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Abstract— In the experimental work heat transfer using 

Hybrid-Nanofluid is compared with that of conventional 

coolant i.e. water or Green Coolant used in the automobile 

radiator. Hybrid-Nanofluid (HyNF) is basically combination 

/ mixture of two or more nanoparticles mixed in a definite 

concentration. There are two broad methods for the 

preparation of HyNF viz. one step method and two step 

method. In the experimental work two step method was used 

for preparation of Hybrid-Nanofluid of two different 

nanoparticles used are Copper Oxide (CuO) and Ferrous 

Oxide (Fe2O3).The HyNF with the three different 

concentrations by volume percent were prepared viz. 0.5 %, 

1 % and 1.5 %. HyNF flow varied and the different flow 

rates are 200 LPH, 300 LPH, 400 LPH, 500 LPH AND 600 

LPH. The respective readings for variation in the flow rates 

were taken and recorded. It is observed that use of HyNF 

increases convective heat transfer coefficient up to 41 % and 

overall heat transfer coefficient up to 21 %. Experimental 

values are validated with CFD simulation. 
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I. INTRODUCTION 

The demand for more powerful engines in smaller hood 

spaces has created a problem of insufficient rates of heat 

dissipation in automotive radiators. More than 33% of the 

total energy generated by the engine through combustion is 

lost in heat. Insufficient heat dissipation (transfer) can result 

in the overheating of the engine and cooling system is used 

to remove this excessive heat. Most automotive cooling 

systems consist of the following components: radiator (heat 

exchanger), water pump, electric cooling fan, radiator 

pressure cap, and thermostat. Of these components, the 

radiator is the most prominent part of the system because it 

transfers heat. Heat is transferred through the fins and tube 

walls to the air by convection and conduction respectively in 

radiator. 

Radiators are simple heat exchangers which 

distribute the heat by natural air circulation (very little heat 

is transferred through radiation - despite the name). 80 or so 

many years ago most radiators were made from cast iron - 

now they are mostly made from pressed steel; a few are 

made from aluminum. Heat transfer enhancement or 

augmentation techniques refer to the improvement of 

thermo-hydraulic performance of heat exchangers. Existing 

enhancement techniques can be broadly classified into three 

different categories: 

1) Passive Techniques 

2) Active Techniques 

3) Compound Techniques 

The concept of Nanofluid is developed at Argonne 

National laboratory (Choi, 1995) [1] is directly related to 

trends in miniaturization and nanotechnology. In fact, 

numerous theoretical and experimental studies of the 

effective thermal conductivity of dispersions that contain 

solid particles have been conducted since Maxwell's 

theoretical work was published more than 100 years ago 

(Maxwell, 1873). 

The thermal conductivity of typical materials. 

Solids have thermal conductivities that are orders of 

magnitude greater than those of traditional heat transfer 

fluids. 

II. DETAILS OF EXPERIMENT 

A. Test Matrix 

 
Table 1: Variation of all Parameters for Experiment 

B. Components for Experiment 

1. Radiator cap, 2. Top tank, 3. Fan, 4. Motor, 5. Air in, 6. 

Bottom tank with drain, 7. Recycle line, 8. Rotameter, 9. 

Pump, 10. Heater, 11. Collector/ storage Tank  

 
Fig. 1: General Block Diagram of Experimental Setup 
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Fig. 2: Control Panel System of Experimental System 

C. Hybrid Nanofluid Preparation 

The two-step technique starts with nanoparticles, produced 

by one of the physical or chemical synthesis techniques 

described previously, and proceed to disperse them into a 

base fluid. The single-step simultaneously makes and 

disperses the nanoparticles directly into a base fluid. Most 

of the nanolfuid containing oxide nanoparticles and CNT 

reported in literatures are produced by the two-step process. 

In the present work, hybrid nanofluids are prepared 

by two step method. Copper oxide (CuO) Nano powder and 

Ferrous oxide (Fe2O3) are purchased from Sisco Research 

Laboratory Pvt. Ltd. Mumbai. The average particle size 

(APS) of CuO and Fe2O3 Nano powder is 60 nm and this 

Nano powder was mixed in 0.5%, 1.0%, 1.5 % proportion in 

16 Liters of base fluid (conventional coolant). We added 

482 grams of Nano powder in 16 Liters of conventional 

coolant every time to achieve required concentration of 

hybrid Nanofluid with conventional coolant (green colour). 

For 0.5% concentration 482 grams Nano powder, for 1% 

Concentration 964 grams Nano powder required and for 

1.5% concentration 1446 grams Nano powders are required 

to achieve the hybrid solution. Then the hybrid nanolfuid 

was stirred well for proper mixing of Nano powder. The 

prepared nanolfuid was then filled into a tank. 

 
Fig. 3(a): Water and Coolant mixture 

 

Fig. 3(b): Copper oxide and Ferrous Oxide nanoparticle 

mixture (Hybrid nanoparticles) and sample of Hybrid 

nanolfuid of 0.5% volume concentration 

III. RESULTS AND DISCUSSION 

The results obtained from the experimentation carried out on 

the cross flow heat exchanger with hybrid Nanofluid as a 

coolant by the mentioned testing methodology the obtained 

results are presented in the following section. Various 

graphs are plotted for the study of,  

1) Variation of convective heat transfer coefficient with 

respect to Reynolds Number for different temperature 

ranges.  

2) Variation of overall heat transfer coefficient with 

respect to volumetric flow rate for base fluid and 

different volume concentration of hybrid Nanofluid.  

3) Variation of Nusslet number with respect to Reynolds 

number for different temperatures. 

 

 
Fig. 4: Convective heat transfer coefficient (h) increases for 

same Reynolds Number (Re) for different temperature 

ranges of Hybrid Nanofluid inlet temperatures. 

From above graph we can see that convective heat 

transfer coefficient (h) increases for same Reynolds Number 

(Re) for different temperature ranges of Hybrid Nanofluid 

inlet temperatures. 
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Fig. 5: Overall heat transfer Coefficient (U) increases for the 

same volumetric flow rate (Q) comparatively with the 

conventional coolant with Hybrid Nanofluid Volume 

concentration 

 From above graphs of we can see that Overall heat 

transfer Coefficient (U) increases for the same volumetric 

flow rate (Q) comparatively with the conventional coolant 

with Hybrid Nanofluid Volume concentration.  

 

 
Fig. 6: Nusselt Number (Nu) increases for same value of 

Reynolds number (Re) for different temperature ranges of 

Hybrid nanolfuid and it will be maximum for greater Inlet 

temperature and greater volume concentration.   

From above graphs we can see that Nusselt 

Number (Nu) increases for same value of Reynolds number 

(Re) for different temperature ranges of Hybrid nanolfuid 

and it will be maximum for greater Inlet temperature and 

greater volume concentration.   

IV. CFD VALIDATION 

The The CFD modeling, simulation and post processing can 

be carried out in an ANSYS R14.5, Workbench 

environment with an ANSYS system of fluid flow (CFX). It 

has the capability of solving the convective transport of 

energy by fluid flow along with the conjugate heat transfer 

(CHT) capability to solve the thermal conduction in solids. 

In the any CFD simulation, the steps in performing 

fluid analysis are 

1) Create or import geometry 

2) Create a mesh 

3) Set up the analysis that will be sent to the solver 

4) Control and monitor the solver to achieve a solution 

5) Visualize the results in a post-processor and create a 

report. 

Simple geometry is created in ANSYS R14.5 of 

radiator with inlet and outlet.  

Diameter of the tube = 2mm  

Spacing = 5 mm  

Length of the tube = 250mm.  

Inlet is made up of hot water  

Boundary conditions are provided as inlet temperature, 

convective heat transfer coefficient and volume flow rate. 

A. Details of Meshing 

Automatic meshing is created in ANSYS 14.5. Minimum 

length is created of 4mm. Nodes and elements are about 

224667 (approx. 2 lakh) and 177996 (approx.1 lakh) 

respectively. Transition ratio is about 0.272 and maximum 

layers taken for analysis 5. Fine mesh has created to capture 

accurate temperature variation and other parameter 

variation. 

Fluent solve consists of general setting, mesh 

checking. Boundary condition is given for inlet and outlet. 

We have cross flow exchanger with forced convection. Heat 

transfer coefficient is assigned for radiator wall with 

experimental value. Energy equation is adopted. Initial 

velocity is given to inlet with temperature of 335K (620C) 

and 350K (770C). 

 
Fig. 7: Meshing Window 

B. Satic Temperature Countours 
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Fig. 8: temperature at the outlet drops as fluid travels along 

the length from inlet to outlet for inlet temperature of 340K. 

Above graphs showing that the temperature at the 

outlet drops as fluid travels along the length from inlet to 

outlet for inlet temperature of 340K. 

 

 
Fig. 9: temperature at the outlet drops as fluid travels along 

the length from inlet to outlet for inlet temperature of 350K. 

Above graphs showing that the temperature at the 

outlet drops as fluid travels along the length from inlet to 

outlet for inlet temperature of 350K. 

V. CONCLUSIONS 

Experiments were carried out under turbulent flow 

conditions and with three concentrations of Fe2O3+CuO-

Conventional coolant hybrid Nanofluid viz. 0.5%, 1.0% and 

1.5% volume concentration. The effects of particle 

concentrations and Reynolds number on the overall and 

convective heat transfer coefficients of Hybrid Nanofluid 

are determined. Important conclusions have been obtained 

and are summarized as follows: 

1) In the experimental investigation, at a volume 

concentration of 1.5%, the use of Hybrid Nanofluid 

increases convective heat transfer coefficient up to 

41% and overall heat transfer coefficient up to 21% 

than that of conventional coolant at same flow 

conditions. Also at a particle concentration of 1.0%, 

Hybrid Nanofluid increases convective heat transfer 

coefficient up to 32% and overall heat transfer 

coefficient up 8% to than that of conventional coolant 

at same flow conditions. 

2) Nusselt number of the flow also increases from 1.5% 

to 8.41% for Hybrid Nanofluid for volume 

concentration 0.5 % to 1.5%. 

3) It seems that the increase in the effective thermal 

conductivity and the variations of the other physical 

properties are not responsible for the large heat transfer 

enhancement. Brownian motion of nanoparticles 

maybe one of the factors in the enhancement of heat 

transfers. Although there are recent advances in the 

study of heat transfer with nanofluids, more 

experimental results and theoretical understanding of 

the mechanisms of the particle movements are needed 

to explain heat transfer behavior of nanofluids. 

4) CFD analysis shows that as temperature at the outlet 

decreases with enhancement of heat transfer coefficient 

and ultimately heat transfer rate increases. 

5) This new working fluid (Hybrid Nanofluid) with 

higher heat transfer performance would promote the 

car engine performance and would reduce fuel 

consumption. Therefore, it can be followed by other 

investigators to eliminate the probable deficiencies for 

industrialization in the car industries. Some associated 

problems like stability and sedimentation should be 

studied with details. 
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