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Experimental Study on Performance of Shock Tube
Driven by Detonation Wave
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A detonation-driven shock tube is useful apparatus for producing high-enthalpy flow and it can
be used to investigate a combustion flow inside Scramjet-engine. This detonation-driven shock tube
produces a shock wave of high propagation Mach number using a particularly high-temperature gas
behind detonation wave. However, state variables such as pressure and temperature behind detona-
tion wave are not uniform, since a Taylor expansion wave follows precursor detonation wave so as
to decrease these variables. Therefore, a performance of this device is necessary to be studied and
this report is concerned with characteristics of this facility in order to produce a high-enthalpy flow.
Experiments were conducted by applying a combination of sub-combustion tube and spiral-coil to
produce a detonation wave. As a result, it was clarified that detonation wave was produced with
extremely short distance from an igniter. The propagation Mach number of a shock wave was
increased by diluting driver-gas with light-gas. A stagnation enthalpy behind reflected shock wave
was evaluated and experimental conditions producing high-enthalpy flow were clarified, which would
be practical to investigate a combustion flow inside a Scramjet-engine.
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Fig. 1 Schematic diagram showing a detonation—
driven shock tunnel
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Fig. 2 Configuration of iginition tube mounted
between detonation driver and shock tube
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Table 1 Distance of measuring station from igniter

Driver Distance | Shock Distance
Tube  [mm)] Tube  [mm]
DP1 200 SP1 1905
DP2 700 SP2 2905
DP3 1200 SP3 3405
DP4 1700 SP4 3910
DP5 2300

DP6 2800

DP7 3300

DP8 3800

22 EBAEIBIURREH  R2ITERRH
T BBSEEIMARORAKTHY, YELE
¢ =10~ 3.0 DFEHTELIETEREITo. £,
BBSAEE~) TABI BT NI THIRLZEHET
L ERE T, BESEOFHIESIL 40 ~ 340kPa
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AN TR C B 2R & EHE T D72 LRI L 7=
BoOBOEEZRE EE57D, +FROENLY
RATHD. 12120, ERIZBIT2FEEZM ESE
57, +FEORIBLUBREH—ITNIT5 X
5iEE LM,
Table 2 Experimental conditions

Driver Gas H, + O2/(2¢) + BM
Test Gas Air

Driver Pressure, ps; [kPa) 40 ~ 340

Test Gas Pressure, p; [kPa] 0.1 ~41.3
Equivalence Ratio, ¢ 1.0~ 3.0

Dilution Gas He, Ar

Dilution Ratio, 3 0,10
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(a) Smooth Tube

[ Driver Gas : 2H2+01+He , P‘i = 80 kPa
L Exquivalence Ratio, ¢ = 1.0

:' I u ' rrlonizalion Current '
L ) <

Pressure (0.5 MPa/div)

Time ( 0.5 ms/div)

(b) With spiral-coil inside a Tube

Fig. 3 Profile of ionization current (upper) and
pressure histories (lower), showing propa-
gation of detonation wave (ps; = 80kPa,

¢ = 1.0)
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Fig. 4 Relationship between detonation induced

distance (D;4) and initial pressure of driver
gas pa; (pa; = 40 ~ 303kPa, ¢ = 1.0)

Detonation Wave ——p

Fig. 5 Smoked foil record (py; = 40kPa, ¢ = 1.0)
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Fig. 6 Profile of ionization current (upper) and
pressure histories (lower), showing propa-
gation of detonation wave (py; = 303 kPa,

¢ =1.0)
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Fig. 7 Propagation velocity of detonation wave
inside detonation-driver (py; = 101 ~
303kPa, ¢ = 1.0)
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Driver Gas : 2Hz+02 , ,P‘i =303 kPa
| Driven Gas : Air, P =113kPa
Equivalence Ratio, ¢ =1.0

Pressure { 100 kPa/div)
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Fig. 8 Pressure histories of shock wave propagat-
ing inside shock tube (ps; = 303kPa, p, =
11.3kPa, ¢ = 1.0)

arvERCEET MR —va L li~BBT SN
bnns.

3.2 FHERENOEH X 8 \T/E % s SP1
~ SP4 X D BOENEREENOENBRELZ =Y. BE
EVERNICIE, BROBKEEZVHESN psu = 303kPa
THREL, BHREZECIVHES pp = 11.3kPa ©
BREFRELE., ZOERBREFETIE, BRIy K
Ms ~ 6.0 OBEBERERINE. T, BHRER
SP1 ~ SP4 ~MziX T 312 Lo GRIEA DR T A
BEIND &L bIT, HREERIIRESSBE
ENA. i, EREVENO —RRIENS EAERIEE I
& L THA TR EICBRT . bbb, 7
F =g VENRENE EBIE LR, H6ITRT &

— 149 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

712 7 A a U & D BRE) S h 5 EEREE O BRI I B 3 2 KEBRAIBTA

[ Driven Gas : Air, PI=11.3kPa
§ [ Equivalence Ratio, ¢=1.0
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Fig. 9 Relationship between Mach number of
shock wave M s and initial pressure of driver

gas ps; (;m1 = 11.3kPa, ¢ = 1.0)
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Fig. 10 Relationship between Mach number of
shock wave Ms and equivalence ratio ¢
(psi = 101kPa, p; = 11.3kPa)
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20 T T T
I Driver Gas : 2H1+0: , P‘i =101~-340 kPa

: Driven Gas : Air, Px =0.1~11.3 kPa

| Equivalence Ratio , ¢=1.0

€ i} .
5 [ ]
nh " I aaaal i " aaaal " L saaaal

1 10 100 1000
Pressure Ratio, P&/ Px
Fig. 11 Relationship between Mach number of
shock wave Ms and pressure ratio ps;/m;
(p4; = 101 ~ 340kPa, p; = 0.3 ~ 11.3kPa,
¢ =1.0)
20 ey : N

- Driver Gas : H,,0,, He, P, = 1013 ~ 340 kPa
[ Driven Gas : Air, P, =01~413kPa S ]
15 - Fyuivalence Ratio, ¢=1.0 .

Stagnation Enthalpy, ko MMI/kg)
=]
T

Pressure Ratio, P&,/ P,

Fig. 12 Relationship between stagnation enthalpy
ho and pressure ratio pg;/p1 (ps; = 101.3 ~
340kPa, p; = 0.1 ~ 41.3kPa, ¢ = 1.0)
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S —
Driver Gas : 2H+0,, P, = 320 kPa
- Driven Gas : Air, P,=213kPa
' Equivalence Ratio, ¢=1.0

Stagation Pressure ( 1 MPa/div)

Time (1 ms/div)

(a) pai/p1 = 15

]
DﬁverGas:ZH;Oz, P“=34tlkPa _
DrivenCas:Air,PJ=l].3kPa
Equivalence Ratio, ¢ =1.0

Stagation Pressure (200 kPa/div)

(b) p4,-/p1 =1133
e
DﬁverGas:2H1+02, P, =440 kPa
E DrivenGas:Air,Pt=l].3kPa
- Equivalence Ratio, & =1.0

Stagation Pressure (200 kPa/div)

Time (1 ms/div)

(C) p4i/p1 = 1467

Fig. 13 Pressure histories behind reflected shock
wave measured at stagnation point (¢ =

1.0)

E | it
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