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ME479 Process Heat Transfer 



BOILING AND CONDENSATION 

�̇�𝑛𝑢𝑐𝑙𝑒𝑎𝑡𝑒 = 𝜇𝑙ℎ𝑓𝑔 [
𝑔(𝜌𝑙−𝜌𝑣)

𝜎
]

1/2
. (

𝐶𝑝(𝑇𝑠−𝑇𝑠𝑎𝑡)

𝐶𝑠𝑓ℎ𝑓𝑔𝑃𝑟𝑙
𝑛 )

3

         

�̇�𝑚𝑎𝑥 = 𝐶𝑐𝑟ℎ𝑓𝑔[𝜎𝑔𝜌𝑣
2(𝜌𝑙−𝜌𝑣)]1/4   

�̇�𝑚𝑖𝑛 = 0.09𝜌𝑉ℎ𝑓𝑔 [
𝑔𝜎(𝜌𝑙−𝜌𝑣)

(𝜌𝑙+𝜌𝑣)2 ]
1/4

                

�̇�𝑓𝑖𝑙𝑚 = 𝐶𝑓𝑖𝑙𝑚 [
𝑔𝑘𝑣

3𝜌𝑣(𝜌𝑙−𝜌𝑣)[ℎ𝑓𝑔+0.4𝐶𝑝𝑣(𝑇𝑠−𝑇𝑠𝑎𝑡)]

𝜇𝑣𝐷(𝑇𝑠−𝑇𝑠𝑎𝑡)
]

1

4
(𝑇𝑠 − 𝑇𝑠𝑎𝑡)   

𝐶𝑓𝑖𝑙𝑚 = 0.62    for horizontal cylinders  

𝐶𝑓𝑖𝑙𝑚 = 0.67   for spheres   

𝑅𝑒 =
𝐷ℎ𝜌𝑙𝑉𝑙

𝜇𝑙
 

ℎ∗
𝑓𝑔 = ℎ𝑓𝑔 + 0.68𝐶𝑝𝑙(𝑇𝑠𝑎𝑡 − 𝑇𝑠) 

ℎ∗
𝑓𝑔 = ℎ𝑓𝑔 + 0.68𝐶𝑝𝑙(𝑇𝑠𝑎𝑡 − 𝑇𝑠) + 𝐶𝑝𝑣(𝑇𝑣 − 𝑇𝑠𝑎𝑡) 

�̇�𝑐𝑜𝑛𝑑𝑒𝑛 = ℎ𝐴𝑆(𝑇𝑠𝑎𝑡 − 𝑇𝑠) = 𝑚ℎ∗
𝑓𝑔 

𝑅𝑒 =
4�̇�𝑐𝑜𝑛𝑑𝑒𝑛

𝑝𝜇𝑙ℎ∗
𝑓𝑔

 

  If  �̇�𝑟𝑎𝑑 < �̇�𝑓𝑖𝑙𝑚  ,  �̇�𝑡𝑜𝑡𝑎𝑙 = �̇�𝑓𝑖𝑙𝑚 +
3

4
�̇�𝑟𝑎𝑑 

�̇�𝑟𝑎𝑑 =  휀𝜎(𝑇𝑠
4 − 𝑇𝑠𝑎𝑡

4)     𝜎 = 5.67𝑥10−8𝑊/𝑚2𝐾4 

           

𝑢(𝑦) =
𝑔(𝜌𝑙−𝜌𝑣)𝑔

𝜇𝑙
[𝑦𝛿 −

𝑦2

2
]      ,              𝑑�̇� = ℎ𝑓𝑔𝑑�̇�     ,          �̇�𝑥 = ℎ𝑥(𝑇𝑠𝑎𝑡 − 𝑇𝑠) =

𝑘𝐿(𝑇𝑠𝑎𝑡−𝑇𝑠)

𝛿
    

 

𝛿(𝑥) = [
4𝑘𝑙𝜇𝑙(𝑇𝑠𝑎𝑡−𝑇𝑠)𝑥

𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)ℎ𝑓𝑔
]

1/4

        

ℎ𝑣𝑒𝑟𝑡 = 0.943 [
𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)ℎ∗

𝑓𝑔𝑘𝑙
3

𝜇𝑙(𝑇𝑠𝑎𝑡−𝑇𝑠)𝐿
]

1/4

     0 < 𝑅𝑒 < 30       𝑅𝑒 ≅
4𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)𝛿3

3𝜇𝑙
2 =

4𝑔𝜌𝑙
2

3𝜇𝑙
2 (

𝑘𝑙

ℎ𝑥=𝐿
)

3
=

4𝑔

3𝑣𝑙
2 (

𝑘𝑙

3ℎ𝑣𝑒𝑟𝑡/4
)

3
  

 

 

 

 

 



ℎ𝑣𝑒𝑟𝑡 ≅ 1.47𝑘𝑙𝑅𝑒−1/3 (
𝑔

𝑣𝑙
2)

1/3
           0 < 𝑅𝑒 < 30    

 

ℎ𝑣𝑒𝑟𝑡,𝑤𝑎𝑣𝑦 ≅
𝑅𝑒 𝑘𝑙

1.08𝑅𝑒1.22−5.2
(

𝑔

𝑣𝑙
2)

1/3
                       30 < 𝑅𝑒 < 1800  

𝑅𝑒𝑣𝑒𝑟𝑡,𝑤𝑎𝑣𝑦 ≅ [4.81 +
3.70𝐿𝑘𝑙(𝑇𝑠𝑎𝑡−𝑇𝑠)

𝜇𝑙ℎ𝑓𝑔
∗ (

𝑔

𝑣𝑙
2)

1/3

]

0.820

           30 < 𝑅𝑒 < 1800 

 

ℎ𝑣𝑒𝑟𝑡,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 ≅
𝑅𝑒 𝑘𝑙

8750+58𝑃𝑟−0.5(𝑅𝑒0.75−253)
(

𝑔

𝑣𝑙
2)

1/3
                   1800 < 𝑅𝑒 

𝑅𝑒𝑣𝑒𝑟𝑡,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 ≅ [
0.0690𝐿𝑘𝑙𝑃𝑟0.5(𝑇𝑠𝑎𝑡−𝑇𝑠)

𝜇𝑙ℎ𝑓𝑔
∗ (

𝑔

𝑣𝑙
2)

1

3
− 151𝑃𝑟0.5 + 253]

4

3

         1800 < 𝑅𝑒 

 

ℎℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 = 𝐶 [
𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)𝑘𝑙

3ℎ𝑓𝑔
∗

𝜇𝑙(𝑇𝑠𝑎𝑡−𝑇𝑠)𝐷
]

1

4

         𝐶 = 0.815 for the sphere,    𝐶 = 0.729  for the horizontal tube  

ℎ𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙

ℎℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙
= 1.29 [

𝐷

𝐿
]

1
4
 

ℎℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙,𝑁 𝑡𝑢𝑏𝑒𝑠 = 0.729 [
𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)𝑘𝑙

3ℎ∗
𝑓𝑔

𝜇𝑙(𝑇𝑠𝑎𝑡 − 𝑇𝑠)𝑁𝐷
]

1
4

=
1

𝑁1/4
ℎℎ𝑜𝑟𝑖𝑧,1 𝑡𝑢𝑏𝑒 

ℎ𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 = 0.555 [
𝑔𝜌𝑙(𝜌𝑙−𝜌𝑣)𝑘𝑙

3

𝜇𝑙(𝑇𝑠𝑎𝑡−𝑇𝑠)𝐷
(ℎ𝑓𝑔 +

3

8
𝐶𝑝𝑙(𝑇𝑠𝑎𝑡 − 𝑇𝑠)]

1/4

             𝑅𝑒𝑣𝑎𝑝𝑜𝑟 = (
𝜌𝑉𝑉𝑣𝐷

𝜇𝑉
)

𝑖𝑛𝑙𝑒𝑡
< 35,000      

 

ℎ𝑑𝑟𝑜𝑝𝑤𝑖𝑠𝑒 = 51,104 + 2044𝑇𝑠𝑎𝑡       ,  22𝑜𝐶 < 𝑇𝑠𝑎𝑡 < 100𝑜𝐶 

ℎ𝑑𝑟𝑜𝑝𝑤𝑖𝑠𝑒 = 255,510                          ,   100𝑜𝐶 < 𝑇𝑠𝑎𝑡 

 

  



HEAT EXCHANGERS 

𝜂𝑂 = 1 −
𝐴𝑓

𝐴
(1 − 𝜂𝑓)     ,    𝑞 = 𝑈𝐴∆𝑇𝑙𝑚    ,        ∆𝑇𝑙𝑚 = 𝐹∆𝑇𝑙𝑚,𝐶𝐹  ,   휀 =

𝐶ℎ(𝑇ℎ,𝑖−𝑇ℎ,𝑜)

𝐶𝑚𝑖𝑛(𝑇ℎ,𝑖−𝑇𝑐,𝑖)
      ,      𝑁𝑇𝑈 =

𝑈𝐴

𝐶𝑚𝑖𝑛
 

1

𝑈𝐴𝑠
=

1

𝑈𝑖𝐴𝑖
=

1

𝑈𝑜𝐴𝑜
= 𝑅 =

1

ℎ𝑖𝐴𝑖
+

𝑅𝑓,𝑖

𝐴𝑖
+

𝑙𝑛(𝐷0 ∕ 𝐷𝑖)

2𝜋𝑘𝐿
+

𝑅𝑓,𝑜

𝐴𝑜
+

1

ℎ𝑜𝐴𝑜
 

MASS TRANSFER (DIFFUSION) 

𝑤𝐴 =
𝑚𝐴

𝑚
=

𝑚𝐴/𝑉

𝑚/𝑉
=

𝜌𝐴

𝜌
               𝑦𝐴 =

𝑁𝐴

𝑁
=

𝑁𝐴/𝑉

𝑁/𝑉
=

𝐶𝐴

𝐶
   

 

𝑗𝑑𝑖𝑓𝑓,𝐴 =
�̇�𝑑𝑖𝑓𝑓,𝐴

𝐴
= −𝜌𝐷𝐴𝐵

𝑑(
𝜌𝐴
𝜌

)

𝑑𝑥
= −𝜌𝐷𝐴𝐵

𝑑𝑤𝐴

𝑑𝑥
        

𝑗�̅�𝑖𝑓𝑓,𝐴 =
�̇�𝑑𝑖𝑓𝑓,𝐴

𝐴
= −𝐶𝐷𝐴𝐵

𝑑(
𝐶𝐴
𝐶

)

𝑑𝑥
= −𝐶𝐷𝐴𝐵

𝑑𝑦𝐴

𝑑𝑥
 

 

𝑦𝑖,𝑙𝑖𝑞𝑢𝑖𝑑 𝑠𝑖𝑑𝑒 =
𝑃𝑖,𝑔𝑎𝑠 𝑠𝑖𝑑𝑒

𝐻
          𝑃𝑖,𝑔𝑎𝑠 𝑠𝑖𝑑𝑒 = 𝑦𝑖,𝑔𝑎𝑠 𝑠𝑖𝑑𝑒𝑃 = 𝑦𝑖,𝑙𝑖𝑞𝑢𝑖𝑑 𝑠𝑖𝑑𝑒𝑃𝑖,𝑠𝑎𝑡(𝑇)  

𝐶𝑖,𝑠𝑜𝑙𝑖𝑑 𝑠𝑖𝑑𝑒 = 𝜑𝑃𝑖,𝑔𝑎𝑠 𝑠𝑖𝑑𝑒 

�̇�𝑑𝑖𝑓𝑓,𝐴,𝑤𝑎𝑙𝑙 = 𝜌𝐷𝐴𝐵𝐴
𝑤𝐴,1 − 𝑤𝐴,2

𝐿
= 𝐷𝐴𝐵𝐴

𝜌𝐴,1 − 𝜌𝐴,2

𝐿
 

�̇�𝑑𝑖𝑓𝑓,𝐴,𝑐𝑦𝑙 = 2𝜋𝐿𝜌𝐷𝐴𝐵

𝑤𝐴,1 − 𝑤𝐴,2

ln (
𝑟2
𝑟1

)
= 2𝜋𝐿𝐷𝐴𝐵

𝜌𝐴,1 − 𝜌𝐴,2

ln (
𝑟2
𝑟1

)
 

�̇�𝑑𝑖𝑓𝑓,𝐴,𝑠𝑝ℎ = 4𝜋𝑟1𝑟2𝜌𝐷𝐴𝐵

𝑤𝐴,1 − 𝑤𝐴,2

𝑟2 − 𝑟1
= 4𝜋𝑟1𝑟2𝜌𝐷𝐴𝐵

𝜌𝐴,1 − 𝜌𝐴,2

𝑟2 − 𝑟1
 

 

�̇�𝑑𝑖𝑓𝑓,𝐴,𝑤𝑎𝑙𝑙 = 𝐷𝐴𝐵𝜑𝐴𝐵
𝑃𝐴,1−𝑃𝐴,2

𝐿
            

 
𝑉𝐴 = 𝑉 + 𝑉𝑑𝑖𝑓𝑓,𝐴      

𝑉𝐵 = 𝑉 + 𝑉𝑑𝑖𝑓𝑓,𝐵 

𝑉𝐵 = 𝑤𝐴𝑉𝐴 + 𝑤𝐵𝑉𝐵 

𝑗𝐴 = 𝜌𝐴𝑉 + 𝜌𝐴𝑉𝑑𝑖𝑓𝑓,𝐴 = 𝑤𝐴(𝑗𝐴 + 𝑗𝐵) − 𝜌𝐷𝐴𝐵

𝑑𝑤𝐴

𝑑𝑥
 

𝑗𝐵 = 𝜌𝐵𝑉 + 𝜌𝐵𝑉𝑑𝑖𝑓𝑓,𝐵 = 𝑤𝐵(𝑗𝐴 + 𝑗𝐵) − 𝜌𝐷𝐵𝐴
𝑑𝑤𝐵

𝑑𝑥
  

�̇�𝑑𝑖𝑓𝑓,𝐴 = 𝐶𝐷𝐴𝐵𝐴
𝑦𝐴,1 − 𝑦𝐴,2

𝐿
= 𝐷𝐴𝐵𝐴

𝐶𝐴,1 − 𝐶𝐴,2

𝐿
=

𝐷𝐴𝐵

𝑅𝑢𝑇
𝐴

𝑃𝐴,0 − 𝑃𝐴,𝐿

𝐿
 

�̇�𝑐𝑜𝑛𝑣 = ℎ𝑚𝑎𝑠𝑠𝐴𝑠(𝜌𝐴,𝑠 − 𝜌𝐴,∞) = ℎ𝑚𝑎𝑠𝑠𝜌𝐴𝑠(𝑤𝐴,𝑠 − 𝑤𝐴,∞)   (Eq.14.73) 

ℎℎ𝑒𝑎𝑡 = 𝜌𝐶𝑝𝐿𝑒2/3ℎ𝑚𝑎𝑠𝑠 = 𝜌𝐶𝑝(
𝛼

𝐷𝐴𝐵
)2/3ℎ𝑚𝑎𝑠𝑠        



TABLES 

 

 



 

 

 
 

 



 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 



 



 



 



 



 



 



 


