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ABSTARCT

In the present research, laboratory shock tube of the Amirkabir University of Technology (AUT) is determined for
practical and CFD simulation investigation for moving normal shock wave. The shock tube is geometrically simple
and totally axisymmetric. Pressurized gas is produced by a piston compressor stored in a high pressure tank. There
are two study cases with the different driver gas pressure and diaphragm thickness. Both driver and driven gas is
air. The driven gas part is open to atmosphere. Diaphragms are made of aluminium foil blasting in a certain
pressure. There are two pressure sensors in order to capture the moving normal shock wave time intervals.
Therefore the speed of moving shock wave is definable. Both cases are considered for CFD simulations.
Smulations are done in transient form for laminar viscose flow regime in 2D, axisymmetric geometry. the walls
considered to be adiabatic. The time step for simulation is 1e-05 sec which make the case convergent in 20
iterations. The time intervals are very short so the assumptions of adiabatic walls and laminar flow are trustworthy.
Map quadrilateral grid employed for domain descritization, so the moving normal shock wave can be captured very
well. grid independency study is done for both cases. However the effects of boundary layer and shockwave
interaction and wall shear stress are not the goal of present study, but the boundary layer mesh is generated near
wall for further studies. Time intervals data for passing shock wave from simulations and engineering calculations
show good compatibility with practical data.
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INTRODUCTION

Nowadays the usage of Computation Fluid Dynamic$igh speed aerodynamics is dramatically increased
aerodynamic facilities design process. There arayntéfferent ways to generate a source of air aufficiently
speed and pressure to act as the working fluid lofpersonic wind tunnel. This includes hotshot glanplasma
jets, shock tubes, shock tunnels, free-piston tishia@d light gas guns. Various hypersonic winchals have been
constructed at different universities and reseagstters all over the world. However, these faetitare very costly
and very expensive to run and maintain, the shabkd are very simple and reasonably low cost ttd kand
operate. The shock tube is a high speed aerodynastidacility that enables investigation of movistgpck wave
and the loads imposed over a model for high speedregimes. To have a pre-view of the flow and imgwshock
wave through a shock tube before starting the degigcess, using the CFD is the best way. Shoc& talits
simplest form is a tube with fixed cross sectioattis divided by a diaphragm into two areas. After diaphragm
ruptured, a shock wave proceeds in low pressure amd expansion waves proceed into high pressaeee @he
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conventional process of a normal shock wave tragedind wave diagrams in a simple shock tube arersio Fig.

1. In the present study, the goal is to capturentbging shock wave and the distribution of aeratretynamics
properties on the wall of tube. Reflected shock evas not investigated here. There are many prdctica
investigations on shock tube but numerical simafegiare not too many. Daru and Tenaud made a neaheri
simulation study on reflected shock wave and lamiimandary layer interaction in a shock tube arfthdd proper
grid congestion for such a case. They have shoan4id million nodes are sufficient and reliable $ach a case
[1]. Al-Falahi et al. developed two dimensional ¢éimccurate Euler solver for shock tube applicatitmghis study,
uniform grid spacing with the number of 356 is usedl good results in comparison with practical daeae
obtained [2]. All mentioned studies make a goodwiieto flow in shock tubes, but making a fast aetermethod
for laminar, ax symmetric flow analysis is not dahle. In present study, a shock tube can be steuliim a CFD
code very fast and reliable.

A very important item in numerical simulation ofhock tube is to use proper grid congestion fotuwam the thin
layer of moving shock wave. It is also importangnerate quadrilateral cells in map form and padpelar to the
flow direction.

Specifications of test facility

The test facility includes a piston compressorresgurized tank, a simple shock tube and threeoeettzat two of

them are fast response type. the first sensor mesghie pressure of behind of the diaphragm andasioresponse
sensors duty is to capture the moving shock wagegme. The constant internal diameter of the sissrdteel tube
is 67 mm and the total length of tube is 2080 mioh e diaphragm is installed in the 640 mm fromhkad. The
fast response sensors are located in 15.5 cm @8 tin respectively after diaphragm. There aregets of tests
and in both the driver gas is dry air. The diaphtagire made of Aluminum foil with the thicknessé$® and 80

um which destruct in 2.7 and 4.8 bar gauge pressmspectively for casel and 2. Atmospheric conditiare

important for tests, because the low pressuregiatiock tube is open to atmosphere and speedbokshave is a
function of pressure ratio of back and front ofpdie|agm. The instruction of test facility is shownFRig.2. It is

important to have the atmospheric condition whemiog each test. The atmospheric conditions akéich and

presented in table 1.

MATERIALS AND METHODS

Numerical simulation methods

For present research, the conventional Navier Stakgiations in axisymmetric form employed for coesgible
gas simulations. Supplementary data are availabieference [3]. The operating fluid considerecb®air as a
perfect gas with the varyy Gand thermal conductivity as function of temperatand constant molecular weight.
Viscosity is a function of temperature and modddgdutherland's law. Simulations are done in temtsinode with
the time step of 1e-05 sec. The pressure-basersgitrethe Simple mode for pressure-velocity conglemployed
and discretizations for pressure, density, momergnthenergy are done in second order.

The assumption of laminar regime is physically theshock tubes where the duration of test andRbgnolds
number are very low. The initial conditions are giressure, velocity and temperature for both safediaphragm
which is shown in table 1. In this table P is statiessure, V is velocity and T is temperature. €ovng equations
consist of conventional continuity, momentum anckrgy for laminar, adiabatic, axisymmetric flow. F2D
axisymmetric geometries, the continuity equation loa written as Eq. (1),

@‘*1(5\2)‘*%(;”?)*'%:0 @

Where x is the axial co-ordinate, r is the rad@lotdinate,v, is the axial velocityy, is the radial velocity angd is

density. For a 2D axisymmetric flow, the axial aadial momentum conservation equations can beearis Eq.
(2) and Eq. (3), respectively.
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In general form, the energy conservation conceptoeaformulated as Eq. (5),

P -
E(pE)+D.[v(pE+ p)] -
=0 ke OT+7, V|
Where,

=h-P Z 6
E=h p+ 5 (6)

For compressible flows, the equation of state (itEmsg ideal-gas concept) can be written as Egwgere R is the
universal gas constant and T is the static tempezat

B:RT 7
P (7)

Grid generation

The domain of simulation is very simple and comssist a tube. Because of the axisymmetric shapehs, tonly
half of the model is needed for simulation. Stroetliquadrilateral grid type is employed for throoghthe domain
and the boundary layer grid is generated near w@lthere are 228000 cells in domain. A portiogrid in domain
is shown in Fig.3. To study the grid-independenex other cases considered for simulation with @W0ells and
results show no significant variation.

Table 1: Initial conditions for simulations

P(bar) V(m/s) T(K)

Casel
High pressure side  3.595 0 285
Low pressure side  0.895 0 285
Case2
High pressure side  5.687 0 282
Low pressure side  0.887 0 282

RESULTS

The practical data extracted from two sensors #fieidiaphragm only show the time intervals of passhock. By
using the conventional relations and analyticatrfialas for shock tubes [4] for 2D, adiabatic andsoi flow, the
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velocity of moving shock is definable from ratiodriver gas to driven gas pressure. Table 2 shbevsesults from
practical tests, simulations and analytical calboites and the results are matched very well. Iet@h t is time
interval for shock to move from sensor 2 locatiorsénsor 3. The data show that the analytical fasnfor semi
2D are reliable in constant area circular shocletub

Figure 4 and 5 show the distribution of static puge along the axis of tube for casel and 2 fortime intervals.
In case2, pressure ratio in start is higher rati@n casel and the peaks of pressure in shockguositmore than
casel which shows that the shock in casel is morenful than casel, also the speed of shock iex@smore
than casel as predicted before. As it is shownigd Bnd 5, power of the shock waves in time intisrfar each
case remains semi-fixed. Figure6 shows contouredcity for casel and 2 when the shock wave istiposid in

the sensor 3 location. It shows that in both césespecified time, the expansion waves are nattred to the left
wall yet, but it is obvious that in the same shgdsition, the left wall of tube experiences moressure drop in
casel. Figures 7 and 8 show the contour of statisspre in three time intervals for case 1 andspattively. The
position of normal shocks and pressure distributbam be tracked. Figure9 shows the distributionstaitic

temperature in t=2 msec. As mentioned before, hbelswave in case 2 is more powerful rather thacese 1. The
shock wave in casel moves faster to the righthmiekpansion waves are slower move to the leferattan case2.
It is because of the more temperature in fronthufck wave and less temperature in front of expansiaves.

However the study of shock wave and boundary laferactions are not the main goal of present studythe grid

congestion is considered near wall and the Figwskdivs the velocity vector near wall just before tiormal shock
wave.

Table 2: simulation and experimental results

t (Sec) \
Analytical Formulas  0.0022  454.54
® | simulation 0.00221 452.49
S | practical 0.0022  454.05
| Analytical Formulas 0.002 500
@ | simulation 0.00201 497.5]
S | practical 0.0020  482.75
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Fig. 1: Wave diagrams in a simple shock tube
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Fig. 2: Geometry of shock tube of the AUT
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Fig. 3: Grid congestion near wall
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Fig. 4: Distribution of static pressure along axi®ver wall for casel
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Fig. 5: Distribution of static pressure along axi®ver wall for case2
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Fig. 8: Contour of static pressure for case 2
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Fig. 9: Boundary layer just before normal shock wae
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Fig. 10: Distribution of static temperature along &is for casel and 2 in t=2 msec
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DISCUSSION AND CONCLUSION

In present research shock tube of AUT is investigiaxperimentally and by CFD simulations. Simulatiesults
show good compatibility to experimental data. Isli®wn that the power and speed of moving shoclewasreases
when the pressure ratio of driver to driven gasdased. Congestion of grid is studied for captutirgshock wave
however for considering the shock wave and bountkgr interactions, a denser grid must be employdu:

represented method can simulate flow in a shoc& udsy quickly and can be used for design and naatufing a
new shock tube facility. The location of the sesstain be determined easily. In the practical tésts,shown that
for capturing the pressure of flow it is necesgargmploy ultra high-response pressure transmst@sors known
as PiezoElectric otherwise the data would not betworthy. If the data logger and data capturingtesys are
located far from test facility, it is recommendeduse ampere transmitters rather than voltage diesnext step of
present study is to use helium gas instead ofoaidfiver gas to make higher Mach numbers by enipipgpecies
equations and modeling shock wave and boundary Iatgraction in the presence of model.
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