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Abstract

A Shock tube is a piece of equipment in which, by creating a pressure difference between the driver and the driven section via the
bursting membrane, it has the ability to generate shock waves with very short rise time. One of the important parameters in the
shock tube is the planar shock wave and the distance of its formation along the driven section. In this study, the shock wave
pressure was measured at different sections along the shock tube as well as at different radial distances, using three piezoresistive
pressure sensors. Experiments were repeated with three different thicknesses of diaphragms 0.1, 0.2, and 0.3 mm. Diaphragms
were made of Mylar. The results of the tests were extracted using TRAww software, which is a software for signal processing of
the pressure sensors, and the distance of the planar shock wave for different diaphragms was obtained. The results show that by
increasing the diaphragm thickness and thus increasing the explosion pressure (pressure of the driver area), the shock wave
pressure increased, and the planar shock wave propagates further away in the driven section. The uniform duration of the shock
wave using a diaphragm with a thickness of 0.1 mm is smaller than the other two diaphragms, and the planar shock wave is not
stable until the end of the shock tube. Also, the pressure drop in the driven section after the failure of the diaphragm increases with
increasing diaphragm thickness.
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Introduction been found that studies in the field of planar shock wave

generation and its parameters in a gas shock tube are weak.

Investigation and measurement of shock wave properties have
received much attention in recent years due to their influence
on unconventional applications such as blast or impact struc-
ture loadings analysis and rapid, severe or explosions metal
forming processes. A shock tube has been one of the most
important instruments to identify the shock wave properties.
The shock wave has beneficial uses in the forming, formabil-
ity evaluation, and impact testing, so shock wave properties
have been investigated through dynamic transducers such as
piezoresistive and piezoelectric transducers. However, it has
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One way for measuring the dynamic pressure of the shock
wave is to use piezoelectric and optic transducers to detect
waves in shock tube[1]. The scope of the shock tube applica-
tion is extensive, including gas flow evaluation [2], modeling
and investigation of the boundary layer in physical specimens
[3], combustion pattern of gaseous combinations and solid
fuel [4], and medical and military applications, including as-
sessment of brain damage due to explosion [5] and the man-
ufacture of armor and protective equipment to mitigate these
effects. For example, Gong et al., by using transducers in
measuring, showed that the pressure in the storage does not
decrease immediately after the release of high-pressure hydro-
gen, and the rate of pressure discharge in the storage increases
initially and then decreases [1]. Nguyen et al. (2014) used a
shock tube for developing a system to investigate biological
specimens. Experiments were carried out with Mylar and
Aluminum diaphragms of various thicknesses to control out-
put pressure. Results showed the dual-diaphragm system
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could control pressure more accurately and diaphragm failure
pressure linearly increases as thickness increased [6]. Glass
(2012) presented a comprehensive report about shock tubes
and demonstrated that the expansion waveform is fixed by
preliminary conditions of the driver and expansion of the
shock wave depends on diaphragm pressure ratio [7]. Diao
et al. (2019) investigated the influence of vibration on the
dynamic calibration of pressure sensors based on the shock
tube system. The experimental results showed that the impact
of vibration from the failure of the diaphragm on dynamic
calibration could be avoided suitably by using the mount with
high damping material or a shock tube with a long driven
section [8]. Liang et al. (2015) investigated the performance
of PZT thick-film pressure sensors. Blastwave pressure test
was conducted using a shock tube setup to test its sensing
ability in response to air pressure loading. Different sized sen-
sors were tested and showed a nearly linear relationship to blast
pressure in the experimental conditions [9]. Hosseinzadeh
(2014) investigated the design and fabrication of a diaphragm
shock tube for the calibration of pressure sensors. A dynamic
pressure sensor calibrator was designed, and finally, a device
capable of producing accurate shock waves and high repeat-
ability was developed.

However, although some parameters of shock wave such
as velocity and pressure were evaluated recently, little atten-
tion has been paid to the pressure distribution along the shock
tube and the planar shock wave location in gas shock tubes.
The present paper presents pressure changes along the driven
area of the shock tube through experiments on a gas shock
tube, which has been designed and established in the
K.N.Toosi University of Technology, Tehran, IRAN.
Piezoresistive transducers are used for pressure measurement
in the shock tube. Eventually, the pressure changes along the
driven area of the shock tube are measured and a formula
obtained to predict the distance of the formation of a planar
shock wave from the diaphragm.

Methodology

One of the critical issues in the design of the shock tube is the
planar shock wave formation. Possible sources of a non-planar
shock wave in a shock tube are generally divided into static
and dynamic sources. The static effects are stable at constant
shock coordinates and include the boundary layer effect
followed by the surface finishing. In equilibrium pressures,
the boundary layer is thin in comparison with the tube radius,
and the theory of the flat plate is correct. In lower pressures,
the shock wave shape is complicated due to the multiple in-
teractions of the viscous area in the shock amplitude and wall
deviations.

The purpose of this study was to investigate the effect of
uniform shock wave formation and the impact of burst
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pressure and diaphragm thickness on the distance of planar
shock wave forming location in the driven area of the shock
tube using the KNTU1 shock tube at the KNTU Laboratory of
Explosion Mechanics.

Shock Tube and Diaphragm

This shock tube is a 3-inch close-ended cold gas actuator, with
nitrogen gas being injected into the chamber. For this purpose,
a high-pressure capsule is used, which adjusts the output pres-
sure by the regulator and directs it into the driven by the
control valve. This cold shock tube works with a pressure rate
in the range of 100 bar at a thermal scale of 0-100 at high-
pressure ratios and is capable of producing shock waves with
high pressure ranging from a few hundred KPa to a few MPa
and with velocity from two to five Mach.

The diaphragm in the KNTUT1 shock tube gets failure only
by the pressure difference between the driver and the driven.
For this reason, if the diaphragms had not been the same, it
would lead to significant differences in explosion pressures.

Diaphragms of different materials have different burst pres-
sures. For these experiments, in the low-pressure difference,
the Mylar sheets were used. When more considerable differ-
ences are needed to achieve a higher Mach number, stainless
steel diaphragms are used in different thicknesses. However,
due to inconsistency in the production process, finishing on all
sheets is not the same. As a result, it will be difficult to predict
the burst pressure.

In this study, three types of Mylar sheets with thick-
nesses of 0.1 mm, 0.2 mm, and 0.3 mm were used.
Since the nature of diaphragm failure had a significant
effect on the formation of the ideal shock wave and
reaching the planar shock wave, the experiments in
which the diaphragm was torn apart in petal shape were
included in the investigation. An example of the dia-
phragm and its ideal failure is shown in Fig. 1.

Fig. 1

A case of the diaphragm and its ideal failure
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Transducer

A piezoresistive pressure transducer is a transducer in which
its electrical output is proportional to the pressure on its sen-
sitive surface. Although its usage is similar to a strain gauge
transducer, the piezoresistive transducer has the advantages of
lighter weight, smaller size, higher output, and higher frequen-
cy response than other types of transducers. Unlike a piezo-
electric transducer, a piezoresistive transducer is also useful
for measuring static pressure as much as dynamic pressures. A
zero frequency response is essential for long-term and tran-
sient precision measurements.

In this study, three Endevco Model 8530B piezoresistive
transducers were used (Fig. 2). In addition to their high quality
and performance, these transducers are very miniature. The
active part of the pressure-sensitive surface made of silicon
is only 2 mm in diameter. The key to the performance and
power of the transducer is its unique sensor design, featuring a
Wheatstone bridge mounted on a silicon chip. Instead of a
simple flat diaphragm, Endevco has developed a particular
form of'silicon chip that creates tension in the place of resistive
elements. The silicon chip gives higher sensitivity to a given
resonant frequency and also substantially increases the
instability.

In many applications, the output signal from a piezoresistive
pressure transducer is large enough that it does not need ampli-
fication. However, the use of amplifiers is sometimes necessary
to achieve matching impedance or galvanometer incitement.
The amplifier used in this study is Endevco's Model 136, a
three-channel DC amplifier programmable manually or
automatically.

This amplifier model is designed for use with piezoresistive
accelerometers, variable capacity accelerometers, and pres-
sure transducers. The device has an AC output voltage pro-
portional to the input voltage and is designed for 90-240 VDC
power.

Fig. 2 A sample of the piezoresistive transducer used in the experiments

Fundamentals of Shock Wave Theory

It is useful to understand the Rankine-Hugoniot (R-H) rela-
tions in understanding the relationship between the fluid state
before and after the passage shock front. The overpressure,
which is related to the initial shock leap, can be determined
using R-H leap conditions and by knowing the initial condi-
tions and velocity of the shock wave. After defining the pres-
sure theory, it can be used to express the relationship with the
voltage output of the sensor under the influence of the shock
pressure after the justifications made. Mass, momentum, and
energy conservation laws are used to express the gas state
before and after the shock front passes. This section assumes
that the one-dimensional planar shock wave is propagating in
an unlimited gas environment. The velocity of sound which
defined by « depends on the physical properties and mode of
transmission environment [10].

Assuming that a specific gas is used in the shock tube, by
placing the shock wave velocities and the contact surface in the

Rankine-Hugoniot relation and considering p = pRT and h =

g the temperature and density ratio can be calculated [7]:
5
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Where T denotes the fluid temperature, P, p, and  denote
the pressure, density, and the ratio of specific heat, respective-
ly. The notation by number 1 denotes characteristics of the
driven area before the failure of the diaphragm, and number 2
denotes characteristics of the area affected by the shock wave.

When the air velocity exceeds the velocity of sound due to
mechanical disturbance, a shock wave is generated.
Depending on the strength of the disturbance, the initial fluid
state immediately after the shock front can be determined.
This condition is measured using gas law, unit area, and adi-
abatic density. As can be seen from these relations that the
change in gas properties depends on the pressure ratio. If the
Mach of shock wave is defined as the ratio of the wave veloc-
ity to the velocity of sound, the vertical shock wave relation
can be used to obtain the Mach number, which is a function of
the pressure ratio at the tube length:

Yy+1 /P,
—(=-1 1
2y (Pl ) " ®)

MI =

Where Ms denotes the Mach of shock front.
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The following equation is used to obtain the speed of the
contact surface:

up=24 ’Q—l>
0 1

Where UP denotes the velocity of the contact surface, and a
denotes the speed of sound in the fluid.
Dividing equation (4) by the speed of sound in the driver
gives the following equation:
+1(p
1+24 (%)
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If the pressure ratio % tends to infinity, or in other words,
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the shock wave be infinitely strong, then:
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And for air with v = 1.4, when a very strong shock wave is
desirable, Z—zp reaches to 1.89.

According to the above relations, the properties of the flow
produced after the diaphragm's failure or the valve opening in
the shock tube can be investigated. Equations (7) to (9) can be
used to obtain the properties of any point in the area of expan-
sion waves.

)
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)

Where the notation by number 4 denotes characteristics of
the driver area before the failure of the diaphragm, and u
denotes the fluid velocity. The following equation holds for
the beginning and end of the expansion waves:
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Where the notation by number 3 denotes characteristics of
the area affected by the expansion wave.

According to equations (4) and (10), and knowing u3 = u;
the following relation is obtained [11]:

Q
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The power of the shock wave depends on the ratio of %

which can be calculated using the mass, momentum, and en-
ergy conservations law for a normal shock wave:
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Where 1 is the velocity of sound in the driver gas, which
is calculated from the equation for the ideal gas. Also, index 1
means upstream conditions, and index 2 indicates downstream
conditions. Now with the ratio of %, the velocity can be cal-
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culated:
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Where Vs denote the velocity of the shock front. Therefore
the Mach number of the shock wave will be equal to:
Vs
M, =— 14
- (149)
By calculating the shock wave's Mach number and placed
it in the following equation, the peak overpressure of the
shock wavefront can be calculated.

Py 2yM’—(-1)

Py (y+1) (15)

This value is compared with the overpressure peak obtain-
ed from the piezoresistive sensor. Also, considering v = 1.4
for air, equation (15) will be as follow:

P

“2 = 1.16M%-0.16 (16)
Py

Experiments

The purpose of this study was to investigate the uniform shock
wave formation and the effect of burst pressure and diaphragm
thickness on the location of planar shock wave formation in
the driven area of shock tube using the shock tube designed
and fabricated in the Explosion Mechanics Laboratory of the
K.N.Toosi University of Technology, Iran. The experiments
were designed to accommodate piezoresistive transducers at
different intervals along the driven to achieve the uniformity
distance of the shock wave.
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Since it is necessary to measure the pressure at various
points of the wave cross-section to detect the planar wave
formation, a fixture was designed to allow transducers to be
mounted at different radial distances. The installation was
made of a 7 cm diameter aluminum piece equal to the inside
diameter of the shock tube. The thickness of this piece was
selected according to the dimensions obtained from the trans-
ducer catalog provided by the manufacturer (Fig. 3).

For mounting transducers, holes were created at different
radial distances, with a diameter of 0.5 mm based on the trans-
ducer catalog. The fixture is shown in Fig. 4.

Three samples of the installation were made and mounted
on a rod with a length of 1.2 m at different distances to con-
strain the fixture inside the shock tube.

Once the transducers were mounted on this fixture, the
assembly inside the shock tube must also be restrained in the
direction of the tube axis so as not to be affected by the impact
resulting from the shock. Otherwise, the transducers will not
be able to measure the correct value of shock wave pressure.
For fastening the fixture in the tube axis direction, the alumi-
num rod retained at the end of the driven section by attaching
it to a steel plate using three bolts and two flanges.

Three transducers are positioned on the fixture in different
radius and connected to the amplifier. Finally, connecting the
amplifier to the signal processing unit, the results of the pressure

Fig. 3 Transducer schematic and
its components and Wheatstone
bridge circuit of sensing element
[12]
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Fig. 4 Transducers positioning

measurement within the tube are displayed by the individual
transducers as voltage output. The sensors used in this study have
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Fig. 5 The positioning of transducers on the fixture

The design of the experiments was in such a way that
the transducers were mounted on the fixture in three dif-
ferent radiuses at 205, 220, 240, 250, 260, 275, 280, 295,
and 300 cm from the diaphragm in the shock tube. Each of
these intervals was repeated for all three Mylar sheets with
0.1 mm, 0.2 mm, and 0.3 mm thickness. Figure 5 illustrates
how transducers are arranged on the fixture.

To test the repeatability of the device and to ensure
the accuracy of the results, some experiments were re-
peated, and several tests were excluded from the analy-
sis process due to human errors or problems such as
unreliable diaphragm failure. Finally, 27 correct tests
were selected from the results of the experiments and
analyzed.

Fig. 6 An example of ideal shock
wave generation (Shock wave
peak pressure-time-distance

diagram) 25

Pressure (bar)

0.5

-0.5
330

Time (mS)

360

Results
Ideal Shock Wave Generation

After the experiments, the results were extracted from the
software in the form of voltage-time diagrams. After measur-
ing the peak overpressure, the maximum voltage value was
calculated in each experiment and multiplying this value by
the transducer conversion number, i.e., 1.379, the overpres-
sure value was obtained in the "bar" unit (Fig. 6).

Planar Shock Wave Formation Distance

Pressure values at different distances and diaphragms of dif-
ferent thicknesses are collected in Tables 1, 2, and 3, which
were measured by three transducers.

The pressures measured by all three transducers were com-
pared to discover the location of planar shock wave formation.
The interval of which pressure values differences were less
than 10% (acceptable error value of the test) was considered
as the planar wave formation distance.

Also, the shock wave diagrams can be used to identify the
location of the planar wave, so that the shock wave diagrams
of three transducers were plotted simultaneously for each in-
terval and diaphragm, then comparing their peak pressure will
show the overlap time of the graphs (Fig. 7).

The analytical solution of the shock tube problem is com-
plex and cannot be solved manually, so previous research
results were used to compare the empirical and analytical re-
sults. An analytical program using MATLAB software has
been developed to determine driver and driven length.
Program input variables include time after diaphragm failure,
primary pressure of high-pressure section, primary pressure of

200

160 170
370 150

380 140

110 Distance (cm)

400 100
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Table 1 Test results for 0.1 mm thick diaphragm

Test Number ~ Burst Pressure (Bar) ~ Distance (cm) Py (Bar) (pressure P, (Bar) (pressure P; (Bar) (pressure
measured by the sensor 1) measured by the sensor 2) ~ measured by the sensor 3)

1 6 205 1.958 2.624 2.061

2 5 220 1.592 1.606 1.62

3 5.5 240 1.578 1.654 1.73

4 6 250 1.572 1.813 1.684

5 5.5 260 1.306 1.297 1.251

6 7.5 275 1.234 1.223 1.102

7 4.5 280 1.11 1.192 1.045

8 6 295 1.037 1.144 0.979

9 7 300 0845 1.323 0.944

low-pressure section, primary temperature, the primary tem-
perature of the low-pressure section, and adequate length of
the driver and driven section. The equation constants for air
include a specific heat ratio of 1.4, and the universal gas con-
stant for an ideal gas is 287.05 J.kg— 1-K — 1. Program out-
puts also include variations in sound velocity in the fluid at a
specific time, fluid-particle velocity and pressure, density, and

temperature variations at different points in the shock tube. In
this program, after determining the initial conditions (before
the diaphragm failure), the shock wave peak pressure was
determined using equation (12) by the inverse quadratic inter-
polation method. Figure 8 illustrates the diagram of the shock
wave peak pressure, according to the initial pressure of the
high-pressure section (P4-P2) using analytical equations.

Table 2 Test results for 0.2 mm thick diaphragm

Test Number Burst Pressure (Bar) Distance (cm) P1 (Bar) (pressure P2 (Bar) (pressure P3 (Bar) (pressure
measured by the sensor 1) measured by the sensor 2) measured by the sensor 3)

10 11.5 205 3.64 6.281 3.985

11 11.5 220 3.95 4.024 3.599

12 11 240 3.26 3.226 3.185

13 12.5 250 2.978 3.04 3.405

14 11 260 3.178 3.178 3.371

15 12 275 2.495 2453 2.888

16 12 280 1.978 2.018 1.946

17 12 295 1.198 1.233 1.378

18 12 300 1.185 1.143 1.218

Table 3 Test results for 0.3 mm thick diaphragm

Test Number Burst Pressure (Bar) Distance (cm) P, (Bar) (pressure P, (Bar) (pressure P; (Bar) (pressure
measured by the sensor 1) measured by the sensor 2) measured by the sensor 3)

19 13 205 6.329 8.97 6.233

20 13 220 6.177 7.101 6.163

21 13.5 240 6.005 6.157 5.743

22 13 250 5398 593 5.35

23 13.5 260 4.64 4.709 4.247

24 13 275 4415 4.484 4.233

25 14 280 435 4.474 4.122

26 13.5 295 4253 4253 4.198

27 13 300 4.136 4.155 4.171
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Fig. 7 Shock wave peak a
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Using the results obtained for the P2 to P4 pressure ratio
analysis, and by using MATLAB software, the equation for
the relationship between these two values of pressure was
obtained as follows:

P, = 0.02796xP3—0.1441xP, + 1251 (17)

R2 =0.9995

SEM
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Peak Preasure (P2)

Burst Pressure (P4)

Fig. 8 P,-P, (Shock wave peak pressure-Burst pressure) diagram from
analytical results

The results of empirical experiments and theory in terms of
identical burst pressures are presented in Table 4.

Using the results obtained from the tests and the shock
wave peak pressure (P2) in experiments with different dia-
phragms and with the instantaneous diaphragm failure pres-
sure (P4) using the pressure gauge, the P2 graph can be plotted
for the experimental results. Figure 9 shows the graph along
with the graph of the theoretical results and the theoretical and
experimental results are compared.

The trend of pressure changes resulting from analytical
solutions and experiments were almost similar. The differ-
ences between the two solutions were due to assumptions in
the analytical solution, including the ideal gas assumption and
other boundary conditions, and in empirical experiments,
these differences are due to the experimental errors. The error

651 : : ,

6 = = = Experiment | ]
= i ] Theory

RS BARES LEEAE LRREE BRREE LRI

TR

0= 5 8. 10 2 14
P4 (bar)

Fig. 9 Comparison of experimental and analytical results. (Shock wave
peak pressure-Burst pressure)

between the experimental results and the analysis was calcu-
lated using the mean square error method, which was 19%.

According to the results of the pressure-time diagrams, it
was observed that at the beginning of the driven section, the
pressure difference in the transducers (pressure difference at
different points of the tube cross-section) was high, indicating
that the shock wave was non-planar. In these regions, the flow
is quite turbulent. As the distance increases, it was observed
that the pressure of the two transducers in similar radial posi-
tion approaches each other, indicating a spherical shock wave.
However, the shock wave has not yet become planar.

Figures 10, 11, and 12 illustrate the pressure-distance dia-
grams of the transducers for diaphragms with a thickness of
0.1 mm, 0.2 mm, and 0.3 mm.

Table 4 The pressure obtained

from the experimental and Burst pressure (bar)

Analytical shock
wave peak pressure (bar)

The error between
analytic and experiment

Experimental shock
wave peak pressure (bar)

analytical results (Py)
(P2) (P2)
45 1.125 1.97 42%
5 1.217 2.072 41%
5.5 1.311 2.173 39%
6 1.418 2.285 37%
7 1.647 2515 34%
7.5 1.781 2.644 32%
11 3.028 3.715 18%
11.5 3.263 3.897 16%
12 3.517 4.088 13%
12.5 3.79 4.289 11%
13 4.099 4.509 9%
13.5 4417 4.731 6%
14 4.76 4.963 4%
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Fig. 10 Shock wave peak pressure (P,)-distance diagram for 0.1 mm
diaphragm

The pressure-distance diagram plotted in Fig. 10 shows the
peak values of the pressure measured by three transducers at
different distances from the diaphragm. The initially measured
pressures are very different, then they get closer to each other
as distance increases, and within a range of about 245 to
264 cm for this aperture (0.1 mm), the planar wave state re-
mains stable. As can be seen, this planar wave disappears at
the end of the shock tube, and it becomes turbulent due to the
weak shock created by this diaphragm and its collision with
the embedded spots of the transducers in the shock tube.

Figures 11 and 12, respectively, refer to the pressure vari-
ations along the shock tube for the thickness diaphragms of
0.2 mm and 0.3 mm, in which the uniform wave section for
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Fig. 11 Shock wave peak pressure (P,)-distance diagram for 0.2 mm
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Fig. 12 Shock wave peak pressure (P,)-distance diagram for 0.3 mm
diaphragm

these two series of tests is longer in comparison with the
diaphragm with 0.1 mm thickness, and it extends to the end
of the shock tube. For experiments with a 0.2 mm diaphragm,
the uniform wave and planar wave formation start in 278 cm
from the diaphragm, and for the experiments with a 0.3 mm
diaphragm, it begins at a distance of 283 cm. A comparison of
these figures shows that with increasing the diaphragm thick-
ness and consequently the diaphragm burst pressure, the pla-
nar wave is formed farther away, and the length of its uniform
area is increased.

Peak Overpressure Prediction

Since the procedure of pressure change for the different dia-
phragms is almost the same, all three sets of peak pressure and

P2 =0.09427 * P472 - 1.393 * P4 + 6.961
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Fig. 13 Peak overpressure (P,) relative to burst pressure (P,)
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burst pressure data for the diaphragm types are plotted in Fig. 13.
This graph shows the trend of maximum peak pressure changes
relative to the burst pressure in three different distances from the
diaphragm. The best curve fitted to the process is a quadratic
polynomial curve. The equation of each curve is written along-
side the correlation coefficient (R2), which is the coefficient of
confidence of the equation. These curves are handy tools for the
design of gas shock tubes. Using these curves, and having an
explosion pressure, one can predict the maximum peak pressure
with a good approximation.

Conclusion

Prior work has documented the effectiveness of diaphragm
thickness in diaphragm failure pressure and investigated the
expansion waveform according to the preliminary conditions
of the driver. However, these studies have either been inves-
tigations on double-diaphragm shock tubes or have not fo-
cused on the trend of shock wave peak pressure after dia-
phragm failure or its relation with diaphragm thickness and
burst pressure. In this study, 27 experiments were carried out
on a gas shock tube, and three different diaphragms were used.
So, the effectiveness of diaphragm thickness on a planar shock
wave formation and its position during propagation were
investigated.

Based on the graphs extracted from the transducers, it is
found that the shock wave pressure decreases steadily along
with the driven section. First, the shock wave theory relations
were extracted, and a relation was obtained for the ratio of
shock wave pressure to burst pressure. The values of shock
wave pressure at different burst pressures were calculated
through this relation, and a graph was drawn using
MATLAB software. Then, the best fitting curve to the results
was plotted, which was a quadratic polynomial curve, accord-
ing to Fig. 8, and the corresponding regression equation was
given in equation (17).

In the next step, the shock wave pressure using 27 experi-
ments was measured at different distances within the driven
and with three different diaphragms using three piezoresistive
sensors. According to the results of these experiments, the
location of the planar shock wave formation inside the shock
tube was calculated, which can be seen in Figs. 10, 11, and 12
that presents the pressure change along with the driven.
According to the figures, the distance of the planar wave lo-
cation was obtained, and it was observed that this distance
varies for different diaphragms, and as the diaphragm thick-
ness increases, the shock wave uniformity distance from the
beginning of the driven section increases. When the 0.1 mm
diaphragm was used, the planar shock wave formation was in
the range of 245 to 264 centimeters, the 0.2 mm thickness

diaphragm in the range of 278-300 cm, and the 3 mm thick-
ness diaphragm, the distance was 283 cm to the end of the
shock tube.

Also, the results of the experiments were compared with
the results of theoretical relations, and the error was calculated
using the mean square error equation, which was approxi-
mately 19%. Figure 9 shows a graph of shock wave pressure
to burst pressure for both theoretical and experimental results,
and these graphs were compared with each other. As shown in
Fig. 9, the process of pressure changes resulting from the
experiments was similar to the theoretical state, which con-
firms the correctness of the experiments.

Finally, three equations were derived to predict peak pres-
sure values for all diaphragms. Three regression equations
with a correlation coefficient of 0.9 were obtained by using
the three graphs drawn in Fig. 13 and the fitting curves.
Through these equations, the shock wave peak pressure can
be estimated with high accuracy according to the burst pres-
sure and at different distances from the diaphragm.
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