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ABSTRACT

The cryogenic nitrogen spray of a swirl injector has been numerically investigated using three
dimensional LES turbulence model to analyze the dynamic characteristics under supercritical condition.
To predict the precise nitrogen properties under supercritical condition, SRK equation of state, Chung's
method for viscosity and thermal conductivity and Takahashi’s correlation based on Fuller's theory for
diffusion coefficient are implemented. The complex flow structures due to interaction between flow
field and acoustic field are observed inside and outside the injector under supercritical condition. FFT,
POD, and DMD techniques are employed to understand the coherent structures. By implementing the
FFT, the dominant frequencies are identified inside and outside the injector. The coherent flow
structures related to the dominant frequencies are visualized using the POD and DMD techniques. In
addition, the DMD provides the damping coefficient which is related with the instability prediction.
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D;; : non-linearity of viscous stress term J8la =4A dEdAE YA 2E7F ul$
E  : specific total energy Fong dAir|dAe A2 hEsH EHF
E : I-th pseudo-eigenvector g d WHEo] At AL EAEE =9
H, : energy flux g 4= ATHI]
N,,, : number of time step ZA9 EA] ES A A&l I #
P : period of acoustic oscillation dol ok EAVIE 258, A9 H FPe
@ : heat flux TH7F Ao o T S4R¥ FAe FEIFH
t : time Aol mla] FAe] o] wdsiy & 2
: temperature FHEFe eiAE 52 & 58S 2t &4
u; : i-component velocity (choking)olvt 35 &4 (cavitation)ol] & =73t
At : time step = Aol ATH2]. =F, AF AAoA LAY
6; : Kronecker delta st Fakol] M= Y¢S d v
A\, : I-th eigenvalue 2 dATolAe 2dA FHANA SA4L 2L
& . damping coefficient £ E%ste dR¥ EAVIE ndEdt &F
p  : density dEe A deolgrt EAsks 50 barz 273
o, : viscous work stttk A"t 4R fF ZAE A 53
7. : viscous stress tensor LES &/ =2EdS&
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(a) Longitudinal cross section (b) X-X section

Fig. 1 Schematic of a swirl injector in unit mm{18].

Table 1. Injector geometry[18].

Outflow]12 D,

Outfiow”

Outflow
75 Do,

Fig. 2 Schematics of computational domain and grid

Injector part Geometry, mm system.
Swirl chamber 9
diameter(inner), D, Table 2. Calculation condition.
Nozzle — -
diameter(inner), D, , 54 Injection ;E% Ambient Nitrogen
Nozzle — - -
) 9 Injection differential
d|ameter(0llJter‘), D,, Dreselire 0.5 MPa
Tangential inlet (7 Ambient pressure 5.0 MPa
diameter, 7, Injector manifold
- 115 K
Number of tangential 6 temperature
inlets, n Ambient temperature 280 K
Turbulent intensity 10%
In| A -
N (13) FAA Aie AAGEHH 25& 34 bar9} 126
K2, A&FY L= 115 KollMde IdA
4 A7t £ ASE g Fart 44 (compressed liquid) elolth. FUE A&7t &
T Eota, ¥ AfelE T FHETE FF dAo R 257} C}:g_—s].oq o] YA (transcritical)
2S5 ougoh FEE AR HFFHOZ 2UA E7E Pk
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FZte| WAool ol = closed typeolt.
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Fig. 3 Instantaneous density and velocity contours and probe positions of a swirl injector.
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Fig. 4 Power spectral densities of pressure fluctuations inside the injector at Prob. 1(a), Prob. 2(b), Prob. 3(c)

and Prob. 4(d).
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Fig. 5 Spatial distributions of oscillatory pressure field of POD and DMD.
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Table 3. Frequencies and damping coefficients.

Frequency, kHz Damping coefficient
1.65 (1T) -32.26
3.18 (2T) 206.48
4.46 (3T) -17.58
8.91 (5L) -119.63
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