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HEERERL (EX) Measurement of breakdown length of supersonic micro jets using
laser—induced fluorescence and phosphorescence
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Recently, study on supersonic micro jets has been important due to increase of
engineering applications such as propulsion, power generation, cooling of MEMS
components, and so on. In order to improve the performance of a supersonic micro jet
for each engineering application, the detailed characteristics of this flow has to be
understood. Especially, it is important to know the breakdown length of the jet
because turbulence intensity and the growth rate of jet become suddenly high near the
breakdown point. In this research, the breakdown length is measured changing
Reynolds number by using laser-induced fluorescence from acetone molecules. As a
result, it is found that the breakdown length becomes short with increase of Reynolds
number. This agrees with the experimental results of subsonic micro jets. However,
the breakdown length of the subsonic jet is known to be inversely proportional to
Reynolds number, in contrast, that of the supersonic jet is found not to be inversely
proportional to Reynolds number. It is expected from this result that there are some
parameters other than Reynolds number that dominates the breakdown length of the

supersonic micro jet.



(BEHHAL - 1)

ELFERE ] F2 78 2L & &t
201 04F%E 2,000, 000 600, 000 2,600, 000
201 1% 1,200, 000 360, 000 1, 560, 000
R
R
FE
ik 3, 200, 000 960, 000 4,160, 000

gesyey - L
BFE O F - fE - Bk T - Wk T

L
L

F—U— R JEMEMERN, B, <A 7 miith

1. WFIERAE S DO 5

AR, LFOKRA 38T~ A 7 nlEE
A ICH L LS TR AEN ST
%. Bl ZIE, MEMS DR EF Om AL E &
LT~ A7 alBEHERNAE 7 ERME L
THEFLENTWD. ~A 7 o BT HME R T
TG & R TIENA DI L, HELZW
DT, NSV A JRPTAIZ FEIRE R T AT
DR NS D, F£7=, Power MEMS D—> T
boOBKEENEFMH LI~ A 7 nigE Y
AT BZEBWT, B L 72 5 REET O EHE
Blo~vA 7 o BEEER (w1 7 afEdET

Vs H) BT L ERABLLNTND.

6, v 7 aBEEERE AT —/LDOK
TVWHEEHEF v BT o AR EE IS
EH S TN ORE RS 2 K3 5 4
EPREINTWS. TOMIZ, /ISR

(vA 7 nfga) ofEEE, L —YF—v
=U T~ A 7 o EE R A R
HZENRAELENTWD., EFORME 2R
HERNRTA—E DD T L —T F T
FE&nbD. v~/ o r— Lo (LLF,
~ 7 M L FRA)  CIEMER N O AR 2 E P
KRB EFBEL, ZNODOWENRHHHTT
e (7L — 27 X v ; breakdown) 9 5.
— iz AV O b REERDSRET S
FTCOEINTL—I XTI RIS LER
ns.

A7 aEETIE T L= XN
243 CABIZELALAIN L, WA
END B LDT, TL—r Ao EST~
A 7 o EF T2 MEMS W HIEERE L LT
BEZTGA, BERNRTA=RIIRD. &5

W2, v~ 7 ulEEERE =2 7 2 LT
MO 2546, REDREBINCIEET 5 OILEL
NREAICE KT T L —0 X o
R THD. LEN-T, A 7 o lEEng
WMOT VL —I Xy v EIEFTSZ X
T B CEETHS.

2. Mo H™N

AL TIE, L—¥—H8) - 0 ANIEIC X
0~ A 7 v ENE T O U A A G
HZ LT, ZOmNOEER X ORHEE D
MZTHZEEHWET D, 36T, FEB
BLLEFROT L —I X RS2 RED
0, <= ok, LA VAR oW TR
NORMEEZERSTH L L HIZ, MEMS (22D
MG EEHA LG eI A E R DM %
BHZEEHET S,

3. Mo Ak

LT OFNECTHEE R~ A 7 72 Wi o &
FHEITY, TL—I X REERDS.
(1) EFEhSkEzEEREEL, TV V—HF
TEBREKICTE R a2 — T 5. AR
ERE EAEBIOWREDE ) &L,
A e RAESE S, ok, ESITIE
REPEVEAL 2 ROE L CRMAE S 5 i E IR
NIZREEIND.

(2) FHEYEIRE L TNA:YAG L—H—D 4 %
=S (R 266nm) L X, BErdR—L
I LTI IS 3 5.

(3) L—H—HEEFRICHAEDA A —Y
AT T A TEDCD B AT T
G ORI E S EBSGT 5. ek, L—&F
— NNV AZT L oENEG AR E Y 3 v IR



/L, TNOOEBEZEYTLZ L TL—H
—HNATE AR ED.

(4) L= — LR ERE L THE 200~
1000nsec fBIZTF ¥ X JLIBIE X)L A FE A BT
AA=TA T T AT DF— %
BT 200N AEEEFAESHE, #E
7210 AEEREE /34 & CCD 7 A 712 & v Bty
T 5.

BG) E@WTHHELE —H>OE#E =2
Ea—X T L, L—Y—2ShizT
b TOBEIEELFEH L, WsO®EE
ZRDDH. B, TE MO TOBIHEL,
R OELRE M A v — L Y 5346 T,
WAL D ICIRE 3 A A T A 3A T 4
T AT L, TAYT A TINTA—=HD
— D Thd_ODRMOE — I LEDEL
BHZLIZEsTRETE S, ARFHIT AT
LDZER S FRRIZEBS 1 v/ ELOREST
WESI, ~10um THD. A A=V AT
Y77 AT O — MEERERIE 20ns 1ZF%
ELT-.

(6) AN EMEELEICKRET DI LITX
D, L—¥F—t—ARHIIx L TEEOA
BICAR T2 L9275, 7 AVEHER
MICBEISE S Z L T RTHNRBEELT
BB R OHEDOSARRERRE L 78D,
Rk o FNECTEAG S 7z B R D g

WMOT L —r Xy EEERELD, LA/
JUREIT DN TEET B,

4. FFZEECHE
KEETIE, 7 O FOBEIEND
MNDOHEEZRD DA, EHE2HEZ KD D
O —F—BHE» O EGEREGE TO
BN ZHAMEU EICRE LRV EST
OBBEZREETE RV, 22T, B
AL SE CH BRI B T
DR S ZFE LT, FOREE, AFHI
AT A CIRENRER A 200ns LLEIZ 2225 L3
FEORENSITIEE—EME 2D, —EEE
72D NG SITE A CRb REL D,
10m/s FRIE L 7272, ZAUITME I & P Gl
£, IREBEIREEL 720 78 b O HMND
R EENEL b EHEEZLND. T
b, WOEHRE DK TIC &V eFREE 7
BEWRELRY, 51T OBEEOMRHICEE
EhHhzl-lEZLNRD.

ARG CHIE LTl E AN D, BE -~
A7 aMEROT L —I Xy v RESERD
LZA VA I NVREOREDEEBIZTL—
JE D UCRSEMNL, EEEERICBTD
B D ERRER LTI L. Lol
NG, HEH~ A 7 alER Tl Avn
EETERTILLETL—2 X7 R AN
LA VB DI A D DIk LT
BEH~ A 7 oK TIEZE D X 5 s R
e S otz T, BEH~ A s ag
WITIE LA I VRSN T V=T By
RSICEEBERIZTT T A—INGFEETD
ZEERRBETHHEOT, ZHIFBTE~ A
DEFAEE OME THDHEE D, DL
IR BRI CEBRMICH S Mo T
5. EledFEmmLE

(WFFeARERE . WFZE 8 K O e
WZIX AR

UdEsEam ) it 6 1)
@© EHKES, KEEA, SH=EF
MTV 2 X 2 KRR —f g s~
A 7 aMgizf & L T—
AfRAL S, EPEA, 32-125, pp.26-31, 2012.
@ Masashi KASHITANI, Yutaka
YAMAGUCHI, Taro HANDA, Mitsuharu
MASUDA, Yukihiko HAYAKAWA
Study on Laser-Induced Acetone Fluorescence
in Low-Temperature Gases of Nitrogen and
Air
AIAA Paper, &#Hif7, 2012-1062, pp.1-10,
2012.
(@ Taro HANDA, Mitsuharu MASUDA,
Masashi KASHITANI, Yutaka YAMAGUCHI
Measurement of Number Densities in Supersonic
Flows Using a Method Based on Laser-Induced
Acetone Fluorescence
Experiments in Fluids, i, Vol. 50, No. 6,
pp.1685-1694, 2011.
@ ArfEE, KA, HHEARS
PLIF Z o~ A 7 w5 s i O % LR



AP35 ik 5E

"It b ), ARCHE, 30-Suppl.2, pp.303-304,
2010.

® Taro HANDA, Kohei IMAMURA, Sosuke,
MIZUTA

Application of Molecular Tagging Velocimetry
to a Supersonic Micro Jet

Proceedings of 5th International Symposium on
Advanced Science and Technology in
Experimental Mechanics, # 4, Paper No.
061, pp.1-5 2010.

® M AR, KBEH
TS %®mﬁ%ﬁwt74ﬁﬁtﬁ
HEH O MTV ZHINZ B9 5 A58
At b g ), ARTHE, 30-Suppl.1, pp.181-184,
2010.

(5K Gt s51h)
O KBAafA, LZER, =i, FmARR

TR NERNGTFE LT F TIEIL

~ A U v R O 3 B
PR3 EE R VAR T A,
2012.03.07-09, #itfi

@ KEEA, R, =i, FHEARR
T RNCERSTELIEMTIVIZE D~ A
7 v Y O FHANE B 2 SR
FHREA A=V 773 b= RZET S
BAE Y VAR Y 7 A2011, 2011.12.01-03, HE

HU

=6

=i

@ EHKES, KEEA, ZHREH, =l
T RIS SHALIFEFIR L2 EE
W~ A 7 B WROFHINEIC BT 25
BRI PRI BT D T A A=V T T
+—7 A, mmnm,%ﬁﬁ

@ -H SR, KEEA
TEM%v%ﬁm%mwMﬂuwu

FoRI BRI F NAAA=T T T
4 —F A, 2010.11.08, A

® FH SR, KEEA

l

HEEH~ A 7 2R OMTVEHINZ BT 5 iF
i

H ARSI 723,
2010.10.30-31,

588 it (A L5
KR

HPPTEE T,

6. HFFEHERER

(D) AFFEfFRE

Y OKEB (HANDA TARO)
JUM R - R PR LT 5ER -
fFgeH& 2 30284566

HEZI



