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Archimedes screw turbines are a novel type of small hydroelectric
power plant that can be used in low-altitude locations. The
Archimedes screw turbine is a clean and renewable energy source and
is safer for wildlife and especially aquatic life than other hydroelectric
generation options. In addition to other sources of energy, the turbine
is not a definitive and comprehensive solution. However, it can have
many economic, social and environmental benefits. This makes this
device an effective option for sustaining hydropower development.
Archimedes screw turbines can produce up to 355 kW of power at low
water heads (less than about 5 meters) and a range of flow rates with a
practical efficiency of 60% to 80%. This device can be operated in
remote areas and small communities. Therefore, it increases the
potential for the sustainable development of hydropower. In many
low-head situations, the Archimedes screw turbine is more cost-
effective than alternative hydroelectric systems with less installation
and operating costs. Also, disturbances in sedimentation and natural
erosion processes and the performance of wildlife, especially aquatic
animals, are associated with a significant decrease. Archimedes screw
turbines can be operated at the lowest flow rate in the majority of
chain power plants and outside the power generation network. This
article examines the characteristics of the Archimedes screw turbine
and examines its operation methods and its features and disadvantages.

1. Introduction

Hydrodynamic screws are classified into spiral
screws, which are divided into open and closed. The

Hydrodynamic screw refers to a sloping shaft
device with one or more twisted spiral blades
attached to it. This helix is placed in a quasi-circular
chamber. The device works based on the height
difference that exists on sloping surfaces. If the
Archimedes screw rotates clockwise, the water
confined between two consecutive vanes, the
chamber wall, and the shaft is pushed up (1).

When water enters the screw from the high part,
it causes it to rotate and enters the next part of the
spiral blade, and so on until the end of the screw.
The energy entered by the volume of water entered
mechanically is converted into electricity, and
electricity is generated by a generator connected to
the control panel (2).

* Corresponding Author, Email: ghobadib@modares.ac.ir

191

closed hydrodynamic screw is installed in a
cylindrical placement (3).

The hydrodynamic screw is one of the oldest
machines used. The history of this device is not
clear, and historians disagree on its original
background. Some historians date the device to the
Hellenistic period (3 centuries BC) to an engineer
named Syracuse and some to Archimedes (4).

This device has been used in the mines of Spain
during the Egyptian Empire and has been
mentioned in the works of scientists such as
Vitruvius, Drachman, Oleson, Rybczynski, Konrad
Keyser, Da Vinci, Rommelli & Cardano(5-7).

Galileo was the first to promote the screw pump
theory in his book in the 1990s. In the 18th century,
Daniel Bernouli was the first to pay attention to the
amount of water displaced and make practical
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calculations. In the 19th century, Wieshach
provided a good approximation of the exact volume
of water displaced per turn. In the present century,
Chris Rorrers has done very significant studies on
the different dimensions of the screw and the
influence of different factors on it, and with the help

of programming language, he has been able to code
the screw behaviors (7).

2. Material and Method

Environmental factors and design factors of the
device are the main factors affecting the device's
performance (8).

Table 1. Environmental and Design Factors

Environmental symbol Design symbol
Slope of Screw 0 Outer Diameter D,
Gravity g Inner Diameter D;
Flow Rate Q Pitch P
liquid Density p Blade Inner & Outer Angel B&a
Height H Blades’ Number N
Gap Width Gyl
Length L

Partially Full
K’Bucket"

Figure 1. Geometric Variables.

Side Profile
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Figure 2. Profile View of Blades.

N=2

Gap Width

Figure 3. Gap Width [6].

1. Gap Width
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2.1. Partially Full Bucket
The water that moves in each turn of the screw
directly affects the final production capacity, which
three factors can investigate. These factors are
Chute, Bucket, and Gap Leakage.
“Gap Leakage” or “Gap width” is calculated
by the empirical formula suggested by Nigel (9).

G,, =0.0045,/D, 1)

2.2. Inlet and Outlet Losses

Bearing Drag (From the bearing side, the two ends
of the hydrodynamic screw prevent the complete
transfer of the hydrodynamic force of water.) and
Viscous Drag (Due to 5Sthe shear forces between the
fluid and the inner surface of the hydrodynamic
screw) (10).

2.3. Power
Input Power:
Pi = pgQH 2
Output Power:
P, =1V (3)
P, =T 0o 4)

2.4. Efficiency
The calculated efficiency value for hydrodynamic
screws (80-65) % has been obtained in reliable
sources (11).

P
n :P—' x100 (5)

0

3. Screw applications & advantages and
disadvantages of using Hydrodynamic Screw

The hydrodynamic screw has a wide range of
functions and points that it is necessary to mention

9).

Applications

e Suitable replacement for used and
broken water wheels and small turbines
that need maintenance.

e It supplies oxygen to the water and
improves the water quality
downstream.

e Remove excess water and act as a
sludge pump for wastewater treatment.

e  Compatible with flow rate changes

¢ Reusability in water cooling

Advantages;
¢ No need to lubricate bearings and use special
vegetable oils for gearboxes in order to
create a healthy and clean environment
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e |t has a safe barrier valve with a hydraulic
system to cut off the water flow in
emergencies.

e Low construction costs during installation

e No need for a sieve to prevent floating
objects from entering

¢ No need for a control and monitoring system

e Environmental impacts are at a minimum
level.

e It will cause the least amount of damage to
aquatic animals and their spawning stages
and even provide oxygen to the water depth
and improve its quality. That is why the
screw pump is known as an aquatic friend.

Disadvantages;

e Unable to pump high viscosity liquids and
requires an auxiliary pump.

e There will be high costs if the suspended
solids block the operation of the screw.

e In order to coordinate with the mains
voltage, a converter is needed, and the
device generates a relatively large amount of
noise during operation, whereas at the initial
start-up in the form of micro power plants,
the high costs associated with the
construction of the power plant must be
estimated.

e Due to the decrease in rainfall and
continuous drought, this turbine loses its
efficiency and effectiveness in case of loss of
annual surface water currents.

4. Conclusions

The best way is to get acquainted with the device's
performance, fully identify the factors affecting the
operation of the device and finally identify and
select the best method to optimize the final
performance of the hydrodynamic screw. These
methods can be on a laboratory scale, in the field, in
a programming language, or analytically and
computationally using sciences such as mechanics,
mathematics, physics, and chemistry. In addition,
not only is this device used as a pump but it also is
used as a drainer for a long time.

Although small hydropower plants, including
hydrodynamic screws, are among the distributed
generation of electricity, and according to the
benefits stated for this type of power plants, in
addition to producing clean and distributed
electricity, the advantage of using this device helps
to maintain the health of the environment in
aquaculture and agricultural units, such as
generating electricity and reducing the costs of
production, transmission, and waste of electricity. It
is hoped that with further identification and study
on this device, its use will be widespread.
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3. Inlet & Outlet Losses
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1. Borda—Carnot equation
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1. greenhouse gas
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