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ARTICLE INFO ABSTRACT
Article history: A microjet with a velocity of approximately 140 m/s and 150 um diameter is
Received 16 October 2019 injected into a narrow nozzle by a pressure wave delivered by laser-induced
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bubble expansion. The driving force of such an injector is a discontinuous pulse
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of a 10 Hz period. Every time a pulse ends, unnecessary air bubbles are
introduced into the injector due to the decrease in its internal pressure. Such air
bubbles interfere with the flow inside the injector, deteriorating its performance.
Therefore, we developed a nozzle closure that reacts automatically to the driving
force with a pulse shape. When the flow occurs, the nozzle is opened; when it
does not, the nozzle is closed to prevent unnecessary air inflow. In this study, a
microjet injector was applied to needle-free drug injection. We compared and
Drug-delivery analyzed the drug penetration performance of the injector with and without the
nozzle closure attached to the injector.
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Fig. 1 Schematic of a chamber containg the driving liquid, the
drug chamber and Er:YAG laser focusing unit
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Fig. 2 Schematics of sequence of drug ejection process. (a) the
laser initiation; (b) bubble vaporizes and expands; (c)
Nozzle open its passage; (d) nozzle closes its passage
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Fig. 3 Sequential images of air pocket in the nozzle. These
images were captured at 60 shots injection interval: (a)
original nozzle without any valve system (b) Nozzle with
a check valve (laser fluence of 530 MW/mm’).
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Fig. 4 y axis: jet speed, x axis: number of shots. Jet speed
measurement value was average of 10 jet speed of each
cases and error bars indicate standard deviation.
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Fig. 5 The sequential images of microjet ejection process. The
time interval of each image was 20.4 ps (a) nozzle with
a valve and (b) nozzle without a valve (laser fluence of

530 MW/mm®).
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""" 1.
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Fig. 6 Schematic of an spring inside the nozzle passage when
the passage was sealed and opened
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Fig. 7 y axis: calculated spring displacement x, x axis: time using
4 different k. / = 5 mm. The experiment value for k
=12.68 N/m, k;=23.49 N/m, of k;=40.07 N/m, k=
64.18 N/m are shown. The measurement value was
average of 10 jet speed of each cases and error bars
indicate standard deviation.
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shown. The measurement value was average of 10 jet
speed of each cases and error bars indicate standard
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experiment was performed 10 times and the range of
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through the error bars
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Table 1 cross-sectional view of porcin skin when the tatoo ink
was injected by valve nozzle and original nozzle.
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