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An Experimental Study on Micro Shock Tube Flow

Jinouk Park* - Gyuwan Kim* - Heuydong Kim*'

ABSTRACT

Past few years have seen the growing importance of micro shock tubes in various engineering
applications. A pharma ballistic technique is one such application which uses micro shock tube to
accelerate drug particles and penetrate into skin, thus avoiding the usual injection drug delivery
system. But for the efficient design of such instruments requires the detailed knowledge of shock
characteristics and flow field inside a micro shock tube. Due to many factors such as boundary
layer, low Reynolds number and high Knudsen number shock propagation inside micro shock
tubes will be quite different from that of the well established macro shock tubes. In the present
study, experimental studies were carried out on a micro shock tube of 3 mm diameter to
investigate flow characteristics and shock propagation. Pressure values were measured at different
locations inside the driven section. From the experimental values other parameters like shock

velocity, shock strength were found and shock wave diagram was constructed.
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Table 1. List of different diaphragm materials

Aot B
L LLD-PE(Linear low-density
polyethylene)
P PP(Poly Propylene)
@) OPP(Oriented Polypropylene)

3. Shock tube F7=2| O|=sHA

B AFA = Micro Shock Tube A3
oA Do FAT Au 54 d¥t FAnd
o|EZAAE Hlw A3V E olEAE I
sttt of#l AolA AREH F3+2 Fig 49 =
A7 Hke} A

HA, ntaAH AGAY 2748 (Py/P)E
Eq. 13 Zo] Hlgul(y)& 543 w8t M) E
T F AUtk

m\l

9

!
/  Contact
Surface

0) @ /@ o)

Expansion Wave /
; Shock Wave

High Pressure (4) Low Pressure (1)

Fig. 4 Motion in a shock tube

LV

M=1) 1)

P
A71A, Py/P12 ARA B AGHY =7
GHP=th71ghol W spbeketE (Py)e] H o=
4% MSSM)E Eq 28 ol §3te] 7
itk o] wW Frle mlgul(y)E 14, AL
o] $(a)e EFEAHY 7SI Eq 3L ©

%ﬂ)ﬂ 2

= VAT K

Equation 29| 2| =235

°2 Yeh ¥ Eq. 49 ZolH 1 Eq. 2 W %LEH

A FA9 vhah (M

A 27|48 E tiYdste] 49 S2U)E T
< s

jfl
tI]o
I
B
i £
n a
o
HU
2
2

it O
U =5 (Pl 1)+1 )
B AFoA FdE Ao ZF Casesd %7]
AHHE o] &5l e ZAHNAY dut =4

g#o] ol2a|AS sPoem 1 AFgS Table
3o APF mwste] FelsH ok

"

Alsiz4n} 9l D&

>
Ml

Figure 5+ 7 Case®] Pooll W& Py, P, P59
e WstE FAdsiete] veEld agiazoln
olu, Po= Auo] u H= GEolw Py, P,



o2z [ ., s
~ B |
o20f |/l R i e

o~ sl N Al e i iy ¥ ]
016 . N . L L L

o 2 4 6 8 10 12 14 16 18
Time (ms)

(@) Poma= 5.46 bar

0.24 T T T T T T T T
022
0.20
-
Z 018

=
o, 016
=
S~ 014

A
I g

",
Wy

042 -
" N B e T S
0.10 a
L " L " L

(] 2 4 & 8 10 12 14 16 18
Time (ms)

(b) Poma= 9.29 bar

0.22

0.20

0.18

=
o016
=

0.14

P/P

012

0.10

0.08

1] 2 4 6 8 10 12 14 16 18
Time (ms)

(©) Pomac= 10.58 bar

o é :t é é 1‘0 1‘2 1‘4 1.8 18
Time (ms)
(d) Pomax= 13.39 bar

o 2 4 6 8 10 12 14 16 18
Time (ms)

(€) Pomex= 15.78 bar

[T S—
{ e

sl i

[+] 2 4 6 8 1l0 1l2 1I4 1I6 18
Time (ms)
(f) Pomax= 15.9 bar
Fig. 5 Pressure—time diagram

Py Agd 7k AR M e sheoltt. Aute] 1t
ool uHAERE 1 F7)7F MiEE o
Agds S d71Z2 MiEded oo 2dd
A% HAE Py, Py, P Al AR ERHEE
BaAlA AT = Ak

Table 25 HW et (Py)o] F7hetol whet
A¢He] 7 AH Pkl S7HS & F 3
o I A= Figo 6014 B7] A dER L
o J#zoA B F %o AT 5
Aoz iE WoldFE hHds Fo] £
AL B F o Ag# ¥ AH
Pyl A= W7 27 dte AS &
o. 183 Fig. 59 (a)~HE EHH
(Po)°] S71&+= P/Py #2 TaTS & &
ol Az A9t (P)e] F Fow
7hetol = AjkdolA el ¥ & Fom
32 FEtheE S ¢ F 929 Micro Shock
Tube U FFANAE Futetgo] FoldFE ¢

YPSE FAGE e ¢ F Ak

oo
N
~
3
o
of
o

30 (% rfr

_‘\:l
iz}
1110_.
S e | U [ B

o "

— 353 —



Table 2. Data sheet for different rupture conditions

&9 : bar
Case Z‘; 11}- ZI] E}P/T\_ PO,max Pl,max PZ,max P3,max
(@) L 1 546 | 1.73 | 1.65 | 1.23
(b) L 2 929 | 2.04 | 1.86 | 1.26
(c) O 1 10.58 | 2.21 | 1.97 | 1.29
(d) L 3 13391226 | 198 | 1.3
(e) P 2 15.78 | 2.33 | 1.99 | 1.31
(f) |0+ L| 201+1) | 159 | 242 | 2.04 | 1.32
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Fig. 6 Relationship between Py and Prax
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Table 3. Un and Uex Versus rupture pressure
@9l : m/s

Case | 4 E(Poma) | Un | Utzexp | Uzzexp

a) 5.46 bar 986 384 353
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10.58 bar 1399 396 370
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