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ABSTRACT: Investigations was performed on the influence of using nanoparticles on the heat transference and 

flow rate of fluids.  This test section used consists from copper tube of (1.58 cm) outer diameter, and (1.4 cm) inner 

diameter, with (150 cm) length. The outside surface tube is electrically heated by a coil made from Nichrome 

material (Chemical Composition: 20% Cr, 80% Ni and has melting point: 1400 °C) joined to an AC power supply to 

produce heat flux.  Thermocouples sensors were placed along the test section to measure the temperature. a number 

of nanoparticles with different proportions and different materials was used, such as Nano-iron oxide and nanoscale 

aluminum in the form of powder and in different proportions. The result showed that the temperature of the test 

section has transient effect as the time increases the temperature of the test section increase. 
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INTRODUCTION 

Heat transfer improvement methods are extensively utilized to producing higher heat and mass transfer coefficients. 

Multiple applications include surrounded cooling or heating operations. Attributes of Complex heat transference are 

performed by impinging jet cooling due to high-speed jet impingement on a part surface, regional thinning of 

boundary layers, pressure gradients, and flow circulation [1]. Various research studies have been conducted in the 

literature through trial, numerical and analytical research articles for cooling and heating processes. Khan et al. [2] 

performed a mathematical approximation of the Maxwell nano-liquid 2D flow determined by a stretch cylinder. It 

has been found that with an increase in the amount of Deborah, the liquid temperature decreases while the radiation 

parameter increases. Moreover, the application of Maxwell liquid has a contradictory influence on Brownian motion 

and thermophoresis parameters. Ahmed et al. [3] the thin film supply of Maxwell nanofluid induced by such a 

lateral stretching and rotating disk was evaluated using the amended Buongiorno model in the presence of an applied 

magnetic field.  

The results obtained show that both the thickness and the velocity components reduce with the magnetic field 

parameter. Alfaryjat et al. [4] investigated the results of different heat fluxes and the number of Reynolds in entropy 

production for different nanofluids, volume fractions and nanoparticle diameters. The issues noted that the increase 

in heat flux leads to an increase in the generation of thermal entropy for nanofluids and pure water, but they have no 

impact on the production of frictional entropy. Dadjoo et al. [5] Study the influence of heater surface alteration on 

changes in surface roughness and properties of nanofluid boiling. The results indicate that in nanofluid boiling, 

raising the inclination angle of the heater surface from 0 to 90 increases the critical heat flux (CHF) and reduces the 

coefficient of boiling heat transfer (BHTC). Atomic force microscope images of the surface of the heater boiling in 

nanofluids have shown that the surface roughness differs with direction of the object. The deposition of 

nanoparticles and the movement of bubbles have been found to have a significant impact on the nanofluid boiling 

over the inclined surface. Nascimento et al. [6] Experimentally evaluated the current boiling significant heat flux of 

DI-water and nanofluids within a 1.1 mm ID channel.  

Results for DI-water and solutions of Al2O3 (40–80 nm)/DI-water, Al2O3 (10 nm)/DI-water and SiO2 (80 nm)/DI-

water were collected for volumetric frequencies of 0.1% and 0.01%. Hello, Ho et al. [7] Numerically studied the 
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transient cooling aspects of the Al2O3-water nanofluid flow in a micro - channels subject to sudden pulsation of the 

heat flux. Two small portions of a bottom channel wall are exposed to pulse heat. The Al2O3-water nanofluid, a 

working fluid with a properly developed velocity profile, streams into the microchannel to cool the channel walls. It 

is observed that the temperature at the top of the wall is below the substantial impact of the MEPCM sheet. 

Improving the amplitude of the heat flux pulse is reflected in the more stable evaporative cooling of the MEPCM 

layer. Hwang et al. [8] Using incompetently Charged negatively TEMPO-oxidized cellulose nanofibers (CNFs) as a 

nano-sized substrate in water and tested to improve both the CHF display and chemical inertness of nanofluids. 

Instant tests demonstrated the high potential of CNFs as environmentally sustainable and cost-effective nano-

substances that could solve the nano-fluid transition.  

Kumar et al. [9] CHF of Al2O3, Fe2O3 and CuO nanoparticles in water as foundation fluids was investigated. A 

substantial increase of nanofluid over base fluid was observed in CHF. As the application of nanoparticles in water 

increases, CHF also grows to its optimal combination and then continues to drop and is basically constant at 0.1 per 

cent. Well, Wang et al. [10] Experimentally, a significant thermal flux of nanofluid current boiling in a vertical tube 

with outlet pressure status, mass flux, inlet subcooling, heating duration and diameter, a nanoparticle model and 

application has been investigated. The findings show that the critical thermal flux of the nanofluid current boiling is 

magnified in relation to the base fluid and that the increasing radius is increased by increasing the mass flow, the 

diameter and the pressure and decrease of the heating length. Moreover, The rise is clarified from the point of view 

of the adhesion of the liquid sublayer and the deposition of nanoparticles.  

Shen et al. [11] Introduced a renovated Buongiorno model with a fractional differential equation to investigate the 

heat and mass transfer characteristics of Sisko nanofluid over a continuously moving flat plate. It's also recognized 

that the remodeled Caputo time-fractional derivative model is more capable of representing an abnormal 

improvement in thermal conductivity, which is also suitable for explaining the effect of memory on nanofluid 

activity. Results show that temperature fractional derivative parameter reduces the heat and mass transferability of 

Sisko nanofluid. Singh et al. [12] reviewed and summarized the current test and Theoretical calculations of 

convective heat transfer in heat exchangers use uniform boundary heat flux conditions. The use of various types of 

nanoparticles with different base fluids by research groups has been implemented as well as analyzed. In this paper, 

several nanoparticles with different proportions and different elements were applied to examine the effect of 

nanofluids on the heat transfer temporarily.  

EXPERIMNTALLY 

The complete experimental rigs used for this investigation are shown in figure (1). The Test Section used is consist 

of the copper tube of (1.58 cm) outer diameter, and (1.4 cm) inner diameter, with (150 cm) length. The outer of the 

tube surface is electrically heated by a coil made of Nichrome material (Chemical Composition: 80 per cent Ni, 20 

per cent Cr and has a melting point: 1400 °C) connected to an AC power supply to generate heat flux. It is (16.7 m) 

long and (1.25 mm) in diameter with a resistance of 1.36 mm / m (AWG 16). A fiberglass electrical insulator is 

wrapped around the tube. Drilled ceramic bead components are included around the wire heater to protect the 

electrical heater and then the wire heater is wrapped around the pipe. Magnets were located on the heat tubes to 

determine the effect of the magnetic field. Figure (2) presents the test section. 
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Figure 1: The experimental rig 

 

Figure 2: Test section 

Aluminum foil and local tube insulation of glass type wool with an inner diameter of 1,9 cm and an outer thermal 

diameter of 6,35 cm that protects the temperature of operation up to a nominal density of 230 cm (64 kg / m3) is 

applied to the insulation of the measuring tube. Thermocouples sensors were mounted along the test section to 

determine the temperature; thermocouples are shown in Figure (3). 

 

Figure 3: Thermocouple sensor 

Spiral heat exchange is formed from a coil of a copper tube 1500 cm long and diameter equal to 12.5 cm and applied 

to cool the hot fluid coming from the test component to ensure there is no overheating. The coil is housed in a 

container concerning diameter of 40 cm and 100 cm in height of stainless steel supplied by recirculating water, as 

shown in figure (4). 
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Figures 4: Spiral heat exchanger and the tank contain it. 

The working medium (Nanofluid) container is a stainless steel container manufactured of dimensions (28 cm ) in 

diameter as well as (40 cm) in height, used to obtain the cumulative coolant from heating system and to supply the 

pump with necessary quantities of heat exchanger as shown in Figure ( 5). 

 

Figure 5: Nanofluid tank 

PREPERATION OF NANOFLUID  

Nanoparticles and filtered water are directly controlled by mixing (2400 rpm) for (15-30) minutes earlier from each 

practice. Nanofluid cases are prepared for various concentrations by dispersing pre-weighed amounts of 

nanoparticles in infused water.  The applications utilized in the tests are (φ = 1.8 % by volume). 

The volume collection is estimated from the provided connection in section:  

φ =
volume of nanopartical

volume of nanopartical+volume of water
 × 100                                                                                                           (1) 

𝜑 =
(𝑚

𝜌⁄ )𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙

(𝑚
𝜌⁄ )𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙+(𝑚

𝜌⁄ )𝑤𝑎𝑡𝑒𝑟
× 100                                                                                                                          (2) 

Notice that the quantity of water used for the rig test is (5 L).The nanoparticles  used in the preparation of nanofluids 

is: Iron Oxide Nanoparticle (Fe3O4, 99% purity, 80 nm).  

Energy balance in case of water can be written as eq (3):   

𝑄𝐻 = 𝑄𝑉 + 𝑄𝑤                                                                                                                                                              (3) 

The energy balance in the nanofluid state includes the following form: 

𝑄𝐻 = 𝑄𝑉 + 𝑄𝑛𝑓                                                                                                                                                              (4)  

𝑉 𝐼 𝑡 =  𝑚𝑛𝑓 𝐶𝑛𝑓 ∆𝑇 +  𝑚𝑉 𝐶𝑉 ∆𝑇                                                                                                                              (5) 
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where 

mV = 0.03 kg , CV = 0.903 kJ/kg.K         

mnf =  equivalent to 180 ml.         

RESULTS AND DISCUSIONS 

The use of the question in the process of transferring heat is often with significant losses in the heat. In this research, 

a number of nanoparticles with different proportions and different materials was used, such as nano-iron oxide and 

nanoscale aluminum in the form of powder and in different proportions. The used of nanofluids were compared with 

water for the purpose of knowing the amount of the difference in the heat transfer process, At different times, i.e. by 

calculating the time taken for the heat transfer process of the nanofluids in the thermally divided tube through 

sections on which there is a thermocouple (C1,C2,C3). The amount of difference in temperature was calculated, 

taking into account the influence of the magnetic field in the transition process by placing magnets on the heat tube 

who passes through the nanoform. To reduce the sediments resulting from the flow of fluid in the tube and to know 

the amount of the total flow of the amount of the nanofluid, a programmable flow meter with Adriano was used to 

give the best result. 

1.8 nanostructured iron (Fe) was used with 15 liters of water, the time on the tube was divided to see the amount of 

change in the temperatures transmitted in the heat pipe through the thermocouple charts (C1, C2, and C3) and the 

amount of flow. Figure (6) shows the temperature taken from the thermocouples with respect to the time. The 

transient response of the nanofluid (Fe) temperature are shown at three different locations and in all of them, the 

temperature seems to increase with time. For the second case, Aluminum with a ratio of 40 grams (Al40) was used 

with 15 liters of water, the time on the tube  was divided to see the amount of change in the temperatures transmitted 

in the heat pipe through the thermocouple charts (C1, C2, and C3) and the amount of flow. Figure (7) shows the 

temperature from the thermocouples with respect to the time for the Al40.  

For the third case, Aluminum with a ratio of 50 grams (Al50) was used with 15 liters of water, figure (8) shows the 

transient response of temperature for Al50, and the fourth case studied Aluminum with a ratio of 100 grams (Al100) 

was used with 15 liters of water, figure (9) shows the transient response of temperature for Al100. Water was 

studied without nanofluids to show the temperature difference, figure (10).   Figures from (6 , 7, 8, 9,  10) shows that 

at each point of the test section the temperature increase with time and at each point through the test section the 

temperature gets higher than the other for all the studied cases. The reason for that is the fluid direction the 

temperature start in small value then as the flow rate increase (figures (11, 12, 13, 14, 15)) the  temperature of the 

fluid in the test section increase. In addition, if comparison was made between the temperatures of each case it 

shows that the Fe have the higher temperature compared to the other types of nanoparticles meanwhile for the 

Aluminum as the ratio of the grams increase as the temperature increase.  

The transient response of the flowrate for Fe nanofluid are shown in figure (11), the flow rate start with 472 l/min 

then perform a wave of ups and downs afterward it reaches a steady state at 465 l/min. The transient response of the 

flowrate for (Al40, Al50, Al100) nanofluids and water are shown in figures (12, 13, 14, 15) respectively. In all the 

cases it is clear that the flow rate start  at small value the increase gradually through the test section, this was due to 

the voids sounding the  flow at the beginning of the operation then as the fluids fill the test section the flow rate 

reaches a steady value. in figure (12) the flow rate start with 452 l/min then increase gradually to a steady state  of 

480 l/min,  in figure  (13, 14) the flow rate start with 464 l/min then increase gradually to a steady state  of 480 

l/min, showing that the grams of Aluminum have an effect on the flow rate of fluid. 
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Figure 6: transient response of temperature for Fe 

 

Figure 7: transient response of temperature for Al40 



 Effect of Nano-Fluid and Magnetic Field on the Heat Transfer  

278 
 

 

Figure 8: transient response of temperature for Al50 

 

Figure 9: transient response of temperature for Al100 
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Figure 10: transient response of temperature for water 

 

Figure 11: transient response of the flowrate for Fe 
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Figure 12: transient response of flow rate for Al40 

 

Figure 13: transient response of flowrate for Al50 
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Figure 14: transient response of flowrate for Al100 

 

Figure 15: transient response of flowrate for water 
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CONCLUSION 

Investigations were performed on the effect of the use of nanoparticles on the heat transfer and flow rate of fluids. A 

number of nanoparticles with different proportions and different materials were used, such as nano-iron oxide and 

nanoscale aluminum in the form of powder and in different proportions. The result showed that: 

1- The temperature of the test section increases as the time increases. 

2- The flow rate of the test section reaches a steady state gradually through the experiments. 

3- The temperature of the fluid with Fe nanoparticles were higher than the temperature of the fluid with Al 

nanoparticles.  
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