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Similarity theory and scaling laws describe how 

physical properties of plasma remain the same when 

control parameters are changed. It is useful for 

developing and optimizing plasma sources. Similarity 

rules have been successfully verified in discharges driven 

by direct current [1-5], radio frequency [6,7], microwave [8-11], 

and pulsed power supplies [12]. More recently, the 

similarity rules were rigorously demonstrated in low 

pressure plasmas with strong nonlocal kinetic effects 

using electrostatic particle-in-cell simulation [13-15]. 

However, similarity rules were not verified for 

discharges with electromagnetic and thermodynamic 

coupling effects.   

In this presentation, we report similarity rules for 

inductively coupled plasma (ICP) with 

thermohydrodynamic coupling effects using 

two-dimensional fluid simulations and theoretical 

analyses of gas flow and heat transfer equations. The 

results show that the change of gas temperature with 

scaling factors causes the violation of similarity rule in 

the ICP. The increase of gas temperature with scaling 

factors causes the gas flow rate to increase, and the 

electron density in the plasma bulk to decrease. Further, 

it is found that the deviation of gas temperature can be 

mitigated by adding an external heat source, thus 

maintaining the validity of the similarity relations. 
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