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SIMULATION AND CHARACTERISTIC ANALYSIS OF
CRYOGENIC DISTILLATION PROCESS ()
EQUATION OF STATE FOR SATURATED HYDROGEN AND
THERMODYNAMIC PROPERTIES CALCULATION

LUO Yiqing, YUAN Xigang, LIU Chunjiang and YU Guocong (Kuo Tsung Yu)
( State Key Laboratory of Chemical Engineering, Chemical
Engineering Research Center, Tianjin University, Tianjin 300072, China)

Abstract The BWR equation of state modified by Giorgio S. Soave in 1999 was applied to the saturated
hydrogen solutions. The parameters needed in the equation of state were modified and optimized through fitting
experiment data. p-V-T condition of the saturated hydrogen solutions as well as thermodynamic properties and
phase equilibrium of hydrogen fluid can be accurately predicted with this equation. The mean relative error on
vapor densities of H;, D, and T, was 0.19905%, 0.28173%, and 0.001295% respectively. The max relative
deviation was — 0.99511%, 4.6664% , and — 0.0040385% respectively. The mean relative error on liquid
densities of H,, D, and T, was 0.5504%, 0.33704%, and 0.04703% respectively. The max relative
deviation was 3.2950%, —2.2629%, and 0.12126% respectively. A rigorous thermodynamic model which

can be used in simulation of hydrogen isotope-separation by cryogenic distillation was obtained.

Keywords saturated hydrogen, equation of state, thermodynamics

= BEUR, BEL. WIS, 2%, EXEAERNTRS
= SEEEER(D)RR(T)WERLEEY, X7
HEER BRI AR KSR T s SENEAARTERY, BETXafEE

2002 - 03 - 25 WEIWIH, 2002 - 10 - 25 4 EHE B . Received date: 2002 -03-25.
BRA: BRAHN. S—1cE. PRY, &, 364, Bt @ C:dn'&spondingauthor: Prof. YUAN Xigang. E — mail: yuanxg
‘tju. edu. cn

i RIVEREET S S


http://www.cqvip.com

Esad Foif

| oo httg://www.gvig.coml

FHES: REMEIREURL P HFESH(]) - 755 -

YT A BN E. aBARMVENTERTE
B, MREREIEEN TS B R R E Wk
HRTE B2 ZARMMAH. X FEEFHE B
FERBRATI, BXTARIREHREL LT
Bt R ER o iRiE .

— BN N —F TR SN EAE S TR
B RARR], HEbr ERAEERMW. XF
ERATENWEFERE. %A REEEAFTS
EH, RFrERLEMESRK, HAEFHEK.
Hit, 57, W, RBEAREAWENMLER, HEHTE
fIMEFHREEZRA, HEERBK, FBA
REFFIHRT FHSHER S, EHARWIERER
HEHBRK. B TEREEAHXLEES, MHEE
AR TFHRE. ATHREEREMRIES &N
BHREFE ., BAFEREAERN T SRR E
HMER K, NHEA T XS &8 R St R
B

EET, RABBRPIESEKRATE20~30K £
4, Rl TREARSE, FERSIBEYHRT
RN E +SEE. BRICH — & H-D, Ml
HHD A RZWEHEBHE, EXF DT, D,-DT-T,
8 H-D-T R RPS# BT RE =2 ingae
BRBWARFIEN p-V-T XRBF|—MEBER
MR ERERES YRS HE, TESXMHEARME
MEERBESYHRANXTHEINEEEEN
YEF.

1 REITRNH#HZ

FB R AR A T R A BT R — B AR
SHE BAdREFBEERERTEN p-V-T
RE, LT EGHRENL . BLAR L IAE S
PO#EHER, BKAXREFBIARKEASE.
HAlC A RORSHTBEEHED, HAFHFGRESH
BAARET L.

fRTETRIEK, CANSEREIBEHAE
ATE. HEbhgirthilR S RESEFEME p-V-
T XRHPREFT BN 8 S8 16 258 BWR
FREI R Bt B% AT 1995 SE R — 4 sk
B PT RS H T2 (Patel-Teja RAEF )], 8 &%
BWR AR ETLE N 88.72~255.38 K i, Xf
SRR B B AR AN 7R S 1 T 00K B o e 4 %
(HXMRES%ASL), BEBEXMEEREGEH
HEFHEHAE TR, 16 28 BWR FREXMT S HTE

Bl 14~300K, HEBEENE, A TERRA
HIERRRE, 16 2% BWR R A F RS
M REFARAARNTESE, Y8 EN
AFEMASBHEES DN FEER 16 NSRBI —
RAHM. 16 2EREFBHTEREN S
BRI ATHRGE. #HEXENAE, 16 28 BWR Y
BHETEAN, HEFHEFIRENO0.16%, il
MR SRR KIREN 4%. BR 16 BHORS
FRE L LABERREWEE, AENNANESR
BRI ESRIEN p-V-T BUE U RS2
B, MARRATHRMERESHEFEER#ER,
H A X A RAASAHFBAE 2 B T RAAR RS
¥, XBHRE[KMFHBRAERMRNRE S
B, B EHERNARKRESE, BWHAR
— /A REEEIRTE  TRBMAHNRES 2. BHilk,
X FRBPAR BRI, HE B SHENR
R R

B B EZE A R M BUER PT 20 H TR
BEHRIEERNITE, aFS, 45870
K. YA RN AT EMARASHBA LA ITTE
B, SAHLLAEFMBAHE LA ESIRENR 0.42% F
4.37%. EBRMEABEEEA, Fl 21 K&, &
RELAM T EREEE 10%, B BEFNE
AT = AH 5 IR B V. B 9 A R L AR B KR
2. TIARBA S B (B ) MR DB S
BEEHEEXEE, CHERWIHREFER
DU Ath, B8 7 % M R A HE 0 1 DL OB B R o
Wt

BEREOBRENERN 20~30 K, BiLEN
eREE. Hit, FREARMN&RH BWR 5. PT
R REHER T ST B E MRS F 25
A SCHRYE Soave MU R BWR 77207 & 3t F1 4
&3 SBEFHAT AR, EX—HRE0 LI
RATFRMERESAHRBAME p-V-T XFHH#HR,
BHEESDEREEN2ELUE. FEPEH
“HYREMER S EROEFIHEF BRI S
BB S RBEEE O BT, HE
WS AWE. BRI TASERESIBEMA
FFITEIT R RR , B8 r—HIBA N
ER T EREER S YL,
1.1 FEESEFER

B Soave BU#/EH) BWR FEER N

_ b
2= RTp

T T TETHET R


http://www.cqvip.com

- 756 - (e T

| oo httg://www.gvig.coml

¥ H 200346 A

=1+ Bo + Dp* + Ep*(1 + Fp?)exp(— Fp?) (1)
K
2

a= (gt
= pc+0.422(1 —%)w 234w(1 -—) (2)

_ e\ 1 1 1
6_D(RTC> _6“[1+d‘(T, 1)+d2(T, 1)

(3)

2 3
= €& +el(TL 1)+82(?1_1) +23<TL—1) (4)
2
) o
*dl = 0.4912 + 0.6478w

d> = 0.3000 + 0.3619w
{el = 0.0841 + 0.1318w + 0.0018w?

(6)

ez = 0.0750 + 0.2408w — 0.0140? (7)
ey =— 0.0065 + 0.1798w — 0.0078w?

f=0.77 (8)

B.=bZ., &.=dzt, e .= eZ? (9)
e=Q2-5Z)/I(1+ f+32-2exp(~ £)] (10)
d=[1-2Z.-e(1+ f-2f)exp(~ 173 (11)
b=Z.—1—-d~e(l+ flexp(— f) (12)

FRRX(2) ~R(12)FR T H#HRARARES T
BHSH, MXESHECHERSE T.. p.
Z RO EF o ERAT 2B E T K.

Soave HFHHIX —REFBEAFE R, MAHT
H—Fpaif R S YR R % Z. Al o 1B
SEAR B IR 4 AN TIE 2 60 VAR SR THE AR 0 H
B YHBNATREYRNTE R TFHER
B, {BFE A TR B = A R ZE A LA E A%
%, BX—HEEMSARRN AL AN 2
NEAM. ASCGESXX - FBRSHHTEN A
8, FHAEATERHFMRE A
1.2 FESHANAE

Soave ) BWR B+ HESH B. D. E#HE
AE(/T, - DMBSHAEL, mmrRX2). X
(3). XD rm. AURBAKLHFZ RS p-V-
T 5% B, D. EEF#ATTRIE, BB THN
ZWHAEA, WA (13) ~KX(5)FR, FHEST
AWk SBFEAEFBMOTESLCE F A%
0.4, FRHEARBIES FHIEAESE T
$70.3). AR EZMAPEZHAMABBLERH RS

BROEFHZKREBHA, WA (19) iR, ok,
£ Soave WA R HERESH B, D. EXEYEH
WREXEREFEXRFERQ2) ~KXA), RO ~A
(12)], HFEEHERNE, A TERMLEMK
FRESARFHoEE, A0SR ERENRER
YRR EgG B FROEM, B Z.=0.3. I8
ZREH, ULAEEETTBINFEREEARS
HE.

FTRARAELN
_ b
2= RTp
=1+ Bp+ Dp4 + Epz(l + sz)exp(— sz)
A
i ) 1 i
B=Zb(1+1—z)x(?— ) (13)
J 1 J
D= Ed(]+1—1)x(?— ) (14)
= Dle(M+ 1= m) x (% )"' (15)
2
F:fZ/(RPTc> (16)
f=0.4 (17)
Z.=0.3 (18)

d(j) = y1(G) + 32() X w + 33() X w®  (19)

e(m) = z1(m) + 22(m) X w + 23(m) X w?

{b(i) = z1(:) + 22(¢) X @ + y3(i) X w?

WEARMEEER, /. j. m TBRARREMH
BE. «1(i), 22(i), 23(i), y1(), y2(5),
¥3(j), 2z1(m), 22(m), 23(m)BIREE. HH
RFRRTTEE LT RER

FRFmEIE, &1 250 THRARD,) SHER
T B L B8 5 0 A 5 A8 T BE B AR
iRE. B 1 ME 28 H,. D, T, AIH &R
—HTRTENBHETE SR EXTHRER.
T H. Do T, FIFE, SAHEE KT TR
Z 451 % 0.19905% . 0.28173% . 0.001295%,
BRAKMZESS NN - 0.99511%. 4.6664% .
—0.0040385% ; Y& HH 2% B 19 F- B A XHR 2= 43 5 K

RILEEE NI


http://www.cqvip.com

| oo httg://www.gvig.coml

544 FEoell FHES. KIEFEIBER R BT (1) - 757 -
Table 1 Vapor and Liquid densities of saturated deuterium
T /K Vapor Liquid
emperature Exp./mol*cm™*  Cal. /mol*cm™? Error? /% Exp. /mol:cm™®  Cal. /mol*em ™3 Error® /%
19 1.2485x 1074 1.2485%x107* 4.,4729x107° 4.3008x 1072 4.3008 <102 -5.5521x 107
20 1.8183x10°* 1.8183x107* -9.3608x 1077 4.2500x 1072 4.2500% 1072 -2.2000< 107+
21 2.5641x107%  2.5641x107* 7.7551%107* 4.1968 <1072 4.1967%x 1072 -3.1056x 1073
22 3.5206x 107 3.5205x10°* -3.3096x10"° 4.1415%107%  4.1416%x1072 2.2329x 1073
23 4.7222x10°%  4.7226x107* 7.4498 % 1077 4.0822x1072  4.0826x 1072 8.6760 % 1073
24 6.2128 <107 6.2123x 1074 -7.0008 <10~ * 4.0227 %1072 4.0219x 1072 -1.9869x 1072
25 8.0376x107%  8.0373x107* -3.2106x107° 3.9585x 1072 3.9587x 1072 4.0064x 1073
26 1.0252x10°* 1.0253x1073 9.4983x 1077 3.8903x 1072 3.8910x 107 1.8233x 1072
27 1.2920x10"* 1.2921x 1073 4.6126x 1077 3.8185x1072  3.8183x 1072 -4.4504x 1073
28 1.6117x107* 1.6114x107? - 1.8678x10°° 3.7436X1072  3.7420% 1072 -4.2686%x 1072
29 1.9920%x 1073 1.9921 %1073 3.9918x 1073 3.6608 x 1072 3.6625x 1072 4.7121x 1072
30 2.4453x107°¢ 2.4458x 107° 2.0219%10°* 3.5764x 1072 3.5774x 1072 2.8612x 1072
31 2.9868x10 7 2.9865x1073 -1.0115%10°* 3.4811x107? 3.4815%107?2 1.2250x 1072
32 3.6340x 1077 3.6329x1073 -2.9756 % 102 3.3769x 1072 3.3706 < 10?2 -1.8592x10°!
33 4.4085x 107  4.2028x107° —4.6664 3.2615x 1072 3.1877x107?2 -2.2629
34 5.3376x10°7 5.3440x 1077 1.1959x 107! 3.1299x 1072 3.1257x1072 -1.3398x 107!
35 6.4974x 107  6.4910x 107} -9.9014x 102 2.9760 <1072 2.9967x 1072 6.9469 X 107!
36 7.9807x107° 7.9701x 1073 -1.3290%x 107! 2.7888 < 1072 2.8076 < 1072 6.7520% 107!
37 9.9679x 1077  9.9894x 1073 2.1619x 107! 2.5430 x 1072 2.5027x 1072 -1.5862
_ Cal. — Exp.
@ Error = Exp. X 100.
0.014— D exp. value Rif. 2, BN FESHNESFE, £H
0.012} = Texp. va:ue Soave % HH X —TE B AR ES T RBE H T [t
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5 0.008| / / X SRRSO F0 At B ) 2E o R AT B A
£ 0006} f f'/ .
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F. 1 E . l . m; mj == 1
ig xperimental and calculated vapor density /p., b,
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0.045 | P’ = 2 2mn (1= ky)y] S tmam, = 5, 21)
s T T
. 0.040 —= = 4=3 22
£ P = L pi=S (22)
« 0.035}
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50030} + D exp.value = 0
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0.020 N e MR (20). X2, RKRQ)BFETEES
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T/K

Fig.2 Experimental and calculated liquid density
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