
High Vacuum System Engineering Calculations 
2.75” Conflat High Vacuum System 
Design Iteration #2 
Molecular Flow with Air at 20C 
 

CONDUCTANCE CALCULATIONS – MOLECULAR FLOW 
(For Use in Standardized System Benchmark Comparisons @ <10^-3 Torr) 

 
1.) Diffusion Pump 
 Max Pumping Speed of Diffusion Pump (Air) 
 
 𝑺𝒅𝒊𝒇𝒇 = 𝟔𝟎𝟎 𝒍 𝒔𝒆𝒄⁄  

 
 
2.) Diffusion Pump to 2.75” Conflat Adapter Plate 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
𝑇

𝑀
)

1

2
𝐷3

𝐿
 

 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 
 M = molecular mass = 28.971 (average AMU of air) 
 D = diameter (cm) = 3.556 
 L = length (cm) = 2.54 
 𝑪𝒎 = 𝟐𝟏𝟑. 𝟗𝟗𝟐 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
4

3

𝐷

𝐿
)−1 

 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 213.992 
 D = diameter (cm) = 3.556 
 L = length (cm) = 2.54 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟕𝟒. 𝟔𝟒𝟗 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 0.714⁄   
  ~+12% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟔𝟓. 𝟔𝟗𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒂𝒅𝒂𝒑𝒕𝒆𝒓 = 𝟔𝟓. 𝟔𝟗𝟏 𝒍 𝒔𝒆𝒄⁄   

 
 
3.) 2.75” Conflat Inline Poppet Valve 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
𝑇

𝑀
)

1

2
𝐷3

𝐿
 

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



 M = molecular mass = 28.971 (average AMU of air) 
 D = diameter (cm) = 3.556 
 L = length (cm) = 4.336 
 𝑪𝒎 = 𝟏𝟐𝟓. 𝟑𝟓𝟓 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
4

3

𝐷

𝐿
)−1 

 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 125.355 
 D = diameter (cm) = 3.556 
 L = length (cm) = 4.336 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟓𝟗. 𝟖𝟕𝟗 𝒍 𝒔𝒆𝒄⁄  
 

 for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 1.219⁄   
  ~+12% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟓𝟐. 𝟔𝟗𝟑 𝒍 𝒔𝒆𝒄⁄  
 

 for L/D < 5, max +8% error for equivalent length straight tube 
  𝐿 𝐷 = 1.219⁄   
  ~+8% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.92 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟒𝟖. 𝟒𝟕𝟖 𝒍 𝒔𝒆𝒄⁄  
 
 Total Conductance of x2 Equivalent 90 Degree Bends in Series 

 𝐶𝑝𝑜𝑝𝑝𝑒𝑡_𝑣𝑎𝑙𝑣𝑒 =
𝐶𝑏𝑒𝑛𝑑_1×𝐶𝑏𝑒𝑛𝑑_2

𝐶𝑏𝑒𝑛𝑑_1+𝐶𝑏𝑒𝑛𝑑_2
 

 𝐶𝑏𝑒𝑛𝑑_1 = 𝐶𝑏𝑒𝑛𝑑_2 = 𝐶𝑆ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 48.478 𝑙 𝑠𝑒𝑐⁄  
 𝑪𝒑𝒐𝒑𝒑𝒆𝒕_𝒗𝒂𝒍𝒗𝒆 = 𝟐𝟒. 𝟐𝟑𝟗 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒑𝒐𝒑𝒑𝒆𝒕_𝒗𝒂𝒍𝒗𝒆 = 𝟐𝟒. 𝟐𝟑𝟗 𝒍 𝒔𝒆𝒄⁄   

 
 
4.) 2.75” Conflat Butterfly Valve 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
𝑇

𝑀
)

1

2
𝐷3

𝐿
 

 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 
 M = molecular mass = 28.971 (average AMU of air) 
 D = diameter (cm) = 3.556 
 L = length (cm) = 2.54 
 𝑪𝒎 = 𝟐𝟏𝟑. 𝟗𝟗𝟐 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 

 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
4

3

𝐷

𝐿
)−1 

 Cshort = conductance of short tube (l/sec) 



 Cm = conductance of a long tube (l/sec) = 213.992 
 D = diameter (cm) = 3.556 
 L = length (cm) = 2.54 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟕𝟒. 𝟔𝟒𝟗 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 0.714⁄   
  ~+12% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.88 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟔𝟓. 𝟔𝟗𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 Correction for Equivalent Cross-sectional Obstructed Area of Butterfly Valve at Max Open Position 
 𝐴𝑟𝑒𝑎𝑠ℎ𝑜𝑟𝑡_𝑡𝑢𝑏𝑒 = 𝜋𝑟2 
 r = 1.778 cm 

 𝑨𝒓𝒆𝒂𝒔𝒉𝒐𝒓𝒕_𝒕𝒖𝒃𝒆 = 𝟗. 𝟗𝟑𝟏 𝒄𝒎𝟐 
 
 𝐴𝑟𝑒𝑎𝑏𝑢𝑡𝑡𝑒𝑟𝑙𝑦_𝑣𝑎𝑙𝑣𝑒_𝑜𝑝𝑒𝑛_𝑐𝑟𝑜𝑠𝑠_𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 𝜋𝑟2 −  𝐿1𝑊1 − 𝐿2𝑊2 

 r = 1.778 cm 
 L1 = cross-sectional length of butterfly valve shaft = 3.556 cm 
 W1 = cross-sectional width of butterfly valve shaft = 0.397 cm 
 L2 = cross-sectional length of butterfly valve in max open position from above = 3.556 cm 
 W2 = cross-sectional width of butterfly valve in max open position from above = 0.556 cm 

 𝑨𝒓𝒆𝒂𝒃𝒖𝒕𝒕𝒆𝒓𝒍𝒚_𝒗𝒂𝒍𝒗𝒆_𝒐𝒑𝒆𝒏_𝒄𝒓𝒐𝒔𝒔_𝒔𝒆𝒄𝒕𝒊𝒐𝒏 = 𝟔. 𝟓𝟒𝟑 𝒄𝒎𝟐 

 
 𝑅𝑎𝑡𝑖𝑜𝑏𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦_𝑣𝑎𝑙𝑣𝑒_𝑡𝑜_𝑢𝑛𝑖𝑚𝑝𝑒𝑑𝑒𝑑_𝑝𝑖𝑝𝑒 =  𝐴𝑟𝑒𝑎𝑏𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦_𝑣𝑎𝑙𝑣𝑒_𝑜𝑝𝑒𝑛_𝑐𝑟𝑜𝑠𝑠_𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝐴𝑟𝑒𝑎𝑠ℎ𝑜𝑟𝑡_𝑡𝑢𝑏𝑒⁄  

 𝑹𝒂𝒕𝒊𝒐𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆_𝒕𝒐_𝒖𝒏𝒊𝒎𝒑𝒆𝒅𝒆𝒅_𝒑𝒊𝒑𝒆 =  𝟎. 𝟔𝟓𝟖 

 
 Corrected Conductance for Butterfly Valve at Max Open Position 
 𝐶𝑏𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦_𝑣𝑎𝑙𝑣𝑒 = 𝐶𝑠ℎ𝑜𝑟𝑡_𝑓𝑖𝑛𝑎𝑙 × 𝑅𝑎𝑡𝑖𝑜𝑏𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦_𝑣𝑎𝑙𝑣𝑒_𝑡𝑜_𝑢𝑛𝑖𝑚𝑝𝑒𝑑𝑒𝑑_𝑝𝑖𝑝𝑒 

 𝐶𝑏𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦_𝑣𝑎𝑙𝑣𝑒 = 65.691 × 0.658 

𝑪𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆 = 𝟒𝟑. 𝟐𝟐𝟓 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆 = 𝟒𝟑. 𝟐𝟐𝟓 𝒍 𝒔𝒆𝒄⁄   

 
 
5.) 2.75” Conflat 4-Way Cross 
 Conductance of a Tube 

 𝐶𝑚 = 3.8(
𝑇

𝑀
)

1

2
𝐷3

𝐿
 

 Cm = conductance (l/sec) 
 T = temperature (K) = 293.15 
 M = molecular mass = 28.971 (average AMU of air) 
 D = diameter (cm) = 3.556 
 L = length (cm) = 12.492 
 𝑪𝒎 = 𝟒𝟑. 𝟓𝟏𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 Conductance of a Short Tube 



 𝐶𝑠ℎ𝑜𝑟𝑡 = 𝐶𝑚(1 +
4

3

𝐷

𝐿
)−1 

 Cshort = conductance of short tube (l/sec) 
 Cm = conductance of a long tube (l/sec) = 43.511 
 D = diameter (cm) = 3.556 
 L = length (cm) = 12.492 
 𝑪𝒔𝒉𝒐𝒓𝒕 = 𝟑𝟏. 𝟓𝟒𝟎 𝒍 𝒔𝒆𝒄⁄  
  
  for L/D < 5, above equation is valid for short pipes, with error 
  𝐿 𝐷 = 3.5⁄   
  ~+9% error max: 
  𝐶𝑠ℎ𝑜𝑟𝑡𝐹𝑖𝑛𝑎𝑙 = 𝐶𝑠ℎ𝑜𝑟𝑡 × 0.91 
  𝑪𝒔𝒉𝒐𝒓𝒕𝑭𝒊𝒏𝒂𝒍 = 𝟐𝟖. 𝟕𝟎𝟏 𝒍 𝒔𝒆𝒄⁄  
 
 𝑪𝒄𝒓𝒐𝒔𝒔 = 𝟐𝟖. 𝟕𝟎𝟏 𝒍 𝒔𝒆𝒄⁄   
 
 
6.) Total System Conductance 
 Conductance of Pipeline 

 
𝟏

𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆
=

𝟏

𝑪𝒂𝒅𝒂𝒑𝒕𝒆𝒓
+

𝟏

𝑪𝒑𝒐𝒑𝒑𝒆𝒕_𝒗𝒂𝒍𝒗𝒆
+

𝟏

𝑪𝒃𝒖𝒕𝒕𝒆𝒓𝒇𝒍𝒚_𝒗𝒂𝒍𝒗𝒆
+

𝟏

𝑪𝒄𝒓𝒐𝒔𝒔
 

 
𝟏

𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆
=

𝟏

𝟔𝟓.𝟔𝟗𝟏
+

𝟏

𝟐𝟒.𝟐𝟑𝟗
+

𝟏

𝟒𝟑.𝟐𝟐𝟓
+

𝟏

𝟐𝟖.𝟕𝟎𝟏
 

 𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆 =   𝟖. 𝟕𝟑𝟕 𝒍 𝒔𝒆𝒄⁄  

 
 𝑪𝒑𝒊𝒑𝒆𝒍𝒊𝒏𝒆 = 𝟖. 𝟕𝟑𝟕 𝒍 𝒔𝒆𝒄⁄  

 
 Effective Pumping Speed of the System 

 
1

𝑆𝑒
=

1

𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒
+

1

𝑆𝑑𝑖𝑓𝑓
 

 𝑆𝑒 =
𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒×𝑆𝑑𝑖𝑓𝑓

𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒+𝑆𝑑𝑖𝑓𝑓
 

 𝐶𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒 = 8.737 𝑙 𝑠⁄  

 𝑆𝑑𝑖𝑓𝑓 = 600 𝑙 𝑠⁄  

 𝑺𝒆 = 𝟖. 𝟔𝟏𝟐 𝒍 𝒔⁄  
 
 𝑺𝒆 = 𝟖. 𝟔𝟏𝟐 𝒍 𝒔𝒆𝒄⁄  
 
 


