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ABSTRACT

In order to predict the cooling performance of a regenerative cooling channel using hydrocarbon
fuel operating in the supercritical region, it is essential to predict the thermodynamic properties.
In this study, a comparative analysis was performed on two-parameter equations of state
(SRK(Soave-Redlich-Kwong), PR(Peng-Robinson) equations of state) and three-parameter equations
of state (RK-PR equations of state) to appropriately predict density and specific heat according to
the critical compressibility factor of polymer hydrocarbons. Representatively, n-dodecane fuel with
low critical compressibility factor and JP-10 fuel with high critical compressibility factor were
selected, and an appropriate equation of state was presented when predicting the thermodynamic
properties of the two fuels. Finally, the prediction results of density and specific heat were
compared and verified with NIST REFPROP data.
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Nomenclature

a  : Parameter considering the effect of
attractive forces among molecules

b : Parameter considering the effect of
repulsive forces among molecules

: Constant pressure specific heat

¢, : Constant volume specific heat

¢,o - Constant volume specific heat at ideal state

e : Specific internal energy

e, : Specific internal energy at ideal state

MW : Molecular weight

P : Pressure

P, : Critical pressure

P*** : Vapor pressure

R, : Universal gas constant
T : Temperature
7. : Critical temperature

7. : Reduced temperature

X : Mole fraction

7, Critical compressibility factor
p  : Density

p. ¢ Critical density

w @ Acentric factor
.M B
FE25E YoM st HPgAY F2E

FHolE FA} AATY FsAgor Qs
2 &5UAIE dellUAZ H3Eo] 12o]
AT 53], dade 255 daE HAst
= d4ge] FUME BT HgAE Fk Hl
YA FRES FALEE 9A @A I}EE A
35 AAREste YA 2"o] Hol] dTH
I ATH1-5]. AEAA =E R AF AR
T FEvEe® Qs d&Edrt Ha, olF F3l
WARsE FANY. =g, ds57 dAA=R
ARG 7] wZell WA 2ES AUEs de
Frd A8 AAE A A A5

ek, 95t B AL
A WA A

o OPﬁ 4 b
2
>
o o
ReY
ot
oz 3
X
]
b o
:?1:1'
B
el

of
=
o
LU

p- AR
flo

O oo
go 2

LI )

2 4
o b

>® fo
1 01’
g

«w 2 o
i)

2
o
fot
ok

J

e o oo

18

Ry
o
o
foi
K
2
o

i
b
kv

HE 22 4983 844 952

extended corresponding states(ECS) "7} Benedict-

Webb-Rubin(BWR) €84 2] (EoS, Equation of

State)o] 7} A&stA =4S AFIHL &

A d12]. o] WHES AFA rHtew T3
]

A ArEe Beskel Mg A
3

m
o
X |
COM !
o,
filo

A Zgch. AR H34gk viAd )
7] WZol FXHOZ AL ZLe] BlE&F ot
A oy dFeMeE HAHY FF=E /1A
HA FXH ALt AE317] 8ol 3% (cubic)

EoSE AME%TH13-15]. AF7HA P71l BAE
AgHog HAH3tes FELS A2 (EoS,

Equation of State)o] AAIEATE 714 P9
Faet x4 3 d¥e J—qu}oq A 714 €]
S54& Wdste wtuEds Y (van  der

Waals equation)2 <] <} 7]?]«] d&EHA =
o)

e Ao AHEd 4 e o2 Eos
o AMzx= AANEHJY. Ly o] Eost 71A %
HA o] T SHS dele =944 FHE A
&3] wrgetA Xsta #5478 EAE 7H8
sto] whEol7] wjEel =4 A A= A
7F EAEAT. o1& sidstaar v v
AART PR FA S7Id F4 2
Akell doiA F o 7§AE Redlich-Kwong(RK)

EoS7} 7H8EE 21tH16]. RK EoSE o A 3] ZAd o)



26 dAHs - AX

2 Baol= A9 dolHe 237t AR,

Q12 (w, acentric factor)E& =Y3F] RK EoSE
A3 SRK EoSE AlAeith kAR SRK
EoSt 9A 4=<UA(Z, critical compressibility
factor)& < S3st=d AA 249 dolgHRt |WF
A &= %13, Peng- Robinson(PR)e] AAH
oA e tEFQATE EtFe=E EoSE W E sk
ANt o] &2 EF 2-3#v|EQl EoSE &
3] SRK EoSe& & £F 7HAe A2ATF &3
22 28 7HAE '
A galeio] AR} AR dHA U
[1819]. ©]%F T 7}A EoSe| EAL ¥ 7

=94% 3-gvE  RK-PR  EoS7h
Cismondi®} Mollerup[20]°] <J3ll AA| = AT
A%k RK-PR EoSE AH83te E4E 5T
o, & zE& Zve g3dFihe WRAAUAE o &
3 HE Agkell SlojA FetRlor Hold EAl
7F AR o] 23k Sold EAIVE EAstH &
qsta FAAE ALY W ¥dH 2L 4 E
4 dE A AFEAZE EASA Eth Kim T
G FJA A AARE Eol

X
=2
k)
o
:?1_1‘
=
o«
=
e
o
9]
rr

& Bast o
2 AdME Auxes e zg 2z

< AASAT dE3 E/4-2 NIST REFPROP[22]
tlolE ¢} Hlwaste] AFsAch

21 e B 99shy #A 4

3-gtetnl e FEg2)l RK-PR e 2]
< Eq. 13 2t RK-PR EoSt ECS ¥ & 3
sted THEOIZl T 7HA| EoSe 5AHE 79 9
F& WEs 5 S EE =95t e HTh
W Edo i A @I HA dAE A
&t FHEFS A4EA "ok RK-PR EoS&
T 7FA EoSel EA& wkdEA7] el A&
A A EE LRI ] gelrd Az s
Z9A BEAL wde B4 oo g AgH
I ITh23-25].

¢ oo

oot

o

- pR,T - aa( D p’ (1)
T MW—bp (MW 8,bp) (MW 5,bp)

A71A 6,6 FetHEE Zo did dFS 1L
B3kl ALtEE FepvElo|th sl g gEe
AA 3 EH S Table 13 Table 20 A Al8F T}
A71A ot b B2 Y JdEH HEE 1
3 wlg}lm o]t} SRK EoS¢+ PR EoSS A3
Eq. 19 @& Table 39 AAI= e st E

A}

e
wREY. zE D AR 0@ QA FE(p),
WE(p)E ol&ste] Eq. 29}

P

%= pn(fi,,/fi’fW)To @)

E3Eoly d&siol el A= Eq. 355 ©l &
st} A4S ¢ Ja, HuE e AdgdTel
AN = AJAT19]. A7IA 3 HA 9 j= A
o AEEd aldsta, ¢ FHEY & JA 1,
2 9 Table 29] 3} HArol= o9 F7]o|th

N N

ao= E E X )(jaz‘,jaij 3)

i=1j=1



s 2 U ABQIRE e Etslhs HZo| ZYN YA
Hi262 A5 2022. 10, i S4 oSS oIt AREEA 28 27
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Table 4. Deviations of EoSs compared to NIST REFPROP
data for n—-dodecane.

oS Density Specific heat
AAD(%) | MAD(%) | AAD(%) | MAD(%)

RK-PR 22 5.9 1.6 7.9

SRK 16.1 20.4 14 5.6

PR 79 11.9 1.8 7.6

Table 5. Deviations of EoSs compared to NIST REFPROP

data for JP-10.
oS Density Specific heat
AAD(%) | MAD(%) | AAD(%) | MAD(%)
RK-PR 5.8 17.8 52 10.2
SRK 45 15.6 22 7.3
PR 6.5 12.0 21 7.7
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Fig. 6 Comparison of specific heat with NIST
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