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General Conditions

All technical catalogues should be submitted with the model no/part marked and
highlighted.

Abdullah Al-Salem University has every right to reject any offer if the above
conditions are unmet.

All instruments and equipment must be according to the following general
conditions and specifications: -

The total price includes all the parts and accessories needed for operation.

Must be able to train five people at the most or according to the needs of the
concerned department.

Provide all electrical, mechanical, connections, cables, and other equipment
needed for operation.

It should have an overall guarantee of at least three years.

They should be able to supply spare parts for at least three years.

All inquiries regarding unclear or mistyped items should be directed to Abdullah
Al Salem University in writing before the submittal deadline. It will then be
clarified and published for all tenderers.

Since Abdullah Al Salem University requires all supplied instruments and
equipment to be installed, commissioned, operated, and trained on well within
the contract time, it is incumbent on the vendors to inform Abdullah Al Salem
University ahead of time for services needed from our side like air-conditioning,
painting, flooring water supply, gas supply or any other services if required for
successful execution of the project.

As per Kuwait MEW standards, all electrical equipment, accessories, and fittings
shall be designed and manufactured at 240V, 50/60 Hz.

All general and special conditions are accepted by signing all documents.
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Two-Stage Air Compressor (Aa sall Al &) g bdla):

Description: The bench is designed to study and analyse the thermodynamic aspects of
a two-stage air compressor, allowing for detailed investigations into its efficiency and
performance, Determine the overall efficiency, polytropic, isentropic and isothermal &
heat balances on intermediate air-water exchangers, air flow rate measurement by a
diaphragm.

1. Air compressor (Compressor with two-stage piston, Volume to treat min: 38 m3/h
- Maximum pressure: 11 bars - Rotational speed 1400-1500 rev/min)
2. Electric engine - Power: min 3.9 kW - Rotational speed: 2900-3100rev/min -
Control of the speed of rotation by variator (from 1800 to 3000 rev/min)
Exchanger air-water second stage
4. Compressed air storage tank (Conforms to requirements of pressurized equipment
- Volume min 100L - Purge valve at the bottom part and safety valve)
5. Measurement of the flow rate of compressed air - Automatic pressure reducer for
the output pressure control (3-4 bar) - Float flowmeter
6. Instrumentation
e Ten air temperature sensors and water at different points of the installation
with a multi-line digital indicator —
e Six pressure manometers (at the suction and discharge of each stage, for
example)
Three safety valves
differential pressure manometer
A diaphragm - An air float flowmeter
Two cooling water flowmeters 30 — 300 L/h
A wattmeter
An engine rotational speed sensor with a digital indicator
An engine torque sensor with digital indicator
User’s manual, Pedagogical manual, Technical documentation of the
components, Lab exercises, Software, Certificate of conformity CE
7. Electrical supply: 400 Vac —50 Hz — 10 A & Electrical network: 3 phases + Neutral
+ Earth
8. The apparatus should come with data acquisition software.

w
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Combined Rankine and Vapour Compression Refrigeration Cycle (sl 8,92
S baida g (S aladiady):

Description: Designed for understanding and tracing thermodynamic cycles,
specifically the combined Rankine and vapour compression refrigeration cycle. It
facilitates the study of various thermodynamic principles and performance metrics
related to refrigeration and heat transfer, the plot of combined cycles on the enthalpic
diagram, calculation of the cooling capacities at the evaporator, at the condenser at the
ejector-compressor, as well as at the steam generator, calculate the heat balances at the
exchangers and the operating efficiencies, calculation of the efficiencies.

1. Boiler Volume min 0.65L Liquid pre-heater

2. Immersion circulator Volume of the tank min: 5 Litres Heat transfer fluid: Oil
Heating power max: 2-3 kW

3. Condenser Glass casing - and Cooled by water

4. Metering pump with variable flow rate (Maximum pressure: 10 bar, Maximum
flow rate: 18-23 I/h)

5. Evaporator Glass casing Cartridge heater with adjustable power Heating power:
190-230W

6. Evaporator low-level detector with level regulation and safety switch for heating

cartridge

Temperature ranges for inlet and outlet for each module to be mentioned.

8. Instrumentation:
* Three measures of pressure
» Ten temperature measurements by thermocouple T-type
» Evaporator heating cartridge power measurement
* Touch screen min (6.5") for displaying the temperatures and the electrical
power of the heating cartridge

9. User’s manual, Pedagogical manual, technical documentation of the components,
Lab exercises, Wiring diagram, Fluidic diagram, Software: data acquisition
system, Certificate of conformity CE

10. Electrical supply: 230 Vac — 50 Hz — 20 A

11. The apparatus should come with data acquisition software.

~
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Thermo-Solar Thermal Energy Trainer (swedd) &) jal) AUl cijaa J) 59):

Description: Designed for the theoretical and practical study of solar power facilities
used to obtain hot water for sanitation, air conditioning, and similar services

MAIN MODULE

1.

4.

Contain a front panel with a real detailed hydraulic diagram of the system and the
components for the circulation, storage, and control of the liquid in the primary
and secondary circuits.
Hydraulic components - Boiler, solar circuit heat exchanger, magnesium anode,
steel tank [capacity: 70-80 L, power 1100-1200 W, 12 mins max, working
temperature 75°C, thermal dispersion at 65°C 0.94-0.98 kWh/24h, max working
pressure bar 8, solar flat collector, solar circuit loading/unloading valve, flow
regulator, air release valve, safety valve, manometer, thermometer, check valve,
expansion tank, flow regulator, solar circuit pump, DHW pump, pump circuit
support.
Electrical components - control unit, solar circuit pump, DHW pump, pump
circuit support, collector sensor hot side, collector sensor cold side, tank sensor
hot side, tank sensor cold side, DHW return sensor, cold water inlet sensor, solar
radiation sensor.
The front control panel must be placed in the top part of the main module, and it
is composed of:

« Detailed diagram of the system,

» Electronic control centre with an LCD screen for the visualization of the data,

« Power supply, protections, and situation lights.

REAL SOLAR PANEL

1.

okrwn

The real solar panel is placed in a metal structure and connected to the main
module through flexible pipes, provided with discharge, and filling valves
Dimensions real collector: 1360 x 700 x 2050 mm approx.

Min Absorber area: 1.830 m?

Number of absorber pipes: 12

Volume of the fluid: 1.5 L

SOLAR PANEL SIMULATOR

5.

©oo~No

The solar panel simulator, which consists of a rapid heating boiler, safety valve,
and vent, must be used in place of the real collector.

MinTank capacity: 5 litters

Max Power: 2000 W

Max pressure: 8 Bar

Dimensions collector simulator: 650-700 x 600-750 x 750-800 mm approx.

CONVECTOR HEATER
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1. Open/Air flow: 250-260 m?/h

2. Heating power: 2.5-3 kW

3. Water flow: 340-370 L/h

4. Six temperature probes and a solar irradiation sensor are available at six different
points.

5. It must be complete with connecting cables, an experiment manual, and software
for data acquisition from the solar controller and processing.
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Composites Integrator and Thermal Analyzer with sensing probes (2 sell e
JMLA\QM@.A&A g)\ﬁd&j%ﬁ}d\)

Description: It is a precision temperature profile package that measures the temperature
of soil, powder, dense liquid, etc., at different depths. It also includes a machine for
measuring the thermal properties of soil and other composites. This is for educational
purposes, to comprehend the temperature scale in a thermal system within another
environment.

1.

wmn

Facilitated with a temperature profile 20/30-mm diameter probe. This sensor
measures preferably temperature at 5, 10, 20, 30, 50, and up to 200 cm sensing
depths with a high accuracy of £ 0.1 °C (0 °C to 50 °C)

Four probes from two different types are used for deep soil and other composites
Two soil gauge augers designed to fit the probe

Preferred Measurement parameters: Thermal conductivity: 0.01 to 4.00 W/m-K
(x2% accuracy), Thermal diffusivity: 0.01 to 300 mm?/s, Specific heat capacity
(Cp): 0.05t0 5 J/g-K, Preferred temperature range: ambient to 1200 °C (expandable
preferred), Heating rate: 0.1 to 50 °C/min adjustable, Sample size: compatible with
discs or rectangular samples.

Digital communications protocol

M12 connector and RS-485 two-wire interface with Modbus RTU communications
protocol.

. Three-wire sensor interface: power, ground, and data

Digital sensor communicates multiple measurements over a serial interface
Low-input voltage requirements

. Low-power design supports battery-operated data loggers
. SDI-12 or DDI serial communications protocols supported
. Modbus RTU or tension LINK serial communications

. Data Acquisition and Software capable of:

e Real-time multi-channel temperature, heat flux, and thermal property
monitoring.

Generating and exporting data in Excel, CSV, and graphical format.
Automated thermal property computation (conductivity, diffusivity, Cp).
Curve fitting and comparative analysis tools.

Thermal modeling and composite integration module (preferred).
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Venturi Effect, Bernoulli, and Cavitation Trainer s « A5 ng (g5l i)
(sl

It provides an experimental setup for studying the Venturi effect, the principles of
Bernoulli's theorem, and the cavitation phenomenon. The system allows for observing
the Venturi effect in various practical applications and the ability to change pressure
conditions in the inlet tank to study different flow and pressure scenarios. It includes:

1.

8.

Venturi Tube: A tube with a constriction that causes fluid velocity to increase
and decrease the pressure, demonstrating the Venturi Effect.

The apparatus should include U-tube manometer or multiple pressure
transducers at different points along the flow path to verify Bernoulli’s equation
(pressure + kinetic energy + potential energy = constant).

Cavitation Chamber: A transparent section where cavitation is observed. It
shows the formation of vapor bubbles when the fluid pressure drops below its
vapor pressure. Cavitation must be visualized and the affect of pressure,
temperature should be seen to affect the cavitation.

Flow Control Valve should be installed in the system for varying the flow rate
to demonstrate the effects of varying fluid velocity and pressure.

Pressure Measurement Devices: Pressure transducers, manometers, or pressure
gauges placed before and after the Venturi constriction and in the cavitation
chamber.

Flow Meter: A rotameter or another type of flow meter to measure the fluid flow
rate.

Pump: A pump circulates fluid through the system and creates controlled flow
conditions.

Reservoir: For fluid storage, typically located at the beginning of the system.

e Operating Parameters:

1.

Flow Rate: Adjustable to simulate different fluid velocities and pressure
conditions.

Pressure: Sensors measure the pressure drop across the Venturi tube and the
cavitation chamber. Measuring pressure ranges from -1 bar to 5 bar
Cavitation: The system is designed to allow cavitation to form when the
pressure falls below a critical level. The cavitation bubble formation is often
visible in transparent sections.

Temperature range from 0 C to 60 C

e Typical Fluid:
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1. Water is commonly used, though some systems may allow for other fluids to
be used, depending on the model.

o Power Supply:

1. Electrical input of around 220V-240V / 50Hz to operate the pump and any
electronic instruments (e.g., pressure sensors, digital readouts).

Application: Suitable for educational laboratories focused on fluid mechanics, with
applications in industry, agriculture, and leisure activities involving fluid dynamics.

53 Ayl @Ik psle o i Jhidy oSy g Agle 309



No BIPEN|P a8l

6 B\ PRSI EN U 6

Reynolds Experiment Trainer (Jasi, @uad )

This trainer aims to replicate the Osborne Reynolds experiment by reproducing laminar,
turbulent, and transitional flows and assigning the corresponding Reynolds number to
each flow type. It includes a water supply system for constant feed to a calibrated glass
tube, where different types of flow can be visually displayed using a colored liquid. The
experimental apparatus is designed to study fluid flow characteristics in pipes and ducts,
specifically the transition from laminar to turbulent flow, and to determine the Reynolds
number. It is suitable for educational laboratories focused on fluid dynamics and the
study of flow regimes, particularly in understanding the principles of laminar,
transitional, and turbulent flows.

1. Main Components:

e Flow Channel: A transparent pipe or channel, often made from acrylic or glass,
where the fluid flows, allowing clear observation of flow behavior.

e Flow Control Valve: Used to adjust the flow rate of the fluid.

o Fluid Reservoir: A container or tank where the fluid (usually water) is stored
before it enters the system.

e Pump: A pump to circulate the fluid through the system at controlled rates,
simulating different flow conditions.

e Flow Meter: Used to measure the flow rate of the fluid (could be a rotameter,
electromagnetic, or another type of flow meter).

o Pressure Gauges: These gauges measure the pressure at various points in the
system, typically before and after the flow channel.

o Temperature Sensors: These can help measure the temperature of the fluid, as
temperature can influence the fluid's viscosity.

e Visual Indicators: Often, colored dye or smoke is injected into the flow to make
the flow patterns visible. This helps visualize the transition from laminar to
turbulent flow.

e Reynolds Number Calculator: Built-in calculator or data logging system is
included to determine Reynolds number based on flow rate, fluid properties,
and pipe dimensions.

2. Operating Parameters:

o Flow Rate: Adjustable to control the velocity of the fluid through the system.
The flow can be varied to study different Reynolds numbers (e.g., laminar flow,
transition flow, and turbulent flow).

o Fluid Properties: Water is typically used, but other fluids with known viscosities
and densities can also simulate different conditions.
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o Pipe Dimensions: The diameter of the pipe or duct is often standardized (e.qg.,
20-40 mm in diameter), but variations in diameter are also available for study.

3. Measurement and Instrumentation:

e Reynolds Number Calculation: The system usually includes a calculation for
the Reynolds number based on fluid velocity, fluid density, and dynamic
viscosity, along with the pipe diameter.

e Pressure Transducers: Measure pressure at various points to calculate the
pressure drop along the pipe, which is useful in flow characterization.

e Flow Visualizers: Colored dye or smoke generators to help visualize flow
patterns and observe laminar vs. turbulent flow.

o Data Logging: System should come with digital data acquisition systems to
record measurements in real-time, allowing students to analyze the relationship
between Reynolds number and flow behavior.

4. Power Supply:
e Electrical input is typically 220V-240V / 50 Hz for the pump and

instrumentation. Low power consumption as the unit is usually designed for
educational and laboratory use.
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