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This presentation introduces a novel supersonic liquid ejection method under development in this
laboratory. By using an impulsive force as a driving force, it has become possible to discharge ultra high
speed microjets and high viscosity liquids which were difficult to discharge by the conventional ink jet
system. We are studying the application of this method to a needle-free systems injecting liquid medicine at
high speed into the skin with less pain or contamination. In addition, we look at the future observation and
evaluation method mainly for high-speed image measurement as a novel analytical method in the inkjet field.
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Novel microjet generator for supersonic and highly viscous liquids

Yoshiyuki Tagawa "

"Department of Mechanical Systems Engineering, Tokyo University of Agriculture and Technology

This presentation introduces a novel method for generating supersonic microjets and highly viscous
microjets under development in this laboratory. By using an impulsive force as a driving force, it has
become possible to discharge ultra high speed microjets and highly viscous liquids which were difficult
for the conventional ink jet system. We are studying the application of this method to a needle-free
systems injecting liquid medicine at high speed into the skin with less pain or contamination. In addition,
we look at the future observation and evaluation method mainly for high-speed image measurement as a

novel analytical method in the inkjet field.

1. [FCHIC

APy L, FORALEOEE S L
DA RSN B < OWFFENEAITDI T
L. LU DR8I &, O R S
A=) () ANER) DS WNWT EnD, ROE
B R L AT S BT (VA 2 VX5 3/
<, RO DR RENBRGENITL AL
Thbd. TOED, v~ 7y FOEEHHSC
EREEEIRIR D~ A 7 n iR AP EETH Y, oA
HPHZHIFTDRERBERE 2> TN S,

T THEH A, BEDREST 2R R~ 1
W ThHD, BEH~YA 7Yy B LOERE
~A7avzy NEHGFROFHRICEIY AT
7o REBIZBW I NENT 7o —FI2 L 0
AR A X D SN DD, AFETIEL——
PNV AB LT ZEE & L THWD Z & THiRIK
FRIESES. Znicky, BEE~A /Y=
v N OEEEE L 850 m/s (Mach2 BLE) 12T 5
D ZOBBIEE LA VA OBETHY, B
TDOHBENLRHTH S, F DT ORERDKNE S
Blo~A 7 ajiin s By, T - s SEME)
RPN AW IS AN SN S.

= AR TIIANZEE TS L i ik &
OV R LS AR AT R 7 R AT FEIZ DWW TR
L. BRI, ETEHMHE R~ A7 m
WO EBEN 72 A = X LB L OV OHE T2
SWTHEMAT 5. WIT, ZoFEOAE LT, B
EH~A 7y heRWEU 7 F v EELO
HESHE S BREATE O 72 D ORFZER K O L B R S
A7 Y=y NMIHRMEOBRBSRINEZ ~T.

% T 184-8588 HURUHE/NEIFTT P ET 2-24-16
%k 2-24-16 Naka-cho, Koganei, Tokyo, 184-8588, Japan

e-mail: tagawayo@cc.tuat.ac.jp

2. FRBEEREATA4 /Oy FHEHAR
2. 1 HHAXBE"

BEHRA 70y NOARTeEAZH 1
WORT. FF~A 70t XOHT AEWNICTE L
TR, B Lie T /7 B SV A L —F— % BRET L,
IRIZHR VR FT = L X — % 53 5. lBE S5
T (D) BLOSWENBET D, FHER
DIEFEAEL, N CRIEAEISET D, KBS
HIZRIEOREEITRB X OH 7 ANBEDOTENEIC X
STHEBRE RS TWVD, ZHNICKD, HEEREE
EEEZIZEINE S - KRR AT ORIV T
MADERNEL, FEOLHMEROY = ML
REND. 28, WIKROBIMEEN R+ THH%
B, MAUOERIFAEL VW Z LICERESRZW. <
A7 vzy OBBERBIORE L, BETHL
— =D FNF—, L—HF—REHE, ~A 71
BoY A X, BNBEOFENME (BEihf) 12X - THl
HARETH D, ~A 7V xy OV A XILEE 10
pm LAF, HBEHE L 850 m/s (Mach 2 DL L) (23
T5.

ZOBEFEHE~A 7 u Ty MIEED ZIZIEMES
DXEH b~ A 7L THD. Lo T
~A 7 u TECH LWAIAMER S 5. % 2T,
BEH~A 70y =y AW EHERIROBSS
WZHL Y #HTe.

2. 2 EEEFSIADIEA?

HEHHIAN 2 OREFEZ RS, R OR[ROEIES
<l CTEETHD. LrLEBEFTHWL
DVEGEHTIEGLE TR A, A FIRIZBEI L TE< D
MEZPNZTEY, REaRWENLETHD. £
ZTEHOWDL R WES VAT AT OWTHIZE DM T
NTEZ, ZNETOEHERH AT AEZT = b
DT DR & & HICHAR LS EER S L2 D

Imaging Conference JAPAN 2018

- KM-01 -



KM'O1 Imaging Conference JAPAN 2018

TOREERRKE D, ZHICH L TRV, 7Y
v MIERIIR &2 R0 7= o8 g M2 220, =
NENE~EH LSS, RIEICAEL 27030 N
WLV I/INS W28, TR RIEICERC & 5 & HIf
Shb.

ERICBEETEH~A 7 0V = v R AW EA
O EBLREME A BT 5 720, WEAM B GREE 5 %
DETF B ~OERERZIT o7z, EROER
T 217, AMEHR L RIREOME DT 7 F
VICBEHE~Y /Yy NEFESEREEDA, U
= v MIRBZ S MEINIZEA LT, £HEEBT
MfEE LD, MEINOEZ R/NRBIZIZ Hivd 2
EEIRLIE. ZOFERITINZ, BRI HMEHTRER
ANLEEEETF o ORMMICHESL L, BEIEREIT
> (M3ZM). ZO/E, BEE~A 7y
MIEEEZE®BL, M OEEABIZFHEE LR
ZEEHLMNT L. ,

LLEokER LY, @B~ 27 aYxy M2V ' :
TS HES O FTREME 2R L7z 2. ARBFZERE 1T T A *A”}ﬂﬂm/ﬂ
U 7 R ER(APS) D A T A il (Physics Today) PR e ey 7 g
XX Fa—ty VIHREOF A FT]Y LIFD Fig. 2 Temporal evolution of the jet penetration into
N5y, FEZEDTND.

BUE, =X —FHBENENY = > MMEKO
DA 7 ORBEOBE Y, ~f 7Yy O
KRR BT 2878 Ve LR ED TV D,

the soft material measured using a high-speed
camera?. The sequential images show the jet
injection process at the designated times (The laser
is shot at 0 ms). The microtube diameter is 500 pm.
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Fig.1 lllustration for the microjet generation process
and the injection experimentz). (a) A focused laser
pulse is illuminated into a capillary tube filled with a
water-based liquid. (b) A shock wave propagates
towards the air-liquid interface. (c) Kinematic flow
focusing occurs due to the concave shape of the
air-liquid interface, which causes a focused
high-speed microjet. (d) In injection experiments,
the microjet impacts the soft material, comprising of
pure gelatin 5 wt% or skin layer on top of the gelatin.

Laser
pulse

Fig. 3 Temporal evolution of the jet penetration with
160 m/s of impacting jet velocity into an artificial
human skin placed on top of the soft material®”. As
the skin curls up on the sides of the cuvette, the
dark region of the skin in the images is thicker than
the actual thickness of the skin.
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Fig. 4 Schematic of a highly viscous microjet
generator”. The liquid level inside the thin tube is
kept deeper than that outside the tube by
decompressing the air outside the tube. The viscous
microjet is generated inside the thin tube.
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Fig. 5 The spatiotemporal evolution of the
laser-induced shock wave after the laser pulse
beam being fired”. The laser pulse beam is
illuminated from the top of these images.
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Fig. 6 Droplet impacting on a solid surface.

Impacting velocity is 7.7 m/s, Do = 71 ym, and the
time lag between the frames is 8 us'".
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Fig. 7 Sequence images of stress fields induced by

(i) needle penetration and (i) microjet injection'?.
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