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𝑄𝑟
 𝑥𝑖 =


𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑑𝑒 𝑙𝑎 𝑞𝑢𝑎𝑛𝑡𝑖𝑡é 𝑑𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑒𝑠 𝑠𝑢𝑟 𝑙′𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑙𝑒 (𝑥
𝑚𝑖𝑛


− 𝑥𝑖)


𝑄𝑢𝑎𝑛𝑡𝑖𝑡é 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑒𝑠 (𝑥𝑚𝑖𝑛 − 𝑥𝑚𝑎𝑥)


𝑞𝑟 𝑥𝑚 ,𝑖 =
𝑄𝑟 𝑥𝑜 ,𝑖  −  𝑄𝑟 𝑥𝑢 ,𝑖 


𝑥𝑜 ,𝑖 −  𝑥𝑢 ,𝑖
 







 


𝑞𝑟 ∗  𝑥𝑚 ,𝑙𝑔 = 𝑥𝑚 ,𝑙𝑔 ∙ 𝑞𝑟 𝑥 ∙ 𝑙𝑛10 = 𝑞𝑟 ,𝑙𝑔 𝑥𝑚 ,𝑙𝑔  


 


VMD =  𝑀1,3  =  𝐷 4,3  =  
𝑀4,0


𝑀3,0
 =   𝑥𝑚 ,𝑖 ∙ 𝑞3(𝑥𝑚 ,𝑖) ∙ (𝑥𝑜 ,𝑖 − 𝑥𝑢 ,𝑖)


𝑛


𝑖=1
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and Raman Characteristic Group Frequencies: Tables and Charts, 3rd Edition » de 
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𝑀𝑎𝑠𝑠𝑒 𝑑𝑒 𝑙’𝑎. 𝑎 à 𝑝𝑒𝑠𝑒𝑟 (𝑔)0 =
𝑚𝑎𝑠𝑠𝑒 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑𝑒𝑠 𝑎. 𝑎 𝑑𝑎𝑛𝑠 𝑙𝑒 𝑚é𝑙𝑎𝑛𝑔𝑒  𝑔 ×  % 𝑚𝑜𝑙𝑎𝑖𝑟𝑒 𝑑𝑒 𝑙′𝑎. 𝑎


% 𝑚𝑜𝑙𝑎𝑖𝑟𝑒 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑠 𝑎. 𝑎


Masse de l’ion  g  = ∑ 𝑎𝑖 ×
𝑚𝑎𝑠𝑠𝑒 𝑑𝑢 𝑠𝑒𝑙, 𝑖  𝑔 


𝑚𝑎𝑠𝑠𝑒 𝑚𝑜𝑙𝑎𝑖𝑟𝑒 𝑑𝑢 𝑠𝑒𝑙, 𝑖  
𝑔


𝑚𝑜𝑙
 


∞
𝑖 × 𝑚𝑎𝑠𝑠𝑒 𝑚𝑜𝑙𝑎𝑖𝑟𝑒 𝑑𝑒 𝑙′𝑖𝑜𝑛  


𝑔


𝑚𝑜𝑙
  


 







- 


- 


- 


𝑀𝑎𝑠𝑠𝑒 𝑑𝑒 𝑙’𝑎. 𝑔 à 𝑝𝑒𝑠𝑒𝑟 (𝑔)0 = 𝑚𝑎𝑠𝑠𝑒 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑é𝑠𝑖𝑟é𝑒 (100𝑔) × 𝑅′


𝑅′ =
% 𝑑𝑒 𝑙′𝑎. 𝑔 𝑑𝑎𝑛𝑠 𝑙𝑒 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑠 𝑎. 𝑔 ×  %  𝑑𝑒 𝑙′𝑎. 𝑔 𝑑𝑎𝑛𝑠 𝑙𝑎 𝑟é𝑓é𝑟𝑒𝑛𝑐𝑒 𝑏𝑖𝑏𝑙𝑖𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑞𝑢𝑒 


100 × 100


𝑀𝑎𝑠𝑠𝑒 𝑑𝑢 𝑡𝑟𝑦 à 𝑝𝑒𝑠𝑒𝑟 (𝑔)0 = 𝑚𝑎𝑠𝑠𝑒 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑é𝑠𝑖𝑟é𝑒 (100𝑔) × 𝑅′′


𝑅′′ =
% 𝑑𝑢 𝑡𝑟𝑦 𝑑𝑎𝑛𝑠 𝑙𝑒 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑠 𝑎. 𝑔 ×  %  𝑑𝑢 𝑡𝑟𝑦 𝑑𝑎𝑛𝑠 𝑙𝑎 𝑟é𝑓é𝑟𝑒𝑛𝑐𝑒 𝑏𝑖𝑏𝑙𝑖𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑞𝑢𝑒 


100 × 100


𝑀𝑎𝑠𝑠𝑒 𝑑𝑒 𝑙′𝑎. 𝑔 à 𝑝𝑒𝑠𝑒𝑟 𝑝𝑜𝑢𝑟 𝑒𝑠𝑡𝑒𝑟 𝑑′𝑎𝑐𝑖𝑑𝑒𝑔𝑟𝑎𝑠 (𝑔)0 = 𝑚𝑎𝑠𝑠𝑒 𝑑𝑒 𝑙′𝑎. 𝑔 (𝑔) × 𝑅′′′


𝑅′′′ =
% 𝑑′𝑒𝑠𝑡𝑒𝑟 𝑑′𝑎. 𝑔 𝑑𝑎𝑛𝑠 𝑙𝑎 𝑟é𝑓é𝑟𝑒𝑛𝑐𝑒 𝑏𝑖𝑏𝑙𝑖𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑞𝑢𝑒 


(% 𝑡𝑟𝑦 + % 𝑑′𝑎. 𝑔) 𝑖𝑠𝑠𝑢𝑒𝑠 𝑑𝑒 𝑙𝑎 𝑏𝑖𝑏𝑙𝑖𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑒


𝑀𝑎𝑠𝑠𝑒 𝑑𝑒 𝑡𝑟𝑦 à 𝑝𝑒𝑠𝑒𝑟 𝑝𝑜𝑢𝑟 𝑒𝑠𝑡𝑒𝑟 𝑑′𝑎𝑐𝑖𝑑𝑒𝑔𝑟𝑎𝑠 (𝑔)0 = 𝑚𝑎𝑠𝑠𝑒 𝑑𝑢 𝑡𝑟𝑦 (𝑔) × 𝑅′′′
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 =  𝑀1,2  =  𝐷 3,2  =  
𝑀3,0


𝑀2,0
 =  ∑ 𝑥𝑚,𝑖 ∙ 𝑞2 𝑥𝑚,𝑖 ∙  𝑥𝑜,𝑖 − 𝑥𝑢,𝑖 
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Type Description Advantages Drawbacks Applications 


Pressure 


atomizer 


Plain orifice 1. Simple, cheap 1. Narrow spray angle Diesel engines, jet 
engine afterburners, 
ramjets 


  2. Rugged 2. Solid spray cone  


 Simplex 1. Simple, cheap 1. Needs high supply pressures Gas turbines and 
industrial furnaces 


  2. Wide spray angle (up to 180°) 2. Cone angle varies 
with pressure 
differential and 
ambient gas density 


 


 Duplex Same as simplex, plus good 
atomization over a very 
wide range of liquid flow 
rates 


Spray angle narrows as liquid 
flow rate is increased 


Gas turbine combustors 


 Dual orifice 1. Good atomization 1. Atomization poor in transition 
range 


Wide range of aircraft and 
industrial gas turbines 


  2. Turndown ratio as high as 50:1 2. Complexity in design  


  3. Relatively constant 
spray angle 


3. Susceptibility of 
small passages to 
blockage 


 







     


Type Description Advantages Drawbacks Applications 


Pressure   


atomizer 


Spill return 1. Simple construction 1. Spray angle varies with flow 
rates 


Various types of combustor 


  2. Good atomization over entire 
flow range 


2. Power requirements higher 


than with other pressure 


nozzles except at maximum 


discharge 


Has good potential for slurries 
and fuels of low thermal 
stability 


  3. Very large turndown ratio   


  4. Large holes and flow passages 
obviate risk of blockage 


  


 Fan spray 1. Good atomization Needs high supply pressures High-pressure coating operations 


  2. Narrow elliptical pattern 
sometimes advantageous 


 Annular combustors 


Rotary Spinning disk 1. Nearly uniform 
atomization possible with 
small disks rotating at high 
speeds 


Produces a 360° spray pattern Spray drying 


  2. Independent control of 
atomization quality and flow 
rate 


 Crop spraying 


 Rotary cup Capable of handling slurries May require air blast around 
periphery 


Spray drying 


    Spray cooling 


Air-assist Internal mixing 1 Good atomization 1. Liquid can back up in air line Industrial furnaces 


  2. Large passages prevent 
clogging 


2. Requires auxiliary metering 
device 


Industrial gas turbines 


  3. Can atomize high-
viscosity liquids 


3. Needs external source 
of high-pressure air or 
steam 


 


 External 
mixing 


Same as internal mixing, plus 
construction prevents backing 
up or liquid into the air line 


1. Needs external source of air 
or steam 


Same as internal mixing 


   2. Does not permit high liquid/ 
air ratios 


 


Airblast Plain jet 1. Good atomization 1. Narrow spray angle Industrial gas turbines 


  2. Simple, cheap 2. Atomizing performance 
inferior to prefilming airblast 


 


 Prefilming 1. Good atomization 
especially at high ambient 


air pressures 


Atomization poor at low 
air velocities 


Wide range of industrial and 
aircraft gas turbines 


  2. Wide spray angle   
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𝐸𝑡ℎ =
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