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Numerical Analysis of Behavior on Opposing Unsteady Supersonic Jets
in a Flow Field with Shields

Hiroshi FUKUOKA, Toshiki KINOSHITA*, Ikurou UMEZU**

Collision dynamics of opposing unsteady supersonic jets injected in background gas with shock waves were calculated

to simulate double pulsed laser ablation. Since the jets are deflected by collision and the motion of debris is ballistic. This

characteristic can be used to reduce the number of debris when shields are mounted in front of substrate. The flow of jets

through installed shields is complicated by the interaction between shields and jets, and between shields and shock waves.

We investigate influence of shield position on the shock waves and the jets by numerical calculations. Axisymmetric

two-dimensional compressible Euler equations were solved using the finite volume method by using ANSYS Fluent

14.0.0 code. The shields with slit was mounted parallel to the direction of initially injected jets. In order to investigate the

influence of shield position on the shock waves and the jets, the shield position and background gas pressure were adopted

as parameters. The jets and shock wave are deflected by collision and they can pass through the slit of shields. The passed

shock wave reflects at the substrate mounted behind the slits and it forces back the jet to decrease the jet velocity. The

shield position governs the velocity and amount of the jet that reach the substrate.

1. %

i

B SV A L= =& F— 5 MR R
HE, BT, DTBIOAS A7 EOEKEEDN BRI
HEh, MEERRNTy TIN5, ZOB%RIT Laser
ablation(LA) & FFIEN 5. LAIZ & » Tl Sh = & &
TN — A LT, ¥ —5 Y MPRERR &0 TE T
WEETEN SRS, 2O, @GN L — LRI
RS 5.

Pulsed Laser Ablation(PLA) (X LA \Z X » ThH an/=~7
No— N B = NARFRE & OPATIZERE U 7o HEFE FRAR
IS5 2 & CTHEMR EICT / fm e s, ks
AT D FETHD L PLA IO THERICITE R A
WOIHEIET 5. BT ZE U BRI U, e
BFEERLTWA S L—A LT 5. EEEIC3mH
LIcmDES, BEBIONREZ EA S8R H 57
W, T— ANOWEEEZ LS, T fEiORERR

\CWEBE 2D, O, B X7 L— 202,
RS A Z L idmAE 0T R A AR S BT

HETHD.

PLAIZHEWTHE nm 2258 p m ORL1-203 7/ — LD
RS L — =S S SR Icikt s h s, Zo
KRIFRRLA1TT 7V EMEEN, ¥ —7 Y MPEERmA L —
W— BN A2 SR ORI TRl S D 2 & THERE
N5, TTVIETN— BT EERL, ARk L2 EEEmE
WCHERS T 5. 77 VIXEE AT 57/ fidh & e~
FIZRE WD, iﬁbt%%ﬁﬁ’ﬁ%#é:&f%ﬁ

OSBRI NSRBI 20, HREDHIIC SN D, Z O/
AR D HEE LT Ecllpse ERRE SN2, Eclipse

HEEIT 2 =7y MR & HEREAR O I MRl 2 7
ETDZ L TERICEET ST 7 ) 2MRETLIHETDH
% 1,

2ROV —Y—Zxfm L= —7 Y MFERmIC RS
HIET, TNTNOZ =Ty MERE DX L7

TN— AN E S, %A LT b — ML AW E S
L, IREVAS ZETHEHAT gz b7 —Aa L

D, TNEERICEZESE S Z & TEET R YR
S, HAETF O EREREAKT D, Z D5 1EIT Double

* A IR TR 2 4
U KRBT A



20 AR TR RN AR

Pulsed Laser Ablation(DPLA) & FE{X41, Umezu 52 & » T
BREREINT " DPLA IZHWWT PLA & REEICT 7 23
JEREICATET B0, ZORBEARRT 5 FERESL
TR,

T TCRWRICBIET 2T 7V 2RET D20, Fxild
DPLA DN A Y v b & FR MR 2 5% & 3 2 J7ik
EEER L. ERRORRE I L0 Y & L— A B L)
T— LR OMEERIIN A, WK & 7 v— LB L
TEM & AP O ABAEANAE T, EFICE RS
G5, O, FEERIC L0 R & 5% & L 7= DPLA (2
B AEERB LT L—L20EBHEZHALNCTE L
EIREECH D, F72, FEBRIC I 0 BRI DR B E )3 T
OHEFEE A EAT D Z ENHERIN TS,

ARG CIIE MR LA B2 S LT D72 0IZ LAIC X
S THIEND 7V — L% IEE T E EE & XX
7o ARWFIEIRMEROR O BN E A2 L ST SRR 5
TS K OB OB AR L, OB OV T
T WV CIHRD Z E 2B ET D, 72, HERICR)E
T HMEFRED S EROMERBREOM M EZH LM T 5. S5
VRIS & 2 MR O IR IERE 2 B L 72 Et b AT ).

2. BIERENTEA

ARWFZE TIZILH AR SENT 2 — & ANSYS Fluent % T
BAEfRAT 24T > 72, E R 1 ISR ROl FR
JEAEPEA A 7 — R E AV, AR % A Tl
ZATo7=.

oU 9F 9G W0 .
atatu e M

X () PORBEESZ ML U, RPN MLF B L
WG, fiFHs br HizEhEnA Q) (oRT.

Pp Prit ppY (234
s psu psv psv
Pgll pgv 11 pgv
U=|Ps|, = , = ., H=-= i 2
| pu | pu? +p pzuv - pzuv (2
\pv} puv pve+p pve+p
e (e+pu (e +pv (e+pv

ZIZTpuvpBIOYelZZTNTNEE, x/D JFH0OH
FE, /D FOWE, JENE X OEAMARY 720 oNET
FNFX—%RKT. FTEXLTH s BLO gz EM
/A ADS T % He, IO T D Sid LU Ge
AR E, EHp, BET, F#aB L OMSIEHIT
X E)BLO@ ITRTEBEAKY LD, 22Ty b
tkchsb.

—_P Pz
e—y_1+2(u +v%), (3

a2=yRT=y£=y(y—1) E—l(uz+vz) , (4)
p p 2

WFFEACE

#5375 (2017)

RE OBERULICIZ A ROV 7 o 2RV, 2k
J&\ |- 743 C & % Flux-Difference Splitting A % — A % Roe D
AW TITo 72 .

Open condition
r/D

..... - 65 wea e
.. s 2002222 |1 0-smm
10mm | N T—— f0.1mm
Monitoring line
[ Outside wall
V. % :IO.Smm
Pressure inlet S/D=2.0 Pressure inlet
(Si jet) (Ge jet)
background gas(He)
D2 Y/ D=1.0mm
B — — . ] 1_ ..... e . —> X/D
-4.5 Axial symmetry condition 45
Fig.1 Flow field for computation and boundary conditions

Tablel Initial condition of Si and Ge jet

Jet specif_ic heat Gas
ratiol-] constant[J/kg*K]
Si 1.6102 522.93
Ge 1.6451 339.4
Gauge total | Initial gauge Total
pressure[Pa] | pressure[Pa] | temperature[K]
18238500 911925 319578
19454400 911925 819790

Table2 Shielding distance

L/D[-] 21253135/ 4

Shielding
distance[mm)]

1.50.33]5.0/4.6|3.5
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Fig.2 He mass fraction and density contours
for L/D=3.0 and P,=1000Pa
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Fig.3 Relation between mass fraction,
velocity and time for L/D=3.0 and P,=1000Pa
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Fig.5 Relation between total mass fraction and L/D
for P,=1000Pa
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