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In recent years, many researches have investigated nanofluids pool boiling and reported some
contradictory results. In this study, the pool boiling heat transfer of water-alumina and TiO2-
water nanofluids at saturated temperature was investigated experimentally. The experiments
were conducted to investigate the impact of concentration and type of nanofluid on the pool
boiling heat transfer of brass surface. Water-alumina and TiO2-water nanofluids with volumetric
concentration of 0.0025-1% and 0.0025, 0.01, 0.25 were used, respectively. An experimental
setup with cylindrical heated test section made of brass and surface roughness of 0.2µm was
designed and fabricated. The experimental results showed that, the heat transfer decreases as the
nanoparticles are added into the pure water base fluid. At constant heat flux, the heat transfer
coef icient decreases as the alumina volumetric concentration increments from 0.0025 to 0.01%
and then increases for further addition from 0.01 to 1%. The TiO2-water nanofluids performance
with respect to the water-alumina nanofluids was not very promising. That means, the boiling
heat transfer decreases while the boiling surface temperature increases at constant heat flux.

Keywords:
Pool Boiling
Nanofluid
Brass Surface
Boiling Heat Transfer Coefficient
Concentration

  

1 -   
  

  
   .

 .
 

   .

 .
 . 

  
  



    

                

  

166  13941510  

]1[  .-
 

 .
  

   
2[-

005/0 2/0 
 .

  
]3[ 

 -
%  .5/01%2  %4 .  %

  .
  

4[  -
 .

   .
 

   
  

5[  
 - -

60 %1/01 %2 %
 .

 
  

6[ -  
  .

 .

  
]7[ 

- .
 33  . 5/01 2  

045 90  .

 .
8[  -

2/0 0/4 
%  .00005/0%  0001/0%  0005/0%  001/0 

%005/0  .

 0001/0 
  

 .  
]9[ 

 - -01/01/0 00/1 
 .  .

- 

– 01/0 
  

]10[ 
   - 

 
 . 

01/0   .
1/0 

5/0 
   

11[   
-  

 .
  .

 .
  .

  
 % 75/0 % 64   

12[ 
- -) 01/0 

0/1  .    (

  
13[ -

20  .
005/0 01/0  .

005/0 5 25 
  

 .

 .  

  
 

 .
  



    

                

13941510  167  

14[ 
 .

 - - 
 .

  

2 -   

  
  

  .
 ]15[ .

 
 .

1   .
)  .

0001/0  ( .
%)0025/0 % 1 

5/0  1 
 4 

4   .
3 
)1.(  

3 -   
2 

3  .

 .
  

100 200    .
 

   
  .  

  
1   

)
  
(

gr
cm

)

Al O1%99+20-306/3
TiO2%99+3023/4

1-  Degussa

2-  US

 
    

4 
40 

  .
 9 500   

  .  
K 1/0  

    

600 - 15 3 4  
 . 

5   

 
   

   

  
1    3  (-  

 (  

 
 

  
2   

3- Time  Emery Tousa

4- TR200

5- Advantech ADAM 500/TCP  



    

                

  

168  13941510  

  

3    

3.5mm
5  mm
5  mm

Tw

T0T1T2

  
4   

4 -   
) 1 (

)1(=
"

    
" 

  

)2(" =

)  2(W/(mK) 137 =  .
)3 ( .  

)3(= 2
 ) 1)  (4 (   

)4(= "

  )4 (
  

5 -   

      

 
 .

16[  
% 95  ) 5 (

)5(= ( )

) 2)  (5)  (6 (    

)6("

" = +

  2 
% 83/7 

%43/11  .
 

  .
50 % 40/1  

% 81/2  .5 
  

   

6 -    

2/0 
  . 

 ]14[ 17[ 
) 7)  (9) ( 5 6.(  

)7(
"

=
.

( )
.

. .

  

2   

1/0± 
1/0± 

  
5    



    

                

13941510  169  

)8(= 0.9 0.3
.

) 7( 
110=  .  

  

)9(= ( " 20000) .

) 9( 600/5 
  ) 10)  (11 (   :

)10(= 1.73
.

+ 6.1 +
0.68

1 ( )

 )11(= 0.9 0.3
.

  6 7  
 

  
6  

2/0 

  
7  

2/0 

7 -   

  

 .

 .
 .

 
  

   
  8 

    

 
 

   

  
  9 

  -
 

  .

 .   8 
9   

10
Wcm-239 Wcm-2 48  
0025/0 01/0  

 01/0 00/1 

 .
  

 .
  1113  

  



    

                

  

170  13941510  

  
8 -

 0025/0 0/1   

  
9  -

 0025/0 0/1   

 0025/001/0  25/0 
  .  

25/0 
 .

  
 11 13 

 
  

  
  

  
10 -

  

 .

 .
  

 .

 .
 .

)3(
 11 

13   

8 -    

 .
 .

2/0 
0025/001/0 25/0 0025/0 00/1 

 .  

3 ]18[  
  

(
J

kgK
)

  

(
W

mK
)

Al O76536
TiO7104/8



    

                

13941510  171  

  
11 --

0025/0   

  
12 --

01/0   

  
13 --

25/0   

   

0025/0 01/0 

01/0 00/1 
  

  

9-   

10 - 
[1] Das, Sarit K., Nandy Putra, and Wilfried Roetzel. Pool boiling

characteristics of nano-fluids, International journal of heat and mass
transfer 46.5, pp. 851-862, 2003.

[2] Li, C. H., B. X. Wang, and X. F. Peng. "Experimental investigations on
boiling of nano-particle suspensions, 2003 Boiling heat transfer
conference, Jamica, USA 2003.

[3] Bang, In Cheol, and Soon Heung Chang. Boiling heat transfer
performance and phenomena of Al2O3–water nano-fluids from plain
surface in pool, International Journal of Heat and Mass Transfer 48.12,
pp. 2407-2419, 2005.

[4] D. Wen, Y. Ding. Experimental investigation into the pool boiling heat
transfer of aqueous based -alumina nanofluids, Journal of Nanoparticle
Research, Vol. 7, No. 2-3, pp. 265-274, 2005.

[5] M. H. Shi, et al. Experimental study of pool boiling heat transfer for nano-
particle suspensions on plate surface, International Heat Transfer
Conference 13 Begel House Inc, 2006.

[6] M. Chopkar, A. K. Das, I. Manna, P. K. Das. Pool boiling heat transfer
characteristics of ZrO2-water nanofluids from flat surface in pool,
Heat and Mass Transfer, Vol. 44, No. 8, pp.999-1004, 2006.

[7] G. Prakash Narayan, et al. Effect of surface orientation on pool boiling
heat transfer of nanoparticle suspensions, International Journal of
Multiphase Flow 34.2, pp.145-160, 2008.

[8] Suriyawong, Adirek, and Somchai Wongwises. "Nucleate pool boiling
heat transfer characteristics of TiO2–water nanofluids at very low
concentrations, Experimental Thermal and Fluid Science 34.8, pp. 992-
999, 2010.

[9] Cieslinski, Janusz T., and Tomasz Z. Kaczmarczyk. "Pool boiling of water-
Al2O3 and water-Cu nanofluids on horizontal smooth tubes." Nanoscale
research letters 6.1, pp. 1-9, 2011.

[10] O. Ahmed, MS. Hamed. "The effect of experimental techniques on the

f

) Wm-2K-1(
) Wm-1K-1(

) Pa(
q) Wm-2(
R) (

) K(
 ) mm(

) kgm-3(
 

cr

sat



    

                

  

172  13941510  

pool boiling of nano luids." 7th International Conference On Multiphase
Flow, ICMF 2010, Tampa, Fl USA 2010.

[11] M. R. Raveshi, A. Keshavarz, M. S. Mojarrad, S. Amiri. Experimental
investigation of pool boiling heat transfer enhancement of alumina–
water–ethylene glycol nanofluids, Experimental Thermal and Fluid
Science, Vol. 44, pp. 805-8014, 2013.

[12] M. P. Rangaiah, and B. Gowd. "Investigation of Heat Transfer In Pool
Boiling on Vertical Cylindrical Brass Surface With Silica and Tungsten
Oxide Nanofluids, International Journal of Applied Engineering Research
10.6, pp. 15049-15057, 2015.

[13] V. Umesh, and B. Raja. study on nucleate boiling heat transfer
characteristics of pentane and CuO-pentane nanofluid on smooth and
milled surfaces, Experimental Thermal and Fluid Science 64, pp. 23-29,
2015.

[14] Gherhardt Ribatski, and José M. Saiz Jabardo. Experimental study of

nucleate boiling of halocarbon refrigerants on cylindrical surfaces,
International journal of heat and mass transfer 46.23, pp. 4439-4451,
2003.

[15] Wang, X.Q. and A.S. Mujumdar, Heat transfer characteristics of
nanofluids: review. International Journal of Thermal Sciences pp. 1-19,
2007.

[16] Hugh W. Coleman, and W. Glenn Steele. Experimentation, validation, and
uncertainty analysis for engineers John Wiley Sons, pp. 61-84, 2009.

[17] Francisco Táboas, et al. Pool boiling of ammonia/water and its pure
components: comparison of experimental data in the literature with the
predictions of standard correlations, International journal of
refrigeration 30.5, pp. 778-788, 2007.

[18] Dogan Ciloglu, Abdurrahim Bolukbasi, and Kemal Comakli. "Effect of
Nanofluids on the Saturated Pool Film Boiling." Proceedings of World
Academy of Science, Engineering and Technology No. 67. World Academy
of Science, Engineering and Technology, pp. 53-55, 2012.


