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𝝀 =
𝜱

𝟐 × 𝝅 × ∆𝑻
×  𝒌



 













𝑸 =  −𝒌 ∙  
𝑨 ∙ ∆𝑻

𝑳
  (2) 

• 

• 

• 

• 

• 



𝒅𝑸 =  −𝒌(𝒙) ∙ 𝑨 ∙
𝒅𝑻

𝒅𝒙
 ∙ 𝒅𝒙 (3) 

𝑸 =  − ∫ 𝒌(𝒙) ∙ 𝑨 ∙
𝒅𝑻

𝒅𝒙
 ∙ 𝒅𝒙

𝑳

𝟎

 (4) 

𝑸 =  − (∫ 𝒌𝒕𝒐𝒑(𝒙) ∙ 𝑨 ∙
𝑻𝒎𝒂𝒕 − 𝑻𝒂𝒊𝒓

𝑳𝒕𝒐𝒑
 ∙ 𝒅𝒙

𝑳𝒕𝒐𝒑

𝟎

)

−  ∫ 𝒌(𝒙) ∙ 𝑨 ∙
𝑻𝒎𝒂𝒕 − 𝑻𝒂𝒊𝒓

𝑳
 ∙ 𝒇(𝒙) ∙ 𝒅𝒙

𝑳

𝑳𝒕𝒐𝒑

  
(5) 

• 

• 



• 

• 

• 

• 

• 

• 

𝒌𝒕𝒐𝒑(𝒙) = 𝒇𝒕𝒐𝒑 ∙ 𝒌𝒎𝒂𝒕 + (𝟏 − 𝒇𝒕𝒐𝒑) ∙  𝒌𝒂𝒊𝒓 (6) 

𝒌(𝒙) = 𝒇(𝒙) ∙ 𝒌𝒎𝒂𝒕 + (𝟏 − 𝒇(𝒙)) ∙  𝒌𝒂𝒊𝒓 (7) 

𝒌𝒂𝒗𝒈 = 𝒇(𝒙) ∙ 𝒌𝒎𝒂𝒕 + (𝟏 − 𝒇(𝒙)) ∙  𝒌𝒂𝒊𝒓 + 
𝑳𝒕𝒐𝒑(𝒙)

𝑳
∙ 𝒌𝒎𝒂𝒕 (8) 

• 

• 



• 

• 

 



 



 





 



𝐶𝑝 =  
𝑝𝑟𝑖𝑛𝑡𝑒𝑟 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑐𝑜𝑠𝑡

𝑚𝑎𝑐ℎ𝑖𝑛𝑒 ℎ𝑜𝑢𝑟𝑠

𝐶𝑎 =  
𝑎𝑛𝑛𝑒𝑎𝑙𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑐𝑜𝑠𝑡

𝑚𝑎𝑐ℎ𝑖𝑛𝑒 ℎ𝑜𝑢𝑟𝑠

𝐶𝑜 =  
𝑜𝑣𝑒𝑛 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑐𝑜𝑠𝑡

𝑚𝑎𝑐ℎ𝑖𝑛𝑒 ℎ𝑜𝑢𝑟𝑠

𝐶𝑐𝑝 =  𝑝𝑟𝑖𝑛𝑡𝑒𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐶𝑐𝑎 =  𝑑𝑖𝑟𝑒𝑐𝑡 𝑎𝑛𝑛𝑒𝑎𝑙𝑖𝑛𝑔 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐶𝑐𝑜 =  𝑜𝑣𝑒𝑛 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐶𝐷𝐴 = 𝐶𝑝 × 𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑐𝑝 × 𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑎 × 𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑐𝑎 × 𝑡𝑝𝑟𝑖𝑛𝑡



𝐶𝑂𝐴 = 𝐶𝑝 × 𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑐𝑝 × 𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑜 × 𝑡𝑜𝑣𝑒𝑛 + 𝐶𝑐𝑜 × 𝑡𝑜𝑣𝑒𝑛

𝐶𝐷𝐴𝑆 = 𝐶𝑎 ×  𝑡𝑝𝑟𝑖𝑛𝑡 + 𝐶𝑐𝑎 × 𝑡𝑝𝑟𝑖𝑛𝑡

𝐶𝑂𝐴𝑆 = 𝐶𝑜 × 𝑡𝑜𝑣𝑒𝑛 + 𝐶𝑐𝑜 × 𝑡𝑜𝑣𝑒𝑛

 











 

 



 

 







 





 



𝑋𝑐 =  
∆𝐻𝑚 −  ∆𝐻𝑐𝑐

∆𝐻𝑚0



′ ƞ

′



ƞ

ƞ





𝑉% =
𝑉𝑝 − 𝑉𝑑

𝑉𝑑
 × 100







𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝑀 × 𝑝 =  𝜌 × 𝜋 × (𝑑 2⁄ )2  × 𝐿 × 𝑝

𝐿𝑎𝑏𝑜𝑟 𝐶𝑜𝑠𝑡 = 𝑡𝑑𝑒𝑠𝑖𝑔𝑛  × ℎ𝑙𝑟

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 = 𝑡𝑝𝑟𝑖𝑛𝑡𝑖𝑛𝑔  × ℎ𝑜𝑐



𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 = 𝑡𝑝𝑟𝑖𝑛𝑡𝑖𝑛𝑔  × 𝑃𝑜𝑤 × 𝑙𝑒𝑐



 







𝜀𝑓  =  
6 × 𝑠 ×  ℎ

𝐿2

𝜎𝑓  =  
3 × 𝐹 ×  𝐿

2 × 𝑏 ×  ℎ2
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