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The system must include the following:
1 Extensive training and experimenting instructions
2. Warranty: 5 years.
3. Experiment manual.

Include Solar (Photovoltaic Cell training System), Wind
Turbine, Fuel Cell and Hydrogen components can be used
separately and as a hybrid systems.
. PC-supported measurement and experimentation.
. Modular design with adjustable and/or scalable
components.

The system include the following elements
1. Solar Module training system
The solar Modular training system can used On Grid and Off Grid
and can be connected with wind turbine system below
The system should include the following components
-The trainer is complete with connecting cables and experiment
manual.
-Complete with data acquisition and Analysis software
-A photovoltaic inclinable module, complete with a cell for
measuring the solar irradiation and with a temperature sensor
-AC Load Module and DC Load Module
-Batteries & Battery Control Module with circuit breaker
for control the activation/deactivation of the battery.
-sun simulation for indoor use
. - Solar tracking panel
Hyb”d -Inverter (PV off-grid) and Grid Inverter, power source, network
Generation distributer, charge regulation Rheostat resistance ,circuit barker &
: Dc/Ac Inverter Module the inverter must be internally protected.
1. EXpe”ment - Energy Measurement module It measures current aﬁgvoltage& 1
calculates various parameters like frequency, power, energy ,..
(Europe Brand | - A module for meas_urement (Sola_r) )
only ) - Sola}r Panel Electrical Data provided by photovolta_uc pqngl to the
load directly or to the charge regulator such as solar irradiation
(WIm2), solar panel temperature (°C), current, voltage and power.
--Load or Battery Electrical Data
Measure of voltage, current and power flowing through the battery
or to the connected load the measured value must be simply
compared to the value indicated on the charge regulator.
--_AC Electrical Data measure of AC voltage, current and power
flowing to the AC load.
--Solar Panel Sensors Data measure typical environmental quantity
that influences a solar panel output: the power of irradiation on the
PV module and the temperature of PV cells; the unit of
measurement must be W/m2 for irradiation and °C for temperature.

2. Modular Wind training System

The Modular Wind training system can be used On Grid and Off
Grid and can be connected with solar system which explained in
the above section.

Should Come With wind turbine ; Supporting frame ; Anemometer
and wind direction sensor includes a microprocessor that performs
measurement and send data through a serial interface.

The following elements must be included in the system

- The trainer is complete with connecting cables and experiment
manual

-Complete with data acquisition and Analysis software

-Inverter grid three-phase (wind)
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-wind turbine

- Motor kit for indoor use and Power supply for the motor kit

- Braking resistance for the wind turbine

- Measurement module for wind energy

-Measuring Instrument Module(wind)

The module must be made for realizing the measurements of a
wind system..

--Aerogen Electrical Data: usable for measure of voltage, current
and power provided by wind turbine generator; it must be possible
to connect it to Aero generator output, but also use it as DC
voltmeter to measure other variables in the laboratory;

--Load or Battery Electrical Data: measure of voltage, current and
power flowing through the battery or to the connected load;. The
measured value will be simply compared to the value indicated on
the charge regulator The unit of measurement must be V for
voltage , A for current, W for power.

--AC Electrical Data: measure of AC voltage, current and power
flowing to the AC load, connected at the inverter output. The unit
of measurement are V for voltage , A for current, W for power.
--Wind Sensors Data: measure typical environmental quantity that
Influences a wind turbine output: the wind speed close to the aero
generator and the direction of the wind; the unit of measurement
must be m/s for anemometer and degree for compass.

3. Storage system for both Solar and wind training systems
4. Hydrogen training System

The trainer explain a fuel cell stack up to ten cells, producing and
storing hydrogen, voltage controlled automatic measurements,
determining characteristic curve of electrolyser, learning about
Faraday’s laws, determining characteristic curves of fuel cell,
determining fuel cell efficiency, determining decomposition
voltage of water, data acquisition of wave tracing / time
measurement, fixing the output at different operating points of the
fuel cell stack, monitoring single cell stack voltages, power-
controlled automatic measurements.

The system includes:

PEM fuel cell stack (ten cells).

Electrolyser.

power supply.

fuel cell monitor software.

hydrogen storage tank.

electric load (lamp), fan/

solar module and 2 modules with lamps for

Modular Fuel Cell Trainer system include

Gas Storage tank.

fuel cell module.

battery module & variable rheostat Values.

A step-down DC to DC converter Output Voltage.

A measurement instruments module.

2 voltmeters to measure the voltages delivered by the fuel
cell and supplied to the load directly or through a DC/DC
converter.

. 1 ammeter to measure the current flowing through the load
connected to the fuel cell output or to the DC/DC

e o 0o 0o 0 0o

converter/.

. 3 displays for monitor the hydrogen pressure, flow and
temperature/

. Load.

. Accessories: Lamp and fan.
. USB connection: for connecting to the PC.

6. Data Acquisition and Interfacing with the Software
The Software enables users to:

» Investigate each component

» Measure operating parameters

» Generate characteristic curves manually and automatically
» Visualize data in tables and graphs

»The software shall give the possibility to record and display the
following graphs:

- Voltage against current

- Power over time

- Power against current

- Power against voltage

10
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»It must also display up to ten individual voltages of a fuel cell
stack in real-time and record and display characteristic curves and
efficiency of the educational electrolysers

Evacuated Tube Collector
Collector Data

Number of Tubes 30
Dimensions 96" x 79"
Absorber Area 44.75ft2
Fluid Capacity 0.4gl
Warranty 3 Years
Evacuated Tube / Heat Pipe Specifications
Tube Length "70.8
Emissivity Coefficient %8
Tube Absorber Coating Copper, Stainless Steel, Aluminum
Absorptive Coefficient %92
Glass Material Borosilicate Glass
Outer Glass Tube Diameter "2.28
Inner Glass Tube Diameter "1.85
Vacuum 5x 10-2PA
Stagnation Temperature °482F
Heat Pipe Material Copper
Hail Resistance ~1" Diameter
Casing and Frame Specifications
Solar Header Casing Material Anodized Aluminum
Heating Hot | Frame Material Stainless Steel
. Manifold Insulation Material Rock Wool
Water Boiler Manifold Insulation Thickness '2.36
2. (SO|3.I’ Internal Manifold Piping Material "’ 1Copper — Schedule M 1
Thermal Sealing Material Silicone
Col |8CtOI’S) Installation Angle Range 15° - 90°

(Europe Brand Manifold / Operation Specifications

only ) Recommended Manifold Fluid Content ~ Water or Water/Glycol
Wind Load Rating 120mph
Maximum Operating Pressure 169psi
Recommended Flow Rate 0.8~ 1.2 gpm

Water storage tanks

Capacity 100 liter

PCM

1- A non-toxic & non-flammable, inorganic PCM, that can be
encapsulated in 50-100mm polypropylene or high density
polyethylene balls.

2- Phase change temperature of 55 degrees C to 59 degrees C (131
degrees F to 138 degrees F).

PCM Balls SPEC

e Solar-Icon Capsule wall material: HDPE (high density
polyethylene(

o Solar-Icon Size available: 50-100mm in diameter

e Solar-Icon Capsule wall sickness: 0.5mm-1mm, catering to

different applications.

Solar-lcon Weight: 80-500g depends on different packing

Solar-Icon PCM volume occupied per ball: 90%

Solar-lcon PCM volume occupied per cubic meter: 45%

Solar-Icon Life span: 15 years 8.Latent heat: 250KJ/KG

Automated computerized Fuel Cell Trainer for the
Production of electrical and thermal energy

The Hydrogen Fuel Cell course teaches foundational

Educational engineering principles of fuel cell systems. The course
PEM Fuel covers the structure and functioning principles of

3 thermodynamics theory. Through numerous 1
) Cell experiments, the students will also learn about the safety
(Europe Brand | aspects of this type of technology.
only ) Topic Coverage:

- Learn the basic functions of the fuel cell system.
- Describe the characteristic curve of a fuel cell.
- Explain the parameters influencing the characteristic

11
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curve.

- Determine the hydrogen current curve.

- Set up a fuel cell power supply.

-Study the differences between the efficiency of the
fuel cell stack and the efficiency of the fuel cell power
supply.

- Explore fuel cell applications.

consisting of:

Fuel Cell Module

DC/DC Converter Module

H2 Storage Module

Connecting Cables

Electronic Load

Hydrogen Generator

Documents and Software for Experiments
Textbook Fuel Cell Systems Explained

TOTAL SUM IN US DOLLARS (%)

A8l el 54 5 o il
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