Uil Faculty of science and technology

THE ARCTIC
UNIVERSITY
OF NORWAY

Department of technology and safety

Investigation and analysis of the ‘cold’ sensation
relation with respect to associated parameters:
wind velocity, ambient temperature, humidity, and
irradiance

Amir Nadem Leyli
Master’s thesis in technology and safety in the high north/July 2019

LELLEELA L0000 L0000 00 Lid T T NN NN NN NN NN
// O CELEV L EL L LT ////////l/ // /I///IG//I///I/l/III/C///O///////G///o///G//////IC//IC/////G/

/ /
HHETETITI D LT T 00000 bbbt iiiiiiiind 1RLRLR1niainiei i i iiiniinininiiiniitiririniri ittt nti it il i
TETELELLLLinenerireliiereitieililel IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII/IIIIIIIII (1Ll
"HHTTLITLLLnernennnninnnininennirl 111l 111iririt IIIIIIIIIIIIIIIIIIIIII 101100 renintntniriigi
HEririntrtnriinetireieininiiilieid IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (rererered I Lrcncrnininenined l
1111iriii / Herererereieeii / /

/ i
"HIPEIENEErieieeieriniieineieiy 101 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII QORI IRARP DRI DRI RR PRI RRQIRERIQIeIIereciarqaebeaerenerineninen
"N Jeideeedieieeieeinnet qi00000 02 I 1117 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 111rrieii
IIIIIIIIIIIIIIIIIIIIIIIIIIIII LEDLINIRINIRINENININY IIIIIIIII IIIII IIIIIIIII erie IIIIIIIIIIIIII {7
"GPP ERR TR R aR R aaabaaadd 000000000 000000000000000000000000000000000 0000000000000 0000000 0000101011014
QPPeRdareiareeieiariaeeer g IIIIIIIIIIIIIIllllIIIIlIIIlIIIlIIIIIIIIIIIlIIIlIlIIIIIlIIIl i
’{{//IIIIIIIIIIII{/IIIIII{/I /7IA/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 11

-~
\
N
~
-~
-

’
TRRRRERRR R AR RRRRRRy FRRRRRRRRR000000000000000000000000000000000000000000000000000 000000000000 000001
rbaaaaaaaaeieiininy N Illll{,llllllll QIR0 000000000000000000000000000000 0000000000 0RINIIILNIE

4840 ' 9 L/ L
L lllllllllll'l'l'l'l'l'l'lll'l'lllll'llll'lllllll OO0 000000000000000000000000000000001
VORRNaONNT 2000000000000000000000 'l'l JNaRaNaNANE 'l'lll'l'l'l'lll'l'l"'lll'l'l'l'"l"'l'l'll"l'l'
IGRNEARNNY JRNRMONRNNORNNNNNRANAGAAY l'l'l'l"l QAN 0Q0Q0000000000000000000000000000000AYI
saaasaamt ll'Illll'l'l'l'l'l"'l'l"" SNARONENANGRENARIRANNR NN NRNRNANANOTRNARONNANONRNANAINY
1eea88080 ll'll"'l'l'lll'l"'l"'l'l""'l JRAQ0Q00000000000000000000000000000000000000 "l""'l"'l
VALRANaY Q0000000000 NGNONONINGNONENGNEY "l"'lll"'l'l l'I""'l'l'l'l'l'l'l'l'l"'l'l' LA LA
IGQEAGEl JR0000000000000000000000000000000000000R00000R0R00RRARNGARARARARARARIRNOARIRRANANNNANANGNANI
PAONNNY JRNQAQNNNQNNNENQNONONENRNONANENANONINENARNANANGRANANGRINAONRIQNNQLNNONANANONANANQNANONONANAN
IAGaaNT JOQ0000000000000000000000000000R000R0R0RARNRARARANANARARARARIRARNE. l""""'l"'l."""l'l"
PONANY JRAQNQAQNNNENONRNONGNRNENGNENENGNENENENENENANARANANIRAVANARAQNINARNRNINIANANANANQNANONANONGNGNG
IARaEY SRQRQ0Q000000002000000000RRRARARARGRARARGRARARARANANA. "'l"""""'l'l'l"' """""'I"l"
PANEL JQOQARAQNOAQNANENQNANIRGNRNENANENERGNINANGNINANANARANANENAQNANEQNQARANIQNANOTANANRNAN LA
IAERy JAQ0Q0QRQ0Q0AANSRORANIRINIRARGRIRORORARGNIRARARARANANARANANANAGARARAGNGNTNININGNENE
L1 14 'll"""WlW'W'"W'W"l""'.'l'""""""""""."""'.'."'".""""""".
A8y SOA0Q8QRAQBINASGNINARARINAN """"""""'""""""""""".""""""'.' =3 Aj llll
ey 080 ""' ' AQNQNENOIONGNGRGNGNGNINONINENENGNGNGNGNENENENENENGNANARINAQINNALANANANANAN =)
V’{ L LLLL L L " '"lll"'l"""""Il"ll'"l.""""'".""",""’,'Il"'.' LI ""’







Project report — Page 2 SR,

University of Tromsg — The Arctic g x‘%

University of Norway . x .

Department of Technology and Safety - (V)
7RoM°

Field of study: Year:

Technology and Safety in the High North 2019

Title: Date:

Investigation and analysis of the ‘cold’ sensation | 14.07.19

relation with respect to associated parameters: | Number of pages:
wind velocity, ambient temperature, humidity, | 145

and irradiance

Author:
Amir Nadem Leyli

Confidentiality:

Classified

Supervisor: Co-supervisor:

Abbas Barabadi Hassan Abbas Khawaja
Client: Client contact person:
WINDTECH AS Hassan Abbas Khawaja
Abstract:

The Arctic is considered as one of the regions in the world with various resources including oil and
gas. Many industries are moving further up north to this area or new industries are being established.
Technologies and industries in the Arctic have many challenges regarding harsh cold climate. One of
the main challenges which is of importance in this thesis is human exposure to the cold that affect
operation conditions and can increase HSE risks.

WINDTECH team has devised a tool for measuring the sensation of the ‘cold’. The ‘cold’ is measured
with an electrical heater. The heater is exposed to the different weather conditions with a fixed power
and it will be stabilized within a short period of time which it referred to as ‘heated temperature’. The
higher values of ‘heated temperature’ indicate lower heat loss and less values mean higher heat loss.
Therefore, to manage the risks for human exposure to cold it is important to measure all the
parameters that affect the ‘heated temperature’, including ambient temperature, humidity, wind
velocity, and irradiance. WINDTECH team device is equipped with sensors that measure ambient
temperature, humidity, irradiance, pressure and ‘heated temperature’. It is challenging to measure
wind velocities however, analysis have showed wind velocity can be estimated with decent accuracy
using pressure values. In this thesis the WINDTECH device is implemented to perform the
experiments both in the lab and in the field in various conditions to collect data, all the parameters
have been measured with the device and analyzed separately to investigate their effects on the ‘heated
temperature’ and their cumulative effect, to give an estimation of ‘heated temperature’ values which
indicates the heat loss amount. The analysis can be implemented to decrease the risks involved with
operation conditions.

Since the WINDTECH device is under patenting process this report is confidential.

Keywords:
Cold sensation, Heated temperature, Heat loss, wind velocity, pressure, humidity, irradiance




Preface and acknowledgments

The presented thesis is the final assignment in my master’s degree in “Technology and Safety in The
High North” at the faculty of science and technology (NT-Fak) — UiT — The Arctic University of
Norway, Tromsg.

In autumn 2018 | started working with professor Hassan Abbas Khawaja on a project to test various
sensors installed on a board which could be used to measure wind velocity implementing pressure
values. Then | decided to work more deeply into this project for my MSc thesis. In January 2019 | started
to work with WINDTECH AS to test a newly prototyped device which can give a more realistic measure
of ‘cold’ sensation. Part of the thesis was conducted in pre-projects. The thesis is completed from
January to July 2019 and is focused on the investigation and analysis of ‘heated temperature” associated
parameters: wind velocity, ambient temperature, humidity and irradiance.

I would like to give my most sincere thanks to professor Hassan Abbas Khawaja for all the benevolent
dedications and guidings during this work. The dearest regards to professor Abbas Barabadi who he
always was a great help during my master’s degree. I also want to thank Stale Antonsen for being so
supportive, creative and helpful in prototyping the device and making the equipment needed to carry
out the experiments.

Amir Nadem Leyli

Tromsg 14th of July 2019



Abstract

The Arctic is considered as one of the regions in the world with various resources including oil and gas.
Many industries are moving further up north to this area or new industries are being established.
Technologies and industries in the Arctic have many challenges regarding harsh cold climate. One of
the main challenges which is of importance in this thesis is human exposure to the cold that affect
operation conditions and can increase HSE risks.

WINDTECH team has devised a tool for measuring the sensation of the ‘cold’. The ‘cold’ is measured
with an electrical heater. The heater is exposed to the different weather conditions with a fixed power
and it will be stabilized within a short period of time which it referred to as ‘heated temperature’. The
higher values of ‘heated temperature’ indicate lower heat loss and less values mean higher heat loss.
Therefore, to manage the risks for human exposure to cold it is important to measure all the parameters
that affect the ‘heated temperature’, including ambient temperature, humidity, wind velocity, and
irradiance. WINDTECH team device is equipped with sensors that measure ambient temperature,
humidity, irradiance, pressure and ‘heated temperature’. It is challenging to measure wind velocities
however, analysis have showed wind velocity can be estimated with decent accuracy using pressure
values. In this thesis the WINDTECH device is implemented to perform the experiments both in the lab
and in the field in various conditions to collect data, all the parameters have been measured with the
device and analyzed separately to investigate their effects on the ‘heated temperature’ and their
cumulative effect, to give an estimation of ‘heated temperature’ values which indicates the heat loss

amount. The analysis can be implemented to decrease the risks involved with operation conditions.

Since the WINDTECH device is under patenting process this report is confidential.



Abbreviations

ALARP As low as reasonably possible
AM Additive manufacturing

CHT Conjugate heat transfer

EM Electromagnetic spectrum

Ta Ambient temperature

Th Heated temperature

WRF Weather research and forecasting model
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1 Introduction

In this chapter the background information, problem description, aim and objective of the thesis in

addition to the limitations exist will be provided.

1.1 Background

Many industries are moving up north for the great potential of the Arctic in resources, however, the
Arctic environment has different challenges such as harsh cold climate almost all over the year,
remoteness which makes any logistics much more difficult, lack of infrastructure due to its remoteness,
storms, icing, polar lows, fog, low temperature, wind and polar nights and days in which there is 2
months with no sun above the horizon and two months with no sunset (Barabadi, Garmabaki, & Zaki,
2016) (Swart, 2017).

The main challenge regarding the Arctic is the cold climate which makes working conditions more
challenging and sometimes impossible to operate. The coldness influences the body and brain, therefore,
it decreases the performability of workers in cold conditions. According to a research lab, SIRRIS in
Belgium and oil and gas companies there is a need for a device which monitors the working conditions
in cold environments (Swart, 2017).

In 2016 a student and at the University of Tromsg started working on the device. The device can give a
more realistic measure of ‘cold’ sensation on workers operating in cold conditions. This endeavor led
to a device developed by WINDTECH team. The device is made of sensors which measure ambient
temperature, relative humidity, irradiance, pressure and, ‘heated temperature’ which is an indication of

heat loss in different conditions.

Prior to this thesis, two master theses has been done by students at the University of Tromsg in
collaboration with WINDTECH team. The projects led to prototyping and testing the WINDTECH
device in the laboratory. There are different parameters affecting the ‘heated temperature’ (Th),
including wind speed, irradiance, humidity and ambient temperature. The effects of each of these
parameters towards ‘heated temperature’ had been analyzed in a master thesis done in June 2018. The
results showed increased wind velocity decreases heated temperature which means greater heat loss. In
the case of humidity, the results showed that at higher humidity and higher ambient temperatures the
heated temperature is lower. However, at relatively lower ambient temperature the humidity works
positively, and the ‘heated temperature” was higher. The experiments for irradiance showed that ‘heated
temperatures’ are higher with higher amounts of irradiance as it is expected and we all have experienced
feeling warmer when standing in the sun rather than in shadows, in addition, the angle of irradiance
shows different ‘heated temperatures’ that are similar to different sense of cold during a day with same

temperature (Kaspersen, 2018). In the previous works done, there were some limitations like no velocity

Page 1 of 61



sensor on the board. In this thesis, new sensors have been added to the device which can measure
pressure. One sensor on the device will measure the pressure on the exposed condition and another
sensor will measure a reference pressure the difference between these two gives a more precise measure

of wind speed on the device.

1.2 Problem description

Places with temperatures lower than 10 degrees Celsius are considered cold (Irzmanska, Wojcik, &
Adamus - Wtodarczyk, 2018). Exposure to cold exists in certain degrees in every activity being done in
cold regions (Makinen, 2007). People should live and work in the cold climates thus, they try to adapt
to conditions by using proper clothing, taking shelter or changing the workplace, all of these solutions
cannot be applied sometimes, and the cold environment conditions can decrease human performability
both motorically and cognitively which leads to increased risk (Castellani & Young, 2016; Kaspersen,
2018). In harsh cold climates, another issue is wind, human feel colder in windy conditions rather than
conditions with no wind this effect is known as wind chill. In order to ensure the workers’ safety, the
operation condition of the people exposed to cold should be monitored (Swart, 2017). To monitor the
operation conditions parameters such as wind speed, irradiance, humidity should be considered as
contributing factors to what human really feels in the cold. In this thesis, the focus will be the analysis
of the data gathered using WINDTECH device to decide how ambient temperature, wind velocity,
irradiance and humidity affects ‘heated temperature’. The more precise data on the wind speed can help
knowing the ‘heated temperature’ in a specific working condition which leads to providing more

accurate and appropriate risk management plan for humans working condition in the cold.

1.3 Aim and objectives

There are different factors affecting the ‘heated temperature’ including wind velocity, irradiance,
ambient temperature and humidity. ‘Heated temperature” which is a measure of cold can be used for the

heat loss amount in the conditions that workers are exposed to. The aim of the thesis is to find out:

1. How ambient temperature, wind velocity, humidity and irradiance each affect ‘heated
temperature’?
2. How wind velocity can be calculated using pressure values?

3. What is the cumulative effect of all the parameters together on ‘heated temperature’?

For finding the relation the WINDTECH device is equipped with sensors that measure pressure, heated
temperature, humidity and ambient temperature and irradiance. The device is tested in the cold box and
in the field. The sensors are exposed to different ambient temperatures and conditions and the heater

was set to the maximum power and sensitivity. To find the relation of each parameter with ‘heated
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temperature’ experiments with various conditions and tools is conducted. The data gathered is analysed
using MATLAB and Excel.

1.4 Research questions

The thesis is focused on finding the relation and effect of each parameter individually on ‘heated

temperature’ the thesis will try to answer the following questions:

e How ‘heated temperature’ is affected by wind velocity, humidity, irradiance and ambient
temperature individually?
e What is the cumulative effect of wind velocity, humidity, irradiance and ambient temperature

towards ‘heated temperature’?

1.5 Limitations

Wind velocity has great importance and effect on ‘heated temperature’ but there is no sensor that can
measure it directly on the device thus a wind blower had been used for the experiments and an
anemometer which shows the wind blower speed, therefore, the wind velocity being blown on the
sensors has some errors however the wind velocity on the sensors can be measured indirectly with

pressure. The limitations can be mentioned are:

e There were some inconsistencies in the cold box ambient temperature thus the temperatures
measured by the sensor is used for analysis

e Limited field test was performed in this study

o Field tests should be conducted outside in which can have some challenges

e The device in not water proof so it can fail due to rain or snow

e The device may fail due to different possible reasons like excessive heater active time or short

circuit

1.6 Structure of the thesis

Chapter one consists of the introduction, background information, the thesis description, aims and the

objectives, the thesis research questions, limitations and the thesis structure.

Chapter two includes the literature review, which provides the theoretical information needed and used

in the thesis also the previous works done as a basis for this thesis.

In chapter three the methodology used to carry out the experiments and data collection process is

discussed.

Chapter four presents the results of the experiments, data analysis and discussing the graph and plots.
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Chapter five includes the conclusion and section six introduces some suggestions for further work.
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2 Literature review

In this chapter, the theoretical knowledge needed and used for carrying out the thesis is provided. The
subjects in this chapter can help better understanding of the whole concept of human exposure to cold

in the harsh cold climate.

2.1 Physics

The physics related to this thesis involves heat transfer and more specifically conjugate heat transfer
(CHT) where human body and skin works as a solid and have conduction heat transfer and human blood
flow and atmosphere airflow are the fluids which they have convection heat transfer with human body,
therefore, conjugate heat transfer that considers both convection and conduction is of interest in
analysing the human exposure to cold. Furthermore, wind chill effect is closely related to heat transfer
(Brauner & Shacham, 1995; Steadman, 1971) which will be discussed later.

2.1.1 Conjugate heat transfer

Conjugate heat transfer analysis has more than 50 years of history. CHT analysis method has been
developed over the years as the most practical way to study heat transfer. In this method the combined
effects of the conduction heat transfer in the solid and convection heat transfer in the fluid are considered
together (John, Senthilkumar, & Sadasivan, 2019). The vast research area of this field help scientists to
develop their work. Most of the recent technologies involve heat transfer from electronic circuits, space
vehicles, nuclear reactors, turbine blade heating or cooling to solar panels (Pelletier, Ignat, & llinca,
1995).

Heat flux and heat transfer coefficient of the surfaces having heat transfer with the environment are the
most important parameters needed for CHT analysis. To calculate the heat transfer coefficient, the
combination of fluid and solid field boundary condition is required. This condition is so complex since
the wall and freestream parameters change with time. Thus, to solve this problem, various simplified
assumptions as in isothermal wall boundary condition should be implemented which is not realistic in
practical cases that lead to inaccuracy of the results. For obtaining the close heat transfer coefficient
from numerical analysis and experiments, studying the conjugate heat transfer, which is, the boundary
condition at the solid-fluid interface is necessary. Basically, CHT analysis is of importance where heat
transfer consists of several differential equations. An example, where heat transfer in the fluid is
governed by energy, momentum and three-dimensional continuity equations is a solid surface with heat
conduction from inside and a fluid flow on the external surface as presented in figure 1 (John et al.,
2019).
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Figure 1 - An example of conjugate heat transfer problem (John et al., 2019)

CHT problems can be solved either by numerical models or analytical methods. Analytical solutions for
convection and conduction problems individually are easier, while, CHT problems are much more
challenging to solve. Analytical CHT has been presented by many researchers in the past but the
numerical methods of CHT analysis became more common in the last decades (Shah & Jain, 2015).
Analytical methods require complete knowledge of the problem and many assumptions. The accuracy
of results depends on the extent of assumptions validity. Numerical solutions are simpler, each
numerical algorithm can be used for several CHT problems. The main equations in CHT problems are:

e The mass conservation law or continuity equation

e Momentum conservation

e Energy conservation law
These equations are governed in steady or unsteady fluid flows. Moreover, for steady and unsteady heat
transfer in solid the governing equations are:

e Two dimensional or three-dimensional unsteady energy equation

e Laplace or Poisson equation

¢ One dimensional steady or unsteady conduction equation
Equation and strategy selection in the solid domain is based on the nature of heat conduction as an
example choosing one-dimensional heat equation helps to have a simple analytical solution in the solid-
fluid interface. For conjugating the solid and fluid domain there are mainly two different methods. The
first method is the approach when all equations in the fluid and solid domain are solved together. The
second method is the iterative approach where the solid and fluid domain is solved separately and only

the solutions are combined at the interface (John et al., 2019).

2.2 Wind chill

The wind chill temperature is an air temperature that in a condition of no wind speed will have the same
result in wind chill index when there is wind speed present (Osczevski & Bluestein, 2005). It can also

be defined as human discomfort and exposure to danger (Keimig & Bradley, 2002).
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Wind chill factor can be explained as a sensation to cold due to the wind in any environment. High wind
chill factors can bring health hazard for human operating the cold (Ahmad, Rashid, Khawaja, &
Moatamedi, 2016). The wind chill factor considers the combined effect of air temperature and wind
speed on humans. It can be used for potentially dangerous conditions humans are exposed to (Bluestein,
1998). Table 3 shows the wind chill chart that illustrates the temperature humans feel when exposed to

wind speed using the formula below:
WCT (C°) = 13.12 + 0.6215T - 2.37V %16 + 0.3965TV 16 (1)

Where T is in Celsius degrees and V is the wind velocity in kilometers per hour.
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Table 1 - Windchill chart (Osczevski & Bluestein, 2005)

NORSOK S-002 standard proposes restrictions for outdoor work. It says for wind chill index of 1000
W/ m? only 10 minutes of work is allowed and working should be stopped for wind chill index of more
than 1600 W/m? (Kaspersen, 2018).

2.3 Human body

The human body is transmitting energy all the time like any other system. It transmits the energy
received from food to work and heat. The 1% law of thermodynamics states that the energy always
conserves and it only transmits from one form to another (Lucas, 2015). The human metabolism or
energy consumption has a direct relation with cells activities. The energy intake from food will be
transmitted to work or heat and the rest will be stored as fat (Swart, 2017). The humans are endothermic
in which they have the constant core temperature of 37 degrees Celsius, however, there is 1.5 degrees

difference between males and females.
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2.3.1 Human reaction to cold

When humans are exposed to cold the body tries to conserve the heat in the core by reducing the blood
flow in the other parts of the body starting with the outermost layer which is the skin. Human
performance and reaction to cold is influenced by various factors including temperature, wind, humidity,
age, gender, body morphology, the surface to volume ratio, activity level, physical fitness, cold
adaptation, clothing, and food intake (Leon, Sandal, & Larsen, 2011). These physical and environmental
factors contribute to the cooling of the body core (Auerbach, 2007; Castellani et al., 2006; Heckert,
2011; Medicine, 1996; Rintaméki, 2006; Swart, 2017; Van Ooijen, Van Marken Lichtenbelt, Van
Steenhoven, & Westerterp, 2004)

Ambient temperature: the surrounding temperature influences the heat production and human

metabolism.

Humidity: humid air conduction is better than dry air, therefore higher humidity increases heat loss,

breathing becomes more difficult in cold air with low humidity
Wind: the air blowing on the surface of the skin removes the layer of heat and leads to a colder sensation

Age: human older than 60 years of age have less tolerance to low temperatures due to less
vasoconstriction. Physical fitness is decreased. Elders feel tired sooner and less sharpen sensitivity to

cold which leads to a higher risk of hypothermia.

Gender: woman have a lower surface to volume ratio thus the heat loss is bigger. In addition, the

menstrual cycle has negative effects on thermoregulatory responses.

Body: body size and fat influences heat loss. Fat works as a layer of insulation which works positively

when being exposed to cold.

Surface to volume ratio: the heat loss is faster in smaller size bodies this is also correct for smaller

body parts such as fingers and feet.
Activity level: doing physical activities can help maintaining the core temperature

Good physical fitness: decent physical fitness leads to higher metabolism and helps the body keep the

core temperature in the normal level

Clothing: clothing should be implemented wisely; tight clothes can decrease blood flow and loose
clothes can lead to bulkiness and decrease performance efficiency. Normal clothing consists of an inner
layer, middle layer and outer layer, trapping the air between the layers or in the layer can decrease heat
loss.
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Food intake: the energy consumption usually increases due to extra weight of clothing and increased
metabolism to keep the core temperature also dehydration can happen because of unrealistic feeling of
full bladder.

2.3.2 Human exposure to cold

Humans are endotherm on which we implement the energy received from food to produce heat, doing
the daily work and functioning. The heat production should maintain the core temperature of 37 degrees
of Celsius. With higher wind speed the body cooling will be faster (Wu et al., 2016). When we are
exposed to cold more energy will be used for heat production. Humans respond differently to cold
physiologically based on anthropometry, age, sex, race, thermoregulatory fatigue, fitness (Castellani &
Young, 2016; Swart, 2017). These factors considered for every individual. There is a certain working
condition that one can tolerate although using different equipment and facilities such as proper clothing
and protection from cold or wall protecting working areas from wind, snow, etc. At some conditions
protections can improve the efficiency of workers however, In many cases the protection cannot help or
maybe so expensive or even impossible to implement thus, in these scenarios the only possible solution
will be work stoppage. Other than that it may lead to different degrees of injury for human operating in

cold and risk increase.

2.3.3 Cold-related injuries

There are some certain types of injuries which occur when humans being exposed to cold they are
explained briefly below (Castellani et al., 2006; Swart, 2017):

Frostnip: frostnip is the freezing in the skin and outer layer tissues which happens in fingers, toes, nose,
cheeks and ears. The signs appear with stings and whitening of the skin. Frostnip can be prevented by

clothing.

Frostbite: frostbite usually influences toes, nose, cheeks, fingers and ears. It is the freezing of tissues
in the skin and deeper level. The first-degree frostbite happens when the skin changes color but there
would not be any peeling. The second-degree frostbite leads to bruises and peeling of the skin and the

third degree kills the skin tissues and maybe deeper level tissues, pain increases, and numbness happen.

Chill blains: chill blain cause inflammation. Hand and feet swell and there would be low pains. These

signs may remain for some days after stoppage of cold exposure.

Trench foot: being exposed to cold, damp and water causes trench foot it can develop to inflammation,

redness, itches, numbness and some severe cases tissue death.

Fingertip fissures: when being exposed to cold for a long time deep and painful fissuring may happen

in the fingertips.
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Cold burn: superficial freezing of the skin and tissues when touching a super cold surface is called cold

burn.

Hypothermia: hypothermia is the body’s core chilling the normal temperature e.g. 35 degrees Celsius.
It can happen be mild from 33 to 35 degrees, moderate (29-32) or severe (9-28).

2.3.4 Human error

The terms human factor and human error are used interchangeably as the root cause of accidents
happened, referred to people instead of technological failures. However, human factors can be
considered as underlying causes of accidents and human error can be defined as immediate causes.
Human factors can be categorized to (1) individual factors such as competence, stress and motivation,
(2) group factors including management, supervision and crews, and (3) organisational factors like
company policies, standards, systems and procedures. Human errors can be divided to three different
groups which are (1) skill-based that consists of action and checking errors, (2) rule-based like retrieval
and transmission errors and (3) knowledge-based including diagnostic and decision errors (Gordon,
1998). Near 80% of the accidents happen due to human error (Swart, 2017). To decrease the loses human
errors should be reduced to the greatest extent. In order to decrease the human errors some barriers can
be implemented that leads to reduced risk. Swiss cheese model which can be used to decrease the losses
implementing blocks in each level to mitigate the consequences or probabilities of hazards is illustrated

in figure 2.

4 The Swiss Cheese Model of
Accident Causation

Some holes due
to acthre fallures

Hazards

Other holes due to
latent condlitions

| Successlve layers of defenses, barrlers, & safeguards

-5 P .

Figure 2 - Swiss cheese model (Gabbert, 2013)

2.4 Risk management

Risk can be defined as the effect of uncertainties on objectives. An effect is a difference from expectation
which can be positive or negative. Risk is usually expressed as the probability of a failure and its

consequences. Risk management can be referred to as all the actions taken to control an organization
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considering risk (Luko, 2013). A risk management method for organizations developed based on ISO

31000 standard is presented in figure 3.

Communication and
cansultation

Y

Probability analysis

¥ A 4 \ Y Y A 4

Establishing the
context

>  Data collection > Hazard identification Risk analysis > Risk evaluation [—» Risk management

Risk acceptance

Consequence criteria
analysis

Data collection and
monitoring

Figure 3 - Risk management process

Any organization, system or technology is influenced by uncertainties which makes it unsure if they can
achieve their goal or not that is referred to as “risk”. To decrease the loses and increase the efficiency
having a decent risk management system is of importance. The first stage in risk management process
is to establish the context by defining the effective parameters and setting the risk criteria. The next
stage is data and information collection about any types of hazards and unwanted events this also helps
identifying risks more accurately and prioritize on the most important hazards. Risk analysis comes in
the next stage where the probability and consequences of events should be considered. Evaluation of the
risks should be performed to assess how important each hazard is and how they should be treated.
Implementing risk acceptance criteria, it can be decided how the risks should be controlled. All these
processes will lead to risk management. Different groups which they work on each part should
communicate and consult about their decision on each level. After introducing the risk management data
collection and monitoring may suggest that there should be some modification or there would be some
unforeseen events which have been neglected and they shall also be considered in all the stages to have

a new risk management system.

2.5 Arctic environment

The Acrctic is the region of the planet above the imaginary line located at 66°, 30'N latitude referred to
as the Arctic circle which includes: Arctic Ocean, Greenland, Baffin Island, some other smaller islands,

Alaska, Finland, Iceland, Northern Canada, Norway and Sweden.
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Figure 4 - The Arctic map (www.worldatlas.com)

The environments in which humans cannot be comfortable in and they need to adapt themselves with
atmosphere can be presumed as extreme environments, therefore, the Arctic and polar regions are
considered as extreme harsh environments (Pibernat, Ellis-Evans, & Hinghofer-Szalkay, 2007).

These regions have different challenges for operation conditions such as low temperature, icing,
darkness, wind etc.

2.5.1 Low temperature

Usually during winter when there is no sun above the horizon in the Arctic the average temperature is
around minus 20 degrees Celsius. The air temperature pattern 2 meters above the surface in the Arctic
is shown in the figure 5. Blue, purple and yellow lines are respectively related to years 1958-2016 and
the red line is for the year 2018 (Weisberger & Writer, 2018).
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Figure 5- Daily air temperature for the Arctic (Weisberger & Writer, 2018)

The low temperature in the Arctic cause challenges for marine industries and ships, offshore oil and gas
platforms, melting of ice due to general global warming but still as long as the temperatures are low for
human operating in these regions it has negative effects on the efficiency of workers. The extremely low
temperature in polar and sub-polar regions causes ice formation, in these areas all precipitation is in the
form of freezing rain, snow or ice pellets. Ice buildup happens in temperatures below 2 degrees of
Celsius and wind speeds over 10 m/s (ABS). Some of these challenges can be addressed with equipping
the human with proper gloves and clothing however in some situations the working should be stopped

due to high levels of risk.

2.5.2 Darkness

One of the problems which make some challenges for working conditions in high latitudes is darkness.
In these regions in certain times of the year sun sets much sooner than other parts of the world and even
does not rise above the horizon from almost end of November to the middle of January, this is exactly
all the way around in the summer when sun does not set at all and there is no darkness which is referred
to as polar day phenomenon. The higher the latitude the polar night and day becomes more extreme in
terms of hours of darkness and daytime. For example, table 2 shows the darkness and daytime of some

locations in the Barents Sea which is a part of the Arctic ("The Polar Night — a time of colour,").
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Region | Hammerfest | Nordkapp Vardg John Bjerngya | Longyearbyen North
Castberg pole

No sun 22 20 23 14 7 26 25
above | November | November | November | November | November October September
horizon

Sun 20 22 19 28 4 16 18
return January January January January February February March

Table 2 - Darkness times in some regions of the Arctic (“The Polar Night — a time of colour,")
2.5.3 Icing
Icing is a function of wind speed, air temperature, cloud liquid water content, cloud droplet spectra etc.
Icing can generally divide into two categories: 1) Sea spray icing and 2) Atmospheric icing.

Sea spray icing happens so fast when there is high wind speed, low sea temperature, low air temperature.
The amount of salt in the sea water that affects the density has an impact on the sea spray icing in
addition to sea waves and spray flux volume influence the rate of sea spray icing. This type of icing is
the main icing type that occurs in the Arctic. When the air temperature is less than the freezing
temperature of sea water in addition to wind speed over 11 m/s the freezing spray will happen. Regarding
this, many parts of the Arctic will have the problem of sea spray icing(Jones & Andreas, 2012). Overland

has developed a formula for estimating the sea spray icing (Overland, 1990):

Vo (T ¢—T,
ppr= alrTa)
1+0.3(Tyy—T,)

)
PPR = Icing Predictor (m C°/s)

V7, = Wind Speed (m/s)

T¢= Freezing point of seawater (-1.7 C* for North Pacific)

T, = Air Temperature (C°)

T,, = Sea Temperature (C°)

PPR <0 0-22.4 22.4-53.3 53.3-83 >83.0
Icing Class None Light Moderate Heavy Extreme
Icing Rates 0 <0.7 0.7-2.0 2.0-4.0 >4.0
(Cm/hour) <0.3 0.3-0.8. 0.8-1.6 >1.6
(Inches/hour)

Table 3 - Icing class and rate by Overland

Atmospheric icing happens due to a combination of in-cloud water and precipitation in low air

temperatures with lead to snow accumulation, glaze, sleet and frost. Sea spray icing will lead to more
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ice accretion than atmospheric icing and it occurs when the air temperature is between 0 and 20 degrees

Celsius in combination with wind velocities less than 10 m/s (Ryerson, 2009, 2011).

2.5.4 Polar low

Polar lows are the small and strong low-pressure system which happens in the Arctic waters. Polar lows
happen when the cold air from lands flows over the warmer sea. This flow takes warmth and humidity
from the water and makes weather features of thunderstorms. Polar low happens in the whole Norwegian
and Barents Sea from October to May. It has a diameter of 200-600 kilometers. Polar low can change
weather conditions from calm to strong storms in a very short time and people should stay alert ("Polar

lows explained,” 2014).
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Figure 6 - Polar lows formed places ("Polar lows explained,” 2014)

2.5.5 Arctic weather and climate
Like any other place, the Arctic weather is influenced by various factors. The weather is affected by
latitude, pressure, temperature, geography, wind, humidity, clouds and precipitation ("Factors Affecting

Arctic Weather and Climate,"). Each of these factors influences the Arctic weather to a certain extent.

2.5.5.1 Pressure

Meteorologists say how weather changes by considering the changes in air pressure. Air pressure or
atmospheric pressure is the weight of the column of air above a point. At high latitudes of earth, the
pressure is lower due to less air compared to sea level. Changes in air pressure can be an indication of
weather forecasting. A pressure decrease causes low-pressure system that leads to cloudy and rainy

weather and high pressure causes dry and clear. Researchers study the changes in different types of
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pressure patterns to see how they affect temperature, precipitation and winds ("Factors Affecting Arctic
Weather and Climate,").

2.5.5.2 Wind

The root cause of wind formation is solar radiation. Sun energy transfer heat to the surface of the earth
and it is absorbed variously depending on each surface thus the air temperature and pressure changes in
different surfaces causing air to move and form winds. The bigger the pressure changes are, the wind
will be faster. The wind is a result of all acting forces on the atmosphere including pressure gradient
force, gravity, Coriolis force, friction, centrifugal force. Wind speed can be measured by anemometers,
pitot tube, drag cylinder, heat dissipation, speed of sound, and cups and propellers (Kirmayer, 2017).

Arctic winds are typically light meanwhile strong gales which reach hurricane power can occur and stay
for days. In winter strong winds move the snow towards sheltered areas. Strong winds cause higher
wind chill factor which is an indication of body heat loss. Figure 7 shows the average wind speed in
Tromsg which is a city above the Arctic circle.

Average Wind Speed
windy windy
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12 mph = 414 mph
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Figure 7 - Average wind speed in Tromsg ("Average Weather in Tromsg,")

2.5.5.3 Humidity

Humidity is the water content in the air. Humidity is essential for living. Too dry air can bring health
risk for kids or elders. Humidity is usually expressed in two terms relative and absolute humidity. The
Relative humidity is absolute humidity in current condition divided by the highest possible absolute
humidity in the same condition. Absolute humidity depends on the air temperature. When the relative

humidity is 100% it means the air cannot contain more vapor. Humans are sensitive to humidity changes.
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Our bodies feel colder in low humidity due to faster sweat evaporation also high humidity can make an

uncomfortable situation and quicken the sweating (Chandler).

2.6 Weather research and forecasting model (WRF)

The weather research and forecasting model is the most common numerical weather prediction model
fromits release in 2000. It is designed both for operational needs and research and it can provide various
capabilities for a wide range of applications such as: air chemistry, hydrology, wildland fires, hurricanes
and regional climate. WRF is widely accepted since it is free and there are no restrictions on
modification and copyright. WRF has two processes first it configures models type, take the inputs and
establishes the initial condition, secondly it runs the prediction model. The prediction model operates
through WREF’s software that analyses input and output data. WRF is usually written in Fortran and also
can be written with different compilers and runs on UNIX-like operating systems such as laptops or
supercomputers according to data. Simulations in WRF stars with the pre-processing system, it first
takes the geographical information to establish user’s model then it processes and interpolates the
needed atmospheric data and lastly the input data are put on the model and boundary conditions are
generated then WRF can run. WRF can also be used for specific predictions including: large-eddy
currents, tropical cyclones, supercell convection etc. In addition, individuals can make their own
configurations according to their needs (Powers et al., 2017). For example, WRF applications in wind
energy use large-eddy currents to forecast wind velocity in wind turbine heights also polar WRF can
provide predictions in high latitudes and ice sheets using the latest Arctic system reanalysis dataset from
polar WRF (Powers et al., 2017).

2.7 Irradiance

Electromagnetic (EM) radiation is a flow of waves having energy and moving at the speed of light. The
electromagnetic spectrum can be expressed regarding wavelength or frequency. EM spectrum consists
of all EM radiation. EM spectrum includes radio waves, microwaves, infrared, visible light, ultraviolet,
X-ray and gamma ray. Waves with the shorter wave length have higher energy and vice versa ("The

Electromagnetic Spectrum,” 2013).

Page 17 of 61



Penetrates Earth's N N

Atmosphere?

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 0.5%10°° 1078 -10 -12

10’ 107 107° 10 10
Approximate Scale \ ) i
of Wavelength 1 E@ﬁ % ? ﬂ% % 0

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nucle

10* 108 104 10 10'° 10'® 10°°

Temperature of
objects at which
this radiation is the
most intense

wavelenath emitted 1K 100 K 10,000 K 10,000,000 K
9 -272°C  -173°C  9,727°C ~10,000,000 °C

Figure 8 - EM spectrum (Crockett, 2017)

The rate which solar energy is received by a surface is irradiance or flux density. In the SI system
irradiance unit is W/m? that is Watt per square meter. Irradiance depends on the angle of beam direction.
Irradiance changes with the time of the day figure 9 show how irradiance varies in different times of the
days in 42.9°S (Landsberg & Sands, 2011).
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Figure 9 - Irradiance changes with time (Landsberg & Sands, 2011)
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The energy being received by humans working in the cold climate changes with time. Since the angle
of sun varies with time, during midnight sun period the sun angle and the time the solar energy can be
received increases which have a positive effect on cold exposure, on the other hand during darkness in
high latitudes there is almost no direct sun light above the horizon, so the irradiance decreases

considerably.

2.8 3-D printing

About Twenty-five years ago world wide web changed the world, now another technology is gaining
popularity that may do this another time 3D printing or additive manufacturing (AM) is a process of
making three dimensional solid objects from a 3D model. In the creation of 3D printed objects layers of
materials add to each other and form the whole object. AM processes can be categorized to seven
different methods which are: VAT photopolymerization-material jetting-material extrusion-powered
fusion-binder jetting-direct energy deposition and sheet lamination (Yakout, Elbestawi, & Veldhuis,
2018).

3D printing is opposed to subtractive manufacturing like milling process in which the object is formed
by hollowing out or cutting out the material, this small difference makes the whole change. Some of the
advantages are listed below (Campbell, Williams, lvanova, & Garret, 2011).

e Assembly lines and supply chains can be reduced for many products

e The product designs can simply be sent anywhere in the world as a digital file

e Products can be made on demand without inventories and spare parts need

e Manufacturers can be able to produce ranges of products without retooling and additive cost

e Production and distribution of materials could begin to be de-globalized as production can
happen close to the consumer

e Manufacturing can be moved away from the manufacturing platform

e The global resource productivity can greatly enhanced, and the use of fossil fuels can be reduced

e Reduced need for labor in manufacturing

e Parts can be more complex

e Reduced inaccuracies due to computer design

e Instant production on a global scale

e Waste reduction

3D printing enables manufacturers to produce complex shapes using less material than traditional
manufacturing. 3D printing starts with making a 3D model in a computer software, this digital design is
usually a CAD (computer-aided design) file. 3D scanner or 3D printers range from expensive ones

which have industrial use to cheap ones anyone can afford and have at home. 3D modeling software
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come in different ranges also, from thousand per license a year to some free ones. Software usually are
made to work for different fields of technology thus, nowadays, it is possible to find 3D printing software

for aerospace, transportation, furniture fabrics, etc.

Different range of materials is now available for 3D-printing such as Plastics, resins, and metals with
this range of materials many objects can be made and used in different technologies. Knowing the
properties and features of every material that can be used in 3D-printing can help the users have better

choices according to what they desire.

2.8.1 Potential use of 3-D printing in the high north

Northern Norway region is full of natural resources, offshore the coast of Finnmark, Nordland and
Troms and in Nordic part of Barents Sea oil and natural gas can be found. In addition, these regions are
dense resources of flora and fauna, mushrooms and special kinds of berries. Furthermore, the fishing
industry is pretty much strong, cod, haddock, polar cod, salmon, perch, capelin and herring are the
popular types of fish in this county. Finnmark county of Norway is the main iron ores mines, high-
quality slate, and nepheline syenite. Hydropower is the other large resource in northern Norway in
Troms, Nordland and Finnmark counties almost all needed electricity is produced with hydropower
(Valkonen & Lausala, 1999).

Northern Norway countries have colder climate in comparison to rest of the country, it snows more and
accumulates a lot which can lead to roads being closed, electricity loss, transportation challenges or
even sometimes airplanes cannot fly due to bad weather conditions. These regions are also remote due
to their geographical situation and being captivated by sea and many mountains. For instance, Norway
railway only exist to Fauske. This shows that it was not possible or cost efficient to make more railways
higher up north although still, ships can transport the equipment or machines used in any technology,
but it has its own limits. In these cases, 3D printing can be a great help. With 3D printing the objects
can just be printed on the place and on demand with no need for transportation however, It may not be
efficient right now for every industry to invest much in 3D printing but for big industries like offshore
gas and oil platforms or any other technology which will lose a lot in case of stoppage in production
having proper 3D printers for producing the spare parts needed in case of no spare parts to make the

system work continuously is essential.

3D printing, in oil and gas technology can be used for manufacturing the equipment needed for
extraction, refining, supplying or distribution, since there is much potential for offshore technologies in
the high north regions with implementing 3D printers the downtime can be reduced significantly in case
of failure, or the need for spare parts can be decreased due to availability of production on demand by
3D printers. In addition, the transportation is always challenging and expensive for offshore

technologies which can be reduced using 3D printers.
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Also, in other industries like fishing, hydropower plants and mining the same situation quietly exists,
they all have the challenges regarding harsh cold climate and remoteness, although 3D printing has
limitations but in many situations in can be a proper mean of production with great potential for
manufacturing or making any object, technologies can also move towards additive manufacturing by
changing their design and materials and make their products and parts printable. By implementing the
3D printing industries can enhance sustainability, survivability, maintainability thus, performability of

systems will improve.

2.8.2 3-D printing risk matrix development
Like other kinds of technology, there are some risks involved in 3D printing process, in this section
some of the hazards in 3D printing will be presented and some solutions regarding those hazards will

be brought out, finally, a risk matrix will be developed.

Risks and hazards involved in 3D printing process in cold remote regions and barriers regarding hazards

also the probability and consequence of each hazards is presented qualitatively using 5*5 risk matrix.

HAZARDS PROBABLITY | CONSEQUENCES | MITIGATING UPDATED UPDATED
MEASURES PROBABLITY | CONSEQUENCE
Reduced Frequently Marginal Covering 3D Unlikely Negligible
functionality printer
due to low
temperature
(H1)
Fumes or Likely Marginal Using filters and unlikely Negligible
ultrafine ventilation
particles release
(H2)
Chemicals Likely Marginal Enclosed system Unlikely Minor
contact (H3) and personnel
wearing proper
clothing
Fire (H4) Quite unlikely Catastrophic Regular Very unlikely Catastrophic
maintenance
Electric shock Likely Catastrophic Restricted Unlikely Critical
(H5) access
Maintenance
Entanglement Likely Critical Enclosed system Unlikely Marginal
(H6) around moving
parts
Skilled staff

Table 4 - 3-D printing risk analysis

The risk matrix before mitigating the barriers is presented in table 5. The green area is the acceptable
risk, the yellow area is ALARP zone which means the risks which are in these areas should be as low
as possibly practical which means if a risk mitigation measure exists it should be implemented as long
as it is economically beneficial otherwise, the system can work with the existing risk. The red area is

the unacceptable risk zone which must be reduced using barriers.
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Frequently (once per
month)
Likely
(once per year)
Quite unlikely (once per
10 year)
Unlikely (once per 100
year)
Very unlikely (less than
once per 1000 year)

Probablity/consequences | Negligible Minor Marginal Critical Catastrophic
(lessthan | (occupational | (operational (severe (death or
occupational illness) damage) | malfunction | system loss)
malfunction and
damage)

Table 5 - risk matrix before mitigating barriers

It can be seen that all the risks involved in 3D printing process are in the unacceptable zone thus, they

must be reduced using mitigating barriers. Below the risk matrix after implementing the mitigation

methods is presented in table 6.

Frequently
(once per month)
Likely
(once per year)
Quite unlikely (once per
10 year)
Unlikely
(once per 100 year)
Very unlikely (less than
once per 1000 year)

H4

Probablity/consequences | Negligible Marginal Critical Catastrophic
(less than | (occupational | (operational (severe (death or
occupational illness) damage) | malfunction | system loss)
malfunction and
damage)

Table 6 - Risk matrix after mitigating barriers

It can be seen that if the barriers applied H1, H2 and H3 would be in the acceptable risk zone so the
system can function well with these hazards. H6, H5 and H4 are in the ALARP zone so if there is any
other mitigation method available it should be applied otherwise, the risks will be accepted, and the

system will work with the existing risks.

In this thesis the WINDTECH device outer shell and honeycomb used to stabilize the flow field in the

cold box used for experiments were 3-D printed which will be explained in more details later.
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3 Methodology

In this chapter the project conducted prior to this thesis, the methodology implemented for the thesis,

equipment used for carrying out experiment will be explained.

3.1 Pre-projects

In advance of this thesis, a project carried out in relation to the thesis. The project found a relation to

measuring the wind velocity using pressure difference values.

3.1.1 Pressure difference, wind velocity and ambient temperature
analysis

In the project, a pressure sensor was installed on a circuit board and another pressure sensor was attached

to the board to measure the reference pressure. Board setup can be seen in figure 9.

R e A M e

Figure 10 - Board setup

To find the relation between pressure and wind velocity a hair dryer was used to control the wind
velocities was being blown to the sensor. The wind was controlled with a voltage regulator and varied
from 1 m/s to 7 m/s. The wind was blown to the pressure sensor from the top and side direction (figure
11, 12). The reference pressure sensor also been tested in the cold box and out of the cold box. The
difference of the averages for pressure sensor on the board and reference pressure values used to make

an estimation of wind velocity being blown to the sensors.

Page 23 of 61



Figure 11 - Side wide direction

Figure 12 - Top wind direction

In the both wind directions, the reference pressure sensors were put into a box for protection from wind.
In each wind direction experiments ambient temperatures varied from -5 to -45. Figures 13 and 14 shows
how wind velocity changes with pressure difference values. In the case of top wind, the pressure
difference increases with higher wind velocities, but side wind causes lower pressures on the pressure

sensor thus, the plots are showing a decrease in the wind velocities.
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Ambient Temperatures
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Figure 13 - P, V and ambient temperatures (top wind, ref inside)

Figure 13 illustrates how pressure difference changes with velocity in different ambient temperatures
the graph been plotted for the data regarding the reference pressure sensor inside the cold box and wind
blowing from the top to the main sensor. The total trend is positive in this case, which indicates the
pressure difference increases with wind speed. If this graph compared with figure 24 which is related to
the same scenario but with the reference pressure out of the box it can be seen that the distances between
each ambient temperature is bigger that indicates the higher differences in the average pressure

difference when the reference pressure is out of the cold box.
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Ambient temperatures
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Average pressure difference(Pa)
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Figure 14 - P, V and ambient temperatures (side wind, ref inside)

Figure 14 shows the graphs regarding the reference pressure sensor inside the cold box. What stands
out from this graph is that the negative trend is due to wind blowing to the main sensor from the side
which causes a decrease in the pressure compared to the reference pressure not exposed to the wind
from top. The graphs in this case are closer to each other compared to figure 25 which relates to the

same condition but with the reference pressure sensor out of the cold box.

Ambient temperatures
—0— -5 —0—-10 —0—-15 —8—-20 —0—-25 —8—-30 —@—-35 —@— 40 —@—-45
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Average pressure difference(pa)

-200 e e °
-250 — ——o—0—F
200 o ———°
-350

Wind velocity(m/s)

Figure 15 - P, V and ambient temperatures (top wind, ref outside)
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Figure 15 depicts the pattern in which wind velocity changes with pressure difference in different
ambient temperatures. This graph been plotted for the experiments regarding the reference pressure out
of the cold box and wind blowing from the top to the main sensor. The graphs are further from each
other that shows the average pressure difference is higher compared to the case which reference pressure

is inside the cold box as it has been shown in figure 13.

Ambient temperatures
—o— -5 ——-10 15 —@—-20 —@—-25 -30 —@—-35 —@—-40 —@— -45

-50
-100
-150
-200
-250
-300

-350

Average pressure difference(pa)

-400

-450
Wind Velocity(m/s)

Figure 16 - P, V and ambient temperatures (side wind, ref outside)

Figure 16 shows how pressure difference changes with different wind velocities in various ambient
temperatures. The graph been plotted with the data collected from the experiments regarding the
reference pressure out of the cold box and wind blowing to the main sensor the side. The downward
trend in the graphs depicts the decrease in pressure due to wind being blown to the sensor from the side.
The distances between each graph for different ambient temperatures are higher in comparison to the
figure 13 due to reference pressure sensor situated out of the cold box.

3.1.2 Wind velocity and pressure difference relation

In this part the graphs for pressure difference as a function of wind speed is presented using the graphs
and the data collected for each ambient temperature a linear relation established with a specific constant
and certain error of R2. The relation is shown in each graph for every ambient temperature as y = ax +
b which y is pressure difference and x is wind velocity. Four graphs for the ambient temperature of -5
for the cases of top wind and side and reference pressure being inside and outside the cold box will be
presented in this part and the rest is in APPENDIX I.
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Figure 17 - P & V relation for -5° (top wind, ref inside)

Figure 17 presents the graph for pressure difference and wind velocity in ambient temperature of -5
degrees of Celsius for the case of wind blowing from the top to sensor and reference pressure sensor
being inside the cold box. The wind speed can be calculated with having the pressure difference value
as y. R? is the error value which indicates the wind speed calculated using the equation can have 2.8%
error in this case. The line has a positive gradient due to direction of wind. The wind being blown from
the top to sensor causes higher pressure on the main sensor in comparison to the reference sensor not

exposed to wind.
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Figure 18 - P & V relation for -5° (side wind, ref inside)

Figure 18 presents the graph for pressure difference and wind velocity relation in ambient temperature
of -5. The graph has negative gradient due to wind blown to sensor from the side which causes lower
pressures compared to reference pressure. The relation between pressure difference and wind velocity

is presented in the graph with error value of R?= 0.6328.
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Figure 19 - P & V relation for -5° (top wind, ref outside)
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Figure 19 shows the graph for pressure difference and wind velocity relation in the ambient temperature
of -5 degrees in can be seen that the due to wind blown to sensor from top the gradient of the line is

positive showing the pressure increase due to wind direction.
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Figure 20 - P & V relation for -5° (side wind, ref outside)

Figure 20 illustrates the relation between average pressure difference and wind velocity in the ambient
temperature of -5 degrees the gradient is negative for the line presenting the function since the wind was
blown to the sensor from the side and caused a decrease in the main sensor pressure in comparison to

reference pressure which is out of the cold box.

3.1.3 Pressure, wind velocity and ambient temperature relation

In the experiments it was chosen to have two different situations for the reference pressure sensor (1)
outside the cold box and (2) inside the cold box and protected from wind using a cartoon box. It can be
said that the sensors are quite sensitive to this change since the distance between each graph for different
ambient temperatures changed in these two cases. The distances were bigger when the reference pressure
was out of the cold box which indicates the pressure differences are higher compared to the case with

reference pressure sensor inside the cold box.

The wind was blown to the sensor from top and side. The results showed that wind blowing from the
top to sensor will increase the pressure to a certain extent in each ambient temperature and wind blowing

from side to the sensor will decrease the pressure.
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Choosing different ambient temperatures showed that the pressure is also sensitive to ambient
temperature. The pressure decreases with lowering the ambient temperature as it is expected the

viscosity of air changes with temperature which lead to decrease in pressure.
After they analysis and examining the graphs it can be concluded that:

e Pressure is sensitive to ambient temperature and the pressure difference increases with higher
wind speeds and decreases with lower wind velocities.

e Pressure difference changes with ambient temperature in which it increases with higher ambient
temperatures and decreases with lower ambient temperatures.

e Alinear relation can be established for pressure difference and wind velocity.

e Wind velocity can be calculated using the linear equation, by knowing the pressure difference
in any condition the wind velocity can be calculated for a certain ambient temperature.

¢ Wind direction affects the pressure difference in which the pressure difference is negative when
wind blowing from side and it is positive when wind is blowing from top.

e The biggest challenge in finding the heated temperature or the real feel temperature is unknown
values of wind speed however, it can be calculated knowing the other parameters values such
as: ambient temperature and pressure difference

e With knowing all the parameters affecting the heated temperature it can be calculated
implementing the values of wind velocity, humidity, ambient temperature and irradiance.

o Heated temperature can be further used as basis for developing a risk management program for

workers operation conditions in cold climate.

3.2 Device setup, design and prototyping

The device was designed by WINDTECH team in advance of this thesis. The device is designed to
gather ‘cold’ sensation associated parameters. It can be attached to the uniforms humans wearing in the
cold climate working condition or can be installed where the local ‘cold’ sensation is of importance such
as cruise ships, wind farms or oil platforms, etc. The device outer and back shell is prototyped by a
desktop 3D-printer at the University of Tromsg. The device is equipped with temperature, humidity,
pressure, irradiance and ‘heated temperature’ sensor. The irradiance sensors are installed with 45 degree
angle from the horizontal and vertical direction to absorb the lights as most as possible. The device is
also equipped with a small display which shows data logging status, battery voltage, and battery ampere.
The black button at the side turns data logging on and off with keeping the button for 7 seconds. The
red button is the device power on and off button. The device has a memory stick for saving the data and

can be connected to a computer via USB cable to extract the data.
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3.2.1 Sensors on the device

The device is equipped with seven sensors in total. Three BME280 sensors on each side of device
measure ambient temperature, humidity and pressure (sensors 0, 1 and 3) also a same sensor is installed
inside (sensor 2) the device to measure reference pressure. Two Si1145 light sensors on the edge of the
device collect irradiance data and Si7020 is implemented with a heater to collect ‘heated temperature’

values.

BME280: This sensor is a combined humidity, pressure and temperature sensor. It can be used for
context detection, health monitoring, smart homes, GPS modification, weather forecast and vertical
velocity measurements. Figure 20 shows a simplified block diagram of BME280 sensor (Bosch, 2014).

VBD {1 VJDIO
Voltage Voltage
regulator | [reference
Presslure . Pressure (analog &
e front-end | | | digital
element = | .
Humidity [
umidi —
t
sensing Humidity oo o
front-end !
element e |
f
Temperature o
. a
sensing |+ Temperature| [ |
front-end :
element :
—1cse
[0SClPOR[NVM]
GND™

Figure 21 - BME280 block diagram (Bosch, 2014)

Si1145: The Si1145is an ultraviolet (UV), low-power, reflectance-based, infrared proximity, and visible
light sensor which is programmable. This sensor has an analog to digital converter and highly sensitive
visible and infrared photodiodes. It can be used in smoke detectors, electronics, automation, dispensers,
etc. (LABS, 2014). The sensor’s block diagram is shown in figure 21.
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Figure 22 - Si1145 blcok diagram (LABS, 2014)

Si7020: This sensor is a combined humidity and temperature sensor. Its applications can be mentioned
in thermostats, white goods, indoor weather stations, electronics, etc (LABS, 2016). the functional block

diagram of this sensor is illustrated in figure 23.

Vdd
1
Si7021
i =TT =TT |
l1.25v: : Calibration :
Humidity | | 1 o0 1| ]y Memoy
Sensor -
Control Logic
ADC
Temp - ¢
Sensor -
SDA
I12C Interface
SCL
(]
GND

Figure 23 - Si7020 sensor block diagram

All sensors are factory calibrated and the calibration data is stored in the non-volatile memory and

they do not need recalibration.

Page 33 of 61



Figure 24 - WINDTECH device
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Figure 25 - WINDTECH device internal parts

3.2.2 Battery life
The battery used on this device is Li-lon 1440 mAh. The battery showed a good performance. During
field tests the device survived more than 48 hours and in the cold box test the device had no problem

functioning in minus degrees up to -45 degrees Celsius.

3.3 Data collection

Data collection consists of all the procedures that had been followed to conduct the experiments in the
lab with different conditions and gather the data in the field.

3.3.1 Lab experiments

The lab experiments were carried out in the safety lab at the Arctic University of Norway. All the
experiments were done inside a cold box which is a heating machine that can be used both for heating
and cooling. The cold box has a nominal range of -108.1 to 198.2 Celsius degrees. The temperatures
used to test the device were from 0 to -45 degrees of Celsius. The device was put in a carton box inside
the cold box. The device was tested in three different humidity condition, four different irradiance
condition and four wind velocities in temperatures from 0 to -45 degrees Celsius with 5 degrees

difference for each experiment therefore 432 readings on data has been done. For each reading, the
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waiting time to gather the data was at least 25 minutes. The device needs some time to stabilize at each
temperature therefore, after each change in temperature and wind velocity the waiting time to collect

the data was 45 to 60 minutes.

Figure 26 - Cold box

3.3.2 Field experiments

The field tests were done in the open environment in Tromsg and Svalbard where the weather conditions
are cold, and it is a realistic condition that usually humans working in the cold climate are exposed to.
Field tests were conducted during March, April and May 2019 in 42 different days and in various
weather conditions to consider different values of ambient temperature, pressure, wind velocity,
humidity and irradiance in real. The field tests were done by putting the device in an open space to
collect the data over longer periods of time.
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Figure 27 - Field test in Svalbard

Figure 28 - Field test in Tromsg

3.3.3 Meteorological data
To compare the field tests with meteorological data provided by weather stations they also gathered

each time the device was tested in the field. Meteorological data were gathered from www.yr.no

Page 37 of 61


http://www.yr.no/

webpage. Yr database is reported based on weather stations located in Tromsg. The meteorological data

is available in appendix II.

3.3.4 Equipment

To carry out the experiments in the lab various equipment were used. Each equipment has its own
functionality and purpose and helped getting more accurate and reliable results. The equipment used are
described below.

Cardboard box: to have a consistent and unchanged flow field inside the cold box and better control
on wind velocity blown to device and sensors a carton box was used. In all the lab experiments the
device was put in the carton box and inside the cold box beside other equipment used to control humidity

and irradiance.

Figure 29 - Cardboard box and other equipment in the cold box

Page 38 of 61



Fans: a big fan on one end of the carton box is used to control the wind velocity. The fan is attached to
a voltage regulator and fan speed can be changed. Another fan is put in front of the main fan and it is

attached to an anemometer to monitor the wind velocity on the device.

Figure 30 - Fans

3-D printed honeycomb: a honeycomb shaped entrance is used on the other end of the box to make it
possible for the fan on the other side of the carton to suck the cold box air in the carton box and make

the wind blowing situation on the device.

Figure 31 - Honeycomb used in carton box air entrance

Halogen light: a halogen light bulb was used to control the irradiance. It was attached to a voltage

regulator. The voltages used were 0, 6, 9, and 12 volts.
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Figure 32 - Halogen light

Cups of water: two small cups filled with water were put inside the carton box beside the device to

control the humidity.

Voltage regulator: a voltage regulator was implemented to control the light on the halogen light bulb.

’-’:E__~ 728695  0-52V 0-3A 5VI2A

Figure 33 - Voltage regulator

Anemometer with regulator: an anemometer was attached to a fan with a sensor to monitor the wind
velocities blown on the device.

Page 40 of 61



Figure 34 - Anemometer and regulator

3.3.5 Termite

Prior to this thesis the codes needed to collect the data from the device board were uploaded to Aurdino.
Termite is software which is used to extract the data. The codes uploaded to Aurdino makes some certain
commands available in Termite. The time and date can be changed. The heater’s active and passive time
can be set which means the time the heater is on and off can be changed. The command ‘LISTFILES’
shows all the files been stored in the device memory and command ‘PRINTFILENAME’ prints all the
collected data on a certain time and data. The codes have been designed to gather and save data in each
hour, so each file is referred to every exact time. All the experiments have been done using sixty second
active time and five hundred and forty seconds for the time the heater stops working. For some
experiments it was chosen to increase the time heater is working to 120 seconds. In this case, the battery
is drained more, and the device showed about 24 hours of life. The higher active time leads to better
stabilization of ‘heated temperature’ therefore the data would be more accurate however it decreases the

battery life and also risks the failure of the sensor due to overheating.
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Serial port settings

Port configuration Transmitted text Options
Port COMS| w () Append nothing [ ]stay on top
() Append CR Quit on Escape
Baud rate 115200
audrs - (®) Append LF Autocomplete edit line
Data bitz a8 w (") Append CRAF [ Close port when inactive
Stop bits 1 o Local echo Plug-ins
Parity FITE n Received text
Flow control | none w Font | default R
User interface language | English {en) w Cancel

Figure 35 - Termite software settings

E Termite 3.1 (by CompuPhase) - X

| COM& 115200 bps, 8M1, no handshake | Settings Clear About Close

Cormand " received.

Activetime: B0 seconds. Passivetime: 540 seconds
LInknown command. Yalid commands are:
SETDATE wwas-mim-dd hh:mimess
SETACTHWETIME mrmiss

SETRASSNETIME mmiss

LISTFILES

FPRIMNT filename

DEBUG1/0

I [+]

Figure 36 - Termite commands and main page

An example of raw data is attached in appendix I11.

3.3.6 Ambient temperature

The ambient temperature in the field tests could not be controlled thus, the ambient temperature data
collected by device sensors and the ambient temperatures of meteorological data is implemented for
analysis. Since, the device is focused on humans exposure to cold the minus degrees temperatures were
of focus therefore, in the cold box tests the ambient temperatures were varied from 0 to -45 degrees
Celsius with 5 degrees interval. The cold box nominal ambient temperature showed about 4 degrees

difference from the temperatures that gathered by device.
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3.3.7 Velocity

In the lab tests, the wind was blown to the device using a fan. According to the orientation of the device
in the carton box, the wind is blown over all sensors from the side. The fan speed is controlled by a
regulator. Another fan was put in front of the main fan and it is attached to an anemometer to monitor
the wind velocity. The wind velocities varied from 0 to 4 m/s due to average wind speed in the Arctic
which is average 4 m/s second during a year. In the field tests the wind velocity provided by
meteorological data and estimated wind velocity based on pressure difference values collected with the
device can be compared.

3.3.8 Pressure

Pressure values are collected in the device implementing three sensors on each side of the device’s outer
shell and a sensor inside the device to obtain reference pressure values. The wind velocity being blown
to each sensor can be estimated by the difference of pressure on each sensor and reference pressure

values. Since, the wind was blown to sensors from the side a decrease in pressure is expected.

3.3.9 Humidity

The humidity on the lab experiments was changed to two different ones. (1) default humidity of the cold
box (not putting any equipment in the carton box), (2) changing the humidity by putting two cups of
water inside the test box. In the field test, the meteorological data and the humidity data collected by

sensors can be compared.

3.3.10 Irradiance

In the field tests, the irradiance data which includes infrared, ultraviolet and visible light values were
collected by the device and it can be compared with values from meteorological data. In the cold box
tests the irradiance was controlled by a LED light. The voltages used to change the irradiance was 0, 6,
9 and 12 volts.
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4 Results and discussion

In this chapter, the results obtained from data collection and analysis in the field, lab and meteorological

data is discussed using graphs and tables.

4.1 Data analysis

The data collected by the device were transferred to a text document and further transferred to Excel for
the analysis. The thesis is focused on finding a relation between ‘heated temperature’ and its associated

parameters wind velocity, ambient temperature, humidity and irradiance. The ‘heated temperature’

graphs are plotted using MATLAB code and the other plots been drawn by Excel.
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| 9585AM 45 10035008 934 4 100208.65 982 B8 10014752 L5 a1 100090.7 997 0.03 52 %3 0.02 23 0 B3 1M 34
| 95826AM 403 10036348 5.3 39 1001915 992 838 10014341 176 431 10003454 997 0.03 52 62 0.3 52 62 BB 1P 34
| 95827AM 4101 100359.27 985 4 1001343 982 859 10015262 176 83 100099.56 958 0.03 33 %3 003 5 62 63l 33 34
| 95828AM 4087 100335 985 4.0 1001%6.09 993 86 10006159 176 41 10010413 -9.38 0.02 51 261 0.02 52 261 4 1M 34
| 95829AM 4085 10035833 936 404 10013484 9% 86 10015956 -1 8% 1001378 L) 0.02 50 261 0.02 23 0 3135 1M 34
| 95830AM 457 10035242 -9.36 408 10020728 993 86 100160.05 1.7 877 10010167 -9.99 0.03 51 62 0.02 52 261 BM 3B 34
| 95831AM 493 100347.3 987 401 1002847 954 86 10015877 -1 828 100097.03 -10 0.02 52 261 003 52 %3 B85 1M 34
| 95832AM 4 0053 938 418 10020847 934 86 10006261 1.7 43 100102.51 -10 0.02 52 261 0.3 53 62 B3 1B 34
| 95833AM 4108 100347.69 9588 a.u 100205.1 935 26 1001554 IR 4331 10003745 -10 0.02 50 261 0.02 23 261 P3P 319 34
| 95834AM 4106 100346.33 939 408 100198.83 995 86 100060.52 178 4331 100097.89 -10.01 0.4 52 4 0.02 52 261 982 1M 34
| 95835AM 4108 100356.38 98 406 10019364 956 86 10015156 IR 832 100083.6 -10.01 0.03 52 262 0.02 23 0 4019 1M 34
| 95836AM 4L1 10034255 939 409 1001%.64 997 BE 10014354 178 8B 100033.55 -10.02 0.03 52 3 0.02 52 0 4039 1M 34
| 95837AM 4114 10035295 493 4.4 1002327 95 8.6 100146.5 IR 4835 100083.15 -10.03 0.03 52 262 0.02 52 0 4036 378 34
| 95833AM 4112 10036238 83 4.0 10020908 997 BE 10005127 179 236 100038.2 -10.02 0.03 53 62 0.02 53 261 431 3H 34
| 95839AM 4105 10035875 951 433 10020903 938 VA 10014734 -1 837 100085.7 -10.03 0.02 52 0 0.02 51 261 464 1M 34
| 95840AM an 100351.2 951 4.2 1002484 998 2.6 1001615 179 4338 10003284 -10.03 0.03 53 261 0.02 54 261 4136 3M 34
| 95841AM 4119 10036416 951 02 10018316 95 86 10016158 13 4339 10008484 -10.03 0.03 33 262 0.02 23 261 4231 31H3 34
| 95842AM 4L16 10035744 992 4.1 10015438 999 86 10016534 179 434 100039.47 -10.04 0.03 53 62 0.02 52 261 4261 317 34
| 95343AM 412 10034554 982 4.1 1007 10 86 10016541 13 £4 10009156 -10.04 0.02 50 261 003 52 62 428 311 34

5:33:44 AN 412 10033685 99 4.% 100134.7 -10.01 861 10016756 18 4241 10009538 -10.05 0.03 51 62 0.3 pit] it} 4218 311 34

Figure 37 - Sample of data extracted to Excel

4.1.1 MATLAB code

To obtain the behaviour of ‘heated temperature’ a MATLAB code is written. It can be seen that the
‘heated temperature’ increases and stabilizes after a short period of time referred to as ‘heated

temperature’. The code presented below.
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clear
clase all

A7

BTN R o T o O T o
tn
tn

-

Ta=zeros (size (data,l) 60,1):
Th=zeros (size (data,l)  60,1)

Ta(l) = data(l,l):
Th(=zize (data,l)/60) = data(=size(data,l),1l):

for i=60:60:=size (data,l)-1

Th(i/60,1) = data(i,l):
Ta(i/60+1,1) = data(i+l,1);

end
delta T = Th-Ta:

plot (delta T):

axis =gqual

plot (datal)

Figure 38 - Data extraction MATLAB code

The heated temperature values were obtained and plotted and further implemented in plotting the graphs

for velocity and irradiance and other analysis using Excel.

4.1.2 ‘Heated temperature’

Figure 37 shows an example of ‘heated temperature’ behaviour. The graph is plotted using a MATLAB
code for 2883 data points gathered in a field test.
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500 1000 1500 2000 2500 3000

Figure 39 - an example of heated temperature behavior in a field test

The horizontal axis shows the number of data and the vertical axis is the temperature values it can be
seen that the temperature rises from ambient temperature and stabilizes after a short period referred to
as ‘heated temperature’. The heater functions for sixty seconds and it makes the temperature rise to
‘heated temperature’ then the heater stops for 540 seconds and the temperature drops to almost ambient
temperature. As it can be seen ambient temperature changes in each cycle to a small extent this, can be
due to a local temperature change where the device is working or minor errors of the sensors on the
device. The increase in sensor’s active time and passive time improves stabilization but it has a negative
effect on battery life and there is a risk of sensor failure because of overheating. Also, ‘heated
temperature’ varies which is due to change and the cumulative effect of wind velocity, humidity,
irradiance and ambient temperature. By looking at the graph, it can be mentioned that the ‘heated
temperature’ alters with a pattern similar to ambient temperature, therefore, ‘heated temperature’ is very

sensitive to ambient temperature beside other parameters.
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Figure 40 - Example of 'heated temperature' behavior in a lab test

In the lab tests the parameters were controlled individually to analyze the effect of each parameter on
‘heated temperature’ figure 39 refers to a wind velocity of 1 m/s and -20 degrees Celsius with no

irradiance and default humidity. Some examples of ‘heated temperature’ graphs are attached in appendix

V.

4.2 The influence of ‘heated temperature’ associated

parameters

In this section the ‘heated temperature’ associated parameters influence on ‘cold’ sensation is discussed

based on the analysis and data collected in lab, field and meteorological data.

4.2.1 Velocity

In the lab experiments, wind velocity was controlled and monitored with a voltage regulator and
anemometer therefore for each ambient temperature the wind velocity on each sensor can be calculated
implementing the data gathered in the field and in the lab with the same strategy in section 3.1.2 and the
linear equation ax+b=y with a reliable amount of error. Therefore, wind velocity value which is of

importance in finding the cumulative influence of ‘heated temperature’ associated parameters is known.

In the lab tests, the wind velocity chose to be blown on the device was 0, 1, 2, 3 and 4 m/s in the field

tests meteorological data is comparable with velocities estimated from pressure difference values.
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Figures 41 to 44 show the heated temperature relation with velocity in ambient temperatures 0 to -45 in

lab tests with the halogen light bulb voltage of 0, 6, 9 and 12 volts. For plotting the graphs, the ‘heated

temperature’ for each velocity in each ambient temperature and irradiance has been used to consider the

velocity influence on ‘heated temperature’ values.

Heated temperature (C°)

Heated temperature (C°)

Ambient temperatures (C°)
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2.5 3 3.5 4 4.5
Wind velocity (m/s)
Figure 41 - Th, Ta and Velocity (0 v)
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Figure 42 - Th, Ta and velocity (6 v)
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Ambient temperature (C)
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Figure 43 - Th, Ta and wind velocity (9 v)
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Figure 44 - Th, Ta and wind velocity (12 v)

The graphs above show the relation between wind velocity and ‘heated temperature” in different ambient
temperatures and irradiance strengths. It can be seen that there is a downward trend for each ambient
temperature which means increasing the wind velocity decreases the ‘heated temperature’. Also, lower
ambient temperature leads to a reduction in ‘heated temperature values. Comparing the graphs in
different irradiance strengths shows that the higher values of halogen light voltage have a higher ‘heated
temperature’. It can be said that the device is quite sensitive to changes in velocity and irradiance. The

same process and graphs can be plotted for the data gathered in the field.
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4.2.2 Pressure

In the section 3.1.2 had been discussed that pressure difference between the exposed sensor to wind and
reference pressure can give an estimation of wind velocity. To see the effects of wind velocity on the
pressure the device was tested by blowing the wind directly to each sensor. The result showed that the
sensors are sensitive to winds blowing directly to them in way that there is a pressure reduction on the
exposed sensor, therefore the wind velocity and pressure difference relation is reliable with e certain
amount of error. The analysis which ensured the pressure sensor sensitivity in attached in appendix V.

4.2.3 Irradiance

In the lab experiments, the irradiance changed using a halogen light bulb and a voltage regulator. The
halogen light bulb was installed straight to the top of the carton box. The angle of light influences the
irradiance. for the experiments the angle was about 45 degrees, also the irradiance sensor has 45 degrees
from the horizontal and vertical direction. The voltages changed from 0 to 6, 9 and 12 volts each voltage
gave a specific value for infrared, ultraviolet and visible light in W/M2. The table below is each
irradiance voltage strength data based on the data gathered and averaged in different conditions by the

device in the lab experiments.

Voltages (V) 0 6 9 12
Infrared light 252.4 601.86 1378.95 2347.73
(W/M?)
Ultraviolet light 0.0283 0.056 0.157 0.308
(WIM?)
Visible light 261.34 267.53 285.94 314.1
(W/M?)

Table 7 - Irradiance and voltages values

To see the influence of irradiance on ‘heated temperature’ the graphs below are plotted implementing
the data gathered in the lab tests. In the experiments the device was tested in ambient temperatures from
0 to -45 with 5 degrees interval and the wind speed of the fans were varied to 0, 1, 2, 3 and 4 m/s. Figures
45 to 49 shows how ‘heated temperature’ changes with irradiance in different ambient temperatures and

different wind velocities.
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Figure 45 - Th, Ta and Irradiance (V=0)
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Figure 46 - Th, Ta and Irradiance (V=1)
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Figure 48 - Th, Ta and Irradiance (V=3)
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Figure 49 - Th, Ta and Irradiance (V=4)

By looking at the graphs it can be seen that there is a general upward trend in each ambient temperature
which means increasing the irradiance gives higher values of ‘heated temperature’ also it can be seen
that in higher ambient temperature the ‘heated temperature’ is bigger. By comparing the figures 45 to

49 it can be concluded that the higher wind velocities give a lower ‘heated temperature values.

4.2.4 Humidity

The humidity in the field tests was not controlled and they are collected by the device. In the lab tests,
the humidity changed using two cups filled with water in -45 degrees Celsius and wind speeds varied
from 0 to 1, 2 and 3 m/s. The humidity tests can be varied to several different forms by changing the
humidity in the cold box. As an example, below is a comparison of meteorological data and field data
in 02.04.2019 from 00:00 to 08:00. Also, a comparison between two different humidity changes in lab
test is made to see the humidity effect on ‘heated temperature’.
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Detailed forecast April 2, 2019

Time | Weather = Temp. @ Precipitation Wind Pressure | Humid- | Dew Cloud cover
it int
o poin Total Fog Low High
clouds clouds
) ° Gentle breeze, 4 N 100 % 1% 99 % 92 % "M%
00:00 2 o-oamm | | Semlebreed ygngnpal g5 | -5 |
) ° Gentle breeze, 4 . N 100 % 1% 95 % 95 % 100 %
01:00 =2 0.2-0.3 mm X mi/s from south 1008 hPa | 83 % -5 .
0, 0, 0, 0, 0,
02:00 AA° 02-03mm | COebOIed igogipn gy e | 100% | 1% B9% 6% 100%
m/s from south — 1
Gentle breeze, 4 o o o N o
03:00 =1° | 0.1-0.4 mm 3 mis from south- | 1008hPa | 87% | a0 | 0% ! IA’ 99 4% | 100%
southeast
04:00 0° 0.1-0.2mm 3 Gentle breeze, 5 1007 hPa | 85 % e 100 % 1% 94 100 % 100 %
—— m/s from south — 1
0, o, o, 0 0,
05:00 1° 0.6 1.2 mm _I Moderate breeze, 1007 hPa | 86 % 10 100 % 1% 100 % 100 % 100 %
v d 7 m/s from south — 1 I | | E—
A o Moderate breeze, N 100 % 0% 99 % 100 % 100 %
06:00 9 1 0.7 —1.3 mm j 6 m/s from south 1006 hPa | 89 % 0
i ° Fresh breeze, 8 N 100 % 1% 97 % 100 % 100 %
07:00 = 2 0.5—-1.1mm J mis from south 1006 hPa| 91 % 0 .
08:00 20 0.6 1.3 mm _I Moderate breeze, 1006 hPa | 91 % 1 100 % 1% 97 % 100 % 100 %
oy 7 m/s from south — 1
Figure 50 - Meteorological data for 2.4.19
Date Average Humidity Average Humidity Average Temperature
sensor 1 sensor 3 insensors 1 & 3 (c°)
02.04.2019 88.25 85.65 0.74

Table 8 - Field test parameters for 2.4.19

Comparing the results from field test and meteorological data there is minor difference thus it can be

said that field tests are reliable and accurate in terms of ambient temperature and humidity values.

As an example, two different humidity in -45 degrees Celsius is compared in figure 51.
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Figure 51 - Humidity and heated temperature graph
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The graph above refers to -45 degree ambient temperature and two different humidity (1) is the default
and (2) is the humidity with two cups of water inside the carton box. The two cups of water increased
the humidity from 41.65 to 56.47. It can be seen that increased humidity led to a lower ‘heated
temperature in this case, however, to make a more accurate conclusion the humidity tests should be

conducted with more variability.

4.2.5 Connection between parameters

Based on the analysis it can be concluded that ‘heated temperature’ which can be a measure of ‘cold’

sensation is influenced by ambient temperature, wind velocity, humidity and irradiance.

Ambient temperature, humidity and irradiance values can be measured directly and quite accurately
based on the comparison of the data collected and meteorological data. The challenging part for
estimating the ‘heated temperature’ values is wind velocity. Wind velocity can be measured indirectly
using pressure values. The results showed that the velocity values obtained from pressure difference
values are reliable and close to the values controlled and measured by regulator and anemometer, thus
finding a relation between ‘heated temperature’ and its associated parameters is possible. There can be
an equation for measuring ‘heated temperature’. The ‘heated temperature’ can be introduced as a

function of ambient temperature, wind velocity, humidity and irradiance.

Th=f(Ta, V, H, 1) 3)

The equation above can be introduced implementing numerical and statistical methods. However, the
‘heated temperature’ associated parameters are also connected, and they affect each other. The results
have shown their individual influence on ‘heated temperature’ values in lab tests by controlling each

parameter.

Page 56 of 61



5 Conclusion

In this part of the thesis conclusions which can be drawn from data analysis and results are presented.

This thesis is focused on finding the relation between ‘heated temperature’ and its associated parameters:
ambient temperature, wind velocity, humidity and irradiance. To see this relation the WINDTECH
device was tested both in the field and in the lab with various conditions and controlling each parameter
to consider the influence of each parameter towards ‘heated temperature’. Based on the results it was

clear that each parameter has an Influence on the ‘heated temperature’ values.

Regarding velocity, the graphs in section 4.2.1 showed that the higher wind velocity decreases the
‘heated temperature’ which means heat loss increases in higher wind velocities. Also ‘heated
temperature’ values were lower in low ambient temperatures that mean in lower temperatures the heat

loss is higher.

In irradiance experiments, results showed that higher irradiance values increase the ‘heated temperature’
values that mean, the heat loss is less when there is an exposure to light, this similar to experiencing less
cold in sun rather than staying in shades. Also, for irradiance experiments the ambient temperature
showed a similar pattern as in velocity experiments where higher ambient temperature gave a higher

‘heated temperature’ value.

Humidity values can be relatively controlled in lab tests however, field tests showed that the device can
collect humidity values accurately. In lab tests the results indicated that higher humidity decreases the

‘heated temperature’.

The challenging part of the ‘heated temperature’ value estimation is wind velocity since there is no
direct method to measure the wind velocity, however, results showed that wind velocities can be
measured indirectly by measuring the pressure and having a reference pressure values. The difference
between these two values can give an estimation of wind velocity which the device or humans are

exposed to.

Finally, it can be concluded that ‘heated temperature’ is a function of parameters: ambient temperature,
wind velocity, humidity and irradiance and a relation between all these parameters and ‘heated

temperature can be established implementing numerical or machine learning algorithms.

Estimating the ‘heated temperature’ values in any weather condition can help measuring the heat loss
and it can be used to introduce risk management plans for humans or any technologies working in harsh

cold climate.
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6 Suggestion for further work

There can be various suggestions on this thesis to further develop the research.

e The device can be prototyped again with a more robust shell and higher water and humidity
resistance

e The battery life of the device can improve

e The device can be designed in a smaller package

e The field test can be conducted in much more various conditions

o Field tests can be done in controlled conditions such as making a shelter for the device from
different sides to consider the irradiance and wind velocity on different sensors

e Lab experiments can be carried out in many more conditions of wind velocity, irradiance,
ambient temperature and humidity

e The device can be tested by people wearing it in different age, sex, weight, physical fitness in
several weather conditions and later interviewed about how they felt about the cold weather
condition to consider the parameters affecting people on real situations

¢ Much more detailed analysis of the data considering each parameter and their potential
influence towards each other and towards heated temperature can be done

e The data can be developed to machine learning algorithms to quantify the effect of each

parameter towards ‘cold’ sensation
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APPENDIX |

Pressure and wind velocity graphs

The figures below are graphs showing how pressure difference changes with wind velocity in different
ambient temperature when wind is blowing from top and reference pressure sensor is inside of the cold
box.
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The figures below are graphs showing how pressure difference changes with wind velocity in different
ambient temperatures when wind is blowing from side and reference pressure sensor is inside of the
cold box.
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The figures below are graphs showing how pressure difference changes with wind velocity in different
ambient temperatures when wind is blowing from top and reference pressure sensor is out of the cold

box.
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The figures below are graphs showing how pressure difference changes with wind velocity in different
ambient temperatures when wind is blowing from side and reference pressure sensor is out of the cold
box.
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APPENDIX 11

Meteorological data during test days



Detailed forecast March 18, 2019

Time | Weather | Jemp, | Predpialion Wind Pressure m#d: m Cloud caver
- Total Fog Laow High
clouds i’ﬁ clouds
- - Light air, 1 mis . 528 0% 1% 5% 45 %
1z00 [ | =1 0 — i pe 1004 WPa 73% | & — . —
L - Calm, O rfs from .| ET% 0% % 1% £5 %
1300 | -1 £ mm - 1004 hBa TEW | e ,
- o LigHLR. 1 i 58 % 0% 0% 0% 58 %
0| | =17 0 frar e W hPa TE% | -5
rariheast
; Light brenzn. 2 1 0% % a% 2%
1500 | 0| -1° Omm | e Ot |1005hPa | 73N | — —
Light breseze, 3
100 | W0 | -2 | omm | > mefomess  |i00shea sy | a  gr | O 0% 0% o
southanst
M Light breaze. 2
oo | 00 | 2 omm | > misfomemss | i00shea sen | ¢ | OF 0% 0% 0% 0w
southnpst
Light braaiza, 3
oo | B | 3 | omm | S msfum 106 hea se% | 4 | e | B%O @% 1 0% T 0%
soulteast
Light breaze, 3
10| B | 3 omm i fram Toshea Be% | 4 | b | 0% 0% 1 0% 1 0%
soulhaRs:
Light bresaze. 3
20:00 J =i 0 mm mis fram 1007 Wt BE% | - o o i o o
soulaest
Light breaze. 3
21:00 J midt® 0 mm mds fram 1007 WP 6T % | 8 o o o o o
soulleas:
Light brsaze, 3
22:00 J i’ 0 mm més fram 1008 hPa | 6B | B o o i o o
aiill st
Light braaza, 3
23:00 J =5* 0 mm més from souih- | 1008 hPa . TI% | B o o o o o
soulleast
Detailed forecast March 19, 2019
Time | Weather | Temg, | Precipation Wi Pressure | Humig= E;ur Cloud oaver
[ n
Tatal Feg Law Hagh
| |nhudu|%|cbm




Time | Weether | Terp, | Precipration Wird Pressute | turig: | Dew Cloud cover
B | po Tolal | Fog Low | Middls | Hagh
clouds chuds chuds
Cenlle breezs, 4
aooo | J | -5° Dmm i from south- | 1009 hPa | 75% | | O 0% 0% % 0%
aoulbmast
Light bresza, 3
ao0 | Q)| =50 Birnm X\ nnromenm |1woenes| 7w | o i 0% o o Bl
soulhaast
Light breaze, 3
0200 | B | =5 | omm misfiom st | 1010KPs 74 | a0 00| 0% @% L 0m 3w
aoulhmast
Genlle bresze, 4
woo | J | =5 D misfram southe | 1010 hPa TA% | &0 | 0 0% 0 0%
southoast
Gerille bresas, 4
oo | J | -5 Birmm misfrom sathe | 1071 0Pa | T3% | & | 0 F o a5 o o
soulbienst
Gerlle breezs, 4
os00| ) | 5 oem misfam southe | 10410Pa | 73% | e | S | P%O @R A% 0%
soulhmast
- Genlle bressze, 4
ge00 | 0 | 40 Bmm misfram sath= | 1071 0Pa | 3% | & | O o 0% o o
soulheast
Genlle brogze, &
oo | 0 | -4t B mm misfam sauth | 1041 hPa 73 | e | 0% o o5 0% 0%
southaass
Genlle brosze, &
veoo | W | 4 Omm misfam sauth- | 1041 hBa T2% | &0 | O 0% 0% 0% 0%
southnnss
Genlle breeze, &
og00 | | -3 £ mm misfram sathe | 1011 0Pa | 2% | & | D F B o5 o b
southnnss
Genlle breere, &
00| W | 20 £ misfram sauthe | 1042 hBa 1% | &0 | O o o 0% 0%
soulhaass
Gantle braaze, 5 % 0% 0% 0% 0%
i = -
M0 | =i O mm I s from s, | 1012HP8 | 70% |
i . Moderats Brases, % 0% 0% 0% 0%
zoo| O | 0 £ mm 1 Modemeoreel mznea ea% |
Moderals bragzs,
1300 W | 0° B 3 & s from soulke | 10110Pa | B5% | & | O o 0% o o
L HE
Moderale bresss,
ane | | 0 0 men B mis bom southe | 1011 hPa | 60% | o+ | coe | 0% 8% 1A% D%
soulboast - = -
Madesale braess
- ' 83% | 0% | #M% | /% | 0%
w00 | 0° omm | 37 vom south | 1010 0| ST | T | gy Bl bl ks
Frath breszs, B
e | 0% | 1% | 90% | A% | 0%
w00 | 17 o-02em A miswomste 100000 58% | | | | |
- o Frash breaze, & . 53% 0% 52 % 3% 0%
woe | o | 17 | o-oamm | ] RSt lwoones 0% | 4 o i i
. Fresh breaze. B L s | oowm | mw | oaw B
woo | o | 1 Bmm 1 i T S L] i . . ;
Frath breszs, 5o 0% o 0% 5%
L] w
woo | B 1 omm || et lvooanea Tew | . \
Frath braszs,
w00 Q| 0 Grm | ) mishomsed |1007hea 72% | < | 2% | 0% | 0% | 0% | 2%
southanst u =
Frash brooze, 8
21:00 "‘_. 0" £ mm mis fram sathe | 1006 hEa 0% | = | o | 0% o 0% | 45%
southnass
Frash breare, &
22:00 J_, 0" £ mm misfram sauth- | 1005 hBa gR% | &0 | S ¢ | 0% o5 0% | 5%
southaass
Frash brepze, §
7% | 0% 0% | 2% | e48%
200 | | 0° 0 mm ;:.frmmuh- oodhea eE% | w0 | TR 2% | =




Detailed forecast March 20, 2019

Tirw | Weathes | Temp, | Presiptalion Wired Pressuta  Huiide  Dew Cloud caver
B e Fog Law Fegn
clouds [ clouds
Frash bresze, 10
. @ 100 % R % B3% 100 %
00 o 0 mm Ih“n:: fram south= 1002 WPa . 63 % - '
Fresh bresze, 10
N 100 % 0% 6% a3 % 100 %%
-] *
01504 1 0'mm H-.“r::‘i:r\urw southe 1001 hPa 58 % i’ .
Frash bresze, 10
5 100 % % 10 % TR 100 %
02:-00 1 0 h:::fr\nm 50Ut - 999 hPa ST % it =
Frash breaze, 10
o 100 % (R % 98 % 100 %
0300 1 0 mm “nr::lfmm SOt 988 hPa 5B % - -
Frazh bresze, 10
; 100 %% 0% 40 % a8 % 100 =%
o L
04:00 1 B mm ".,.;:‘ﬁumm..h- a8f hPa 4% -
X 5 _ Strong breaze, 11 100 % 1% L 00 % %
05:00 i. 1 0.1 —0.2 mm 1 P — ah e hPa 57T % - ,
. I Sirong breaze, 11 | . . I
as:00 1" | B1—0.2mm 3 s from south- | 996 hPa B4 % -5 100 % 1 75 5 % H5
x I 1
" soullaEst
Sircng braaza, 11 160 % | @ | 84
aren | 1* | 01—0.2mm 1 mds from south- | 906 hPa | TO% | 4" “‘ 1?‘ “
+
- aouiltvaast
o Strong breaze, 12 . 100 % 0% 75 % a5 % B9 %
=0 | & 1 0—0.2mm I s fram south 9EhRe | TN | s | | E—
Frash braaze, 10 1060 % 0% 88 % B2 % T %
L]
08:00 2° o-oqmm | | eRee L esenea 7T 2
i o Fraeh breaze, . 7% ot TE % % BT %
10:00 i O mm I o ah 98T hPa  TE% -
Detailed forecast Agpril 1, 2019
Tire | Weather | Temp, | Predpitalion Wird Presoure | Hurmids De_: Cloud saver
B | el Total Fog Law Fegn
clouds clauds alouts
Moderaie braezs
w ! 57 % 0% 55 % 2% 1%
n
12:0:0 1 0mm o T mis from 1006 hPa . 8B % -t '
Modersin brasze
- ! a7 % 0% 56 % 2% 0%
o *
13:0:0 1 & mm o ¥ mis fram 1006 hPa . AT % - '
Moderaie broeze
o ' a0 % 0% B % % 18 %
14:00 1 0—0,1mm & m/s. from 1005 hPa . &5 % - -
Moderie breeze
' 100 % 1% 96 % Ti% B8 %
-] "
15:00 ‘F 1 0,1 —0,3mm T s from 1006 hPa . A% % a |
1 |¥ - X 1 1 1
& J ! 100 % 1% 3% &1 % 76 %
600 .“. k| 0,1 —1,4 mm o Tl;ru'liu'nmulh- 1006 hPa 2% a° :
Frasn brepzn, B
i 96 % 1% B2 % B7 % B2 %
o
7 ‘ 0° |oF-23mm hnd n'-:sfmmmrl- weshea 7% | = ol T | e | |
Light braaza, 3
. - . 5% 0% 28 % 445 89 %
18:00 v o f—13mm m::sfmmmﬂ- REUEN R L e L - - |
Light braaza, 2
e 9 0% 6% TS % B4 5%
-
1900 | g | -1 0 mm mm;:‘ﬁ“m”““' WP hPa | 6% | | 1 | —
Light brasza, 3 aE% | 0% | B | TR | o5%
-
20:00 | | 0 mm uu:‘:ha:ut“mm 1007 hPa | 84 % = — ] — | —
b Light breeze. 3
67 % 0% 5% % 48 %
Ll &
21:00 L o=t 0 mm m;l“;&ﬁumsmn- 1008 hea . HE% | = — . - —
> Guntle breazy, 4 % | 0% | 0% | % | B&%
L 3
22:00 u? 0 mm mm:ﬂﬁﬁmmh- 1008 hPa . 86 % =i -
= Gerlle bresze, 4 a5 % 0% TE % B4 % 41 %
a0 o | -8 0 i s from south 100 hPs| B5% | — | e -




Detailed forecast April 2, 2012

Ting | Westher | amp, | Pracpistion Wird Prassure | Humics | Dew Cloud eavar
| f ‘ :
Tolal | Fog Low High
clouds % clouds
Gentle brasze, 4 wow | 1% | @sw | sew | Tw
- w
00:00 =2 p-odme | et e || 1008hPa | 85% | & .
_ . _ Genlla breeze, 4 Lol wom | 1w ssw | ssm | 0w
01:00 * 2 02—03mm 1 et et | tovahea 3% | 5 |
R Genls breszs, 4 o tmewm 1 | ssew | sew | 100%
02:00 | @& | -1° |02-03mm [ meromaen [1008hea) 0% | < |l 'F | | e
Genlle bresze, 4
. . wosw | 1% | sewm | mew | wowm
03:00 * A 01 —04mm 3 mis fram southe | 1008 hBa | BT % | -3 U | — —
. southoass
Gantla branzs, & 100 % 1% ECE 100 % 10 %
. . _
o400 | @iy | 0 |o1-02mm I i | 1007 hPa | Bs% | 2 .
_ . Modersts breazs, 1o | 1% | 100% | <00 | d00%
05:00 * 1°  BE—12mm _] e e 1007 hea | BB | -t |
Moderite brases, 10o% | 0% | smw | 00% | 100%
@ i ]
06:00 * 1 0,7 —1,3 mm j & mis fromn souih | 100S0FA A% | @
Frasn braeze, 8 100 % 1% a7 % 00 % 100 %
. . _ .
ar:00 * 2° | BS—11mm _f e |1o0ahPa @m0 .
. Moderste braazs, o | 1% | 97w | 00w | d00%
08:00 * 2°  BE—13mm j Moderme eers: L vopghea @1n | 17 |
Moderate breszs,
09:00 * 2 |oa—13mm| o Triswomseun. |1007hPa | gz | 1+ | 100% | 0% | 9% | sa% | 100%
e aoibraes!
Moderste braezs,
. ) v 100 % 1% a5 % ar % 100 %
10:00 ‘ 2% BS—1.0mem 7 i e southe | 1007 hPa | 91% | 1 .
] soulbraest
Fresh breaze, §
T 1
1100 | @b | 2 |os—osmm mis from southe | 1007 hPa | g3% | 10 | o0 % | 0% | 7% | 96% | 100
et soulbrams!
Frash breszs, §
, Lo | oow | ossm | osEw | 00w
12:00 ‘ 3° | 02—05 men il from souih | 1007 hPa | 02% | 1
# soulbraes]
Frash bresze O
, . T L B T B T " 1
13:00 S| 3 |e1-0smm i fram south | 1007 hPa | 91% | 1
¥ sonuthraest
Fresh breaze, O
, . ; . fmew | oW | osam | oE% | 0o
14:00 5| 3 |e1-03mm més fram southe | 1007 hPa | 90% | 1
¥ soulbraes!
Frash brears B
_ . L 100% | 1w | o7k | 0% |
15:00 * 2° | B&—0.8mm mis fram south= | 1008 hPa | 80% | 1 |
] soulbraes]
Frash bresze, B
_ . 1o | 1% | 95% | som | san
16:00 # 2° | BS—13mm mis fram southe | 1008 RPa 0% | 10 |
] southraest
Mioderate brooes
. . : wosw | 0w | sEwm | som | oA
17:00 * 2° | B3—08mm Jd Tansomecon |10mnes] 00w | o
[ southraast
Frosh bropze, 8
. Wos | 0% | 75% | 8B% | 5A%
1800 | L 7° 01 =08 mm 4 mis fram southe | 1008 hBa . mB % | o
Moderaie breezs
. ' Wo% | 0% | 83w | o5% | d00%
19:00 - F' & 01 =02 mm i T mis from southe | 1308 hPa 0 BB % a°
, . Moderate Breazs, Lo wew | oW | TEm | w1 | 100%
20:00 2° | o—04mm e e aee | 1008 hPa | 85% | O
. Modersta Breses, Lowmewm | 1w | osiw | sowm | 10w
20| & | 2 |01-03mm st L L kol O P
Modersie Brazs, wo% | 0% | 60 | B3W | 100%
o "
200 | 2 |ot-szmm [ 7 e o s | 1008hPa | 81% | -1
Modarate brasze, wow | oW | 42w | TTw | s
. © _ e
23:00 2° | 0—0dmm j e e | 008 hPa | 0% | =t _—




Detailed forecast Agpril 3, 2018

Tirw | Weather | Jemp, | PrecipRation Wird Pressure  Hurids nm Cloud caver
B | po Tata Frg Law n
clouds [ clouds
Madarate branza, 92 % 0% 17 % 48 % Bl %
00:00 2° | omm | ] Mo e tosshes Trw | 2 .
y ] Maderals braaze, TE% 0% 5% % 0%
- o " -
01:00 1 omm _I & mis o souty | 1009 hPa Td% | -3 \ -
-)' Moderals oresrs [ &% 08 1% 5% a7 %
- .
02:00 1 omm | | Malemesress ligvanea 7am | = | o e |
B . Madarstn branza, % | 0% 0% 1% | 78%
03:00 0 0 mm | ot |100a s 72% | 4
> Gorle bresza, & TWE | 0% 0% a% | 7O
o
04:00 1) omm 3 mis from soush- (1008 hPa . T % | 4°
southast
Gantle branze, &
100 % 0% 0% 4% | 100%
o -
05:00 o omm mis from south- | 1008 hPa | Ti% | 4 -
soalltvaas; 1
Gantle branze, &
100 % 0% 1% Bl% | 100%
L -
0600 1 omm mm;\;&ﬁﬂmwh— 1008 hPa . T0% | -4
. Genlls bresze, & 100 % 0% "% Bim | 1%
07:00 1 omm 1 i framm 1008 hPa | GB% | w=4° -
Genile breeze, 4 100 % 0% 2% 80 % 100 %
L] -
08:00 1 omm || e |1008hRa | e6% | 5| | ——| —
Genlle bregze, 4
100 % 0% 2% BM% | 0%
- L
09:00 1 B mm m}m;:: fram south= 1008 hPa 6B % -t -
Gienile brasze, 4 100 % 0% 23 % &1 % 100 %
- = -
10:00 2 Dmm e f o [1008hPa B8 | - -
Detailed forecast Agpril 2, 2019
rg | Weather | Temp, | Precipfalion Weird Pressure | Humi Dew Cloud saver
in
B | po Total Fog Law n
clouds olouds alouts
Frash bresze, &
o . 100 % 1% 9% 93 % 95 %
15:00 * 2 | 0,3—1,2mm I mis fram southe | 1008 hPa 23 % i \
Moderaie bronze
s _ ' 100 % 1% }|/H | V0% | D%
1600 # F 0E—1.4 mm o ¥ i from southe | 1008 RPa 893 % i :
17:00 2° hE—14 --"’F Tnu‘:i'n:nhm':-l 1008 h&a | 94 % 1" 100 % 1 g% | 00% | 100%
5 — G =14 mm sal - —— 1 L
Presh Brseza, 100 % 1% W% | WE% | D%
-] L]
18:00 & ¥ 0,7 —1.8mm m's from souh= 1008 hPa 94 % 1 |
1 r Frenh broezs, - 1 1 100 % 1 1% 1 8% | 00% | 100%
19:00 o —1,5 e [1008 hEa 9a 1"
# 2° |ne—16mm d m{lsfrqm sou 008 hRa | 94 % | | —— —
Frash branzn, §
- . 100 % 1% a2 % aE% | 0%
20:00 # 2 Joa—timm| & wsiomsate |1008100| 9% | 1| || e |
{ ! '“‘F — ! { { { {
rast 100 % 0% 3% SE% | 0%
o &
21:00 # 2 0,2 —1,0 mm - m's from south= 1008 hPa 92 % 1 —— e | e— | —
Madanain Dranze,
100 % 0% B2 % oF % | 100 %
@
22:00 — F 0,1 — 0,3 mm w;{ 7 s from soulte [ 1009 WPa 92 % 1" — e | e | —
Moderain Drasma,
100 % 0% B4 % o8 % 26 %
L] .
200 ‘,-l.' 5 b1 =i mm s T s from st | 1009 WPa | $0% ! I I | |
Detailed forecast Agpri 3, 2012
Tire | Weather | Temp, | Precipalion Wind Pressure  Humige | Dew Cloud caver
i
B | po Total Fog Law ddle | bgn
clouds clouds
Moderaie broeze,
' 100 % 0% 9% 9% T %
o L ]
00:00 # 3° | B2_04mm ';!': 7 mis fom sauthe | 1040 kP A8% | 1




Tir® | Weather | Tomp, | PrecpRalion Wird Presairg ﬂuﬁ_ﬂ: De'arm Cloud cover
pei i : ! .
Tatal [ Low | Migdls | Fai
cloudy alouds
Maoderate Dreeae, .
96 % 0% 1% | G2% 2%
a1:00 3" | oA-03mm 7 mis from south- | 1040 hPa | BB % 1"
"—'* aon — e 1
. Frash bresee. B 26 % 0% W% | TE% 0%
ozoo | @b 3° |01 —0,2mm j il Mok BF% | 1
Frash bronze, B a4 % 0% 88% | 40% 8%
o . "
0500 — 2 0—0.2 mm j s fram g | 1910 hPA 8T % 1 — o
» Freah birmeza, BE% | 0% | 83% | 5% | 3%
.
0400 2 0—0,7 mm -Hr mi's fram sowih= 10 hPa 86 % [ - -
soulhas! — f—
y Moderats breeze 7B % 0% /R | MW | BE
- o P -
05:00 2 0 j 7 e oo s | 1010 hPa | BA% | 0 — — —
- . Moderaie breezs, 26 % 0% 8% 1% | B5%
06:00 7 0 mm J' 7o o e t00anea | s2% | -1t . .
Moderain oreeze, 100 % 0% 2% pr 100 %
L -
ar:0 2 0 ) - o e s | 1009 0P8 80% | -1 . 2
i Maderate breazs, Lo | 0w 2% Bl% | 0%
08:00 2° - 1 e o ot | 1009 kP TE% | .
. Moderste breszs, wosw | o% 8% Si% | W0%
0800 | o - 0 mam 1 T bomeouth | TO0THRRL TEN | 0| " | —
YRR T — waw | o% 2% Ba% | 100%
o
10:00 3 0 j & s o s (10098 73% | 2 .
) . Moderate breaze, Lo wmow | ow e | 2% | W%
11:00 3 B _T bl EUETE T .
. Gertle braeze, § L msm | o 2% | % | 100%
1200 | o 3 Bmm j misfromsouth | TO0ThPA) BN | 0 | - | s —
Gantle braazs, 4 wow | o% £4% | sBw | 100%
o
13:00 4 O ! et | fu0ahea | 6T% | 2
| | e —— ! | | |
. Wo% | 0% TE% | S8% | 100%
14:00 3 0—0,1 mm f més fram south= | 1008 hPa . 6B % 2| — e | e— | —
arnilhrass] 1
Light breaze, 3
1500 | 2" |82—0,3mm mistom ot |1008hRa e | e o0 1?" 88% | 1W0% | 4%
L arnilhraeas
) . Genlle braezs, 4 Lo tow | 1% | 1m0 | 0w | 00w
16:00 9 2° | B2-04mm j o 1068 Hes B4 | o |
Genlls brasze, 4 | | | |
100 % 1% 100 % 100 % 100 %
s o ]
AT7-00 " 2° | 103—06 mm f misfrom soulle | 1003 HPs . 85% | 0 .
x ailFraes]
Genlla brasgze, 4 .
1 1
1800 ‘ 2 0E—0.6 mem misfromsouthe | 1007 hPa | B8% | o | (0% zlu 100% | 100% | 100%
I soulraes]
Light braaze, 3 waw | 1% 8% | Wi% | 89%
L] . 0]
1900 | @l | 1 na-orem| [ (00 w0 | ol | o e
Light bresze, 2
y WO% | 4% | 100% | 100% | B4%
o 1]
20:00 * 1°  ge—t4mm m{ misframsauth- | 1007 hea | 81% | @ |
1 - Moduiils brsazs, - 1 100 % 1 2% 1 Wos | W0 | S %
1]
21-00 ‘ 0° | 085—1,1mm & mis fom nodh= | 1008 hPa | 84% | @ |
C narthanst | — | — —
Frash branze, 8
. ' 0% | 2% | 100% | 100% | E2%
22:00 * 0° | 03—0,6mm :-:lsfmm WA hEa a1% | =1® |
Frash branze, 8
. ' Wo% | 2% | 100% | 100% | BI%
2300 g -1* |03—08mm r;‘sfr\qm weahPa 88% | 0 |l T | o | o |
Detailed forecast April 4, 2019
Timg | Wealhes | Temp, | Precpitalion Wird Pressure | Hurmids Dm Cloud caver
| ol
Taita] [ Law | Mi [
clouds q_m clouds




Tire | Wealher | Temp, | Precipfalion Wired Pressure | Humid- | Dew Cloud saver
B el Fog Low | Migdlk | Hgn
clouds slyds clouds
Frash breeze, B
0000 ‘. =«1* | 0.2—0.6 mm més from nest- (1010 e MW | 2 100 % 2|§. 100% | 100% k%
* rerihaasl —
Frash breaze. §
. 100 % 2% MW | 00% | 4%
01:00 ’ =1* | 0,2—-0.5mm mis from nett- 1010 WA BB% | 30| . — || =
. rariheast
Moderaia breaze,
] R 95 % 2% 9% 9% 0%
02:00 # =1* | 01—04 mm 7 i from LA I - . o | —
Marderata Draaze,
300 | | =2%  D-02mm s trom norih- | 1011 hPa . 2% | 37 e o 74 % b o
rarlheasl — f—| —
J. Gentle breaze, 5 62 % 0% g % 0%
adopn | T | =2% | O-0dfmm mis from nost- (1042 WPa B5% | 4"
N I L] -
Gentle braaze, 4
LER ":__.. Cr 0mm mis fram M3 Pe . BE% | -A" ﬁ o :"_‘ ﬂ_* o
rioriheasl
Light berssze, 3
o0 | | a=3° 0mm - s fram 1013 Ps | BE% | 47 21_“ o 1*_“ o o
rrariheast
Lighl breaze, 3
o700 " ud® 0mm " mafomesse | 1014 hPa 83% | =5 ;r.h ot ’_ﬁ o o
riartheast
> Light breaze, 3 . 38 % 0% IE% % 0%
00 | | =3° 0 s from ead s P 8% | & - - -
Light bronze, 2
omp0 | | -2° omm " ris fram pste 1016 h®a | 80% | =5° 32"' o 2“_‘“‘ ?.“ b
' rarthaast
Light breaze, 3 . 8% 0% 3% 1% 0%
1000 | 4| -2 Dmm | ey R, | W1THPa TER | & s o
r Light breaze, 3
00| | 0" 0mm mis from noet- | 047 WP 8% | -3¢ ﬁ % ‘2 12_“ %
rariheast
5 s Light bresze, 3 . IE W% 0% IT% 2% 0%
12:00 f__ 1] 0—0,1 mm fmm“m 048 hEa . TE% | =0 - — .
-~ Genlle brasze, 4
13:00 | 0 o-0dmm Jr mis from nore (1018 P2 TE% | 30 % 0% AT % 1“_* o
rariheast




Detailed forecast April 4, 2015

Time | Weather | Jemp, | Predptalion Wind Pressure - Humids m Cloud caver
]
Total Fog Law High
clowds % alouds
Light breaze, 2
1500 | | 10 & mm /s ram 10 hea BB% | =1F 23_“ o% 25_‘“’ 0% %
rarihaast
i Light breaze, 2
100 W 10 o e s fram O hea 4y | e | 0® DO E™ 0% AdR
| | |
- Light bresaze, 2 45% 0% 13% 0% %
o s
i | | 1 0 e - tom st 022 hPa BA% | -1° — - —
I Light bresaze, 3
1e00 | | 0° Omm | 7 mistomess | 1023hPa 7R% | 3 | o | O BEo 0% 37
Aol est
> Light breaze, 3 5T% 0% 4% 0% 85 5%
- 3
19:00 ) =1 0mm — s from omsd WM hPa 81 % =4 . —
> Gontis brsezs, 4 s8% | 0% an 0w | sam
20:00 . md® 0 mm .::urﬁmuﬂ- 1024 hifa = 8D % i .
& Ganlls bieazn, 4 TEW 0% 2% 0% T %
21:00 = | -3 & mm ™ efomesst | 1024 hPa| To% | - ,
» . Light breaze, 3 B3% | 0% an 0% | B3
22:00 oy =3 0 mm ﬂ"‘ 'r::fmmaﬂ- 1025 hPa TE% - '
y . Light Lreaza, 3 a5% 0% 2% 0% £ %
300 | T | -3 0 mem h":::fmma-ﬂ- 1025 hea TT% | -1 .
Detailed forecast April 5, 2018
Tire | Wealher | Temp,  Presptalion Wied Pressite  Humtide | Dew Cloud saver
B | meint Fog Low | Migdls | Fegh
clovds | cluds | clouds
Light brsere, 3
00:00 ‘t_. 3" Dmm | mishomesss | i0z8hPa FT% | ¢ 2% | o% 1 1
sonibeast
Light brsaze, 3
a1:00 J -3 0 e s fram WIFhPa 1% | -8° a% S a% e o
southast
Light bresze_ 3
ozoo | -4 0 mm \ mis from southe | 1027 hPa . T1% | -8° 0% o o5 % B
EL L TES




Time | Weather | Terp, | Preciptation Wird Pressure | Hurid- | Dew Cloud cover
B | woirl o | Fog | Low | Migde | High
clouds slayds slouds
Light braszs, 3
000 | B | =4 | omm N om0z 7% | 4 6% | 9% | o% | ok | 5%
soulbhoeast
Light brsaze, 3
04:00 '_,’__. f* Dmn | ) mtomsoh |1028ha| G8% | & 78% | 0% [ o% | o% | 7%
y . Light breeze. 3 82% | 0% a% % | E2%
0500 | T | =4 ome | L msfomsost |iacanfa) e | o
- Light breeze, 3 0% 0% 1% 0% 0%
osn0 | | = 0 s mistom sout | 102817a | B4% | 4
) Light breeze, 3
or00 | | 30 £ men '& mis fram souihe | 1028 hPa | B3% | O° “—'.“ 0 a5 o "-“
southoast
P Light breazn, 3 25% o a% 0% bl
a&:00 f‘_ =3® 0 mm 1 s from sou W@EHPe G2% | 8¢ - -
- Light bresazs, 2 Dl oesw | oow | oom | owm | 45w
we00 | ., | -2° 0 e [ e |toeshea e1% | a0 | S ke
. Light braze, 3
100 W | 0° 0 e \ otomecom- |10canee| s8% | 4% | 9% | 0% | 0% v
soultmast
: anlls binaza, B Dl oew | ow | oew | ow 0%
moa| W | 10 omm | ] Seelebresm S igsnes stw | @
: " Genlle bregze, & . % 0% % 0% 0%
12:00 i Fa 0 _f mis from souen | TREENPE SB% | o
a Genlle bresze, 4 o oo% | owm | oown | owm 0%
00| ° 0 mm _f o 1027 hPa | S8% | -
: Ganills bresen, & Dl oow | ow | oew | ow 0%
@oo | 0| 30 omm || Semlebesef s mew o
15:00 | W 3° 0 e _] mm.'!' wzrwes s | & | T® o 0% 0% 1%
& Modersts Breazs, Loz% | owm | owm | ow 2%
1600 | W | 20 - j e e |tz hes S7% | 8 | ;
- Modersis Brases, Ce% | ow | owm | ow 0%
oo | W | 20 | omm | | peTei mmnea sew | 4
Genlle bropze, &
100 | W | 2 - 3 mis fram southe | 1025 hBa ST | a0 | 9% o 0% ne o
soulbeass
. Genlle broeze, §
00| W | 10 B mm mis fram south= | 1025hPa | S8% | -0 | O | B% | @% 1 0% 1 0%
soulthaas:
Genlle brepze, §
wo0| W | o - e o ¥ | asahoa sas | oo | 0% | 0% | o% | 0% 0%
southaas:
Gentle brepze, &
200, QB 10 & mn e fomsodte |1024hrel sa% | o | % 0% 0% 0% 0%
sonilhaast
Mioderain Dreszs,
20| B | -1 omm Gmis bom soute | 1024 hea | se% | e D DR B% D% D
sonilheast
Moderain Dreszs,
20| B | 1° | oam & misfom southe | 1028 0P 5% | ¢ | Do BROL DR OLO% -0
scthanst
Detailed forecast Apri| 6, 2019
Tirse | Weather | Temp, | PrecipRalion Wird Pressure J:Lﬁld: m Cloud caver
Totl | F Low h
= clouds m c'.l:?guds
" Modarate braeza, . a% 0% % a%
awoo | B |0 0 e 1 hs v (1023008 S6% | 8
Moderste breazs, Ll e% | owm | own | ow 0%
von| B o & e L o b sy | 10730Pa | SE% |




Time | Westher | Temp, | Preciphalion Wikl Pressure | Humick | Dew Clout cover
b | poirl o | Fop Low | Mgl | Hegh
clouds sloyds slouds
20| B | -1 - 1 Moderste reeze, | 0oy o | g7y | g | O% 0% 0% 0% 0%
o00 | J | 0 omm || e e | 1002hes | se% | 0% | 0% | 0% | 0% o
(YRR | oe £ mm _f m"xﬂm' 12 hEa BT | B0 0% 0% 0% 0% 0%
os00 | B | 00 | omm | [ [OIEeOE jaganes sew | s 0% | 0% O% oL 0% 0%
as00 | | 0° omen || m’:‘:ﬂm' ezhea se% | o | 2% | 0% 2% 0 0% 1 0%
von| W] o o | )t x| | o o e
os0o| .| o 0 mm b mﬁh:;' e ES% | 32‘ % 32" 0% 0%
' Moderaie breeze,
oo | © | 10 - ] b e | azznen ga% | ¢ | AT% | 0% | a7x | 0w 0%
soarthraest — —
- Moderaie oreere,
o0 | | 2° B & mis fom southe | 1022 hPa | TO% | a0 | o0 | B SBE O O% 0%
sonilbvwis!
- Gentle bronze, &
noo| T | 2 | omn |V maiomsar |f0zWee) TN | 2 LIS L L R
Moderain Dragze,
1200 | 3°  o—odmm 6mistom soutte [10220a T2 | e | b O BER 8RO D%
Gentle branze, &
1300 | (L | 30 o-oamm s fram tozzhea| Taw | - | RETE | SRR 2| 0%




Detailed forecast April &, 2015

Time | Weather | Jemp, | Predptalion Wind Pressure | Humids m Cloud caver
=
Total Fog Low High
clouds % alouds
16:00 | 1e 0 nm Hwﬁma nzates Ti% | o | O 0% i m o
1700 | W | 0° £ mm Hﬂu‘gdma izahea 0% | - | 0% % 0% 0% %
: Gantla branza, 4 . A0 0% 1% a% 0%
1800 [ W | w1t | omm | e SrRSRERS |granea e | 4 . .
- Gentl braaze, 4 . 1% 0% 1% % 0%
19:00 | W | 20| omm | ey PR lipanes % | 8 ; ;
y Genils breeze, 4 " 2% 0% 2% 0% 0%
00| W | 20 omm e SRR ipgnen vew | | |
- Gantle branze, 4 . 0% 0% % a% 0%
21:00 J Lt 0 mm = s from sest MnPa TE% | -6
. Gentla braaze, 4 1% 0% 1% a% 0%
22:00 J -4 0 mm " s fom e W0 hPa TR | 7
Genila branze, 4 I
2200 B | =4° | omm | " mefomess [103anea 77 [ e | % | 0% 1% 0% 0%
aoulhass
Detailed forecast April 9, 2019
Tima | Waather | Temp, Precpsation Wind Pressura J!.l&'_‘d: m Cloud cavar
Tadal Feg Lawi High
clouds % alouds
Gentle branze, 4
a0:00 J nd® 0 mm " misfomosss |03 hes | 4% | -8 1% o% % 0% %
southags:
Gentle breeze, 4
v00| B | =5 | omm | 7 mstomess  [10nea sy | e C¢ | 0% 0% 0% 0%
soulhasst
Gentle branze, 4
0zoo| J | =5 | omm | 7 misfomesss [1031nea s [ 4 | O¢ | 0% 0% 0% 0%
soithwast
Genlle b a 0% 0% 0% 0% 0%
0s:00 | B | 5 omm | e DRSS Dpaines maw @




Time | Weslher | Temp, | Precipralion wirnd Pressure  Hupid: | Dew Cloud sover
B polrt Talal Fosg Law Migedls High
clauds chauds cluds
0:00 | B | =5 | omm | e SRR Lipanes gae | e | O 0% 0% 0w ooO%
. Light breazs, 3 o% | 0% | 0% | 0% 0%
oso0 | B | -6 Dmm | Sy B e | 1032hPa| TI% | T
B o Ligh breaze, 3 0% 0% 0% 0% 0%
teo0| W | 6 Drom | sy BTSSR lizhea) T | i
oro0 | | 50 0 mm ‘-—r#fm?' wawes Ti% | ope | 0% 0% 0% 1 0% o%
] Light breaze, 3 % 0% 0% 0% 0%
0s:00 | W0 | =50 | omm | e— STORRRY lipsshes 0w @
Light braaze, 2
000 | il 0w 7 msfomesst  |[1033hPal 72% | 8 i o e o %
norheast
00| W | 3 b | g SEIME e gy e | 0% D% 0% 0%
. Light braazn, 2 o% | 0% | 0% | o0% 0%
00 | 0 | w2 Dmm | e s |10330Pa B4 |
12:00 i 1" P _mﬁm: I T L 0 % % 0% 0%
a . Light besazs, 3 .%o | 0% | ow 0%
1300 | W | a1 omm | e BUEERT liosanea es% | o
. . Light braaze, 2 Lloewm | oow | oo | owm %
1400 | W | 0 omm e | 10330Pa 85% | &
; Light breszs, 2 Loe% | oow | on | ow 0%
1500 | W | 00 Dmm | ey SRR [100Pa G6% |
a . Light brsaze. 2 L% | 0% | 0% | 0% 0%
1ep0| | -1 Dmm | e BUREERS paanen sE% |
d * Light breaze, 3 L3 0% % % 0%
1700 | W | -1 Dmm | e momss | 1033hPa eBw |
: Genlle braaze, 4 o% | o% | 0% | 0% 0%
1800 | W | 27 | omm | e RSO liganes 1% o
; . Genlle bresze, 4 L% | oo | om | ow 0%
19:00 | W | -3 Dmm | ey SPEOCSEY ligaanea Tiw |
Genlle breuze, 4
2000 WF | 4° | omm | " misfomesss  [1033hPa 70% | 4 | 0% | 0% | 0% L 0% | 0%
soulheast
Genlle breuze, 4
0| B 0 & men misfromeose | 1033KWPa 6% | - | O | 0% 0% 0% o
southeass
Genlle bropze, 4
azw| J | -5 Omm | > mistomesst | 1033hea g0% | o | U o o5 o o
southmnss
Light brosaze, 3
00| J | -5 bmm | > misfomeass | 1034hPa 66% | =t | U F B % o 0%
scathmas
Detailed forecast April 10, 2018
Tims | Westher | Temp, | Precpualion e Pressure | tupice | Dew Clout cover
B | bl Total | Fog | Lew | Mgl | Fan
elauds clauds cluds
Genlle bresze, 4
anon | J | -5° 0 mm s fram WMhPa BE% | o1t | O o e 0% 0%
soulhaast
Genlle bresze, 4
oo | | -6 0 e s Tram WM hPa B3% | - | D | 0% 0% 1 0% ot
soulheast
Light brwaze, 3
w00 B | 6 | omm s fram WM hea B2% | az | T | 0% % 1 O% 0%
soulhoast




Time | Westher | Tamp, | Precptation Wi Pressure | tupist | Dew Cloutt cover
L Tolal | Fog | Low | Migdl | Hgh
clouds shuds clouds
Genlle bragzs, 4
000 B | 6° | omm i fram f0a4hea B2y |z | 0% | 0% 0% om0k
gsoulbumast
Light braezs, 3
w00 | B | & omm N miehom WP Ba% |z | O | 0% @mo0m T 0%
gonlbuast
Light brsazs. 3
os00| B | 6 | omm N\ e from WP Ba% |z | O | B @R 0w 0%
soulheast
Light breezs, 3
os:00| W | =& | omm N s fom WMwee e3% | .z | @ | OROL@% Q% DR
soulbaast
Lighl bresze, 3
oroo | W | 50 pmm | N s fom aahea | g2% | ez | O | FROD% 1O% o
ELON L HEL
Light braazs_ 2
os00 | | 50 B man Fi s 033 hPa 5B% | 2 | D B o o nE
southeas:
Light aie, 1 mie
oso0 | W | e 0 mm N\t sumr nmEnPa se% | -r | D@ | 0% 0% 0% 0%
southeass
Light air, 1 mis
100 | W | a3 B men from south= 033hea E0% | epe | D | RO 0% 0% o
southraesi
" Light e, 1 mis 1% | ow | o% | ow 1%
. .
11:00 * u2® 0 /"I. pat | 10E3hPE EI% |
, Light s, 1 mis 0% | 0% | 0% | 0% D%
12:00 | W | 20 £ mm A ey | 1033hRa se% |
i Light s, 1 mis o% | 0% | 6% | 0% 0%
L] 1
100 | W | omm | A Whea SE% | 4
Light i, 1 mis
100 | W | 10 gmm | 7 fromwask aanen ssw | o | 0@ | 0% 0% D% n%
soutfraast




Detailed forecast April 16, 2015

Time | Weather | Jemp, | Predpialion Wind Pressure | Humigs m Cloud caver
By
Total Fog Law High
elauds % alouds
#* Y, Lomar tmis % | 0% 2% 1% | maw
14:00 = | 5 & mm fram souhe 103 hea TT% [ 10
st | 1 |
> Light sic. 1 mfs w0 | 0% 1% 0% 100 %
ig00 | | §° & mmm frar southe 08 hea TIW | 00
| |
ot Light s 1 mis B0 % 0% 0% 0% 0 %
1g00| | §° & mm fram south= wsea 73N | 0 | e —
southaast
- uwmz
oo | | a4 | omm | N me waehea Taw | g | (2% | 0% 0% D 0R T ME
w le'ﬂl:n-un.z
w00 | | 4° oo | S e ssnea 7rw | g | DR 0% 0% 1 0% E%
- Light breazn, 3
00| | 3° omm | N mstom washes 7w | g | BT L 0% 1% D o0R BTN
- ‘\ ”“’“m:" 95 % % % 0% 5 %
o000 | | 2° 0w WIShPa | TEWR | A
| 1 ]
» Gurlla breazs, 4 2% 0% 6% 0% 2%
00| T | 2° 0 mm més fram Ene TE% | .
ud'rrh-rmn.a
22:00 "':_‘. r 0 mm K‘i 1036 WP TR | 2 % o “_“ o B
mn-.aau — —
b uwmma
o0 | T 1 0 mm '\ 03 hPa| TE% | 20 100°% % % % 100%
mlhamt — —
Detailed forecast April 17, 2015
Tirm | Weathar | Tomp, | Precipation Wind Pressura m'!]:id: sd“m Cloud ocaver
Tatal Feg Law Hagh
elauds m cluds
& ”wml 100 % 0% 0% 0% 100 %
goo0 | | 17 pom | > mis 10shea BN | | —
b Light breazn, 3
0| T | 10 omm | N msfom B e I A




Timg | Wealher | Terp, | Frecipralion wird Pressure  Humis | Dew Clourt caver
B weint e Fog Low | Migdle | Hagh
clouds sloyds slouds
Lighl brsaze, 3
02:00 2+ BEEE D ;!- mis from south- | 1038 hPa | 74% | - | J00% | 0% 0% U% | 100%
> . Light breaze, 3 wown | 0% o% 2w | 0%
03:00 ) 1 0 mm m:} mis from southe | 1036 hPa F2% | a3 \
» N Light breaze. 3 wow 0% % a% | ma%
04:00 SR B e mﬁ:«mm 136 hPa TI% | = .
- Light bresze. 3 wos | 0% g% | M% | 100%
05:00 L | 1 & mm N\ :::fmm W6 hPa F2% | =2 .
» Light breaze. 2 wow | o%w 0% M | 1%
0600 L | 1 & mm Ay :::'me 1036 hPa TO% | =3 .
> Light breaze. 3 25% 0% % A% 5 %
o7:00 ' 2° Bimm mh: Fom 1035 hPa BE% | =3 .
-
0800 ; 2° 0 mm hY m":‘: 1mwhea sa% | - | (0% | 0% s H_“ 109 %
> . Light sir, 1 mis wosw | 0% o% | 12% | 10
09:00 L | 3 & mm f P WIS hPn TO% | =2t .
> Calm. 0 mis Fom L s | ow 0% 5% | 100%
> Light i, 1 mis
11:00 | 5e bmm | fomwesk e Ta% | o | DB | 0% o5 15 58 5
> Light mir, 1 mis
12:00 | s b | T from sk Ehes TR | 40 % B a% 0% | W%
*~ " Light &r. 1 mis ' 100 % 0% 0% 0% 100 %
13:00 R | & I i MBI BT% | 0
# Light ar, 1 mis
14:00 .| e o mm fom nor shes g2% | o | 100% 0% 1 0% 0% | 100%
- Light s, 1 mis L 100w | 0w % 0% | 0%
15:00 ;| & 0 mm WM hPa G5% | @
' -
wa | Eo o | o | e o | o | [
»
17:00 L | & 0 4 m:ﬂm Wmshes 7R | 1 | 9B% | 0% b 0% | eN
- Light air, 1 mis
18:00 | 8° 0 mm *" from sast MmsShea IR | 2 9% o% % % "%
rrihsasl
> Light gir, 1 mis g5 % 0% 0% 0% 59 %
19:00 iy 5° 0 mﬂ;:m wguh- MSPE T1% o
- Light breaze, 3
20:00 o | 4° 0 o mis from south | 103S5hPa B4% | 27 4 o b o #
Light breszs, 3
29:00 > . | 4® 0 mm » s from southe | 1035hPa B4% | 37 "% o R o _m“'
> Light brouzs, 3 G6% | 0% 0% 0% B %
22:00 S R e o R T T B S Rkl kel
» Light braaze, 3 s% | 0% 0% a% | 8%
23:00 y | 3 omm | | DALl |tosseea s1w | 4
Detailed forecast April 18, 2018
Timw | Weathes | Temng, | Precipeation Wirrd Prassuire umg. Dew Cloud cover
poir [l Fog Law m | fgh
clowds alouds




Tire | Wealhesr | Tomp, | Preciptalion Wired Pressure  Humid- | Dew Cleoud caver
Bo | opoinl ol | Fog | Low | Migdle | rgh
clauds chuds cluts
Genile broeze, 4 oz | ow | ow | 6w | %
woo | S| 3 o mm | oo ® lssnea sew | 4 _ o
» . Georlla braazs, 4 g% | 0% | o% | 0% | 9%
o100 | T | 4 omm | | oot ldoaskes sen |
> . Gente breszs, 5 . 8% | 0% | 0% | 0% | 3%
02:00 | 4 B mm | oeebret S lishes s4% |
> Modrats Brnaga, % | ow | owm | ow | saw
ox00| T | s° 0 mm | il REETE TR
. Modarais breazs, Lltzw | ow | ow | om | 12w
oo | B |5 D | | poee e |tosanes 2% | i .
os00 [ W | 50 | omm | | folienee gsanea sew | o  O% ) 0RO 0% L 0RO
Q600 '.! B" 0 mm _] m"m‘lﬁ 10M e S4% | 37 o o o o o
o00 | 00 | &° LRI W snichhavedl B1CTEPUE T N R T T
ox00 | W | 7 b | [ MOdSe RO | gaanea ssw e | O ) 0% 0% 0% D%
Maderale breszs,
os00 | o | T° pmm | boiseem ety |t03bes| se% | oo | 9% | 0% | 0% | 0w 0%
soulhraes!
Modersis braszs,
1000 W | 8° D men Genle fom southe | 1033 hPa | B0% | or | O | 0% [ o% | 0% 0t
soulbrwes!
00| W | 8 0 e & e from southe | 1033 hPa | 82% | 1° o B o o o
soultraest
™ Modersis braszs,
1200 | . | 8° 0 men Grmis fom sauthe | 1033 hPa | gB% | 2+ | S0 | %] 0% 2% s
| | [ | | |




Tromss Weather History for 23 April 2019

Show waather for:

0000
Tua, 23 Apr

o1:00

oT:e0

000

11:00

1200

1500
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15:00

16:00
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A8:00

19:00
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6°C

BTG

6 °C

]

E"C

B °C

L]

Temg

5°C

6 °C

BT

TG

E°C

T

TG

TG

TC

Light rain, Drercast,

Ligh rain, Overcast,

Ligght rair. Low chouds,

Lighd rain. Cuvercast,

Rain, Overcast,

Ligh rain. Overcasl,

Lighd rain, Croercast,

Rain. Ovarcast.

Weather

TG W, LW gL,

Light rain, Low clouds,

Drizilea Low chods,

Faim, Low douds,

Quibe cool.

Overcast

O,

Ovarcast,

20 kmvh

13 kmih

1 ki

B kenify

¥ ki

4 kit

4 ki

11 R

8 kmnity

8 ket

M ke

15 kmuh

B ke

1 ki

7 kit

8 krmify

1 ki

11 krndh

13 knvh

a8%

G0%

92%

&%

4%

4%

Humidity

HLT

G2%

2%

a2

@25

0%

82%

EAk

89%

a6

ar

0%

1007 mbar

1008 mbar

1008 mbar

1008 mbar

10085 mbar

A0 mbar

1311 mbar

1011 mbar

Barcmater

[ FR HTEETY

1013 mbar

1013 mbar

1014 mbar

114 mbar

1015 mibar

15 mbar

1016 mbar

116 mbar

1016 mbar

1T mbar

131E mbsar

o



Tromsa Weather History for 24 April 2019
Show weathar far: 24 gl 2018

Time

Ol:0n
Wed, 24 Apr

o100

24 Apr 23 Apr 22 Apr 21 Apr 20 Ape 19 Age | 18 Apr 1T Apr 16 Apr

Conditions

CHE-SE -3 -AE-3E -3 3 A

54

5°C

5°C

5%

5°C

4°C

5°C

B*C

5°C

Qudta coal,

Quite cool

Qe ool

Qadhi coal

Quite coal

il cool.

st coal

Quile cool.

Qe el

Lo clauds,

2 krnih

2 kmifn

2 kit

2 krnify

2 kmin

2 kit

4 krnif

2 kmiy

2 kenif

& krnit

‘Waalhar by CuslemWaalhar, © 2019

Humidity

2%

F2%

93%

a2

92%

5%

4%

Barometer

1020 mibar

1020 mbar

1021 mbar

1021 mbar

1022 mbar

1022 mbar

1022 mbar

1022 mbar

1023 mbar

1023 mbar

16 Apr 14 Apr 13 Apr 12 Apr 11 Ape 10 Apr 9 Ape



Detailed forecast April 26, 2015

Time | Weather | Jemp, | Predpitalion Wind Pressure | Humids m Cloud caver
By
Tatal Faog Low High
clouds E% alouds
i o Light air, 1 mi's . 0% % 0% 0% 0%
1e00 | 0 | 12 0 ] from et W9 hPa SE% | 4
4 Light breaza, 2
1oo| W | 11* | omm | ¥ msiom 1tanea s3% | 5 | O [ O% ) 0% 0% oToO%
rarheasl
4 Light bresaze, 2
1800 | W | 10° o s from 0ianea BB | 4 0% o% 0% 0% 0%
rarheaal
Light bresaze, 2
1900 W | 7° 0 mis fram manea| #1% | 4 o o b o o
rariheast
Light bresaze, 2
00| W | s 0/ s Trom oranea s | 3 | 0% [ 9% 8% ook
mariheasi
Light breazs, 2
200 | W | 4 o s Trom Ehee | BB% | 2 o 0% o % 0% 0%
rarlheast
Light sir, 1 mis
22:00 J 3 0 mm " om sast 1020hPa 85% 1" 1?‘ e 0% 0% 0%
rariheast
Light sir, 1 mis
00| J | 20 D | 7 lrom et whes ss% | pr | RO [ 9% L R 0% 0%
radheast
Detailed forecast April 27, 2015
Time | Weather | Temp, | Predpsalion Wird Prossure J:Hi.‘lﬂ: m Cloud caver
Tustal Fesg Low High
clouds m elouds
Light air, 1 mis
w00 B | 20 omm | *° tomsast Wowea 85% | o o 0% % o% 0%
rartheasl
Light air, 1 mis
R | 2 omm | T from east wH s 8% | o 0% 0% 0% a% 0%
nariheast
Light &ir, 1 mis
aon| B | 2 omm | " fromeast wzwea mew% | - | % 0% 0% o% 0%
rarheaal
Light &ir, 1 mis
oso0| B | 1 omm | 7 tfrom sest wzones| ss% | e | PR 0% L @ LoOW o2
narhaast




Tire | Wealher | Temp, | Preciptalion wind Pressura | Humige | Dew Cloud caver
B PO g [ Feg | Law | Migde | b
clouds tlouds clouds
o400 | 1 o mm 4—'5‘;':;"“ Wz hea | B3N | ° 12_*‘ % % 0% ""_‘
. Light air, 1 mis
0500 | 0 | 10 omm % fram sasw E TN TR CE A T T
niarthaast
Light air, 1 mis
peo0 | W | 20 Bmm | fram sk TN TR L T
riarthaast
Light s, 1 mis
oo | W | 3 omm | vnes sz | oo | S0 0% 0% 1 0% 8
niarthaast
0800 f__. 4° — Omlm.umru oz s | sz | 10 23-1@ 0% 0% 0% 25-'.03
- Light &ir. 1 mis
oa:n0 | | 57 Omm | ™ fromwest 1021 wea 7y | 3 | BB 0% e 0% %
rrarihweat f— —
o Light broszs, 2 ol oew | em | ew | om 6%
oo | 0| 6 fmm | ebomnon  [102100a 7% | 2 ' "
00| 0| s 0 mm [ Lomoowsn? lwziees mim | g | 0% 0% L @W L 0% 1 0%
& Light brenze, 2
oo | & omm N msiom 102ihea e1w | oz | 7% 0% 0% 0% AT
L Light branza, 2
o0 | | 10° | omm mis fram wzzhes sew |z | 0% 0% 0% B
- Light air, 1 mis
400 | | 10° 0 mm fram souths wzzhes sew | 30 | ER | 0% 0% 0% | Ba%
sttt — T—
> . Lighl bresze, 2 Lo | &0 | owm | 6w | 0w | BO%
15:00 5|1 B mem | A 1022 hea E8% | 4
> Genlle brasze, 4
1w | 1T 0 mm - mis from soudh- (1022 0P8 5B% | 37 a0 o b 0% 50 %
- Waderaie breeze,
00 | | 107 0mm 8 rrui from 1031 WPg | SB% Fy 6 % o% 0% o e %
soulbeast
& Maodarsts breszs,
w00 | | @ Dmm ~} Gemis fom southe | 1021 hPa | S9% | 2¢ | See | 0% R oH | &%
soulheast —
o Genlle breszs, 5
w0 | | B omm misfromsoatte 102102 B0% | 10 a0 0% 0% | M=
Genlle bresze, 5
w00 W | T Omm migfomsathe (1021002 813% | o0 0 OR o ORo@mo R
soulboast
' Genlle breezes, 4
no0| W | 6 0 mm mis from southe | 1021 hPa | B2% | =17 T 0% 0% 0 1%
soulheast
Ligh bresze, 3
zw| g | 4 B mem misfromsohe | 10220P B1% | 2 | o0 0RO 0RO 0% ik
southeast
Lighl breaze. 3
23:00 ",:_.., 4° Bmm misframsoudhe | 1022 hPa | 2% | 0 | 2R | 0% 0% 0% | 45%
southnast L |
Detailed forecast April 28, 2019
Time | Wealher | Tamp, | Preciptalion Wind Pressure | Humist | Dew Cloud cover
o el e Feg Low | Migdle | Hah
clowds | pouds | cluds
Y Lighl bresze, 3
oo00 | | 3" 0 mem misfromsouth- | 1022 hPa | B2% | 9 | _o® | 0% | 0% | 0% | 6%
soultmast
Light breazs, 3
01:00 ‘f_,... ¥ 0 mm ,.:? mis from south= (1022 hPa . 8% | 4" 5% 0% R 0% o %




Tima | Westher | Temp, | Preciphalion Wi Pressura | Hypik | Dew Cloutt cover
B P e [ Foa | Low | Migdke | o
clouds shuds clouds
Lighl braazs, 2
az:00 '3_.,. 3° o mis fom south | 1022hPa B2% | - | 0RO i H | W%
soulboast
Lighl breszs, 3
03:00 ".,’_... 2 0 e \ hvomsmmm |10zzhea 2% | ar | TB% | 0% | 0% | 0% | 7ew
sonlbumet
-
o400 | | 3 o mm Ixﬂﬁ:_;“‘f wzzhea B1% | - | 3% 0% 1 0% 0% | MW
-
os00 | | 3 - J Mrom.-; W hes BI% | ot 9% % 0% 0% % 56 %
>
06:00 40 - I E:ﬁu::lm‘t nznba| E2% | ¢ BE % 0% 0% 0% B& %
-
or00 | | 5° omm | | LEoee S lazwes ezw | 2l | 0% 0% oan o EE
*
og00 | | B° L ok R =T - L S A o % | E%
# Light braazs, 3
age0 | | 7" 0w J’ mis from soush- | 1022 WP | 62 % 1" i1 o "% 0% 57 %
soultraest — —
' Light breaze, 3
o000 8¢ 0 mm mis from south- 1022 hPa | 56 % 1 ”_“ o s 0% 32‘
aoullvaest
ik Gentla breaze, 4
100 | W | 10° | omm misfomsouthe | 1022hPa ek | 20 | (L¢ | O @%opo0s o 0%
aoulhvwest
Lighl bresaze, 3
12:00 'f_', 11* 0 .'". mis from souhe | 1022 WPa B0 % 3" "’2 o% 0% 0% 3':"
soulbraest
Light breazs, 3
1300 W | 11° | omm /" wie am wnzznwes| Bo% | 4 | PR 0% 1 0% LoOR |8k
aonillvwest
Ligh! bresze, 3
100 [ W | 12° | omm s Tram mzahee Bi% | 40 | O 0% L 0% 0% 0%
soulbrass]




Detailed forecast April 26, 2015

Time | Weather | Jeme, | Prediptalion Wind Pressure = Humid= m Cloud caver
By
Total F Law n
@ g
Light bresaze, 2
a1:00 "’* ki £ mm 7 msfomease  [1035nea 7% | o % B 1% o =
nartheast
Light brsaza, 2 . % 0% 1% 0% 12 %
az:00 *’___ 2 0 mm - iom aatl 1025hPa 85% | O - -
Light bresaze, #
03:00 J i 0 mm ™ sfomess- |1025ha TE% | -2 ”_“ o i o 1n.u
soulheas!
- Light &ir. 1 mis
odo00 | | 1° o mem ;mm tozsnea| s | - | AW 0% 0% 1oa% | BN
>
05:00 2° 8 mm __':Eﬂhtl:‘u::“! washee| 5% | 2 | 3% 0% 0% 0% 5 %
» o Ui breezs, 2 9% | 0% | 0% | 0% | 5%
06:00 = | 0mm mis from paste | 1026 hPa T4% | =27
narhaast I I
-
000 | ., | 2° 0 e P BT T U L el T e B B
Light bresaza. 2
os00| W | 3 | omm mis fomnet | A0z8hea sy | ope | O 0% 0% 0% 0%
rarhaast
Light bresaze. 3
osoo | | 4° o mm misfomnot | 0zenea e | o1 D¢ 0o D% o0% o
narhaast
& Light bresaze. 3
w0 | | B 0 mm méafrom et | 1026 e BB % | of o o b o o
rizrihaast
Light brsaza, 3
in:00 | B* 0 mm mis from nort- | 1026 P 65% | 0° o o e o o
rariheast
Gantla brasze, 4
1z:00 | W T 0 mm mis from nodt- (1026 hPa G2% | O° o o o o o
reariheast
Genlla braaze, 4
13:00 'i T 0w més from noft- [ 1026hPa SB% | OF o o o o o
riarifeast
Genla braaze, 4
1400 | W 8" 0mm mis fom nere | 1026 0WPa| ST% | 00 o o o o o
riarifusast



Time | Westher | Temp, Precptalion Wil Pressute | Humics | Dew Clesud saver
L L Fog Low | Migdls | High
clouds shoyds slouds
Light breaze. 3
1500 | 0 g" 0 e fmmmnm-.- 18 hPa SE% | O° o 0% o 0% 0%
riarthoast
Light breaze. 3
1600 | W | 8° D men mis fram note | 1025hPe SE% | O° o 0% 0% 0% 0%
riarhsast
: Light breaze. 3
o | g8° 0 mm fmmmn:m- 1025hPa S8% | O o 0% % o o
rartheast
Light bresze. 2
100 7" 0 J'r s fom nothe | 1025hPa B3% 10 0% o o o o
rarthaast
Light brsaze. 2
10| | T bme | ¥ mishomesss | 1025hPa 68% | 1" a% R a% a% o
rarhaast
] B Light brenzn, 2 " 0% 0% 0% 0% 0%
200 | B Dmm | e e |1025hPa &% | D
" Light breaze, 2
200 W0 | & omm | 7> mefomess  |wpshes 2% | < | oe 0% 0% 1 0% o0
souithias:
Light breaze, 3
azoo| 2| 3 omm > mefom CEST N T A T T T s
soithmast
Light breaza, 2
200 B | 3 omm misfomsoute | f026hEa s | 00 OF @%@ T
soulhass
Detailed forecast Aprl 30, 2018
Jima | Weather | Teme, | Predip@alion Wind Pressura mlgﬂj& Dew Cloud caver
Pert el Fog Law ﬂ_ [
clauds clouds
» . Lokt brmezs, 2 8% 0% 0% 0% B4 5%
a0:00 e | 2 i mm \ ;;kfmmm.li‘n— 1028 b BT % | 1°
» . Light Ereezs, 2 Wo% | 0% 0% ow | 10w
o | | 2 g mm \ 'n:sfmmwt#r P TN | S| —
» . Light Lrsazo. 2 w0 | 0% 1% 0% 100 %
0z2:00 ol 2 0 mm 'r:sfmmm 1034 hPa T3 % =" — ——
> Liht brsezs, 3 0% | 0% 1% 0% 100 %
G| e | T i mm " i from sas AR TER | u —
- Light breazs. 3 .| 10w | ow 24% 0% 54 %
D00 | 1 0 ma = s Tram east 1022 hPa| BB - I - I
Light breazs, 3
o500 ) | 1" 0 &;\ e fram WEkPa BA% | 1T % o 32 o o
Light breaze_ 2
. a8 % 0% A0 % 0% B
agom | | 27 0 mm ™ mis from souih- | 1022 hPa B0% | —
Light breaze_ 3
oro0 | | 3" 0 m{ s fom southe | 1021 0P8 B1% 00 5 0% 1 o 4 %
Genlla breaze, 5
oe00 | .| 4° | o—cdmm misfromsouthe | 1021hPa B3 | 10 | T9% | 0% | 8% | 0% | 81%
aoubrasst
Genlle breazs, 4
ge:00 | | 4° | o-0dmm - s franm 021 hPa B4% | 10 5 o 5 % o 0 5%
Genlls breaze, 5
100 | | 4% 0-dZem - s frem W00 hPa AT% | 2 6 % 0% o4 % 2:’; 53 %
Moderie broeze, . 100 % 0% a8 % 12 % T
Mmoo | | 4 o-nEmm | e | 101ERRE B1% 2 -
M Gentla braaze, 4 . 100 % 0% 231 % 26 % 8 %
200 o | 4 o-0dmm | = my's fram wast 1D hPa| 80 % 2| — — -




Tire | Westher | Temp, | Preciptalion Wi Pressirs  Humic D'aiarm Cloud saver
B | opal Total Foxg Low | Middls | Fegh
clowds clouds clouds
Genlle breeze, § 100% | 0% 8% | B4% 57 %
o ]
13:00 4 0 mm e e from wast 1MAME B2 % F
Ganila braaze, 5 5% 0% BB% | TE% B
- o -
14:00 3 0 — e from wowet 10 HPE . TE% 1
. Genile breeze, 5 0% 0% 8% | 8E% | 8%
15:00 4 & mm e e fomemet | |1017hPal s0% | 1
Gerile breeze, 4 0% 0% 0% | Bd% 57 %
o .
16:00 4" n-nzmm | mis framurast | 1076 1P8 B0% | 1
] Light braaza. 3 . W0% | 1% EFET L1 59 %
o _a t—
17:00 — 4 0= 0. mm s fromwest | 10181P8 B4% | 1 .
Light breszs_ 3 100% | 2% aT% | @8%m | 100%
o — re— "
18:00 - 3 | n1—04mm e fomaast | 1015hPa 94% | 2 |
Light brsaza, 2 |
) . - - . 0% | 1% AR | BH | 100%
18:00 3°  BZ—06mm s fram wesk | 1015hPa 98% | 2 .
# soulbraes!
Light bresze. 2
20:00 o | ¥ |e1-0smm " shomwese | 1014hPa| 5% | 2 100 % zlu. % | B% | 100%
i soulbrass!
Light bresze. 2
7100| | 2% ni—tdmm ¥ misfram 013nes sg% | oz | 0% | 2% 9TH | MR | 8%
] I 1
] soulbraes!
Light breazs,_ 2
' " _ v . 100 % 3% 96 % 95 % 59 %
22:00 - ¥ 0—0,3 mm s fram 1M13hPa 6% | 2 |
soulbees!
5 _ Light mir, 1 mis . 100 % 3% a4 % aT % 100 %
23:00 — 2 0-03mm | S from soudhwat | 10120P8 9% | 2 .



Detailed forecast Apri|l 30, 2015

Time | Weather | Tomp, | Predpitalion Wind Pressure | Humigs EdE: Cloud caver
= Total Fog Laow Mindja High
| clowds | chwds | clues
Gantle braaze, 5 100 % 0 2% 431 % 5E %
. . _ .
14:00 4 D-dmm | e st | 1017hPa #7% |2
o Gerlle breaze, 5 100 % 0% 85 % 58 % 100 %
15:0:0 4 0=0,1 mm e T—— 1016 hPa. 83 % 1"
Gontlo branze, & 100 % 0% BE Y% a6 % 100 %
Ll -
16:00 y | & D-namm | e nst | 0ISNPE B1% | 1
. & Gantle brasze, 4 . 100 5 1% M % a7 % A0 %
1700 . 3 0—02mm | = — 1015 hPa . 64 % 1 .
Light braaze. 2
" o . 100 % 0% a5 % o1 % 100 %
18:0:40 ‘—,1" 2 01 —0,3 men o s fram wask 1014 hifa . B % 1
o Lighl breaze, 3 100 % &% 94 % B % 100 %
19:040 2 00,2 mm | b= s fram wast 13 hPa 93% 1" .
" Calm. 0 mi5 from . 100 % 2% ar % S % 100 %
20:00 2 D-namm | e T hemss | 1T1ZhPE . 98% 1 \
Light air, 1 mis
100 % 0% 65 % 6 % BT %
e | G | 2° | 0-04mm " irom oas 1012hPa| 96% 7| — | | —
souitheas! 1
Light breaze, 2
100 % 0% a5 % o % 21 %
@
22:00 v 2 0—0,1 mm B-:I:\B;?ﬁqm 1011 hPa | 93 % 1" — s | e | —
Light braaza, 2
o ‘\‘ . 100 % 10 % af % B4 % 68 %
23:00 — 2 |o4-s5mm mmawn;t“hm W1ihPa 2% T . o e .| —
Detailed forecast May 1, 2019
Timg | Weather | Temp, | Predpitalion Wird Pressure | Humigs Dm Cloud caver
[ poi
Total Fog Law High
clowds m clouds
Light breaze, 3
. I - .| osE% 1% | @rw | % | 0%
00:00 # 1° | 02—0.7 mm :J:fmm norte | 1D11HPa @B | | -
» o Gurtis bresza, B4% | 0% | 83% | 8% | 0%
s
01:00 b | 0 —0,2mm mis fram 1Mo hPa 91 % a* -

| marthaast




Tire | Wealher | Temp,  Frecptalion Wirdd Pressure  Humigs | Dew Cloud caver
B peint e Fog Low | Migdls | Fegh
clouds shuds clouds
» Ganla braaze, 5 TH% | 0% | TE% | 0% 0%
az:00 |1 0mm s fram Wwonea 9% | 1"
rrartheast — —
> Genlla Brecze, 4 BE% | 1% | ssw oy 0%
a3:00 . o 0 mm Tm WiohPa 92% | -1 .
» Genlle breeze, 4 234 0% a3 a% 0%
Q4:00 0 B—dtam T fram WiohPa 93% | ot
- Genlle breeze, 4
a5:00 5| o 0 mm mis fram et | 1010 hPa | BB% | 20 | O o 0% S 0
rarhaast
- Genll bresze, §
Q6:00 S| oo 0mm mis fom note | 1010 hPa | BO% | &0 | T B 54 % o B
rardhaast
, Maderste drsuzs,
07:00 L oo 0 e & misbom nodke | 1000hPa | T4% | 40 | 23R | B% O S3% 0% o
martheast
- Genlle bregzs, &
08:00 o 0mm mis fram note | 1009 hPa | BB % | 50 | 0 % 40 % 0% 0
rarheast
- Genlle bropee, &
09:00 5| ooe B e misframnorte | 1000 hPa g4 | g | 4T® | 0% &1% 1 O% o
rarthaast [ | [ |
> Genlle bropze, &
10:00 |10 0mm n.'::fmmnuﬂ'n- s hes sew | e | O1® o 51 % 1 o
- Genlle brepee, §
11:00 y | 1° 0 mm r::lfmmm:lﬂ'l- neanea se% | e | S0 B 50 % 0% B
- Genlle brepre, &
12:00 | oee - r:‘:fmmnuﬂ'n- jo0ahea gy, | g | DE® | 0% | 35% ZI“ o
Gontle bronzo, &
13:00 1 e—orem r:.:fmmnuﬂ'n- jooehea ms | - | 0% 0% 00 % 9.“ 1%
Madarain oranza,
. . L oeewm 0% 86 % 1% | 168%
1400 1] 0—0,9 mm 6“rn.|'li1:l11no|ﬂ\- 1008 hPa T2 % = — — - -
* Gortia broazn, 4 2% 0% 82% 8% | E5%
15:00 L0t e—aamm misfomnorn | 1007 hEa | TR | = | e — e
* Gantls breace, & B4% | 0% | 40% | 2% | 73N
o 3
16:00 y | o o mm mis fram 1007 PR BB % | i .
> o Modeie beezs, TE% | 0% | 1E% | 4m | T4m
@
1700 - 1] 0mm & i froem 1006 hPa . 56 % Ci - .
» Moduraie braozs, 85% | 0% % 2% B %
18:00 v | ooe o mm " & mis o 1mehea E2% | 8| o . , —
- Madorats breaze, 73% | o 1% 0w | Tam
w00 | __, | 0° | omm ‘ﬁﬁnml‘w e nes | 63% | 6 —
» Gonlla breaze, 5 BE % 0% 0% 0% BE %
20:00 5 | =1* 0 mm Tfrom 1ME WP 6% | T
™ Gantla braaze, 4 a0 0% 0% 0% 80 %
21:00 o | =-1* 0w " rr:‘s'l'rom 106 WP 6% | 6
Gantle brasze, 4
- A% 0% 0% 2% 87 %
22:00 ; | =2* 0mm rr:‘ﬂromaml— 1S T1% | - - ,
Gantla braaze, 4
" 1 a8 % 0% 0% 6% 57 %
2300 | | =2 0 mm mi's from esst- 1MSPa T1% | - e .
Detailed forecast May 2, 2018
Timg | Weather | Temp, | Predpiation Wind Pressure | Humid= :Idnnr Cloud caver
o r
Tatal Fag Low Hagh
| | clouds E% aluds




Tir Ternp, | Precptalion Wired Pressure | Hymide | Dew Cloud saver
B Ll e Fag Lew | Midde o
deads | douds | shuds
Genlle breeze, 4 . a % 0% 4B % 7w oT %
00:00 =2* 0 mm i WS A TTR | & — -
Genlle breeze, 4 .| 100 1% 68 % iR ) 9%
01:00 =27 | 0-0dmm | e 005 HPa BD% | ,
Light braaza, 3
0200 «2* | D-0zmm | T mistomeast | 1005WPa 8% | 5 _1&111, 1.",i _Hl'ﬁ _ﬂ”‘I _BEHIE
riarihaasl
Gantla braaze, 4
100 % 0% 4% 525 8%
0300 =2 | 0=0,0mm my's from 1005 WP | 85% | -4¢
Bt I I |
Light breaze, 3 100 % 0% [HE 55 % BE
04:00 =2° | D-04mm s e 1005 Pa . BB% | -8t
at | | I |
Light breaze, 3
98 % 1% 57 % 52 % T4
0500 =2 | 0-0, mm s Tram 1004 WPa | A% | 47
t I 1 L | I I
Light breaze, 3
. af % 0% 9% TE BO %,
0600 i 0 mmm s Trafm 1004 Pa | 85% | -4 .
Genlla bragze, 4
- . 98 % 0% a4 B4 % 55
aF:o0 =1 0 mm fm-rmm 104 hPa TER | —
Genlle braaze, 4
0800 =1 0 s Tram 104 hPa | 6B% | 6" o i T 58 6
rarlhaasl
Genlle breaze, 4
09:00 -1® Dmm | *7 mufomess. | 1004hPa| @5% | 4 | T | 0% 3’2 Sk | e
rrariheast
Genlls braaze, 4
& - 96 % 0% 44 % 57 % B4 %
10:00 =1 L s Tram easte 004 P | B3 % | T —
riarihesast
. o Sl Breaze, 5 sse | oW | 8% | Esw | B3
11:00 1] 0 mnm misfrom east (1004 WP B1% | —
raihaasl — — | —
. - enlle brsaza, § g% | a% | 33w | E8w | ea%w
12:00 [i] 0 e s frenm emste 1005 kPa 5B% | —

riarihsast




Tromsa Weather History for the Previous 24 Hours

Show weathar for:  Provigus 24 hours

Conditions Camfort
Time: Tomp Wieather Wind Humidity Baromater
Fﬂn,&-:: @ =1 Cvanzast, 13 kmh TE% 1004 rbar
06:00 T -1 Overcast, % kmih 1% 10045 mbar
0800 & =2 Light ersras Cvarcant, T kmih T 1005 mbar
04:00 @. =2 Qvancast, T Emh TE% 1006 rbar
LER L A 2 Overcast, & kmi 6% 1006 mbar
o200 {D =170 Chear, & kmih BS% 1007 mbar
oi:00 é -2 Passing chouds, 4 kmih BE% 1007 mbar
o;00 é =100 Passing douds. 11 kmh 58% 10T mbar
m’f'u:: ) 1o Chiar, 15 lemih BE% 1D07 Frbar
2200 ﬁ -1 Scaliernd chuds. 15 lemih 5% 1007 mbar
21:00 ﬂ [+ Chilla 15 km'h 63% 1007 rmbar
20:00 &, o'c L — e 13 kit 54% 1006 rbar
18:00 ﬁ 10 Fassing douds, 17 km'h X% 1006 mbar
18:00 l 1°C Sunrg 13 km'h 43% 1006 rmbar
1m0 G 1 Passng douts, 13 kmih 5% 1006 rmbar
16:00 ﬁ 2 Pagsing douds, 17 kemth AT% 1005 mbar
15:00 & 1°C Farly sury. 13 km'h 53% 1005 mbar
14:00 ﬁ 1°C Scatternd chuds, 15 kmih 51% 1005 mber
13:00 -!. 1 Pansing dauds, 1 kmh B0 1004 mbar
12:00 & 1°C Farly sury. B kmh 58% 1004 rmbar
11:00 ﬁ 0c Scattered chuds, g kmi 2% 1004 mber



Detailed forecast May 8, 2019

Time | Weather | Jomp, | Predpialion Wind Pressure | Humids m Cloud caver
]
Tita] Fog Low High
clouds % aloucs
Light breaze, 2
22:00 |17 p-odimm mis fram nortw | 1003 hPa | 9% 1" 100°% 2|5-; A% L"‘ 05 %
narihwns:
- Calm, 0 mis from . 100 % 2% 3% 36 % o7 %
23:00 k| 1 p-nzmm S W03 hPa BE% | 1 | —
Detailed forecast May 8, 2018
Timg | Weather | Jomp, | Prodpiation Wind Pressure | Humids E;nr Cloud oaver
] it
Tadal Fog Law Hagn
clowds gﬁ aluns
& Light air, 1 mis . 100 % 2% 5% 3% 97 %
00:00 -.-P 19 | o-aamm | S hwea | 1004hPa %8% | 1 | —
Light breaze, 2
a1:00 i 1% o-03mm »‘"‘ mis from sgulh- (1005 hPa | 95 % 1" 9 1?‘ it “_* B
soullises] — — —
Light sir. 1 mis
. 95 0% T4 13 % B2 %
oZ00 | 1® 0 Trair souilli- 1008 WPa | % a0 -
soultiwest — —
Lighl braaze. 2
03:00 . | D f. fris Tram 1007 Pa | 80 % 0" % 0% 6% ’_‘ 2 %
soultvaest — — —
Lighl breaze, 2
oo | 0| 22 | omm |/ metomsoun |wo7ees s | o | TR | 0% | 7% %) BN
soulliwest
Lighl breaze. 2
05:00 y| oz Bmm misfom southe | 1008 hPa | aps | or | P@%® | 0% | 7% | W | 8%
aoulbraes]
Light beesze. 2
g0 | 27 Dmm mis from sowth= | 1009 hPa | 85% Iy 8 % 0% 77 1% 50 %
soulhrams
Light breaze 3
07:00 k| D / mevomen. |10wes| s2w | o | _B% | 0% | 78% | 0w | ™%
soulbraest
Genlle bresze, 4
2% 0% 76 % 0% Bl %
08:00 | 40 Dmm mis fram southe | 1000 bR BB % 1"
| | |
- Genlle Breeze, 4 73% | 0% | e4% | ow | mu
09:00 4° omm mis fram southe | 1011 WPa | 86 % "
— — — -




Time | Westher | Tamp, | Preciptalion Wi Pressure | urig: | Dew Cloud cover
B P e [ Feg | Low | Migdke | fen
clouds clauds cluds
00| | 4° Dnm | ' miatom 101zpe sz | oz | EFR 0% 3% 0% o
. Lighl besazs, 3
o0 | | 5 omm | ¥ owatrom i3hPa 5% | 10 | 0¥ | 0% 0% 1B MR
soulFraes!
& A Light breaze, 3 .| ossw | 0w 2% | 4% | 3%
1z00| | B° Dewn | ¥ i hom N4WPa BE% | 0 . il i
- Ligh bresaze, 2
13:00 B | ¢ omm | ¥ misfram whes sew | oo | TR O| 0W i A L
southraest —
P Light air, 1 mis
won | ¥ | & R fram washe wishea 3% | or | cone | PR | TR ZEOLDR
southwest
r Ealm. 1 mis froem L otam | oow | 2w | 1w | ow
1500 | W | 8 omm | N 1S hPa| A2% | i . -
e Light sir, 1 mis . o2% | owm 1% 1% 0%
1600 W | 7 o | S L 1015 hPa | GD% | O |
. Light brsaza, 2
00| WL 7 oo | / mawomnam |101shes| a2% | o TR | 9% | O% | 0% |
rarlheast
) Light breaze, 2
18:00 "’ I 0 ™S pstomesst | 101shPa | s4% | 1" a:" o e o ‘_“‘
mlbaast
Genlle brsaze, 5
19:00 | 4| 8 o mistomess | 1015hPa Ba% | or | co | 0% @% gm0k
aolaast
Genlle breeze, §
w00 | O | g° & s fram 1015hee | Ban | a0 | OF o e 0% e
soulbeast
Genlle bresze, 5
700 W | 50 0 s from wishPa Ba% |t | ¥ o 0% 1% 1%
goulbast
Genlle breuze, 4
zo0| | & 0 men s fram ishPa 1% | e | 2R | 0% 1 @% [ 6% TR
soulheast
Gernlle bresze, 4
. % | 0w | 2w | 4w | 77w
200 | 4 0 rmen s rom 0i5HPa B5% | -2 - —-—
Detailed forecast May 10, 2019
Time | Weather | Temp,  Precdpsaton Wiird Prissira tHE:.ﬂ: m Cloaid caver
Totsl | F Law n
H elouds m c'-lruds
Gentla braaze, 4
amon || 47 0 mm . s from south- (1015 P8 TO% | " 98 o "2 7% 8%
Genile breaze, 4
oo | | 4% D-02mm s fram south- (1095 hRa TER | 07 98 % o a7 4% 7%
aoulheast
Light besaza, 3
0z00 | | 4° | o—paam m:l mishomsouhe | 10%6hPe Bz% |z | PP 0% WO EE T2
Genlle braaze, 4
oxon | | 4° omm | ) metomsou- | w0iswes 3% | 2 $e% | 0% TR | W% | W%
o400 | | 4° o mm | b8 gisnes gew | oqe |00 | 0% ) MWL OBTR MW
0s00 | | 4° omm || RO gishea en | 1 | l0% | 0% R mW O mew
Gentla braaze, 4
. w0t | aw | e | saw | sew
ago0 5 0 mm \ mis from M5 hPa | TI% 1 —
Madarata braaze,
ovoe | | T" 0 £ s from MShPE | T1% @ 100 % o 3:" =% | 1%




Time | Weather | Temp, | Precipfalion Wlird Pressare | Humid- Dﬂm Cloud caver
B | P Tolal | Feg Low | Migdl | Fagh
clouds | flobds | clouds
Frassh brosze, §
. Lo wow | ow | ovam | omEw | s
os00 | . | B D R e from sauthe | 1015 hPa | 70% | 3 .
> Frash bresze, §
L oEsw | oow TH | STH | B4%
09:00 | et Dirm R miefrom south- | 1014 hPa | BB% | 3 .
» . Frash bresze, g3% | 0% % | 3w | 43
10:00 5| 10 Bmm Mh:amm W4 ERs BTH | 4 , o
Frash breazs, 10
00| 0| 100 D misfram south | 1014 hPa | BE% | 4 | R | 0% % | M% | 2%
— aat [ | [ | [ |
- Frath brasze, § B% | 0% 0% 2% | E3%
.
12:00 Ll n Bmm -n:Ifmm sauihe | 1014 hPa B4% | 4 .
» . Fresh breeze. 56% 0% a% 2% 55 %
*
13:00 T Bimm mh.r:lfrm sathe | 1014 hPa B3% | 4 ,
Frash bresze, B
-
14:00 R | 11* - misfram sauth- | 1014 hPa | B1% | 4 | TT® | 0% 0% 0% | &%
southieass
- Frash bropze, B
15:00 5| 11t £ mm mis fram sathe | 1014 b2 B0% | &0 | S0 | 0% 0% 0% | =%
southnass
- Frash bropze, 8
16:00 L | 1 B s fraim T i A B o5 0% | ™%
soulhans: — —
Fresh brepze, §
-
1700 B | 1 & mésfram sauth- | 1093 hew | sp | x| 92RO 0% o5 % | &%
southaass
- Maodermie bregee,
18:00 L | 100 £ mm E 7 s fom soute | 1013 b 1% | 30 | o | 0% 0% 0% | &%
soulheast — —
Gontle bronze, &
-
18:00 5 | 10° & misfram sauthe | 1093 hew ga, | oz | B | 0% 0% 0% | M%
soulheast — —
- Gantie breaze, 4 5% | 0% 0% 0% | 5%
w00 | | 9 £ Br:sfrwnwuh— Wzhea 64% | 3| ——




Today and tonight, 11 May 2019 Tomorrow, 12 May 2019

Tire |Forscast | Temp. | Precip. Wind Tiwe | Forecast | Temp.  Precip. Wi

Tono M| o0 | onm | | gemesmememe GG | 7| omm | o gt
Taoo M| 100 | omm | J pmem i G700 b | 70| nm | o e
PR I A I I T
500 W | 122 | omm | g Lteem2uk 09-00 @ | 7 e | A ™
Teoo W | 120 | omm |/ tmmwimeren S| @ | 6 ca-orem| ottt S
oo W | 120 | omm | g Ummimene SRS @b | 6 |oaozem| LI ame
Teoo W | 12 | o | ] Umstmeton SR ol |6 oasarmm| A s ane
5;:::1 | 110 | ome |\ pomEmemsdme :;T; * B° | 0A—0amm|  povilbreeze & mis
R I R I I e
2000 o | 9 omm |\ [meesmime S0 @b | 60 oronenm [0 penlebber o
To00 b | B | oem | N prmemime Sty @b | 6 oz-osm| [ Dt
S T | v [ o | N i s g [ o o | [ St
doon | | onm | N Uememame S oy | 6 oa—asmm| [/ Lo
Time IFnrecmt Temp. | Precip. Wind Tima |F-umcm| Temp. | Pracip. Wi

orn T | T emm e pmmmeime S o | 5 c2osrm| [/ M s
o 2L e amm | i g | |/ 2
03:00 b | 60 | omm | e (oeem2ms SN0 @ | 5 [os—samm| /o hgar tmsrn
m ; & — Hﬂ;ﬂmzm guzl':ﬂcg Q 5 | 0—11mm Oﬁuin.ﬂmﬂa

EriE I - Y P T N




Longyearbyen (Svalbard)

% Expociod: Moderate avalanche danger

Yallow sevarity il
Detailed metecgram, naxt 48 hours
Clivd vl Wednesday *tway Thursday 16 My
_ . Lo
T a5

VAASN L e
m iz 14 W 13 2 o @ 0z & M @ W 12 14 18 |\ 2 = o B 4 pE 8

Detailed forecast May 14, 2019

Tivws | Westher | Temp, | Presipeation Wirnd Pressure m&-j‘q- Dew Clout caver
Tatal Fog | Low m o

os00 | | 2 & mm uhi;ﬂﬁu:i::-ﬁ 1izhea sa% | o | IR 0% I HA 0%
10:00 —_— Fa mm um;“:l’::;nhm 1012 hPa . 84 % a° 100 % 0% 100 % ‘2 nE
Mmoo | | 2° | o—odmm mi;::::: Wizhea sgy | g 00 | 0% 0% 0% D%
12:0:0 —_— i 0—0,% mm miﬁ”“ft::r“‘::f;—‘ 1011 hPa 88 % a* 100 % 0 100 % 100 % B.ﬁ
13:0:0 # Fa 0,1 —=0,2 mm Wm:n':tﬂﬁqh:;il:- 1M1 hPa | 86% a* 100°% o% 9 % 100 % 3:
100 | L | 2 ai-ozem mmiﬂ:ﬂ:ﬂ“ﬁ- LSRR S U B B B o
15:0:0 ,‘r# 2 0,1 —0,2 mm \ m;ﬂ;m 1010 WP A0% 1" 100 % 2|“ 100 % 100 % 21:-‘
00| L2 ozem sttt AT T S B E B e L e
1700 .r* 2° 0,2 —10,% mm m}}ﬂiy::l:ﬂ:-m 1009 hfa . 96 % 2" 100 % 3:'6 100 % =% 2
18:00 i’ 2° (oa—gamm| | PEUARIME Tigpgups gey | 1 | MO 2% T0R | 00N | %
1900 | @b | 2 na-osom mimf?rrn“:m:-m LT B O e B e

. I w, Lignts 1 mis . . I 100 % I 0% I Wo% | 00N | BE%
20:00 # 2 |03-04mm| . fomoest 1o0anea 9% | 2 kel




Tire | Wesiher | Temp, | Frecptalion Wi Pressure | Humig: | Dew Cloud saver
B | po Total Fog Law | Midgdls | Hah
clauds clauds cluds
Gentle brasze, 4
21:00 ‘ 2" | 0,3-04mm v mis from wesk | 1008 hPa | 85 o 100°% % 100% | 160% 42
g aoulvwes! — I | M—
. Genlle bresze, 4 i 100% | 0% | 00% | SAW | 1A%
22:00 " 2° [ea—gdmm| e TTLC UL [100ahea mEw | o -
Genlle breeze, §
23:00 ’ 7° |o2—0amm “ mefomwess |1008hPa 85% | 07 0a% | 0% | 100% | o 4:"
¥ soulbraes]
Detailed forecast May 15, 2019
Tira | Waeather | Temp, | Predpeation Wl Prcsura Humide  Dew Cloud cover
B poirt Tl Fig Law | Migdls | Han
clovds | ghuds | shuds
Gantle braaze, 5
00:00 | @ | 2° |02—o3mm =" stomwest | 1003hPa 8e% | o- | h0% | 0% [ 0% | BN 0%
¥ sl — I | —
Gentle brasze, 5
e 100 % 0% 00 58 % 0%
ot:00 | 2° |04 —03 mm més fram wask (1008 WPa AT% | 0°
» milraes]
Genlle bropze, § i 10wo% | 0% 100% | 7% 0%
0z:00 * 20 jor-02mm| == o omwest | 1O0SNPR| SBN | 00 | —— -
M Maoderain Dreaze, . 100 % 0% 00 30 % T %
03:00 '_* Z 0.1—03mm | b= & mi's from wess 1008 hia | 85 % o — — - n
Madersle brasze, . Mm% 0% WH | MuH | W%
04:00 __* 20 |o—namm| b N Wt | 1008HPa 8T% | 0 - —
Kaderatn branzs, i 100 % 1% 8% | 2w | 40%
08:00 9 2° o-oamm | A g mwest | TO0NFR 7% T — | s = -
L, Modws bisare, W0% | 1% | 98% | 5% | 4%
06:00 _* 2° 0-03mm B misfom weste (1008 HRa BB% | 0°
[ | 1 [ ] [ | |
. riarhwoss
o700 [ (L | 2° | o0-03mm | Wadamia breezd. |vognea | a7 | o | MO0 | 0% | 00K aew | aw
" Frash bresze, B .o wow | 1% | wown | 15w | ;3w
0800 __* 1 D-0dmm | b o west 1010 hPa | 87 % | \ - -
Fresh bresze, & RERERT R 1% 8% | 5% | 67
vo:00 | g | 10 [01-03mm| bee o mwest | 1010NPE| 6% | . -
- Frash braaze, B . 100 % o 99 % 55 % B %
10:00 __* 1% B1—03mm e s fram wast | 1010HPa BE%
" Fros bresze, B Lo | 1% /% | EEw | TEWH
11:00 __* 17 |t —tamm| e sl 1041 hPa | BE% | <t \
. Fresh brenze, & RERERTT R 1% 8% | Tiw | a4z
12:00 * 1*  mi—0&mm| L mis from wast 101 hPa | BE% | . —
13:00 ‘ 1= 0.1 —10.5 men { . mﬁ#ﬁ;ﬂmiu 1049 hea | BT a4 100 % 1:-‘ 99 % +'_?I- 5.“
14:00 4 1° lod—04mm| & mmﬁ:m 2heel Be% | v | 90 1|1-a 8% 1?-5 0%
1800 | | 1" oi—tamm| L mm:::m 11znee | asw | o0 | T % BT % ".“ %
s Frasn braaze, § . AT 0% M 2% 0%
16:00 * 1* |p1—03mm| b e amwaat | 1012HPA ) 85% | ,
. Frosh bresze, § B Y 0% 26 % 2% 0%
17:00 1 o—0zmm | e e am west | 10130ER 85N e ,
. ke, [reshbraazs, § 7% | ow | ®Ew | 3w 0%
18:00 | 1 0—0.2 me s rom wesk [ 1013hPa 85% | 27 .
b [Froshbresze. B 6% 0% 5% 4% 0%
18:00 o0t n-0tem mie fram wask (1013 0P AB5% | 27 .




Tire | Wesiher | Temg, | Frecptalion Wi Pressute  Humice | Dew Cloud saver
B| ednl Fog Low | Middls | Hah
clouds chuds chuds
Frash breeze, 8
20:00 S0t p—odmm ~ misfromwesk | 1014 hPa | 84% | 3¢ _mna o _“* 2?i o
2 Frash braaze, B
200 | 0% o-nmm ~ misfomwesk | 104 hes | se% | 2+ | 0% o A4 e o
™ Maoderata branzs,
22:00 | 0* | B-0dmm ~ 7 emis from west- | 1044 hPa | B4% | 2 8% 0% 8% 1% 0%
- Kadamate branze,
2300 0t p—otem ~ G rnis tom west- | 1015 WPa | BA% | 20 5 o 44 % 1 o
Detailed forecast May 16, 2019
Tirm | Weathar | Tomp,  Frecipsation Wehrd Pressurn I-_Id!':ﬂt sﬂ-r"rl Cloud caver
Total Fog Low High
Bl 1F-
ol Moderate Dranze, LER 0 % % 0% 0%
a0 | 0* | o-0dmm &mis fom weet | 1T150FE 5% | 2
-
01:00 0t | e—0dmm | b= m"ﬁ' iekes B8% | 2 | 0 0% 70 % o 0%
* Maderstn brauze, % 0% % 0% 0%
0200 | | 0% | o-oamm | b U R [mEhea ssw | 2 —
> Maderatn brasze 69 % 0% [ 58 0% 0%
L h
ozoe| | O D — & mis foom et | 1018 0P8 | B5% |
- Genlla branze, 5 a3 0% a2% 0% 0%
04:00 , | o° Omm — s from west T bR B5% | =27
> Maderste brasse, 5% 0% ES 0% 0%
oS00 | | 0° omm | e b wmat | VI RFR 84 % | e ——
F
ogon | | 0* LR — m'm“"m““" TP 8% | 37 45 o s o o
- Gentl branze, § R % 0% 563 % 0%
a7:00 L | o Umm — e o wont T bR A% | =T




Detailed forecast May 20, 2019

Time | ‘Weather | Jemp, | Precipalion Wind Pressure | Humids m Cloud caver
L
Total Fog Laowe High
clauds % clouds
> . Light &ir, 1 mis . 54%, 0% 0% 0% 54 %
13:00 | 18 0 mm Y fom nort W6 hPa 6T% | 10
- . Light biesze, 2 . |/% 0% 0% 0% 39 %
14:00 o | 16 0 mm — o eand 1016 PR GB% | 10 il —
N Light braazn, 3 . AE % 0% 0% a% 15 %
15:00 f_,. 16 0 mm e fram amt M6 WPa | T0% ! — —
3 " Gentls brasze, 4 . 15% 0% 0% a% 15 %
16:00 ﬁ_. 15 0 e T WEWPa T0% | 10 - -
> Genlle brasze, 4 5% 0% 0% 0% 53 %
| o | 19° 0 = n-::frmm 101 hPa | 70 % e —-— —
Genlle brasze, 4
18:00 | W | 14° | omm | © 7 mishomesss  (1016h8a 7o% | g | ¢ 0% 0% 0% AR
soulbeast
- Genlle bresze, 4
19:00 | 13 0 mm ™9 mifomesse | 1018HPa | 70% & 96 % o o5 o o6 5
soulheast
- Genlle brasze, 4
20:00 = | 120 omm ] .r:ufrmn-d- 1016 hPa | 0% 7 5 % o o o B
> * Gentle braeze, 4 . 99 % 0% 0% 0% B
21:00 = | M o = s from cast 1017 hPa | 88 % 5
> Light bresze, 3 . 298 % 0% 0% 0% 58 %
2200 | | 10° Omm v mia from sasl 1017 hPa | B8 % 4
> Light bresze. 3
o0 | | 9° 0w " mistromesse | 1017hPs | T0% 7 it o b o B0 %
goulleast
Detailed forecast May 21, 2018
Time | Weather | Temp,  Frecpsation Wi Fressure  Humids | Dow Cloud caver
B ot
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Detailed forecast May 22, 2019
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APPENDIX Il

Raw data extracted to a text document

date;time; bme0.hum; bme0.press; bme0.temp;bmel.hum; bmel.press; bmel.temp;bme2.hum;
bme2.press; bme2.temp;bme3.hum; bme3.press;
bme3.temp;ligh0.uv;light0.ir;light0.vis;lighl.uv;lightl.ir;light1.vis ;si7021.temp; vbat;vcc

04.07.2019;10:08:58;45.48;100639.10;-41.87;35.86;100263.30;-41.52;20.15;100250.66;-
38.82;42.31;100170.73;-40.84,0.04,249;263;0.00,0,0;-23.24,3.76;3.40

04.07.2019;10:08:59;45.51;100625.54;-41.87;35.85;100278.72;-41.52;20.15;100247.80; -
38.82;42.32;100183.98;-40.83;0.04,250;265;0.00,0;0;-21.21;3.43;3.40

04.07.2019;10:09:00;45.48;100633.03;-41.87;35.88;100280.20;-41.52;20.15;100277.76;-
38.82;42.34;100192.97;-40.85;0.03;252;263;0.00,0;0;-16.07;3.39;3.40

04.07.2019;10:09:01;45.50;100648.34;-41.88;35.85;100250.41;-41.53;20.16;100263.94; -
38.84,42.35;100164.98;-40.85;0.03;249;263;0.00,0;0;-13.08;3.37;3.40

04.07.2019;10:09:02;45.49;100648.95;-41.89;35.89;100265.38;-41.53;20.16;100252.19; -
38.85;42.37;100189.64;-40.86;0.03;251;263;0.00,0;0;-10.96;3.34,3.40

04.07.2019;10:09:03;45.55;100627.19;-41.89;35.89;100276.65;-41.54;20.16;100239.58; -
38.86;42.38:100159.27:-40.86:0.04:251:;264:0.00;0:0;-9.34:3.35;3.40

04.07.2019;10:09:04,45.51,100627.78;-41.90;36.03;100260.05;-41.54,20.16;100237.12;-
38.86;42.39;100181.92;-40.87,0.03;250,263;0.00,0;0;-8.04,3.34;3.40

04.07.2019;10:09:05;45.53;100628.97;-41.90;35.89;100251.19;-41.55;20.17;100241.98; -
38.86;42.40;100189.47;-40.87;0.03;250;263;0.00;0;0;-6.93;3.34;3.40

04.07.2019;10:09:06;45.49;100625.52;-41.91,36.05;100274.02;-41.56;20.17,100250.06;-
38.87;42.41;100151.05;-40.88;0.05;250,266;0.00;0;0;-5.94,3.33;3.40

04.07.2019;10:09:07;45.54;100642.06;-41.92;35.89;100267.64;-41.56;20.17;100254.89:;-
38.88:42.42:100178.59:-40.88:0.04:250;265:0.00:0:;0:;-5.07:3.33;3.40

04.07.2019;10:09:08;45.52,100647.12;-41.92;35.92,100266.02;-41.56;20.18,100244.31,-
38.89;42.44;100190.57;-40.88;0.04,252;265;0.00,0;0;-4.28,;3.33;3.40

04.07.2019;10:09:09;45.58;100641.47;-41.93;35.99;100262.31;-41.57;20.19;100257.66; -
38.90;42.45;100163.72;-40.89;0.05;250;266;0.00,0;0;-3.58;3.32;3.40

04.07.2019;10:09:10;45.57,100640.54,-41.93;36.01,100269.28;-41.58;20.19,100260.47;-
38.90;42.46;100181.26;-40.89;0.03;249;262;0.00,0;0;-2.95;3.32;3.40

04.07.2019;10:09:11,45.58;100623.40;-41.94,36.01,100274.47;-41.57;20.19;100253.16;-
38.90;42.48;100178.09;-40.89;0.04,;251,264,0.00,0;0;-2.32;3.31;3.40
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APPENDIX IV

Examples of ‘heated temperature’ behaviour in field tests
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Examples of ‘heated temperature’ behaviour in lab tests
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APPENDIX V

The pressure sensor sensitivity analysis to wind blown directly to each of three sensors
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