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HEAT TRANSFER ENHANCEMENT IN ROTATING TUBE IN TUBE HEAT 

EXCHANGER BY USING CU-WATER NANOFLUID  
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Abstract  

Heat transfer enhancement by using Cu-water nanofluid in a horizontal rotating tube in tube 

counter flow heat exchanger is studied experimentally. The effect of the inner tube rotation at 

variable speed from 0 to 500 RPM is introduced. The nano concentration is changed in the range 

of 1% to 3 % by mass. The hot fluid is water, and the cold fluid is Cu nanoparticles dispersing in 

a base fluid (water). The results indicate that the increased in rotational speed of inner tube led to 

increasing the heat transfer rate and the effectiveness of heat exchanger. Also, the heat transfer 

rate and the transfer number unit (NTU) increase with increasing Cu-water nanofluid 

concentration. 
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Nomenclature                                                                          

𝑚             mass flow rate, kg/s                                                  

𝐶𝑝               specific heat, J/kg K                                                  

𝑄              heat transfer rate , W  

T                temperature, K                                                       

U                overall heat transfer w/m
2
.K                                   

As               heat transfer surface area, m
2                                                                

NTU   
           

number of transfer units                                                       

𝑅𝑒              Reynolds number                                               

b                 gap width, m                                                           

Nu              Nusselt number                                                       

D                Tube diameter, m                                                    

r                  radius of the tube, m                                                    
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Pr               Prandtl number                                                 

k                 thermal conductivity, W/m.
 
K                                  

u                velocity of the fluid, m/s                                              

Dh              Hydraulic diameter of the annulus area, m             

C                heat capacity, W/K 

Greek symbols 

 𝜌               density, kg/m
3
              

𝜙               concentration of nanoparticles ( % )         

𝜇               dynamic viscosity, kg/m..s 

𝒱               kinematic viscosity, m
2
/s 

 ε               effectiveness  
 
Ω

                     
angular velocity, rad/s

                        

 
Subscripts  

h                hot fluid  

c                cold fluid 

in               inlet  

out             the outlet  

 i                inner  

o                outer 

nf               nanofluid  

f                 pure fluid  

s                 nanoparticles 

 

1. Introduction 

The heat exchanger is an important device in all the thermal systems. Heat exchangers are 

devices used to transfer heat between two or more fluids at different temperatures. Heat 

exchangers use widely in power generation, chemical processing, electronics cooling, air-

conditioning, refrigeration and automotive applications.  Heat transfer enhancement enables the 

size of the heat exchanger to be considerably decreased. A high rate of heat transfer with 

minimum space requirement is necessary for the compact heat exchanger. Heat transfer 

properties in the conventional fluids are poor solid particles are high thermal conductivity than 

all of the conventional fluids. To improve the effective heat transfer behaviors of conventional 

fluids is to suspend small solid particles in the fluids. Yildiz, Bicer and Pehlivan [1] studied the 

effect of propellers on heat transfer and pressure experimentally in double pipe heat exchangers. 

The heat transfer rates in the double pipe heat exchangers may be increased up to 250% by 

giving rotation to the fluid by propellers. Swirling motion of the hot air by placing injectors with 

different diameters and numbers in triangle line rows in the entrance section of the inner pipe of 

the concentric heat exchanger studied by Çakmak and Yildiz [2]. Daloglu [3] studied the overall 

heat transfer coefficient for a rotating cavity heat exchanger. The heat exchanger consisted of a 

rotating cylindrical cavity with flow axially. Durmus and Esen [4] studied increasing heat 
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transfer in concentric double pipe heat exchangers by installing snail at the inlet of the inner pipe 

and used a swirl generator. The theoretical and experimental results of the second law analysis 

on the heat transfer and flow of a horizontal concentric tube heat exchanger are presented by 

Naphon [5]. Performances of a double tube heat exchanger are investigated with 

and without the influence of ultrasonic vibrations introduced by Legay, Boldo and Bontemps [6].  

Dong Ho and Yang [7] studied analytical method to predict the temperature distribution for 

laminar flow in a double counter flow heat exchanger with the sinusoidal heat flux distribution. 

Heat transfer and flow characteristics were investigated by Han and Lee [8] experimentally for 4 

micro fin tubes with varying Re (3000–40000) and Pr (4–7).Experimental study on concentric 

tube heat exchanger for the water to nanofluids heat transfer with various concentrations of 

Al2O3 nanoparticles into base fluids studied by Khedkar and Wasewar [9]. The heat transfer 

characteristics and the pressure drop of the horizontal concentric tube with twisted wire brush 

inserts are investigated by Suchana and Naphon [10]. The overall heat transfer coefficient (U) in 

a concentric tube, parallel flow heat exchanger was determined by su and Prasad [11] .Bertin and 

Lalizel [12] studied heat transfer in flow between concentric rotating cylinders. The effect of 

using louvered strip inserts placed in a circular double pipe heat exchanger on the thermal and 

flow fields utilizing various types of nanofluids is studied numerically by Hasan and Wahid [13] 

and four different types of nanoparticles, Al2O3, CuO, SiO2, and ZnO with different volume 

fractions in the range of 1% to 4% and different nanoparticle diameters in the range of 20 nm to 

50 nm, dispersed in a base fluid (water) are used. Jeng and Tzeng [14] investigated 

experimentally the heat transfer characteristics of flow in an annular channel by mounting 

longitudinal ribs on the rotating inner cylinder. Syed and Bakhsh [15] studied a steady and 

laminar convective flow has been numerically simulated in the fully developed annular region of 

a finned double pipe subjected to the constant heat flux boundary condition imposed on the inner 

pipe wall. Large-eddy simulations of the turbulent flow in a concentric annulus with inner wall 

rotation were performed by Chung and Sung [16]. Experimental study of the fully developed 

laminar flow of a Newtonian liquid through an eccentric annulus with the combined bulk axial 

flow and inner cylinder rotation introduced by Gouldson and Pinho [17]. Heat transfer 

enhancement by using CuO/water nanofluid in corrugated tube equipped with twisted tape is 

investigated by Wongcharee, ard [18] and three different CuO concentrations 0.3, 0.5 and 0.7% 

by volume. Darzi, Farhadi [19] studied the effects of Al2O3 nanofluid with a mean diameter of 20 

nm on heat transfer, pressure drop and thermal performance of a double tube heat exchanger. 

Arani and Amani [20] investigated the convection heat transfer characteristics in fully developed 

turbulent flow of TiO2–water nanofluid in horizontal double tube counter flow heat exchanger. 

Duangthongsuk and Wongwises [21] studied experimentally the forced convective heat transfer 

and flow characteristics of a nanofluid consisting of water and 0.2 vol. % TiO2 nanoparticles 

flowing in a horizontal double-tube counter flow heat exchanger. Cianfrini and Corcione [22] 

investigated theoretically natural convection flow in annular spaces between horizontal 

concentric cylinders by a nanofluid. Albadr, Tayal and Alasadi [23] studied experimentally 
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forced convective heat transfer in horizontal shell and tube heat exchanger counter flow by using 

Al2O3 nanofluid at different concentrations 0.3–2 % by volume. 

2. Experimental apparatus and procedure 

2.1. Experimental apparatus  

A schematic view of the experimental setup is shown in Figs. 1 (a), 1 (b). The device consists of 

two concentric tubes, two pumps, two tanks, electric motor, electric heater, cooling unit, and 

thermocouples. The test section is a 1m long counter flow horizontal double tube heat exchanger 

with hot fluid flowing inside the tube while the cold fluid flows into the annular which formed 

between the outer tube and inner tube. The inner tube is made of copper of 25.4 mm outer 

diameter and 2 mm thickness while the outer tube is made of transparent plastic of 76.2 mm 

outer diameter and 5 mm thickness. Insulate the outer tube to preventing heat transfer from the 

inside annular to surrounding air. 1 HP motor is used to drive the belt, which rotates the inner 

tube engaged pulley. This motor rotates with different speed by using a frequency inverter from 

0 to 500 RPM. J-type thermocouples are used to measure the temperatures of inlets and outlets of 

both hot and cold fluids. The temperatures of hot fluid at the inlet and outlet sides respectively 

are Th,in  and Th,out , while  Tc,in  and Tc,out are the temperatures of cold fluid at the inlet and outlet 

sides . The hot fluid temperature at the inlet was kept constant by using an electrical heater. The 

cold fluid (nanofluid) at the inlet was kept constant by using cooling unit and thermostat. The 

experimental setup is designed to enable varying and controlling the fluid flow rates. 

Fig. 1 (a): Schematic diagram of experimental setup 
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Fig.1 (b) Design of Apparatus

2.2. Synthesis of copper nanoparticles and preparation of nanofluids 

In order to prepare the nanofluids by dispersing the nanoparticles in a base fluid, proper mixing 

and stabilization of the particles is required. Synthesis of 240 g of copper nanoparticles by ball 

milling for dry grinding copper powder in micro size to convert to nano size at a speed of 350 

RPM. Milling was carried out for 125 hours.  See the change in size reduction of Cu powders after 

milling time by Dynamic light scattering to determine the size of particles and High-resolution 

transmission electron microscope (HRTEM) image for copper nanoparticles shown in Fig.2.To 

prepare copper nanofluid by dispersing copper nanoparticles in deionized water as based fluid 

must keeping precipitation copper nanoparticles due to the density of copper nanoparticles is 

higher than water by  use 3 % by mass of oleic acid surfactant to prevent  this and prevent  

agglomerate of copper nanoparticles in deionized water. 

 

Fig.2. HRTEM image of Cu nanoparticles 
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3. Data reduction 

The heat transfer rate from the heating fluid is defined as: 

   𝑄  ℎ =  𝑚 ℎ𝐶𝑝ℎ 𝑇ℎ ,𝑖𝑛 − 𝑇ℎ ,𝑜𝑢𝑡                                              (1) 

Where 𝑄  ℎ  is the heat transfer rate of the hot water and 𝑚 ℎ  is the mass flow rate of the hot water 

and Th,in and Th,out are the inlet and outlet hot fluid temperatures. 

 

The heat transfer rate to the cold fluid is defined as: 

𝑄  𝑐   =  𝑚 𝑐𝐶𝑝  𝑐 𝑇𝑐 ,𝑖𝑛 − 𝑇𝑐 ,𝑜𝑢𝑡                                            (2)                                                       

Where𝑄  𝑐    is the heat transfer rate of the cold fluid and 𝑚 𝑐  is the mass flow rate of the cold fluid 

and, 𝑇𝑐 ,𝑜𝑢𝑡 are the inlet and outlet cold fluid temperatures. 

 

The effectiveness of a counter heat exchanger: 

            

𝜺𝒄𝒐𝒖𝒏𝒕𝒆𝒓 𝒇𝒍𝒐𝒘 =
1− 𝑒𝑥𝑝   −

𝑈𝐴𝑠
𝐶𝑚𝑖𝑛

 1−
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

  

1−
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

 𝑒𝑥𝑝  −
𝑈𝐴𝑠
𝐶𝑚𝑖𝑛

 1−
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

  
             (3) 

Where Cmin is the smaller heat capacity, Where U is the overall heat transfer coefficient, As is the 

heat transfer area.  

The number of transfer units (NTU) is expressed as   

          𝑁𝑇𝑈 =
𝑈𝐴𝑠

𝐶𝑚𝑖𝑛
                                     (4)                                 

Reynolds number for internal flow is expressed as 

              𝑅𝑒 =
𝜌𝑢𝐷ℎ

𝜇
                                                    (5) 

  Where 𝑢 is velocity of fluid   
4 ṁ

π 𝜌𝐷2
          

The rotational Reynolds number is defined as            

              ReΩi =  
𝑟  𝑖  𝛺  𝐷 

𝒱
                                                              (6)                                                                      

             ReΩo=  
  𝑟  𝑜  𝛺  𝑏  

𝒱
                                      (7)          

 Where b is (ro – ri) and Ω is the angular velocity of rotation of the inner tube. 

 The total Reynolds number is given by 

               ReT =  𝑅𝑒2 + 𝑅𝑒𝛺 2
                                  (8) 

Nusselt number is defined as  

Nui=0.023 (Rei0.8) Prh 0.4                                                    (9) 
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Nuo=0.023 (Reo0.8) Prc 0.33                                               (10) 

Nui is Nusselt number on the inner tube surface, and Nuo is Nusselt number on the outer tube 

surface. 

While the Prandtl number is calculated from the equation 

               Pr=  
 𝜇   𝐶𝑝

𝑘
                                                 (11) 

 
3.1  Thermophysical properties of nanofluids 

The thermophysical properties of the nanofluid were calculated as a function of nanoparticle 

volume concentration (ϕ) together with properties of base fluid and nanoparticles. 

The density of nanofluid was evaluated using the general formula for the mixture: 

 

 𝜌𝑛𝑓 = (1-ϕ) 𝜌𝑓+ ϕ 𝜌𝑠                                          (12) 

Where 𝜙 is the volume concentration of nanoparticles. 

 

The specific heat of the nanofluid was evaluated [24] from: 

 

𝐶𝑝  𝑛𝑓  = 
(1−𝜙)  (𝜌𝑓𝐶𝑝  𝑓)+𝜙  𝜌𝑠𝐶𝑝  𝑠 

𝜌𝑛𝑓
                       (13) 

 

 The thermal conductivity was calculated from Maxwell model [25]: 

 

 
𝑘𝑛𝑓

𝑘𝑓
=  

𝑘𝑠+2𝑘𝑓+2𝜙  (𝑘𝑠−𝑘𝑓)

𝑘𝑠+2𝑘𝑓− 𝜙(𝑘𝑠−𝑘𝑓)
                                (14) 

 

 Drew and Passman [26] suggested the well-known Einstein's formula for the dynamic viscosity 

of nanofluids. 

 

𝜇𝑛𝑓 = 𝜇𝑓(1 + 2.5 𝜙)                                                    (15) 

 

4. Results and discussions 

 

In this study, the effectiveness and number of the transfer unit (NTU) of the heat exchanger will 

be presented and discussed. 

4.1 Effect of increase the rotational speed 

The results of the experimental showing the effect of an increase in rotational speed of inner tube 

from 0 to 500 RPM on heat transfer rate. Increasing mass flow rate of cold fluid (mc) at constant 

value of concentration of nanofluid (ϕ) and at variable speed rotation and fixed mass flow rate of 

hot fluid shown in Fig.3 to Fig.8, increasing mass flow rate of cold fluid (mc) lead to increasing 

overall heat transfer coefficient (U) and decreasing minimum heat capacity Cmin. with increasing  

mass flow rate of cold fluid (mc ) , the value of Cmin  is equal to Ch which is constant due to the 

mass flow rate of hot fluid (mh) is constant with small heat transfer coefficient(U) and then NTU 
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value is increase. The relation between the effectiveness and NTU is a proportional relation. on 

contrast, when increase mh and fixed mc, it found the effectiveness (ε) and NTU is slight increase 

increase with increasing mass flow rate for hot water (mh) shown Fig.9 to Fig.14.It found that 

with increasing the inner pipe revolution (RPM) lead to increasing both effectiveness and NTU 

due to increase in overall heat transfer coefficient (U) because increasing both Reynolds number 

(Re) due to the flow inside pipes and rotational Reynolds number (ReΩ) due to rotation inner 

pipe. 

        
Fig.3. mass flow rate of cold fluid vs.                                Fig.4.mass flow rate of cold fluid vs.                                                                                                        

          effectiveness at (ϕ=0%)                                                     effectiveness at (ϕ=1%)                

            
Fig.5. mass flow rate of cold fluid                                 Fig.6.mass flow rate of cold fluid vs.      

           effectiveness at  (ϕ=1.5%)                                            effectiveness at (ϕ=2%)  
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Fig.7. mass flow rate of cold fluid vs.                                 Fig.8.mass flow rate of cold fluid vs.  

           effectiveness   at (ϕ=2.5 %)                                                effectiveness at(ϕ=3%)                

            
     Fig.9. mass flow rate of hot fluid vs.                             Fig.10.mass flow rate of hot fluid vs.  

             effectiveness at (ϕ=0 %)                                               effectiveness at (ϕ=1%)        

            
   Fig.11. mass flow rate of hot fluid vs.                                 Fig.12.mass flow rate of hot fluid vs. 

                 effectiveness at(ϕ=1.5 %)                                                 effectiveness at (ϕ=2%)           
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      Fig.13. mass flow rate of hot fluid                               Fig.14.mass flow rate of hot fluid           

                  vs. effectivenessat (ϕ=2.5 %)                                      vs. effectiveness a(ϕ=3%)           

                                                                                                

 

4.2 Effect of increase concentration (ϕ) for nanofluid 

The overall heat transfer coefficient increases with the increase in all the value of the mass flow 

rate and with increase in concentration of the nanofluid due to the nanoparticles increase the 

thermal conductivity and viscosity of nanofluid so increase the Reynolds number then increase 

the effectiveness (ε) and NTU shown in Fig.15 to Fig.26.  

           

           Fig.15. mass flow rate of cold fluid vs. NTU      Fig.16.mass flow rate of hot fluid vs. NTU 

                      at (RPM=0)                                                       at (RPM=100) 
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          Fig.17. mass flow rate of cold fluid vs. NTU      Fig.18. mass flow rate of hot fluid vs. NTU 

                      at (RPM=200)                                                    at (RPM=300) 

          

           Fig.19. mass flow rate of cold fluid vs. NTU   Fig.20. mass flow rate of cold fluid vs. NTU 

                      at (RPM=400)                                                 at (RPM=500)     

          
           Fig.21. mass flow rate of hot fluid vs. NTU       Fig.22. mass flow rate of hot fluid vs. NTU 

                      at (RPM=0)                                                         at (RPM=100) 
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        Fig.23. mass flow rate of hot fluid vs. NTU     Fig.24. mass flow rate of hot fluid vs. NTU 

                     at (RPM=200)                                                   at (RPM=300) 

            
           Fig.25. mass flow rate of hot fluid vs. NTU    Fig.26. mass flow rate of hot fluid vs. NTU 

                       at (RPM=400)                                                   at (RPM=500) 

 

5. Conclusion  

In the present paper, the experimental results of the heat transfer enhancement by using Cu-water 

nanofluid in horizontal rotating tube in tube heat exchanger: 

 

 Heat transfer rate increase with increase mass flow rate of cold fluid then increase 

effectiveness (ε) and NTU.  

 The effectiveness (ε) and NTU is slight increase increase with increasing mass flow rate 

for hot water (mh) and fixed mass flow rate of cold fluid (mc). 

 Increasing the inner pipe revolution (RPM) lead to increasing both effectiveness and 

NTU. 
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 Effect of heat transfer for nanofluid is higher than base fluid (water). 

 Increasing of the concentration of nanofluid led to an increase of heat transfer rate. 
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