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Back Diffusion Sources and Mechanisms 

Line A 

Line B 

PA>PB = No Risk of Contamination 
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Back Diffusion Sources and Mechanisms 
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Objectives 

• Contamination of gas distribution systems during normal operation 

results in major wasting of materials,  energy, and valuable tool 

operation time. 

 

Motivation and ESH Impact 

• Develop operational parameters that will minimize back diffusion of 

impurities into fluidic distribution systems.   

• Develop and validate a process simulator that can help industry design 

and operate systems while minimizing back diffusion, gas usage, and 

system dead volumes. 

• Develop a better understanding of back diffusion since little is known 

or has been published on the subject. 
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Back Diffusion Process Simulator 

6 
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Process Simulator Verification 
Simulator Prediction 
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Experimental Results Model Prediction

95 psia, lateral length of 0.6096 m 
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Parametric Studies 
Effect of Flow Rate on Gas Phase Moisture 

Turbulent Laminar 

95 psia, lateral length of 0.6096 m 
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Parametric Studies 
Effect of Lateral Length on Gas Phase Moisture 
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95 psia, 1/16th inch OD 

𝑹𝒆 =
𝟒𝑸𝟑

𝝂𝝅𝒅𝒍𝒂𝒕𝒆𝒓𝒂𝒍
 𝐋𝟑.𝟎

𝐋𝟏.𝟎
× 𝟏𝟎𝟎% = 𝟑𝟎𝟎% increase in lateral length 

𝐐𝟏.𝟎 − 𝐐𝟑.𝟎

𝐐𝟏.𝟎
× 𝟏𝟎𝟎% = 𝟔𝟕% 𝐫𝐞𝐝𝐮𝐜𝐭𝐢𝐨𝐧 𝐢𝐧 𝐠𝐚𝐬 𝐮𝐬𝐚𝐠𝐞 
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Parametric Studies 
Effect of Lateral Diameter on Gas Phase Moisture 

95 psia 

L=0.6096 m 

30.6 lpm 
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Turbulent flow occurs 

below the line 
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Parametric Studies 
Effect of Reynolds Number on Gas Phase Moisture 

95 psia, lateral length of 0.6096 m 
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𝑹𝒆 =
𝑼𝟑𝒅𝒍𝒂𝒕𝒆𝒓𝒂𝒍

𝝂
=
𝑪𝒐𝒏𝒗𝒆𝒄𝒕𝒊𝒗𝒆 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕

𝑽𝒊𝒔𝒄𝒐𝒖𝒔 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕
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Parametric Studies 
Effect of Peclet Number on Gas Phase Moisture 
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𝑷𝒆 =
𝑼𝟑𝑳

𝑫𝒆
=

𝑪𝒐𝒏𝒗𝒆𝒄𝒕𝒊𝒗𝒆 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕

𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝑫𝒊𝒔𝒑𝒆𝒓𝒔𝒊𝒗𝒆 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕
 

95 psia 
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Parametric Studies 
Effect of Peclet Number on Gas Phase Moisture 

95 psia 

Turbulent Flow 

Regime 
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Back Diffusion Process Simulator: Orifice Addition 

𝒛 = 𝟎, 𝑫𝒎

𝑪𝒈
𝒂𝒕𝒎 − 𝑪𝒈

𝒕
=
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Impurity 
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Orifice Addition to Simulator 

Kinetic Molecular Theory of Gases 

Falls Apart 

𝑫 ≠ 𝑫𝒎 

Orifice 
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EXAMPLE 

𝟏𝟎𝟎 𝒎𝒊𝒄𝒓𝒐𝒏 𝑶𝒓𝒊𝒇𝒊𝒄𝒆 

Pe ≈ 2.1 
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Simulation: 1 

Position in Main Header (meters) 
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Simulation: 3 
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Simulation: 4 
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Simulation: 5 
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Simulation: 6 
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Simulation: 7 
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Simulation: 8 
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Simulation: 9 
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Simulation: 10 
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Why not a flat line? 
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Why not a flat line? 
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Simulation: 11 

Tool Contamination 
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Simulation: 12 
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Simulation: 13 

Tool Contamination 
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• The experimental approach allowed for the observation of back 

diffusion in an adjustable and controllable manner. 

• The process model accurately predicted experimental results and was 

invaluable in performing parametric studies. 

• The moisture contamination due to back diffusion was a strong function 

of lateral diameter, length, and gas flow rate through the lateral. 

• Characteristic groups were identified that allowed us to present 

generalized correlations that would help in the design and operation of 

UHP fluidic systems being exposed to a source of contamination 

• This methodology was expanded to include an orifice and lateral in 

series and was effective in determining a design approach that will 

safeguard against the back diffusion of impurities into both bulk and 

process gases. 

• The simulator showed flexibility in regards to being able to predict 

contaminant transport in systems with multiple sources of 

contamination as well as predicting the impact of such contamination on 

neighboring tools. 

Highlights 
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