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Abstract: The characteristics of supersonic coaxial/off-axis jet impingements on a slanted kerf surface were experimentally studied, to
investigate the role of the assist gas that removes molten materials from cut zone formed by laser machining. In this parametric study,
hundreds of high-resolution schlieren images were obtained for various gas pressures, distances between nozzle exit and kerf surface,
kerf widths, and alignments of off-axis nozzle. It was noticed that simply increasing the assist gas pressure was not effective in
eliminating the flow separation that occurs downstream of the kerf surface. However, it was also observed that by increasing the kerf
width and utilizing off-axis nozzles, the separation of the assist gas on the kerf surface can be weakened. The effect of the distance
between the nozzle exit and the kerf surface on the characteristics of separation occurring on the kerf surface was found to be lower in
the case of supersonic nozzles than that in the case of sonic nozzles.
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Fig. 2 Schematic diagram of experimental set up
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Table 1 Test matrix of experimental parameters

Parameters Variation
P, (kpa) 400, 600, 750, 980, 1050, 1200,
1400
d (mm) 1.5, 2.5, 3.5, 4.5, 6.5, 9.0
H (mm) 3.5, 7.3, 10, 14.4
a (%) O(coaxial), 15, 30, 40(off-axis)
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(d) P=980kPa

(e) P=1200kPa

(f) P=1400kPa

Fig. 3 Schlieren images for various assist-gas pressures
(H/D=0.37, d/D=0.16)
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(c) P = 1200kPa(under-expanded) ‘

Fig. 4 Schlieren images for various standoff distances
H(d/D=0.27); left column H/D=0.78, middle
column H/D=1.06, right column H/D=1.53)
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Table 2 Gas pressures to initiate strong separation on
kerf surface(unit: kPa)

H/D
Parameter
0.37 0.78 1.07 1.54
0.16 600 600 600 600
0.26 750 750 750 750
0.37 980 980 980 1400
d/D
0.48 1050 1200 1200 none
0.69 none none none none
0.96 none none none none

strong separation
(P=1050kPa)

weak separation
(P=750kPa)

Fig. 7 Comparisons of weak separation and strong
separation(d/D=0.37, H/D=0.78)
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