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Abstract

       What we are told we easily forget, but the things we do we understand! Engineering 
education works best when the students are not overly subjected to listening, but have 
ample opportunity to do. Computer use in education provides a more subtle example of 
this principle. Students, like current engineers in industry, now run a variety of commercial 
application software to perform various calculations and simulations. The danger is that 
too often they do not understand the underlying principles, mathematical modeling and 
assumptions. 

       The author’s first experience was twenty years ago. It was an era when mainframe, 
timeshare and what was then called minicomputers were used for academic research, but 
personal computers were not yet available. There was no computer use in an 
undergraduate classroom. The author decided to do some pioneering course development 
by programming various thermodynamic and nuclear power plant simulations on a time 
share computer for the benefit of his students in these courses. 

      During the development he realized that he was enhancing his own understanding of 
cycles and power plant dynamics. This was because of the long hours and intense 
concentration that was required for the project. Models were developed of Carnot, Otto, 
Diesel, Brayton and Rankine cycles. The piston cylinder cycles showed a piston moving up 
and down with simultaneous display of properties, work and heat and the development of 
a 1st law process and cycle table and resulting efficiency.

       The nuclear power plant simulation displayed the components and response to 
throttle, control rod motion, change in flow and a scram. Separately the reactor kinetics 
were programmed in Basic on an Atari 400 game computer with time responses of input 
and output responses traced on a TV screen.

        The next step was to take the students to the computer room to execute the 
simulations. It was discouraging, but then understandable, to realize that the students were 
not learning much. Asteroids was the hugely popular video game at the time. Students 
executed the programs like they were playing such a video game.

      The lesson learned was that the professor had learned by developing the programs, but 
the students were deprived of the development experience. It was 20 years later when that 
the author revived computer based simulations, by having students do their own 
development on their personal computers. While the result is less sophisticated, the 
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educational process and experience has been favorable.
1. Introduction

         The author’s first experience at modeling thermodynamic processes was twenty 
years ago when he served as Supervisor of the Thermodynamics and Nuclear Operations 
Curriculums at Rensselaer Polytechnic Institute. Personal computers were not yet 
available, but a CAD system with remote time share access had been recently installed. I 
developed a set of interactive programs named CAT for Computer Aided 
Thermodynamics.

        Recent experiences are teaching at Union College. Personal computers and/or 
laptops are available to all students. Thus, the students can do the programming rather 
than the Professor. This paper will describe the computer simulations, experiences with 
students and educational conclusions from twenty years ago and from now.
                                         
2. Early Computer Based Simulation Models

      Once the author learned how to draw a line and to make it move and rotate in 1981 
versions of Computer Aided Drafting (CAD), he programmed a piston moving up and 
down in a cylinder while turning a crank. A CAD based FORTRAN allowed for a 
thermodynamic data base and the calculation of the changing thermodynamic properties 
such as pressure, temperature, specific volume, internal energy and enthalpy within the 
piston cylinder. It could also be programmed to display the work and heat during each 
process. These values were calculated and displayed beside the cylinder. 

      CAD could also be programmed to graph the dynamic process taking place inside the 
piston cylinder on a pressure vs volume and a temperature vs entropy graph. It was 
programmed so that the user could choose a third combination of properties such as 
pressure vs temperature to be displayed on a third graph.

      Finally in a form consistent with the text book at the time, the 1st Law Energy Balance 
of Heat in plus Work in is equal to the Change of Internal Energy Change was displayed 
for each process and for the entire cycle.

Process Models

     Since cycles are comprised of a set of processes, the first programs were to simulate 
well defined processes using air as an ideal gas, a common starting point and a final 
parameter such as pressure, volume or temperature to define the end point. The working 
fluid was air as an ideal gas.

         From a menu the student can choose a constant pressure, constant volume, constant 
temperature or reversible adiabatic process from point “1” to point “2” and then input the 
final condition. The simulation responds with piston motion, changing property values and 
the 1st law energy balance for the defined process.
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      Figures 1, 2, 3 and 4 show constant pressure, volume, temperature and adiabatic 
processes respectively. Note the optional  graph for the figure 1 is pressure vs entropy, for 
figure 2 it is volume vs entropy, for figure 3 it is pressure vs entropy and for figure 4 it is 
pressure vs temperature. The graphs of pressure vs volume and temperature vs entropy is 
provided for each process.

Cycles

        The next endeavor was to program various air standard power cycles that could be 
selected from a menu. These cycles were the Diesel, Otto, Non Flow Brayton, Carnot and 
a hypothetical cycle that is a rectangle on a pressure vs volume diagram. Along with the 
simulation and tables the cycle efficiency is calculated and displayed for each.

      Figures 5, 6 and 7 are at various points in the Diesel cycle. The user specified a 
compression ratio and expansion ratio during fuel injection. Figure 5 is during 
compression, Figure 6 is during the fuel injection part of the expansion and Figure 7 is for 
the complete cycle. Note the optional graph is volume vs temperature.

        Figure 8 shows a completed Otto Cycle with compression ratio and heat added as the 
specifications. The optional graph is pressure vs entropy.

       Figure 9 shows a Carnot cycle with the high side temperature and heat added 
specified. The optional graph is pressure vs entropy.

       Figure 10 shows the hypothetical cycle that is a rectangle on a pressure vs volume 
diagram. The optional graph displays pressure vs temperature.

Nuclear Reactor and Power Plant Simulations
 
          The vital starting point for a nuclear power plant simulation is to model the 
relationship between reactivity, control rod position neutron source strength, and the 
resulting total neutron population and power along with response to a sudden insertion of 
control rods which is called a SCRAM.

      A one delayed neutron group and one node mathematical model was developed. It 
was then programmed on an Atari 400 game computer in BASIC. A television set was the 
monitor. Moving the joystick up or down raised or lowered control rods. Moving it 
sideways moved the neutron source in or out or the reactor core. Pushing the red button 
resulted in a SCRAM. Strip chart like time traces were displayed on the screen.
                        
     The reactor kinetics model was extended to an entire Pressurized Water Nuclear 
Power Plant  with reactor, steam generators and turbines (reference 1). The various 
energy, flow and neutronic equations were developed and programmed on the same CAD 
system with the thermodynamic cycles. The inputs were control rod motion, the steam 
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valve to the turbine and the reactor circulating pump speed.     The nuclear power plant at 
full power and steady state condition is shown in figure 11. The response 16 seconds into 
a ramped insertion of the control rods is shown in figure 12. The response to a ramp 
closing of the steam valve after 31 seconds is shown in figure 13. The response to a 
ramped change of coolant pump speeds after 11 seconds is shown in figure 14.

       Since the dynamic response of a nuclear power plant to these inputs may take several 
minutes, this simulation was programmed with a FAST option that simulates at 10 times 
real time, along with the normal speed option.

 Contemporary Thermodynamic Cycle Simulations3.

      Students now have their own personal computers and lap tops. This means they can 
develop their own engine cycles. They are given the assignment to develop equations to 
analyze various cycles, and display the resulting property and process tables.

     The cycles they are assigned are the Otto, Diesel, Carnot and a flow Brayton cycle. It 
is noted that the gas turbine is now called a Brayton cycle. However, the internal 
combustion engine that Boston engineer George Brayton  patented in 1873 used separate 
pistons for compression and expansion.

       From the class room we developed the pedagogical technique of inputting constants 
to the data base such as the specific heat at constant pressure for air, the ratio of constant 
pressure and constant volume heat capacities and the work equivalent of heat of 778 ft lbf 
per Btu. Students then calculate constants from constants such as ideal gas constant for air 
in heat and work units.

     We next develop a toolbox of thermodynamic relationships, and a description of each 
cycle. Figure 15 is a student’s property and 1st law process and cycle table summary for a 
Diesel engine. Figure 16 is another student’s results for an Otto cycle.

Conclusion4.

       The exercise of years ago of the professor developing thermodynamic programs for 
the student use was an educational failure. The subsequent advent of individual computers 
for each student has allowed each student to develop the and program the cycle equations. 
This has been educationally effective.
.
Reference:  1) Frank Wicks, “Formulation and Application of an Equation for Low Power 
Reactor Operations and Experiments”, Transactions of the American Nuclear Society, 
1983 Winter Annual Meeting, Volume 45, San Francisco, California.
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