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The effect of the finite t ime of opening of the diaphragm in a shock tube on the formation of the 
rarefac t ion  wave was investigated experimentally.  The density distribution in the ra refac t ion  
wave was measured in relat ion to the coordinate and t ime and was compared  with the known 
se l f - s imi la r  solution. 

The flow in a shock tube depends on the rarefac t ion  wave produced by rupture of the diaphragm [1]. 
The ra refac t ion  wave is used in devices employing the gradient accelerat ion of the shock wave [2] and in 
some types of high-speed valves for admission of gas into an evacuated space [3]. 

A diagram of the apparatus is shown in Fig. 1, where 1 is the expansion section with optical glass  
windows (vacuum 10 -2 to r t ) ,  2 is the compress ion  section, 3 is an opaque diaphragm made of 12-g thick 
coated Lavsan film, 4 is a LG-55 laser ,  5 is the outer m i r r o r  of the in ter ferometer ,  6 is a fi l ter,  7 is a 
radiat ion r ece ive r  (photomultiplier), 8 is a photomultiplier for synchronization, and 9 is a light source for 
synchronization.  

The flow c ross  section is a 2 = 10 • 10 ram. The sys tem consists  of an expansion section 110 mm long 
and a compress ion  section 40 mm long. The diaphragm res t s  on a square f rame with smooth edges. 
When the p res su re  in the section 2 is increased to 6 arm, one or  several  c racks  appear in the center  of the 
diaphragm, and it splits along these cracks .  Th~ light flux f rom the source 9 is received by the r ece ive r  8 
and t r igge r s  an osci l loscope through an amplifier  and mult ivibrator.  The t ime of opening of the diaphragm 
T =50 ~5/~sec. 
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The density was measured by means of a t h r e e - m i r r o r  laser  in ter -  
f e romete r  with close coupling of the optical r e sona to r s  [4, 5]. A h e l i u m -  
neon laser  with a wavelength of 0.63 ~ was used. The sensitivity of the in- 
t e r f e rome te r  for measurement  of the density of neutral  a i r  was 

N = nl / 2.8.10 TM 

where N is the number of fr inges,  n is the number of par t ic les  per  cm 3, and 
L is the beam path length in one pass  of the system.  In the present  case 
L = 1 era, so that a par t ic le  number of 2.8 �9 10 i8 cm -3 cor responds  to. one 
fringe. The dimensions of the probing beam were 0.2 mm in the direct ion 
of gas flow and 2 mm in the t r ansve r se  direction. The presence  of two in- 
t e r f e rome te r s  in the sys tem was due to the need to control  the reproducib i l -  
ity of the gas flow when the diaphragm burs ts .  The resul t s  of simultaneous 

measurement  of the density at two points in the flow are  shown in Fig.  2. The upper curve is the in te r fe r -  
ogram at the point x / a  = 3,and the lower curve is the in te r fe rogram at the point x / a  -- 7. The appearance 
of the signal on the in ter ferometer  cor responds  to a velocity of 1 km/ sec .  The t ime is measured f rom the 
appearance of the light signal on the r ece ive r  8 due to the s tar t  of rupture  of the diaphragm. The i r regular  
nature of the resonance  peaks is presumably  due to per turbat ions of the gas flow after  rupture  of the dia-  
phragm. The density curves  obtained in different experiments  agreed to within ~ 10%. 

The se l f - s imi la r  solution, obtained on the assumption of instantaneous remova l  of the diaphragm and 
unidimensionality of the flow [6], gives an expression for the density: 

o0i j 

Here P0 and c o are  the density and veloci ty of the sound in the s tat ionary gas before rupture  of the di-  
aphragm; T is the adiabatic exponent; x is the coordinate measured  f rom the diaphragm into the vacuum; 
t is the t ime after  rupture  of the diaphragm. 

The resu l t s  of the measurements  and a compar ison of them with the calculated density distribution 
are  given in Figs.  3, 4, and 5. A dimensionless  quantity ~, equal to the ra t io  of the measured  density to 
the calculated density, is introduced. It depends on the dimensionless  coordinate x / a  and the dimensionless  
time t/T. The compar ison indicates that rupture  of the diaphragm gives r i se  to a flow which approximates  
to the theoret ical  one at t imes severa l  t imes g rea te r  than the t ime of opening of the diaphragm. 
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