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Abstract--The proposal of this project is tofabricate a cooling curve plotting unit for analysis of 
different coolants. The rate of cooling can be determined from a cooling curve that can be plotted 
with the help of a cooling curve plotting unit. The cooling curve can be plotted using a temperature 
sensor- microcontroller arrangement. In this analysis we are using engine oil and coconut oil as 
coolants. Mild steel and aluminium are the specimens. We analyse the different combinations of the 
coolant and specimen using the arrangement. The specimen is first heated in a heating chamber 
which is a convective oven and maintained at the required temperature. It is then introduced into a 
cooling chamber where the different coolants are used. The temperature change of the material is 
monitored at regular intervals from the beginning to the end and is recorded by a microcontroller 
known as Arduino. The varying temperature is sensed by a micro controller using LM 35.The 
microcontroller records the temperature change at regular intervals and stores the data in a SD card 
via an adaptor. The data stored in the SD card can be read using Microsoft excel and the cooling 
curve is plotted. Thus the best suited combination for different applications can be selected. 
 
Keywords--Microcontroller, mild steel,aluminium, coolant, specimen, cooling chamber, heating 
chamber, Arduino, LM 35,SD card 
 

I. INTRODUCTION 
A coolant is asubstance, typically liquid or gas, which is used to reduce or regulate the temperature 
of a system. An ideal coolant has high thermal capacity, low viscosity, is low-cost, non-toxic, 
chemically inert, and neither causes nor promotes corrosion of the cooling system. Some applications 
also require the coolant to be an electrical insulator. 
 
While the term coolant is commonly used in automotive HVAC applications, in industrial processing 
heat transfer fluid is one technical term more often used in high temperature as well as low 
temperature manufacturing applications. The term also covers cutting fluids. 
 
Analysis of coolants is done to compare the performance of coolants for the required application. 
Our project aims at conducting an analysis with better accuracy using an automated temperature 
reading system. 
 

II.  LITERATURE REVIEW 
Differenttemperature sensors were studies for selecting the suitable sensor for our application. There 
are different types of temperature sensors that have sensing capacity depending upon their range of 
application: Thermocouples, Resistor temperature detectors, Thermistors, Infrared sensors, 
Semiconductors and Thermometers. Thermocouple sensor is the most commonly used temperature 
sensor and it is abbreviated as TC. This sensor is extremely rugged, low-cost, self-powered and can 



�
�

��������������
������������ ��������!"������#������ �#�$���"��� %�&�
����'�
��������	
��������
�������������
������������		�
�	 � ���

 

(�
����)	���*�������#%�"���"��+�!� � 	��

be used for long distance. There are many types of temperature sensors that have a wide range of 
applications. The most important property of the thermocouple is nonlinearity – the output voltage of 
the thermocouple is not linear with respect to temperature. Thus, to convert an output voltage to a 
temperature, it requires mathematical linearization. RTD sensor is one of the most accurate sensors. 
In a resistor temperature detector, the resistance is proportional to the temperature. This sensor is 
made from platinum, nickel, and copper metals. It has a wide range of temperature measurement 
capabilities as it can be used to measure temperature in the range between -270°C to +850°C. RTD 
requires an external current source to function properly. Another type of sensor is a thermistor 
temperature sensor, which is relatively inexpensive, adaptable, and easy to use. It changes its 
resistance when the temperature changes like RTD sensor. Thermistors are made from manganese 
and oxides of nickel, which make them susceptible to damages. So, these materials are called 
ceramic materials. This thermistor offers higher sensitivity than the resistor temperature detectors. 
Most of the thermistors have a negative temperature coefficient. It means, when the temperature 
increases the resistance decreases. A thermometer is a device used to measure the temperature of 
solids, liquids, or gases. The name thermometer is a combination of two words: thermo – means 
heat, and meter means to measure. Thermometer contains a liquid, which is mercury or alcohol in its 
glass tube. The volume of the thermometer is linearly proportional to the temperature – when the 
temperature increases, the volume of the thermometer also increases. The thermometer has numbers 
marked alongside the glass tube to indicate the temperature when the line of mercury is at that point. 
The temperature can be recorded in these scales. Semiconductor sensors are the devices that come in 
the form of ICs. Popularly, these sensors are known as an IC temperature sensor. They are classified 
into different types: Current output temperature sensor, Voltage output temperature sensor, 
Resistance output silicon temperature sensor, Diode temperature sensors and Digital output 
temperature sensor. Present semiconductor temperature sensors offer high linearity and high 
accuracy over an operating range of about 55°C to +150°C. However, AD590 and LM35 
temperature sensors are the most popular temperature sensors. IR sensor is an electronic instrument 
which is used to sense certain characteristics of its surroundings by either emitting or detecting IR 
radiation. These sensors are non-contacting sensors. For example, if you hold an IR sensor in front of 
your desk without establishing any contact, the sensor detects the temperature of the desk based on 
the merit of its radiation. These sensors are classified into two types such as thermal infrared sensors 
and quantum infrared sensors. The cost depends on the accuracy of the temperature sensor. LM35 
(semiconductor sensor)was selected for our application as it is directly calibrated in Celsius and is 
easily portable. They offer high linearity and accuracy over a range of 55°C to +150°C. 
 
Coolant (commonly used coolant) : 
 
Oil for machining where very smooth surface is required, 
 
• Mineral, white emulsion - emulsion of oil in water with added emulsifiers and antibacterial 
additives; universally applicable, 
• Synthetic, clear emulsion - emulsion of synthetic oils in water; resistant to bacteria, 
• Synthetic coolants. 
 
The coolant type and concentration depend on the machining method and type of material worked. It 
is recommended that the user consult the producer of coolant regarding the type of coolant and its 
concentration. 
 
Most important properties of coolants: 
• Good cooling and lubrication, 
• Prevention of corrosion, 
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• Physical, chemical and technological stability during use, 
• No harmful effects on human health, 
• No excessive foaming. 
 
Cooling chamber: 
While enquiring about different thermal insulation materials for the fabrication of cooling chambers 
we found out that the combination of refractory materials like plaster of paris and sand is used for the 
forging purposes. Hence we decided to fabricate the cooling chamber walls with the mixture of 
plaster of paris and sand (50-50) mix so that it will provide a proper insulation. We provide a 
stainless steel container for storing the coolant 
 
Heating chamber: 
Heating of a material to a desired temperature can be done in many ways like induction, eddy current 
method, furnaces, convection, direct heating etc… Out of this, the one chosen is the convective 
method as it was found more suitable for this research work. 
 
To attain this we make use of a convective oven. The temperature inside the cabin can be set to the 
desired value within the stipulated amount of time by means of a temperature adjusting probe present 
on it. 
 

III.  PROBLEM DESCRIPTION 
Without coolant the working parts would overheat extremely fast leading to mechanical breakdown 
and failure. Usages of coolants are necessary in most applications in engineering field. Effective 
cooling is required to avoid possible damage and also for optimum working conditions. Performance 
of coolant varies with the area of application. Thus the performance of the coolant must be ensured 
for the required application. Alternative coolants canbe used for various process. These coolants 
must be evaluated for their performance. Our project aims to provide an automated system for the 
analysis of the coolants using cooling curves. 
 

IV.  OBJECTIVE 
The objective of our project is to fabricate a cooling curve plotting unit and evaluate different 
coolants by plotting cooling curves. Different combinations of coolant and specimen are analysed to 
find the coolant required for the specific application. 
 
This is achieved by creating a cooling curve plotting unit consisting of microcontroller along with 
temperature sensor arrangement which stores the data to an SD card. 
 

V. COMPONENTS USED 
The components used are Arduino Nano (microcontroller), LM35 temperature sensor, convective 
oven, cooling unit and SD card module. 
 
Arduino Nano: 
The Arduino Nano is a small, complete, and breadboard-friendly board based on the ATmega328 
(Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x). It works with a Mini-B USB cable instead 
of a standard one. The boards are equipped with sets of digital and analogue input/output (I/O) pins 
that may be interfaced to various expansion boards or Breadboards (shields) and other circuits. The 
boards feature serial communications interfaces, including Universal Serial Bus (USB) on some 
models, which are also used for loading programs from personal computers. The microcontrollers are 
typically programmed using a dialect of features from the programming languages C and C++. In 
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addition to using traditional compiler tool chains, the Arduino project provides an integrated 
development environment (IDE) based on the Processing language project. 
 
Specifications: 
Microcontroller – Atmel  ATmega328 
Operating Voltage (logic level) - 5 V 
Input Voltage (recommended) 7-12 V 
Input Voltage (limits) 6-20 V 
Digital I/O Pins - 14 (of which 6 provide PWM output) 
Analog Input Pins - 8 No: 
Current per I/O Pin - 40 mA 
Flash Memory - 16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB used by bootloader 
SRAM 1 KB (ATmega168) or 2 KB (ATmega328) 
EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328) 
Clock Speed 16 MHz 
Dimensions 0.73" x 1.70" 
 
 
 
 
 
 
 
 

Fig 1-Ardino nano 
 
LM35 Temperature Sensor: 
The LM35 series are precision integrated-circuit temperature devices with an output voltage linearly-
proportional to the Centigrade temperature. The LM35 device has an advantage over linear 
temperature sensors calibrated in Kelvin, as the user is not required to subtract a large constant 
voltage from the output to obtain convenient Centigrade scaling. The LM35 device does not require 
any external calibration or trimming to provide typical accuracies of ±¼°C at room temperature and 
±¾°C over a full �55°C to 150°C temperature range. Lower cost is assured by trimming and 
calibration at the wafer level. 
 
The low-output impedance, linear output, and precise inherent calibration of the LM35 device makes 
interfacing to readout or control circuitry especially easy. The device is used with single power 
supplies, or with plus and minus supplies. As the LM35 device draws only 60 µA from the supply, it 
has very low self-heating of less than 0.1°C in still air. The LM35 device is rated to operate over a 
�55°C to 150°C temperature range, while the LM35C device is rated for a �40°C to 110°C range 
(�10° wit h improved accuracy). The LM35-series devices are available packaged in hermetic TO 
transistor packages, while the LM35C, LM35CA, and LM35D devices are available in the plastic 
TO-92 transistor package. The LM35D device is available in an 8-lead surface-mount small-outline 
package and a plastic TO-220 package. 
 
Features: 
• Factory calibrated Directly in Celsius (Centigrade) 
• Linear + 10-mV/°C Scale Factor 
• 0.5°C Ensured Accuracy (at 25°C) 
• Rated for Full �55°C to 150°C Range 
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• Suitable for Remote Applications 
• Low-Cost Due to Wafer-Level Trimming 
• Operates From 4 V to 30 V 
• Less Than 60-µA Current Drain 
• Low Self-Heating, 0.08°C in Still Air 
• Non-Linearity Only ±¼°C Typical 
• Low-Impedance Output, 0.1 �  for 1-mA 
Load 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2- LM 35 
 
SD Card Module: 
The SD Card Module is a simple solution for transferring data to and from a standard SD card. The 
pin out is directly compatible with Arduino, but can also be used with other microcontrollers. This 
module has SPI interface which is compatible with any sd card and a regulator which converts the 
5V to 3.3V .SD module has various applications such as data logger, audio, video, graphics. 
 
 
 
 
 
 
 
 
 
 

Fig .3 SD card module 
 
Convective Oven 
Convective Oven heats the chamber space via convection. The temperature is kept steady throughout 
the chamber by uniform heating. The oven is used to heat the specimen in the chamber to the 
required temperature. Temperature knobs helps to adjust the temperature required and timer can be 
set to maintain the temperature for any amount of time. 
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Fig 4 convective oven 

Cooling Unit 
The coolant is stored in a stainless steel container. The container is placed in a plastic box. The 
plastic box is filled with plaster of paris, and sand, coated with acrylic paint. This has space to hold 
the container. This unit avoids heat losses to outer surroundings. 
 
 
 
 
 
 
 

Fig 5 cooling unit 
 

VI.  COOLANTS 
Engine Oil 20W40 
Engine lubricant is any of various substances comprising base oils enhanced with additives, 
particularly ant wear additive plus detergents, dispersants and, for multi-grade oils viscosity index 
improvers. In addition to that, almost all lubricating oils contain corrosion (GB: rust) and oxidation 
inhibitors. Motor oil is used for lubrication of internal combustion engines. The main function of 
motor oil is to reduce friction and wear on moving parts and to clean the engine from sludge (one of 
the functions of dispersants) and varnish (detergents). It also neutralizes acids from moving parts 
 
Engine oils today are blended using base oils composed of petroleum-based hydrocarbons, that 
means organic compounds consisting of carbon and hydrogen, or polyalphaolefins (PAO) or their 
mixtures in various proportions, sometimes with up to 20% by weight of esters for better dissolution 
of additives that originate from fuel and from oxidation of the lubricant (detergents), improves 
sealing of piston rings, and cools the engine by carrying heat away. 

 
Fig 6 engine oil 
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saturated fat content, it is slow to oxidize and, thus, resistant to rancidification, lasting up to six 
months at 24 °C (75 °F) without spoiling.[1] 

 
Due to its high levels of saturated fat, the World Health Organization, the United States Department 
of Health and Human Services, United States Food and Drug Administration, American Heart 
Association, American Dietetic Association, British National Health Service, British Nutrition 
Foundation, and Dietitians of Canada advise that coconut oil consumption should be limited or 
avoided. 
 
 
Coconut Oil 
Coconut oil, or copra oil, is an edible oil extracted from the kernel or meat of mature coconuts 
harvested from the coconut palm (Cocos nucifera). It has various applications. Because of its high 
 

 
Fig 7 coconut oil 

 
 

VII.  SPECIMEN USED 
Stainless Steel 
Stainless steel are corrosion resistant Iron based alloys which contain minimum 10.5% Chromium. 
They have desirable properties like attractive appearance, corrosion resistance, low maintenance and 
sufficient strength. They are more expensive than standard grades of steel but have greater resistance 
to corrosion, needs low maintenance and has no need for painting and other protective properties. 
 
The advantageous properties of stainless steels can be seen when compared to standard plain carbon 
mild steel. Although stainless steels have a broad range of properties, in general, when compared 

 Melting Point (°C) 660.2   
with mild steel, stainless steels have: 

Boiling Point (°C) 2480 
  

    
• Higher corrosion resistance 

Mean Specific Heat (0-100°C) (cal/g.°C) 0.219 
 

   
• Higher cryogenic toughness 

Thermal Conductivity (0-100°C) (cal/cms. °C) 
 

   
• Higher work hardening rate 0.57    

• Higher hot strength 
Co-Efficient of Linear Expansion (0-100°C) 
(x10-  

• Higher ductility 6/°C)23.5    



�
�

��������������
������������ ��������!"������#������ �#�$���"��� %�&�
����'�
��������	
��������
�������������
������������		�
�	 � ���

 

(�
����)	���*�������#%�"���"��+�!� � 
��

    

• Higher strength and hardness 
Electrical Resistivity at 20°C (� .cm) 2.69  
    

Density (g/cm3) 2.6898 
• A more attractive appearance 
• Lower maintenance 
 

 
 

Fig 8 Stainless steel 
 
Aluminium 
Aluminium is the world’s most abundant metal and is the third most common element comprising 
8% of the earth’s crust. The versatility of aluminium makes it the most widely used metal after steel. 
Aluminium is derived from the mineral bauxite. Bauxite is converted to aluminium oxide (alumina) 
via the Bayer Process. The alumina is then converted to aluminium metal using electrolytic cells and 
the Hall-Heroult Process. 
 
Property Value 
Atomic Number 13 
Atomic Weight (g/mol) 26.98 
Valency 3 
Crystal Structure FCC 

 
Fig 9 Aluminium 
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VIII.  SCHEMATIC DIAGRAM 

 
Fig 10 Circuit diagram 

 
Fig.11 Circuit board with sensors 

 

 
Fig 12 Cooling curve plotting setup 

 
IX.  FABRICATION 

 
The microcontroller used is Arduino nano as both the hardware and software is open source. LM35 
temperature sensor is connected to the analog pins in the microcontroller. Arduino code is 
programmed to take temperature readings at regular intervals. Temperature readings taken using the 
sensor is verified using a mercury thermometer and the readings were accurate. 
 
Copper wire connected temperature sensor showed slight deviations in reading while monitoring the 
temperature. In order to avoid this, Teflon coated wires were used. Program code is expanded to take 
temperature readings at 50ms time interval. 
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The specimen is heated using a convective oven. It is then cooled using water in a beaker. The 
temperature change with respect to time is monitored in the Arduino display window. The specimens 
selected for testing were aluminum and stainless steel. Engine oil and coconut oil were selected as 
the coolants. 
 
LM35 is coated is Teflon tape to prevent short circuit of the sensor pins. The coolant is held in a 
stainless steel crucible. This stainless steel crucible is held in a thermally insulating mixture of 
plaster of paris and sand (50-50 mixture). 
 
An SD card module is connected to the microcontroller to store the temperature values in csv format 
(comma separated value). This format is viewable in excel. Thus the temperature value is available 
in a tabulated form. Graph can be obtained from this table. 
 
Additional sensors were provided to measure ambient and coolant temperatures. Initially a specimen 
connected with temperature sensor is heated up to 150°C for 10 minutes. It is then introduced to the 
cooling unit. It contains specific quantity of the coolant. The temperature variations is recorded in the 
sd card. It can viewed to obtain cooling curve which shows the temperature variation with respect to 
time. Different combinations of specimen and coolant are tested. 
 

X. PROCESS DESCRIPTION 
Heating 
The temperature sensor is attached with the specimen with the help of a metallic clip and the 
specimen is placed in the convective oven. The temperature and time period of the oven is set as per 
requirement. The temperature of the specimen is monitored continuously. If the temperature is 
obtained specimen is removed from the oven and transferred to the cooling chamber 
 
Cooling 
The specimen is introduced to the cooling chamberrequired amount of coolan t is stored in the 
cooling chamber ,the temperature of the coolant is monitored by using a temperature sensor 
 
Monitoring and Analysis 
The temperature sensor produces corresponding voltage with respect to the temperature sensed, the 
microcontroller converts the voltage in totemperature and these temperature get stored in to the SD 
card in csv format 
 
The data from the SD card can be analysed with help of Microsoft excel 

 
 

Fig 13 Arduino Program Screen 
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XI.  RESULT 

 
 

Fig 14 Aluminium and 100 ml coconut oil. 
 
 
 
 
 
Cooling rate: 2.71°C /s 

 
Fig 15 Aluminium and 200 ml coconut oil. 

 

Cooling rate: 2.804°C /s 

 
Fig 16 Aluminium and 100ml engine oil. 

 
Cooling rate: 1.28°C /s 

 
Fig 17 Aluminium and 200 ml coconut oil. 
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Cooling rate: 2.804°C /s 

Fig 18.Stainless steel and 100ml coconut oil.
 
 
 
 
Cooling rate: 1.3°C /s 

Fig 19 Stainless steel and 200ml coconut oil.
 
Cooling rate: 1.77°C /s 

Fig 20 Stainless steel and 100ml engine oil.
 
Cooling rate: 0.96°C /s 

 
Fig 21 Stainless steel and 200ml engine oil.

 
Cooling rate: 1.47°C /s 
From the graphs obtained, it is clear that coconut oil has faster cooling rate. Engine oil has a lower 
temperature rise. Thus comparison between these coolants are done.
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Fig 18.Stainless steel and 100ml coconut oil. 

 
Fig 19 Stainless steel and 200ml coconut oil. 

 
Fig 20 Stainless steel and 100ml engine oil. 

 

Stainless steel and 200ml engine oil. 

From the graphs obtained, it is clear that coconut oil has faster cooling rate. Engine oil has a lower 
temperature rise. Thus comparison between these coolants are done. 
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From the graphs obtained, it is clear that coconut oil has faster cooling rate. Engine oil has a lower 
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XII.  CONCLUSION 

• The cooling curve plotting machine was successfully designed taking into consideration the 
operating temperature range and coolants used. 
• The designed unit was fabricated using selected materials and equipments. 
• Stainless steel and aluminium was tested with both vegetable oil and engine oil using the 
unit. 
• The temperature change with respect to time is observed as a graph. 
• Cooling rates can be found by calculating the slope. 
• The most effective coolant for a particular specimen can be selected. 

 
 

XIII.  SCOPE FOR FUTURE 
• Different flow rates can be used for an advanced analysis. 
• This setup can also be used to determine purity of coolants. 
• The cooling curve can also be used to determine phase change of liquids. 
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