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บทคัดย่อ
กกกกกกกก

กกกกกก α=20°

กกกก (BR=b/D) ก 0.2 ก 
(PR=p/D=0.5, 0.75, 1.0, 1.25, 1.5  2.0) กก SIMPLE 
 4000  20,000 กก
กกก กกกกกกก
ก กก กกกก
กก ก PR=0.5 กกก (TEF) ก 
2.03 

ABSTRACT 
The research presents a numerical investigation on turbulent periodic flow and heat transfer 

characteristics in an isothermal-flux tube fitted with inclined horseshoes baffles. The horseshoe baffle 
elements with a single inclination angle of α=20° were inserted periodically into the test tube at a 
single flow blockage ratio, BR=b/D=0.20 and six different baffle-pitch ratios (PR=p/D=0.5, 0.75, 1.0, 
1.25, 1.5 and 2.0). The computations based on the finite volume method with the SIMPLE algorithm 
have been conducted for the fluid flow in terms of Reynolds numbers ranging from 4000 to 20,000. 
Effects of the baffle-pitch ratios on heat transfer and flow characteristics in the test tube are examined. 
It is found that the heat transfer in the tube with inclined horseshoes baffles is more effective than that 
with no baffle. The decrease in the baffle-pitch ratios, PR leads to a considerable increase in the 
Nusselt number and friction factor. The computational result reveals that the maximum value of the 
thermal enhancement factor, TEF is found to be 2.03 for using the baffles with PR=0.5 at the lowest 
Reynolds number. 

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1.  บทนํา 
ก ก

กก
 กกก
ก   กก  
กก 
กก ก
  กกก
กก
   [1] ก
 [2] ก [3] ก [4] ก
กกกกก
กกกก
 กกก
กก    
กก ก
 ก
กก

กก
ก  
กกกกก
กก
ก กกก
           ก      
กกก Han et al. 

[5, 6]  กก     ก 
ก
  L/b=10  b/D=0.0625 
กก ก
 Murata  Mochizuki [7] 
กกก 
(LES) ก 
 60°  b/D=0.1, L/b=10 กก
 กกกก
 

กกกก
ก
 ก 
กกก
ก  Hans 

et al. [8]  Varun et al. [9] กก
กก 
กกก
กก
 Patankar et al. [10] Webb  
Ramadhyani [11] กก
ก กก
ก  [10] กกก
กก
          ก          Kellar    
Patankar [12] กกก
กกก 
กก
ก ก
ก Lopez et al. [13] 
กกก
กก 

ก  Promvonge 
 [14-17] กก
กก
  
ก 30° ก
  Promvonge  [18] 
ก
 60° ก 
กก
 ก x/D=7-10 

กกกกก
  Promvonge  [19] ก
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กกก
กก
ก 30°   BR=0.2 
ก ก  ก 
กก กก
ก (TEF) ก 1.4  
BR=0.1, PR=0.5  กก
ก
ก กก [20] 
 กกก 
20°  45°  20°  TEF ก
 1.92  BR=0.1, PR=0.5  

ก กกกก
กก  ก
ก ก 
กกกก
กกกก
ก 
กANSYSFLUENT 
 14.5 กกก
ก 3  ก 
กกกกกก
 α=20°, BR=0.2 PR กก

กก α=20° 

  BR=0.2 ก
 กกก 
ก, PR 
ก กก
 กกก
ก 
 
2.  แบบจําลองและสมการทางคณติศาสตร์
2.1 เรขาคณิตท่อทีตดิตังแผ่นกันรูปเกอืกม้าวางเอยีง

กกกก
กกก  1 
กก 
ก (p/D)  , 
PR=0.5, 0.75, 1.0, 1.25, 1.5  2.0  
, α=20° 
กก (b/D) 
กกก, BR=0.2 ก
กก D=0.05 m 
กกก 1 mm 
ก e=0.05D ก
ก (periodic)  4000 
 20,000 

 

 
รูปที 1 กกกก กก
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2.2 สมการทางคณิตศาสตร์
กก

กก 
  
  ก 3 
  ก
  
  กก
  ก

ก กก
กกกกก ก
ก กก 
ก
กก
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 ρ    iu  
ก xi, P  , 

    '
iu  ก

ก xi

กก
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 Γ  Γt  กก
  Pr=Γ   

ttt Pr=Γ

ก  ''
jiuuρ− 

ก (2) ก Boussinesq 

กก
 ก (4)
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 k   ก ''
2
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iiuuk = , 

 ijδ   กก t   
 ερ= 

2kCt   

ก RNG k-ε 
กก (ก
  Renormalization group, RNG) ก
ก RNG k-ε 

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 
ε

ρ+=+= 

2k
Cteff  

   ก
αk=αεεεε=1.39, C=0.0845, C1ε=1.42  C2ε=1.68 

กกก
 (QUICK) ก
 [21] ก
 SIMPLE ก
RNG k - ε ก ก
กกก
ก 10-5 กก
ก 10-9

กก 4  
  ก  
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กกก (TEF) 


 ρ Du0Re =  (7) 

ก, f กก, 

P ก, L

 ( )
2
02 u

DLP
f

ρ


=  (8) 

ก  hx 
กกก ก


)( bs

s
x TT

q
h

−
=  (9) 

 qs  ก  Ts 
  Tb  
  
ก   
 ก

a

x
x k

Dh
Nu =  (10) 

 ka  กก
 ก

dANu
A

Nu x∫=
1  (11) 

กกก, TEF 
กก

 3/1
00 )//()/( ffNuNuTEF =  (12) 

 Nu0  f0  ก
 

กก 
กก
 (Non-uniform grid) กก

กก  ก
กกก
 ก 100,000-300,000 
ก 240,000 
ก 1.5%  ก
กกกก กก 
240,000 กก  
2.3 เงือนไขขอบเขต

ก
 (periodic translation) ก 
300 K  0.707 ก
                ก
ก กก  
  ก                ก  
(stationary wall) ก (no-slip 

conditions) 
 ก  กกก 
ก 600 W/m2 ก
กกก 

3.  ผลการคํานวณและวจิารณ์
3.1 การพสูิจน์ความถูกต้องของผลการคาํนวณ

กกก
กกกก
กก  2 ก
กกกก
กกกก
 20°, BR=0.2, PR=0.5 ก 
กก [20]  
กก
กกก
กก ก
กก 4.7  
11.8%  ก

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รูปที 2 กกกกกกก

3.2 โครงสร้างการไหล
กกกกก

 20°, Re=8000, BR=0.2  
PR=0.5  1.0  3 กก
กกก กก
ก กกกก
กกกกก
กก 

กกกกก
กกกก
กก กกก
     ก ก ก  3  ก 
PR=0.5  กก      กก
กกก PR=1.0 ก
กกก PR กก
กก PR กก 

 
 

รูปที 3 กก ก Re=8000, BR=0.2 

3.3 การถ่ายเทความร้อน
กก

กกก 20°, Re=8000, 

BR=0.2   PR=0.5   1.0    4   
 กก 
กกก 
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กกกก
กกกก ก
ก 
ก
ก กกก
กก  
กก ก PR=0.5 

กก PR=1.0 กกกก
 PR กก
กก PR กก 
กกกกก 
กกกก ก


 กก 
    ก  กก    20°, 

Re=8000, BR=0.2  PR=0.5  2.0  5 
กกกก 
ก ก

ก กก
กกกกกก 
ก
กก    PR ก
กกกก
 กกกก
กกกกก

ก                    , 
Nu/Nu0 ก, PR ก
กก 20°, BR=0.2  Re   
  6a กก Nu/Nu0 
  Re ก  PR  
 Nu/Nu0 ก กก
กก
กกกกก PR กก 
 PR=0.5  Nu/Nu0 ก ก 
PR   กก   4000-

20,000  Nu/Nu0  1.8-4.4  
ก

 

 
 

รูปที 4 ก ก Re=8000, BR=0.2 
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รูปที 5   Re=8000, BR=0.2 

3.4 ความเสียดทาน
กก

กกกกก, 

(f/f0)  ก        , PR     Re     
 6b 
ก กก 
PR=0.5  Re  f/f0 ก 
PR  f/f0  กกกก
 20°  BR=0.2, PR=0.5 ก
ก ก
กกกกกก PR กก 
 10 ก 
กกก
กกกก 20°, 

BR=0.2  PR=0.5-2.0 
  f/f0  4.7-10 

3.5 ตวัประกอบสมรรถนะการเพิมการถ่ายเทความร้อน
กกกก

, TEF ก, PR 

  ก   ก ก        20°, 

BR=0.2  Re    7 ก
 PR  TEF  
กก TEF 

  (Re=4000-

20,000) กก
กกกก PR=0.5, 0.75, 1.0, 

1.25, 1.5  2.0   1.1-2.03 
ก PR=0.5  TEF  
ก 2.03 ก 4000 
กกกกกก 
TEF กก 1 ก
ก
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      (a)                                                                  (b) 

 

รูปที 6 ก (a)  Nu/Nu0 ก PR (b)  f/f0 ก PR กกก 20°

 Re  
 

 
 

รูปที 7 ก TEF ก PR กกก 20°  Re  

4.  สรุปผลการคํานวณ
กกก

กกก 20° 
กกก BR=0.2  
ก PR=0.5, 0.75, 1.0, 1.25, 

1.5   2.0    กก 
 ก 1.8-

4.4  กก 

4.7-10  กกก
 1.1-2.03 ก
กกกกก 
 PR=0.5  กก  
กกก
 ก      ก
กกก 
2.03       ก  4000       

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