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The construct ion and measur ing c i rcui t  of a p ressure  pickup designed for measurements  in 
ionized gases behind a shock front are  described.  Calibration results  are  given, along with 
osci l lograms of the pressure  up to the a r r iva l  of the rarefact ion wave. 

The static p ressure  in a gas behind a shock front is one of the fundamental pa ramete r s  charac te r iz ing  
the state of a gas flow under various interaction conditions. The most  popular static sensors  are  the piezo- 
e lectr ic  var ie ty  [1]. The use of piezoelectr ic  t ransducers  to measure  p res su res  behind a shock front im-  
poses a number of special  demands on their  design. These demands a r i se  f rom the fact that a shock wave 
can cause the excitation of natural mechanical  oscillations of the sensor  casing and that oscillations can be 
produced by multiple reflections of the shock wave from the ends of the sensor .  The principal method 
cus tomar i ly  used by r e s e a r c h e r s  to attenuate this mechanical  noise entails the use of acoustic waveguides 
in the form of rods of specific configurations and of various mater ia ls .  In all the construct ions used, the 
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Fig. 1. Construction of the p ressure  sen- 
sor .  1) Piezoelect r ic  element;  2) casing; 
3) tension wire; 4) cur ren t  lead; 5) insu- 
lator; 6)epoxy resin;  7) vacuum sealant 
oil; 8) cover;  9) diaphragm; 10) flange; 
11) rubber  spacers .  

piezoelectr ic  c rys ta l  is rigidly mechanical ly coupled with 
the t ransducer  casing through the rod. This coupling is 
effected by the presence of tangential s t r e s se s  at the 
at tachment site of the c rys ta l .  In work with strong shock 
waves it is required, in addition, to isolate the piezoelec-  
t r ic  c rys ta l  from the influence of light and heat fluxes. 

Below we describe a piezoelectr ic  sensor  cons t ruc-  
tion (Fig. 1) in which pract ical ly  complete isolation of the 
piezoelectr ic  element f rom mechan ica l  optical, and ther -  
mal dis turbances is guaranteed. 

A piezoelectr ic  element with a base d iameter  of 5 
mm and height of 1 mm is suspended in its casing on two 
wires  0.05 mm in diameter .  The wires  are  soldered with 
Wood's alloy in the center  of one of the bases  of the piezo- 
e lec t r ic  element.  A cur ren t  lead made of the same wire 
is soldered to the other base and runs out to the external  
cable through an opening in the insulator.  

The casing is sealed by means of epoxy resin.  The 
capsule, which is 12 mm in d iameter  and has a height of 
15 mm, is filled with vacuum oil a f ter  the piezoelectr ic  
element has been fastened inside. A cover  plate is screwed 
into the casing, drawing the diaphragm tight. The latter 
is made of s i lver  foil 0.02 mm thick. The sensor  is at-  
tached to the wall of the measurement  chamber  by means 
of a flange and two rubber  spacers .  

As a result  of the absence of tangential s t r e s ses  in 
the liquid the given construct ion completely el iminates the 
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Fig.  3 

O s c i l l o g r a m s  of p r e s s u r e s  behind a shock wave. 

Ca l ib ra t ion  curve (P in atm; V in mV). 
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influence of mechan ica l  s t r e s s e s .  The inclusion of the d iaphragm and the s m a l l  o i l - f i l l ed  gap s c a r c e l y  
d imin i shes  the r e sponse  of the s enso r ,  but comple t e ly  i so l a t e s  the p i ezoe l ec t r i c  e l emen t  f rom opt ical  and 
t h e r m a l  d i s t u rbances .  

T h e  t ime reso lu t ion  of the s e n s o r  is de t e rmined  by the  d iaphragm d i a m e t e r .  In our case ,  a t  a shock 
wave ve loc i ty  of 2000 to 3000 m / s e c  i t  amounts  to 2 to 4.5 p s e c .  

O s c i l l o g r a m s  of typ ica l  s igna ls  r eco rded  with the p r e s s u r e  s e n s o r  a r e  given in Fig.  2. 

The upper  o s c i l l o g r a m  is a r e c o r d  of a shock wave propagat ing  in a i r  with a Mach number  M s = 1.4; 
t o is the a r r i v a l  t ime of the shock front,  and t 1 is  the a r r i v a l  t ime of a r a re fac t ion  wave re f lec ted  f rom the 
bot tom of the h i g h - p r e s s u r e  chamber .  The spike at  the beginning of the s ignal  is caused  by the s u p e r p o s i -  
t ion on the fundamental  s ignal  of r ap id ly  damped na tura l  osc i l l a t ions  of the ins t rument ,  which, judging f rom 
t h e i r  frequency,  a r e  d e t e r m i n e d  by re f l ec ted  waves f rom the ends of the capsule .  The s t ruc tu r e  of the 
spike is  c l e a r l y  evident  in the second photograph,  which shows an o s c i l l o g r a m  of the same p r oc e s s  r e c -  
orded  with a f a s t e r  sweep.  The p re sence  of the spike does not 
pa t te rn ,  because  i ts  ampl i tude  is  s m a l l  in c om pa r i s on  with the 
logram i l l u s t r a t e s  the flow p r o c e s s  when a s i l e n c e r  is p l a c e d a t  
notes the a r r i v a l  of the r e f l ec t ed  shock wave. 

F o r  quant i ta t ive m e a s u r e m e n t s  we ca l i b r a t e d  the s e n s o r  
a i r  and hel ium were  used as  the prope l l ing  gas.  The p r e s s u r e  
of the incident  wave Mach number  and was ca lcu la ted  f rom the 

i n t e r f e r e  with the observa t ion  of the flow 
useful s ignal  ampl i tude .  The lower o sc i l -  
the end of the shock tube.  The t ime  t~ de-  

in a shock tube in an a i r  a t m o s p h e r e .  Both 
behind the shockwave was va r i ed  by va r ia t ion  
conventional  r e la t ions  [1]. In this  mode of 

ca l ib ra t ion  the m e a s u r e m e n t  e r r o r  is  de t e rm i ne d  by the e r r o r  in the m e a s u r e m e n t  of the shock wave Mach 
number  and of the a t m o s p h e r i c  p r e s s u r e  and n o r m a l l y  does not exceed 10%, The ca l ib ra t ion  curve is given 
in Fig.  3. 

The s igna ls  gene ra t ed  by means  of the s e n s o r  a r e  d is t inguished by a low noise level  and a high s t a -  
b i l i ty .  These  c h a r a c t e r i s t i c s  make i t  poss ib le  to inves t iga te  not only the s ta te  of the gas near  the shock 
front,  but a l so  to obtain dependable in format ion  on the p r e s s u r e  d i s t r ibu t ion  throughout  the en t i r e  a c -  
companying flow domain,  p a r t i c u l a r l y  in the p re sence  of nons ta t ionary  in te rac t ions  in c r o s s e d  e l e c t r i c  
and magnet ic  f ie lds .  The s e n s o r  offers  e x t r e m e l y  useful  potent ia l  app l ica t ions .  
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