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Fig. 1. Examples of turkey feathers: a — powder down, b — quill, ¢ — post-production feathers

In order to carry out the analysis of chemical composition, the turkey
feathers were dried in an electric drier and then shredded.

The feathers were subject of the research and computation of their calorific
value. In order to carry out that task, a KL.-11 Mikado calorimeter was applied.
The feathers obtained directly from the production line characterize with
considerably high moisture contents ranging from 30% to 60%. For that reason
the analysis was carried out using a dried sample. The investigation
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showed that the Low Heating Value (LHV) of the dried feathers was equal to
20.37 Md/kg and High Heating Value equalled 21.8 MdJ/kg. These values are
comparable with these of hard carbon.

The chemical composition analysis of turkey feathers (elementary composi-
tion) was done by Flash 2000 CHNS/O thermal analyzer and S8 Tiger X-ray
fluorescence spectrometer with wavelength dispersion (WX-XRF). The results
of the chemical analysis were presented in Table 1.

Table 1
Elementary composition of turkey feathers
Component elements of dry feathers Amount [%]

C 51.5
H, 7.4
0O, 23

N, 13.1
S 2.5
Cl 0.23

The analysis revealed the reasons of the high calorific value of feathers:
C and H; comprise almost 59% of their composition. The analysis revealed
presence of: Ny (13.5%) and S (2.54%). The presence of these two elements in
such a significant amount may lead to the synthesis of many toxic chemical
compounds in high temperatures (especially in O, atmosphere).

Experimental

The purpose of the research was to utilize turkey feathers by thermal
Pyrolysis and produce combustible gas (DUDYNSKI 2012, BuAH 2007). The
experiments have been carried out in the Institute of Fluid Flow Machinery of
the Polish Academy of Sciences in Gdansk. The reactor used in the experiment
could reach maximum temperature of 900°C (BREBU et.al. 2011). The reactor is
a welded construction, mainly made of heat-resistant steel. It is cylindrical
shaped and its internal diameter equals 98 mm. It is equipped with an external
induction heating system. There is a possibility to supply the reactor with inert
gas (eg. Argon) by a dedicated additional stub pipe (provided).

The test — stand for the thermal pyrolysis of turkey feathers is presented in
Figure 2. The reactor is equipped with a set of thermocouples which task is to
control temperature inside of it. The pyrolytic gas leaving the reactor is put
through the cooler and then directed to the scrubbers. The gaseous products
are collected in tedlar bags.
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The purpose of the experiment was to determine the influence of tempera-
ture in the reactor on concentration of the gaseous products of the pyrolysis.
The sample of turkey feathers was placed into the reactor. After tight closing of
the reactor, it was subjected to heating at the constant speed of 18°C/min. The
amount of the gaseous products of the pyrolysis was investigated at the
following temperatures: 400°C, 500°C, 700°C, 850°C and 900°C.

gas outlet

inductor

thermocouples
electrovalve

gas inlet

Fig. 2. Scheme of thermal pyrolysis test — stand of turkey feathers

The pyrolysis analysis showed formation of three states of the products:
char, liquid and gas (KiM 2007). Their yields depended significantly on the
process temperature. The amount of the formatted char reached value of
15.42% at 400°C and decreased to 1.86% at 900°C.

In the case of gaseous products of the pyrolysis their production increased
when the temperature raised from 400°C to 700°C (Fig. 3). Further increase of
the temperature caused decreasing of the gaseous products concentration: at
900°C the concentration dropped to 75%.

The amount of liquid products equalled 1.39 % for 400°C and monotonically
increased up to 900°C, reaching finally the value of 23.14%.
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Fig. 3. Influence of pyrolysis temperature of turkey feathers on yields of products
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Fig. 4. Course of gas products concentration during thermal pyrolysis of feathers

The increase of temperature caused the increase of H, and CH, concentra-
tion. However, it decreased the CO; concentration (Fig. 4). On the other hand
the CO concentration changed non monotonically: it increases with the
increase of temperature up to 500°C and a further rise of the temperature
causes a drop of it. The Hy concentration for 400°C reaches the level of 0.5%
and rises up to 23% at the temperature of 850°C. In the case of CH,
analogically, its concentration rises from 1.2% to 32%. In the case of CO,,
for the same range of temperature, the concentration decreases from 35%
down to 7%. The CO concentration reaches its maximum value at 500°C (30%).
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Fig. 5. Absorption spectrum showing presence of HCN in liquid products of thermal pyrolysis of feathers
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The calorific value of turkey feathers has been calculated on the basis of the
gaseous products analysis. The minimum value of 1.2 MJ/Nm? was obtained at
400°C while the maximum value was obtained for 850°C and it was equal to
16.7 MJ/Nm?. The noticeable increase of the calorific value was caused by high
content of CH, and H, at higher temperatures of the pyrolysis, at stable
amount of carbon.

Sulfur contained in the feathers (Tab. 1) will be a potential threat if the
gaseous products of the pyrolysis would be used as a fuel for energy generation.
N, present in the turkey feathers (tab. 1) caused the synthesis of HCN in the
pyrolysis products of the feathers (CZEPANKO 2010). That dangerous substance
for the environment was identified in the liquid as well as in gaseous products
of the pyrolysis (SENOZ 2011). The presence of the chromatographic bands of
HCN is visible in the GC-MS spectra (Fig. 5, 6). The HCN band in the liquid
products spectrum is visible at 5.092 min and in the gaseous products
spectrum at 5.126 min.

Conclusions

The thermal pyrolysis research confirmed that this is the effective method
of utilization of turkey feathers. In accordance with earlier assumptions, the
pyrolysis products of turkey feathers have significant energy potential.

The gaseous products of the thermal pyrolysis might be used as energy
source. Special precautions have to be taken with the gaseous products since
they contain HCN. It is also present in the liquid products. Presence of S and
N, will have negative consequences during production of energy in the process
of combustion of the gaseous products, because it will lead to creation of SO,
and NO, in the outgoing gas. To keep the process of combustion friendly and
safe to the environment, an installation for energy generation should be
equipped with an efficient and effective filtrating and cleaning system.

There was observed a monotonically increasing synthesis of the liquid
products: 1.39% at 400°C to 23.14% at 900°C. The course of synthesis of char
was monotonically decreasing: 15.42% at 400°C to 1.86% at 900°C. The course
of synthesis of gaseous products was not monotonic. It was increasing from
83.19% at 400°C up to 89.54% at 700°C and then decreased to 75% at 900°C.

The raise of the process temperature caused the monotonic increase of the
concentration of Hy from 0.5% to 23%. Over 500°C the concentration of CH,
was increasing. It reached 32% at 850°C. The concentration of CO; monotoni-
cally decreased from 35% to 7%. And finally, the concentration of CO is non
monotonic: it increased from 5% at 400°C to 30% at 500°C and then decreased
to 21% at 850°C.
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There was observed the increase of the calorific value of the gaseous
products of pyrolysis for higher process temperatures. The maximum calorific
value was obtained for 850°C and it was 16.7 MJ/Nm?.
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Abstract

The research was conducted in the framework of the project known as ,,Coupon for innovations
— support for the smallest companies”, endorsed by the Polish Agency for the Development of
Business, and it had the following objectives: to assess the efficiency of the collector and reliability of
the applied parameters such as the force of warm air blast, temperature increase depending on the
intensity of solar radiation and the angle of the collector setup, influence of ambient temperature on
the collector’s efficiency and heat loss, the quantity of relative humidity reduction correlative with
the heating up of the flowing air. Collector in a standard installation position — on a vertical wall.

The assessed solar air collector was exposed to solar radiation and the following parameters were
measured in the course of study: intensity of solar radiation falling on a vertical surface and on the
collector’s surface (the collector was installed in vertical position, which is a standard installation
method), temperature and velocity of air flowing into the collector as well as temperature and velocity
of air flowing out of the device. The studies indicate that already at the radiation value of 100 W m™
the collector worked efficiently and heated up the flowing air by about 5°C. This temperature
increased together with radiation and reached the value of 20°C at the radiation of 800 W m™2. The
analysis of the collector’s efficiency showed that during its work (proper temperature and radiation)
the efficiency remained at a satisfactory level from 42 to 46%.

Introduction

Solar collectors are nowadays a commonplace on roofs, walls or detached
constructions, both in newly erected as in modernized buildings. The purchase
of collectors is often subsidized by authorities on a local and national level. An
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example of such policy is the program called: ,,Supporting dispersed renewable
energy sources” implemented in Poland by National Fund for Environmental
Protection and Water Management (NFOSiGW). It involves mostly collectors
which heat up a non-freezing fluid circulating in a closed circuit (e.g. a mixture
of water with glycol etc.), which ,transfers” the energy obtained from radiation
to a battery in a form of a water tank. Such installation is relatively expensive
and it requires electrical power supply in order to control and operate the
circular pump. The device described and examined in this work is an air
collector in which air is the directly heated factor. Additionally, this collector is
equipped with photovoltaic cells propelling the fan which presses the heated
air. Hence, it does not need an outer power supply but its work will be limited
only to the time when it is exposed to direct sun radiation of an appropriate
intensity. Thus, it can be stated that it uses radiation energy in a very simple
way, similarly solar energy can be used by proper alignment of the building
with the sun (CHWIEDUK, BOGDANSKA 2004). Knowledge on this subject is
applied to build houses with low energy requirements, which is also described
in literature (CHWIEDUK 2008, 2010).

Solar air collectors, which are additionally equipped with a photovoltaic
module, have been produced only recently. Their advantages have been quite
extensively described in the relevant literature and the research into improv-
ing them is still conducted (KHALEK et al. 2013, HUSSAIN et al. 2013, KRAMER,
HELMERS 2013). Many studies have been also devoted to modeling the perform-
ance of such collectors (AMRIZA et al. 2013, KARIMA et al. 2014) and examining
their efficiency (FENG et al. 2014, JIN-HEE et al. 2014, ABOLTINS et al. 2012,
ABOLTINS, PALABINSKIS 2011), also some studies checked how they function in
combination with water heating (FENG et al. 2013) and drying agricultural
products (ABOLTINS, PALABINSKIS 2013).

Certainly collectors’ performance depends on the sole source of energy,
namely the Sun, and the main solar element of the climate is insolation, i.e. the
time in which direct solar radiation reaches the surface of the earth. Insolation
depends mostly on the length of the day, cloudiness and transparency of the
atmosphere. It has been estimated that in the area of Poland the biggest
insolation occurs in the warm half-year (from March to September), with the
maximum value in June in the north of the country (214 h), whereas the
smallest insloation occurs in the cold half-year (the minimum value in Decem-
ber — 33 h), and the average insolation sum in Poland is 1526 hours (on average
4.1 h during the day) (KuczMARSKI 1990, KUCZMARSKI, PASZYNSKI 1981). The
distribution of insolation in Poland is reflected in the values of total solar
radiation which was estimated to be at the level of 3657 MdJ m-2 (BOGDANSKA,
PopoGRrODZKI 2000). Unfortunately big fluctuations on a yearly basis are
a characteristic feature of the multiannual course of monthly values of
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insolation in Poland, similarly as in the case of annual and seasonal values
(PODSTAWCZYNSKA 2007).

Aim topic of the investigation was examining technical solutions for
a prototype of a solar-air collector and evaluation their work and eficiency.

Technical specifications of the collector prototype

The basic model of HCO1S solar air collector consists of a welded frame
from stainless steel which surrounds a plate made of multi-chamber polycar-
bonate, 5 mm thick, and a casing made from Al/Pe/Al composite plate (brand
name Dibond TyhyssenKrupp). An absorber plate placed inside the casing is
made of 1 mm thick aluminum sheet blackened on one side. The absorber is
stiffened by a meander made from 23 x 30 x 2 mm aluminum angles.
Collector’s dimensions are 118 x 61 x 7.5 em (height, width, thickness), weight:
9 kg. There is a 12 W/12 V photovoltaic panel, size 59 x 14 cm, built into the
upper front part of the collector, in a separate chamber (for maintaining better
thermal comfort, Fig. 1). In the upper rear part of the collector there is an inlet
vent with a diameter of 100 mm (78.5 cm ), in which a silent fan is installed -
92 mm, 3-18 V, max efficiency — 67,15 m® h™*, 2400 RPM. Nine vents with
diameters of 1 cm (together 7.07 cm ) in the lower part of the casing allow the

Fig. 1. Measurement station with the vertically installed solar air collector and sensors for measuring
the radiation
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air influx. Thermal isolation of the collector was made from chamber foil
covered with metalized film. The collector is operated by an electronic regula-
tory device — two cranks — turn-on threshold and hysteresis, power supply
of 12 V. In the lower part of the casing there is a switch which controls the
collector’ work in two modes:

1) first switch position (I) — operating mode as follows: battery > tempera-
ture sensor > regulator > operating mode selector — a fan in the outlet pipe stub
(the so called winter mode i.e. heating);

2) second switch position (IT) — operating mode as follows: battery > operat-
ing mode selector > fan (the so called summer mode - cooling the casing and
sucking out the excess of hot air through a pipe connected to a room).

Standard installation of the collector on a vertical wall — according to the
rules specified in the collector installation manual.

Method of research

The assessed solar air collector was exposed to solar radiation and the
following parameters were measured for the research purposes: intensity of
solar radiation, on a horizontal plane and on the collector’s plane (the collector
was installed vertically, which is a standard installation position), temperature
and velocity of air influx as well as temperature and velocity of air flowing out
of the collector.

Specialist meteorological equipment was used for the purpose of the study.
These were two solar radiation sensors (Kipp & Zonen), CM11 and BF5
(Delta-T Devices) (Fig. 2), which measured total and dispersed radiation, two

y _

b

(Yo
Fig. 2. Total radiation sensor — CN11 was placed vertically, according to the installed air solar
collector (@) and total and dispersed radiation sensor — BF5 was placed horizontally (b)

sensors for measuring the temperature of incoming and outgoing air — E type
thermocouples and IVL 10 channel speed and air temperature transducer
(iBros Technic). All devices were connected to CR10X multichannel data logger
with high measurement frequency (the recorder is built into the plug of the
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USB interface, which ensures stable and effective monitoring of climate
conditions, such as: temperature, insolation, air humidity etc.).

Then the software for data gathering and analysis was prepared. The above
mentioned meteorological parameters of air flux were measured every second,
whereas average values of measurements were recorded every minute.

Results and discussion

Measurements of short-wave radiation falling on a vertical surface (as in
the surface of the collector) and on a horizontal surface, which is called,
according to meteorological terms, total radiation, were conducted in October
2013 (during 15 days in total). However, for technical reasons, they were not
conducted continuously, but with periodical breaks (the power supply condi-
tions and the memory storage capacity of CR10X data logger). According to
previous expectations, it was established that, due to the increasingly lower
solar zenith, values of radiation falling on a vertical surface placed in the
southern direction were much higher than the values of total radiation (Fig. 3).
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Fig. 3. Distribution of the measured short-wave radiation on a vertical surface (according to the
collectors position) and a horizontal surface (total radiation), on 15 days selected in the period from
10 to 29 October 2013

The measured values as regards vertical surface sometimes exceeded
800 W m2, while the total radiation was merely of 500 W m™2. It was very
beneficial as regards the application of the assessed solar air collector. It can be
definitely stated that the recommendation of the producer to install the
collector on the southern wall in vertical position is very useful. In winter
months (December-February) the differences between the radiation falling on
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vertical and horizontal surfaces will be even bigger. Then, taking into consider-
ation that the device is dedicated to work in the autumn-winter period, the
suggested solution deserves a complete approval.

Next, the correlation between the flux velocity of the air measured at the
outlet pipe stub of the solar air collector and the value of radiation falling on
a vertical surface, similar to the position of the photovoltaic cells propelling the
fan, was examined (Fig. 4). When analyzing the presented diagram one should
bear in mind that the fan was turned on when the outside temperature
exceeded 20°C, which meant that in some cases the fan was not turned on at all
and the air flux could have been close to zero, although the radiation value did
not go above 100 W m™. A similar situation occurred when the radiation was
very low or close to zero, and the measured air fluxes, at the velocities of up to
0.2 m s}, resulted from a blowing wind. The collector is not tightly closed and
when wind blows from a proper direction or when we are dealing with
hydrostatic air circulation due to temperature differences, then air flux may
occur even when the fan is inactive. Naturally, the higher radiation values the
bigger air flux velocity (Fig. 4).

air flux [m‘2 h‘l]

T . T
0 200 400 600 800 1000
radiation on vertical surface [W m’z]

Fig. 4. Correlation between air flux at the outlet of the collector and the value of radiation falling on
a vertical surface, compatible with the position of photovoltaic cells supply the fan

It is not a purely linear correlation and it is characterized by a relatively big
dispersion, which is rather not surprising, just because of the fact that blowing
wind may enhance or disturb the air flux. However, careful attention should be
paid to the velocity of air flux in the outlet pipe, which increased to about
1.2 m s (ca. 36 m3 h™!) reaching this value at the radiation of about 400 W m2.
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Above this limit, despite the increase of the radiation value (up to 900 W m2
during the measurements), the air flux did not become more intense. Accord-
ing to the producer the installed photovoltaic panel has the power of 12 W,
which is several times bigger than the power of the fan, which leads to
a conclusion that the above limitation does not stem from the lack of sufficient
power. The producer claims the efficiency of the applied fan to be of about
60 m® h™!, however the air resistance in the collector significantly reduces the
air flux, although the fan works at the highest engine power. The solution
would be to lower the air flux resistance by enlarging inlet vents, changing
- ,making smoother” — the path of air flux or using simultaneously a second
fan (possibly of a higher power).

Further, the distribution of air temperature was analyzed, after the air
flowed through the solar air collector, depending on the solar radiation falling
on a vertical surface (Fig. 5). In connection with the above, first the air
temperature was measured at the inlet to the collector and then at the outlet.
The measurements were conducted in the pipe about 5 cm from the fan (and
not inside it), in order to determine temperature of the air flowing into the
room ,heated” by the collector reliably.

25

y=0,0204x + 3,3311

air temperature At [°C]

0 \ T T T T \ T \ \
0 100 200 300 400 500 600 700 800 900 1000

radiation on vertical surface [W m’2]

Fig. 5. Increase of air temperature after it flowed through the solar air collector in correlation with
the radiation falling on a vertical surface (regression line was determined on the basis of only some
minutes that had a temperature increase of more than 3.0°C)

Average minute values, when the temperature at the inlet and outlet of the
collector was above 3.0°C, were marked in grey, which as the figure shows
corresponded with the radiation of about 100 W m~ and higher. Such radiation
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range overlaps with the time when the fan was at work. These data were also
used to determine the regression line. Red color marks the remaining points,
while the figure does not take into consideration hours with zero radiation,
when the collector certainly does not work.

The determined regression line (Fig. 5) was quite well correlated with the
radiation values, determination coefficient (R?) was 0.86. At the radiation
values of 100 W m2 the air flowing out of the collector reached the temperature
of about 5.0°C, whereas at the radiation of 800 W m2 these values were at the
level of 20°C. It should be pointed out that, because of the schedule of the
project known as ,Coupon for innovation”, the research was conducted
exclusively in October 2013, since the information about granting the funds for
research and signing relevant contracts took place at the turn of September
and October that year, and conducting the research, together with preparing
the report was to have been finished until 31 October 2013. This research
discipline resulted in its being conducted at the time when air temperature
during the collector’s work was in the range from 10 to 20°C, and only on one
measurement day the temperature dropped slightly below 10°C.

Relative air humidity is the quotient of the current steam pressure in the
air and its maximum quantity in a given air temperature. It is one of the
parameters of air humidity which reflects best the human perception of
whether the air is dry or humid. If this value exceeds 80% then most people will
say that the air is humid, while if it is below 50% they will declare it to be dry.
This definition also leads to a conclusion that if the air having the humidity of
about 70% is heated then its relative humidity falls, which means a simulta-
neous increase of its evaporation potential (drying potential).

Figure 6 illustrates the estimated change in relative humidity of the air
flowing through the collector in correlation with the value of radiation falling
on a vertical surface.

For the needs of the presented assessment it was adopted that relative
humidity of the incoming air is 70% (average monthly humidity of the air in
October at 12 UTC according to The Climate Atlas for Wielkopolska Region
(FARAT 2004). Thus, it is clear that with the highest solar radiation values
(800 W m2) humidity of the outgoing air will be only 20% and it will have high
evaporation potential. This shows that at the lowest examined values for the
collector’s work (100 W m™) the air at the outlet vent will have relative
humidity of about 50%, which means that its evaporation potential is still
relatively high. Summing up, the solar air collector should be quite efficient as
a device for air heating and improving air drying potential.

On 25, 27 and 29 October 2013 there were changeable atmospheric
conditions, but it was quite sunny and on each of these days the collector
worked for several hours. Using the conducted measurements the amount
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Fig. 6. Relative air humidity after flowing through the solar air collector in correlation with the
radiation falling on the vertical surface, assuming that relative humidity of the air flowing into the
collector is of 70%

of energy falling on the solar air collector was calculated, particularly on its
part which serves for air heating. Only the time when the collector worked
efficiently was taken into consideration, i.e. when its controller turned on the
fan because temperature inside the collector exceeded 20°C and when
simulatenously the radiation was strong enough to increase air flux through
the collector to over 0.1 m s7.. It turned out that on these days the collector’s
surface received cumulatively about 2580, 2700 and 3565 KJ respectively,
whereas the air was heated to such an extent that the energy which transferred
to the room had the values of 1180, 1140 and 1510 KJ respectively, and this in
turn meant that the collector’s efficiency at work was 46%, 42% and 42%
respectively, a little more efficiensy was obtain by ABOLTINS et al. (2012) and
ABOLTINS and PALABINSKIS (2011). Thereby, the energy obtained on each of
those days could serve as latent heat (of evaporation) to evaporate about 0.5 kg
of water. It is necessary to mention that on those days from 50 to 100 m? of air
flowed through the collector and it ventilated the room on whose wall the
collector was installed.
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Summary and conclusions

1. The producer’s recommendation to install the collector in vertical
position on the southern wall of a building and adjusting it to work in this way
is fully justified, because the measured values of radiation falling on a vertical
surface sometimes exceed 800 W m™=, while total radiation (on a vertical
surface) reaches merely 500 W m=2.

2. The resistance of air flux in the collector should be lowered by enlarging
the inlet vents, changing — ,,smoothing” the way of air flux or using a second
fan simultaneously (possibly of bigger power); because at the radiation of
above 400 W m2, despite the fact that the fan’s engine works at its highest
efficiency, the air flux remains at the constant level of about 37 m?® h™* and does
not reach the nominal efficiency value, i.e. 60 m3 h.

3. Using such solutions as the cover from multi-chamber polycarbonate,
black surface with slats absorbing solar radiation and chamber foil isolation
covered with metalized film seem good ideas in terms of construction, since the
studies indicate that already at the radiation value of 100 W m2 the collector
worked efficiently and heated up the flowing air by about 5°C. This tempera-
ture increased together with radiation and reached the value of 20°C at the
radiation of 800 W m2,

4. On the basis of the conducted measurements it should be concluded that
the solar air collector should efficiently perform its function as a device which
heats up air and increases its drying potential because, assuming that the
average relative humidity of the air flowing into the collector is 70%, at the
highest radiation values the air flowing out of the collector will have only 20%
humidity and high evaporation potential, and at the lowest values under
consideration for the collector’s work (100 W m™2), it will have relative
humidity of 50%, which means that its evaporation potential is still relatively
high.

5. Despite high air flux resistance mentioned in point 2 the analysis of the
collector’s efficiency showed that during its work (proper temperature and
radiation) the efficiency remained at a satisfactory level from 42 to 46%, which
allowed obtaining from 1000 to 1500 KJ of energy in this time.

6. The schedule of the project imposed an imperative that the research be
conducted when air temperature during the collector’s operation was in the
range from +10 to +20°C, and only during one day of the measurements the
temperature dropped slightly below +10°C.
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Abstract

This elaboration shows how to use Height Data by using airborne laser scanning (ALS) to
delineation of flow lines which let to evaluation of water’s flow on terrain.

Maps, which show flow lines, were generated by using GIS software and tools on testing areas.
To achieve this goal were used methods of a single flow direction and multiple flow direction. Created
maps which show directions of runoff, generated based on the DTM, were subjected to analysis. On
the basis of these maps were evaluated the accuracy of determination of the flow direction on the
testing areas by using individual algorithms.

Studies determining directions of runoff can and do have large application. They will serve the
author as initium to create a network of watercourses needed to convert 3D image. This model of the
network 3D will be an attempt to create a component BDOT10k in the form of three-dimensional.

Introduction

Quickly, easily, precisely — these terms can be safely attributed to the
method of extraction of Height Data from airborne laser scanning (LIDAR).
From these data we obtain accurate numerical models of terrain, which are use
to execution of authentic spatial analysis in many diverse areas. Undoubtedly
hydrology is the science that is closely associated with the lay of the land, and
for which the DTM plays an important role in hydrological modeling. An
important issue seems to be how the best delineation of flow lines because of
the mutual relation between flowing water and form of land’s surface. Distinc-
tion of runoff paths allows the determination of further phenomena necessary
during modeling series of hydrological processes (e.g. accumulation of water
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runoff, Soil Moisture Index, the ability of material’s transformation - includ-
ing pollution, determination of catchment’s boundaries and many others).
Assuming that the digital elevation model acquired from laser scanning is
a precise sourcing material, it becomes reasonable to compare the most
commonly used algorithms used for the extraction of the drain line.

Material and Methods
The source data

As the source data for delineation of flow lines were used elevation data
from airborne laser scanning (LIDAR) collected within the ISOK (pol. Infor-
matyczny System Oslony Kraju). This is the system of the country’s protection
against extreme hazards especially against flood. It is a project in Poland which
aims to help improve the effectiveness of flood risk management. These data
are available at National Geodetic and Cartographic Resource. The data in
raster format was used for the extraction of flow lines by using SAGA GIS
software.

Research area

For selection of the study area were used the following criteria:

— diverse in terms of hypsometry;

— diverse in terms of changes in water relations (both natural area and the
changes in water management);

— forest area and an area with visible valleys on orthophotomap.

Due to these assumptions were chosen two test areas being part of a map
M-33-44-C-a-2-2 (close to Jagnigtkéw, the Karkonosze Foothills) and N-33-69-
B-c-1-3 (close to Klos, the north-eastern part of the Chelmska Hill).

Choice of the right algorithm

There are many algorithms allowing to determinate the water flow direc-
tions by using a raster D'TM model. The essence of such modeling is to use the
law of universal gravitation (gravity), which shows that water’s flow go down
the slope, from cells being situated higher into lower (URBANSKI 2011). There
are three kinds of methods to create flow pathways, defined by different
algorithms: single flow direction, multiple flow direction and ,stream tube”
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from one central cell (WILSON, GALLANT 2000). Undermentioned algorithms
can be used to determine flow pathways:

Algorithm - Deterministic 8 (O’CALLAGHAN, MARK 1984). This algo-
rithm is using for delineation of flow lines by calculating the difference in
height between analysed raster cell and other, which surround her. Flow take
place only to the one cell, for which obtained the highest value of the gradient
(Fig. 1), hence this method is referred as single flow direction method
(WoLOCK, MCCABE 1995).

Calculation of runoff takes place according to the following formula (1):

29 — 2
S = i = s 1
Dg — Max; =138 hoG) (1)
where:
z - the number of surrounding cell
h - resolution of GRID model
h(¢) — distance between the centres of cells, = 1 placed in the cardinal

directions (north, east, south, west); the square root of 2 for others.

Algorithm Rho8 - Random eight-neighbour (random eight-node).
Rho8 algorithm is a modification of the classical stochastic-deterministic
algorithm D8. It also marks single flow direction, however, defining the
gradient is done by introducing the so-called random factor (hence the name of
the method - a random eight-node), which makes that results are not
reproducible. It is done in order to avoid long, parallel flow paths generated by
using D8 algorithm (FAIRFIELD, LEYMARIE 1991).

Algorithms FD8 and FRho8. Algorithms FD8 and FRho8 are recognized
in literature as Multiple Flow Direction - MFD (QUINN et al. 1991). They are
a modification of D8 and Rho8 algorithms. As the name suggests, flow takes
place in many directions, whereby this method has application to the determi-
nation of divergent flow. Part of surface runoff flowing out to the neighboring
cell is transmitted based on calculation by the following formula (2):

max(0,s7)
=51 (max(0,59))

(2)

P =

where:

s; — the size of the slope between the central node cells and neighboring cells
a - constant positive (recommended value a = 1.1).
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Fig. 1. Stages of determining runoff water with using the D8 method: ¢ — DTM map, b - coding
direction of flow using D8 method, ¢ — map of the flow’s direction, d - the direction of runoff on the
map, e — map of runoff’s accumulation, f - flow lines

Source: URBANSKI (2011).
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Algorithm De - Deterministic Infinity (TARBOTON 1997). The cal-
culative method is based on the determination of runoff into two of the eight
surrounding cells. Gradients of the biggest downslope is obtaining as a result
of calculations made between the centre of the analysed cell and the centre of
neighboring cells, which are connected with the eight triangles (Fig. 2).
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Fig. 2. Direction od runoff in the Deo method: a — runoff direction, o, oz — angles which determine the
flow direction
Source: TARBOTON (1997).

Algorithm MDe< - Triangular Multiple Flow Direction. It is a combi-
nation of MFD and D8 methods. Centres of cells are connected by triangles and
algorithm proposed by Quinn is using for calculations.

Algorithm KRA - Kinematic Routing Algorithm. To determine the
flow direction are used particular rastra cell, which are represented by plane
fitted into corner points of the cell. Height of cells are determined by
interpolation of height of neighboring centre cells, in addition flow direction is
defined as the angle in the range from 0 to 2r (LEA 1992). Dispersion of flow
does not occur in this method and the direction is determined in constant way.

Algorithm DEMON - Digital Elevation Model Networks (COSTA-
CABRAL, BURGES 1994). The direction of flow takes place in accordance with the
terrain’s drop to edge of DTM or to bottom of depression. It is directed whole to
cell located below (when a specific direction of flow is a multiple of 90 degrees),
or flow is split between two cells.

Algorithm BRM - Braunschweiger relief model. The direction of flow
is maximum limited to three neighboring cells, to avoid excessive flow’s
dispersion (CONRAD 1998, PARK et al. 2009).
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From presented above algorithms, to determine flow lines on the selected
area, used two the most commonly used. These algorithms are D8 and MDF.

Method of determining flow lines

To elaboration was used a model of the terrain, with a regular grid with
a mesh aperture of 1 meter, for which the average height error is in the range
to 0.2 m.This model is available at the National Geodetic and Cartographic
Resource. It was obtained from airborne laser scanning (ALS parameters are
shown in Table 1) and interpolated on the base on points clouds for which the
scan density on alanlyzed areas was 4pts/m? (the data saved in accordance with
the standard 1.2 published in 2008 by the ASPRS - American Society for
Photogrammetry and Remote Sensing).

Table 1
Basic Parameters ALS within ISOK
Parameters Standard I: Non-urban areas
Transverse angle of scanning: <+ 25°
Density of points cloud: > 4 points/m?
Side overlap > 20%
Height accuracy (mean error) of laser points mh < 0.15 m
Registration of intensity of reflected signals yes
Conditions of photographic registration medium format camera with color CCD with
resolution greater than 30 M pixels
Flying height helicopter 200-300 m

areoplane 500-1000 m (max 6000 m)

Afterwards artificial artefacts were removed from DTM - ,false sinks” —
a collection of one or more cells, which from all sides are surrounded by other
cells of bigger height value (URBANSKI 2011). Prepared in this way DTM was
used to realise maps of surface flow. Extraction of flow lines occurred by using
selected algorithms implemented in Saga GIS software. At the same time were
assessed threshold values in order to determine of channel initiation threshold
(Fig. 3). Received in the form of a vectorial network of flow lines were
smoothed in order to obtain a better visualization.
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Fig. 3. The impact of the threshold value to determine density of the flow lines network: a - big,
b — average, ¢ — small

Results and Discussion
Comparison of algorithms D8 and MFD

Both applied algorithms gave similar results in determination of flow on
the area of distinct valleys. On the analysed areas, marked out flow lines
coincide almost the entire length (Fig. 4a, b) and the shape and course of the
line is consistent with the land form.

Marked differences are visible when using both methods, in areas where
hillside in big distances is rising in the same direction. Flow lines, delineated by
using D8 algorithm, extracted as long, parallel lines (Fig. 4c). It is presented
differently when using algorithms FD8 and FRho8, how it is in MFD method.
On areas, where occurs changeless slope, parallel flow does not occur. Nonethe-
less, in many places lines demonstrating many branches of flow are formed
(Fig. 4d).

Used algorithms do not work with determination of flow paths in areas
with many drainage ditches. Faint gradient of height (minimum drop of the
ditch is 0,02%, which is 0.2 m per 1 km) does not cause ,,disruption” in the
surrounding terrain. As a result of it, determined sewage lines have compatible
course with the general tendency of the terrain slope, which leads to creation of
flow path’s picture which does not refer to the hydrographic lines transfigured
by human (Fig. 4e).
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Fig. 4. Flow lines against DTM (forest areas) — sheets N-33-69-Bc-1-3 (a), M-33-44-Ca-2-3 (b, ¢, d) and
orthophotomap — sheet N- 33-69-B-c-1-3 (e)
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Analysis of delineated flow lines

This study delineating flow lines may help author to create a model of
network watercourse in 3D, which will be a component of the three-dimen-
sional Database of Topographic Objects (pol: Baza Danych Obiektéw Topog-
raficznych, BDOT10K, it is a database of topographic objects for whole Poland
corresponding with detailed map with a scale of 1:10 000). Consequently,
arisen flow path network was subjected to a comparative analysis with flow
paths from BDOT in the next step. The source of geometry of flows from BDOT
is primarily orthophotomap. In invisible places (e.g. woodland) is also accept-
able acquirement of flow on the basis of other data, including topographic
maps at a scale of 1:10000 (TECHNICAL GUIDELINES TBD 2008).

Drain lines delinated through the algorithms, in the next step was subjec-
ted to a comparative analysis with watercourses coming from BDOT10k, which
allows to envolve the following conlusions:

— On forest areas with distinct valleys accurate results were obtained for
drain lines delineated by algorithms D8 and MFD (the shape and course of the
watercourse is harmonized with altitude model from ALS about 95%). Drain
lines’ shape delivered from BDOT10k is similar, but the differences in course
between the lines from BDOT10k and delineated by algorithms D8 and MDF
are in some places even 20 m (Fig. 4a, b), which means that results from
BDOT10k are less precise. The superior precision of lines obtained by algo-
rithms D8 and MDF is associated with using them to extraction as source data
of DTM from ALS, while the source of drain lines’ geometry deriving from
BDOT10k is raster of topographic map.

— For non-forest areas with visible, clear valleys were obtained to devi-
ations to 0.5 m in watercourses’ geometry (between the drain lines coming
from BDOT 10k (for which the source of geometry is orthophotomap) and drain
lines endeared by using algorithms D8 and MFD (Fig. 4e). This means that for
such areas the accuracy of the geometry designation of watercourses is
satisfactory for each of used methods.

— For areas with transfigured water management (areas with drainage
ditches) are marked correctly only drain lines coming from BDOT10k, of which
source of data is orthophotomap (Fig. 4e). Compatibility between existing
drainage ditches and watercourses generated by the algorithms is only a few
percent.

— In areas with steady slope (forest areas) none of methods is not without
errors (Fig. 4c, d). Correctness of watercourses’ determination should be
further analyzed and confronted in the fieldwork.
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Conclusion

Owing the fact that for almost all over the country there is precise DTM, is
worth to use automatic methods, during acquiring flow lines. It helps to obtain
a more accurate shape, course and is useful for BDOT update. Generating
water network based on DTM is especially applicable to those areas where is
lacking of adequate visibility on orthophotomap (e.g. forest areas), then should
be use different sources of data like topographic maps. It is a very important
issue because in Poland forest cover is almost 30% of total land area. In
connection of using raster topographic map to delineate watercourses in these
areas there is a problem of the accurancy of data collection associated with
raster background, its calibration and also with interpretation of introducer!!.
Based on this we can say that the geometry of watercourses in forest areas in
BDOT10k is approximate. Therefore it is important for the extraction of
watercourses, especially in those areas, to select as source of data elevation
data obtained by LIDAR technology and use the known algorithms which
delineate drain lines. Thereby delineated watercourses will have acquired
a more accurate geometry, consistent with the model of altitude, and time of
data acquisition will be also faster.

The study also showed that delineating flow lines should not be only base
on one method (JASIEWICZ 2010). To get the best model of flow network, area of
research should be divided into smaller fragments, for which delineation of
flow lines will be the best. The selection of algorithm (the choice of its
parameters, especially the so-called threshold) has a big impact on the demar-
cation of flow lines. Author conducts researches using different algorithms to
determine their quality for the most accurate delineation of flow lines. The
results of these works will be the subject of subsequent publications.
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Subdivision - numbered sections

Text should be organized into clearly defined and numbered sections and subsec-
tions (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.

Font guidelines are as follows:

— Title: 14 pt. Times New Roman, bold, centered, with caps

— Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two
blank line above

— Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should
begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used

— Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above

— Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above

— Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph

Title page information
The following information should be placed at the first page:

Title
Concise and informative. If possible, authors should not use abbreviations and
formulae.

Authors and affiliations

Author/authors’ names should be presented below the title. The authors’ affiliation
addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.

Corresponding author

It should be clearly indicated who will handle correspondence at all stages of
refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the correspond-
ing author.

Abstract

The abstract should have up to 100-150 words in length. A concise abstract is
required. The abstract should state briefly the aim of the research, the principal results
and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
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established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, author/authors should provide a maximum of
6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.

Abbreviations

Author/authors should define abbreviations that are not standard in this field.
Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.

Units
All units used in the paper should be consistent with the SI system of measurement.
If other units are mentioned, author/authors should give their equivalent in SI.

Introduction

Literature sources should be appropriately selected and cited. A literature review
should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summar-
ize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.

Material and Methods

Author/authors should provide sufficient details to allow the work to be reproduced
by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.

Results and Discussion

Results should be clear and concise. Discussion should explore the significance of the
results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which
may stand alone or form a subsection of a Results and Discussion section.
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— Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

— Number equations, tables and figures according to their sequence in the text

— Size the illustrations close to the desired dimensions of the printed version

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is’ in the native document format

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts

JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi

JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:

— Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these
typically have a low number of pixels and limited set of colors

— Supply files that are too low in resolution

— Submit graphics that are disproportionately large for the content

Color artwork

Author/authors should make sure that artwork files are in an acceptable format
(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations

Tables, figures, and equations/formulae should be identified and numbered consecu-
tively in accordance with their appearance in the text.

Equations/mathematical and physical formulae should be presented in the main
text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.
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