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ABSTRACT 

Recent investigations on the propagation of shock wave at microscales conclude that the viscosity effects and 

heat conduction at wall become significant at microscales. Due to these reasons, significant shock wave 

attenuation is observed during the numerical and experimental investigations of propagation of the shock wave at 

microscales. Recent investigations focused on the nature of post-shock flow in micro-ducts. Present numerical 

work assumes turbulent post-shock flow for shock wave propagation in microtubes. We conducted simulations 

using the Navier-Stokes equations where the wall was considered without slip. To introduce the shock in the 

macro-channel, we applied Rankine-Hugoniot relations, and then the wave propagates through the micro-

channel. The space-time plots of shock propagation in micro-channels of different cross-sections are determined 

numerically. Numerical results suggest the existence of turbulent post-shock flow at micro-scales in agreement 

with the recent experimental work. 
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INTRODUCTION 

Shock waves have applications in various fields such as high-speed aerodynamics, chemical kinetics, material 

science, biomedical engineering etc. With the advent of Micro-Electro- Mechanical System (MEMS) and 

developments in nanotechnology, miniaturization has gained importance. Shock wave propagation at 

microscales has garnered considerable attention from researchers because of its potential uses in diverse fields 

like micro-propulsors [1], wave-rotor compressors [2-3], miniaturized explosive devices [4], drug delivery 

systems [5], etc. Investigations of shock wave propagation in micro-tubes. Motion in conventional shock tubes is 

well approximated by 1-D inviscid theory. At micro-scales, viscosity effects and heat conduction by wall 

become prominent and affect the shock wave propagation, reducing the velocity and strength of shock wave [6]. 

This is termed as shock wave attenuation and it is significant for various applications of shock waves at micro-

scales. Sun et al. [7] investigated shock wave propagation in narrow channels up to 1 mm width, both at 

atmospheric pressure and reduced pressure and showed effect of width on shock wave velocity. 5.3 mm 

diamenter tube was used by Brouillette [8] to perform experiments at low pressure and a model was proposed to 

study the effects of scale. Austin and Bodony also studied shock wave propagation at smaller and found 

attenuation along the length.  

They also observed more attenuation in experimental results as compared to laminar simulations which was 

however less as compared to inviscid model [9]. Mirshekari et al. [10] designed, manufactured and tested the 

first micro-scale shock tube (34 μm hydraulic diameter). They concluded that the best agreement of experimental 

results was obtained with Navier-Stokes equations with simple laminar boundary layer model where the wall 

was considered without slip. Giordano et al. [11] used schlieren technology to visualize the travel of shock wave 

in micro-channels of cross-sections keeping a constant height of 1 mm and width ranging from 150 μm to 500 

μm. They suggested the existence of a turbulent boundary layer for propagation of shock in micro-tubes. Also 

Kai et al. [12,13] investigated propagation of contact surface and shock wave in square glass capillaries of 

hydraulic diameters of 200 μm and 300 μm and suggested transition of post shock flow from turbulent to laminar 

as the shock attenuates. 
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In addition to this, several researchers numerically investigated shock propagation at micro-scales. According to 

Zeitoun and Burtshell [14], shock wave intensity attenuation is higher for lower initial pressure or/and narrower 

tube diameter, and attenuation can turn a shock wave into a compression wave. Correlations were proposed to 

determine shock attenuation at micro-scales [15, 16]. Behind the shock wave, the nature of flow was considered 

to be laminar in most of the numerical and experimental studies of micro-scale shock propagation based on 

experiments in large shock tubes at low initial pressures performed a few decades back [17, 18, 19]. However, 

recent experimental investigations of Kai et al. [12, 13] and Giordano et al. suggested the existence of a turbulent 

boundary layer at micro-scales [11]. Present work attempts to investigate the post-shock flow at micro-scales 

based on recent experimental findings.  

PROBLEM DESCRIPTION 

Figure 1 represents shock tube geometry similar to the experiments conducted by Giordano et al. [11]. The 

experimental setup generated shock wave in a conventional shock tube. Then shock was allowed to pass through 

a microtube attached at the exit of the low-pressure section. Deshpande and Puranik [16] concluded that three 

dimensional characteristics of shock flow and attenuation could be easily represented using 2-D axisymmetric 

computations for aspect ratios up to four and 2-D computations for aspect ratios greater than four. Table 1 shows 

Dimensions of micro-channel and incident Mach numbers (similar to experiments performed by Giordano et al. 

[11]) used for numerical analysis. Based on their conclusions, the aspect ratio was decided to be less than four 

for cases 1 to 3 and greater than four in cases 4 to 6. Hence a two-dimensional axisymmetric analysis is used for 

cases 1 to 3, and two-dimensional analysis is used for cases 4 to 6. 

 

Figure 1. Shock tube Geometry 

Table 1. Dimensions of micro-channel and incident Mach numbers used 

Case 

no. 
Incident Mach number (Mi) 

Cross-section of the 

Microchannel 

Length of the 

Microchannel 

1 2.02 1 mm x 400 µm 100 mm 

2 2.06 1 mm x 400 µm 100 mm 

3 2.04 1 mm x 300 µm 65 mm 

4 1.97 1 mm x 150 µm 65 mm 

5 2.23 1 mm x 150 µm 65 mm 

6 2.31 1 mm x 150 µm 65 mm 

NUMERICAL DETAILS 

For analysis, the commercial code software Ansys Fluent [20] is used. A structured mesh uniform along the 

length of the channel and refined near the walls is provided after ascertaining grid independence. The fluid used 

is Sulphur hexafluoride. Inlet parameters comply to Rankine-Hugoniot relations behind the shock wave with 

incident Mach number [21]. The shock tube and the microchannel are provided with the boundary conditions of 

isothermal wall. The wall temperature is equal to 299 K. Everywhere, we have considered the initial temperature 

as 299 K and the initial pressure as 105 Pa. The analysis is done using viscous compressible Stokes-Navier 

equations. A realizable k-ε turbulence model is employed with scalable wall functions. As the flow is transient, 
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we employed a density-based solver. For spatial discretization, use of implicit formulation is done. We adopted 

Roe FDS scheme at cell face for evaluation of convective fluxes. After establishing time-step independence, a 

2×10-8 s time step size is used. 

RESULTS AND DISCUSSIONS 

The location of the shock is determined at every ten µs based on the maximum velocity gradient [22]. As the 

shock enters the channel, we approximated the flow time as zero; thereby, the shock's distance travelled is 

measured from the microchannel's point of entry. After that, the shock's distance travelled is represented as a 

function of flow time. Figure 2 to Figure 7 corresponds respectively to case number 1 to case number 6, as 

mentioned in table 1 above. Figures 2 to figure 7 indicate that the numerical findings and the experimental 

results are in good accord. However, for the larger diameters, the deviation between numerical findings and 

experimental results is more significant, and it increases as the shock propagates. The reasoning can also be 

attributed to two-dimensional variations in which the third dimension is neglected, and results might have 

fluctuated from the experimental results. Also, we have used K-є turbulence model and the model might not 

have captured the boundary layer effects and hence the deviation. These can be overcome by other turbulence 

models and using three-dimensional geometry in the future results. 

 

Figure 2. Shock propagation in a micro-channel of cross-section 1 mm x 400µm, length 100 mm for the incident 

Mach number Mi = 2.02 

 

Figure 3. Shock propagation in a micro-channel of cross-section 1 mm x 400µm, length 100 mm for the incident 

Mach number Mi = 2.06 
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Figure 4. Shock propagation in a micro-channel of cross-section 1 mm x 300µm, length 65 mm for the incident 

Mach number Mi = 2.04 

 

Figure 5. Shock propagation in a micro-channel of cross-section 1 mm x 150µm, length 65 mm for the incident 

Mach number Mi = 1.97 

 

Figure 6. Shock propagation in a micro-channel of cross-section 1 mm x 150µm, length 65 mm for the incident 

Mach number Mi = 2.23 
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Figure 7. Shock propagation in a micro-channel of cross-section 1 mm x 150µm, length 65 mm for the incident 

Mach number Mi = 2.31 

Table 2 contains the attenuation data for the cases 1 to 6 as mentioned in table 1. In the table,      commensurate 

to the Mach number at the micro-channel’s inlet, where we have t = 0 s and distance travelled as 0 m. We have, 

      ( )      , where   ( ) is the Mach number at the micro-channel’s exit. We find that the          

values obtained by numerical analysis are very close to values reported in the experimental investigations. This 

infers to the presence of turbulent flow in the post-shock region of microchannels during the shock propagation. 

Table 2. Shock wave attenuation parameter ∆MS/MS0 

Case 

no. 
M

i
 

         

(Experimental [1]) 

         

(Numerical) 

1 2.02 -0.18 -0.20 

2 2.06 -0.12 -0.21 

3 2.04 -0.18 -0.20 

4 1.97 -0.20 -0.29 

5 2.23 -0.18 -0.28 

6 2.31 -0.24 -0.39 

CONCLUSION 

The simulations agree well with experimental data performed and attenuation observed is very close to the 

experimental results, particularly in smaller micro-channels. Thus, turbulent analysis can be used for the post 

shock flow to investigate the shock wave propagation in micro-tubes. However, detailed investigation, both 

numerical as well as experimental is necessary to conclude the nature of post shock flow. 
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