
High Vacuum System Engineering Calculations 
2.75” Conflat High Vacuum System 
Design Iteration #2 
Transitional Flow with Water Vapor at 20C 
 

CONDUCTANCE CALCULATIONS – TRANSITIONAL FLOW 
(For Use in General Pump-Down @ 10^-2 Torr) 

 
1.) Diffusion Pump 
 Max Pumping Speed of Diffusion Pump (Air) @ 10^-2 torr 
 
 𝑺𝒅𝒊𝒇𝒇(𝒌) = 𝟏𝟎𝟎 𝒍 𝒔𝒆𝒄⁄  

 
 
2.) Transitional Flow Conductance for Diffusion Pump to 2.75” 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 = 83.293 l/s 
D = diameter (cm) = 3.556 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟏𝟏𝟐. 𝟏𝟏𝟐 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒂𝒅𝒂𝒑𝒕𝒆𝒓) = 𝟏𝟏𝟐. 𝟏𝟏𝟐 𝒍 𝒔𝒆𝒄⁄  

 
 
3.) Transitional Flow Conductance for 2.75” Conflat Inline Poppet Valve 
 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 = Cpoppet_valve = 30.734 l/s 
D = diameter (cm) = 3.556 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟒𝟏. 𝟑𝟔𝟖 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒑𝒐𝒑𝒑𝒆𝒕_𝒗𝒂𝒍𝒗𝒆) = 𝟒𝟏. 𝟑𝟔𝟖 𝒍 𝒔𝒆𝒄⁄  

 
 
4.) Transitional Flow Conductance for 2.75” Conflat Butterfly Valve 
 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 = Cbutterfly_valve = 54.807 l/s 
D = diameter (cm) = 3.556 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟕𝟑. 𝟕𝟕𝟎 𝒍 𝒔𝒆𝒄⁄  



 
 𝑪𝒌(𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆) = 𝟕𝟑. 𝟕𝟕𝟎 𝒍 𝒔𝒆𝒄⁄  

 
 
5.) Transitional Flow Conductance for 2.75” Conflat 4-Way Cross 
 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 = Ccross = 36.392 l/s 
D = diameter (cm) = 3.556 
λ = mean free path at average pressure (P=10^-2 torr) (cm) = 0.5  

 𝑪𝒌 = 𝟒𝟖. 𝟗𝟖𝟑 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒌(𝒄𝒓𝒐𝒔𝒔) = 𝟒𝟖. 𝟗𝟖𝟑 𝒍 𝒔𝒆𝒄⁄  

 
 
6.) Total System Conductance 
 Conductance of Pipeline 

 
𝟏

𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆)
=

𝟏

𝑪𝒌(𝒂𝒅𝒂𝒑𝒕𝒆𝒓)
+

𝟏

𝑪𝒌(𝒑𝒐𝒑𝒑𝒆𝒕_𝒗𝒂𝒍𝒗𝒆)
+

𝟏

𝑪𝒌(𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆)
+

𝟏

𝑪𝒌(𝒄𝒓𝒐𝒔𝒔)
 

 
𝟏

𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆)
=

𝟏

𝟏𝟏𝟐.𝟏𝟏𝟐
+

𝟏

𝟒𝟏.𝟑𝟔𝟖
+

𝟏

𝟕𝟑.𝟕𝟕𝟎
+

𝟏

𝟒𝟖.𝟗𝟖𝟑
 

 𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆) =   𝟏𝟏. 𝟕𝟔𝟎 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒌(𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆) = 𝟏𝟒. 𝟗𝟏𝟏 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) = 14.911 𝑙 𝑠⁄  

 𝑆𝑑𝑖𝑓𝑓(𝑘) = 100 𝑙 𝑠⁄  

 𝑺𝒆(𝒌) = 𝟏𝟎. 𝟓𝟐𝟑 𝒍 𝒔⁄  

 
 𝑺𝒆(𝒌) = 𝟏𝟐. 𝟗𝟕𝟔 𝒍 𝒔𝒆𝒄⁄  

 
 
 
 


