
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 03, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1912 

Enhancement of Performance of the Intercooler used in Two Stage 

Reciprocating Air Compressor 

S. Venkatesan1 S. Malarmannan2 K. Anandavelu3 
1PG Scholar 2Assistant Professor 3Professor 
1,2,3Department of Mechanical Engineering 

1,2,3M R K Institute of Technology, Kattumannarkovil, India 
Abstract— An air compressor is a device that converts 

mechanical energy into pressure energy. Usually mechanical 

energy applied from an electric motor, a diesel engine or a 

petrol engine. Air from atmosphere enters into the 

compressor. It is compressed to a high pressure. Then, this 

high pressure air is delivered to a storage tank. (Vessel or 

reservoir). From the storage tank, it can be sent to any desired 

place for any purpose through pipe lines. In a multi stage air 

compressor, compression of air takes place in more than one 

cylinder.  Almost all the multistage compressor applications, 

air will be cooled between the stages which are also known 

as inter cooling. The intercooling is possible to the 

intercooler. An intercooler is a heat exchanger. It exchanges 

the heat of compressed air from the LP compressor to the 

circulating water before the air enters the HP compressor. 

Inter cooling of a compressor is necessary for an efficient 

process. With inter cooling, the compressor is more closely 

to an isothermal compression with resulting lower power 

requirement.  In the present work, the different type of low 

cost cooling medium and additives are used to enhance the 

performance of the intercooler (shell and tube) in two stage 

reciprocating air compressor. Form this process the 

volumetric efficiency of the compressor is increased and 

work requirement lowered when compared with the existing 

one. In this process ,the main objectives was to find a viable 

solution to reducing the temperature of the compressed air in 

to the two stage reciprocating compressor by using a low cost 

cooling medium and additives in the existing intercooler.  The 

proposed idea was to enhance the performance of the 

intercooler used in two stage reciprocating air compressor. 

During this experiment, a makeup of proposed cooling 

medium was used utilizing real world conditions get data for 

validating the possibility of proposed cooling medium. 

Key words: Air Compressor,   Intercooler,   Low Cost Cooling 

Medium, Performance Enhancement, Comparison of Cooling 
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I. INTRODUCTION 

A reciprocating compressor or piston compressor is a positive 

displacement compressor that uses pistons driven by a 

crankshaft to deliver gases at high pressure. The intake gas 

enters the suction manifold, the passed into the compression 

cylinder where gets compressed by a piston driven in a 

reciprocating motion through a crankshaft, and is then 

discharged. Applications include acid and chemical industry, 

agriculture, construction industry, aircraft industry, mining 

operations, and refrigeration plants. Intercooling of a 

compressor is necessary for an efficient process. It is possible 

to intercoolers (intercooling medium). Adding a fin to an 

intercooler, however, increase the surface area and can 

sometimes be an economical solution to heat transfer problem 

[1]. Adding the fins in intercoolers and intercooler material is 

resulting more economical problem in intercooling process 

[2]. The intercooling medium is enhance the performance of 

the intercoolers, the cost of intercooling medium is more 

economical problems in intercooler[3].The US department of 

energy (2003) reports that 70% to 90% of compressed air is 

lost in the form of unstable heat friction, misuse and noise. 

For this reason, compressors and compressed air system are 

important areas to improve energy efficiency at industrial 

plants. For improving efficiency compression is done in more 

than one stage and intercoolers and cooling medium provide 

[4.] The ranges between 7 to 25 horsepower in automotive 

applications and are typically for intermittent duty [5] 

Richard L. Robert [2] he is described that the 

problem of intercooling materials and also intercoolers fins. 

In his redesign and added more than 15 small sized copper 

tubes and also he added some modification in the existing 

intercooler to increase the performance of the intercooler. 

Jeffery D. Lewis [3] describes the performance of 

intercoolers in intercooling medium. In his described low 

costing cooling medium and also used additives. 

Vijay F. Pipalia [5] investigated that improving the 

efficiency of two stage reciprocating air compressor by 

providing water cooling source, radiator coolant and ethylene 

glycol and results are compared. The experiments of a two 

double cylinder reciprocating compressor system with air, 

water and different intercool ants were performed. The 

equations representing the volumetric and isothermal 

efficiency were solved and the predicted results compared 

with the experimental data and theoretical data of water, other 

cooling medium. 

II. PROPERTIES OF INTER COOLING MEDIUM 

A. Air 

Air is a common form of coolant Air cooling uses convective 

airflow (positive cooling) or a forced circulation. Air is the 

easily available fluid so air cooling is the best way to reduce 

the temperature of the compressed air. The temperature of 

compressed air entered into the HP cylinder, after inter cooler 

is 42°c but it is not enough to make the intercooler as a perfect 

intercooler. So then we are go for using water as the cooling 

medium. 

B. Water 

The most common coolant is water .it has high heat capacity 

and low cost makes it suitable heat transfer medium. But 

when we are using water the temperature of the compressed 

air entered into the HP cylinder after intercooler is 39° c. but 

this is also not enough to make the intercooler as a perfect 

inter cooler. Then we go for adding some additives in the 

water. 

C. Water + Alumina 

Alumina (Al2O3) is one of the important ceramic which 

having the thermal conductivity 36 w/mk. The particle size 
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used is 100 mesh having more thermal conductivity. 

Depending upon the particle size the thermal conductivity of 

the alumina powder is increased. It is the low cost additive so 

economically suitable for reduce the temperature of the 

compressed air. 

D. Water + Ethylene Glycol 

This type of fluid is used in all automotive coolant. The 

thermal conductivity of this fluid is 0.258 w/mk at 300k. It is 

available in market at low cost. Ethylene glycol based on 

water solutions are common in heat transfer. Applications 

where the temperature in the heat transfer fluid can below 

32°F. Specific heat capacity, viscosity and specific weight of 

water and ethylene glycol solution vary significantly with the 

percent of ethylene glycol and temperature of fluid. 

Temperature 

(F) 

Ethylene Glycol 

Thermal 

Conductivity 

[Btu/hrft^2) 

(F/ft)] at 30% 

Volume 

Propylene Glycol 

Thermal 

Conductivity 

[Btu/{hrft^2))Ff) at 

30% Volume 

10 0.238 0.235 

20 0.243 0.239 

30 0.247 0.243 

40 0.251 0.247 

50 0.255 0.251 

60 0.259 0.254 

70 0.263 0.258 

80 0.266 0.261 

Table 1: Ethylene Glycol versus Propylene Glycol Thermal 

Conductivity 

III. INTERCOOLERS 

The intercooler is simply a heat exchanger in which heat of 

compression generated in the first stage cylinder is removed 

from the air before it passes to the second stage cylinder. An 

intercooler is any mechanical device used to cool a fluid, 

including liquids or gases, between stages of a multi-stage 

heating process, typically a heat exchanger that removes 

waste heat in a gas compressor. 

 
Fig. 1: Photographic View of Intercooler 

 
Fig. 2: Photographic View of Intercooler Process Layout 

Air to air   intercooler is a type of the most widely 

used in cars today. Of particular interest in this type of 

indentation intercooler and changes in size should be as little 

as possible. In addition, the connections and rubber hoses 

should be of good quality to be able to withstand the pressure 

Turbo. The erection Turbo also need to be considered, must 

be placed in a place that as many as possible get a breath of 

fresh air when the car moves. 

Air to water intercoolers air to water initially used 

for ships, on this type of water to cool air circulating for, 

basically works the same principle as the radiator water. The 

most important component in this type of intercooler is the 

water pump. 

One-shot intercooler Intercooler One Shot has the 

capability of air cooling is very high and quite cool the turbo 

and the air in no time. Type Intercooler like this is not suitable 

for everyday vehicles, but for vehicles Drag Race. Usually 

the material used for the intercooled One Shot using N2 or 

ES. 

IV. PERFORMANCE ANALYSIS OF INTERCOOLER 

A. Experimental Setup 

The photographic view of the experimental setup is shown in 

the Figure 3. The experiment carried out in a two stage 

reciprocating air/gas compressor mounted in a V shape with 

two separated cylinders, as shown in the Figure 3. 

 
Fig. 3: Photographic View of Two Stage Reciprocating 

Compressor 

The compressor, manufactured by Coimbatore 

Engineering Corporation private limited. ( model type ELT 

600), is capable of producing about 12 kg/cm2 maximum 

output pressure and 4.5 kg/cm2. In the present work, shell and 

tube intercooler is placed between the two stage reciprocating 

air compressors. The manometer is provided to analysis the 

inter volume of the air entered into the LP cylinder and also 

15mm diameter of the orifice is provided before the cylinder 

to measure the volume of the air. In the intercooler, the 

different type of low cost cooling medium (air, water, water+ 

aluminum oxide, water+ ethylene glycol) is used to enhance 

the performance. The cooling medium is circulated through 

the intercooler by using electric motor. The inlet and outlet 

temperature of compressed air in the intercooler is measured 

by using thermocouple and thermostat.  
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Table 2: Observation Data of Compressor with Existing 

Intercooler Connected to The Pipeline 

In the intercooler there is constant pressure inter 

cooling. Here our main purpose is the measurement of drop 

in the temperature of the air to be cooled between the inlet 

and the outlet of the intercooler. Calculation of amount of 

heat being exchanged between the hot and cold fluid is not 

required. 

Suppose,  

 T1= Temperature of air entering the intercooler. 

 T2=Temperature of air leaving intercooler when the 

intercooler is normal. 

 T3=Temperature of air leaving intercooler when the 

intercooler is refrigerated. 

 V1=Specific volume of air entering the intercooler. 

 V2=Specific volume of air leaving intercooler when the 

intercooler is normal. 

 V3= Specific volume of air leaving intercooler when the 

intercooler is refrigerated. 

 P1= Pressure of air entering the intercooler. 

 P2=Pressure air leaving intercooler when the intercooler 

is normal.  

 P3=Pressure of air leaving intercooler when the 

intercooler is refrigerated. 

 We know that the general gas equation is as follows: 
P1V1

T1
=  

P2V2

T2
 

But, P1 = P2 = P3 (constant pressure intercooling) 

So, 
V1

T1
=

V2

T2
 

Therefore, 
T1

T2
=

V2

V2
 

And V2 =
T2

T1
V1 − − − − − − − −(1) (for normal 

intercooler) 

Similarly, V3 =
T3

T1
V1 − − − − − − − −(2) (for 

refrigerated intercooler) 

If  V1 V2 and V3  are the specific volume of air in 
m3

kg
 

entering and leaving the intercooler then the density of air at 

inlet and the outlet will be 
1

V1
, 

1

V2
 and 

1

V3
 reciprocals of the 

specific volumes) in Kg/m3. 

If the air directly enters the engine cylinder (without 

intercooling) having swept volume v m3, than the mass of 

oxygen entering the cylinder will be, 

= swept volume x density x percentage of oxygen in air 

V=
1

 v1
 X 0.2 

V =
0.21v

v2
 

Then increase in the mass of oxygen entering the engine 

cylinder will be as follows,  

=  
0.21v

v2
  -

0.21v

v1
 

 

=   
0.21v(v1−v2)

v2 v1
 

Percentage increase in the mass of oxygen entering the engine 

cylinder 

= {[0.21v (v1-v2)/ (v1 v2)]  /   [(0.21v)/(v1)] }X 100 

=   
v1−v2

0.21v
x 100 

=
100(v1

T2

T1
V1)

T2

T1
V1

 

(From eq.1 V2 = 
T2

T1
V1) 

=
100(1

T2

T1
)

T2

T1

...........................................(3) 

 

Case 2 – When the air enters the engine cylinder after 

refrigerated intercooling, similarly percentage increase in the 

mass of oxygen entering the engine cylinder. 

=
100(1

T2

T1
)

T2

T1

….......................................(4) 

Final calculations, 

Actual Volume 

Vact = Cd  x a x √2gh 

               H =
Density of Water x Difference in Manometer

Density of Air
 

Cd   = coefficient of discharge 

Theoretical Volume 

Vthe = 
π

4
 x D2 x L x 

N

60
 

Where, 

D = Diameter  

N = Speed in rpm 

3. Volumetric Efficiency = 
Vact

Vthe
 

  Where, 

vact = Actual Volume 

vthe= Theoretical Volume 

V. VALIDATIONS 

A. Calculation 1 

 A without cooling medium in the intercooler 

 The reading observed from the experiments at the 

constant pressure, 49.05N/m2. 

Manometer 

Readings 

Spee

d 

Actual 

Volum

e 

Theoretica

l Volume 

Volumetri

c 

Efficiency 

h

1 

h

2 
H Rpm m3 m3 % 

1

1 
8 3 690 

2.2x10-

3 
3.98x10-3 57.1 

Table 2: Observation data of without Cooling Medium 

1) Actual Volume 

Vact = Cd  x a x √2gh 

H =
Density of Water x Difference in Manometer

Density of Air
 

H= 
1000 x 2.9 x 10−2

1.18
 

H=24.57m 

Vact = 0.6 x 1.7 x 10-4 x√2x9.81x24.57 

Vact  = 2.276 x 10-3 m3 

Theoretical Volume: 

Vthe = 
π

4
 x D2 x L x 

N

60
 

Vthe    = 
π

4
 x 0.072 x .0.90 x

690

60
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Vthe= 3.983 x 10-3 m3 

Volumetric Efficiency =
Vact

Vthe
 

Volumetric Efficiency= 
2.276 x 10 − 3

3.983x10 − 3
 

 Volumetric Efficiency = 57.1% 

B. Calculation 2 

 Water used as a cooling medium in the Intercooler 

 The reading observed from the experiments as the 

constant pressure, 49.05 N/m2. 

Manometer 

Readings 

Spee

d 

Actual 

Volume 

Theoretica

l Volume 

Volumetri

c 

Efficiency 

h

1 

h

2 
H Rpm m3 m3 % 

1

1 
8 3 690 

2.35x10
-3 

3.98x10-3 59.09 

Table 3: Observation Data of Water as a Cooling Medium 

1) Actual Volume 

Vact = Cd  x a x √2gh 

H =
Density of Water x Difference in Manometer

Density of Air
 

= 
1000 x 3.1x 10−2

1.18
 

=26.67m 

Vact= 0.6 x 1.7 x 10-4 x√(2x9.81x26.67) 

= 2.354 x 10-3 m3 

We Know That: 

Vthe= 3.983 x 10-3 m3 

Volumetric Efficiency = 
Vact

Vthe
 

Volumetric Efficiency  

=
2.354 x 10−3

3.983 x 10−3
 

Volumetric Efficiency =59.09% 

C. Calculation 3 

Water + Al2 O3 used as a cooling medium in the Intercoolers 

the reading observed from the experiments as the constant 

pressure, 49.05 N/m2. 

Manometer 

Readings 

Spee

d 

Actul 

Volume 

Theoretic

al 

Volume 

Volumetr

ic 

Efficienc

y 

h1 
h

2 
H Rpm m3 m3 % 

11.

3 
8 

3.

4 
690 

2.465x1

0-3 

3.983x10
-3 

61.93 

Table 4: Observation Data of Water + Al2 O3 used as a 

Cooling Medium 

1) Actual Volume 

Vact = Cd  x a x √2gh  

H =
Density of Water x Difference in Manometer

Density of Air
 

H= 
1000 x 3.4 x 10−2

1.18
 

H=28.81m 

Vact = 0.6 x 1.7 x 10-4 x√(2x9.81x28.81) 

Vac    = 2.465 x 10-3 m3 

We Know That: 

Vthe = 3.983 x 10-3 m3 

Volumetric Efficiency = 
Vact

Vthe
 

Volumetric Efficiency  

=
2.465 x 10−3

3.983 x 10−3
 

Volumetric Efficiency   =61.93% 

D. Calculation 4 

 Ethylene Glycol +Water used as a cooling medium in the 

Intercooler 

 The reading observed from the experiments as the 

constant pressure, 49.05 N/m2. 

Manometer 

Readings 

Spee

d 

Actal 

Volume 

Theoretic

al 

Volume 

Volumetr

ic 

Efficienc

y 

h1 
h

2 
H Rpm m3 m3 % 

11.

3 
8 

3.

5 
690 

3.075x1

0-3 

3.983x10
-3 

77.2 

Table 2 Observation data of Ethylene Glycol + Water as a 

Cooling Medium 

1) Actual Volume 

Vact = Cd  x a x √2gh 

H =
Density of Water x Difference in Manometer

Density of Air
 

H= 
1000 x 3.5 10−2

1.18
= 29.66m 

Vact = 0.61 x 1.7 x 10-4 x√2x9.81x29.66 

Vac    = 3.075 x 10-3 m3 

We Know That: 

Vthe = 3.9831x 10-3 m3 

Volumetric Efficiency = 
Vact

Vthe
 

Volumetric Efficiency   

=
3.075 x 10−2

3.983 x 10−3
 

Volumetric Efficiency =77.2% 

VI. RESULTS & DISCUSSION 

A. Volumetric Efficiency Vs Cooling Medium 

Graph.1 shows the increase of the volumetric efficiency of 

the compressor when using different types of cooling medium 

 
Different Types of Cooling Medium 

Graph 1: Comparison of Different Types of Cooling With 

Respect To Volumetric Efficiency 

The cooling medium of water gives 59.09% of 

volumetric efficiency. The cooling medium of 



Enhancement of Performance of the Intercooler used in Two Stage Reciprocating Air Compressor 

 (IJSRD/Vol. 6/Issue 03/2018/465) 

 

 All rights reserved by www.ijsrd.com 1916 

water+alumina gives 61.96% of volumetric efficiency, but 

water + ethylene glycol gives 77.2% volumetric efficiency at 

the constant pressure of 5kgf/cm2. 

B. Without Cooling Medium 

From the observation of the operation, is noted that, the 

compressed air entered into the intercooler from LP cylinder 

at the temperature of 800c.The compressed air entered into 

the HP cylinder at 420c. 

Graph.2 shows the decreasing of temperature of 

compressed air which entered into intercooler 800c and 

leaving from the intercooler at 420c 

 
Constant Time Taken For Achieve Minimum Temperature 

Graph 2: Comparison of Temperature at Different Time 

Taken 

The decreasing of temperature is not sufficient to 

enhance the performance of the intercooler. 

C. Water as a Cooling Medium 

From the observation of the operation, is noted that, the 

compressed air entered into the intercooler from LP cylinder 

at the temperature of 800c. The compressed air entered into 

the HP cylinder at 390c. 

The below graph shows the decreasing of 

temperature of compressed air which entered into intercooler 

800c and leaving from the intercooler at 390c. 

 
Constant time taken for achieve minimum temperature 

Graph 3: Comparison of Temperature at different Time 

Taken Water + Alumina As a Cooling Medium 

From the observation of the operation, is noted that, 

the compressed air entered into the intercooler from LP 

cylinder at the temperature o800c.The compressed air entered 

into the HP cylinder at 380c.  

The below graph shows the decreasing of 

temperature of compressed air which entered into intercooler 

800c and leaving from the intercooler at 380c. 

 
Constant Time Taken Achieve Min Temperature 

Graph 4: Comparison of temperature at different time taken 

Water + Ethylene Glycol as a Cooling Medium 

From the observation of the operation, is noted that, 

the compressed air entered into the intercooler from LP 

cylinder at the temperature o800c.The compressed air entered 

into the HP cylinder at 380c.  

The below graph shows the decreasing of 

temperature of compressed air which entered into intercooler 

800c and leaving from the intercooler at 350c. 

 
Constant time taken for achieve minimum temperature 

Graph 5: Comparison of Temperature at Different Time 

Taken 

VII. CONCLUSION 

The intercoolers provided between low pressure and high 

pressure cylinder fist well. The efficiency of the air 

compressor has been increased by using low cost cooling 

medium. There happens to be saving in electric energy, and a 

high temperature drop is established between low pressure 

cylinder and intercooler nears perfect intercooling. After 

analyzing the data and determining the difference in 

intercooler’s outlet fluid temperature through testing the 

different type of cooling medium proves to acceptable. Form 

the analyzing data of different cooling medium such as air, 

water,water+A12O3 water ethylene glycol used the 

intercooler represented the display a trend of decreasing 

outlet temperature of compressed air from the intercooler. In 

the trail-1 there was addition of the cooling additive’ air only 

flows into the intercooler, the outlet temperature of the 

compressed air from the inter cooler is reduced from 800 C to 

420 C at constant pressure of 5 kgf/cm2. In the trail-2 the water 
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is used as cooling medium in the inter cooler which reduce 

the temperature of the compressed air from 800 C to 390C at 

constant pressure of 5 kgf/cm2. In the trail-3 the addiveA12O3 

is added to the water to increase the cooling effect. From this, 

temperature of compressed air is reduced from 800 C to 380C 

at constant pressure of 5kgf/cm2. The trail-4, ethylene glycol 

is added to the water to increase the performance of the 

intercooler. While using this additive the temperature of 

compressed air is reduced from 800 C to 350C. This reduction 

of temperature shows the intercooler nearly enhanced as 

perfect intercooler which increase the volumetric efficiency 

of the compressor. If the volumetric efficiency of the 

compressor increased, the working efficiency of the 

compressor will also increase. From the calculated value the 

graph 4 shown the increase of volumetric that the 

performance of two stage reciprocating compressor is 

increased through enhancing the performance of the existing 

intercooler. 
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