ}rs�= 

rUYǛɝ̗gģĻȸg»ÁȒȶ�ȦƕeŽo`±Ã¡¤T~b

Ŏ-11-31g{Ced}rT 



 

Ŏ11-31.� ȦƕeŽT~Ȓȶg̃ò 

 

ȒȶhÜgȸư÷bȒo~ḅb`vĐ}egBȸư÷aT=Ȕ

x¦¤Ãº�Ådcah÷GƀPg ²̣±�Ådcah÷Gţe

gd}rT=2-°�¨ÇÁhA~ȦƕF|ƯȬeȒȶG̜gd}

rT=ÈʯT~bȅưģĻȸaȒȶGèg̣̐ȅưģĻȸaȒȶ

G̜gd~{CevʯarT=ȅưģĻȸhƛBčŬ̂Ę�Ǆ^

gaȦƕhAMegBģĻȸaTgaȒȶGèBghɲƦoe

gBaT= 

Ă`gλéḥȦƕGÉǣT~e^� 1̣8Ȧƕ�AM~geƩ

ʮd�§Á�ÇG̜gd}rT=N�|�ĻȿɉeˁǤT~eh

cCoZ|BBaozCF  ̫

� ŵḥN�hĨçɰgŇ̕aT=ģůɰahʡɈȫȶdcȶȸ

ư÷�molaʍa~ÕGŢBaT=ģĻȸg˩BhmolĨça 

ʍaZǟGȿʳoxTB̑hɖFeA}rT=oFọƋůɰa

h g̣, Kg, cm3, m3dcgĨç�{gíBrT=ȶŸ˸gȦƕð

Ůư�Ĩçɰ [J/gÆK]eşa`±Ã¡¤T~bŎ11-32g{Cd

}rT= 

 

Ŏ11-32.� ȦƕeŽT~Ȓȶ [J/gÆK]g̃ò 

 

ȔdcGţedȒȶ�Ǆ\ Ạ̇uegBưˊaA~ÕG�F}r

T=N�ḥȔg1mol̠ 18g̡b²±�Åg1mol(100g)hţe

g˩Cgạ̥ 8Ȧƕ�ÉM~geƩʮdȶ˸h5ößÉ˩Cg

amolaʯ`B`h�F|dBFvo�rs�=X�ah ệụ̈́

ȦƕG̜gd~bȒȶGţegd~gaozCF  ̫

NgȒȶgĨçɰ�[J/MVol@TrefÆK]eşǮo`ʯrozC=

MVol@TrefbBCgḥȦƕTrefgǪgčŬéɞ�ʵBrT=

Ng÷gɩČhɭĨahA}rs�=ÚŉhHSPiPbBC�¯

¤���Çagʶɩ÷�íBroZ= 

 

Ŏ11-33.�  ȦƕeŽT~Ȓȶ [J/MVolÆK]g̃ò 

 

T~bỤ̏�Á�ÇÁ�̆gbȒȶgȦƕðŮưḥpb�cd

gd~ÕG�F}rT=^r}̣ȦƕG̜gd~bȒȶGţeg

d~gḥéɞGʔƚT~ZuaA~bʵarT=éɞƝZ}g

ȒȶhȔÆ�Á�ÇÁßšhɱ1.6bd}̣ȦƕeŹ|Uepq

Èųed}rT= 

λégȒȶgǎɩƗgŢghYĮŬŋeòǛ�Ė}Ǉ]`Y258

g÷�ǎɩorT=Ȧƕ�Üg÷eoZǪgǑɩƗhYËĝƛd

G|ɒ}rs�=XNaY258aȖr]Z÷F|čŬéɞaʬȍ

o`âƳgȦƕagȒȶGȖr~NgƗhǲɂaA~bʵa~

aozC= 

ȔhčŬéɞG̐ƎeƀPdλéaT=aTGȔɵɼĻg3Ȍÿ

ɉd§¡¤ÄÇ��ì}Y�¿��Çģo`BrT=aTF|Y

ĨɳdȔgčŬéɞ̠̐ƎeƀPB̡AZ}gȒȶa±Ã¡¤T

~bÜgλé{}hţed÷ed}rT=ȔgȒȶGYȦƕG̜

gd~bƀPgd~ȿɃȟoBaT=čŬéɞhÈʘeȦƕG

̜gd~bţegd}rT=ÜgλéahȦƕG̜gd~e^�Y

Ȓȶvţegd}rTGYčŬéɞvţegd~gaYȦƕeð

Ůodgd}roZ=bN�GȔgŘĻYȒȶvţegd}rT

GYX�ßÉečŬéɞvţegd~Nb�ɗo`BrT=X�

hY�¿��Ç���hȦƕgÉǣbbveƀPgd~ÕbɑɎ

orT=Ȕx�Á�ÇÁdcgNCoZËƮˇdǆĞhÚgbN

�əehˁǤG^FdBÕaYÚƣgʳǺGơZ�~ȽˉgÈ^

aT= 

 

ȓțǾGƷ˿oʡɈȫȶ�ŦCgbļǪeYŜ̑F|hȶGïɾ

P�rT=cgg|Bgȶ˸GïɾP�~FhȶäſȻaȗr}

rT=A~ĨçǪ̂YĨç̑ɞ�Ȟ�~ȶȞˡźƕYJ[W/m2]hY

ȦƕĢ˲ITeȒîT~bBC¯ÇÀ�gȚĔGA}rT= 

XgȒîųǛgÕ�ȶäſȻ(/)bʵBrT= 

J=/*IT = /*(t1-t2)/L 



Ȧƕƌ((t1-t2))G̜gYĭs(L)GʢBpcȶ˸GŢgɛĞorT= 

ȶäſȻgĨçh[W/mTK]ed}rT= 

ȶäſȻhÈʘɉeȧųȦƕG̜gd~bƀPgd~ȸư÷a

T=(Ȕẽo`hĂgĻ�dBgăšo`A}rT=) 

2-ButanolxȔ 6̠00mW/mK̡dcahţedȶäſȻ�Ǆ^

NbF|YȔɵɼĻGţeg̃Ìo`B~bʍa|�rT= 

 

Ŏ11-34. ȦƕeŽT~ȶäſȻg̃ò 

 

NgȶäſȻvYĨç̑ɞƝZ}ĨçĭsƝZ}gȸư÷dgaY

A~ÈųéɞƝZ}eŮŒT~čŬgǛeðŮT~ȸư÷ed

~bʍa|�rT=XNaY(1-Tr)�čŬgéɞaĖ]Z÷eŽ

o`±Ã¡¤T~bYŎ11-35eɗTȇečŬeŹ|UpqÈų

g÷ed}rT=̠ ȔhȏƭdλéaYNgĉȿ�o`vʄeh

Ò}rs�=̡  

 
Ŏ11-35.�  (1-Tr)/MVol eŽT~ȶäſȻg̃ò 

 

ÞʩɉdŽƬȺƵĮȿǎɩȚbo`hYSato-RiedelȚGA}r

T= 

 

 

Ŏ11-36. Sato-RiedelƗe{~ȶäſȻgǎɩ 

 

ë}ɯƕg̜BǎɩǟȚbhʵars�GYčŬ˸bșωYʕɅ

Ȧƕ[iF|ǎɩ÷GƦ|�~gaţ̊ƾd÷�Ʀ~eh˫o

`BrT= 

ɧʎǴɈoZŽƬȺƵĮȿȚe{~ȶäſȻgǎɩƗhßÊ

gƗaʶɩorT= 

Thc Liq.=232.14+0.652*(T/Tb)̂ -0.589* MW -̂0.198* 

Tb -̂1.096* Tĉ 0.227* Pĉ 2.199*Vĉ 1.182* Density -̂0.392�

-18.545* (T/Tb)̂ 0.179* MW^1.159* Tb -̂2.152* Tĉ  1.509* 

Pc  ̂0.588* Vĉ -0.1703* Density -̂0.966  

 

 

Ŏ11-37. ǞʰȶäſȻǎɩƗ 

 

ȍĔσλah̜Bɯƕ�Ǆ\rTGYȔɵɼĻưgσūah20̟

ɜƕ̜BÔȧ÷ed]`orBrT= 

 

ȓțǾg̋ʓ 

� ȓțGA~ţePe˨T~bYŜ̑F|̋ʓ�ũurT=̋ʓ

�ȗu~ȸư÷hȠĘ̠źƕƌ Y̡ɮƕYʩ̑ƚĘaT=ÈǢȓ

țG̋ʓT~bYł˙F|λéGā}˚�aerT=Xg̈eλ

éhȬogǖǂP�~gaY̐Ǝeţedȶä˨Ȼ�Ǆ\rT= 



 

Ŏ11-38.� ȓțǾg̋ʓ 

 

ǶǸhYÂ�¨Á�Ǜ̠ÓȞYƈȞ�ɗTȲȌÿǛ̡aǜȿT~

oeaozCGYNNahYɮƕbźƕ�ˁǤT~NbeorT= 

ɮƕhŎ11-39eɗTȇeYȦƕG̜gd~e^�`ƯeƀPg

d~ȸư÷aT=ʇ˖hlog�ĵ]`B~NbeȝƳo`g[P

B= 

 

Ŏ11-39.� ȦƕeŽT~ɮƕg̃ò 

 

ȍĔσλahYpqɮƕ4ȦƕǭʄhÈʗorT=�Á�ÇÁx

1,4-����ÅhȍĔσλ{}v̜Bɮƕ�Ǆ\rT=̐Ǝeȹ

ɇɉdgGȔaYȦƕG̜B̔ŖahȍĔσλgǭʄe˛Bga

TGYȦƕGègd]`g~b�Á�ÇÁgǭʄe˛_B`ʦe

rT=N�hȔg3ȌÿȔɵɼĻG708Ý˛aŝ�`BgNbe

ɍƝo`B~bʍa|�rT=ɮƕgǎɩh̐ƎěoBǎɩb

P�rT=Z[YɮƕgȦƕðŮưǭʄhë}ţeghş�|d

BNbF|Yɮƕgŵȧ÷̥ωbƴȦưhȍĔσλgvg�Ïʦ

ɛĞo`íCÕvŢBȇaT= 

 

ŽƬȺƵĮȿ�ɂBZɮƕgǎɩȚehLetsou-StielȚGA}r

T= 

 

 

Ŏ11-40.�  Letsou-StielȚe{~ɮƕgǎɩ 

 

Ŏ11-40F|Ǥ|Fdȇe�Ç�ÇT|Ļ�dBgaíBȸed

}rs�= 

ɧʎǴɈoZŽƬȺƵĮȿȚe{~ɮƕgǎɩƗhßÊgƗ

aʶɩorT= 

log Viscosity=-1.884+0.544*(T/Tb)̂ -1.800* MW^0.523* 

Tb^2.235* Tc -̂2.308* Pĉ 0.848* Vĉ -0.332* Density -̂0.651 �  

+1.952*(T/Tb)̂ 0.352* MW -̂0.518* Tb^0.519* 

 Tc -̂0.782*Pĉ -0.257* Vĉ 0.605* Density^1.194  

 

Ŏ11-41.� ǞʰɮƕǎɩƗ 

 

ȔɵɼĻgʬȍGdBZuYȍĔσλaoFíadBƗaTGY

̜Bɯƕ�Ǆ\rT= 

 

źƕhȦƕG̜gd~b÷GƀPgd~ȸư÷aT= 

 

Ŏ11-42.� ȦƕeŽT~źƕg̃ò 



 

ȦƕGʕɅȦƕe˨oZǪeʕɅźƕe˨orT= 

ŽƬȺƵĮȿȚgźƕǎɩƗehYen-WoodsȚGA}rT= 

 
ρs:DensityYMc:Critical Density 

Tr: TRef/Critical Temperature 

Zc: Compressibility Factor 

őʈŊŬ(Zc)g÷e{]`òǛ�ā�ǰarTGYX�d}e̜

BɯƕaźƕgȦƕðŮư�ʶɩT~ÕGaerT= 

 

Ŏ11-43. Yen-WoodsƗe{~źƕgǎɩ 

 

Z[oYʕɅȦƕYʕɅőĘYʕɅéɞg÷GɊǏ]`B~Ʃʮ

GA}rT= 

�

ßÉʯ`eZȇeYȓțgǆĞ�ʸ˝T~geƩʮdȶĘůɉd

ȸư÷gŢghYʕɅω�ŗȩbo`ʍa~bǤɐeȿʳae~

ÕG�F}rT=Ō}ʎhȔɵɼĻưgģĻȸaT=ɮƕg̓a

l�ZȇeȔg(ȌÿȔɵɼĻh��8Ý˛aŝ�rT=�Á�Ç

ÁgȔɵɼĻbcCvǆĞGɇd}rT=ʕɅωahȔɵɼĻv

Ŀu`čŬ̂Ębȶ�§Á�ÇG˺}Ļ]`B~gaozCGY

ʕɅωF|̋�~e^�`YȔɵɼĻgĜΔGȽ�Yȸư÷gÔ

ȧ�̌ogo`B~bʍa|�rT=ŽƬȺƵĮȿbhɇd~�

±ÃÇ aTG̣©Å�Ågσʳƕ«¿ºÇ��5��	gȔɵɼĻ

̓dc�ſāT~bBCghÈ^gʳȗǟȚ[bƮBrT=�

ɦ	�ɤ 	̣	ɤhîaièȦgœȶɈ̎ɂ˟ľig̣¯ÃÅÞǰ

ģĻȸxʖȴūé�ʡɈPs~Nb�Ʋųo`BrT=ǶǸhX

CoZģĻȸeĚa Ụ̏x�Á�ÇÁdcȔɵɼĻưgģĻȸr

aɿÈɉeʳ˵ae�i{F]ZgaTG Ę̣˸Gıkrs�a

oZ=Ǫ̂�ʯ^i`Ǘųo`BNCbƮBrT=�

�

�

4C##GgɍƢ̠ƫû˽ �̡

ȺƵ˸hɗ˸ưȺƵ˸bɗƛưȺƵ˸eč̗ae~bBBrT=

ɗ˸ưȺƵ˸bh ǝ̣ŭˠ}˸�ɗTşǛa Ẹ̌ƷưGA}rT=

ÞʩɉdîGˊ˸xéɞaT=/B b 0B �Ȥt�i¤Ç�Áh

�/�0	Bed}rT=ɗƛưȺƵ˸hƛP�ɗTşǛa Ẹ̌ƷưG

A}rs�=ȦƕxőĘGÞʩɉdîaT=	�8b(�8�ˏoĻ

�s`vƳŃ�ǄZdBgạɍĚưhA}rs�=NgÖ^g

ȺƵ˸gÐeh×BeǊiĻ�s~bɗ˸ưȺƵ˸ed~vg

GA}rT=Xg{Cd̃ò�×BeăƟd̃òbńkrT=î

aiéɞbőĘ�ǊiĻ�s~b�§Á�ÇgȌÿ�Ǆ]Zɗ

˸ưȺƵ˸ed}rT=źƕhɗƛưȺƵ˸bd}rT=NCo

ZɗƛưȺƵ˸gʖɃƕ�ʰųT~gG�°�gɍƢbBCƗ

aT=�

3.1���
�

3hɗƛưȺƵ˸gʖɃƕ 1̣hƷčgǛ �̣hɍgǛ X̣o`ų

Ǜg̦hȦƕbőĘg̦^gɗƛưȺƵ˸F|Ǹ`BrT=̥ Ʒ

ç̌ɍhʖɃƕ�Ã=N�ḩ˶ω�ɗo`BrT=̥Ʒč̦ɍ

̠ȓɍbλɍGăŮ̡hʖɃƕ̥=XNạȦƕGȗr�iőĘ

Gȗr}rT=̥Ʒč̥ɍ̠λɍgṣȓɍgs̡hʖɃƕ 
=

ȦƕbőĘGȗr|dBbȺƵGʸ˝aedBÕG�F}rT=�

�

̊ �y

ģůƋůh 6= eʯǈ`|�Zč˷bFBCʖʤɉdʵBǟGA

}roZ=Ȟ�gʳǺɂg�¯¤dchUBm�ˤȎoroZG̣

ǦF|A~ǲ̅ʮɵȚG̣̜ˡģ̣ţŸ˸ģoZgaº¡�½G

ɷFgd]Z[idga 6̣=gˤȎbBCƴphAr}ors�=

êǘ 6= eʯǈ`|�ZgFbʵaiÉʸg{CďoBŇ̕G

ąŒo`BZF|aT=ǱǞg/6d|cCd~aozCF �̫ ʖ

Ğɉe»ÁÆ³Ç��˶˸³Ç�eşa`Ɨ�ɺsɣ``ʦgg

|Bg/6GČȽT~ghXC˪gȲBÕaozC=/'HEC'A�0�

87�8B ³Ç�eşa`̣ɠ̂gőĘahdg̣ɠ̂Ðg˶˸�Ô

ȧT~̧«¿ºÇ��ȗųT~ƗK|BɭĨeì~Fvo�r

s�=ɧʎhYF�N� 
� Ƒ̂¦½Ç¿Á§¡¤ÄÇ��í]

Zȸưɔɟ�x]`e`Ʀ|�Zɼ˃hYɯƕG̜ḄÐG°¿

¡�µ¡��g¦½Ç¿Á§¡¤ÄÇ�{}YÐ˓Gʯa~ɯƕ

gèB¦½Ç¿Á§¡¤ÄÇ�gǟGţÕbBCvgaoZ=X

gɈƲaųuZ/'HEC'AųǛGʡɈȽˉgʳ˵e ẒrZrƟe

ɣ]ZbBCNbaT=N�hǠe˦įgʼạȽŒḥȌgǪ

Þeľi` /6 �cCǙʐoZ|ʖƢɉeģů�ģůƋů�Ɨgɺ

sɣ �̀˞ʹʶ�Ndo`BF�~gFeȳωhɛ]`B`Br

T=XCoZǪÞeʛƻɔɟʎgĬGê�ůkɘãnƊɣ]`B

goeF ụ̊Ɂbʍa~ȋã�ǐïBZ[B`B~ȉȟŐţeh

ƴ˅o`b}rT=


