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Abstract - The purpose of this paper is to obtain 
satisfactory design of shell and tube heat exchangers from 
software which can be implemented for specific oil under 
actual operating conditions. In this project, for validation of 
the thermal design of shell and tube heat exchangers given by 
the software, testing of heat exchangers is performed under 
different operating conditions. The geometric parameters of 
the heat exchanger like tube diameter, tube length, shell types, 
baffle spacing etc are all standardized. Testing of shell and 
tube heat exchanger usually involves a trial and error 
procedure where for a certain combination of design variables, 
particular results are obtained. The testing is done by varying 
parameters of heat load, oil flow rate and water flow rate. 
Heat exchanger is tested under actual operating conditions for 
a certain combination of design parameters and then another 
combination is tested to obtain required results. Software 
output about design of shell and tube heat exchangers is 
obtained after providing the software with basic exchanger 
parameters as input. The testing results are obtained in 
accordance with software output which validates the design 
given by the software. Percentage of over design for given heat 
transfer is obtained while pressure drops and fouling is within 
required limits. 
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1. INTRODUCTION  
 
Lube oil systems are used for cooling & filtering turbine oil 
which lubricates the bearing of very large compressors, 
turbines & pumps. It comprises of pumps, motors, 
reservoirs, pressure relief valves, pressure control valves, oil 
cooler, oil filter and instruments like gauges, transmitters. 
Oil cooler is a key component of this system. The oil cooler is 
a shell & tube type heat exchanger.  

Due to differences in the thermal design of shell and tube 
heat exchangers used for manufacture for actual use and the 
design obtained from the software, the reliability of the 
software needs to be validated for actual working conditions. 
Therefore, the research is undertaken to find the relation 
between the computer generated and the actual thermal 
design. This is done by experimental analysis of shell and 

tube heat exchangers (oil coolers) by manufacture of test 
skid in accordance with actual parameters. 

The test rig was setup to test the shell and tube heat 
exchanger performance under actual operating conditions. 
The heat transfer process was between oil (ISO VG 46) and 
water which was used as the cooling medium. Thermal 
design of the heat exchanger under specific operating 
conditions was given by the software. The test results were 
compared to the thermal design given by the software for 
validation. 

2. SETUP AND WORKING OF TEST RIG 

 

Fig -1: Line Diagram of Test Rig 
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The test rig is divided into two parts: Water Side and Oil Side 

1. Water side: 

The direction of water flow is as follows: 

Water Tank → Water Pump 1 → Heat Exchanger → Flow 
Meter → Measuring Tank → Water Pump 2 → Cooling Tower 
→ Water Tank. 

2. Oil side: 

The oil used in the system is ISO VG 46. The direction of oil 
flow is as follows: 

Oil Tank → Oil Pump → Heater → Heat Exchanger → Mass 
Flow Meter → Oil Tank. 

The test rig included temperature and pressure indicators, 
mass flow meters, pressure drop indicators for measuring 
various parameters during testing. 

The oil flow rate, water flow rate and heat duty (input to 
heater) were the main parameters which were varied during 
testing. Heat exchanger was tested for a specific combination 
of these three parameters and its performance was analyzed. 

  

3. OBSERVATIONS, CALCULATIONS AND RESULTS 
 
For Test: Heat  Duty= 95 kW, Oil Flow= 190 lpm, Water 
Flow= 460lpm 
 
Table -1: Observations for 95 kW Test 
 

 
 
 
 
 
 

 

 
Chart -1: Observations of 95 kW Test 
 
Calculations are done for steady state conditions of 
temperatures and flow rate. 
 
Table -2: Calculations for 95 kW Test 
 

 
 
These calculation results are compared with the software 
output for heat exchanger performance analysis for 
validation purpose. 
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Fig -2: Software Output of 95 kW Test. 
 

4. SUMMARY 
 
Table -3: Summary of Tests 

 

 
 

5. CONCLUSIONS 
 
1. Appreciable results were obtained from testing which 
validates software output. The heat transfer area suggested 
by the software is sufficient for the heat transfer in the shell 
and tube heat exchanger. Thus, the overall performance of 
the heat exchanger will be satisfactory if designed by using 
the software. 
 
2. Software provided a small degree of overdesign. 
Overdesign percentage of 0.04 - 0.18 was obtained from 
testing analysis.  
 

3. Pressure drops, flow velocities and fouling were within 
limits for the shell and tube heat exchanger used. 

 
6. FUTURE SCOPE 
 
The test rig can be used for carrying further testing of 
different heat exchangers for different operating conditions, 
different fluids. Thus, large amount of results will be 
obtained which can be then implemented during actual 
design and manufacture of lube oil systems. 

Results obtained from the project can be utilized for 
improvements in the software. That includes performance of 
oil ISO VG 46 under actual operating conditions rather than 
ideal lab conditions. 
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