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Abstract 
The goal of this paper is to design an advanced engine 
cooling system that will be compact in size and dissipate 
more heat. Internal combustion engines are fitted with a 
cooling system which is responsible for removing certain 
heat from the engine and keeps the engine from 
overheating. This cooling system requires a large space 
to meet cooling need and also have limited heat 
dissipation. The compact shape will allow for alternate 
system placement options within the engine compartment 
and better heat dissipation maintain engine thermal 
efficiency. 
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1. Introduction 
 

 

It is well known fact that in case of Internal 
Combustion engines, combustion of air and fuel 
takes place inside the engine cylinder and hot gases 
are generated. The temperature of gases will be 
around 2300-2500 . This is a very high 
temperature and may result into burning of oil film 
between the moving parts and may result into 
seizing or welding of the same. So, this 
temperature must be reduced to about 150-200  
at which the engine will work most efficiently.   
 
1.1 Requirements of efficient engine cooling system 
The surface of the cylinder wall must be kept 
below 180 C to prevent deterioration of the 
lubricating oil film. Spark plug and valves must be 
kept cool to control knock and preignition 
problems which results from overheated spark plug 
electrodes or exhaust valves. Heat transfer affects 
engine performance, efficiency, and emissions .for 
a given mass of fuel with in cylinder, higher heat 
transfer to the combustion chamber walls will 

lower the average combustion gas temperature and 
pressure, and reduce the work per cycle transferred 
to the piston the specific power and efficiency are 
affected by the magnitude of heat transfer. Solving 
these engine heat transfer problems is obviously a 
major design task.   
 
2. Conventional Engine Cooling System 
  
Though the conventional engine cooling system 
which are either air cooled or water cooled are 
designed to remove about 30-35% of total heat that 
the engine dissipates, for now these system 
somehow fulfilling the existing requirements but 
with the advancement in them engine technology, 
increasing relative brake horse power (BHP), 
aerodynamic design requirements, emissions 
standards and energy crisis, it need Advancement.                          
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3. Objective of Research                           
 
The goal of this project is to design an advanced 
concept for the engine cooling system used in 
automobiles and will explore concepts of next-
generation engine cooling system, that will ; 
 
3.1Dissipate more heat 
Better heat dissipation maintains engine thermal 
efficiency even at high engine output. 
 
3.2 Compact in size 
The compact shape will allow for alternate system 
placement options within the engine compartment.  
 
4. Justification of Research  
 
The conventional internal combustion engine 
cooling system has following Drawbacks  
: The radiators fitted in current engine cooling 
system are limited by air side resistance and require 
a large frontal area to meet cooling needs. 
: Current engine cooling system has limited heat 
dissipation and does not meet the requirement at         
high engine output. 
: Heat dissipation to volume ratio of the system is 
less. 
: At high speeds it is difficult to maintain the 
temperature of engine components. 
: Heat rejected by the system (about 35%of heat 
generated) is wasted to the atmosphere. 
This research paper focused on improve these 
drawbacks of cooling system so many problems 
related to internal combustion engine avoided like 
overheating, detonation , knocking etc 
 
5. Methodology 
 
5.1 fabrication of testing set-up 
To evaluate the new design concepts we fabricate a 
testing set-up. This testing set-up is a prototype of 
the cooling system of our selected vehicle “TATA 
INDIGO” fitted with “TATA 475 IDI TCIC 
ENGINE”. This set-up is equipped with all the 
necessary control and display devices, to check the 
performance. And the steps involved in this process 
are as follow  
Fabrication of roll-cage:  
Engine and cooling system components fitment:  
Drive arrangement: 
Heating arrangement: 
Control and display: 
 
 
 
 
 
 
 
 

Figure 1: Block Diagram of Experimental Setup 

 
 
6. Design of Conventional Radiator 
 
Considering a conventional car radiator having 
Height of 365 mm and Width is 610 mm and depth 
of radiator (Lout) is 22mm. The fin dimensions are: 
thickness of fin (Thfin) is 0.35, pitch of fin is 1.52 
mm, and separation between two adjacent tubes is 
8mm and the tube wall thickness of 0.4 mm. The 
corresponding value of TH avg (hot water average 
temperature) is 90OCwithQd tubes as discharge 
rate fluid which is 1.30 x 10-3 m3/sec, Qreq= 
35596 W at maximum brake horse power of 37969 
W, the wind velocity which is mainly due to 
forward motion of vehicle is (Vair) 150 km/hr. 
 
Figure 2: layout of engine radiator 

 
 
6.1 formula used 
Q = U x A x �m 
Where, 
Q    =   rate of heat transfer, U = overall heat 
transfer coefficient between two fluids, A = 
effective heat transfer area, �m =   approximate 
mean value of temperature difference. 
�m = [ ( TH in + TH out ) / 2 ] – [ ( TC in + TC out ) / 2 ]  
=  TH avg - TC avg 
Where, TH avg = hot water average temperature, TC 

avg = cold air average temperature 
U A = 1 / Rtotal   
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Where, Rtotal = total thermal resistance between 
water and air Rtotal = Rin + Rf, in + Rcond + Rout + Rf, 

out Where, Rin = convective resistance between the 
water & the inner surface of the tube, Rf,in  = 
fouling resistance that occurs on the internal 
surface of the tube, Rcond   = resistance to 
conduction through tube wall, Rout =     resistance 
between the air and the surface of the fins and the 
outer tube surface (it is due to both convection and 
conduction resistance to the fin) ,Rf out  =  fouling 
resistance that occurs on the outer surface of the 
tubes 
Rin = 1 / ( in x A total,in ) 

Where, in           = average heat transfer coefficient 
between the water & tube wall, Atotal in = total 
internal surface area 

 = ( in x Lc) / kwater 

Where, in   = average heat transfer coefficient, 
= average nusselt number, Lc = characteristic 
length  
Kwater =   thermal conductivity of water 

 = 3.66 + [(0.668 (D/W) x Re x Pr) / (1 + 0.04 
(D/W) x Re x Pr) 2/3] 
Where, Re = Reynolds number, Pr = Prandtl 
number 
Re = (ρ x V x Lc) / µ = (V x Lc) / ν  
Where, ρ   = density of water, V = velocity of flow, 
Lc = characteristic length, ν = kinematic viscosity 
of water 
Pr = (µ x cp) / kwater 

Where,   cp = specific heat of water, µ = dynamic 
viscosity of water 
Rf, in = R”f, in / Atotal, in 

Where, R”f, in = fouling factor for inside 
Rf, out = R”f, out / Atotal out 
Where, R”f, out = fouling factor for outside 
Rcond = th / [ktube x Atotal in] 
Where, Ktube   = thermal conductivity of tube  
Rout = 1 / (�o x out x Atotal,out) 

Where, out   = average heat transfer coefficient 
between air and metal surface, ηo = overall surface 
efficiency. 
 
�o      = 1 – [(As fin tot / Atot ) (1-�fin)] 
Where, Atotal,out    =    As,fin,total    +    As,unfin 
As fin total = total fin surface area, As unfin   = total 
unfinned surface area ηfin = efficiency of fin 
  = ( out x Lout) / kair  
Where,   = nusselt number, Kair = thermal 
conductivity of air 

= 0.036 x (Re) 4/5 x (Pr) 1/3  
Where, Re = Reynolds number, Pr = Prandtl 
number 
Re   = (ρ x v x Lout) / µ = (V x Lout) / ν                
Where, ρ   = density of air, V   = velocity of air 
flow, ν = kinematic viscosity of air 
Pr = (µ x cp) / kair 

Where, cp = specific heat of air, µ = dynamic 
viscosity of air. 
 
6.2 Rate of heat transfer over the surface of 
conventional radiator is given by 
Q= U x A x ϴm …….. (1)                   
ϴm=THavg-TCavg=90–40 = 50o C   ……… (2) 
UA= 1 / Rtotal …….. (3) 
Rtotal = Rin + Rf, in + Rcond + Rout + Rf, out ……..(4) 
Rin = 1/ ( in x A total,in ) ……….(5) 
A total,in  =  .979416 ……….(6) 
Re= (ρ x v x Lc) / µ = .9937x104 ……….(7 
Pr = (µ x cp) / k= 1.8936 ……….. (8) 

 = 3.66 + [(0.668 (D/W) x Re x Pr) / (1 + 0.04)  
(D/W) x Re x Pr) 2/3] 

 = 6.336 

in = 2122.3 W/ m2 K………… (9) 
Rin = 4.81 x 10-40 C W-1 ……….. (10) 
Rf, in   = R”f, in / Atotal in    = 1.021x 10-4 OC 
W1…….. (11) 
Rf, out = R”f, out / Atotal out = 3.3126x10-4OCW-1 
……….. (12) 
Rcond = th  /  [ ktube x Atotal in]  = 0.0163x10-4 OCW-1 

………….(13) 
Rout = 1 / (ɳo x out x Atotal,out ) ……….(14) 
Atotal out = 6.037528 m2………. (15) 
ɳo      = 1 – [(As fin tot / Atot) (1-ɳfin)] ………..(16 
�fin = .983, �o     = .985 

Re   = (ρ x v x Lout) / µ   = 5.4x104 

Pr = (µ x cp) / kair =    .7046                         

= 0.036 x (Re) 4/5 x (Pr) 1/3    = 195.6  

out = 241 W/m2K ……….(17) 
                
Rout = 6.977 x10-4 OC W-1 ……… (18) 

Rtotal = 16.13693 x 10-4 OCW-1 ……….. (19) 
U A = 1 / Rtotal = .6197 x 10-3 W/ OC ……….(20) 
Therefore, the rate of heat transfer for the radiator 
is Q = 30984 W ……… (21) 
And the difference in heat rate, ∆Q = Qreq - Qact   = 
4612W 
 
7. Using Nanofluid as Coolant 
 
Fluid design considering thermal and viscous 
properties is a critical aspect of cooling system 
optimization for a variety of applications. Nano-
fluids, a two-phase mixtures composed of very fine 
particles in suspension in a continuous and 
saturated liquids (water, ethylene glycol, engine 
oil), may constitute a very interesting alternative 
for advanced cooling system. It may be possible 
that important heat transfer enhancement may be 
achieved while using Nano-fluids compared to the 
use of conventional fluids. Considering heat 
performance of water based Nanofluids, AL2O3 
with 46 nm particle-sizes, in a conventional car 
radiator based upon the constraint defined earlier. 
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7.1 properties of AL2O3 Nanofluids 
k =.76 W/m- k 
µ = 4.596 x 10-3 N-s/m2 
ν = 4.23 x10-6 m2/s 
Cp =1.456 x 103 J/kg K 
There is increase in kinematic viscosity of water 
after other compounds are mixed as described 
above 
Re = (v x Lc) / ν= .076583 x104…………. (22) 
Pr = (µ x cp) / k= 9.0429� � = 3.66 + [(0.668) 
(D/W) x Re x Pr) / (1 + 0.04) (D/W) x Re x Pr) 2/3] 
� � = 15.5573……….. (24) 
As Vwater is 1.55 m/s, Lc = 4Ac / P is 2.09 mm 
(characteristic length) thus Lc / W is 3.42 mm. 
� � = (ℎ in x Lc) / k 
ℎ in= 5657.2 W/ m2 K………..(25) 
Rin = 1.8048 x 10-4 oCW-1………. (26) 
Replacing the value of Rin in equation of Rtotal 
Rtotal = 13.13073 x 10-4 OCW-1….......... (27) 
UA = 1 / Rtotal = 761.572 W/oC………. (28) 
There, rate of heat transfer for this design 
Q= U x A x �m = 38078.6 W………. (29) 
 
This rate of heat transfer is greater than the Qreq 
(35596 W). Hence the radiator can work efficiently 
even when air temperature is higher as in warm 
summer days. 
 
Table 1: comparative result of different parameters 

Parameters Water  AL2O3 
nanofluid 

k  0.7 W/m-k 0.76 W/m-k 
µ  0.315 x 10-3 N-s/m2  4.596 x10-3 N-

s/m2 

ν  0.326 x 10-6  m2/s  4.23 x 10-6  m2/s 
Cp   4.208 x 103 J/kg-K 1.456 x 103 

J/kg-K 
Re  0.9937x104                                                                                             0 .076583 x 104 
Pr  1.8936                                                                                                   9.0429 
  6.3366 15.5573 

in 2122.3 W/ m2 K                                                                              5657.2 W/ m2 K                                                                                  

Rtotal 16.13693 x 10-4 
OCW-1                                                                      

13.13073 x 10-4 
OCW-1                                 

Q 30984 W                                                                                                   38078.6 W 
 
8. Results 
 
(1) A savings of 12-18 % of surface area can be 
saved by use of Nanofluids. 
(2) As the load on the engine and the speed of the 
engine increases the percentage savings of surface 
area also increases. 
(3) The thermal conductivity of Nanofluids is 
temperature dependent. As the temperature 
increases at higher load and speeds the heat 
carrying capacity of Nanofluids increases. This is 
advantageous when engine is running at high speed 
and load. 
(4) The use of Nanofluid makes it possible to 
design the system with higher power- size ratio. 
 

Figure 3: Speeds vs. % Saving in Area at 60% Load 

   
 
Figure 4: Speed vs. % Saving in Area at 80% Load 

 
 
(5) With increase in air velocity the dimensionless 
numbers and heat transfer coefficient increases.  
(6) The weight of the heat transfer equipment and 
the entire cooling system as such will be reduced 
when Nanofluid is used as coolant. 
 
Limitations 
 
Although nanofluids have several advantages 
besides these it also have some drawbacks the main 
drawbacks of nanofluids coolant are as follow : 
lack of agreement of results obtained by different 
researchers; poor characterization of suspensions;  
Lack of theoretical understanding of the 
mechanisms responsible for changes in properties. 
 
Conclusion 
 
Nanofluid, shows an increase rate of heat transfer 
Q=38078 W) that is also a great way to enhanced 
the rate of convection between the inner walls of 
the tubing and the fluid, this rate of heat transfer is 
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greater than the required value (Qreq= 35596 W) 
and hence the radiator can work efficiently even at 
higher load and speed requirement in hot climatic 
conditions. Thus nanofluids have a wide possibility 
of become an engine coolant for high performance 
internal combustion engine in near future. 
 
Recommendations 
 
Studying the Nanofluids to validate their properties 
from theoretical point of view is fine but the focus 
should be to try to extract whatever advantage can 
be had by their use. It will be worthwhile to 
workout with various permutations and 
combinations of the Nanoparticles and base fluids 
which might help to develop the science related to 
Nanofluid. Many glycol based coolant base have 
merits but there are a few out there in the market 
that are more about marketing than science. New 
fanciful coolants such as 50/50 mixture of water 
ethylene glycol are good regions here temperature 
below 0oC. But as we can understand, other than a 
few northern states, in most part of India 
atmospheric temperature rarely goes below 0oC. So 
with addition of corrosion inhibitors it will be quite 
beneficial to go for water to be used in the cooling 
system. 
 
Further Possibilities 
 
So it becomes important to study the behavioral 
characteristics of the water based Nanofluids more 
extensively. Furthermore, suspensions of metal 
Nanoparticles are also being developed for other 
purpose, such as medical applications including 
cancer therapy. The interdisciplinary nature of 
Nanofluid research presents a great opportunity for 
exploration and discovery at the frontiers of 
Nanotechnology. By using the Nanofluids the 
general trends for an enhanced heat transfer were 
observed but also areas of discrepancies do exist. 
The inaccuracies encountered are mainly due to 
poor characterization of Nanofluids which are 
experimented upon. It is difficult to measure and 
quantify the size, shape and distribution of 
Nanoparticles in fluids.Viscosity measurement of 
Nanofluids could be an important parameter which 
will be helpful when comparing Nanofluid results. 
A major apprehension while using any particle 
laden flow is the effect of erosion of the material 
surfaces due to the fluid motion. The Nanoscale of 
the particles involved in Nanofluids tends to 
mitigate the particle erosion problems. Also 
Nanoparticles tend to follow the fluid streamlines 
better than larger particles in flows. Nanofluids 
have been mainly produced in small quantities. 
This is adequate for research work, but large scale 
production of well dispersed Nanofluids at low cost 
is required for commercial applications. 
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