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Abstract

Current, voltage, temperature distribution and electrolyte flow rate
play very critical roles in terms of the performance and service life of a
vanadium redox flow battery (VRFB) stack. The fuel delivery of a
vanadium redox flow battery stack uses a pump to deliver electrolyte from
the outside to the inside for reaction. Since only external machines can be
used to adjust the pump speed so as to control the flow rate of electrolyte,
best performance cannot be achieved yet. Flow rate is an important control
factor for a vanadium redox flow battery stack because it can bring away
excessive heat of reaction. If the flow rate decreases and the internal
temperature rises to 40°C, electrolyte will form vanadium pentoxide
molecular which is solid at room temperature and will seriously affect the
flow of the electrolyte and also the overall performance and service life of
the vanadium redox flow battery stack.

The four physical parameters (current, voltage, temperature and flow)
inside the vanadium redox flow battery stack will affect its performance
and service life. The bottleneck currently is that we can only adopt methods
like external methods, theory, simulation, and single measurement which
fail to reflect the actual information inside the stack. Therefore, according
to the demand for internal in-situ microscopic diagnosis of vanadium redox
flow battery, this project applied the micro-electro-mechanical systems
(MEMS) technology to develop a flexible integrated (current, voltage,
temperature and flow) micro sensor, which is embedded in the vanadium
redox flow battery for in-situ microscopic sensing and diagnosis. The
advantages of this innovative technology include (1) It has small volume
and can simultaneously measure local current, voltage, temperature and

flow; (2) The position of measurement is elastic. And the micro sensor can

vi



be embedded accurately; (3) It is highly accurate and sensitive with short
response time; (4) It can be customized in terms of design and
development; (5) Multi-information syn-detection and (6) Acid corrosion
resistance. The flexible integrated micro sensor can measure the local
operating conditions inside the vanadium redox flow battery accurately,
and the internal information is fed back instantly. Thus, the vanadium
redox flow battery control system can be adjusted to optimum operating
parameters immediately, so as to improve the vanadium redox flow battery
performance and to prolong the product life.

The project intends for vanadium redox flow battery inside the current
density distribution, voltage boost and drop distribution, the temperature
distribution and the electrolyte flow rate in the vanadium redox flow
battery performance and life. In terms of the demand of real-time
microscopic  diagnosis of  vanadium redox flow  battery,
micro-electro-mechanical systems (MEMS) to develop a flexible integrated
(current, voltage, temperature and flow) micro sensor and embed it inside a
vanadium redox flow battery to conduct real-time microscopic sensing and

diagnosis.
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