
APPLIED ION SYSTEMS 
High Vacuum Engineering Calculations 

Integrated High Vacuum Test Stand - High Vacuum Pumping Assembly 
System Conductance and Effective Speed - Molecular Flow with Water Vapor at 20C 

 
 
1.) Diffusion Pump 
 Max Pumping Speed of Diffusion Pump (Derived Estimate for Water Vapor) 
 
 𝑺𝒅𝒊𝒇𝒇 = 𝟔𝟐𝟒 𝒍 𝒔𝒆𝒄⁄  

 
 
2.) Diffusion Pump to Water Cooled Baffle Adapter (@ 20C) 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
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)
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 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 
 M = molecular mass = 18.020 (average AMU of water vapor) 
 D = diameter (cm) = 12.70 
 L = length (cm) = 2.54 
 𝑪𝒎 = 𝟏𝟐𝟑𝟔𝟎. 𝟐𝟖𝟖 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
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 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 12360.288 
 D = diameter (cm) = 12.70 
 L = length (cm) = 2.54 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟏𝟔𝟏𝟐. 𝟐𝟏𝟐 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 0.200⁄   
  ~+12% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟏𝟒𝟏𝟖. 𝟕𝟒𝟔 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓 = 𝟏𝟒𝟏𝟖. 𝟕𝟒𝟔 𝒍 𝒔𝒆𝒄⁄   

 
 
3.) Water Cooled Baffle (@ 20C) 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
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 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 



 M = molecular mass = 18.020 (average AMU of water vapor) 
 D = diameter (cm) = 18.415 
 L = length (cm) = 5.08 
 𝑪𝒎 = 𝟏𝟖𝟖𝟒𝟎. 𝟗𝟒𝟐 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
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 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 18840.942 
 D = diameter (cm) = 18.415 
 L = length (cm) = 5.08 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟑𝟐𝟐𝟗. 𝟖𝟕𝟔 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 0.276⁄   
  ~+12% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟐𝟖𝟒𝟐. 𝟐𝟗𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 Correction for Baffle Fins 
 𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.50 
 𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟏𝟒𝟐𝟏. 𝟏𝟒𝟓 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒃𝒂𝒇𝒇𝒍𝒆 = 𝟏𝟒𝟐𝟏. 𝟏𝟒𝟓 𝒍 𝒔𝒆𝒄⁄   

 
 
4.) Diffusion Pump to 6” Conflat Adapter Plate 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
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 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 
 M = molecular mass = 18.020 (average AMU of water vapor) 
 D = diameter (cm) = 10.16 
 L = length (cm) = 2.54 
 𝑪𝒎 = 𝟔𝟑𝟐𝟖. 𝟒𝟔𝟖 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
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 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 6328.468 
 D = diameter (cm) = 10.16 
 L = length (cm) = 2.54 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟗𝟗𝟗. 𝟐𝟑𝟐 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 0.250⁄   
  ~+12% error max: 



  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟖𝟕𝟗. 𝟑𝟐𝟒 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓 = 𝟖𝟕𝟗. 𝟑𝟐𝟒 𝒍 𝒔𝒆𝒄⁄   

 
 
5.) TOTAL SYSTEM CONDUCTANCE 
 Conductance of Pipeline 

 
𝟏

𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆
=
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𝟏

𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆
=
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 𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆 =   𝟑𝟗𝟐. 𝟖𝟏𝟑 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆 = 𝟑𝟗𝟐. 𝟖𝟏𝟑 𝒍 𝒔𝒆𝒄⁄  

 
 Effective Pumping Speed of the System 

 
1

𝑆𝑒
=

1

𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒
+

1

𝑆𝑑𝑖𝑓𝑓
 

 𝑆𝑒 =
𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒×𝑆𝑑𝑖𝑓𝑓

𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒+𝑆𝑑𝑖𝑓𝑓
 

 𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒 = 392.813 𝑙 𝑠⁄  

 𝑆𝑑𝑖𝑓𝑓 = 624 𝑙 𝑠⁄  

 𝑺𝒆 = 𝟐𝟒𝟏. 𝟎𝟔𝟐 𝒍 𝒔⁄  
 
 𝑺𝒆 = 𝟐𝟒𝟏. 𝟎𝟔𝟐 𝒍 𝒔𝒆𝒄⁄  
 


