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Dynamic Numerical Modeling for LOx Swirl Injector
at Supercritical Conditions

Kuk-Jin Kim* -+ Jun-Young Heo* - Jong-Chan Kim* - Hong-Gye Sung**

ABSTRACT

For understanding of high performance liquid rocket engine operating at high pressure,
dynamic characteristics of liquid oxygen in a swirl injector operating at supercritical conditions
has been numerically investigated. Turbulent numerical model is based on large eddy simulation
and contains full conservation laws including Soave modification of Redlich-Kwong equation of
state and Chung’s model. Preconditioning method is applied to get an effective convergence rate.
Numerical analysis results are compared with the one that ideal equation of state applied to.
Differences of thermodynamic properties and mixing dynamics are investigated at liquid phase

area inside injector and combustion chamber.

B
I

18 2AAA FEehe AT AA ZA Azl s olsE s 294 =Y 29 AHE A
HA| Ao FH FAo] FAHLE AFHAY dF 3 B large eddy simulations 7|RFSE
stom HE WAAF SRK e WA 4, Chungdl 7IMS @3t ot £ #3 £59 F7HE
A8 Az}t 7ol HE&HIAUTE A A AF}pe ol VA AH WAAS HEe Ao vl F
glom AAE Wil AL digo] ERshe JHdAM e FelHF T4 549 Aolrl #EHSA
o}.

Key Words: Liquid Rocket Engine(H# Z# <Mzl), Swirl Injector(Z=2 <UA
Large Eddy Simulation(t] 2+% XA}, Supercritical Conditions(Z4Al Z&7)

« shslel, dEgEUck BET B AT
o 22359, dEeeen FESF D AT v, gAlel Y, 48 5 5 Ve A=
AR}, E-mail: hgsung@kau.ac.kr =52 oln =HHE 7|&S dHlEgo=m FAE wm



ozt 2 e EoplNel $98 Halx
o ey $5 JlEe %7 duy AAF
W olfz T Ygde Y @ J& wF
of glolA e Aol glom old] wel
AN 3 A7 Aol BF AFI AFH A
golt}.
R

=
Axe} AA A4 &4

e o

A 2A ol
| ZA00A Q)

_llN
nZ flo
N

R R R P

A% WY 1% Gre] Luige] ©rh oled

Badd ola) ® AplNE B3 vihs =

ol Hojux Az Betggel 980 AL @
[e)

= closure
problem)& s &3t7] 18] LES 7I%e] 2853
i Favre-averaged® 2%, 5%, oYX, %

2

=
o
=
o
g
¢}
=]
o
o]

% nE Pl AgHYen o el P
o
opu;
6/)+ Y _ (1)
at ox,

o, ol ) _ o)

ot 830]. 3l‘j

(2)

-5 ol(pE+p . 7
aplr AoPrplu) o ur+>\—fH*g*+<r*5“ 3)
ot ox; 6301 7

(9[_) i};\ 6(;)1;:] 5/-;\) N ey Sg5 595 -
o + o, = BTUJ([) U.; Y~ @L-‘gj - ekf]] )+ w, (4)

¢ 2& U423 Smagorinsky ZE-& 0] 4319
o A sgst subgrid scale dF EE
subgrid closure terms 7] krh[1]

T 2UA 99 B EFE AssA A=
at7] s AA KA dE 8842 SRK A
WA AT Chung®l 71R[2]0] AHE-5 At

BT w
VbV, (V, +D) ©)

p=

0.42747R? T* 0.08664R, T,
D, De

a=

= [14(0.48508 + 1.55171w—0.156130) (1 — 7°)]*

o 40785 (MT)?
TR,

F,=1-0.2756w+0.059035.! +

Outlet

Wall

Inlet
- Periodic
boundary
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Table 1. Oxygen Properties

Pe 50.43 bar MW | 31.999 g/mol
T. 154.581 K ® 0.0222
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Fig. 2. Density and Error of Oxygen as Functions
of Pressure and Temperature

29 QAN HA o] FEH SAHS &
ofr 7] Mol theFd ¢tE, £& A
B FRA e Ao WxRe I 0AE
Fig. 2¢] UelWth Table 10 A|AIE 2k 3
g LRSS W o ZIA dE wEAS

=

AL AS AT ddo] & FgolA w)
T 2 A5 JEdH AR F2e
841%2 225 HITE SRK ] #7424
SRS A IA QAH oA A
2 Ro|AW O F£XE 105%2A Ao
- A& Aas

a| 4= NIST SUPERTRAPP[4]¢] dHolEl¢} 2

AAFE A L 5 Aok

42 10x 2:9 QAEle] 54 54 vl

Density, kg/m3: 100 400

-
o
=]
—
[
(=
=]

£ 0.005- Time = 0.50 ms £ 0.005- Time = 0.50 ms

L
|

=
=
=
S

0.000 - 0.000 -
0 0.01 0.02 0

X, m

£ 0.005- Time = 1.00 ms £ 0.005- Time = 1.00 ms

i

=
=
=
S

L

0.000 - 0.000 -
0 0.01 0.02 0

X, m

£ 0.005- Time = 1.50 ms £ 0.005- Time = 1.50 ms

|
i

=
=
=
S

0.000 - 0.000 -
0 0.01 0.02 0

X, m

£ 0.005- Time = 2.00 ms £ 0.005- Time = 2.00 ms

|
i

0.000 - 0.000 -
0 0.01 0.02 0 0.01 0.02

X, m X, m
E 0.005- Time = 2.50 ms £ 0.005- Time =2.50 ms
b 0.01 0.02 b 0.01 0.02
X, m X, m
Ideal SRK
Fig. 3. Density Contour of Ideal and SRK Equation
of State
2
N a ;
—_ A o x=12.5mm, Ideal
€ o] a A x= 25mm, Ideal
E = x=12.5mm, SRK
S A A x= 25mm, SRK
'y
_1 |
_2_ a - i
0 500 1000 1500

Density (kg/m®)

Fig. 4. Radial Distriburions of Density
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