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Prandtl number

 = (momentum diffusivity)(thermal diffusivity) = (/)(/) = 

 = ℎΔ/ = ℎΔ

: Prandtl boundary layer: thermal boundary layer  < 1(⇒  < ): Liquid metal > 1(⇒  > ): Liquid ≅ 1(⇒  ≅ ): Gas
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1. Dimensional Analysis

/ = ℎ Δ
Number of dimensional variables ⇢ 
Number of fundamental dimensions ⇢ 

 =  = 

Number of dimensionless variables⇢  − 
/ = /(, , , , , Δ, ,  × )(/, , , , , , Δ, ,  × ) = 0

where,  =   : coefficient of thermal expansion []
 = / =  = / =  = /   =  = / = 

 = /   =  = /   = Δ =  =  =  = 
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Chapter 12. Heat transfer to fluid without phase change

1. Dimensional Analysis

- Recurring sets

Number of fundamental dimensions;  ,  ,  ,  , [] è  = 5

 =  →  =   =   Δ  =   Δ/ =  →  =   =   = /
Δ =   →  = Δ =   →  =  =   →    =  ×  = 
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1. Dimensional Analysis

남은변수들 ; , , , /
1)  =  =  =   =    =   = 
2)  =  =  =    =   = 
3)  =  =  =    =   =  (Grashof number)

4) / =  = / = /   =   =  (Nusselt number)

 = / /  
= ℎΔ ΔΔ = ℎ Δ
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o Empirical equation

2. Forced convection

 = (, )1) Turbulent flow

 

 = 0.023./.
where,  = / =  ,  =  ,  =  ,

ℎ = 0.023   .  / 
.
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2. Forced convection

 = ()2) Laminar flow

 = ̇  = ()  = ( 4 )  =    
[=   ] (Peclet Number) =  4  =    4 Fourier’s number =  =  =  =  = ∴  = 
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2. Forced convection

2) Laminar flow

 = 2/.if  > 20

 = 2 4  .  

log 

20
1

1/3
= 2(Pr   ).

 = 1.86 .   = 1.86   
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2. Forced convection

3) Transition region (2,100 < Re < 50,000)

 = 50  = 100
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3. Forced convection in Non-circular duct

for only turbulent flow

(tube) à (non-circular tube), equivalent diameter

 = 4 = 4 crossectional areawetted perimeterEx. 가로 3cm, 세로 2cm 의 duct 의? = 2 × 3cm2 × 3 + 2 cm = 0.6   = 4 = 2.4 

 
 =  − 
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Ex 12-2

 = 141 + 792 = 110 ℉

  = 60℉ = 4  /

  = 80℉ = 4  /

 = 141℉ = 5 ft/s  = 79℉ = 5 ft/s
Schedule# 40 1½  . Steel pipe (App5)   = 1.610  . = 1.900  .

 ” 16 BMG copper tube (App 6)    = 0745  . = 0.875  .

 = 60 + 802 = 70 ℉ water (70 ℉) Benzene (110 ℉)( / ) 62.3 53.1( /  ℎ) 0.982 cP = 2.34 0.48 cP = 1.16( /  ℎ  ℉) 0.346 0.089( /  ℉) 1.0 0.43
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Ex 12-2ℎ (Benzene)  = 0.023./,  = 1
 =   = .×(× )×(. /). = 5.12 × 10 (Turbulent flow) =   = .×.. = 6.235 =   = 0.023 (5.12 × 10).× 6.235/ = 232.4ℎ =  .× =  .×.. / = 299.5  /  ℎ  ℉
ℎ (water)  = 0.023./,  = 1
 =   = .×(× )×(. /). = 2.31 × 10 (Turbulent flow) =   = ×.. = 6.88 =   = 0.023 (2.31 × 10).× 6.88/ = 135.46ℎ =  .× =  .×.. / = 866.89  /  ℎ  ℉

 =  −  (총괄열전달계수)1 = 1ℎ  +  + 1ℎ= 1299.5 0.875/120.745/12 + 1866.89= 5.08 × 10 = 197.04 /  ℎ  ℉
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1) For flow normal to single cylinder

Where, ,  →values at mean film temperature

4. Force convection outside tubes

 , = 0.35 + 0.56 
.

 = ℎ

 = 

For gases For liquids

Ulsamer’s equation
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2) For flow past single sphere 

4. Force convection outside tubes

ℎ = 2.0 + 0.6 
. ,
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5. Natural convection (free convection)

If    log(  ) > 4    > 10b = 0.533,  = 0.25

 =   

1) For single horizontal cylinder

 = (, )
Grashof number* Form of empirical equation =     

 = 0.533    .
 = ℎ  =  Δ   = ,
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5. Natural convection (free convection)

If ΔT is large  à large ΔT may cause natural convection

2) For air flow vertical and horizontal plane =     

Correction factor duel to natural convection

 = ℎ  =  Δ 

b,  값은 (표 12.4)

3) Effect of natural convection in laminar flow

 = 2.0. 
 = 2.25(1 + 0.01 )log 


