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 In the present paper, natural convection heat transfer of CuO-water nanofluid subjected to a uniform 

magnetic ýeld within an enclosed cavity considering Brownian motion is studied by adopting the lattice 
Boltzmann model. The left wavy wall is heated sinusoidally, while the right flat wall is maintained at 

the constant temperature of Tc. The top and the bottom horizontal walls are smooth and insulated 

against heat and mass. The variation of density is slight; thus, hydrodynamics and thermal ýelds 
equations are coupled using the Boussinesq approximation. The density and energy distribution are both 

solved by D2Q9 model. In this paper, the inþuence of pertinent parameters such as solid volume 
fraction of nanoparticles, Rayleigh number, Hartmann number and wavy-wall geometry parameters on 
þow and heat transfer fields are investigated. Results show that the heat transfer increases with the 

increment of Rayleigh number and nanoparticles volume fraction, but it decreases with the increment of 

the Hartmann number. The enhancement of magnetic ýeld increases or decreases the effect produced by 
the presence of nanoparticles at different Rayleigh numbers. In addition, it is shown that for a fixed 

Rayleigh number and Hartmann number, the heat transfer performance depends on tuning the wavy-

surface geometry parameters. The greatest effect of nanoparticles is observed by considering the role of 
Brownian motion. This study can provide useful insight for enhancing the convection heat transfer 

performance within enclosed cavities with wavy-wall surfaces and sinusoidal temperature distribution 

under influence of magnetic field. 
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Ĉù ā½Āí ûĀ°úă ĈÅºþĄù ćwă¹¾z½wí ¿v ć½wĊÆz ½¹ āºĉº~ üĉv )¹ÿ½  Iwă

ìþ· óº{ù IìĊýÿ¾¤îõv ¡wÞÖé ć½wí  Èĉwù¾ñ ÿ Èĉwù¾Å IĈ£½v¾³ ćwă

ûwú¤·wÅ ć½ÿwSþå ÿ wă Ĉù ½wí Ăz ćºĊÉ½Ā· ćwă í Ĉývÿv¾å Ăz Ă«Ā£ wz )¹ÿ½ ¹¾z½w
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Fig. 1 Schematic for the physical configuration and coordinate system 

 ôîÉ1 ā½vĀ³¾Õ ¡wÎ¤¸ù āwò¤Å¹ ÿ ĈîĉÀĊå ôîÉ ¿v ćv 

 

Fig. 2 Discrete velocity vectors for the D2Q9 model 

 ôîÉ2 ¢Ý¾Å ćwă½v¹¾z   óºù ćv¾z āºÉ Ă¤ÆÆñD2Q9 
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Fig. 3 Curved wall boundary and lattice nodes 
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 Ôzvÿ½ ½¹$40# ÿ $41# Iὲ IĈ«Āù ā½vĀĉ¹ ¾z ¹ĀúÝ ćw¤Åv½ L  óĀÕ ¾òýwĊz

 ÿ Ĉ«Āù ā½vĀĉ¹ɖ óv¾ò¤ýv ¾Ċâ¤ù )ºþ¤Æă Ĉ«Āù ā½vĀĉ¹ ćw¤Åv½ ½¹ ć¾Ċñ 

2(4( ówĊÅĀýwý ćv¾z øíw³ ¡đ¹wÞù wă 

Āýwý ĂÞõwÖù üĉv ½¹ ôzwé¾Ċá IĈþ£ĀĊý IówĊÅ ì£ ÿ øív¾£  Ï¾å ¿wå ûwĉ¾« ÿ āºÉ

 Ă¤å¾ñ ¾Úý ½¹ ĈÊzw£ ¡v¾§v ûÿºz ÿ wĉw~ I÷v½j IćºÞzÿ¹ ÀĊý  ËvĀ· )¢Åv āºÉ

Āýwý ĈîĉÀĊå Ăz āºÉ Ă¤å¾ñ ¾Úý ½¹ ¢zw§ wù¹ ¡v¾ĊĊâ£ Ăz ¢{Æý ÀĊý ówĊÅ  À«

 ìÆĊþĉ¿Āz yĉ¾ê£ ówúÝv wz ûj ¡v¾ĊĊâ£ Ăí ć½ÿwþÉ ćÿ¾Ċý Ăõ¹wÞù ½¹ Ĉõwò¯

Ĉù ôÍw³ øă )¹ĀÉ Ăz üĊþ¯ ¿v ā¹wæ¤Åv ¢öÝ ì£ óºù  Ăí ¢Åv āºÉ Ï¾å ć¿wå

 ¢Ý¾Å ÿ Ĉĉwù¹ ó¹wÞ£ ÿ ºþ¤Æă Ăĉw~ ówĊÅ ¡v½» ûwúă ĂzwÊù ºùw« ¡v½»Āýwý

wĊÅ ¡v½» ÿ ºùw« ¡v½»Āýwý üĊz ¾zv¾z)¹Āz ºăvĀ· ½v¾é¾z Ăĉw~ ó 

 ËvĀ· Āù¾£ Āýwý ĈîĉÀĊå   óÿº« ½¹ Ăĉw~ ówĊÅ ÿ ¡v½»1  ¢Åv āºÉ ā¹½ÿj
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ûwúă Ăz Ĉýÿv¾z ¢í¾³ IºÉ ā½wÉv MĒ{é Ăí ½ĀÕ  ½¹ ĈöÍv ¾¤ùv½w~ ìĉ ûvĀþÝ

ówĊÅĀýwý Ĉ£½v¾³ Ĉĉv½wí Ĉù ½wúÉ Ăz wă  ûv½wîúă ÿ ÷v¾¤³v )ºĉj831 7 ĈÅ½¾z wz

óºù  Ăí ºý¹v¹ ûwÊý IĈýÿv¾z ¢í¾³ ¾§v ôùwÉ Ĉ£½v¾³ ¢ĉvºă äö¤¸ù ćwă
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Ĉù IĂþĉÀă  Ăî{É ûvĀ£121=121 )¹Āúý xw¸¤ýv v½ 

 
 óÿº«1 Āýwý ÿ xj ĈîĉÀĊåĀù¾£ ËvĀ·  ¡v½» 

Table 1 Thermo physical properties of water and nanoparticles 
ËvĀ· xj Äù ºĊÆív ¡v½»Āýwý 

”ËÇȾÍ  997.1 6500 
ὧ *ȾËÇ+ 4179 540 
Ὧ7ȾÍ+ 0.613 18 

   ρπρȾ+ 21 0.85 
  ‘ ρπ0ÁÓ 8.54 - 
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 ĂÖzv½ wz ¡w{Åw´ù ûwĉw~ ćv¾z Ĉĉv¾òúă ½wĊÞù$55# ¢Åv āºÉ ûwĊz. 
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 ĂÖzv½ ½¹$55I# Î  Iøĉºé Ĉýwù¿ Ăö³¾ù ¾òýwĊzÎ+1  Ĉýwù¿ Ăö³¾ù ¾òýwĊz

 ÿ ºĉº«ʀ  )¢Åv ć¹ºÝ ¡w{Åw´ù ºĉº« ÿ øĉºé Ăö³¾ù üĊz ¿w¬ù ćwÖ·

ā¾ñ ¹vºÞ£  ćw¤Åv½ ½¹ wăὼ  ÿώ  wz yĊ£¾£ Ăz.  ÿ- ā¹v¹ ûwÊý  )¢Åv āºÉ 

Ăz  ĈÞz¾ù ĂÚæ´ù ìĉ ½¹ üĊòýwĊù ¢öÅwý ¹ºÝ Iªĉw¤ý Ĉ¬þÅ½w{¤Ýv ½ĀÚþù

Ăz ªĉw¤ý )¢Åv āºÉ ĈÅ½¾z ¡ÿwæ¤ù üú£½wă ¹vºÝv ćv¾z  ¢Å¹  ªĉw¤ý wz āºùj

ĂÞõwÖù  Ĉö{é ĂzwÊù ćwă819I34I357  óÿº« ½¹2 ¢Åv āºÉ ā¹½ÿj.  üĊþ°úă

Ăz øă ÓĀÖ· ÿ ûwĉ¾« ÓĀÖ· Iªĉw¤ý ¢´Í ¿v ü¤åwĉ ûwþĊúÕv ½ĀÚþù ù¹ ½¹ w

" ôîÉ5" āºÉ ĂÆĉwêù øă wz äö¤¸ù Çÿ½ ÿ¹ wz ÷w¬ýv Ĉ¬þÅ½w{¤Ýv )ºýv  āºÉ

Çÿ½ Ăz üĊÊĊ~ ć¹ºÝ ªĉw¤ý wz ªĉw¤ý xĀ· èĊ{Ö£ v½ ¾òĉ¹ ćwă Ĉù ûwÊý )ºă¹ 

4( ªĉw¤ý 

4(1(  ówê¤ýv ÿ ûwĉ¾« ćÿ½ ¾z Ĉú¬³ ¾Æí ÿ ĈÆĊÕwþâù ûvºĊù ¾§v

¡½v¾³ 

 ü¤å¾ñ ¾Úý ½¹ wz È¸z üĉv ½¹n = 1 ÿa = 0.1   ¡½v¾³ ówê¤ýv ÿ ûwĉ¾« ćÿ½
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øă ÓĀÖ· Āĉ¹ wz wù¹óĀöÅ ¹w¬ĉv ¦Ýwz ÿ ā¹Āúý ¹½Ā·¾z Ĉ«Āù ā½v  ćÿ½ Ĉĉwă

ôzwé ćwþ´ýv Ĉöĉv½ ¹ºÝ ÈĉvÀåv wz )¢Åv āºÉ ā½vĀĉ¹ üĉv ĂÚ³Ēù  ÓĀÖ· ½¹ ćv

øă Ĉù ¹Ā«ÿ Ăz wù¹ Ĉõw³½¹ ºĉj  wz ĂíÓĀÖ· ćwþ´ýv üú£½wă ¹ºÝ ÈĉvÀåv 

 

 
Fig. 4 Variations of local Nusselt number for different mesh size on 
wavy-wall. (Ra = 104, Ha = 30, ű = 0.04, n = 2, a = 0.1) 

 ôîÉ4 Ăî{É ćv¾z Ĉö´ù ¢öÅwý ¹ºÝ ¡v¾ĊĊâ£ Ĉ«Āù ā½vĀĉ¹ ćÿ½ äö¤¸ù ćwă 
 (Ra = 104, Ha = 30, ű = 0.04, n = 2, a = 0.1)  

 óÿº«2 ĈÞz¾ù ĂÚæ´ù ½¹ üĊòýwĊù ¢öÅwý ¹ºÝ ĂÆĉwêù 
(Ra = 105, ű = 0.0, n = 0) 

Table 2: Comparison of the mean Nusselt numbers in the square 

cavity. (Ra = 105, ű = 0.0, n = 0) 
üĊòýwĊù ¢öÅwý ¹ºÝ üú£½wă 

 Ü«¾ù[35]  Ü«¾ù[34]  Ü«¾ù[19]  ĂÞõwÖù¾Ñw³  

     4.722     4.794     4.738     4.6865           0 

    ------     ------     4.143     4.1006          15 
     3.143     3.224     3.150     3.1203          30 

     ------     ------     2.369     2.3461          45 

     1.865     1.900     1.851     1.8311           60 

      ------     1.356     ------     1.3145           90 

 
¾Ñw³ ĂÞõwÖù  Ü«¾ù [19] 

  

  

a)                                                                                     #äõv 

  

  

b)                                                                                      #x 

Fig. 5 Comparison of streamlines and isotherms contours for (a) Ha = 

30 (b) Ha = 60) (Ra = 105, ű = 0.03) 

 ôîÉ5 øă ÓĀÖ· ÿ ûwĉ¾« ÓĀÖ· ĂÆĉwêù #äõv$ ćv¾z wù¹Ha = 30  #x$ I Ha = 

60$ )Ra = 105, ű = 0.03# 
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Ĉù āºăwÊù øă ÓĀÖ· üú£½wă ¹ºÝ ÈĉvÀåv wz Ăí ¹ĀÉ  ûºÉ ½ÿ¹ Ăz ôĉwú£ wù¹

¹ v½ Ĉ«Āù ā½vĀĉ¹ ¿v¾¬þù Ăí ºý½v  ĂĊ³wý üĉv ½¹ Ĉĉwù¹ ûwĉ¹v¾ñ Èăwí Ăz

Ĉù )¹ĀÉ 

 ½¹"ôîÉ  6" Ô· wz ¡v½»Āýwý Ĉú¬³ ¾Æí ÈĉvÀåv ¾Ċ§m£ üĊ¯  ûwÊý wă
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Fig. 6 Comparison of streamlines and isotherms contours for pure water 

(solid line) and nanofluid with ű = 0.04 (dashed line) (a) Ha = 0 
(b) Ha = 60 (c) Ha = 100 
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Fig. 7 Variations of mean Nusselt number with Rayleigh and Hartmann 

numbers. (ű = 0.04) 
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