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Introduction

* Rocket engines operate In regions near the critical point of pure

Radial Distribution Function

Decay of radial distribution function (RDF) is the correlation

Phase ldentification

* Phases determined by Voronol analysis
* As temperature increases,

component a nd mixtures_ . . . — Interface becomes less smooth length . . . L
. Unders_tz_:mdlng _the _physm-chemlcal prop_ertles of fluids In Fhe _More molecules move into the vapor phase The correlation length increases as the critical point Is
near critical region is essential for modeling and understanding " . - approached
. —Near the critical point, some molecules are considered both _ _ . _
of the combustion chamber vapor and liquid *First solvation shell for liquid contains more molecules than
* Unfortunately mean field theories (ie: equations of states vapor

« Supercritical molecules

(EOSs)) fall in the near critical region « Supercritical fluid RDF has longer correlation lengths compared

—Due to the correlation length being infinite at the critical point Butane n-Dodecane to liquid and vapor
- New theories need to be applied in order to understand the _ _aof _ .
oy . PP § ool Liquid Vapor Supercritical
near critical behavior
o ] ] = 150 t le l"., = 50 g(r) COM g(r) COM g(r)
 MD allows us to probe the near critical region in order to £ |, 5 ol N l T | g e l :
. g - .a'hhl l“'h E 20 - N~ 2r l.‘r\\ i 1? - Ifhx\\f’j IIII"«, ,ff\\ i\/’\/\/ 5 ) 1;: ."II ‘\\ i
develop these new theories | T— LTI T S 3o 1 os el 11352 20 e
. . 0 100 200 300 400 500 600 700 800 j§§§%%§53$$igg 0 100 200 300 400 500 600 700 800 ;; e I| & 1+ N~ —— 4 06y | H f 7 | A& gg - i
Calculation Detalls | . L B-: SR N A S
300 I— 28 i 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
« All simulations were performed within LAMMPS using the OPLS £ S g ol o o o
" 1 Lg 150 - ﬁa'ﬁﬂ”"m'”"'r,, " — LcCLa > i 1.6 | | 1.2 | | | 1.6 — |
potential (all and united atom) | | B B+ G oI o i I | PN :
*VLE determined by performing a Voronoi analysis and a series & s ., S - B e S p— -
Of tWO- and One-phase S|mu|at|on oc: 160 21|:Jo 3i:ro 4::10 500 sootfljo 800 \,,l LCJ Oo 1130 2loo 360 460 550 660 700 800 t “D: G 8:2: i a 0:4 - - ”D: a 8:2 - 7
- . . . Density (kg/m?) - ensit m3 0.2 | . 0.2 1~ N 0.2 _/.. .
Law of rectilinear diameters and density scaling law used to ' . e BRI 1 e e I e L ]
determlne the Crltlcal pOInt % 250 - % 38: Distance (A) Distance (A) Distance (A)
S 200 - S 60+
] n mg . ] E el /\ | J‘mﬁd Jlll;'l 'u*é 28 : ]
£ w0 [y 2 ol C I
Vapor Liquid Equilibrium 50 E | s onclusions

| | [ |
0 100 200 300 400 500 600 700 800 Hi:

e
i
£

P, :
"9:,;;534‘;3 I U '

Density (kg/m?)

o

Density (kg/m?3)

100 200 300 400 500 600 700 800 *:

The same class of potentials can give different predictions of

*Butane and n-Dodecane chosen as probe molecules
*Used the OPLS potential
— United atom for butane

the critical point for different hydrocarbons
MD allows for simulations within 1% of the calculated critical
temperature

Molecular Geometr

* Different phases sample different regions of potentia

— All atom for n-dodecane —Liquids sample repulsive wall * As the critical point is approached
* Able to simulate temperatures within 1% of the calculated —\Vapors sample attractive tail — Interface becomes more ragged
critical point — Supercritical fluids sample potential well —Molecules can be considered supercritical close to the

» The same class of potentials, can yield drastically different.As the temperature increases, more gauche dihedrals appear
critical points for hydrocarbons when compared to experimental « Different potentials yield slightly different geometries

critical point
he correlation length increases
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