
APPLIED ION SYSTEMS 
High Vacuum Engineering Calculations 

Micro Propulsion Testing Chamber 
Ultimate Pressure and System Gas Load Due to Outgassing for Pumpdown 

 

 

1.) Maximum Theoretical Gas Loads for Ultimate Operating Pressures at Various Flows 

 

a.) Ultimate Pressure vs. Working Pressure – Ideal Minimum Ratio 

𝑃𝑢 =
𝑃𝑤

10
 

 

𝑷𝒖 (𝑼𝒍𝒕𝒊𝒎𝒂𝒕𝒆 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆, 𝑻𝒐𝒓𝒓) 𝑷𝒘 (𝑾𝒐𝒓𝒌𝒊𝒏𝒈 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆, 𝑻𝒐𝒓𝒓) 

𝟏𝒙𝟏𝟎−𝟖 𝟏𝒙𝟏𝟎−𝟕 

𝟏𝒙𝟏𝟎−𝟕 𝟏𝒙𝟏𝟎−𝟔 

𝟏𝒙𝟏𝟎−𝟔 𝟏𝒙𝟏𝟎−𝟓 

𝟏𝒙𝟏𝟎−𝟓 𝟏𝒙𝟏𝟎−𝟒 

𝟏𝒙𝟏𝟎−𝟒 𝟏𝒙𝟏𝟎−𝟑 

𝟏𝒙𝟏𝟎−𝟑 𝟏𝒙𝟏𝟎−𝟐 

 

 

b.) Pressure vs. Maximum Allowable Gas Load – Molecular Flow 

𝑆𝑒 =
𝑞

𝑃𝑢
→ 𝑞 = 𝑆𝑒 × 𝑃𝑢 

𝑆𝑒 = 241.062 𝐿 𝑠⁄ 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 @ 20𝐶 
 

𝑷 (𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆, 𝑻𝒐𝒓𝒓) 𝒒 (𝑴𝒂𝒙 𝑨𝒍𝒍𝒐𝒘𝒂𝒃𝒍𝒆 𝑮𝒂𝒔 𝑳𝒐𝒂𝒅, 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄ ) 

𝟏𝒙𝟏𝟎−𝟖 𝟐. 𝟒𝟏𝟏 𝒙 𝟏𝟎−𝟔 

𝟏𝒙𝟏𝟎−𝟕 𝟐. 𝟒𝟏𝟏 𝒙 𝟏𝟎−𝟓 

𝟏𝒙𝟏𝟎−𝟔 𝟐. 𝟒𝟏𝟏 𝒙 𝟏𝟎−𝟒 

𝟏𝒙𝟏𝟎−𝟓 𝟐. 𝟒𝟏𝟏 𝒙 𝟏𝟎−𝟑 

𝟏𝒙𝟏𝟎−𝟒 𝟐. 𝟒𝟏𝟏 𝒙 𝟏𝟎−𝟐 
 

 

c.) Pressure vs. Maximum Allowable Gas Load –Transitional Flow 

𝑆𝑒 =
𝑞

𝑃𝑢
→ 𝑞 = 𝑆𝑒 × 𝑃𝑢 

𝑆𝑒 = 93.771 𝐿 𝑠⁄ 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 @ 20𝐶 

 

𝑷 (𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆, 𝑻𝒐𝒓𝒓) 𝒒 (𝑴𝒂𝒙 𝑨𝒍𝒍𝒐𝒘𝒂𝒃𝒍𝒆 𝑮𝒂𝒔 𝑳𝒐𝒂𝒅, 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄ ) 

𝟏𝒙𝟏𝟎−𝟑 𝟗. 𝟑𝟕𝟕 𝒙 𝟏𝟎−𝟐 

𝟏𝒙𝟏𝟎−𝟐 𝟗. 𝟑𝟕𝟕 𝒙 𝟏𝟎−𝟏 

 

 

 

 

 



2.) Total Gas Load 

 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑣𝑜𝑙𝑢𝑚𝑒 + 𝑄𝑙𝑒𝑎𝑘 + 𝑄𝑜𝑢𝑡𝑔𝑎𝑠 + 𝑄𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 + 𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛 + 𝑄𝑏𝑎𝑐𝑘𝑠𝑡𝑟𝑒𝑎𝑚𝑖𝑛𝑔 + 𝑄𝑝𝑟𝑜𝑐𝑒𝑠𝑠 

 

 𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑝𝑢𝑚𝑝𝑑𝑜𝑤𝑛 (𝑄𝑣𝑜𝑙𝑢𝑚𝑒 = 0 𝑓𝑜𝑟 𝑏𝑢𝑙𝑘 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙), 𝑄𝑙𝑒𝑎𝑘 = 0, 𝑄𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 =

0, 𝑄𝑏𝑎𝑐𝑘𝑠𝑡𝑟𝑒𝑎𝑚𝑖𝑛𝑔 = 0, 𝑄𝑝𝑟𝑜𝑐𝑒𝑠𝑠 = 0, 𝑎𝑛𝑑 𝑙𝑜𝑛𝑔 𝑡𝑒𝑟𝑚 𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 𝑝𝑢𝑚𝑝𝑖𝑛𝑔, 

 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑜𝑢𝑡𝑔𝑎𝑠 + 𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛 

 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝑆𝑢𝑚 𝑜𝑓 𝑂𝑢𝑡𝑔𝑎𝑠𝑠𝑖𝑛𝑔 𝐿𝑜𝑎𝑑 × 𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 n 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑖𝑛 𝑆𝑦𝑠𝑡𝑒𝑚 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠 = ∑ 𝑞𝑜𝑢𝑡𝑔𝑎𝑠 × 𝐴

𝑛

1

 

 

a.) Gas Load of Diffusion Pump O-Ring 

𝐴𝑜_𝑟𝑖𝑛𝑔 = 87.553 𝑐𝑚2 (𝑣𝑖𝑡𝑜𝑛) 

𝐿𝑜_𝑟𝑖𝑛𝑔 = 43.888 𝑐𝑚 (𝑣𝑖𝑡𝑜𝑛) 

 

i. Unbaked, Pumped 1hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑜_𝑟𝑖𝑛𝑔 = 7.004 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.787 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒅𝒊𝒇𝒇_𝒐_𝒓𝒊𝒏𝒈_𝒕𝒐𝒕𝒂𝒍 = 𝟕. 𝟐𝟖𝟑 × 𝟏𝟎−𝟓𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 2.000 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑜_𝑟𝑖𝑛𝑔 = 1.751 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.787 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒅𝒊𝒇𝒇_𝒐_𝒓𝒊𝒏𝒈_𝒕𝒐𝒕𝒂𝒍 = 𝟒. 𝟓𝟑𝟖 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

iii. Baked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 5.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑜_𝑟𝑖𝑛𝑔 = 4.380 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.787 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒅𝒊𝒇𝒇_𝒐_𝒓𝒊𝒏𝒈_𝒕𝒐𝒕𝒂𝒍 = 𝟐. 𝟖𝟑𝟏 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 

b.) Gas Load of Water Cooled Baffle Adapter: 

𝐴𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 = 195.996 𝑐𝑚2 (𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚) 

𝐴𝑜_𝑟𝑖𝑛𝑔 =  71.895 𝑐𝑚2 (𝑣𝑖𝑡𝑜𝑛) 

𝐿𝑜_𝑟𝑖𝑛𝑔 = 64.819 𝑐𝑚 (𝑣𝑖𝑡𝑜𝑛) 

 

i. Unbaked, Pumped 1hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 



𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 =  1.568 × 10−4 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 5.752 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.116 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟐. 𝟏𝟒𝟒 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 1.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 =  1.960 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 2.000 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 1.438 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.116 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟓. 𝟓𝟕𝟒 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

iii. Baked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 5.000 × 10−13 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 = 9.800 × 10−11 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 5.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 3.590 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.116 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟒. 𝟏𝟓𝟐 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 

c.) Gas Load of Water Cooled Baffle 

𝐴𝑏𝑎𝑓𝑓𝑙𝑒 = 2374.241 𝑐𝑚2 (𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠 𝑠𝑡𝑒𝑒𝑙) 

𝐴𝑜_𝑟𝑖𝑛𝑔 = 72.528 𝑐𝑚2 (𝑣𝑖𝑡𝑜𝑛) 

𝐿𝑜_𝑟𝑖𝑛𝑔 = 65.389 𝑐𝑚 (𝑣𝑖𝑡𝑜𝑛) 

 

i. Unbaked, Pumped 1hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 5.000 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒 =  1.190 × 10−4 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 5.800 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.150 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟖𝟏𝟎 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 1.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒 =  2.370 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 2.000 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 1.450 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  



𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.150 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒕𝒐𝒕𝒂𝒍 = 𝟓. 𝟖𝟒𝟎 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

iii. Baked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 3.000 × 10−13 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑏𝑎𝑓𝑓𝑙𝑒 =  7.120 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 3.630 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 4.150 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒃𝒂𝒇𝒇𝒍𝒆_𝒕𝒐𝒕𝒂𝒍 = 𝟒. 𝟏𝟗𝟎 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 

d.) Gas Load of Plate Adapter 

𝐴𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 = 366.655 𝑐𝑚2 (𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚) 

𝐴𝑜_𝑟𝑖𝑛𝑔 = 34.872 𝑐𝑚2 (𝑣𝑖𝑡𝑜𝑛) 

𝐿𝑜_𝑟𝑖𝑛𝑔 = 36.820 𝑐𝑚 (𝑣𝑖𝑡𝑜𝑛) 

 

i. Unbaked, Pumped 1hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 =  2.933 × 10−4 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 8.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 2.790 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.338 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟑. 𝟐𝟑𝟔 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 1.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 =  3.667 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 2.000 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 6.974 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.338 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟑. 𝟎𝟕𝟐 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

iii. Baked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑎𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 5.000 × 10−13 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟 =  1.833 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 5.000 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑄𝑜𝑢𝑡𝑔𝑎𝑠_𝑣𝑖𝑡𝑜𝑛 = 1.744 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑄𝑅𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑟𝑎𝑡𝑒_𝑣𝑖𝑡𝑜𝑛 = 6.350 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚 

𝑄𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑖𝑜𝑛_𝑜_𝑟𝑖𝑛𝑔 = 2.338 × 10−6 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄  

𝑸𝒑𝒍𝒂𝒕𝒆_𝒂𝒅𝒂𝒑𝒕𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟐. 𝟑𝟓𝟔 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 



 

e.) Gas Load of Chamber: 

𝐴𝑐ℎ𝑎𝑚𝑏𝑒𝑟 = 2306.835 𝑐𝑚2 (𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠 𝑠𝑡𝑒𝑒𝑙) 

𝐴𝑣𝑖𝑒𝑤𝑝𝑜𝑟𝑡 = 62.534 𝑐𝑚2 (𝑔𝑙𝑎𝑠𝑠)  

 

i. Unbaked, Pumped 1hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 5 × 10−8 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓 = 𝟏. 𝟏𝟓𝟑 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑄𝑅𝑔𝑙𝑎𝑠𝑠 = 1.000 × 10−7 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒗𝒊𝒆𝒘𝒑𝒐𝒓𝒕 = 𝟔. 𝟐𝟓𝟑 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟐𝟏𝟔 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 1 × 10−10 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓 = 𝟐. 𝟑𝟎𝟕 × 𝟏𝟎−𝟕 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑄𝑅𝑔𝑙𝑎𝑠𝑠 = 5.000 × 10−9 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒗𝒊𝒆𝒘𝒑𝒐𝒓𝒕 = 𝟑. 𝟏𝟐𝟕 × 𝟏𝟎−𝟕 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟓. 𝟒𝟑𝟒 × 𝟏𝟎−𝟕 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 

iii. Baked, Pumped >24hr 

𝑄𝑅𝑜𝑢𝑡𝑔𝑎𝑠_𝑟𝑎𝑡𝑒_𝑠𝑡𝑎𝑖𝑛𝑙𝑒𝑠𝑠_𝑠𝑡𝑒𝑒𝑙 = 3 × 10−13 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓 = 𝟔. 𝟗𝟐𝟏 × 𝟏𝟎−𝟏𝟎 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑄𝑅𝑔𝑙𝑎𝑠𝑠 = 2.000 × 10−9 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ ∙ 𝑐𝑚2 

𝑸𝒗𝒊𝒆𝒘𝒑𝒐𝒓𝒕 = 𝟏. 𝟐𝟓𝟏 × 𝟏𝟎−𝟕 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

𝑸𝒄𝒉𝒂𝒎𝒃𝒆𝒓_𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟐𝟓𝟖 × 𝟏𝟎−𝟕 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 

f.) TOTAL GAS LOAD: 

i. Unbaked, Pumped 1hr 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑑𝑖𝑓𝑓_𝑜_𝑟𝑖𝑛𝑔_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙

+ 𝑄𝑐ℎ𝑎𝑚𝑏𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 

𝑄𝑡𝑜𝑡𝑎𝑙 = 7.283 × 10−5 + 2.144 × 10−4 + 1.810 × 10−4 + 3.236 × 10−4 + 1.216 × 10−4 

𝑸𝒕𝒐𝒕𝒂𝒍 = 𝟗. 𝟏𝟑𝟒 × 𝟏𝟎−𝟒 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

ii. Unbaked, Pumped >24hr 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑑𝑖𝑓𝑓_𝑜_𝑟𝑖𝑛𝑔_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙

+ 𝑄𝑐ℎ𝑎𝑚𝑏𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 

𝑄𝑡𝑜𝑡𝑎𝑙 = 4.538 × 10−6 + 5.574 × 10−6 + 5.840 × 10−6 + 3.072 × 10−6 + 5.434 × 10−7 

𝑸𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟗𝟓𝟕 × 𝟏𝟎−𝟓 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

iii. Baked, Pumped >24hr 

𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑑𝑖𝑓𝑓_𝑜_𝑟𝑖𝑛𝑔_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑏𝑎𝑓𝑓𝑙𝑒_𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑝𝑙𝑎𝑡𝑒_𝑎𝑑𝑎𝑝𝑡𝑒𝑟_𝑡𝑜𝑡𝑎𝑙

+ 𝑄𝑐ℎ𝑎𝑚𝑏𝑒𝑟_𝑡𝑜𝑡𝑎𝑙 

𝑄𝑡𝑜𝑡𝑎𝑙 = 2.831 × 10−6 + 4.152 × 10−6 + 4.190 × 10−6 + 2.356 × 10−6 + 1.258 × 10−7 

𝑸𝒕𝒐𝒕𝒂𝒍 = 𝟏. 𝟑𝟔𝟓 × 𝟏𝟎−𝟓 𝑻𝒐𝒓𝒓 ∙ 𝑳 𝒔⁄  

 

 



3.) Maximum Achievable Vacuum During Pumpdown 

 

a.) Unbaked, Pumped 1hr 

𝑆𝑒 =
𝑞

𝑃𝑢
 

𝑃𝑢 =
𝑞

𝑆𝑒
 

𝑆𝑒 = 241.062 𝐿 𝑠⁄ 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 @ 20𝐶 𝑖𝑛 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝐹𝑙𝑜𝑤  

𝑞 = 7.970 × 10−4 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ 𝑈𝑛𝑏𝑎𝑘𝑒𝑑, 𝑃𝑢𝑚𝑝𝑒𝑑 < 1ℎ𝑟 

𝑷𝒖 = 𝟑. 𝟕𝟖𝟗 × 𝟏𝟎−𝟔 𝑻𝒐𝒓𝒓 

 

b.) Unbaked, Pumped >24hr 

𝑆𝑒 =
𝑞

𝑃𝑢
 

𝑃𝑢 =
𝑞

𝑆𝑒
 

𝑆𝑒 = 241.062 𝐿 𝑠⁄ 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 @ 20𝐶 𝑖𝑛 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝐹𝑙𝑜𝑤  

𝑞 = 1.903 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ 𝑈𝑛𝑏𝑎𝑘𝑒𝑑, 𝑃𝑢𝑚𝑝𝑒𝑑 > 24ℎ𝑟 

𝑷𝒖 = 𝟖. 𝟏𝟏𝟕 × 𝟏𝟎−𝟖 𝑻𝒐𝒓𝒓 

 

c.) Baked, Pumped >24hr 

𝑆𝑒 =
𝑞

𝑃𝑢
 

𝑃𝑢 =
𝑞

𝑆𝑒
 

𝑆𝑒 = 241.062 𝐿 𝑠⁄ 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 @ 20𝐶 𝑖𝑛 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝐹𝑙𝑜𝑤  

𝑞 = 1.353 × 10−5 𝑇𝑜𝑟𝑟 ∙ 𝐿 𝑠⁄ 𝐵𝑎𝑘𝑒𝑑, 𝑃𝑢𝑚𝑝𝑒𝑑 > 24ℎ𝑟 

𝑷𝒖 = 𝟓. 𝟔𝟔𝟒 × 𝟏𝟎−𝟖 𝑻𝒐𝒓𝒓 

 

 

4.) Critical Factor Determination for Feasibility of Pumping System 

→ 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝑆𝑝𝑒𝑒𝑑 ≥ 0.01 𝐿 𝑠⁄ 𝑐𝑚2⁄  

→ 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝑆𝑝𝑒𝑒𝑑 = 241.062 𝐿 𝑠⁄  2369.369 𝑐𝑚2⁄  

→ 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝑷𝒖𝒎𝒑𝒊𝒏𝒈 𝑺𝒑𝒆𝒆𝒅 = 𝟎. 𝟏𝟎𝟐 𝑳 𝒔⁄ 𝒄𝒎𝟐⁄  (𝒕𝒐𝒕𝒂𝒍 𝒄𝒉𝒂𝒎𝒃𝒆𝒓 𝒂𝒓𝒆𝒂) 

→ 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝑷𝒖𝒎𝒑𝒊𝒏𝒈 𝑺𝒑𝒆𝒆𝒅 𝑰𝑺 𝑽𝑨𝑳𝑰𝑫 

 

 


