
APPLIED ION SYSTEMS 
High Vacuum Engineering Calculations 

Integrated High Vacuum Test Stand - High Vacuum Pumping Assembly 
System Conductance and Effective Speed - Transitional Flow with Hydrogen at 20C, 10^-2 Torr 

 
 
1.) Diffusion Pump 
 Max Pumping Speed of Diffusion Pump @ 10^-2 torr (Derived Estimate for Hydrogen) 
 
 𝑺𝒅𝒊𝒇𝒇(𝒌) = 𝟏𝟐𝟎 𝒍 𝒔𝒆𝒄⁄  

 
 
2.) Transitional Flow Conductance for Diffusion Pump to Water Cooled Baffle Adapter (@ 20C) 
 Conductance of Pipes in Transitional Flow 

 𝐶𝑘 = 𝐶𝑚(0.0736
𝐷

𝜆
+

1+1.25𝐷 𝜆⁄

1+1.55𝐷 𝜆⁄
) 

Ck = transitional flow conductance 
Cm = conductance for molecular flow = Cbaffle_adapter = 5998.626 l/s 
D = diameter (cm) = 12.70 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟏𝟔𝟎𝟖𝟎. 𝟒𝟑𝟑 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓) = 𝟏𝟔𝟎𝟖𝟎. 𝟒𝟑𝟑 𝒍 𝒔𝒆𝒄⁄  

 
 
3.) Transitional Flow Conductance for Water Cooled Baffle (@ 20C) 
 Conductance of Pipes in Transitional Flow 

 𝐶𝑘 = 𝐶𝑚(0.0736
𝐷

𝜆
+

1+1.25𝐷 𝜆⁄

1+1.55𝐷 𝜆⁄
) 

Ck = transitional flow conductance 
Cm = conductance for molecular flow = Cbaffle = 6008.771 l/s 
D = diameter (cm) = 18.415 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟐𝟏𝟏𝟓𝟑. 𝟕𝟎𝟖 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒃𝒂𝒇𝒇𝒍𝒆) = 𝟐𝟏𝟏𝟓𝟑. 𝟕𝟎𝟖 𝒍 𝒔𝒆𝒄⁄  

 
 
4.) Transitional Flow Conductance for Diffusion Pump to 6” Conflat Adapter Plate 
 Conductance of Pipes in Transitional Flow 

 𝐶𝑘 = 𝐶𝑚(0.0736
𝐷

𝜆
+

1+1.25𝐷 𝜆⁄

1+1.55𝐷 𝜆⁄
) 

Ck = transitional flow conductance 
Cm = conductance for molecular flow = Cadapter = 3717.886 l/s 
D = diameter (cm) = 10.16 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  



 𝑪𝒌 = 𝟖𝟓𝟖𝟎. 𝟕𝟑𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓) = 𝟖𝟓𝟖𝟎. 𝟕𝟑𝟏 𝒍 𝒔𝒆𝒄⁄  

 
 
5.) Total System Conductance 
 Conductance of Pipeline 

 
𝟏

𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆)
=

𝟏

𝑪𝒌(𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓)
+

𝟏

𝑪𝒌(𝒃𝒂𝒇𝒇𝒍𝒆)
+

𝟏

𝑪𝒌(𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓)
 

 
𝟏

𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆)
=

𝟏

𝟏𝟔𝟎𝟖𝟎.𝟒𝟑𝟑
+

𝟏

𝟐𝟏𝟏𝟓𝟑.𝟕𝟎𝟖
+

𝟏

𝟖𝟓𝟖𝟎.𝟕𝟑𝟏
 

 𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆) =   𝟒𝟒𝟐𝟒. 𝟕𝟔𝟕 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆) = 𝟒𝟒𝟐𝟒. 𝟕𝟔𝟕 𝒍 𝒔𝒆𝒄⁄  

 
 Effective Pumping Speed of the System 

 
1

𝑆𝑒(𝑘)
=

1

𝐶𝑘(𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒)
+

1

𝑆𝑑𝑖𝑓𝑓(𝑘)
 

 𝑆𝑒(𝑘) =
𝐶𝑘(𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒)×𝑆𝑑𝑖𝑓𝑓(𝑘)

𝐶𝑘(𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒)+𝑆𝑑𝑖𝑓𝑓(𝑘)
 

 𝐶𝑘(𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒) = 4434.767 𝑙 𝑠⁄  

 𝑆𝑑𝑖𝑓𝑓(𝑘) = 120 𝑙 𝑠⁄  

 𝑺𝒆(𝒌) = 𝟏𝟏𝟔. 𝟖𝟑𝟐 𝒍 𝒔⁄  

 
 𝑺𝒆(𝒌) = 𝟏𝟏𝟔. 𝟖𝟑𝟐 𝒍 𝒔𝒆𝒄⁄  

 
 
 
 


