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Abstract

This final technical report shows the status of a laboratory-scale steam-turbine system at the
California State University Long Beach (CSULB), a Hispanic-Serving Institution. We acquired
this power plant from G.U.N.T. under the support from DoD HBCU/MI equipment grant. This
equipment will contribute to the research and education on the real control system development
and optimization techniques for thermal energy systems. We achieved the educational mission
by training several undergraduate students from both the Chemical and Mechanical departments
through this equipment. Two PhD students are using the data and system setting of this
equipment to design the organic Rankine cycle model for control and optimization purposes. Our
future plan is to retrofit this power plant by integrating a modern control system developed by
our research team.



Scientific Progress and Accomplishments

The Chemical Engineering Department at CSULB (a Hispanic-Serving Institution) uses
HBCU/MI equipment grant to acquire and install a steam-turbine system in the building EN4-
125. The purchased equipment includes:

e ET 850: Steam Generator

e ET 851: Steam Turbine
We overcame the troubles of COVID-19, coordinated vendors, and successfully installed the
system at the end of 2020. We guarantee that the equipment and space meet all safety protocols.

This laboratory-scale steam power plant will have broad impacts to enhance the research and
education capability of the college of engineering at CSULB.
e For research, it generates a large amount of operational data for process modeling and
severs as a testbed for process control methods validation.
e For education, it is relevant and applicable to a wide range of disciplines in both chemical
and mechanical engineering, such as thermodynamics, heat transfer, control systems and
fluid dynamics.

This steam-turbine system has safely operated for many hours in our laboratory and used for
thermodynamic courses in both Chemical and Mechanical Engineering departments. There are 7
undergraduate and 2 PhD students using this equipment during Summer and Fall semesters 2021
to learn and conduct the research of thermal-power system. We will allow all students enrolled in
these two departments to use the data generated from this machine to learn thermodynamics.

The PI has been leading the research team on the process identification, machine learning,
control system design, and real time optimization of the steam-turbine system.

e A research proposal based on the data collected from this steam-turbine system has been
submitted to American Chemical Society-Petroleum Research Fund (ACS-PRF). The
research topic is the machine learning of energy systems.

e A PhD student is working on the process modeling of organic Rankine cycle (ORC) by
using the data and system setting of this laboratory-scale power plant. A MATLAB
Simulink based model has been created by replacing the steam by isobutane. A model
predictive control algorithm is under developing.

Pl and his team plan to retrofit the system as the next step. We will mount FPGA on the cooling
water and fuel injection modules to enable the automatic control of the entire plant. The
objective is to design advanced control algorithms for the steam-turbine and optimize the energy
conversion (from natural gas to electricity).

The new knowledge and techniques developed using this equipment will help the U.S. military to
improve the energy efficiency in their base, ships and other battle agents powered by
microturbines.



Appendix

Figure 1: Steam-turbine plant in EN4-125 @ CSULB
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Figure 2: Data collection panel of the steam-turbine plant
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Figure 3: Natural gas supply
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Figure 4: Turbine power output





