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Study of Effects of the Boundary Layer of Micro-Supersonic
Jets on the Flow Impingments in Laser Machining

Dong-Ok Yu* - Yeol Lee*

ABSTRACT

Numerical study of the influence of the boundary layer of micro-supersonic jet impinging on a
flat plate with a hole was performed, to investigate the role of gas jet to eject melted materials
from the cut zone in the laser machining. The detailed shock structures and the information of
the mass flow rate through the hole were compared to the results of the previous study, in
which the effects of boundary layer inside nozzle was not accounted. It was found that the

boundary layer inside the micro- nozzle introduced stronger Mach disc over the machining zone,
and thus that the mass flow rate through the hole decreased.

= %

ol A7tgANA YR 7R 88 2SS Doltle 7ty 48E EAlsly] #sty, 79
o] A& H{} R FEIE viola2 2S5 AERETY AAF AWt FANNFHeE ATHA
o FERATH TAHY 72 R FHEH ARFIF] BEEY FAF Id¥e] nHHA ¥ HA
AT P HAR. =EUWE 759 AAF ERZ Ao PR ARAAM BHo AR oksiy =
7F A, ol FHER AEREFE Fo=T Ao FFHUG
Key Words: Shock Wave(F4}), Jet Impingement(A] EZE), CFD(H4H-A 938, Laser Machining

(& el A7}HF)

1M E
#lo]A 7tFoA AEFHZ FSHE HEV}
= %4 7}—=—t‘44 ZJr z%g-% Al A 3t

2

CREYIUSE 9E9F 9 ARy o 7HE :

* AEFT D FEF R AT qg& o #:HolA 7}%’—@ e S THEE
A=A 2}, E-mail: ylee@kau.ac.kr & =



Bz7tE AES F854, €3 7tedae] 4
i’—‘}%cﬂ EII olA ZtEA vWi¢ TaF 2i7)
93 gee W B ok a8y 2% Y
-E—OMWA d7e HEARY €4 a9z 9§
3 AFAT 24l wFH fon, =&
A FESHT 7ha0 s SEH JYEhd
= 7% 542 AAMSHA HHA gkt

Chen T[4]2 &&xE& o|&% Ao =&
& FHERVI} T UGS HE I TbEs T

& Sdste AFAB 27 WAE 9L
24, 498 A7 9395, HFTYL
ERste AFFFo] H2APY A2 254
oM BEAYE BAY F4% 729 2P
BAZL g ANE W slo. 20y 259

=EdM FEHT 7IEAEV 2FE508 S
H F JA4&BFEY 7tF FEUY FHH A3
g3ty yetde frerxe AA3 #FEdE
v glom, 3 oo tig EeF olsfr} @ol
FET Aot H24 A¥F 2EH(Laval) =
& 883 2245 AERT FE
%011-‘:4 &0 B A7t AYH 5], AYRH
5ol 71¥4dx FEE Woes ¢
Ve BT HEE A
dutxo g #o|x 71FddAM SF8/EHE AEL
2 I A7 AR, A =EEFAAY 7

AZ FA7 AA =2E2F FI9A A=
YHFe FAYE F o g B dFdAE
T&5 S5l dstd 8" 255 AEY F
=TT TE7 =& WH9 BAZF ot of
WA WM3EeEAE FXMZHoE Baste I
A dFE3e} Bl EY .

2. TRl 2

E dFdMe dolA7tEgdAA vegys

d4E EARH] $i8to, AE SFER -—%EL
719l RS e N THEE AR F FEA
E9 F4 % 7IETFHES FHse AHFFY
H3E AF3AT. B 9479 #XAN 2d E
T2 718 dF BEop FAFH] AL FaE

=
2 2E gz‘]%ﬁ-‘—} ]
st AEXZ 27uEeE 20, zﬂ_ %94
9] @%J—} 3L 747t 100
kPa, 300 K, 283 7F2%9 %9 —,-wl(t)L 15
mmZ AAsR[}. | |
ol =E& MY FAF B‘.J—}i 21]”-01] x
FA7)7] 915t AA FolA sFAA $&F
=2 R AAZ F5ol FAAT 499
E‘%}ﬂi’iq I A3 =F E7X49 5 BA
2o ZAE o 02 mmE HFUEHGYeH, ol
FARSHAl AZE xZ9 EFA wlo]ZE
ERE o83 d¥ESHoz AFE 9 03 mm
9] BAF FAY & Aol7F A 1 ATk A
Aol S88 =Z3 JIEFHEE Atold ARH)E
20 mm& 45 mm% F 7R A-E SN
. o =29 2FIBD)H IRTHY 7
(d)2 247 135 mm, 0.71 mmE APAIHLH
(d/D=053), o}&e #H4A2HBF He AERFTE
#EA37] Adtd FEHAEL 1200 kPa¥} 1410
kPa(ol®l Wit EF 101 kPa) 5 7HAZ A
N7 O& Fig 1ot £ A7) AHEH AR
g3 AMEE W FYrE vehd it
ANAAE ABAAEZA AR F AFE
A < 45,00070¢]ck. ZAEFRHAE TR 8h
o] F71A R 71 FeH, k- GFELZ AR
st A H Azl "ol A7 10e-59
o2 77tA 3= ATt

T T T VI PO M M, T e D

Fig 1. Computational domain
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Fig. 2 Comparison of the impinging shock structures
with/without the boundary layer (Mach 2.0, Pt
=12 MPa, H = 2 mm).
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Figp 3 Comparison of the impinging shock
structures  with/without the boundary layer
(Mach 2.0, Pt = 1.41 MPa,, H = 4 mm).
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