
Vol-3 Issue-2 2017    IJARIIE-ISSN(O)-2395-4396  

4360 www.ijariie.com 2027 

ENHANCEMENT IN HEAT TRANSFER 

RATE OF DIESEL ENGINE RADIATOR 

USING NANO FLUID 

 
KIRTI CHANDRASHEKAR RAO 

1
, V AMIT M NAIDU 

2
, VISHAL GAUTAM 

3
, SAIKAT 

PATRA 
6
, SAURABH GADEKAR 

5
, S V PRAYAGI 

6 

 
1
 Student, Mechanical Engineering, RTMNU, Maharasthtra, India 

2
 Student, Mechanical Engineering, RTMNU, Maharasthtra, India 

3
 Student, Mechanical Engineering, RTMNU, Maharasthtra, India 

4
 Student, Mechanical Engineering, RTMNU, Maharasthtra, India 

5
 Student, Mechanical Engineering, RTMNU, Maharasthtra, India 

6
 Project Guide, Mechanical Engineering, RTMNU, Maharasthtra, India 

ABSTRACT 

A High efficiency engine is based on its performance and also based on better fuel economy and less emission. 

Cooling system is also one of the important elements to control the engine temperature. An efficient cooling 

system using proper cooling fluid can prevent engine from overheating. Radiator plays an important role in 

cooling system. In radiators different conventional fluids are used such as water, ethylene or ethylene glycol. 

These fluids have low thermal conductivity that greatly limits the heat exchange efficiency. This project focuses 

on enhancement of heat transfer in diesel engine radiator using Nano fluid instead of conventional fluid. The 

effect of varying Nano fluid particle concentration in water was experimented. It was observed that this 

enhancement in heat transfer rate has been increased by 20%. (A Heat transfer textbook by John H. Lienhard 

[14]) 
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NOMENCLATURE 

T1 to T8- Temperature on surface of radiator (
0
C) 

T9- Inlet temperature of fluid in radiator (
0
C) 

T10- Outlet temperature of fluid out radiator (
0
C) 

Tb- Bulk temperature (
0
C) 

Ts- Surface temperature (
0
C) 

Ρ- Density of water (kg/m
3
) 

Ρbf- Density of base fluid (kg/m
3
) 

Ρnf- Density of Nano fluid (kg/m
3
) 

Ρp- Density of Nano particle (kg/m
3
) 

ᶲ- Volume concentration or weight concentration of nano particle 

Wp- Weight of Nano particle 

Wnf- Weight of Nano fluid 

Cpbf- specific heat of base fluid (J/kgk) 

Cpp- Specific heat of Nano particle (J/kgk) 

Cpnf- Specific heat of Nano fliud(J/kgk) 

µnf- Viscosity of Nano fliud (Pa-s) 

µbf- Viscosity of base fluid (Pa-s) 

Knf- Thermal conductivity of Nano fluid (W/mk) 

Kbf- Thermal conductivity of base fluid (W/mk) 

Q- Heat Transfer (W) 

m
*
- Mass flow rate (Kg/s) 
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Cpw- Specific heat of water (J/Kgk) 

hexp- Heat Transfer coefficient (W/m
2
k) 

k- Thermal conductivity (W/mk) 

 

 

1. INTRODUCTION 

High performance cooling is one of the important needs of many industries. Heat transfer flow fluid such as 

water, engine oil, ethylene glycol though they play important role in thermal management in industries they 

have poor heat transfer properties compared with those of most solid . 

Nanofluids is a fluid having non sized solid particles, normally particle size less than 100 nm, disperse in the 

convectional based fluid water, mineral oil, ethylene glycol. This tremendously enhance the heat transfer 

characteristics (and little penalty in pressure drop) of original fluid. This is because of solid non particles these 

fluids have thermal conductivities several times higher than that of convectional fluid, several types of Nano 

particles can be employed for Nano fluid preparation, including metals such as gold, copper and silver. And also 

metal oxides such as Al2O3, CuO, TiO2, Fe2O4 metals oxide are many more. 

For this particular topic related to enhancing heat transfer using Nano fluid lots of work has been done 

previously. Though this concept is not new but the work done on this subject is related with considering the 

factors which affects Heat transfer rate, like by changing volume concentration or by changing flow rate, at 

varied load condition on engine, change in inlet temperature of radiator, and comparing heat transfer rate 

enhancement by using different Nano fluids. 

Peyghambarzadeh et al. [6] have recently investigated the application of Al2O3/water Nanofluids in the car 

radiator by calculating the tube side heat transfer coefficient. They have recorded the interesting enhancement of 

45% comparing with the pure water application under highly turbulent flow condition.  

In the other study, Peyghambarzadeh et al. [7] have used different base fluids including pure water, pure 

ethylene glycol, and their binary mixtures with Al2O3 nanoparticles and once again it was proved that 

Nanofluids improves the cooling performance of the car radiator extensively.  

Yu, W., France, D.M., Choi, S.U.S. et al, [8] reported that about 15-40% of heat transfer enhancement can be 

achieved by using various types of Nanofluids. This translates into a better aerodynamic feature for design of an 

automotive car frontal area. Coefficient of drag can be minimized and fuel efficiency can be savings for the 

automotive industries through the development of energy efficient Nanofluid and smaller and lighter radiators.   

D. Wen, Y. Ding et al. [9] investigated the effect of temperature, particle size and volume fraction on thermal 

conductivity of water based Nano fluids of copper oxide and alumina. Authors suggested that thermal 

characteristics can be enhanced with increase of particles volume fraction, temperature and particle size. 

Authors found that the smaller the particle size, the greater the effective thermal conductivity of the Nano fluids 

at the same volume fraction.  

HuaqingXie et al. [10] performed their experiments in the radiator type heat exchanger and at 6.8 vol. % Al2O3 

in water obtained 40% increase in heat transfer coefficient.   

Eastman, J. A., Choi, S. U. S., Li, S., Yu, W et al. [11] measured thermal conductivity of Nano fluids containing 

Al2O3, nanoparticles with two different base fluids: ethylene glycol and pump oil. Results showed a 30 % & 40 

% improvement in the thermal conductivity as compared to the corresponding base fluids for 5 vol. % of 

nanoparticles and the size of the nanoparticles used with both the fluids is 60 nm. 

While studying different research paper it has been observed that clogging of nanoparticles occur when volume 

concentration of nanoparticles increases in base fluid beyond certain limit. Also nanoparticles show tendency of 

settling down after some period. 

Objective of our work is not only to enhance heat transfer rate of radiator by using Al2O3, as Nano fluid but also 

try to avoid settling and clogging problem of nanoparticles when concentration of nanoparticles increased in 

base fluid. The use of a stirrer is done so as to avoid settling and clogging of nanoparticles. 
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2. METHODOLOGY 

 
2.1 Experimental Test Rig 

The test rig in Fig. 1 has been used to measure heat transfer coefficient in diesel engine radiator with and 

without. This experimental setup includes a steel tank as reservoir, electrical heater, a centrifugal pump, a flow 

meter, tubes, valves, a fan, dimmer (8Amp), a DC power supply & Digital thermocouples (type K) for 

temperature measurement& heat exchanger (Car radiator). 

An electrical heater (2000W) inside a steel storage tank (40cm height and 30 cm diameter) represents the engine 

and to heat the fluid.A voltage regulator (dimmer of 8Amp) provides the power to keep the inlet temperature to 

the radiator from 60
o
C to 80

o
C. A flow meter (0–100 LPH) and valve is used to measure and control the 

flowrate.The fluid flows through GI pipes (12.7mm) by a centrifugal pump (0.5Hp and 3m head) from the tank 

to the radiator at the flow rate ranging from40-70 LPH. 

Two thermocouples (copper–constantan; types K) have been fixed on the flow line for recording the inlet and 

outlet fluid temperatures. 8 thermocouples (type K) have been fixed to the radiator surface to ensure more of 

surface area measurement. To read all the temperatures of thermocouples a DTI is provided. Two small plastic 

tubes with 0.25inch diameter is connected to inlet and outlet pipe of radiator and further joined with U-tube 

manometer to measure pressure drop on inlet and outlet of the pipe. 

The car radiator has 195 louvered fins and 18 vertical tubes. For an airside, an axial fan (2800rpm) installed 

close on axis line of radiator. A small motor of 20v capacity is provided to drive the fan. In addition to this a 

stirring mechanism is provided to avoid clogging and settling of Nano particles. A stirring mechanism consists 

of a shaft on which steel plates are brazed to form a stirrer. This stirrer is driven by 20v motor.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig -1: Schematic diagram of Experimental setup 
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Fig -2: Actual picture of Experimental Setup 

 

 

 

Mean 

Diameter 

Density Specific 

Heat 

Thermal 

Conductivity 

Particle 

Shape 

<50nm 3.98 

Mg/m3 

955 

J/kg.K 

38.5  

W/m.K 

Spherical, 

Elongated 

 

Table -1: Physical Properties of Al2O3 Nano Particle
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3. RESULTS AND DISCUSSIONS 

 

 

Chart -1: Temperature on Heat Transfer Rate under varying Particle Concentration 

By increasing concentration of Nano powder in base fluid, results obtained are 

 

1. Increasing volume concentration from 2 to 4g increases the heat transfer rate by 9.88% but friction factor also 

increases resulting in pressure drop across radiator. 

2. Further increasing concentration of Nano fluid beyond certain limits results in increasing problem of clogging 

and particle settlement. 

3. With the use of stirring mechanism clogging and particle settlement get reduces; resulting in increased in heat 

transfer by 9.09% for 4g concentration. 

4. Further due to stirring mechanism at low concentration of Nano fluid heat transfer rate increases which can be 

effectively used to reduce friction resistance and pressure drop. 

Hence the heat transfer rate is attributed to the fact that with addition of Nano particles the conductivity of the 

fluid increase thereby increasing the heat gain capacity. 

In accordance with A Heat transfer textbook by John H. Lienhard [14]. 

 

Chart -2: Temperature on Heat Transfer Rate under varying Flow Rate 

By increasing flow rate of Nano powder in base fluid, results obtained are 

 

1. With the increase in flow rate from 40 to 50 LPH the heat transfer rate for 2g concentration of Nano fluid 

increases by 33.68%. 

2. Further if the flow rate is increased from 50 to 60 LPH then the heat transfer rate for 2g concentration of Nano 

fluid increases by 12.13%. 

3. Now for 4g concentration of Nano fluid the increase in heat transfer rate for increase in flow rate from 40 to 

50LPH is 11.11% and for 50 to 60 LPH is 12.49%. 

4. Now for 6g concentration of Nano fluid the increase in heat transfer rate for increase in flow rate from 40 to 

50LPH is 25.00% and for 50 to 60 LPH is 27.06%. 
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Thus with increase in flow rate the turbulence level increases, thus fluid particle comes in contact with larger 

surface area thereby absorbing more heat hence for a given concentration of Nano fluid the heat transfer rate 

increases. 

 

Based on the experimental results, introducing nanoparticles to the fluid will increase heat transfer rate of the 

system. Surface properties, particle shape, and concentration of nanoparticles play important role to improve 

Nano fluid heat transfer properties. 

The increase in heat transfer rate while using Nano fluid as compared to that of the base fluid i.e. water is 

obtained because of higher value of Thermal Conductivity of Al2O3 Nano powder (40 W/m K) and further it 

has been proved that abulk material has constant physical properties regardless of its size, but at the Nano scale, 

size-dependent properties are often observed. Thus, the properties of materials change as their size approaches 

the Nano scale and as the percentage of the surface in relation to the percentage of the volume of a material 

becomes significant. 

 

 

 

4. RESULTS AND DISCUSSIONS 

The convective heat transfer performance of Al2O3 Nano fluid flowing on diesel engine radiator has been 

experimentally investigated. Experiments have been carried out under turbulent conditions. The effect of 

particle concentration and inlet temperature has been determined. Comparison of heat transfer in water and in 

Nano fluid without stirring action and with stirring action is done from readings by plotting graph. 

 

Important conclusions are: 

 

1. Dispersion of nanoparticles into distilled water increases the thermal conductivity and viscosity of Nano 

Fluid. 

2. This augmentation increases with increase in particle concentration. 

3. Though increase in particle concentration increase friction factor. This problem can be overcome by using 

stirring mechanism which enhances heat transfer rate at low concentrations also. 

4. It has been observed that using stirring mechanism clogging and settlement of particles problems can be 

effectively overcome. 

5. Stirring mechanism improves heat transfer rate by 10-15% than without stirring. 
 

5. REFERENCES 

 [1] Stephen U., S. Choi (1999) “Nanofluid technology: current status and future research” Energy Technology 

Division Argonne National Laboratory.  

[2] Choi, S. U. S., Zhang, Z. G., and Keblinski, P., Nanofluids, Encyclopedia of Nanoscience and 

Nanotechnology, vol. 6, pp. 757– 773, 2004.  

[3] Choi, S. U. S., Enhancing thermal conductivity of fluids with nanoparticles, in :D.A. Siginer, H.P. Wang 

(Eds.), Developments and Applications of Non-Newtonian Flows, ASME, New York, FED-vol. 231/MD-vol. 

66, pp.99–105, 1995. 

 [4] V. Vasu, K. Rama Krishna, A.C.S. Kumar,(2008) “Application of Nanofluids in Thermal Design of 

Compact Heat Exchanger” International Journal of Nanotechnology and Applications. pp. 75– 87. 

[5] D.G.Charyulu, G.Singh, J.K. Sharma, (1999) “Performance evaluation of radiator in diesel engine” Applied 

Thermal engineering, pp. 625-639.  

[6] Peyghambarzadeh, S. M., Hashemabadi, S. H., Hoseini S.M., SeifiJamnani, M.,“Experimental study of heat 

transfer enhancement using water/ethylene glycol based nanofluidsasa new coolant for car radiators”, 

International Communication in Heat and Mass Transfer, 2011, pp. 1283–1290.  

[7] Peyghambarzadeh S M, Hashemabadi S H, SeifiJamnani M and Hoseini S M (2011), “Improving the 

Cooling Performance of Automobile Radiator with Al2O3/Water Nanofluid”, Applied Thermal Engineering, pp. 

1833-1838.  



Vol-3 Issue-2 2017    IJARIIE-ISSN(O)-2395-4396  

4360 www.ijariie.com 2033 

[8] Yu, W., France, D.M., Choi, S.U.S., Routbort, J.L.,“Review and Assessment of Nanofluid Technology for 

Transportation and Other Applications (No.ANL/ ESD/07-9)”, Energy System Division, Argonne National 

Laboratory, Argonne, 2007, pp. 109-116.  

[9] D. Wen, Y. Ding, Experimental investigation into convective heat transfer of nanofluids at the entrance 

region under laminar flow conditions, International Journal of Heat and Mass Transfer 47 (2004) 5181-5188. 

[10] HuaqingXie, Yang Li and Wei Yu (2010), “Intriguingly High Convective Heat Transfer Enhancement of 

Nanofluid Coolants in Laminar Flows”, Physics Letters A, pp. 2566-2568. 

 [11] Eastman, J. A., Choi, S. U. S., Li, S., Yu, W., Thompson, L. J.,“Anomalously increased effective thermal 

conductivities of ethylene glycol-based nanofluids containing copper nanoparticles”, Applied Physics Letters, 

Vol. 78, Issue 6, 2001, pp. 718–720.  

[12] Xuan  Y  &  Li  Q.,  (2000),  Heat  transfer  enhancement  of  nanofluids,  International  Journal of Heat and 

Fluid Transfer, 21, pp 58–64.  

[13] M. Eftekhar, A. Keshavarz A. Ghasemian, and J. Mahdavinia, “The Impact of Nano-fluid Concentration 

Used as an Engine Coolant on the Warm-up Timing”, International Journal of Automotive Engineering, Vol. 3, 

Number 1, March 2013.    

[14] A Heat transfer textbook by John H. Lienhard  

 


