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Abstract: 
In  this  study,  the turbulent  flow  and  heat  transfer  characteristics  of  Al2O3/Distilled 

water  Nano-fluid with a range of  the Reynolds number (Re = 6196.92–38669.54) and the range 

of volume concentrations (φ =0.5%, 1%, and 2%) are concentrated tentatively and numerically. 

The test rig includes cold liquid circle, hot liquid circle and the test portion, which is counter 

stream dual pipe heat exchanger with (2000) mm length. The chilly fluid (Distilled water) 

flowing through the external tube and the hot fluid (or Nano-liquid) move through the inner tube. 

The limit conditions of numerical (CFD) study is the same conditions as in experimental work 

additionally, thermally protected of the external wall. The hot Nano-liquid loop side with 

uniform speed at (0.176, 0.352, 0.529, 0.705, 0.881 and 1.058) m/s, and the cold distilled water 

circle with constant speed of (0.529) m/s. The outcomes were demonstrated that, the warmth 

transfer coefficient, (Nusselt numbers) expanded by expanding, Reynolds number, and the 

molecular concentration. The experimental and Numerical  results  indicate  that  the  maximum  

enhancement  in heat  transfer  coefficient (Nusselt number)   were  (48.93) %  and  (46.63) %  

separately, and the increasing in the friction factor was about (7.69) % as compared to the 

distilled water  at  the maximum  discharging   of  (18) Liter/min  and volume  concentration of  

)2( %. Theoretical study included numerical analysis to solve governing differential equations in 

three dimensions through use of ready-program workbench ANSYS FLUENT bundle-(16) to 

study the effect of both Reynold number and focus on the amount of improvement in heat 

transfer and   friction variable.  The test results were demonstrated a decent concurrence with 

numerical results with the minimum and maximum difference were (5.75 and 11.41) percentage 

and the normal difference was (10.074) percentage was happening with Distilled-water. 

Keywords: Nusselt number, Al₂O₃ Nano-fluid, heat exchanger. 
 

 :الخلاصت
فٍ هذا اىثحث، ذٌ إخزاء دراسح ػَيُح وػذدَح لاّرقاه اىحزارج ىدزَاُ اضطزاتٍ ماٍو اىرشنو داخو ٍثاده حزارٌ 

 distilled - (γ-Al2O3 (20 nm))]ٍزدوج الاّثىب. تاسرخذاً ّىع واحذ ٍِ أّىاع اىَىائغ ٍرْاهُح اىذقح لأماسُذ ٍؼذُّح هى، 

water]  وترزامُز حدَُح ٍخريفح(φ = 0%, 0.5%, 1%, 2%)  ىيدزَاُ الأضطزاتٍ  وٍذي ػذد رَْىىذ(Re = 

 اىداّة اىؼَيٍ ٍِ اىذراسح ذضَِ تْاء ٍْظىٍح اخرثار ذحرىٌ ػيً أخهزج اىقُاس واِلاخ، (6196.92-38669.54

حُث حُث اُ اىظزوف اىْظزَح ماّد ٍشاتهح اىً اىظزوف اىؼَيُح   ,اىضزورَح ىحساب ٍقذار اىرحسُِ فٍ اّرقاه اىحزارج

ٍرز/ثاُّح  1.058 ,0.881 ,0.705 ,0.529 ,0.352 , 0.176)ماّد اىسزع ىيَائغ اىحار فٍ الاّثىب اىذاخيٍ ىيَثاده ماىراىٍ )

 ( ٍرز/ثاُّح.0.529و اىسزػح ثاترح ىلأّثىب اىخارخٍ ٍقذارها )

ح اىصغز ومذىل ٍذي رَْىىذ. أظهزخ اىْرائح اُ ذحسُِ اّرقاه اىحزارج َزذثظ تزَادج اىرزمُز اىحدٍَ ىيدزئُاخ ٍرْاهُ

( 48.93وذٌ اىحصىه ػيً أفضو ّسثه فٍ اّرقاه اىحزارج ىيْرائح اىؼَيُح واىؼذدَح ػِ طزَق ّسثه ػذد ّسيد واىرٍ تيغد %)

( ٍِ اىَاء ػْذ 7.69ٍغ اىَاء واُ اىزَادج فٍ ٍؼاٍو الاحرناك ىيَائغ اىْاّىٌ تيغد %) (Al2O3)( ٍِ خلاه 46.63و % )

 ػيً اىرىاىٍ.(φ=2%)ىرز/دقُقح( وذزمُز  18اػيً ذصزَف )

اىحامَح تالأتؼاد اىثلاثح  ذضَِ اىذراسح اىْظزَح اىرحيُو اىؼذدٌ تاسرخذاً ذقُْح اىحدىً اىَحذدج ىحو اىَؼادلاخ اىرفاضيُح
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 ػذد رَْىىذ ىذراسح ذأثُز مو ٍِ   ANSYS FLUENT bundle-16) (workbenchٍِ خلاه اسرخذاً اىثزّاٍح اىداهز 

  .واىرزمُز ػيً ٍقذار اىرحسُِ فٍ اّرقاه اىحزارج وٍؼاٍو الاحرناك

 ٍِ خلاه إخزاء اىَقارّح تُِ اىْرائح اىؼَيُح واىْظزَح ىىحع ذطاتق خُذ تُِ اىْرائح وتأقو وتأػيً

رزمُز ( وتAl2O3( ماّد ػْذ اسرخذاً اىَائغ اىَرْاهٍ اىذقح )10.074( وٍؼذه اخرلاف %)11.41و 5.75ّسثه اخرلاف % )

(φ =2%.) 
 

1.  Introduction 
Fast advancement in all sectors, which is foundations, modern, transportation, defense, space 

overseeing high heat loads has turned out to be extremely basic. For that reason, several cooling 

technologies have been researched. However, the conventional technique of heat transfer by means 

of a flow system including fluids like water, ethylene glycol, mineral oils has always been popular 

and would always remain popular due to its simple nature. Conventional heat transfer systems used 

in applications like petrochemical, refining, and power generation are rather large and involve 

significant amount of heat transfer. However, in certain applications like electronics cooling in 

laptops and microprocessors, engine cooling in automobiles, cooling in power electronics used  in  

military  devices,  cooling  in  space  applications  and  many  other  areas,  small  heat  transfer  

systems  are required.  These  applications  have  a  critical  relationship  between  size  of  a  

mechanical  system  and  the  cost associated  with  manufacturing  and  operation.  If  

improvements  could  be  made  in  the  existing  heat  transfer systems such as enhancing the 

performance of the heat transfer fluid, a lesser heat exchanger surface area and hence, a lesser space 

would be required to handle a specified amount of cooling load. The situation would lead to  

smaller  heat  transfer  systems  with  lower  capital  costs  and  higher  energy  efficiencies.  In this 

pursuit, numerous  researchers  have  been  investigating  better  techniques  to  enhance  the  

thermal  performance  of  heat transfer fluids. One of the methods used is to add Nano-sized 

particles of highly thermally conductive materials like carbon, metal, metal oxides into the heat 

transfer fluid to improve the overall thermal conductivity of the fluid. The dispersion or suspension 

thus obtained is called Nano-fluid [1]. 

Numerous researchers have contemplated the heat transfer qualities of the different Nano-

fluids. Concentrating on the constrained of forced convective heat transfer experimentally, a few 

existing distributed articles that include the utilization of Nano-fluids are talked about in the 

subsequent sections. 

Pak  and  Cho,  [2] concentrated tentatively the heat  transfer of (Al2O3-water) Nano-liquid at 

turbulent stream when point of interest of heat exchanger and the limit conditions were round tube  
             and length           at steady warmth flux. At scope of Reynolds number )Re 

=10
4
 – 10

5
(and particle concentration (φ): 1.34%, 2.78% and 4.33% by volume. From the results 

were found that the Nusselt number of the scattered liquids for completely created stream increased 

by increasing volume concentration and in addition with Reynolds number. Additionally found that 

the extreme upgrade of                               12% littlest than, that in unadulterated water 

with 3% particle concentration. 

Fotukian and Esfahany, [3] concentrated tentatively,  the turbulent stream of Nano-liquid with 

various volume concentrations (φ = 0.03%, 0.054%, 0.067% and 0.135%) by volume of (γ-Al₂O₃) 
nanoparticles. The Nano-liquid was streaming at steady wall temperatures with the scope of 

Reynolds number about from (6 x 10
4
 to 3.1 x 10

4
), through shell and tube heat exchanger consist 

of the inner diameter of the tube equal to (di=5 mm) and the shell inner diameter equal to (Di=32 

mm). Results had obviously demonstrated the increasing in, the proportion of heat transfer 

coefficient for Nano-liquid with Reynolds number, contrasted with immaculate water by (48 %) 

with the high volume concentration (φ=0.054%). 

Vasu et al., [4] built up an exact relationship for thermal conductivity of                   ₂ ₃ 
        Nano-liquids, considering the impacts of temperature, volume portion, and size of the nano 

molecule. A relationship for the evaluation of, Nusselt number was additionally, developed, 

displayed, and looked at, in graphical appearance.  Those relationships  improved  thermo-physical  
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and  heat exchange characteristics  made  liquids  embedded  with  nano-materials as  brilliant 

candidates for future applications. 

Eiamsa-Ardet al., [5] studied  experimentally the influence of CuO/water Nano-fluid with the 

particles concentrations that utilize were (φ=0.3%, 0.5% and 0.7%)  by volume and corrugated tube 

equipped with twisted-tape with twist ratio equal to (y/w=2.7) on the thermal performance. The 

(CuO) Nano-fluid was streaming, through the steel concentric  tube heat exchanger consist of the 

inner diameter of inner tube equal to (di=10 mm) and the shell internal diameter equivalent to 

(Di=25 mm), and the extent of  Reynolds number about from (6.2 x 10
3
 to 24 x 10

3
) in addition to, 

the maximum thermal performance factor of (1.57) was found in counter arrangements at turn 

proportion of (y/w=2.7) and Reynolds number of (6.2 x 103), with volume concentration (φ=0.7%). 

Khalifa  and  Banwan, [6] studied  experimentally  the  effect  of (γ-Al₂O₃/water) Nano-fluids  

with  various volume concentrations (φ=0.25%, 0.5%, 0.75% and 1%) by volume on warmth 

transfer under turbulent regime (Re ≥ 2300) in in  counter double pipe  heat exchanger concentric 

tube for four diverse mass stream rates about (2.5, 3.333, 4.166 and 5) Liter/min, and the 

temperature for hot water was (50) 
o
C. The dimensional for the test rig has the inner diameter of 

internal pipe (di=20 mm) with thickness 1mm and shell inner diameter equal to (Di=50 mm) and 

thickness (2mm), and length (L=760mm) in additional to, the Results exhibited the convective 

warmth transfer increase by extending volume concentration and stream rate. The most extreme 

improvement got for Nusselt number and the warmth transfer coefficient were (20 and 22.8) 

percentage, separately, at Reynolds number (6026) and particle concentration was (φ=1) 

percentage. 

Nguyen et al., [7] studied experimentally the examination on turbulent warmth transfer in closed 

system for cooling chip with    ₂ ₃       Nano-liquids at molecule concentrations were (φ= 1 %, 

3.1 % and 6.8 %) by volume. The Reynolds numbers extend that used as a part of this study from (3 

x 10
3
 to 15 x 10

3
). He reasoned that the consideration of nanoparticles into water created an 

impressive upgrade of the cooling piece convective warmth transfer coefficient. Results 

demonstrated the most extreme improvement in warmth transfer coefficient was 40% at molecule 

concentration (φ=6.8%). 
Vajjha et al., [8] investigated experimentally the heat transfer of (Al₂O₃, SiO₂ and Cuo) Nano-

fluid at turbulent flow(Re ≥ 2300).  The  detail  of  heat  exchanger  and  the  boundary  conditions  

was  circular  pipe  (D=314mm)  and  length (L=1168 mm) at consistent heat flux. The field of 

Reynolds numbers, which used from (Re= 3000 to 16000), and the molecule concentrations were 

(φ=2%, 4%, 6%, 8% and 10%) by volume.  The all outcomes were exhibited that by expanding the  

molecule concentration, the result lead to the pressure drop (friction factor)and warmth transfer 

rates increase also it demonstrated the greatest improvement of heat transfer coefficient was 81.74% 

at molecule concentration (φ = 10%) and (Re = 7.24x10
3
). 

Heydar et al., [9] concentrated tentatively the examined of heat transfer for Titanium dioxide 

nanoparticles (TiO₂/ water)Nano-fluid at turbulent flow (Re ≥ 2300). The  detail  of  the test section 

(double tube heat  exchanger)  and  the  boundary  conditions  was  inner  pipe diameter(di = 6 mm)   

and shell inner diameter  (Di=14 mm) with  length (L=120cm) at constant temperature of Nano-

fluid (T=35 and 40) Celsius. The range of Reynolds number (Re) that used about (10 x 10
3
– 27.5x 

10
3
), the particle concentration 0.01%, by volume with and without twist-tape has ratio equal to 

(y=3.5). By using twisted-tape with titanium oxide Nano-fluid, the efficiency 30percentage as 

compared to the base and about 10% without using the twist tape. 
 

2. Experimental Apparatus 
Operational segment was carried out in heat transfer laboratory in the college of engineering, 

university of Karbala, as shown in figures (1 and 2), the test section is a double pipe heat exchanger 

and it is constructed from concentric copper tube with (2000 mm) length. The copper tube with 

inner diameter is (19 mm), and outer diameter is (22 mm), was chosen as the inner tube. In addition 

to, the shell, side consists of a Poly vinyl Chlorid (PVC) tube with inner diameter (52 mm) and 
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outer diameter is (63 mm), was chosen as the outer tube for the test section. The hot fluid flows in 

the inner tube while the cooling fluid flows in the annulus. 

Where the working fluids of the inner cycle were [Distilled-water, and metal oxide Nano-fluid 

type Aluminum Oxide Nano-fluid (Al2O3)] with volume concentrations of (φ = 0.5, 1 and 2) 

percentage. The flow consists of the hot fluid tank, heater, pump, flow meter, two control valves 

and a piping system. The hot fluid tank is made of Plate, which has a volume capacity (50) liters 

and used to feed the system with the required amount of hot fluid through the pump and collect the 

accumulated fluid comes from the test section. U-tube manometer was used to measure the pressure 

drop across the inner tube of heat exchanger. The power of heater was (3000) Watt. The circulating 

pump is a centrifugal pump [TAAM - 220 V - 50 Hz - 0.37 kW], [Qmax = 30 L/min, Hmax = 30 m] 

used for circulating the hot fluid, through the experimental test rig. The two pumps for shell (cold-

water side) is a centrifugal pump of type [MARQUIS - 220 V - 50 Hz – 2900 RPM], [Qmax = 30 

L/min, Hmax = 30 m], and the other [SUPER - 220 V - 50 Hz – 2850 RPM], [Qmax = 60 L/min, 

Hmax = 50 m]. The flow meters with a range, (2 – 18 L/min) was used to measure the flow rate of 

the hot fluid in the inner tube and shell side with error (±0.033 L/min). 
 

 
Figure (1): Schematic diagram of experimental apparatus. 

 

Nine thermocouples (K–type) were used to measure the temperature in different locations 

along the test rig of heat exchanger. Five thermocouples were used to measure the temperatures 

along the outer surface of the inner tube at the heated test section. The thermocouples are located 

along the test section with a space distance of (350) mm between each other. The thermocouples 

were fixed on the specified place with epoxy adhesion. Four thermocouples were immersed in the 

working fluid in order to measure the inlet, and the outlet temperature for the hot, and cold fluids 

(shell and tube) sides of the test section. The thermocouples were calibrated at the Center of 

Standardization and Quality Control with error (± 1.1) Co
. 
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 Figure (2): Experimental apparatus. 

 

3. Data Reduction 
a) Thermo-physical Properties of Nano-Fluid 

The  physical-properties  for  the  Nano-fluid  used  for  this  work  are by compared the 

measuring properties  at 20 C
o
 and then selection the suitable equation to calculate physical  

properties  at the film temperature of Nano-fluid by using  the  standard  equations [10], and the 

nanoparticles physical properties are shown in table (1). 

The Thermal Conductivity of Nano-fluid (   ) in W/m.K is determined by the following 

equation: 
 

    [
        (     )     

  

       (     )       
]                                                   .… (1)       

 

The Dynamic viscosity of Nano-fluid (   ) in pa.sec is determined by the following equation: 
 

    *
 

        
+                                                                                        .… (2) 

 

The specific heat Nano-fluid (    ) in kJ/kg.K is determined by the following equation: 
 

      
                     

   
                                                        .… (3) 

 

The density Nano-fluid (      in kg/m³ is determined by the following equation: 
 

                                                                                   .… (4) 
 

b) Mathematical Calculations 
In  the  present  study,  the  γ-Al₂O₃  nanoparticles  dispersed  in  distilled-water  were  used  to  

investigate  the convective heat transfer coefficient and Nusselt number of the Nano-fluid. Thus, it 

can be calculated from the following equations: 

 

 



Journal University of Kerbala , Vol. 15 No.2 Scientific . 2017 
 

279 

 

The amount of the heat transferred from the geyser heater to the working fluid (heat absorbed) 

is given by: 

1- The heat transfer rate through tube (hot side) 
 

                                                                                         .… (5) 
  

2- The heat transfer rate through shell side (cold side) 
 

                                                                                             .… (6) 
 

3- Heat Transfer Coefficient (Nusselt Number) 

Experimentally, the heat transfer coefficient can be calculated from Newton's law of cooling 

such as [11]:    
    

           =                                                                                      .… (7)  
 

   
           

                
                                                                                                         .… (8) 

 

    
     

 
                                                                                                                          …. (9) 

 

Where; 

The surface area of the inner tube 
 

                                                                                                           …. (10) 
 

The surface mean wall temperature of the inner tube 
  

      
              

 
                                                                                                     .… (11)  

 

The bulk temperature at the inlet and outlet of the inner tube 
 

   
         

 
                                                                                                                       .… (12)   

 

4- Reynolds Number and Entrance Length 
The Reynolds number (Re) of cooling water and hot Nano-fluid are obtained by the following 

equations: 

Re = 
     

 
                                                                                  .… (13) 

Or, 

Re = 
   ̇

    
                                                                                   .… (14) 

The entrance length to ensure the flow is hydrodynamic fully developed was  obtained by the 

following equations[12]: 

   (
  

      
)
 

                                                                           …. (15) 
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5- Friction Factor 

The friction factor can be calculated by using the expression of Darcy equation[13]. 

  
      

    
                                                   …. (16) 

Where;  

                                                                        …. (17) 

 

c) Governing Equations 
The  basic  equations  that  describe  the  flow  and  heat by using Ansys-16- FLUENT in 3D 

are  conservation  of  momentum,  mass,  and  energy equations. These,  equations  numerically 

describe  three-dimensional,  turbulent  and  incompressible  flow  takes  which  the following 

forms [14] . 

The assumptions that used for the instantaneous equation are:-  

1- Steady, three-dimensional, incompressible flow, single-phase flow, no-slip, irrotational.  

2- Thermal-equilibriums between the nano-particles, and base liquid. 

(i) Conservation of Mass: 

  

  
 
  

  
 
  

  
 
  

  
                                                         .…(18) 

     (ii)  Momentum Equations: 

a) Momentum equation in the X-direction: 
  

   

  
 
      

  
 
      

  
 
      

  

  
  

  
      [

   

   
 
   

   
 
   

   
]                                

b) Momentum equation in the Y-direction: 

   

  
 
      

  
 
      

  
 
      

  

  
  

  
      [

   

   
 
   

   
 
   

   
]                                            
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c) Momentum equation in the Z-direction: 

   

  
 
      

  
 
      

  
 
      

  

  
  

  
      [

   

   
 
   

   
 
   

   
]                                           

(iii) Energy Equation  

 

  
(     

  

  
)  

 

  
(     

  

  
)  

 

  
(     

  

  
)                                    … (22) 

Where;  

                                                                                                          .… (23) 

(iv) Turbulence Model    

The turbulence  model  that utilized  in  this  analysis is  one  of  the  most  widely  used  

turbulence  models  is  the  two-equation  model  of  kinetic energy (k) and its dissipation rate 

(ε)[15]. 

(i) Turbulence Energy, (k) 

   

  
 

 

   
       

 

   
[(  

  

  
)
  

   
]                                                   …. (24) 

(ii) Energy Dissipation Rate, (ε) 

   

  
 

 

   
       

 

   
[(  

  

  
)
  

   
]  (    

 

 
  )  (    

  

 
)                     …. (25) 

Where;  

The turbulent (or eddy) viscosity,     

      
  

 
                                                                                                                  …. (26) 

Also, the generation of turbulence kinetic energy due to the mean velocity gradients       

       
                                                                                                       …. (27) 

   is the modulus of the mean rate-of-strain tensor, defined as 

  √                                                                                                                            ….(28)      

    
 

 
(
   

   
 
   

   
)                                                                                             ….(29)          

The model constants have the following default values[16], as shown in table (2) . 
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4. Boundary Condition and Number of Iteration  
Boundary conditions for temperatures, pressure, velocities, and parts of the double pipe heat 

exchanger were defined in table (3). In additional to, the error of residual data set is (10
-3

 and 10
-6

) 

for continuity, (κ- ε) model, velocities and energy respectively, are satisfied, the solution said, to be 

converging, as shown in figure (3) of the scaled Residuals. 

Typically, about (170-300) iterations are needed, to obtain a converged result, which takes 

about (2 to 6) hours for each case, on a computer a cluster consisting of (2.60) GHz, Processer 

Intel® CORE (TM) i7, memory (6) GB personal computers.  
 

5. Results and Discussion 
Figure (4) displays the Nusselt number against the Reynolds number and the results of this 

validation are in a good agreement between the numerical data and the data from the correlation 

equation of Dittos–Boelter with the minimum difference (8.98) percentage and the maximum 

difference (12.64) percentage and the normal difference (10.66) percentage of the Nusselt number. 

Figure (5) displays the friction factor number against the Reynolds number of distilled water, 

the results showed good agreement between the results obtained by the numerical data with the 

empirical correlation equation, of Blasius with the maximum difference (4.17) percentage and the 

normal difference (2.033) percentage of the friction factor. 

 The comparison between the experimental and numerical results are shown in figures (6) for 

the distilled-water.  A good agreement between the results are noticed, the minimum and maximum 

difference were (5.75 and 11.41) percentage and the average difference was (10.074) percentage of 

all the data sets. 

Figure (7) shows the variation of the experimental Nusselt number with Reynolds number for 

(Al2O3) Nano-fluid at an inlet constant temperature was (50) °C for three values of volume 

concentrations (φ= 0.5,1 and 2) percentage. It shows that as Reynolds number increases, the Nusselt 

number increases too in all cases. The high Nuselt number was obtained with concentration of 

(2) %. The  enhancement  in  the  heat  transfer  (Nusselt  number)  between the maximum and 

minimum values of volume concentrations of Al2O3 Nano-fluid is explained using the Nusselt 

number percentage are (21.02) % and (16.29) % when the discharging was (18 and 3) L/min 

respectively. The results of Nusselt number and the uncertainty error for all data sets are shown in 

table (4 and 5) respectively. 

Figure  (8)  represents  the  relation  between  experimental friction  factor  and  Reynolds  

number  for  the smooth tube heat exchanger. The increase in the pressure drop (friction factor) for 

a friction factor ratio was (fNano-fluid/fDistilled-water). The minimum and maximum increasing in the 

friction factor for friction factor ratio (fAl2O3/fDistilled-water) of (Al2O3) Nano-fluid with volume 

concentrations (0.5 and 2) % were (1.044) and (1.0769), which occurred with the maximum 

discharging was (18) L/min respectively. From the outcomes which appeared, the friction factor of 

(Al2O3) Nano-fluid with all volume concentrations are higher than Distilled-water because of the 

changing in fluid properties (high viscosity) lead to increase the values of the friction factor as 

shown in the same figure. 

Figures (9) display contours of temperature distribution across the shell and tube in Kelvin (K) 

at locations of (Z= 30, 65, 100, 135, 170, 200) cm along the test section for volume concentration 

(φ=2) percentage of (Al2O3) Nano-fluid. The inlet temperature of the hot Nano-fluid equal to (50) 
o
C, and the cold-water temperature was equal to (18.6) 

o
C, when the discharging was (9) L/min for 

both side of working fluids. Notice that include difference temperature contours of (Al2O3) Nano-

fluid between the sections to another for the inner tube because of the cooling that happen by the 

cold water in shell side on inner tube. 

Figure (10) shows a focused view of the temperature contours along the anterior section (Z-

axis), of the heat exchanger for the hot Nano-fluid and cold-water. The temperature at an inlet for 

the hot Nano-fluid equals to (50) 
o
C and the discharging was (18) L/min. The cold-water 
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temperature was equal to (18.6) 
o
C at the inlet, and the discharging was (9) L/min. With volume 

concentration (φ=2) % of (Al2O3) Nano-fluid. 
  

6. Conclusions 
1. Experimentally, by using aluminum dioxide (Al2O3) Nano-fluid with the volume concentrations 

of (0.5, 1 and 2) percentage in the double pipe heat exchanger lead to improve the heat transfer 

coefficient (Nusselt number) about (23.1, 39, and 48.93) percentage at maximum flow rate 

respectively, as compared to the distilled water. 

2. The maximum volume concentration of (2) percentage with using aluminum dioxide (Al2O3) 

Nano-fluid lead to increase the friction factor about (7.69) percentage as compared to the base 

fluid. 

3. The change in fluid properties with increasing of volume concentrations (φ=0.5, 1and 2) 

percentage, and increasing Reynolds number this lead to improvement in the heat transfer 

(Nusselt number).  

4. Results show that the experimental data sets are in good agreement with the numerical data 

related to Nusselt number for distilled water and the observed uncertainty error is low for all 

cases in this study, as shown in table (4). 
 

 
 

Figure (3): Scaled Residuals 
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Figure (4  ( : Comparison between Numerical Nusselt numbers of distilled water with correlation of 

Dittos–Boelter. 
 

 
Figure (5): Numerical Friction factor of distilled water in comparison with correlation of Blasius. 
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Figure (6): Numerical Nusselt number of distilled water in comparison with experimental data. 

 

 

Figure (7): The effect of volume concentration of (Al2O3) Nano-fluid on Nusselt number at 

different Reynolds number. 
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Figure (8): The effect of volume concentration of (Al2O3) Nano-fluid on friction factor at 

different Reynolds number. 
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Figure (9): Temperature contours in (K) at locations of (Z= 30, 65, 100, 135, 170, 200) cm along 

the test section for Nano-fluid [2% Al2O3]. 
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Figure (10): Temperature contours in (K) at (Z-axis) along the test section for Nano-fluid [2 % 

Al2O3]. 

Table (1): The Physical properties of the nanoparticles for (Al2O3) Nano-fluid. 

Particle Morphology Color 

Mean 

Diameter 

(nm) 

Density 

(Kg/m
3
) 

Thermal 

Conductivity 

(W/m.c) 

Specific 

Heat 

(J/Kg.c) 

Al2O3 spherical 
White 

powder 
20 3970 40 765 

 

Table (2): The (k-ε) model constants values. 
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Table (3): Details of numerical conditions. 

ANSYS FLUENT (16) 

Inner diameter of inner tube (19) mm 

Thickness of  inner tube (1.5) mm 

Inner diameter of shell (52) mm 

Dimensional 3D 

Number of grid generation (nodes) (124827) 

Number of grid generation (element) (91068) 

Turbulence modeling k–  model 

Outer fluid Water 

Interio fluid AL2O3/Water 

Pressure outlet (Po= 0) 

Tube inlet temperature (50) 
o 
C 

Annulus inlet temperature (18.6) 
o 
C 

Velocity range of hot fluid (from 0.176 to1.058) m/sec 

Velocity of cold fluid (0.529) m/sec 

 

Table (4): The data of Nusselt numbers for (Al2O3) Nano-fluid and distilled water. 

Discharge 

(L/min) 
water 0.5-Al2O3 1-Al2O3 2-Al2O3 

3 25.003 31.358 33.995 36.464 

6 41.650 50.023 56.676 59.755 

9 60.562 71.902 78.363 82.622 

12 72.028 90.078 100.542 107.588 

15 85.098 106.403 116.830 124.767 

18 102.676 126.357 142.798 152.914 
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Table (5): The data of uncertainty error in Nusselt numbers for (Al2O3) Nano-fluid 

and distilled water. 

Discharge 

(L/min) 
water 0.5-Al2O3 1-Al2O3 2-Al2O3 

3 2.339 2.434 2.535 2.550 

6 0.691 0.647 0.722 0.732 

9 0.338 0.314 0.343 0.346 

12 0.200 0.192 0.206 0.225 

15 0.136 0.130 0.139 0.143 

18 0.106 0.098 0.109 0.117 

Average 0.635 0.636 0.676 0.685 

Nomenclature 

Symbol Description Dimension 

A Surface area of the tube m
2
 

C Specific heat kJ/kg.K 

D Diameter m 

G 
Generation of turbulence kinetic energy 

due to the mean velocity gradients 
kg/m

3
.s 

  Ground accelerate m/sec
2
 

  Specific enthalpy kJ/kg.K 

                             /m
2.K 

  pressure head m 

                              

L          

 ̇                     

m Mass kg 

                  --- 
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           N/m
2
 

Q Total heat power W 

Re Reynolds number --- 

                           -of-strain tensor --- 

T Temperature co
 

u, v, w 
Velocity component in Cartesian 

coordinate 
m/s 

X,Y,Z Cartesian coordinate m 

 

Greek Symbols 

Symbol Description Dimension 

φ volume concentration of nanoparticles --- 

γ Crystalline phase --- 

  Partial differential operation --- 

μ Dynamic viscosity kg/m.sec 

ε Turbulence eddy dissipation rate m
2
/sec

3
 

κ Turbulent kinetic energy m
2
/s

2
 

ρ Density kg/m
3
 

∆ Difference between two value --- 

  

                                  of a 

quantity with respect to all directions 

in the chosen coordinate system 

--- 

ƒ Friction factor --- 
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Subscripts 

Symbol Meaning 

b bulk 

bf Base fluid 

e Entrance 

i, j, k The three coordinate direction  

i Inlet, inner 

nf Nano-fluid 

o Outlet 

s Surface 

t Turbulent 

W Water 

Abbreviation 

Symbol Description 

CFD Computational fluid dynamic 

FLUENT Fluid And Heat Transfer Code 

ANSYS Analysis System 

3D Three Dimension 
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