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began to be covered with cement-lime plaster or clay layer. In Nebraska different type of 
straw buildings were constructed, starting from utility rooms, through houses and ending 
with public buildings like churches or offices. This technique was so popular that between 
1895 and 1930 70 buildings were built in Nebraska and 13 of them can still be admired today 
[4]. In Europe the first commercial building made in straw bale technique was constructed in 
England in 1989. At the height of the ecological movements and an idea of “do it yourself” 
constructions from straw are getting popular from the beginning of 1990s. Until 1995 about 
40 buildings in England were built with this technique, also in France and Norway, whereas 
in 2001 in Europe more than 400 [5].

Fig. 3. Temporary Theatre Building – No99 Straw Theatre, Tallinn 2011 [6]

Nowadays both residential and public buildings like schools, warehouses, theatres, offices 
are made in accordance to the straw bale technique. One of the most innovative solutions was 
constructed in 2011 in Tallinn and it was a building of theatre with area of 440 m2 made by the 
Estonian design office Salto Architects. This is an example of a temporary building that was 
constructed because of Tallinn being the European Capital of Culture. Modern objects with 
flat roof and cascade entrance was a wooden form filled with straw blocks. In this building 
straw blocks were not protected because in authors’ opinion this underlined a natural life 
cycle of the material. In order to emphasize the meaning of this place (the theatre was located 
in the city centre, along with old fortifications) the walls of the theatre were coloured with 
sprays to black [6]. 

Fig. 4. University Building in Nottingham, Great Britain 2012 [7]
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In 2012 in Great Britain, a modern academic building at the Agricultural University in 
Nottingham was put in use and was built with straw bale technique as designed by Make 
Architects. The construction of this building consists of wooden, prefabricated castes filled 
with straw bales. In order to produce straw bales, straw from the cultivable field belonging 
to university was used and that is located about 200 m from the campus. Construction 
system was cheap and fast in installation which was perfectly fitting to the ecological and 
economical policy of the university. Four-storey building with an area of 3000 m2 has 
a number of functions: labs, workshops and offices are located here. Among others, modern 
form is stressed with flat roof and oversized glasses [7].

3. Straw as a building material

Straw bale consists of pressed cereals formed in bundles with rectangular and rolled 
shape. The construction uses bundles in rectangular shape – as a filling material, located 
between construction elements or used to build load-bearing walls. In Poland straw blocks 
can be used in buildings as a building product admitted to unit application in a  building 
object according to act from 16th April 2004 on building products (Journal of laws No. 92, 
unit 881 as amended). To the best materials used in the straw bale technique belongs straw 
made from wheat, spelt and rye, because it is the most durable product. According to Gernot 
Minke [4] straw bales can be divided into three groups: small – of about 35 cm height (h), 
about 50 cm width (w), 50-120 cm length (l), medium – of about 50 cm h, about 80 cm w, 
about 70–240 cm l and jumbo: about 70 cm h, 120 cm w, 120–300 cm l. Because of the 
weight of jumbo blocks it is necessary to use some heavy equipment. According to GSBN 
(Global Straw Building Network) the relative humidity of straw bales during storage and 
building shall be at the level of below 14%. The bale can fulfil its bear-loading function 
when its volume density is more than 90 kg/m3. It is also recommended that straw is without 
weeds because they are less durable and decompose much faster than plain straw so they can 
cause destabilisation of the bales. The pressed straw is characterised by very favourable heat 
conductivity coefficient λ which helps in using this solution in energy-saving houses. The 
coefficient λ fits into the range of 0.0337-0.086 W/m·K and depends on density of blocks, 
structure of fibres (parallel or perpendicular to the direction of heat transition), humidity 
of straw and, to a limited extend, also on the type of straw [3]. According to the code EN 
13823 [8] the straw bales can be included to the combustible products with limited liability 
to spontaneous combustion – group B. A wall made from straw bales that are covered on 
both sides with 3-cm-thick clay plaster can achieve certified flame resistance of F-30-B [4]. 
It should be stressed, that thanks to pressing, the straw gets less flammable in comparison 
with loose straw and the fire insulation is more efficient because of the proper wall plaster. 
The basic advantage of wall construction in straw bale technique is forming a favourable 
microclimate with natural materials, together with limitation of building exploitation costs. 
Nowadays, straw belongs to the basic materials used in ecological construction among others 
because of the fact that production of straw blocks absorbs relative small amount of energy 
14 MJ/m3, almost 77 times lower than production of mineral wool (1077 MJ/m3) [3]. The 
straw bale can be one of the most economical material in construction because of the general 
availability of straw. Each year Poland produces 29 million tonnes of straw, particularly cereal 
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1. Introduction

Water intake, which is the first element of a water supply system plays a fundamental role in 
its functioning. Therefore, it is especially important to design a proper water intake. Technical 
and economic aspects have to be taken into consideration as well as the fact that water intake 
may be a threat i.e. lead to injury or death of fish or fry inhabiting or migrating near the water 
intake. Potential losses of fish can be caused by its entrainment or impingement. Entrainment 
takes place when a fish is drawn into a water intake and cannot escape. Impingement occurs 
when an entrapped fish is held in contact with the intake screen and is unable to free itself. 
The degree of negative impact of water intake on the ichthyofauna depends on the number, 
size, arrangement of ichthyofauna and swimming ability of individuals, as well as the water 
velocity, inflow into the intake and depth at which the intake is installed. Other important 
factors are the type and size of water intake and the mesh size of a screen [1]. 

In order to protect fish and fry from entrainment, behavioural or physical barriers are 
installed in water intakes. The purpose of behavioural barriers is to deter the fish from getting 
to areas that may pose a threat to them. There are different types of behavioural barriers: 
louvers, light and sound behavioural devices, air bubble curtains, hanging chains, water jet 
curtains, electric fields and other [2, 3]. The barriers require an activity from the fish, and 
therefore their efficiency significantly depends on the ability of fish to swim.

Another, and the most popular, method of protecting fish and fry from entrainment by 
surface water intakes is the use of physical barriers [2]. These are the intakes equipped with 
special screens. The use of physical screens in place of water intake is recommended in 
case of small and medium size water supplies. The appropriate design of a screen is largely 
dependent upon the species and the size of fish requiring protection. Proper installation and 
maintenance/cleaning of the screen are also important and ensure satisfactory operation of 
the screen [1]. The screens can come in different shapes. These can be flat screens with 
circular or square cross section and box or cylindrical screen. According to [2] when a screen 
has round mesh holes, the size of mesh depends on the size of fish and fry and should be 
lower than 2.38 mm for fry and lower than 6.53 mm for fish with length greater than 60 mm. 
Usually the perforation of such screens is about 50–60% [2, 3], meaning that mesh holes 
represent 50–60% of the total screen area. The cylindrical screen is the most widely applied 
submerged screen concept. It consist of fully submerged screen modules placed at the intake 
and gravity diversion conduits. These designs may include a single screen module or multiple 
screen modules where larger diversion flow rates are required [4]. 

2. Material and methods

In order to check the performance of water intake screen under various conditions the 
Autodesk CFD software was used. The programme provides computational fluid dynamics 
(CFD) simulation, which is a simulation technique that mathematically simulates fluid flow 
and heat transfer.

CFD simulation works by iteratively solving mathematical approximations of the Navier-
Stokes and Energy Equations to reach the solution. The software iterates these equations over 
the entire simulation model until an unchanging (converged) solution is attained.



117

The k-epsilon turbulence model is the most common model used in CFD to simulate 
mean flow characteristics for turbulent flow conditions. It is a double equation model which 
gives a general description of turbulence by means of two transport equations. It is typically 
more accurate than the constant eddy viscosity model, but more computationally intensive 
and slightly less robust. It is not as resource intensive as the RNG model (based on Re-
Normalisation Group methods), but still provides good results. The k-epsilon turbulence 
model’s equations are as follow:

For turbulent kinetic energy k:
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For dissipation ϵ:
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where:
ρ	 – fluid density, 
t	 – time,
xi, xj	 – coordinates,
ui	 – velocity component in corresponding direction,
Eij	 – component of rate deformation,
µt	 – eddy viscosity,
σk, σ∈, C1∈, C2∈	 – adjustable constants.

The first step is to create a geometry. It was assumed that the water intake screen is 
cylindrical. The water intake screen’s (part of the screen where water enters) dimensions are 
as follows: diameter – 500 mm, length – 1000 mm. 

Fig. 1. Geometry model
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Then a material of each part of the screen was determined and added. The screen material 
is stainless steel 304. As it does not affect the results of the simulation while it helps to reduce 
the analysis time, it was assumed that the resistance of the main part of the screen is 50% 
instead of taking into account huge amount of round mesh holes. Water flows into the screen 
through permeable surface (Default_Resistance in the Fig. 1), the rest part of the screen is 
impermeable. Outflow surface of the water is named “water” in the Fig. 1.

The next step is to define boundary conditions. It was assumed that the water intake 
screen is installed in the tank on the depth of 3 m. The appropriate pressure and the outflow 
from the screen were assumed as the boundary conditions. 

The pressure was calculated as:

 	 p p p p g htot h= + = + ⋅ ⋅0 0 ρ  	 (3)

where:
ptot	 – pressure [Pa], 
p0	 – atmospheric pressure – 101325 [Pa],
ρ	 – water density [kg/m3], 
g	 – gravitational acceleration, h – depth [m].

Simulations were done concerning that water is an incompressible fluid and that there is 
a steady state. 

Simulations were done in order to check the inlet velocity and the approach velocity 
values according to the USA guidelines [2] presented in the Tab. 1. 

T a b l e  1 

The acceptable inlet velocity and the approach velocity according to the USA guidelines [2]

Fish/fry size  
[mm]

Approach velocity measured 8cm in front of the screen 
[m/s] 

Inlet velocity 
[m/s]

Fry < 60 ≤ 0.06
≤ 0.15

Fish ≥ 60 ≤ 0.12

3. Results

There were simulations of two scenarios performed. In the first one it was assumed that 
outflow from the screen is 250 m3/h, then the average inlet velocity equals to 0.15 m/s. The 
second one concerns outflow increased to 320 m3/h.

The parameter especially important in terms of ichthyofauna protection is the approach 
velocity measured 8cm in front of the screen [2]. The results of approach velocity along 
Z-axis (X = 200, Y = 250, Z) are presented in the Fig. 2 for Scenario 1.
























































































































































