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A Study on the Impulse Waves Discharged from the Exit of the
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Abstract

The present study is to investigate the characteristics of the impulse waves discharged from the exit
of the convergent and divergent pipes. An experiment is carried out using a shock tube with an open
end and is compared to the computation of the axisymmetric, compressible, unsteady Euler equations,
which are solved by the second-order total variation diminishing(TVD) scheme. For the computational
work, some initial compression waves are assumed inside the pipe so that those are identical to the
experimental ones of the shock tube. The results show that the peak pressures of the impulse waves
discharged from the exit of convergent and divergent pipes decrease with an increase in the wavelength
of the initial compression wave. All of the impulse waves have a strong directivity toward the pipe
axis, regardless of the exit type of the pipe employed. The impulse waves discharged from the
divergent pipe are stronger than those from the straight pipe, while the impulse waves of the
convergent pipe are weaker than those from the straight pipe. It is believed that the convergent pipe
can play a role of a passive control to reduce the peak pressure of the impulse wave. The present
computations represent the experimented impulse waves with a good accuracy.
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Fig. 1 Shock tube facility and test pipes
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Fig. 3 Definition of the initial compression wave.

F9 2EERE 4 0 B8 IFH)
w

ETHOERE xD=-3U BAFAMHAN B
TE g3 dssts RO gl

Aoy _ A" _ 1 fxD x 10
i kL G R ) I

Fig. 391 Aolg wis} ol 4y, THoA
WAstE 27|¢Ege] 48, L/DE ¥AE D
2 B3 ¢gEay 33, 4 39EE
a8 p,E GE 90 B dFdAE 2
714 &ate] BYAE ' =5.8kPa, 4p°=1.0kPa
283 4p*=17.6kPa% 1AM B L/pd &

2 02014 2.52019) Wi WA R
4. #3 3 1F

Fig. 4= A%, SUyg adn F2@WE A
e g7t BEFEREH =-Dd HAA
Egae W FAALGE 4gsy Aot
27145 AYggs FL g =7.6kPa%
L/D=1.63°1%. & BF ANF = a/D=-3
QA ARAN AR z7|gFHFe ZAANTE
gn], £ 48 gt »/D=—1A%& &F
st & ¢S vehdoh

14 T
—_ -

) 3 *=7 6kP ——— : Straight

& 121 4r _ R : Divergent
- L/D=1.63 —-— : Convergent 1
q o

25 3 3.5
t (ms)

P TP S R
0 05 1 15 2

Fig. 4 Computed pressure wave forms at x=—D.

AnoA BEol t=1.2msT BAS #ETE
ol dzgadr J5E A9 e Y= Ae
3o AR olzx AL B & gtk 2y
t=1.2ms0) FREE 2784 uz 339 3
Bl A g3Ae 2L 8 5 Jdo 94 Af
o g ¢ARFE JiEse] B, FoH 3
o= AP o 4dgo] PR FFS Lo}
e hv} ojFojAE AL B 4 ok oA
gojge FydARs AEFERY x=—D
2 g SR WEA x=—D Al #AF
e AT SAAM A FF BFRS
oz W] wWEolt. 2y Fade 7
9= gnjo] AFEE p=1.2ms0}Fol AR ¢
Zyo] BEFY Jh7toldlA Hze qHF A
olz2gthr} Ao}t go] ¢o] FASA P
AdE Ae B F gk o9 Ze AFWHE
DUE Agste ¢Eae YRt B FaR
AEE wAlsle, ARZog Axsly] dFoldh

-642_



T gEsto] yunx REol #HEF Z=dsH
Hd w3sz gA 452 Agsi) 9o, 9
go] FAS a7t IAsHA "

Fig. 558 Fig. 7714 AA€® Z2skE A#, &
g% 283 2499 BHYRE A }—E +5
o ARFHRL A2 b2 A -’F‘ 2] A
A% EotMsoltt EAY BE AdE z7)¢
3ol AQLGE  gp'=5.8kPa 1YL HF
L/D=1.0%0 ZAolA At Zlojny, Tk
3EL gp/p,=0.0012°]c}

—

(a)t=1.011 ms

™

(b) t = 1.350 ms

72
| \\a\

Fig. 5 Pressure contours for the straight pipe.
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Fig. 6 Pressure contours for the divergent pipe.
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Fig. 7 Pressure contours for the convergent pipe.
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Fig. 8 Comparison of the computed and
measured impulse waves at 7/D=2.
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