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Background

Non-ldeal|/Compressible Fluid Dynamics (NICFD)

Dense vapors
Close to VLE + critical point
Two-phase
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Focus on: Non-ldeal Dependence of Isentropic Expansions

P
P_:f(PT»TT)
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Fixed y=const




Thermal and Caloric Behaviour

Thermodynamic description (pure fluid)

—

Thermal EOS L Caloric EOS
P =P(T,v) e =e(T,v)
/ Fixed y=const \
p (0c
[=1+-(=—
Z = —P N C ap s
RTp & ciniso — s process +
vs. IG af same (T, P) molecular complexity
Gl & ,_1 y+1 L [pIG
/ : 2
v @oo v
Same volumetric behaviour Same caloric behaviour
regardless of (Pr, Tr) regardless of (Pr, Tr)

Z,T in Non-ideal flows? for fixed fluid




Colculo’rlon Framework: 1D isentropic expansions
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e 20 HMC fluids
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Results: Z and I' Similarity

5 .
MM
0.8} i
Pr 3
N 0.6f L = .
RTr pr 91
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——Zy =0.8 _ 1 =
< MM
0.2 ' ' ' ' 0 . . . .
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P/Pr [-] P/Pr [-]
« MM (HMC)
« Same Z; 2 similar Zand T . . . :
mm) Similar volumetric + caloric behavior!

along expansions

e | Zy = less similar Z and/or T ;



Results: Expansions Similarity

1 MM
ol * MM (HMC)
. » Expansions grouped
T according 1o Z;
< |
(except Z; = 0.4 )
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Results: Z;

Similarity Parameter to Characterize Non-ldeal Isentropic Expansions (HMC)

Pr

7. =
! RTr pr

» Experimentally verified in the TROVAI



Results: Z and T' along expansions (HMC - MM
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0.8+

N 0.6

0.4+

MM

Zr =0.9

Results: Z and T' along expansions (HMC - MM
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Results: Z; as a Similarity Parameter tor HMC fluids

Spread.in P/RT In a ‘fixed geome’rw’ for 4 max P/Pp(Zy) —min P/Py(Zy)
expansions with same Z; but different (P;, Ty) = 2p/pc™ min /P (Z2) - 100

35 I Zr =04 MM

I Zr = 0.5
% = 06
B Z = 0.7
W Zr — 0.8
25F Wz =09
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Pll."f pr
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. 0.8 = sub 1 - sonic 0.7 - sup
P/Pr + L AL, if 1 idedlity

Zr As similarity parameter ;
Well representative of HMC * 145 )p,. It M T (I denominator) .,



Conclusions & Future Outlook

Non-ideal 1D isentropic expansions = Similarity Parametere
« HMC fluids + Z; = 0.5
- similar Z and T (iso — Z, iso — I" shape)

Similar thermal
n «~— Similar expansions

M{

. . P
- similar —
Pt

P/Pr

caloric behaviour

g7 ¢ VAW calculation
% * Molecular interpretation
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Objective

« Experimentally observed (TROVA): expansions within errorbars for Z > 0.6
Siloxane MM + limited region

=¥

——>Saturation curve A

280 o (Critical point

Suitabllity of Z as similarity
parameter

» Wider region
« Other fluids
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1D Isentropic Expansions

N

260 -

240 -

0322{1-

200 -

130 |-

160 -

140 -

0.6 0.7 0.8 0.9 1 1.1 1.2 14
slkJ/ koK



Calculation Framework: 1D isentropic expansions
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Results: P /P Similarity

* MM (HMC) and CO2 (LMC)
« Confirmed Pi = f (P, Ty)
T
* Expansions grouped according to Z; for HMC (except Z; = 0.4 )
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Results: Z and T' along expansions (LMC - CO2)
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Results: Z and T' along expansions (LMC - CO2)

300

0.8

o

2

— —Sat.llratiml CUrve
f 250 Critical point
N 06 5 . Zp = 0.4

A 0.5
ZT —04 200 1.’-']'1 0.6
Zr =0.5 ’%
0.4t Zr =0.6
Zr =0.7 / 150
Zr 0.8

LN N N N N

Zr =0.9 E -
02 — | ' LO2 S e

5 | mn: 3

p (0c :_
qL'=1+=-{+ 50 ey

c\dp

S
3t 0F
-
21 15 16 17 18 19 2 21 22 23 24 2!
slkJ/kgK]
1k
iso — Z // and vertical on Branch A - same Z, similar Z = const
0 ' ' ' ' iso —Z NOT// iso —T' - same Z;, NOT similar I" along expansions
0 0.2 0.4 0.6 0.8 1

P/Pr 18



