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A Model the thermal properties of mixtures
A heliumneon
A neonargon

A heliumargon
A Validate the mixture model with existing Brayto#l/ dycle

A Study the process cycles with large cryogenic installations
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A Helmholtz energy:| ¢ ftley | CRYoy | @ A | potential that measures the useful work obtainable
" QY Y Y'Y from a closed thermodynamic cycle

Advantages

A Continuous over liquid/vapor boundary
A Itis a function of measurable properties
A Purely analytical derivatives

isotherms of helium/neon mixture (50/50 molar)

//

S
808
N

Wl vaporg

liquid
| mixture
0.2 F
0 PR s L L e e e e |
10° 10’ 102
reduced pressure 3

J. TKACZUK, June 27, 2019



EASITrain I UNIVERSITE
® Helmholtz energy formulation B onoble
i Alpes
T
0 = ﬁ. T=_"
Pr T
(p, T ) . .
90 ) _ 57) = 026, 7) + a"(5.7) —
Ideal Helmholtz free energy/ RT Residual Helmholtz free energy
her 9 T (1 1 cp T pel Tportleop ]
(6,7) = TR +5 p( — ’To> + élna Z Npo%erte 4 Z NyoBe 7t exp ( - Ol’“)+
k=L, +1
poi+lemp+lcrit _
Z Npd® 7t exp ( — Nk (5 — 77)2 — By (T — %)2)
pure fluid h=por +leap 1
Ideal Helmholtz free energy mixtures Residual Helmholtz free energy
N N-1 N
a’(p.T.7) = Z;r,- {ag,- (p.T) +1n ;r,-l (6.7.7) Z zial; (0,7) Z Z wiwj Fijog; (6,7)
i=1 i=1 j=i+1

Reducing variables

N 3
1 N ri+ax; 11 1
pr(T) Z; Pei " Z Z 224 iy o B2 x; + ;8 ( 1/3 + 1/3)

i=1 j=i+1 ] Pei c,j
N N—-1 N
0.5
o 2 T + T ‘ .
TT(I) Z Tc i T Z Z 2rz £Ljf 3T i3 T, ”’p—jl’- (Tc.i : Tc,j)
i=1 i=1 j=i+1 : -

Departure function represents Helmholtz energy from mixing

N-1 N
Aa"(8.7.7) = Z Z rijFijog;(6.7)
i=1 j=i+1
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Property Relation to Helmholtz free energy

Pressure % = 1+daj

Compression factor Z(0.7.7) =1+ da

Entropy 5(5};"‘?) =7(a2+al) —a’—a"

Internal energy u(%}’j) = T(af. + ar)

Enthalpy h(%}"ﬂ =1+7(a2 +al) + doj

[sochoric heat capacity LR”?) = —72(af, +al,)

Isobaric heat capacity LR”_) =12 (aﬁT + a'iT) + %
Gibbs free energy 4 (E;‘f) =1+a’+a" +daj

Speed of sound w?@r.B)M (4daf—drag,)?

i ST 2 7
rr = L+ 2005 +0%ags — 2(a2, +ar,)

) . _ —(8af+6%af;+0Tas,)
J - T coefficient 1ITRp = qisar—srar y2=r(az, Far,) (17T £5%aT,)
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Relation of

thermodynamic properties
to Helmholtz energy

pressure (MPa)

Property Relation to Helmholtz free energy
Pressure % = 1+daj
Compression factor Z(0.7.7) =1+ da
Entropy 5(6};"?) =7(a2+al) —a’—a"
Internal energy "(%’;?) = T(aﬁ + ar)
Enthalpy h(%}’ﬂ =1+7(a2 +al) + doj
[sochoric heat capacity LR”?) = —72(af, +al,)
[sobaric heat capacity ({,‘{T‘a) =12 (afﬁT + Oz?T) + %
Gibbs free energy 4 (‘E;‘f) =1+a’+a" +daj
w?(8,7,3) ) (1+daf—dral )?

Speed of sound

J - T coefficient

o L - 1+ 25a% + 6%af; —

—(5@5—5—(520};5—5—(57'&57-)

RSl B2
T2 (a2, +al

TT

MITRP = (i5ar—5rag )7=r7(a2, Tar, (1 + 2005 1627,

pressure (MPa)
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helium isotherms

Uncertainties below 50 K in density are
0.25% at pressures up to 10 MPa
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neon isotherms

Uncertainties in density are 0.1%_— /
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Algorithms employed so far:
A Sum of square§Y"YO B {0 & &) with constrains and points weights

A Complex marching algorithgmo success so far

A The first algorithm is more successful (so far)

Institutes and universities developing HuS
A NIST Boulder, U.S.

A RuheUniversitatBochum, Germany

A KyushuSangyniversity, Japan
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(My) methodology o] O e . e %%
.o.o. @ o, ° °o 28
.‘.. © g 00 % 4 ) ° :.
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oy . . . . = © ° > hd @ o» 345
A Assess the credibility of all datasets / each diverging experimental point s o o oo =
= 100 5] goe 32
. . . (&)
A Fit the reducing parameters and the excess function b © gee 20
N N—-1 N
@' (0.7.5)= > 5, (0.0)+ Y, ¥ x5, Fa(0,7) o 28
i=1 i=1 j=i+l 26
KPOI‘E" KPDL&_FKEXP‘# R, 2 " —y. -1
a0 )= > myy ok ik 4 > ok gtk ik O] =Pin(O=viis) Y. 0.2 0.4 0.6 0.8 1.0
k=1 k=Kpoljj+1 x(He), y(He)

A Constrain the fugacity coefficients at the phase envelope
A Fit the densities
A Fit the speed of sound (if available)

A Constrain the derivatives
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Closed or openis there a LLE or just the VLE?

0 xy 1 0 Xy 1

J. TKACZUK, June 27, 2019




g\smain Statistical Associating Fluid Theory (SAFT) Eé’::;’:?,ﬂfé

4 Alpes
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