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Abstract 

Intercoolers are widely used in diesel driven automobiles. With the bulk production of intercoolers of various sizes and 

capacities, testing them for fatigue failure becomes essential to ensure performance repeatability. This paper is to devise a design 

validation test for this purpose. The hydraulic pressure cycle test rig is designed to test multiple intercoolers simultaneously. 

Also, intercoolers of different capacities can be tested at the same time. The testing time is reduced considerably. Through this 

paper is intend to design a test rig which satisfies all the requirements stated above. Also, some additional features like onsite 

leak detection and automatic stop mechanism have been added.    

Keywords: Endurance, Fatigue, Intercoolers, Pressure Cycle Test, Turbocharger 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Turbocharger: A.

Turbocharger is a type of forced induction system. It compresses the the air flowing into the engine. Its main advantage of 

compressing the air is that it allows the engine squeeze more air into the cylinder and because of that more fuel can be added. 

Therefore power obtained from each explosion in each cylinder is more. And hence the power produced by turbocharged engine 

is more than the same engine without charging. The power-to-weight ratio of engine is considerably improved because of this. 

Exaust flow from the engine is used by turbocharger to spin a turbine and this also turns the air compressor. The turbine rotating 

speed is of 1,50,000 rotations per minute and this is almost 30 times faster than the many of the car engines. The temperature of 

the turbine is very high as it is attached to the exaust. Before engine is entered the engine manifold in order to remove the heat of 

compression , the high temperature and high pressure air is passed through intercooler. 

 Intercoolers: B.

An intercooler is multistage heat exchanger which removes waste heat in a gas compressor and it is used to cool the fluids such 

as liguids and gases. Intercoolers are used in air compressors , refrigeration ,gas turbines , air condtionors and many more 

application. These are mainly used in automobiles. Air-to-air air-to-liquid type of intercoolers are used for turbocharged IC 

engines in order to improve their volumetric efficiency by increasing the amount of intake air charge density through 

approximately constant pressure cooling. 

 Design Validation Test of Intercoolers: C.

Design Validation Test is performed on first engineering prototype to ensure that the basic parts performs to design goals and 

specifications. Thus by checking a particular product against failure, we ensure that the entire lot produced using the validated 

Design Procedure will be safe. 

Design validation tests consist of four kinds:   

 Functional /Performance Test: 1)

These tests are carried out to determine the efficiency of component under test. In case of intercoolers the fin effectiveness and 

heat dissipation characteristics are measured under this type. 

 Strength Tests: 2)

The physical strength of the intercooler design is tested under this type. In case of damages , it is essential that the intercooler 

fails at the clamps and not the tubes. 

 Durability and Endurance:  3)

The fatigue life of the intercooler is tested under this type. Pressure pulsation test and pressure cycle test are included in this 

category.  
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 Environmental Tests: 4)

These tests study the impact of intercooler working on the environment. 

II. LITERATURE SURVEY 

 Fatigue Failure of Intercoolers: A.

Intercoolers typically experience extreme pressure fluctuations in each cycle of operation. Thus it is necessary to test them 

against fatigue failure. This test is carried out by pressure cycle tests.  

Pressure cycle test:  

 Pressure cycle tests are essential in intercooler testing , since they undergo extreme pressure  variations under normal 

operating conditions. The pressure fluctuations give rise to pulse waves in the intercooler manifolds . Thus , for operating safety , 

PCT is a must. 

 Pressure Cycle Test: The Current Testing Method: Endurance Tests: B.

 The Arrangement: 1)

 The method currently under use consists of an intercooler under test connected to an air tank containing air under high 

pressure.  

 A three way DCV directs the flow of air either to the intercooler or vents it off to the atmosphere.  

 A timer switch operates the DCV , which is solenoid actuated.  

 Pressure gauges on either side of the valve indicate the pressure differential across it. 

 The Procedure: 2)

 Pressurized air is passed into the intercooler for a specified amount of time , as set by the timer.  

 This pressure is much higher than the normal operating range of the intercooler.  

 The outlet port is blocked off. Thus, there is a pressure surge inside the intercooler tubes.  

 As the timer switches the air flow off, the DCV vents air off to the atmosphere and shuts the inlet port close. 

 Currently, 1 million cycles of such pressure variation are imposed on the intercooler under test. This takes around 45 

days. 

 Time Compensation: 3)

 In actuality , intercoolers are designed to run for a very long time. The testing for an equal period of time is impractical , 

and hence testing is done in an accelerated time frame.  

 This is done by increasing the pressure value to approximately 1.5 times the rated pressure value and increasing the 

ambient temperature conditions by around 10-12 degree Celsius. 

 A test piece surviving a million cycle test under these conditions is considered to be capable of smooth running for 

atleast 10 years without affecting its performance.  

 The test piece is discarded after use since it has already completed its life cycle in accelerated conditions. Thus , this is a 

form of destructive testing. 

  Drawbacks: 4)

 Limited no. of cycles per minute : Even if the timer switch is set to operate for a very small time span , the air flow is 

constrained due to the reaction time of the DCV. The solenoid actuation has a response lag further aggravated by the 

inertia retarding the physical movement of the valve. 

 One set-up gives single test pressure: One set-up can be coupled to two or three intercooler inlets. However , a single 

test pressure has to be provided to all the intercoolers. Further , this is not an optimum arrangement , and it is advisable 

to connect only a single intercooler to every test apparatus.  

 No leak detection : If leakage of air takes place inside the intercooler tubes , it cannot be easily detected. Detection of 

air leakage from intercooler surface has to be done manually , and hence the process is often erroneous. 

 No digital output: The variation of pressure with time for a given point in the coolant tube cannot be viewed , since the 

apparatus cannot be coupled to a digital output processor. This makes it difficult to understand the condition of pressure 

differential inside the tubes at a given point of time. 
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Fig. 1: Air PCT Set Up 

III. HYDRAULIC PCT 

The above drawbacks call for the need of a better test method for the measurement of pressure cycles.The  hydraulic  system , if  

properly designed  will ensure  accurate  and  precise  measurement  of  pressure  within  a  given  time  frame  at  any  given  

point  inside  the  coolant  tubes. 

 Advantages over Previous Method: A.

 In 1 cycle various pressure values are achievable. 

 Leak detection can be carried out by automatic  process . 

 Online pressure viewing is possible. 

 Hydraulic Pressure Control - smoother waveform with lower frequency. 

 Back Flow control  for higher frequency. 

IV. CONCLUSION 

Through this paper , I have devised a method for testing intercoolers against fatigue failure.  Leak detection and online pressure 

viewing is possible. Simultaneously the time required to test intercooler is also redused. In one cycle different capacities of 

intercoolers are tested. Therefore hydraulic PCT is overcoming the drawbacks of air PCT. 
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