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Abstract 

Energy recovery is not a new idea. Laboratories in engineering colleges consume a lot of energy for its operation. However, the 

energy consumed in the labs is mostly underutilized. Laboratories such as Heat Transfer lab, Heat Engine lab etc. convert the 

chemical energy and electricity into Thermal energy which is simply discarded by circulating cooling water. Although some of the 

energy lost is intrinsic to the nature of an engine and cannot be fully overcome (such as energy lost due to friction of moving parts), 

a large amount of energy can potentially be recovered. There is great scope in recovering wasted energy that takes the form of heat 

discharge from exhaust or cooling water, unburned fuel etc. In this work, the discarded thermal energy from Heat transfer lab is 

recovered using sensible heat storage media. The possibility of re-using spent liquids such as engine oil, vegetable oil as thermal 

storage media is investigated. The heat recovered can be used in heating water for domestic purposes. The 3D model was created 

using Catia V5.In our experiment we found that as the temperature of the inlet coolant increases, the amount of heat regained also 

increases. This system has a great scope in heat engine labs where thermal energy that can be regained is very high. Water when 

used as the storage media exhibited a better performance. Vegetable oil has a great potential since it has a higher recovery factor 

but its utilization factor is low.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Developing efficient and inexpensive energy storage devices is as important as developing new sources of energy. The thermal 

energy storage (TES) can be defined as the temporary storage of thermal energy at high or low temperatures [1]. The TES is not a 

new concept, and at has been used for centuries. Energy storage can reduce the time or rate mismatch between energy supply and 

energy demand, and it plays an important role in energy conservation. Heat stored by changing the temperature of a storage medium 

(such as water, air, oil, rock beds, bricks, concrete or sand), is stored as sensible heat. The amount of energy stored is proportional 

to the temperature rise, the specific heat capacity of the storage medium and the mass of the medium. Choices of medium are 

usually based on the heat capacity of the medium, the range of temperatures at which the store will operate and the space available 

for it. One of the important characteristics of a storage system is the length of time during which energy can be kept stored with 

acceptable losses. If solar energy is converted into a fuel such as hydrogen, there will be no such a time limit. Storage in the form 

of thermal energy may last for very short times because of losses by radiation, convection and conduction. Another important 

characteristic of a storage system is its volumetric energy capacity, or the amount of energy stored per unit volume. The smaller 

the volume, the better is the storage system. Therefore, a good system should have a long storage time and a small volume per unit 

stored energy. 

The basic method adopted for storing thermal energy is by: Heating of a liquid without changing phase: This method is called 

sensible heat storage. The amount of energy stored depends on the temperature change of the material and can be expressed in the 

form 

E = m∫ CpdT
T2

T1
,                                            (1) 
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Where m is the mass and Cp; the specific heat at constant pressure. T1 and T2 represent the lower and upper temperature levels 

between which the storage operates. The difference (T2– T1) is referred to as the temperature swing. 

II. EXPERIMENTAL SETUP 

The main component in the experiment is the sensible heat recovery unit. It is having a rectangular shape with dimensions 

12cmx12cmx36cm and having a thickness of 8mm made up of arctic glass. The arctic glass has been opted since it had a good heat 

resistance property. It has a drilled hole along its longitudinal section through which the copper tube of 12mm diameter passes. 

The arctic glass box is provided with a drain valve in its bottom and the three holes on its top. One for pouring the storage media. 

And the rest for measuring the temperature of the oil on a time basis. The oil is to be filled for about 70% of the total volume of 

the arctic glass box. It is then sealed by saw powder on all its sides for further insulation. There is another wooden box within 

which the arctic glass box is being kept whose dimensions are 16cmx16cmx40cm and is used for heat insulation and the gap 

between both the boxes are filled with saw dust as said earlier. 

The hot coolant from the machine is being taken to the setup through a 3-way valve through a ¾ inch pipe. The other end of the 

3-way valve is taken to the pump which is a submersible aquarium pump which is kept in the collecting tank. The collecting tank 

is used for the collection of cold water so as to regain the heat stored in the engine oil/ vegetable oil. The pump is being used to 

provide a continuous supply of cold-water into the setup so as to regain the heat back. A three-way valve is also used in the other 

side of the setup in which one is used to give out the cool coolant after heat transfer and the other is used for circulating tank and 

the setup box. The reducers and adapters are also being used so as to provide easy transfer of the coolant and water through the 

valves, pipe fittings and of the experiment setup box. 

 
Fig. 1: Prototype of the recovery unit                                     Fig. 2: 3D model of sensible heat recovery unit 

III. WORKING 

The hot fluid from the shell and tube heat exchanger is discharged in to the recovery unit. This hot comes in contact with the copper 

tube inside the recovery unit which in turn gets heated up by the available thermal energy from the hot fluid. While the copper tube 

gets heated up the temperature of the storage media outside the copper tube increases. During regular intervals the inlet temperature, 

outlet temperature of the coolant and temperature of the storage media. For measuring these parameters provisions are provided in 

the recovery unit for the easiness of measurement. When the temperature inside the recovery unit becomes constant and the inlet 

valve is closed. The recovered thermal energy is reutilized by pumping the required liquid (here water) to be heated through the 

recovery unit. The absorbed thermal energy carried by the storage media is used to raise the temperature of the fluid (water) flowing 

through the copper tube. The thermal energy is transferred to water thereby reutilizing the thermal energy stored in the recovery 

unit. 

IV. EXPERIMENT AND RESULTS 

The working of the recovery unit with three storage medium was analyzed and the corresponding readings are noted and the 

thermal performance in each case were evaluated. 

Recovery factor r∆t=
change in temperature of storage media

temperature rise of coolant

 ⵠTd is the temperature rise in the discharging phase of water

 Utilization factor Uⵠt is the ratio of temperature gained in the discharging phase to the temperature rise in storage media.

 Table – 1 

Experiments & Results 

Sl. No. Water  Used Vegetable oil  Used Engine oil  

 Steady temperature(°C) rⵠt Steady temperature(°C) rⵠt Steady temperature(°C) rⵠt 

1 42 0.785 51 0.988 50 0.75 
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2 44 0.775 48 0.97 54 0.63 

3 63 0.904 48 0.78 49 0.676 

Table – 2 

Experiments & Results 

Storage 

media 
ⵠTd1 

Maximum Charging 

Temperature (°C) 
ⵠTd2 

Maximum Charging 

Temperature(°C) 
ⵠTd3 

Maximum Charging 

Temperature(°C) 

Water 3 42 3 44 9.8 63 

Vegetable 

oil 
5.4 51 4 48 3.8 48 

Engine oil 4.9 50 5.4 54 3.3 49 

Table – 3 

Experiments & Results 

 Uⵠt r∆t 

Water 

0.272 0.785 

0.241 0.775 

0.309 0.904 

Used Vegetable Oil 

0.239 0.980 

0.206 0.970 

0.243 0.78 

Used Engine Oil 

0.313 0.756 

0.325 0.638 

0.253 0.676 

 

 
Fig. 3: Variation of Recovery factor (rⵠt) with coolant inlet steady temperature (°C) 

 
Fig. 4: Variation of ⵠTd with maximum charging temperature 
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Fig. 5: Variation of Utilization factor (Uⵠt) with Recovery factor (r∆t) 

The figure 3 shows the variation of the coolant inlet steady temperature and recovery factor. rⵠt is the ratio of change in 

temperature of storage media to the temperature rise of coolant. It shows the fraction by which the amount of heat is transferred to 

storage media, when compared with temperature change of the inlet coolant w.r.t corresponding more inlet coolant temperature. 

This shows the amount of energy that could be stored in a sensible storage medium from available temperature. It was different 

for all the 9 cases and is shown in Figure 3. 

ⵠTd is the temperature rise in the discharging phase of water. The figure 4 depicts the variation of the rise of temperature in the 

discharging phase with respect to the corresponding maximum charging temperature. It was found maximum for the case, when 

the water was used as storage medium. It means that water has better thermal properties like thermal conductivity and specific 

heat. It was also found like as we could increase the maximum inlet charging temperature, the amount of energy regained also 

increases. This is inferred from Figure 4. 

Uⵠt is the ratio of temperature gained in the discharging phase to the temperature rise in storage media. Utilization factor depicts 

the amount of energy that coolant regained or used for effective purpose from the regional energy of the storage medium. The 

amount of energy actually available for a useful purpose to the amount of energy inlet was actually available for regaining from 

hot coolant from heat exchanger is depicted in Figure 5. It was found that the water was having a fairly constant or better 

performance when compared with used vegetable and engine oil as the storage media. 

V. CONCLUSION 

In our experiment we found that as the temperature of the inlet coolant increases, the amount of heat regained also increases. This 

system has a great scope in heat engine labs where thermal energy that can be regained is very high. Water when used as the storage 

media exhibited a better performance. Vegetable oil has a great potential since it has a higher recovery factor but its utilisation 

factor is low. If the utilisation factor could be increased in any manner, then it could be used as a better storage medium. However, 

engine oil exhibits a lower recovery factor since it is a mixture of engine oils and its properties could be enhanced if proper Nano 

particles are added in suitable manner. 
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