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This paper presents the results of pool boiling heat transfer coefficient data generalization for refrigerant R11, 

isopropanol, and nanofluid isopropanol/Al2O3. A semi-empirical heat flux partitioning model RPI (Rensselaer 
Polytechnic Institute) was used. Deviation of empirical and calculated by RPI model data on the heat transfer 
coefficient basically belong to the field of ± 5% and does not exceed 10%. 

Keywords: nanofluid, boiling, modeling. 
 

 ,     ( )   
   , ,        

 [1,2,3]            
 .         

    . 

] / / // . . 
. – . – 201414141414.. –––– . 313 

, ... . .. . , . .

d nanofluid flow booooioooo liliiililililiingn iiiiiiiiinsnsnsnsnssidididididiiiide a ho
009. –– VoVoVoVoVoVoVoVVolllllll.ll 3333333332.22222  – P. 125559595959595959 – 1270. 

. .. . . ///////////////// 
. 39 - 44445.55.5.5.5  

on on surfaccccceeeee wwwwwettaaaaaaaabibibibibibibibibililillilllllity influenc
Buonnnngigigiigigiggiororooo no, L.L.L.L.L.W.W.WW.W.W. HHHHHHu uuuu //// AAAAAAAAAppppppppppppppp l. Phys

ol by nananananaaanaanononononononononococococococcococoatinininng:ggg TTTTTTTThe effects on po
al.] // / / InInInnnnInInIntttt.t.t.tt.t. JJJJJJJJJ. HeHeHHeHeHeHeHeHeattttatatt MMMMMMasasasass.s TTTTTransfer. – 2

. ., ---- . 

R

±
:



     
 

 
 

  V   -    
«     », , , 5-8  2016 . 

66 

              R11, 
   /Al2O3,   [4,5],      

  RPI (Rensselaer Polytechnic Institute),  Kurul  Podowski [6].  
,    Bowring [7]        

,   [6]      .    
           

,   ,   ,     
  .     [4]      

 ,    RPI,     (    
  -  100 / 2). 

   RPI     :    
  - ,     - q ;     

      - q ;      
      - q . 
 ,        

 

.q q q q      (1) 
 

        ,  
     D0,    f,   

  N     .   q    
 

3
0 ,

6
q rN fD

F
     (2) 

 

 F –   ;  –    ; r –  
; N –    . 

  Han  Griffith [8],       
 ,     2D0,    q    

 : 
 

2
0

2 1 .
T T

q N fD fF a
    (3) 

 

 ,            D0, 
    [4,5],     f   

  [9] 
 

0

2
,

g
f

D
      (4) 

 

  –  ;  –   ,   30     
. 

,      ,   , 
  

 

2
01 ,

4 cq ND F T T
F

    (5) 

 

 ,  –    , ; F  –   , 
 ,     .    

   
 

0 ,
8c
D dNF

F
      (6) 

 

 d –  . 
        [10] 

 

  

,,,
fffffffff   ffffffffffffffffff

. q

3
0 ,fD     

– 
. 

], 
2222DDDDDDD222222 0, ,  

2 T TTTTTTTTT
N

F aaaaaaaa
2 1
0

1fffffffDDDDDDDD0ffff f
2 1ffffffffDDDDDDDDffffff 0 f0fffffffDDDDDDDDD0ffff f

 [4,5], 
[9] 

2
f

 – ; – 

,



     
 

  V   -    
«     », , , 5-8  2016 . 

67 

0,3 0,33 0,250,52Pr 0,02Pr ,Gr
d

    (7) 

 

  –  ; Pr –  ; Gr -  . 
            

      :   
  R11 -   [11]  [12], ;   /Al2O3 – 

  , ,   [13].  ,    [4]  [13] 
    /Al2O3 (CAS 70-21-29),    

     . 
    N     q q ,  q – 

,     [4,5]. 
          

 R11   . 1. 
 

. 1 –   
   

   
  R11   

     
 

 
 ,           

    . 
          

 /Al2O3   . 2.   ,   N   (  
 )      ,     

 . 
 

) )  
. 2 -         

   /Al2O3: ) t=60 C; ) t=75 C 
 

    [4,5]      
,    t · D0/q  D0/       N 

      ,  /Al2O3   R11 
( . . 3 ). 

 

. 222222.222. 

. 

. 1 ––––––

.

O3



     
 

 
 

  V   -    
«     », , , 5-8  2016 . 

68 

)  )
. 3 – : )  t · D0/q      N;

)    (8)    
 

    
 

0
0.5 ,t D BA

q N
      (8) 

 

 A  B – , A = -1,33922·10-7.  ,   B   
   ( . . 3 )       

 
 

11 2 4 42.113 10  3.076 10   9.044 10 .a aB     (9) 
 

         [4,5]   , 
   (8)  (9)       

  D0        N,   
   ± 5 %    10 % ( . . 4),      

 . 

 
. 4 –         

   ,    (8)  (9) 
 

 
          

   ,        
  .        

         . 
 ,    t D0/q     N  

     .     
           

   . 
 

 

. 4 44 –––––––

  

,,,, B

4 444444444076 10   99.000000000444444444 11111111000000000 .......4 444444444076 10 44076 10   9.000000000444444444444444444076 10    

 [4,5] 

( . . 4)4)4)4), ,,,



     
 

  V   -    
«     », , , 5-8  2016 . 

69 

1. Das, S.K. Pool boiling characteristics of nano-fluids [Text] / SK. Das, N. Putra, W. Roetzel // Int. J. Heat 
Mass. Transf. – 2003. – Vol.46. – P. 851-862. 

2. Bang, I.C. Boiling heat transfer performance and phenomena of Al2O3 -water nanofluids from a plain surface 
in a pool [Text] / IC. Bang, Chang S. Heung // Int. J. Heat Mass. Transf. – 2005. – Vol.48. – P. 2407-2419. 

3. Peng, H. Effect of surfactant additives on nucleate pool boiling heat transfer of refrigerant-based nanofluid 
[Text] / H. Peng, G. Ding, H. Hu // Exp. Thermal Fluid Sci. – 2011. – Vol.35. – P. 960-970. 

4. , . .       
    [ ] / . . , . . , . . , . . 

 //  . – 2014. – .3. – . 4-9. 
5. , . .         

     [ ] / . . , . . , . .  //  
  . – 2013. –  4(144). – C. 12–18. 

6. Gerardi, C. Study of bubble growth in water pool boiling through synchronized, infrared thermometry and 
high-speed video / C. Gerardi, J. Buongiorno, L. Hu, T. McKrell // International Journal of Heat and Mass 
Transfer. – 2010. – Vol. 53. – P. 4185–4192. 

7. Bowring, R.W. Physical model based on bubble detachment and calculation of steam voidage in the subcooled 
region of a heated channel [Text] / R.W. Bowring // OECD Halden HPR-10. - 1962. 

8. Han, C.Y. The mechanism of heat transfer in nucleate pool boiling [Text] / C.Y. Han, P. Griffith // Int. J. Heat 
Mass Transfer. – 1965. – Vol. 8. – P. 887–914. 

9. , . .    [ ] / . . . - : . . - 1980. - 
316 . 

10. ,  . .    :   [ ] / 
. . . - .: . - 1990. - 367 . 

11. VDI Heat Atlas [Text] / ed. by P. Stephan, S. Kabelac, M. Kind, H. Martin, D. Mewes, K. Schaber – Second 
edition. – Berlin: Springer – Verlag, 2010.- 1584 p. 

12. NIST Thermodynamic properties of refrigerants and refrigerants mixtures database (REFPROP) Version 7.1/ 
M.O. McLinden, S.A. Klein, E.W. Lemmon, A.P.G. Peskin. - Gaithersburg: NIST. – 2003. 

13. , . .      
  /Al2O3    [ ] / . .   . // XIV 

     . – . – 2014. – . 313 -317. 
 
 
 
 536.715; 621.564.27 
 

     
     

 
 . ., -  . , ;  . . 

    , .  
  

           
 :     .        

 ,     ,    ,   
  ,  -      . 

 : ,  ,   ,  
 ,  . 

 
The melting line of methane was predicted by two theoretical equations of state: for the solid and liquid 

phases. Equations of state developed within the framework of perturbation theory, in which the crystal or liquid 
consisting of spherical molecules is a support system, and octupole-octupole interaction of methane molecules is a 
perturbation. 

Keywords: methane, melting line, thermodynamic perturbation theory, canonical equation of state, volume 
jump. 
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