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Abstract— TTR (TATA TOYO Radiator LTD) has receiving 

RFQ from Various customers like Toyota, Volvo, Tata 

Motors, Volvo Eicher, Kole, Cummins, Swaraj, Force Motors 

Mahindra & Mahindra for their BS 6 engines cooling a 

module which includes Radiator, CAC, EGR, Condenser, 

Heater core etc.   Radiator is a heat exchanger which consists 

of Aluminum core, top & bottom tank, member support etc. 

This aluminum core is subjected to continuous working 

temperature from 0° to 120° under vehicle working condition. 

Due to this the aluminum core experiences expansion & 

contraction phenomenon. This phenomenon induces thermal 

stress in radiator core. This thermal stress leads to core 

leakage as the member support joint with core is of fixed type 

causing failure. This leakage further detoriates the 

performance of cooling system. To take care of this thermal 

stress we have introduced floating type mounting design for 

radiator. Floating type joint comes rubber grommet along 

with shoulder bolt & prevailing type nut. Rubber grommet is 

assembled with plastic tank of radiator. Member supports are 

used to hold the radiator core with tanks & these member 

support are fixed with the help of shoulder bolt & a clinched 

nut. These members support is provided with slot design 

which enables the radiator assembly free to slide in the 

direction of core expansion.  The step which is provided on 

shoulder bolt avoids the compression of rubber after 

application of torque. As the name indicates, this joint 

becomes a flexible joint in which the core is free to float 

between the slots provided on member support. There was a 

need to design the radiator construction which can be free to 

expand when tubes are strained from the effect of thermal 

loading, yet to be firmly assembled and absorb vibration load 

for longer durability requirements. As a past experience, of 

sizable field complaints on tube crack issue, in present fixed 

construction design, it was decided to overcome this issue, in 

future designs, while migrating to next level emission norms 

where cooling systems are substantially changed. 
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I. INTRODUCTION 

Radiator is a heat exchanger which consists of Aluminum 

core, top & bottom tank, member support etc. This aluminum 

core is subjected to continuous working temperature from 0° 

to 120° under vehicle working condition. Due to this the 

aluminum core experiences expansion & contraction 

phenomenon. This phenomenon induces thermal stress in 

radiator core. This thermal stress leads to core leakage as the 

member support joint with core is of fixed type causing 

failure. This leakage further detoriates the performance of 

cooling system.  

 To take care of this thermal stress we have 

introduced floating type mounting design for radiator. 

Floating type joint comes rubber grommet along with 

shoulder bolt & prevailing type nut. Rubber grommet is 

assembled with plastic tank of radiator. Member supports are 

used to hold the radiator core with tanks & these member 

support are fixed with the help of shoulder bolt & a clinched 

nut. These member supports are provided with slot design 

which enables the radiator assembly free to slide in the 

direction of core expansion.  The step which is provided on 

shoulder bolt avoids the compression of rubber after 

application of torque. As the name indicates, this joint 

becomes 

 This customized test rig developed by local vendor 

and after installation and commissioning at our end, test 

conducted as per customer requirements 

II. LITERATURE SURVEY  

A. Background of the Invention 

Radiator is a heat exchanger consisting of an aluminium core, 

a top and bottom tank, support members and the like. The 

conventional mounting design for the radiator is a fixed type 

design. 

 In this type of mounting design, the member support 

is fixed directly on the top tank with the help of fasteners. For 

example, the member core undergoes expansion and 

contraction phenomenon. When the aluminium core is 

constrained by the fixed joint with structural frame work, not 

allowing the core to naturally expand and contract, it induces 

thermal stress in radiator tubes. Thermal stresses cause the 

tube to crack at corners, leading to leakage. This leakage can 

deteriorate the performance of the cooling system, leading to 

engine overheating 

 The document US8210298B2 describes a device for 

fixing a heat transfer device including a rubber bush. The 

rubber bush in the intermediate bracket has a slot which holds 

the mounting pin and permits a degree of play of the 

mounting pin transversely with respect to the direction of 

travel. However, it provides the movement to the mounting 

pin in a specific direction only. 

 The document US7255189B2 describes a radiator 

mounting system including the top and bottom tanks having 

indentations or recesses that receive corresponding pins or 

protrusions that extend from the frame. Hence, the tanks and 

the frame do not touch each other directly, but have 

elastomeric structures such as bushings or grommets that are 

interposed between the frame and the radiator to support the 

radiator. However, it requires modification of the tank. 

 Accordingly, there is a need for a system to provide 

a firmly assembled full floating type radiator mount which is 

free to expand when tubes are strained from the effect of 

thermal loading and absorb vibration load for longer 

durability requirements. 

1) Salvio chacko, Dr.  Biswadeep Shome, Vinod AKumar, 

A.K. Agarwal, D.R. Katkar, had designed a radiator 

cover to increase the radiator efficiency by air flow 

optimization. They started with CFD model of baseline 
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model and it was validated against test data. It suggested 

some good design of radiator cover which was described 

in four case models. Use CFD made process easy and 

also completed in only four iterations.  CAD  data  were  

imported  from AVE(Advanced  Vehicle  Engineering)  

and  clean up using  ANSA  and  surface  mesh  

generation  using ANSA then volume mesh generation  

using TGRID. CFD analysis was done by FLUENT and 

design optimization by ANSA level. Final optimized 

design CAD data were sent to AVE for validation.  This 

process went up to four iterations. In fourth iteration they  

get  optimized  data  and  its  prototype  was developed  

then  its  physical  testing  was  done.  In fourth iteration 

the hot air recirculation  was reduced to  maximum  

extent  which  result  into  increase  of average velocity 

through radiator core from 4.2m/s to 5.6m/s that is 34% 

against baseline case. But  CFD  model  was  done  on  

many  assumptions which  restrict  its  applicability  to  

more  generalized cases.  Assumptions  like  steady  

turbulent  flow, incompressible fluid, dry air as working 

medium and physical properties at 340C, interior details 

of radiator core  are  neglected  and  assumed  porous  

medium, radiator  walls are thermally insulated and 

adiabatic. So further work can done by removing some 

assumptions and make it applicable to more general case. 

2) Omprakash  Pal,  Rajesh  Joshi,  and  Sanjay  T. Purkar  

also designed  radiator  cover or  under-hood by  different  

methodology  and  different  tools  to reduce  hot air  

recirculation  in radiator  cover by  its better  design  

options  and  IRFM  sealing  around radiator  in new  

vehicle for  air flow  optimization to increase radiator 

efficiency. Computational domain of under-hood portion 

for vehicle was done using HYPERMESH 11. Analysis  

was done for minimum speed  at maximum  power and  

torque conditions by CFD  solver  ACUSOLVE  1.8a  

which  was  FEM based.  Forced  convection  was  

considered  for  cold simulation  for baseline  model  to 

analyses  flow  and velocity  distribution  and  results  

obtained  were modified  to  increase  flow  characteristic  

and  heat dissipations.  Boundary conditions to virtual 

wind tunnel domain or computational domain: front 

face- constant velocity which is equal to velocity of 

vehicle of interest, bottom face- no slip boundary 

condition which represent road surface, side and top 

faces- zero shear boundary condition to prevent 

boundary layer growth, rear face- zero gradient along 

flow direction, under-hood vehicle idle condition- equal 

atmospheric pressure at both front and rear face and for 

other faces it remained unchanged.  Non-conformal 

meshing technique was used for radiator modeling and 

mesh generation. Radiator model- ungrouped macro 

based model and fix inlet temperature. Input condition- 

1-DKULI software for computing heat rejection, outlet 

temperature of coolant and charged air.  Under 

simulation was done for maximum power and torque 

situation when cooling load is maximum. Steady flow is 

assumed and RAN’s one equation turbulence (Spalart-

Allmaras) is used to model turbulence. IRFM sealing was 

applied to intercooler and radiator which resulted in 

improved flow, reduced recirculation and elimination of 

leakage around them. Average velocity of air and outlet 

temperature of coolant both increased as compared to 

baseline model and above 80% correlation was obtained 

against test data by CFD analysis.  

3) Chavan D.K.  and Tasgaonkar G.S.  proposed  to have 

circular radiator core where all conventional are in  either  

square  or  rectangle  shaped  which  have following  

disadvantages;  fan  deliver  air  flow  in circular shape  

so  its air  distribution is  not uniform over the entire core 

less at corners and almost zero at center along axial 

direction. For CFD analysis, model of radiator and the 

fan was made in CATIA V5 and then exported to CFD 

analysis software. CFD model had  following  new  

specifications:  no  material  at center  area  which  is  

equivalent  to  fan’s  hub  area, design of tubes  and the  

fins are so arranged that the outlet air had nearly constant 

velocity, fins of varying depth, maximum at the outer 

periphery which reduces along the  inner periphery. 

Various design data were obtained by CFD analysis. 

With the help of these data by LMTD and NTU method 

effectiveness of radiator was calculated assuming cross 

flow with both fluids unmixed. Following conclusions 

were made: compact design, less material hence less 

cost, more efficient, less power consumed by fan. 

However this model was having some limitations like 

bending of tubes in circular shape which increase loss of 

head in  flow, inserting  of fins  in circular  shaped tubes  

is  itself  a  problem  and  dies  needed  to  be 

manufactured  for  circular  shaped  radiator  which 

increase its production cost. 4Bengt  Sunden  determined  

the  performance  of compact  heat  exchanger  in  which  

he  also  took example of automobile radiator. He used 

engineering methodology  based  on  thermal  balances  

and correlations  and  CFD  methods  based  on  the  finite 

control volume approach. In  engineering approaches he  

mentioned  about  LMTD  method,  NTU  method, use 

correlations for finding heat transfer coefficients, 

calculation  of  pressure  drops  by:  frictional  losses, 

from area change, due to acceleration of fluid, inlet, 

outlet losses due to turning of fluid  at curved  which 

result in centrifugal forces on fluid particles 

III. OBJECTIVE 

1) To reduce core leakages.     

2) Reduce Warranty cost on account of leakages. 

3) To reduce the scrap. 

4) To have a flexible joint between radiator tanks and 

structural support frame, this can allow free thermal 

expansion and contraction of radiator during thermal 

loading so that no stress is generated on the radiator 

tubes. 
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IV. DESIGN 

A. Construction: 

 
Detailed Demonstration of Design 

 

Mounting of Radiator and Arrangement of Engine Cooling 

System 

 

 

 

 

V. CONCLUSION 

Unique Mounting feature to be provide for Radiator assy. 

Floating Type Joint is perfectly proven for thermal stresses 

removal & Fatigue failure. Improved customer satisfaction. 

VI. REFERENCES   

[1] International Standard - NABL (ISO/IEC 17025:2005) 

(E): General requirements for the competence of testing 

and calibration laboratories. 

 Clause no. 5.9- Assuring the quality of test and 

calibration results 

 Clause no. 5.4.6 - Estimation of uncertainty of 

measurement 

 Clause no. 5.4.5 - Validation of methods 

[2] International standard SAE J 1597 for Pulsating pressure 

test 

[3] TATA MOTORS – Design Validation Plan 

[4] Salvio  chacko,  Dr.  Biswadeep  Shome,  Vinod Kumar,  

A.K.  Agarwal,D.R. Katkar, “Numerical Simulation for 

Improving Radiator Efficiency by Air  Flow  

Optimization,”  Engineering  Research Center, Tata 

Motors Limited, Pune, India.  

[5] Omprakash  Pal,  Rajesh  Joshi,  and  Sanjay  T. Purkar,  

VSRD  International  Journal  of Mechanical,  Civil,  

Automobile  and  Production Engineering,  Vol.III  Issue  

X  October  2013  e-ISSN:2249-8303, P-ISSN: 2319-

2208   

[6] Chavan D.K., and Tasgaonkar G.S., International Journal  

of  Mechanical  and  Production Engineering  Research  

and  Development,  ISSN 2249-6890, Vol. 3, Issue 

2,June 2013, 137-146, 


