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 Student Automobile Engines Used in Applied Thermodynamics 

 Laboratory 
 

 

Introduction 

 

This paper describes the experience of a professor with extensive testing background teaching a 

Thermodynamics course that was unpopular with students because of lack of tangible concepts 

and applications. He compared the experience that students had in courses in structural design 

where students were building and testing beams and had the opportunity to see cracks and 

deformations of structures at failure with the one of students in thermodynamics, an esoteric field 

that includes difficult to understand concepts such as enthalpy and entropy. The thermodynamics 

course offered in the past lacked practical laboratory experiences to illustrate application of 

theoretical principles that may provide lasting scientific student comprehension.  He knew that 

engineering technology requires that applied thermodynamics courses include real world 

applications. Furthermore, courses on the subject must provide students with useful, lasting, and 

practical knowledge.   

 

The problem presented to this professor was that laboratories with operating engines, turbines, 

and heat exchangers, are difficult and expensive to maintain and operate by a small engineering 

technology department. He had confronted a similar situation in a research university, during his 

graduate years, testing real structures and lacking testing equipment. However, nearby was a 

warehouse full of Navy equipment from the Second World War. Using cranes, gun turrets and 

jacks he developed the necessary testing equipment. The professor was also a car nut and 

expended many hours in the garage and was very active in automotive organizations. One 

morning going to school preoccupied with the lack of laboratories for his thermodynamics class, 

he went to the garage and saw his dream laboratory shown in Figure 1. At that moment, he 

realized that he had a full thermodynamics laboratory with engines, superchargers, heat 

exchangers, and instrumentation. Furthermore, he had all necessary technical manuals and 

specifications. On the other hand, in a class of fifteen to twenty students there are the same 

number of engines found in the vehicles owned by the students and the instructor that can be 

used to provide a practical and interesting laboratory for teaching applied thermodynamics. 

 

Analysis of student course evaluations and exit interviews of graduates indicated great 

dissatisfaction with the Thermodynamics course offered in the past due to lack of applied 

laboratory work. This was the main motivation for the use of automobiles to provide working 

laboratory experiences. The same evaluation instruments indicated great satisfaction with the 

new course described in this paper.  

 

The engineering aspects of the automobile have been lost under the cover imposed by body 

designers and outstanding operational characteristics make it unnecessary to open the hood or 

check the oil level. Furthermore, the complex computer systems used for operation and 

diagnostics keep users away from the mechanical systems of the car. The course opens the eyes 

of engineering technology students to the operation of this machine that is of great importance in 

modern society. 
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Figure 1. The thermodynamics laboratory that the professor saw in his garage. Notice the engine, 

exhaust system and the enormous heat exchanger in front of the car. 

 

Creating the Thermodynamics Laboratory 

 

The idea for the laboratory came at a moment in which the professor was contemplating a group 

of students lacking motivation and bored with theoretical concepts of enthalpy and entropy
1
. 

When he started asking students what kind of car or truck they had, sparkles came to their eyes. 

Some spent ten or more minutes describing the technical characteristics of their vehicles to other 

students without realizing that this information was part of the thermodynamics course. 

 

Using student automobile engines instantly created interest in the discipline and provided a 

proper environment for understanding difficult energy concepts. To start with, students are 

required to compile all thermodynamic significant characteristics of their vehicles such as engine 

type, horsepower, torque, displacement, and information about turbo and superchargers if the 

engine has these devices. Search of this information for students’ vehicles and questions to the 

instructor creates and ideal environment for comprehension of applied thermodynamics. 

 

Students were organized in groups to select the vehicle that they wanted to study, analyze, and 

present results. Cars selected included Otto engines, popularly called gasoline engines, Diesel 

engines, normally aspired engines, and supercharged engines. Cars were classified also by the 

configuration of their heat exchangers, popularly called radiators. A total of eight different cars 

were studied but this paper presents and discusses the results for several different cars that are 

considered sufficient for the purpose of the paper. 

 

Perhaps the most memorable moment in the course was when a girl discovered that her car was a 

real Diesel. Some students that had not been interested in cars became interested and aware of 

the environmental aspect and consequences of transportation equipment. The pollution aspects of 
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engines were part of the course making it part of the social awareness core of courses in 

engineering technology. 

 

   
 

Figure 2. Engine of one of the cars included in the thermodynamics laboratory.  

    

Engine Analysis and Testing 

 

Car engines can be classified into four groups: Otto and Diesel engines; normally aspired and 

supercharged engines. Representatives of all groups were found among the vehicles of the 

members of the class. Table 1 presents the representative vehicles with their engine 

characteristics. 

 

 
 

Table 1. Vehicles included in the thermodynamics laboratory. A variety of engine cycles and 

aspiration methods were included. 

 

The main characteristic studied in internal combustion engines is the cycle. There are two 

different cycles used in modern vehicles. The Otto cycle that uses gasoline for fuel and requires 

spark plugs for ignition. The Diesel cycle that uses Diesel fuel and do not need spark plugs 

because the very high compression ration makes the fuel explode at the proper time. Study of the 

operational characteristics of engines through the different stages of the cycle and computation 

of pressures temperatures and energy transformation from fuel to movement are important 

concepts to be learned by students. 

 

Figure 2 presents a view of one of the vehicles included in the study. It is interesting to observe 

that although the components of the engine are hidden by covers all operational characteristics 
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required for analysis are available through the diagnostics and operations terminal attached to the 

onboard computer. This a great advantage for educational purposes of modern cars because it is 

not necessary to have additional and expensive testing equipment for data acquisition.   

 

 
 

Figure 3. Vehicle data used for the engine cycle analysis of a Toyota Camry  

 

Figure 3 includes all data required for the Otto cycle analysis of the Toyota Camry owned by a 

student. The data presented in the figure, Excel rows 4 to 15,   was obtained from the 

manufacture’s publications. The student owner of this car was impressed by the amount of 

technical information that he was able to collect from Toyota and of the willingness of the 

manufacturer representatives to help locate the information and collaboration in discussion of the 

results. All other values in the figure were computed by students using the thermodynamic 

formulas presented.  

 

Using the data and thermodynamics formulas presented in Figure 1, a model for Otto cycle 

analysis was developed using Excel. It is interesting to observe that the “what if” tools of Excel 

provide excellent tools for analysis of the engine cycles. Figure 3 presents all values of pressure 

temperature, volume and heat required for the cycle analysis.  

 

The heat and energy characteristics of gases are non linear properties typically presented in 

extensive tables that used to require very time consuming interpolations for analysis. Figure 2 

presents the automatic interpolation tools developed in Excel for manipulation of the gas 

characteristics required for engine analysis.  
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Figure 4. Otto cycle analysis of results for a Toyota Camry. The figure also presents the gas table 

interpolation tools used in engine analysis. 

 

Figure 5 presents the results of the Otto cycle analysis of the Toyota Camry. The analysis was 

performed under the standard-air assumptions commonly used in the thermodynamics course. At 

the beginning of the compression process air is at standard atmospheric conditions (100 kPa and 

17 C or the measured values) and the volume is known, after that, there are isentropic 

compressions and expansions that allow for determination of the other corners of the Otto cycle. 

The heat addition is computed from the volume of the cylinder and the gasoline content of the 

mix
2
. The graphs show the results in a graphical way. The areas inside of the curves presented in 

the graphs represent the energy produced by the engine during the cycle. 

 

The energy produced by the cycle was transformed into power at the a rpm specified by the 

manufacturer, in this case 6000 rpm,  and includes consideration of the efficiency of the cycle. A 

power output of 160 HP was computed that compares well with the 158 HP shown in Figure 3. 

 

The same analysis was performed for all vehicles in the group with very active and enthusiastic 

participation of the students performing computations and checking results with the data that 

they had obtained. The results were highly satisfactory due to the interest that students placed in 

obtaining correct data for their own vehicles.  This active participation was the most important 

educational characteristic of the course.  

 

Students took pride in their own vehicles and made an extraordinary effort collecting correct 

technical data in some cases through several interactions with sources. The analytical part of the 

analysis was considered as a challenge to match science with the data that they had obtained but 

there was an additional pride effect because the students were performing the analysis on their 

own vehicles. 
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Figure 5. Otto cycle graphs presenting the p-V and T-s Charts for a Toyota Camry 

 

Heat Exchangers 

 

Analysis and design of heat exchangers are important parts of thermodynamics dealing with the 

component of an energy conversion system that keeps temperatures within operational limits. 

The different types of engines used in cars generate very high amounts of heat requiring cooling 

systems to avoid bearing seizure due to lubricant failure at high temperatures.  

 

 
Figure 6 Heat exchanger details and instrumentation of a Mercedes C230 Kompressor analyzed 

in the thermodynamics course. 

 

The heat exchanger of automobiles is one of its most important and part of the propulsion system 

that is well known to drivers for several reasons. It was for many years a trouble causing 

component when the car over heated. The style of the heat exchanger still dominates the 

appearance of the vehicle although it is covered by the grill. However, in luxury cars such as the 
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Rolls-Royce and the Mercedes Benz, the most distinctive characteristic is the heat exchanger or 

radiator. 

 

In the historical development of the car, as we know it today, improvement of the cooling was a 

crucial step for achieving a practical vehicle. Early attempts, before the invention of the radiator 

by Karl Benz, required an operator collecting buckets full of water to cool the engine that were 

immediately wasted due to the lack of a cooling and recirculation system
3
. Many car historians 

associate the invention of the automobile with the invention of the radiator. 

 

In modern times the heat exchanger of the car has assumed another task as part of the air 

conditioning system of the vehicle. From these considerations it is possible to conclude that car 

radiators are ideal to study the theoretical and practical aspects of heat exchangers in 

thermodynamics. Figure 6 shows the heat exchanger of a Mercedes C230 Kompressor together 

with the instruments to measure air and water temperatures. The figure illustrated the structural 

details of the radiator that are critical for heat exchange analysis. The digital thermometer 

indicates air temperature and the analog one refrigerant temperature inside of the heat exchanger.    

 

Analysis of the heat exchanger involved determination of the structural characteristics of the 

exchanger, determination of the refrigerant flow rate, computation of the heat dissipated by the 

engine and finally temperatures of the air before and after the heat exchanger.  Measurement of 

air temperatures after the exchanger agreed within ten percent with the theoretical computations. 

The procedure presented in the textbook
2
 for the evaluation of the overall heat transfer 

coefficient was used in the course. Students performed all necessary measurements of the heat 

exchanger. 

 

Analysis and design of heat exchangers is a critical part of the training in applied 

thermodynamics. Students in the course were able to obtain a deep understanding of the 

structural intricacies of the exchanger which is extremely complicated as illustrated in Figure 6. 

This structure is substantially different in vehicles of different brands and to obtain the 

operational characteristics requires extensive measurements but at the same time it provides 

students with valuable experience in this aspect of the design of heat exchangers. 

 

Turbines and Superchargers 

 

Turbines and superchargers are an important part of the curriculum in a thermodynamics course. 

One of the cars participating in the study, the car of the instructor, was a Mercedes Benz C230 

Kompressor shown in Figure 7. This is a supercharged charged car that has a compressor for the 

air coming into the intake manifold. The significant advantages of the supercharger are very 

quick acceleration and no loss of power with ground elevation.  

 

Engine cycle analysis such as the one presented in Figures 3, 4 and 5 indicates that power 

generation is a function of the air pressure in the intake manifold. At higher elevations the power 

of common cars is reduced significantly while the supercharged ones are not affected by the 

elevation. This is an interesting fact deserving practical testing. The instructor agreed with 

students to test the acceleration of the car in Houston, Texas and then drive the car to Colorado 

over his summer vacation. The test was repeated in the Colorado Mountains at an elevation of 
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10,000 feet without significant difference in acceleration. The 0 to 60 mph acceleration in 

Houston was 7.2 sec and 7.3 sec in the Colorado Mountains.    

 

 
 

Figure 7. The supercharger, Kompressor in German of the Mercedesc230 Kompressor analyzed 

in the Thermodynamics course. 

 

Conclusions 

 

During presentation of the Otto or Diesel cycles, students are required to relate the concepts to 

their vehicles and perform the computations required to evaluate the efficiency of their vehicle 

engines. Competition develops among students which enhances learning and at the same time 

creates understanding of energy efficiency and concern for the environment. Each student 

presents a full thermodynamic analysis of his vehicle engine including test results at the 

conclusion of the one semester course.  

 

This approach produces a challenging course that provides students with a solid background in 

thermodynamics supported in practice by knowledge of the characteristics of their own vehicle 

engine and heat exchanger. It should be noted that the student computations are performed in an 

Excel environment which provides fast computation and simulation of engine performance. The 

course was judged successful, student interest was maintained throughout, and student 

satisfaction with the course was very high. 

 

The view that students have of their cars changed substantially. A student said that he now sees 

cars as huge heat exchangers with wheels and another observed that greater knowledge of car 

thermodynamics enhanced his concern for the environment.  

 

The course developed a methodology that can be used for future courses and furthermore, 

technological advances in future vehicles will allow students to keep up with technological 

progress at no additional cost to the university.  
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