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An acoustic pressure shockwave is a very strong pressure impulse in any elastic medium 

(such as air, water, or a solid), produced by supersonic craft, lightning, explosions, or other 

extreme events that create sudden and significant changes in pressure. 
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Current Testing of Applications 

Industrial/Medical Relevance 

Figure 2.  Principle of focused acoustic 
pressure shockwaves and pressure signal 
generated in focal point 

SHOCKWAVES 

SHOCKWAVE  FEATURES 

Very high compressive pressures (>200 bar) 

Extremely rapid rise time 

Negative pressure causing cavitation in liquids 

that ultimately produce micro-jets of 100 m/s 

during their collapse 

Transient and localized high heat of 2,000-

5,000 K for few microseconds 

Total duration of each shockwave pulse of 5 to 

8 microseconds 

Dosage is key for success (number of shocks, 

energy setting and frequency) 

Shockwaves travel at different speeds in air 

(343 m/s), water/liquid (1,500 m/s) and 

solids (up to 9,000 m/s) that produce 

acoustic streaming, which drives the fluid 

and particles from it in direction of 

shockwave movement – Figure 3 

During propagation pressure shockwaves 

are transmitted and reflected at the solid 

boundaries, resulting in shear (S) and 

tensile (L) stresses inside the solids 

(Figures 4 and 5) 

 

Figure 4.  Propagation, reflection and transmission  
of shockwave energy at solid boundaries  

Figure 5.  Shear and tensile stresses produced by 
shockwaves in solids suspended/surrounded in 
liquid/water (from Smith’s Textbook of Urology, Part IV  

Extracorporeal Shock Wave Lithotripsy - The Physics of Shock Wave 

Lithotripsy, by R.O. Cleveland and J.A. McAteer) 

SHOCKWAVE PROPAGATION THROUGH DIFFERENT MATERIALS 

Figure 1.  Examples of acoustic pressure shockwaves 

Figure 3.  Acoustic streaming produced by 
pressure shockwaves can move any type of 
particles in preferred direction 

Shockwaves and Water Cleaning Shockwaves and Microorganisms 

SHOCKWAVES COMPRESSIVE PHASE 

High stresses created by shockwaves produce membrane ruptures for microorganisms 

(bacteria, viruses, giardia, cryptosporidium, funguses, etc.) that generate their death/lysis 

Malfunction of bacterial membrane mechanotrasduction (translation of mechanical forces 

in biochemical signals that activate ion channels for exchange of fluids through bacterial 

membrane) produced by shockwaves can generate bacterial death (lysis) – see Figure 6 

Cavitation bubbles collapse (Figure 7) 

producing micro-jets with speeds upwards of 

100 m/s that can generate: 

Ruptures in the membranes of 

microorganisms membrane (membrane cave-

in), producing death (lysis) – see Figure 8 

Bacterial membrane mechanotrasduction 

malfunctions produce bacterial death (lysis) 

Loss of integrity of microorganisms due to 

transient/localized sonoluminescence and 

high heat 

 

Figure 6.  Mechanotrasduction mechanism and bacterial lysis ( from I. R. Booth et al., “Mechanosensitive channels 

in bacteria: signs of closure?”, Nature Reviews, Microbiology , vol. 5,  pp. 431-440, June 2007) 

 

Figure 7.  Implosion of cavitation 
bubbles produced by shockwaves that 
generated micro-jets of 100 m/s 
 

Figure 8.  Shockwaves effect on E-coli bacteria 
(c), (d), (e), (f) in comparison with controls (a) 
and (b) (from M. J. Willis et al., “Bugbuster – survivability of living 

bacteria upon shock compression”, Earth and Planetary Science 

Letters,  Vol. 247, pp. 185-196, 2006)  

SHOCKWAVES TENSILE PHASE (CAVITATION) 

1 Center for Biofilm Engineering, Montana State University, Bozeman, MT, USA 

2 SANUWAVE Health, Inc., Alpharetta, GA, USA  

SANUWAVE’s Work 

Industrial Relevance 

Bactericidal and lysis effect on microorganisms produced by shockwaves is useful for: 

Cleaning/sterilization of fluids from harmful organisms for both medical, food and industrial 

applications without any addition of chemical agents, radiation, etc. (US 8,685,317) 

Extracorporeal treatment for in vivo eradication of bacteria, biofilms and fungus infection for 

human and animal health (US 22156923) 

Possible blood sterilization method (US 8,343,420) 

Meat cleaning/tenderizing (US 14/228,976) and implant tissue sterilization (US 14/228,897) 

 

Figure 9.  Blood sterilization 
testing at University of Georgia 
 

Blood sterilization testing to asses the 

bactericidal effect on E-coli and Staphylococcus 

aureus and viability of red blood cells during 

treatment (University of Georgia) – Figure 9 

Mastitis treatment for lactating cows (University 

of Georgia) 

Shockwave technology has a variety of advantages for water cleaning (US 8,685,317): 

Reduces waste water processing time and thus diminishes the infrastructure (less water 

processing tanks and foot imprint) 

Eliminates or reduces needed chemicals, which makes shockwaves environmental friendly 

Does not require movable parts, which translates in high reliability and reduced 

maintenance costs 

Functions independently or in conjunction with existing technologies and it is easy to 

implement in existing structures 

Can be mobile or fixed 

Has low cost – uses electric energy in the order of 2 and 10 kW-hour, depending on 

complexity of the system and 

 It is energy efficient - transforms high voltage into heat and then in focused kinetic energy 

(at least 90% efficient)  

Preliminary results with a small 6.6 gallon weir tank (see 

Figure 10) and with a small scale pilot system with a 48 

gallon tank (see Figure 11) show an increased efficiency in 

cleaning waste water that can be applied to municipal 

waters, industrial waters or fracking waters 

Shockwaves effectively push the emulsified oil/fat/grease to 

the surface of the waste water 

Flocculants can be reduced or eliminated during cleaning of 

waste water with shockwaves 

Shockwaves efficiently remove the light foam from the 

surface of the waste water without the usage of motor 

driven skimmers 

Other applications where SANUWAVE’s technology can be 

used are: 

• Fracking and enhanced oil recovery (US 9,057,232) 

• Piping infrastructure maintenance (US 13,866134) 

Acoustic streaming produced by both compressive and tensile phase of the shockwaves 

can be used to push light weight dirt/solid particles present in water/liquids in an efficient 

way to the bottom of the separation tanks, even without the need of the flocculent agents 

The localized and transient high temperatures produced by the collapsing cavitation 

bubbles can generate radicals that facilitate chemical reactions with dissolved substances 

from waste water, which creates a more efficient cleaning 

NO SHOCKWAVES WITH SHOCKWAVES 

Figure 10.  Shockwaves can efficiently push 
suspended particles to the tank bottom 
without flocculants (Experimental setting: mixture of soil 

and water in a 6.6 gallon tank; in-flow equivalent to 300 gallon/min; 

settling time 1 hour; shock waves at 2Hz; 3 shock applicators for 3 

separate chambers) 
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Figure 11. Shockwaves cleaning in 
a weir tank scale model with 
flocculants (Experimental setting: mixture of 

soil and water in a 48 gallon tank; in-flow equivalent 

to 150 gallon/min; settling time 2 hours; flocculant 

concentration 0.75 mg/ml; shock waves at 2Hz; 8 

shock applicators for 4 separate chambers) 


