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ABSTRACT

Cryogenic spray characteristics of a nitrogen swirl injector operating in supercritical
environment have been numerically investigated. By comparing the equation of states(EOS)
used for supercritical condition, SRK EOS was applied to predict the nitrogen thermodynamic
property under supercritical environment. A Chung's method was implemented for the
calculation of viscosity and conductivity and Takahashi’s correlation based on Fuller’s
Theorem was implemented for the calculation of diffusion coefficient. By injecting the nitrogen
with 5 bar differential pressure into 50 bar chamber filled with nitrogen, numerical simulation
has been conducted. The dynamic Smagorinsky sub-grid scale (SGS) model has been
compared with the algebraic Smagorinsky SGS model using FFT frequency analysis. The
instability at the liquid film and gas core inside injector and the propagation of pressure
oscillation into the injector has been investigated. The spreading angle of swirl injector
obtained by numerical calculation has been validated with experimental result.

= =

ZA BAMA AEste dFE BAVY FARX dia EFE5A S 329 LES X7
HE AE3te] AFsIEth 29A FEddA A4 S dS38k7] 98 =94 dE
A HEEE JHYAAES vwste 71 F &g SRK A4S HEstaT. =3
AAA Tt € FEEE Chunge] AMS LY E EFEC digh A& HEsi9 o
A= Fuller®] ©|2ol| TakahashiZb Alrg WAAE ALk dAE AL
50bare] MWel Sbare] Ao AALE EFSI FXHAE FP3AT FFTE o] &3
Ful M8 53 1’41 2 Smagorinsky?} &2 SmagorinskyE A @A%<} Hlw sty F3

walo] o e WAL AT WY e, ShaFeld GEntE B A 2
A7) $Rol A et BekgA el Asle] s BAsa, Bebgale] BA R
Sl @l sl =ASAT £ BR2tel tiste 4y Avkel wim AEsAT

Key Words : Supercritical Condition(Z%Al “4El), Cryogenic Nitrogen(54-2 2
Suwirl Injector(SHi- A7), Instability(£29 ), Spray Angle(2 20
LES(Large Eddy Simulation)

+ Received : September 9, 2015 Revised : February 29, 2016 Accepted : March 17, 2016
*** Corresponding author, E-mail : hgsung@kau.ac.kr



344 AR - EY -

kil B T B

Nomenclature
t - Time o; : Viscous Work
p : Density b, : Conserved Scalar Flux
Uj : i-component velocity f : Mixture Fraction
T : Temperature Cr  : Model Coefficient
8;; : Kronecker Delta A . Grid Size
E : Specific Total Energy w : Acentric Factor
T. : Reduced Temperature R, : Universal Gas Constant
P, : Reduced Pressure . : Molar Volume
Tij : Viscous Stress Tensor a,b : Empirical Constant
7:¢° : Subgrid Stress S : Strain Rate
T, . Subtest Stress L;; : Resolved Turbulent stress
D,;j : Nonlinearity of Viscous Superscripts
St T _
ress term : Time Average
Q; : Heat Flux -
) : Favre Average
H; + Energy Flux sg$ : subgrid-scale
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Fig. 2. Schematic of swirl injector, unit mm[19]
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Table 1. Injector geometry[19]

Injector part Geometry, mm
Swirl chamber
: ) 9
diameter(inner)
Nozzle
diameter(inner) 54
Nozzle 9
diameter(outer)
Tangential inlet
) 1.7
diameter
Number of tangential 6
inlets

Fig. 3. Computational domain

Table 2. Calculation condition

Injection and Ambient Nitrogen
Fluid g

Injection differential 0.5Mpa

pressure

Ambient pressure 5.0Mpa

Injector manifold 115K
temperature

Ambient temperature 280K
Turbulent intensity 10%
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