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ISignori, in unsecolo in cui 'uomo intende cosi
vittoriosamente a strappare dal seno della natura i
suoi piu riposti ed intimi segreti, era della piu grande
ed urgente importanza I'erezione di un Osservatorio
deputato particolarmente allo studio attuale e pratico
dellamet eor ol ogi a e dell a f

%Signori, noi abbiamo rapit.i
guel che é e quel che segue a poca profondita sotto
guesta terra che tutti calpestiamo e dove tutti
abbiamo vita e morte, & ancora un gran mistero per
noi. Dio mi guardi di presumere tanto di me stesso,
ch'io ardisca promettermi di sollevare questo grave
velo, dove mani sterminate piu vigorose sentirono
pur troppo la loro impotenza!"

(M. Melloni, 28 Settembre 184R®iscorso per

I'inaugurazione dell'Osservatorio Metexogico
Vesuviano).
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Introduction

Our survival instinct led always us teant toforesee the natural catastrophic
events. The only way to do this had been, and is still nowadays, by observing
nature in order toatierae dsadrégsohmaen and t from
cl osest '.©Ona28theftSeptember 1845 the regal meteorological Vesuvius
observatory was inaugurated and it started to work in 1852 .The new director L.
Palmieri, completed the set of observatory instruments with a weather, towe
saying that AThe obser vathephgndonsenamhes si on was
Vesuvi uso.

During last years in alworld researchedocused their attentionon other
catastrophic phenomena, not less serious ttetroftthe Vesuvius observatory

The corern for the state of health of our planet is not new and has been
constantly increasing during the last three decades. The will to improve the quality
of life through strong investments in the industrial and technological sector
inevitably has to deal wit the negative aspects ensuing from this sector's
development.

Environmental air pollution is one of these negative aspects, if not the main one.
In particular, controlling, monitoring, and predicting the emission &mel
dispersionof pollutantsare necessary to elaborate territorial strategies which can
safeguard human health in the best possible way. This activity is especially critical
in urban areas for various reasomgre than half of the world'opulation lives in
urban areas (according toNUsurvey);areas account for the majority of the air
pollutants' emission, mdg from motor vehicle exhaust; the particular
geographical situation of urban areas generates distinctive meteorological
phenomena which interact with other locadnd globalscale phenomena,
complicating the prediction of the pollutants' dispersion.

Particularly, there are few datdout this topic in the typical urban climate of
Mediterranean cities, characterized by the interaction betWelean Heat Island
(UHI), sedlandbreeze andslope/valley flows

Consequently,iti s PhDbs thesis d e s 8 metdoees t he deve
climatic kytoon station for measurements of vertical profile of pressure, wind
velocity (module and direction) turbulent spectrum, temperature, htynadd
concentration of pollutants, very useful to study such phenomena.

A brief introduction toBoundaryLayer (BL) meteorology is given in chapter |,
in order to introducaninexperienced readéo the topic;on the sameaim, chapter
Il dealsabout the air pollutiondescribingthe most dangerous pollutanttheir
production mechanisms and effects.
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The ©Dbibliographical review (Chapter
work: using the developed kytoon station (Chapter, iM)additionto the classic
meteorological vertical profiles (e.g. wind, virtual potential temperature. specific
humidity), it is possible to calculate four air pollution concentration preffte
publication aboutand, thanks tdhe highest sampling frequencyf wind speed
(32Hz),accurately turbulent energy spectra and all the turbulent statistics

To verify the launch site procedures (Chapter V) and the data reduction process
(Chapter VI), dield testscampaign was necessary.

The results of the measurements mageduring this flight tests (Caserta, Italy
6™- 17" Septembe010)are discusseith Chapter VIl
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Boundary Layer
Meteorology

Since the dispersion mechanisms depend on the circulation of air masses in the
PlanetaryBoundary Layer (PBL), an understanding of the basic characteristics of

the PBL is strictly due.

The chapter follows mainly the orderlagR. B. St ul | 6s Al ntroducti on
Layer Me t leookr (Stull,o 1P§8p it describes windcharacteristics,

transport mechanism (turbulence and buoyancstyucture and evolution of the

PBL; particular attention is made on the descriptiontbé local microclimatic

phenomena (as Urban Heat Island, sea breeze, and valley flowgxlining how

the latter aféct the dispersion of pollution
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I. Boundary Layer Meteorology

l.1. Boundary Layer Definition

The troposphere extends from the ground up to an average altitude of 11 km. So, the Earth's
Planetan Boundary Layer (PBL) can be defined as #dth
influenced by the presence of the earth's surface, and responds to surface forcings with a
timescal e of ab o u($tullaeds)ihe baundary layér thiskaeds is quite variable

in time and space, ranging from hundreds of meters to a few kilometers. The remainder of the
atmosphere is loosely called the free atmosphedirectly, the whole troposphere can change

in response to surfe characteristics, but this response is relatively slow outside of the
boundary layer.

[.2. Wind and flow

Air flow, or wind, can be divided into three broad categories: mean wind, turbulence, and
waves. Each can exist independently from the others in thedboglayer, where transport of
gquantities as moisture, heat, momentum and pollutants is dominated in the horizontal by the
mean wind and in the vertical by turbulence.

A common approach for studying either turbulence or waves is to split the variablasmean

part and a perturbation pafithe mean part represents the effects of the mean temperature and
wind, while the perturbation part can represent either the wave effect or the turbulence effect
that is superimposed on the mean wWiRid). I-1).

LY (=)
* .:_____-——""’—-_-_
0 o
(b} t
2
[+]
2 ]
(c)
2
0
1

Figurel-1 Idealiation of (a) Mean Wind alone, (b) waves alone, (c) turbulence alone. In reality
waves or turbulencera superimposed on a meamnd (Stull, 1988)U isthe component of
wind along the dominant direction

1.3. Virtual Potential Temperature

Buoyancy is one of the driving forces for turbulence in the PBL, causing théohalarm air

to rise due to the difference in density with the surrounding air. Virtual tetopers an
important variable for the study of these phenomena because it is the temperature that dry air
must have to equal the density of moist air at the same pre¥gtwal potential temperature is

Thermal:a column of rising hot air in the lower altitudes of the Earth's atmosphere. It is generated by
the uneven solar heating of the ground.
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I. Boundary Layer Meteorology

analogous to potential temperature in that it is independent from the changes in pressure
altitude.lt is defined as:

-5 = —1+ 061r|w ‘l() (|1)

where —= "Y3)°2% (p, = 100kP3 is the potential temperaturé,g; is the watewapor
saturation mixing ratio of the air parcel, agds the liquidwater mixing ratio.

l.4. Turbulent Transport

The turbulent flow is considered a condition of irregular flux in which the thédiurch
variables show a random variation in both time and spBle.relative high frequency of
occurrence of turbulence near the ground is one of the characteristics that makes the PBL
different from the rest of the atmosphefiéhe turbulence is the maimechanism of the
dispersion of pollutants in the atmosphere produced by anthropogenic activities.

It is generated by nonlinear effects superimposed on the mean wind and can be visualized as
consisting of irregular swirls of motion called eddies. Usugaligbulence consists of many
different size eddies superimposed on each other. The relative strengths of these different scale
eddies define the turbulence spectrum.

Much of the boundary layer turbulence is generated by forcing from the ground. For example
solar heating of the ground during sunny days causes thermals of warmer air to rise. These
thermals are just large eddidsefween 100 and 3000 m in diameter, by covering all PBL
depth. Frictional drag on the air flowing over the ground cause wind sheadevelop, which
frequently become turbulent. Obstacles like trees and building deflect the flow, causing
turbulent wakes adjacent to, and downwind of the obstacle.

Turbulence is several orders of magnitude more effective at transporting quantitieis tha
molecular diffusivity. It is turbulence that allows the boundary layer to respond to changing
surface forcings. The frequent lack of turbulence above the boundary layer means that the rest
of the free atmosphere cannot respond to surface changefe@htmosphere behaves as if
there were no boundary to contend with, except in sense of mean wind flowing over the
boundarylayer top height contours.

A common approach for studying turbulence is to split variables such as virtual potential

temperature {,) and wind J,V,W) into a mean partJ,,U,V,W) and a perturbation part
(J,,u", vV, W)

(.2)

The mean part represents the effects of the mean virtual potential temperature and mean wind,
while the perturbation part can represent the turbulence effect that is superimposed on the mean
wind.

23



I. Boundary Layer Meteorology

Note that for any variablA(t,s),function of time {) andspace §) we can define two averages:
Time aveage 8 i ®= :B%;6(Q) (.3)
Space average 6 6, | = 58%16(0,792 (1.4)
The turbulencanalysis requirethe firstdefinition.
In agreement with scientific literatu(Roth, 2000we define
1 U : flongitudinab, that is thecomponent of wind along the dominant directidris in
the localhorizontal plane;
1 V: fitransverseo or

one; itis in the local horizontal plane too;
T W fAveart ifcgdarstbe componeatong the local vertical direction.

Afcrosswind?o, t hat i s

The followingsulsections will introduce the variables that characterize the turbulence

[.5. Kinematic Flux

Flux is the transfer of a quantity per unit area per unit time. In PBL meteorology, we are often
concerned with mass, heat, moisture, momentum and pollutant fluxes.rbakent kinematic
flux is represented by following matrix:

Uy UV uwe
&—— —-—— U
gvut VvV vwy o (L)
avu wv wwil

The elements of the principal diagonal can be interpreted as var{@iwese root square is the
standard deviation)

¢, iP=( of (7

while the others as covariances:

v 7

oo own w 1450 o o » » 1450 o, 5
0@ 6,6 = L,TB-.‘gaol 0o 0f(64 o):EB-‘gaol % % = Geeee

(1.8)

These quantitieare presentedurely as vertical profile in the PBLe[g.(Ogawa Y., 1986and
(Ogawa Y., 1984)or normalized ¢.g. (Roth, 2000) (Hongstrom U., 2002and (Zhang H.,
2001]}.
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|. Boundary Layer Meteorology

1.5.1. Vertical Eddy Heat Flux

The vertical eddy heat flux is represented from tem:iv' which is similar to the kinematic
flux terms of theprevious paragraph, except that the perturbation values are instead of the mean
values of WandJ, .

(a) (b}
oy H'f:'ﬂ' F Eddy
alr down, and olr up, and
O UP. some down.
0] ]

Figurel-2 Idealization of the small eddy mixing process, showiaét upward turbulent heat
flux in a statically unstable environment and (b) net downward turbulent heat flaxstable
environment(Stull, 1988)

Up/downwardheattransport(Fig. I-2) is possibleeven if0 a 0 (no net transport of massjth

W'.J;, ., O: turbulent eddies transport the heat up/downward to make the lapse rate more/less

adiabatic wherw'J , >0 /w'J, <O0.

Consequently, itd interesting to evaluate the vedi profile of this quantityds made byOhara
T., 1989] , andto compae it with the turbident kinematic flux component® jg. (MacCready
Paul B., 1953)(Ohara T., 1989)Zhang H., 2001)

1.5.2. Turbulent Kinetic Energy and Energy spectra of
atmospheric Turbulence
The usual definition of turbulent kinetic energy (TKE) is the following:

TKE = %(? +vZ+w?)  (1.9)

TKE is one of the mostnportant quantities used to study the turbulent boundary layer. It is a
measure of the turbulence.
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|. Boundary Layer Meteorology

The Energy spectrum of atmospheric turbulence allows to learn about the contribution of each
different size eddy to the total turbulence kinetic energgk®@ the spectrum show which size
eddies contribute the most of the turbulence kinetic enfiiggt Office, 2008) (Lovejoy,

2010].

[.6. Boundary Layer Structure and Evolution

Over both land andceans, the general nature of the boundary layer is to be thinner in high
pressure regions than in lgevessure regions. The effect of synoptiigh pressure is to move
boundary layer air out of the high towards lower pressure regions.

2000 —

Free Atmosphere

trainment Zone Capping Inversien

Entralnment Zone

1000
Resldual Layer

Height (m)

S_tah!e (Nocturnal) Boundary Layer

.

“Surface Layer

AT T Y L L L

Woon Sunset Midnight Sunriss

g3 54 S5
Local Time

Figurel-3 Evolution of the Boundary Layer during the day.

Over land surfaces in high pressure regions the boundary layer has a well defined structure that
evolves vith the diurnal cycle, shown in fige 3.

The three majr components of this structure are the Mixed Layer (ML), the Residual Layer
(RL) and the Stable Boundary Layer (SBL). The Surface Layer is the region at the bottom of the
boundary layer where turbulent fluxes and stresses vary by less than 10% of ¢méindea

The Mixed Layer is present during the daytime hours, in which the ground is exposed to the
solar heatingThe ML is convectively driven by sources like heat transfer from a warm ground
surface and radiative coolingpin the top of the cloud laye$tarting from dawn and during the
daytime, the ML depth continuously increases, and reaches its maxinthedate afternoon.

The ML grows by entraining (mixing down into it) the less turbulair from the free
atmosphereThe resulting turbulenceends to mix heat, moisture, momentum and pollutants
uniformly in the verticaldirection Virtual potential temperature profiles amearly adiabatic in

the middleportion of the ML, and often superadiabétic the surface layeMost pollutant
sources & near the earth's surface, thus, pollutant concentrations can build up in the ML while
concentrations in the free atmosphere remain relatively Tdw. inability of the thermals to

“Synoptic:relative to a scaleorrespondingo horizontal lengths of 1000 km or more.
3A temperature profile is superadiabatic when the temperature lapse rate is greatet GhE@ykm.
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penetrate very far into the free atmosphere also means that pollutarnts easily disperse into
the free atmosphere.

About half an hour before sunset the thermals cease to form, allowing turbulence to decay in the
formerly wellFmixed layer.

The resulting layer is sometimes called the Residual Layer (RL) because itsnieiéinstate
variables and concentration variables are the same as thoseet¢ntly decayed mixed layer.
The turbulence in the RL is of nearly edjintensity in all directions.

Non passive pollutants may react with other constituents during thetaighgéate compounds
that were not originally emitted from the ground.

Variables such as virtual potential temperature usually decrease slowly during the night because
of radiation divergence, with a cooling rate in the order of 1 °C/d. The coolingsraterée or

less uniform throughout the depth of the RL, so the potential temperature profile remains nearly
adiabatic.

The RL does not have direct contact with the ground, because a nocturnal stable layer develops
during the night and modifies the RL's twoh, increasing in thickness. Thus, the remainder of
the RL is not affected by turbulent transport of suriatated properties.

The RL can exist for the while in the mornings before being entrained in the new ML.
As the night progresses, a stalleundary layer, characterized by statically stable air with
weaker and sporadic turbulence, forms at the basis of the Residual Layer.

Although the wind at ground level frequently becomes lighter at night, the winds aloft may
accelerate in a phenomenontttsacalled the nocturnal jet. Turbulence can occur in short bursts
in the layer due to the wind shear caused by this phenomenon.

Pollutants emitted into the stable boundary layspelise relatively littleverticaly, but they do
it more rapidly in the arizontaldirection(fanning).

Knowledge of the virtual potential temperature profile is usually sufficient to identify the parts
of the boundary layer, as shown indig 4.

As the virtual potential temperature profile evolves with time, so mustdhavior of smoke
plumes: for example, smoke emitted into the top of the stable boundary layer rarely is dispersed
to the ground because of the limited turbulence. Smoke plumes in the RL may disperse to the
point where the bottom of the plume hits the tbphe stable boundary layefhe strong static
stability and reduction of the turbulence reduces the downward mixing into the stable boundary
layer, and the top of the plume can sometimes continue to rise into the neulodtitag).(

After sunrise a new ML begins to grow, eventually reaching the height of the elevated smoke

plume from the previous nighAt this time, the elevated pollutants are mixed down to the
ground by ML entrainment, in a process that is cdledigation
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Figurel-4 Virtual potential temperature vertical profiles taken at different instants during the
day, identified by S56 in figrre 3.

|.7. Urban Heat Island

The particular terrain of an urban zone, in whadncrete buildings and asphalted roads are
present, usually has a greater heat capé#tan its rural surroundings.

This means that the urban area is capable of storing more efficiently the heat accumulated

during the day, and of releasing it at nigbgedther with the heat generated by human activities.
Consequently, the air temperature during the night increases near an urban area asd reach
maximum on it(Fig. I-6). This profile is similar to the one generated by a warm island
surrounded by coldex e a : hence the AUrban Heat | sl ando def

The final configuration is a closed air circulati¢fig. I-5) betweenthe urban area end
surrounding areas. This phenomenon can radically modify temperature end speed in the flow
field but can also modify th pollutants dispersioand production mechanisms(Production
increase with temperatur§.

v\}mf' |

L R L O L T R TR AN Y S T R R R ) )__

Figurel-5 UHL air circulation.
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Surface Temperature (Day)
= Air Temperature (Day)
= Surface Temperature (Night)
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Figurel-6 Urban Heat Islandorofile ofair/soil temperatureduring daytime and nighttime

Studies on the existence of the Urban Heat Island started in the 1970's and 80's, due to the
increasing problem of the creation of clouds of pollutants during the nighttime.
The main charactitics of the BL overlying the UHI were discovereg Oke (Oke, 1971)the
circulation is the same as rural areas, but the humidity decreas#iseanbulence increases.

The maximum temperature difference in relation to rars was measured to be aboGt°Z

(cities of a million or more inhabitants have been known to generate excesseEz*Gi Bwhile

the BL depth has been valued to be about4&Dm.

The alteration brought by the Urban Heat Island, however, remains still partially unknown due
to the fact that cities at the same latitude often have very different systems of air circulation.
Besides, human activities can strongly influence the air atioul (particularly in the urban
canyon: space between buildings)

The review about two decades of urban climate rese@dchfield, 2003) shows how
AMedi terranean climates seem to sHawad bdardipar té
due probably to thaot well known interaction phenomena wiba breezes andlley flows

The studies concentrated on the night and first morning hours: it is in these hours that the ML
grows to the disadvantage of the SBL and hazarduoxisg of pollutants can happen.

Studies conducted with wind tunnels or tank simulations have brought good results on the
comprehension of the behavior of heat islands. In this case a tank is realized where heated side
panels simulate land and sea breeaad UHI are simulated through electrical resistances.
However, the roughness of the urban terrain desired to obtain values of the dimensionless
numbers similar to those experienced in the environment is not achievable: this gives a lower
limit on the sckes that can be simulated with this method.

CFD simulations have been also used to simulate UHI, but an adequate comprehension of the

BL behavior and its interaction with urban canyons still lacks at the time, so the predictions
obtainable by means obmputer simulations are limitégig. I-7).
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Figurel-7 CFD simulation of an urban canyon.

The various difficulties in simulating the environment underline the importance of conducting
field studies teenhance the compretgon of the Urban Heat Islandsually, field studies on

UHIs are conducted with a series of observation campaigns in the interested zone which have
the purpose of collecting a great deal of atmospheric data which have to be presebssed
validated with statistical instrumentdn particular, the measurements of vertical profiles of
wind, pressure humidity, and aerosol composition are of crucial importance in these studies,
since they are direct infimation on the structure of the balamny layer.In addition, the data
collected during the experiment campaigns can be used as validation tools for the CFD codes
that are currently used to predict pollutants' dispersion.

|.8. Land and Sea Breeze

The influence of geographical characteristics om tiehavior of the boundary layer is
particularly evident in the case of the land and sea breezes.

The breeze is a particular phenomenon which happens in coastal zones. In these zones, the
differentvalues of the heat capacity between the land and theraai@a circulation system of
horizontal winds (breezes) and series ofghbnomena (convective cells, front generation).

During daytime, both the land and the sea are subject to the same amount of solar radiation.
However, since the sea has a greatat kbapacity than the one of the land, its temperature is
lower than the land'€Convective cells form over the land, and the generated turbulence recalls
fresh air from the sea at ground level, which is then warmed on the ground and rises in the
convectioncells. The cycle is closed by a return current, directed towards the sea, in #re high
level of the boundary lay€Fig. I-8).

This is first phenomenon is called sea breeze, becaussirtdekeeps blowing from the sea
during the whole daySea breeze pgresses horizontally and is eased in its advance by the
turbulence generated by the convective cells.

The typical intensity of sea breezes ranges betwegmis[e.g. (Ogawa Y., 1986)(Winston
Jeeva, 992) and its front can progress far inland (30 to 100km, if background synoptic flow is
in the same direction as lelevel sea breezes and no major barriers to the flow). Pollutants
emitted ino the sea breeze can thus beroellated back further ughe coastline.
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Figurel-8 Land and Sea breezes circulatisnheme

During nighttime, the land cools more quickly than the sea, owing to the difference in heat
capacities. Consequently, the temperature of the ground is lower than thé\ sgecslation
pattern is generated with the same mechanism of the sea breezetHmibpposite direction,

and it is called land breeze.

However, this breeze is hindered in its advance by the presence of the nocturnal stable boundary
layer (SBL), in which there is no turbulenc@onsequently, land breeze does not patetas

much aghe sea breeze. Typicallthe land breezes velocityis3m/s, but it is alsmeasured 5

6 m/s of maximum wind speed in the middle of Tokyo metropolitan aredaalthe presence of

t he S aapdToykbyso 6(Ohata a.y1989)

Both of the breezes have some phenomena in comeak return currents form in the upper
levels of the BL, which closethe circulation patternAn inversion of the wind speed exists
where these return currents are generated, and the Kevin Helmholtz wave perturbations are
produced by this wind gradienthe presence of such perturbations identifies the breeze front,
which is the maximum penetratiatistance(Fig. 1-9). The depth of the sea/land breezes has
been observed to be an order of -B0®mM, and the total circulation depth, including the return
circulation, can range from 5&D00m.

Synoptic flow above sea breseze

pH — T = = Eb‘ﬁ' — == &\
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Depth of front

Figurel-9 Scheme of the selareezecirculations.
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Extensive studies have been conducted on land and sea breezes, mainly for the influence that
they have on coastal urban areas such as the MediterraneanMustly, field research
campaigns have been conducted, tluehe difficulties of obtaining adequate dimensionless
numbers in simulating the environment in tanks or wind tunnels.

Some information hadeen discovered by Yoshikaid(Crosman, 2010Q)who executed
numerical simulations based on the city of Tokyo, from which emerged that, a coastal urban
area delays in time the formation of the different bredpeaddition, the breezes are displaced
towards higher levels of the boundary layer, crepth downwind, lowevel zone where the
pollutants' dispersion is compromisdd.the review ofnumerical studies about lakedhsea
breezea scheme dhe phenomenon is shown (Figl0).

convective initiation

translocation
ﬁ \I‘neaci'-n'in-:l >
ﬁ recirculation
CBL ’ KHI
1\ fumigation  multiple stable layers

subsidence
TIBL 2.0 inversion
oo
ad
()

frontal dynamics

\N urban effects I:—

Land Water
Figurel-10recenttopics of interest in higliesolution numerical modeling stush of sea
breezes includindhorizontal convective roll (HCR), convective boundary layer) (€Blvirg
Helmholtzinstability (KHI), andhe thermal internal boundary layer (TIBL)

L.“'_I 00 [

1.9. Valley, Katabatic and anabatic winds

Valley, katabatic, and anabatic winds are particular wind currents that form in mountain zones.
They are caused by several factors, among which there are the orography of valleys and slopes,
and the different solar exposuretbé mountainsides.

The phenomenon is thremensional, but a decomposition in the transverse (katabatic and
anabatic winds) and in the longitudinal (valley winds) direction is useful.

Katabatic winds are generated just after su(fSgt I-11a) During the day, the ML grows until

it usually reaches depths higher than the mountains themselves: a more or less constant
temperature in the valley is then achieyEd). I-11f). At sunset, the reduction in solar heating
causes the ground to cool. The differericetemperature between the ground and the air
produces cold winds that descend in the valley, driven by gravity.

Inthevalleyt he col d winds create a cool(Figildbbx) 0, whi c
The expansion continues, driven by the kata& winds, until the temperature of the pool

reaches the one of the surrounding air. When this happens, the pool remains stable for the rest of

the night.

Katabatic winds usually range between 1 and 5 m/s and are contained in the first 2 to 10 m of

the surface layer.
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Figurel-11 Katabatic and anabatic winds scheme with virtual potential temperature profiles.

B

The | ayering of <cold air in the valley fApool 0
possibly creating a pollution hazard for inhabitants in the vallAysdawn, the circulation

pattern changes directions: the mountain slopes get warmer due to solar exposure, and anabatic
winds, directed uphill, are generated.

The anabatic circulation fiarn is not symmetrical due to the different solar exposures of the
mountain slope¢Fig. I-11d). In the first hours of the morning, the anabatic winds recall fresh
air from the cold pool left by the katabatic winds of the night before to a warmer t@p lay

On the valley floor, the solar heating generates a ML which increases in depth to the
disadvantage of the top layers. However, the ML expansion is hindered by the anabatic winds,
which expand the top layers by bringing fresh air from the valley floDitferent situations

will be possible depending on the prevalence of the anabatic winds or the ML expémsion.
most cases, a dynamic equilibrium is established in the morning hours.
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Figurel-12 3D circulation pattern of winds in a valley during the night (a), morning (b), and
afternoon (c).
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In the longitudinal direction of the valley, a different phenomenon will happen.
During the nigh{Fig. I-13b), a valley wind transports fresh air from tio@ of the mountains to

the plainsA warm return current, flowing in the opposite direction and at a higher level, closes
the circulation.

During the day, a mountain wind flows from the plains to the mount&igs I-13a) while a
cold return current ipresent at a higher level, which closes the circulation.

BAntl-vallay
lep of ridge .

(a)

Figurel-13 Valley winds scheméda) day; (b) night

The threedimensional wind flow which results from the superposition of valley winds with
anabatic and katabatic winds, can easily be described during thériggHt12a) katabatic and
valley winds converge at the valley floor and flow downhill, while weak return currents are
present.

During the day(Fig. I-12b), the anabatic and mountaivinds interact and form a wind shear

above the valley floor, while they are involved in a helix circulation pattern later on in the
afternoon(Fig. I-12c).
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Everyday, the average person inhales about 20,000 liters of Euery time we
breathe, we risk inhaling dangerous chemicals that have found their way into the
air. Air pollution includes all contaminants found in the atmosphere.

This chapter dealsabout fou dangerous substansgozone, carbon monoxide,
nitrogen dioxide and benzenddcusing on their production dispersion and
showing the limitsmposed by ruleen ther concentratios.
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1.1. Air pollutants

With referenceto the ltalian law (Legislative Decree no. 152 04/03/2006) for air pollution
means"Any change of atmospheric air, the same due to the introduction of one or more
substance in quantities antharacteristics that affect or endanger human health or the
envionment or quality of suchaterial property damage or compromise thetildgite uses of

the environment. Since atmospheric phenomena oagtiich alter the natural composition, the
term normal has margins of ambiguity.

To avoid this incident refers to the composition of dry air at sea level
consists mainly of nitrogen and oxygen, other gases are present in insignificant quantities.
Alterationsthe composition of reference may be caused by

- Natural sources (volcanoes, forest fires, decoitiposf organic matter ...)

- Anthropogenic sources (ming hydrocarbons, traffic, ej¢c.in the last century, due to
human activities, was undoubtedlisevailingover the natural one.

Pollutants can be also distinguished according to their origin:
- primaryare produced in the combustiprocess

- while other pollutants (secondayyproduceddirectly into the BL by the reactions
between primary pollutants and air.

The more present and more harmful substances (those on which it is then focudedtibha at
of the legislature to set limitsee table L) are:

CO

NO2(ga9y

0O3(ozone)
Sulfate(particulate)

Nitrate (particulate)

Volatile organic compounds

O O O O o o

Carbon dioxideCO,, while the greenhouse produces no direct damage on living organisms and
is notconsidered among the pollutants.

The choice of the measured parameters was then made by considering twos:criteria
the first, based on the danger, and the second about the nature of the pollutants. According to
these fees, the preference has fallen @nftilowing: carbon monoxide (CO), ozone (O
nitrogen dioxide (NG, benzene (€Hg) as volatile organic compounds.

Carbon monoxide is produced during the incomplete combustion of materials

staff. It is a gas poisonous torhans and easily able to infiltrate inside homes and through
walls.
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Ozone is an extremely reactive gas instead. Also is poisonous and oxidizing for living beings. It
is produced mainly during the time when his presence can be felt even with its pungent odor.

Nitrogen dioxide is rather irritating to the airways. May cacmagh, but especially when taken
for a long time, can cause serious lung dam#ge. carcinogen, and is mainly produced by
diesel engines.

Finally, benzene, founder of aromatic compounds, is in the oil and its derivatives. The
atmosphere as a volatilguid, it is deemed dangerous it facilitates the emergence of some
diseases including cancer.

A more detailed description of the main characteristics of the selected pollutants follows.

[1.1.1. Carbon monoxide

Carbon monoxide ia colorless, odorless and tasssleompound which is in a gaseous state
for temperatures abov&92 ° C. The main processes of formation are:

- lack of oxygen in the combustion of carboontaining compounds

28+ 0,0 260
280 + 0,0 280,

- high-temperature reaction between £dd carborcontaining compounds
06U, + 0 © 200

- dissociation of C@at high temperature

[

60,0 60 + 0

The most important source of d®motor vehicles powered by gasoline. The removal of the
carbon monoxide occurs through the microorganisms present in soil. This mechanism is very
limited, due to the presence of surfaces in urban areas, where you have the highest
concentrations.

Carbon maoxide interacts with hemoglobin in blood, reducing its oxygamying capacity,
thanks to a greater affinity with the organic molecule, producing effects on the central nervous
system, heart and lung when its concentrat®rgrieater than 10@pm (parts per million,
measured usually in mg/kg).

[1.1.2. Nitrogen oxides

Nitrogen oxides (indicated by NPare of biological origin and produced by reactions between
nitrogen and oxygen in the aat high temperates (above 1210C)

G,+ 0,0 260
200 + 0,0 200,

The amount of NO produced depends on:
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- Combustion temperature, increases of which there was an increase in production and a
reduction in training time;

- Duration of the gas in the combustion chamber;

- The amount of oxygen;ybdecreasing the amount decreases NO production but increases CO
production.

During cooling, a portion of the nitrogen oxide (about 10%) interacts with oxygen, giving rise to
the nitrogen dioxide which is an active part in photochemical reactions leddirazone
production.

The most significant production tie nitrogen oxides is that even if the bacterial anthropogenic
emissions (cars, combustion plants) in limited areas result in high concentrations.
The residence time dhe nitrogen oxides in the ais because a few days turn into nitric acid
(HNGOs) and then into nitrates.

Concentrations fonitrogen oxides exceedingl3 ppm can cause irritation of the mucous
membranes of the eyes and nose.

[1.1.3. Ozone

Ozone is a colorless gas that plays a positivewtien it is in the stratosphere by absorbing a
large proportion of ultraviolet radiation present in sunlight. Instead,rbiEepce at the ground
level hasan adverse effect on human health.

In the stratosphere, ozone is formed as a result of a photocheegichon in the presence of
solar radiation:

b,+°C _<2428G O 20
l3+l320 63

A small part of the product penetrates the ozone in the troposphere and is due to the level of
background concentration.

Tropospheric ozone is a secondary pollutant preddry photochemical reactions involving the
following hydrocarbons and nitrogen oxides emitted mainly by the vehicular traffic.
The concentration is not so much in the concentrations of the primary pollutants as weather
conditions (slar radiation, tempetare, etc).

The oxygen released by the photochemical reaction

00,+ G _<242¢4 © UL+ 0

gives rise to a series ofactions involving VOCs producimzone as well as a numbertbe
compounds (smog).

Ozone is irritating to mucous membranes (eyes, nose, throat and respiratory system) with
varying degrees of severity depending on the levels of concentration and exposure time.

38



I1. Air Pollution

Because of its high toxicity may cause adverse effects on the ecosystenthis ttistorical and
artistic heritage.

1I.1.4. Benzene and volatile organic compounds

Volatile organic compounds means the set of organic substances in the atmosphere in a gaseous
state (acetone, ethyl alcohol, methyladdol, benzene, hydrocarbons, gtc.

Therearehundreds of compounds that are grouped into families having the same chemical and
physical properties.

The negative effects on human health and the concentrations at which these effects occur differ
from family to family:

- Aromatic hydrocarbonse(g. Benzene) irritate the mucous membranes of the as\iryn a
concentration of 29pn a prolonged appearance has a carcinogenic effect;

- Methane and acetylene have suffocating effects;
- Phenols cause digestive problems and nervous system;
- polycyclic have impact on lung cancer.

1.2. Air quality

Pollution linked to anthropogenic effects has experienced a rapid growth since the nineteenth
century following the industrial revolution and the exponential population. However, only from
the past half centyrhave been introduced rules to limit the adverse effects of pollution on
humans, animals, plants and things.

As often happens, the rules were subsequently adopted to catastrophic events that have caused
the deaths of many people. All these events haceroed regardless of weather conditions:

high pressure, very little wind, height of temperature inversion near the grburidese
situations all the pollutants trapped in very limited areas resulting in high concentrations.

For the assessment tife air quality, the directivk in particular, provides the opportunity to
appeal, according to the levels of pollution, not only directly, but also in modeling techniques
and objective estimates.

The rulesdentified (in differentways for different pollutants) different valuelsaracteristic:
1 (L.P.H.H)) limit values for the protection of human health (or ecosystems or vegetation)

level of concentration that should never be exceeded or not exceeded for more than N
times in a givemperiod of time (usually one year);

* Ministerial Decree No. 60 of 02/04/20Q2Transposition of Directive 1999 C of 22 April 1999
relating to limit values for ambient air quality for sulfur dioxide, nitrogen dioxide, nitrogen oxides,
particulate matter and lead, and the Directive 2000 / 69/CE on ambient air quality limit values for
benzene and carbon monoxi®Remember also the UE directive 96/62/CE for ozone limits.
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1 (I.LR) information threshold: a level beyond which there is a risk to human health in
case of brief exposure for particularly sensitive sections of the population and at which
information must be updated,;

1 (T.A) threshold alarm: level above which there is risk to human health from brief
exposure of the general population, and at which immediate intervention is necessary;

T (M.T.V.) target values for the protection of human health and the protection of
vegetation:imit to be achieved in the medium term (by 2010);

T (L.T.V.) values longterm objective for the protection of human health and the
protection of vegetation limit to be reached in the long term (by 2020);

Table IF1 showsthe limits, the alarm thresholdsdthe period within which limit values are to
be achieved for different pollutants.

air pollutant classes average time value
H/o)
L.P.H.H. hour 200
(Max 18
exceedings
Nitrogen Oxides allowed)
L.P.H.H. year 40
T.A. 3 consecutive hours 400
(on 100kn?)
Carbon Monoxide | L.P.H.H. mobilewindow 8 hours 10000
Benzene L.P.H.H. year 5
L.P.H.H. Moving average over 8 hour 120
on hourly measurements (Max 25
Ozone exceedings
allowed)
I.R. 1 hour 180
T.A. 1 hour 240
Tablell-1! A NJ LJ2 t £ dzi I y diraits (OR dir€dtt/g5111BKI9/B0AELE ,\2G0OI69/CE and
96/62/CE)

1.3. Dispersion of pollutants

It is very important to underline that the dispersion of pollutants strictly depends by the
meteorologicatonditions; particularly:

1 wind speed influencethe processes of dry deposition, resuspension, transport to
distance of pollutants and the level of turbulence;

1 Cloud cover and humidity affextthe amount of precipitation and solar radiation
reaching thesolil;

1 Rainfall determinsthe process of wet deposition;
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i The radiation that reaches the ground, as well as the cloud cover, is linked to the
presence oferosols and photochemical reactions and affects the temperature in the
atmospheric boundary layer;

1 The temperature trend in the atmospheric boundary layer determines the degree of
stability, then the height of temperature inversion;

1 The level of turbulence is related to wind speed, atmospheric stability, the
Site topography and roughness of the soitl affects the transport processes and
dispersion.

Usinga mathematical modéor the dispersion of pollutantdeuzzi, et al.)s possible to

- Assess concentrations even in areas where there are no monitoring stations

- Evaluate the impact of a single source to obtain the relationship between emissions and
concentrations in defined points

- Designing a rational monitoring network

- Predict the effects of different issues from those in place
The evaluation of the averagenoentration or probability that the concentration exceeds a
certain threshold is related to the climatic characterization of the site in question or the
knowledge of the probability that a given weather conditi@®wstheuse of dispersion models
requiresa priori knowledge of the meteorology of the study area in terms of temperature,

humidity, average speed and intensity of turbulent wind.

This scenario shashow it is important to collect meteorological data; the reviewublished
literatureof the next chapter will show how this is critical in to Mediterranean Cities.
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Bibliographic
Review

Several field studies on boundary layer meteorology have been published in the
scientificliterature in the past fifty years, and the whole field of micrometeorology
itself reliesheavily on field data to validate proposed theories and computer codes.
It is important to remark the dominance of boundary layer phenomena on the
dispersion of polltants: achieving a good knowledge of these phenomena is
critical to understand the dispersion mechanisms.

Even if land/sea breezes, Urban Heat Islands and valley and slope winds have been
extensively studied one by one, their interaction has not fodlgrunderstood and
described, standing to current literature.

This gives further motivation to an experiment campaign to be organized in a
Mediterranean urban area, intrinsically characterized by the presence of all
together phenomena

As reported by the field study, aerostats have demonstrated their validity in
providing accurate measurements of atmospheriatities over vertical profiles;

in spite ofthe importance they play, no author has been founded publishing
vertical profiles of air pollution ad simultaneously complete turbulence
characterization (Energy spectra and statistics), useful to stpdijution
dispersion, especially during nighttime.

The chaper is divided inlhireeparts

A brief overview of themicrometeorological researchbout LHI, sea/land
breeze and valley flows

Articles about the ltaracterizationof atmospheridurbulence particularly over
cities

Experimentasing kytoon station to collect vertical profile data.
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1.1. Micrometeorology research (UHI, sea breeze, valley flows)

There are a lobf study aboumicrometeorology effects, particularly about UHI, breezes [e.g.
(Finkele, 1998) (Hinkel, 2003) (Winston Jeeva, 1992YEdmilson, et al., 2007)Shafran,
2000) (Weber, et al., 2010YRoulet, 2004)(Sailor, 2007). Here we emembetthose cited in
chapter I: Okethe discovereof the BL overlaying the UH(Oke, 1971) and the review work
by Arnfield, thatfocalizes the attention on urban clito@gy as published ornternational
Journal of Climatologyfrom 1980 to 2000 yeaemphasizing the aspect about UHI, turbulence
and exchanges of energy and water in @nfield, 2003)

As said by Arnfield iMediterranearclimates seem to have been particularly well served by
heat island studies during tlpee r i o d é 0 but thecitead | apthargs reinforced this
sentencedeal about only the effects of UHI, without no implication of sea breeze or slope
winds

Thef | ow structure on a gentl e sl opMarsalleinVal |l on
southern France has been documented by means of surface wind and tempeigurements

collected from 7 June to 14 July 2001 during the ESCOMPTE experifBastin, 2005) The

authortriesto foreseenumericallythe combine effect of UHI, slope wind and seeezebut she

doesnot validate the results with any profile
neither considers the air lpdions dispersion mechanism.

This work, in spite of its limitation, is a good first attempt because the most of the authors
focused only on one of the aspect of timicrometeorological phenomena Tim, who used
wind profiler to investigate the vertitstructure of the sea breeze with the accompanying return

current at the North Sea coast in the Netherlaidpn, 1999) A T h e coastline of
Net herl ands is nearly straight anbreezercantpg aphy i
studied almost in a pure form, undisturbed by

The lastreview (Crosman, 2010aboutsea and land breezesnmerically studied, by Crosman
joint with the review work of SalmondSalmond, 2005)about turbulence in the very stable
nocturnal boundary layer and its implications on air quadhipw that the attempts to integrate
in a single modehll the micrometeorological effecare increasing; the will to validate the
numerical results led to the necessity of more and more experiments, particubadying
turbulenceover cities

The following section makes a brief overview of the state of art about atmospheric turbulence
resarches.

I1.2. Overview of atmospheric turbulence studies over cities

A good review of atmospheric turbulenceeoxities is provided by Rot{Roth, 2000) More
than fifty studies are analyzed; no author has been foustlelying completelyturbulence
statistics profiles with high accuracy and frequefmogrethan 20Hz) using kytoon station. As
we will see in the following section only Oga@gawa Y., 1986and OhargOhara T., 189)
publish eddy fluxes and standard deviations of turbulent compongnt&gd(wg gf, but no
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spectra are reported in their respective warksablelll -1 are reviewed some authors, not cited
by Roth, that have studietmeatmospheri¢urbulencecharacteristics.

References City-Site z [m] Statistics Sensors & frequency
reported

Rudolf - 25 u- (definition)  Sonic anemometer

(1999) 20Hz

Van der USA 91-108125 fS§, (plot Sonic anemometer

Hoven semilog) 0.25Hz

(1957)

Burns U.K. and 30-490 fSivw(plot Airplane

(1964) N. Africa loglog)

Busch Vancouver, Tower "% ,0/02  Sonic, hotwire, thrust,

(1968) Hanford 15320 (plot loglog) thermistor

anemometer; heated
thermocouples wires.

Kaimal Kansas Tower Non dim Sonic, cup and het
(2972) (32m): Spectra, cross wire anemometers,
5.6611.3  spectra: platinum wire
226 (T);2- ud, v O, thermometers
32 (8level
mean wind)
Grachev Coastal Tower ooy  0.0:10Hz
(1993) zone of (12m above (loglog also
Black Sea s.l.) non dim.)
Kaiser Karlsruhe  Wind Turbulence Laser Doppler
(21997) university  tunnel spectra:u 0 ,
woé, TE©6
Hogstrom Lovsta 1.530 Theory for
(2001) (Sweden) el turbulence
alii.9 sites. spectra
Jiboori "Q¥ / 62 (over
(2001) different
ground)
Zhang Gobi 4.90 wopo !0z Sonic anemometer,
(2001) Desert 3.45 function platinum wire
Grassland 4375 thermometer
Suburban 47
urban
Hiyama Loess 2-12-32 "yl 062  Ultra-sonic
(2005) plateau anemometer, gas

analyzers, 10Hz
Tablelll-1 Review of atmospheric turbulenaeer cities.

Someauthors focus the attention on friction velocityis parameterused by numerical modeler
to characterize the small scales near the ground, is waaigble with surface roughness,
changing deeply over citi€Zhang H., 2001)

Except for BurngBurns, 1964) using measurements of turbulence by an airplaoguthors
make vertical representation dfirbulent statistics and spectaa high altitudeor with more
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vertical measurementdloreover themaximum sampling frequencgetected is abou20Hz
(Weber, 1999)imiting the studyof the smaller scales of motion.

11.2. Experiments using kytoon station

Follows the description of the founded research project using a kytoon station as atmospheric
characteristics profilel. t can be noted that authors dondot pil
profile of any air pollutant.

11.2.1. Wallops O! AOT PAT UT T 1T CEA 3000AU 00T
In 1966 the AAer opal(Siben 19%Ywas corlucted s the Wallopg e c t 0O
Flight Center by NASAThe project had the purpose to monitor the presence of pollutants at

various heipts above the ground. This was one of the first field experiments using kytoons in
micrometeorology.

In the summer of 1966, three helitfited kytoons were used to lift various pollution sensors.
The sensors were adhesive slides fixed to Teflon tubeshvim turn were positioned on the
tether lines at several heights.

Single braid nylon tether lines were used because of their good elastic response, and the
connection system between the tethers and the kytoons consisted in swiveling joints and simple
knots.

Three small kytoons, instead of a bigger single one, were used to reduce the loss of lift due to
the permeability of the kytoons' envelopes to helium. A check on the state of the kytoons was
necessary every 12 hours.

The experiment was successfuldollecting the required measurements and demonstrated the
viability of the kytoon as a pollution sensor station, even if it presented some management
issues.

11.2.2. Boulder Observatory Experiments

Situated near the city of Denver, Colorado; the atmospheric w@tsgr of Boulder greatly
increased the comprehension of several pollutants dispersion mechanisms since its opening in
1978(Schotz, 1980Q)

The main sensor platform was a tower 300 m high, on which a complete sensor array was
placed Aircraft and kytoons were used occasionally.

The data harvested by the observatory was used to develop the first mathestaistedal
models of the dispersion of pollutants, which brought to partially correct predictions.

11.2.3. Observation of land sea breeze in Tokyo, Japan

The penetration of land sea breeze front and its turbulence structure was good observed at the
center of the Tokyo metropolitan area on-Z8 January 1983 byOhara T., 1989)The
meteorological datavere obtained by three independent instruments: a big kytoon, a small
tethersonde and an acoustic sound@gawa, 1982Y he first was about 70inhas an available

lift of approximately 20 to 30kg and lifted instrumentatioqsta 1000n height. The sensor
package (10kg heavyfould measwe instantaneous velocity (u, v,)winstantaneous
temperature, wind direction, mean potential temperature, humidity, pressure, and temperature
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gradient, seeable Ill-2. The sampling frequencwas 10Hz and all data, included that of
inclination (pitch, yaw), useful to correct wind data, were transmitted via an optical fiber cable
system (1500m long) and then recorded by digital magnetic tape redardddition, a Teflon

pipe, attached to teering wire, sampled ambient air, to measure vertical profile of NO and
NO,. The small tethesonde instead measured the vertical profiles of wind speed and direction,
temperature, relative humidity, and oxidant concentratighf(Gm the ground to 600imeight.

During this experiment land breeze velocity have been measured end their relative inversions;
the results show that the penetration of the front is strongly correlated with the appearance of

severe air pollution in urban area during nighttimewtéov e r ,

Ohar a

writes:

formation mechanism of such high air pollution phenomena, more extensive field studies

including turbulencema s ur ement s

phenomena has not been clarified.

mu she infloemce of vatiey winds i thése T

Item Method Range Sensitivity Accuracy
Longitudinal — Ultrasonic +1- 20 m/s 0.005 m/s 0.01 m/s
Velocity anemometer
. Ult [
Lateral velocity rasonic +/- 20 m/s 0.005 m/s 0.01 m/s
anemometer
: . Ult [
Vertical velocity rasonic +/- 20 m/s 0.005 m/s 0.01 m/s
anemometer
| .
Temperature  Dlrasonic 10/ +40°C  0.025°C 0.05 °C
anemometer
. o Magnetiecphoto R R .
Wind direction 0 /360 360°/256 5
encoder
Mean Transistor +/-50°C 0.05°C 0.3°C
temperature Thermometer
Humidity High — polymer .00 06RH  0.1% RH 4% RH
sensor
Inclination Pen_dulum /-5 0.1° 0.5°
(Yaw) inclinometer
Pendulum
+ _ o . o . o
(Pitch) inclinometer -5 0.1 0.5
Dualchamber
Pressure 650/1050Mb 0.5mb 1.2mb
barometer
Velocity Gradient 1010 PUlse CUE oy 0.00251/s  0.0051/s
anemometer
T t
eMPeratlre  Thermocouples  +-2.5°C/m  0.0025°C /m  0.005°C/m
Gradient

Tablelll-2 Characteristics afensordOgawa, 1982)

During theNanticoke lishoreline diffusion experimettte turbulence kytoon described above
was used by the same team rese@@diawa Y., 1986jo observe the lake breepenetration
and subsequent development of the thermal internal boundary. Tégestudywere carried out
in Canadanear lakeEire, during the first two weeks in June, 1982.
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111.2.4. ASCOT Field Study

During September and October of 1984 W.E.Clements et al.,, under ASCOT ( Atmospheric
Studiesin Complex Terrain ) program(Clements, et al., 1989tonducted an intensive field
study in the Brush Creek Valley ( western Colorado ) to enhance the understanding of pollution
dispersion transport and diffusion associated with valley flows. Data collections were designed
to investigate nocturnal and morning transition wind, turbulence, and temperature fields in the
valley, in its tributaries, and on its sidlope, and how these were affected by the free stream
condition above valley. A tethered balloon was used to collead velocity and direction,

using a small lightweight ultrasonic anemometer, temperaturebuilettemperature, and
pressure altitude from the ground up to 800m of altitude. All data were acquired with a
sampling rate of 18Hz and transmitted to a grorewkiving station by an optical fiber cable.

An on board AHRS corrected data for pitch and yaw.

111.2.5. Polar Experiments

In the Weddell Sea region of coastal Antarctica, during January and early Febrzf@Oof
A.M.Rankin and W.Wolf showed the difference in aerosol composition with height using, for
first time, only a kytoon statioffRankin, 2002) A 11.32n° blimp, 7m long supplied by
Cameroon Balloons hoisted lightweight sampling system until 300m iafd&lf with raising

and lowering speeds of little over 1m/s. A spectra line, 3mm in diameter, was used as the tether
because it has a good streng#weight ratio. The lightweight (2274g) meteorological sonde
included pressure sensor, a small platinunistasce thermometer element, a cup anemometer
and a compass sensor to give wind direction. Data were telemetered back by a VHF radio link
to a laptop computer on the ground. The power was supplied by a PP3 battery (9V, 45g) and
four Lithium ion batteries 0.8V, 439g). The number of flights (12) was restricted by the
suitable weather windowse blimp manufacturer recommended a maximum wind speed of 12
m/s, although in practice it was not flown in grodadel winds of greater than 8 m/s. The
duration of ech flight was of 4 h.

This study has highlighted that air masses in Antarctic have very different aerosol composition
compared to those sampled at ground level; in fact aerosol is not well mixed in troposphere.

Between 29 June and 26 August 2001 armofolar experiment (in high Arctic) with tethered
balloon wee deployedTjernstorm, 2001)Alongside a Sodar system, a meteorological tower
and other instrumentations, a kytoon was used to lift up to 200m three type ofdpaylmsic

one for mean profiles of temperature, humidity and wind, a second for turbulence and finally a
simplified aerosol package. The experiment was motivated by the need for a Dbetter
understanding of the effects bound#ayer processes on atmosphecteemistry and aerosol
processes relevant for the formation of {@wel Arctic clouds but also provided new data to
validate numerical simulations in that area.

The polar experiments have been a good guide line to the design of the kytoon.

11.2.6. Lower Fraser V alley Experiment

During summer of 2001 Maletto et al.tested a commercial miniature particle mass
spectrometer against standard gravimetric ad optical instruments studying profile of particulate
matter (Maletto, 2003) A 5n7 helium kytoon hoisted night/daytime to 1000m the
instrumentation. The miraerosolspectrometer, suspended approximately 1m below balloon,
recorded data in on board memory card every 2 minutes and adetits, slug immediately
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below, acquired and tramitted to a ground station, every €,0the standard meteorological
parameters (wind speed and direction, temperature, humidity and pressure). The two experiment
sites were both located in the Lower Fras&lley, in British Columbia (Canaflawhere
pollutant s 6 di s per si o nland sea braeze @ vadlay/sldpeowingsd by

In this scenario fine material tends to be well mixed vertically during daytime whereas coarse
material tends to be found close to ground; instead the-tiilghtcase is more aaplex. In the

stable nocturnal boundary layer all size classes tend to be trapped near ground.

However Mal ett o says: AFurther research is
| ayers and the extent to which they may be
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Kytoon Station
Description

The development of &ytoon station depends
mainly from the selection of the sensqisection V.3 that must satisfy such
experimentatequirementgas the measurement of wind speedtor, its turbulent
spectrumand statisticsthe virtual potentialtemperaturethe concentration of the
selected pollutants, all in their typical ranges, with some accuracy and with
suitablesampling frequecy andresolution;section IV.2.

Size,weight and the functional mechanisms of skasors ardike a guide line to
design thegondola that integrates and hostall the sensors and subsystems;
sectionlV.4.2), consequently and parallel they hetpchmse the aerostgsection
IV.4.1) and the ground trailer (that allows the transporiiglp of all the kytoon
station;section IV.4.3
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IV.1. Selection of Sensor Station

The characteristicand the evolution (in time and space) of BL in presence of UHI, of sea
breeze and valley flows, and the pollutions can be well monitored by the vertical profiles of:

o direction and irgnsity of wind velocity vector;
0 static pressure;
0 static temperature;
0 relativehumidity;
o0 concentration of CO, HNO,, CsHe.
In atmospheric measurements mainly two kinds of sensor platform dixistt and remote.
Direct sensor platforms make in situ measurements at a given location, whereas remote sensors

measure wavesignals that are generated or modified by atmospheric phenomena at some
distance awayTropea, 2007)

Satellite
platforms

Aircraft
R
]
I

] Tower

Tetroon

Radiosonde Wind profilers
i ) )

Mast

Mesonet
station

J Visibility
SCNsors

Ceilometer

FigurelV-1 Typical atmospheric flow sensor deployment in a field campaign
Both types have differ¢ advantages and disadvantages:

A Direct sensings have high spaa®e resolution, but they also modify local wind fields
to yield potentially unrepresentative point values.

A Remote sensing offers wiggea coverage and physicatipnintrusive measurements

which are often more cosffective than the direct ones, but usually their spatial
resolution is limited and they may require convoluted calibration techniques.
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Since the research project on the dispersion of atmospheric antdluheeds accurate
measurements, especially of vertical profiles of atmospheric quantities, it is evident from the
beginning that remote sensors cannot be used in the planned experiment campaign. This
because, while they offer the possibility of acquiritae over a large area, the accuracy of the
measurements is not sufficient for the data to be used. In addition, many remote sensors
encounter difficulties in detecting micro scale weather structures generated by the peculiar
characteristics of the Urbateat Islands.

The choice then relapses on direct sensor platforms. It is then appropriate to review the main
direct sensor platform&ig. IV-1):

0 Mastsandtowers: they are used to place point instruments at various heigidse are
different types ofsensors associated with masts and towers, of which the most
interesting ones for the aim of the project are: anemometers (sonic, cuyréhaind
vane), thermometers, barometers, hygrometers, and pollutant sdAsamsver, this
kind of sensor array is pmanently fixed at one location, and so it only returns point
measurements at various heights. In addition, the flow around the mast/tower can be
disturbed by the building itself, and obtaining vertical profiles of atmospheric quantities
is difficult due b the large number of instruments that would have to be placed on the
tower. The height of the measurements is also limited by the height of the structure, and
building even a relatively simple meteorological mast can be quite expensive.

0 Mesonet stationsthey are portable stations which can measure multiple variables such
temperature, humidity, rain, pressure, radiation and turbulent flux at 2 m and 10 m
height.

Being portable, their measurements can cover a large area, even if not at the same time.
Howeer, they are confined to ground measurements.

o Kytoons: they are a particular kind of tethered aerostat which has hybrid characteristics
bet ween those of a kite and of a tethered
simply called Akytoono: a kytoon stedys in
by the lifting gas, but can soar in wind currents like a kite thanks to control surfaces
joined to the envelope, while staying in position thanks to its tethekingide choice
of sensors can be suspended under the kytoon at an appropriate heigtibusrsensor
packs can be fixed to the kytoon tether line at intervalkytoon offers the possibility
to acquire continuous vertical profiles (Profile mode) of data during the
ascendescendendue to its very natur@r operate also as tower, acquiritiata at fixed
altitude intervals In addition, a kytoorcan flight up to a height of 1000 mit is
relatively cheap and it can be launched from a mobile launch platform, permitting to
acquire data over an area large.

The good characteristicdemonstreed alsoin field experimentgsee chapter lll) jointly with

the development of newest and most performing sensors, determined the choice of Kytoon
station for theesearcharget.
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V.2. Sensor Requirements

The development of a kytoon station stdrism the selection of auitable sensor, which
depends strictly bfour factors:

ranges of the measurements;
resolution;

accuracy,

samplingfrequency

=A =4 =4 =4

The typical range of wind velocityés intensity

- the knowing of t kharaatedstice, pagtieutayrirapreseRcB af ondy
one local effec{sea breezfl-7] m/s, valley flowq1-5] m/s);

- analyzing(if available)the meteorological data provided by ground stations near launch
site;

- analyzing theexperimental data recorded similar conditions, such as Ohaf@hara
T., 1989)and OgawdOgawa Y., 1986]1-6] m/s.

A good rangeof analysisfor the present studyould be [£10] m/s but a more preferable is [0

20] m/s, in order to foresee the possibility of gusts and nocturnal jet, eventually occurring
during night flight. A three dimensional measurements of wind speeecisssary t&now its
horizontal and vertical components. High frequency of time samfli@gz or higher)and
0.001m/s of resolution allowstcapture the turbulent fluctuation velocities anddhkeulation

of thar turbulent spectrand statistics, as the standard deviations, arosglations, Turbulent
Kinetic Energy (TKE)An accuracy of 0.0m/s is enough to estimate the module of mean wind.

Variatiors of the temperature between 0 and 40°C are expected in a typical Mediterranean city
while the humidity can reach in particular case 98%amplingfrequencyclose to that of wind

measurementwould be preferablsince thewi | | to calculate particular

co-spectra between wind and temperated also therosscorrelations of their fluctuation
components (resolution of 0.01°Accuracy of 0.5°C would be preferable in tgperature
measuremest in order to evidete the thermal excursion of UHI.

Static pressure measurements can be used both to calculate potential templeeasaragling

rate must be the same with which you acquired the températugeto good provide #ude
(precise altitude can be obtained with high accuracy and resolution) even if is subjected to
weather change.

The measuring range of air pollutants is only lower constrained (absence of pollutant) since the
upper limit can change deeply becauseheftime and the monitoring locatioHowever, you

can steer using, as appropriate, the valuebystite UE directives1999/30/EC, 2000/69/CE and
96/62/CE(see table HL, sectionll.2): these valuem factare averaged on such period as year
orhoursand hey candt ,bbecaudehtegc tdloyw 6t s e€ad n Dgciladon any
over the topConsequently it have bedired enhance factoit® all them so that themeasuring

rangesare [0100] mg/nt (CO), [0500] ™ . 5 (Os andNO,) and [0100] ™ . 5 (CHo

Desirable resolutions would beld. M 43 (O3, NO,, CsHg) and 01 mg/nt (CO).
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In order to calculate good vertical profiled,the s e n sneeasaréments must be collocated in
time and spacdf they areplaced close,he instantaneous positiqhatitude Longitude and
Altitude) of tham can befixed respect to the World Geodetic System 84 (W&3$using a
Global Positioning System (GPSMore than a accuratespatial (vertical and horizontal)
resolution (estimated for the best devices in the orderless thanone meter) a good
measurement dhe speedin the WGS-84 is very usefulko carefully calculate the wind vector
in the NordEastDown (NED) reference systerm fact we must observe that3Danemometer

measure$ hr ee velocitiesd components in its own re
movement,can rigidly translate but also rotatspect tahe NED one

NED referenceand t he attitude of a na@ e obihed vidns 1 ef er e
Attitude and Heading Reference System (AHRS) platfpusingthreemagnetometer(fixing

magnetic Nord)threegyroscopes (accurate measure of angular position and velacidyhree
accelerometer@dentifying local vertical).

Finally, together with the requirement defined beldiwereare two other very importaohesin
the design of any aircratft:

0 weight
0 size
Small and light sensors apbviouslypreferable.

IV.3. Sensors and Subsystems
The sensors that best has fitted ibguirements are:

V Gill-Windmaster 3D sonicanemometer;
V VaisalaHMP50,thermehygrometric probe;
V UniTecSens3000thick film solid state sensors for environment;

V Sbg systemkG 500N miniature Inertial Navigation System (INSyvith integrated
barometer.

These instruments must be aided by the following support systems:
V Vortex86,0n boardXLinuxcomputer;
V DatexMUX 3017 multiplexer;
V ACCULi-lon battery

V BeelLineAPRSAutomatic Reporting Position System).
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IvV.3.1. Gill Windmaster z 3D Sonic Anemometer

The Gill WindMasteranemometer is an ultrasonic anemometer which senses the speed of the
flow from the difference in the times of flight of ultrasonic pulses wiaiah generated by the
transducersgFig. 1V-2).

TIME OF FLIGHT THEORY
| L |
| |
_.....'|'1 Tz...._
] \II |r \lll ||{ \I Ilr \ \
Ju U (
\
\

\ \
TRANSDUCER U U U transpucer

V— \ /
CONTROL SYSTEM
L L
T,, = — And T‘I

L = Distance between transducer faces

C = Speed of sound

V = Velocity of gas flow

T1 = Transit time of ultrasound o
T2 = Transit time of ultrasound =

FigurelV-2 Scheme of operatiofieft) of the Gill WindMastelanemometer(Right)

At the same instant, the two transducers emit an ultrasonic pulse each. If a wind speed
component on the line of flight is presetite two pulses will cover the flight path in different
times of flight. By comparing these times of flight, thelward systems of the anemometer can
extract both the speed of the flow and the speed afdsofi the gasThe last one allows the
calculationof the sonic temperatuféhe formula does not account for the Humidity):

4
1

"= O (IV.1)

The anemometer does not need a calibration before being used, since it is already executed by
the supplier. It has top operating wind speed of #¥#s. The declared resolutigrregarding

velocity [direction (see append) are: 0.001m/s | 0.1° with an accuracy of less than 1.5%
RMS]|2°. The velocity components are respect to the Cartesian refesgsieen of figure 1V3;

a reference spar on the mounting flanges identifieditdction(Fig. 1V-4).

Theseleceddata output rate i32Hz.
The body of the anemometer is of aluminum/carbon fiber construction, whichingess a low

overall weightof 1kg; the dimensions are 750 mrhefght) x 240nm (max diameter) and the
power absorbed is low with 55mA required aVt2.
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FigurelV-4 Notches identifies the North Spar (tirectionof the cartesianWindMaster
reference system

IvV.3.2. Vaisala HMP50z ThermoHygrometer

The HMP50 is a small, lightweight, and lgwwer absorbent temperaturedamumidity probe,
which makes it suitable for integration in the payload.

The probe is capable of measuring relative humidity (RH) in #88% range, and air

temperature in thel0°C - +60°C with a resolution of 0.01° (see appendix The Accuracies
are0.6° (at 20°C) and-3% (in the ranges-80% and 9€8%).
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FigurelV-5 Vaisala HMP5@mperature and humidity probe.

Its body is in chrome coated aluminyfig. 1V-5), and the sensor is protected bgnambrane
filter and plastic gridlts total weight is 25g, including the 0.3 m cable. It absorbs 2mA in the 7
to 28/cc range lts overall dimensions are 71 mm (length) x 12 mm (diameter).

The sampling rate is 0.2Hz.

IvV.3.3. UniTech-Sens3000z Air pollution sensor

The SENS3000 sensors consist in a series of solid state, thick film, sensor cells, each capable of
measuring the atmospheric concentration of one of the following gases: GODNGsHs.

FigurelV-6 UniTec SENS30p0llutants sensor.

The sensible surface of the sensor is a semiconductor oxide made gfanécies of the size

of 200em. The first reaction which happens on the surface of the sensor is the absorption of the
atmospheric oxygen and tleensequent charge transfer from the semiconductor to the oxygen
molecule. The second reaction is related to the specific gas to be measured, which while linking
to the oxygen molecule allows the electrons to be released in the conduction band of the
semionductor. Taking the current signals from the sensor, the direct concentration of the
specific gas in atmosphere can be measured. Selectivity and precision are reached using special
semiconductor oxides with appropriate filters.

The output analog signdtom the sensor needs to be converted into concentration using a
known function.

Each sensor cell measures the concentration with a precision of less than 2% of the full scale,
with the operational range varying for the various géses TablV -1).
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Mixture Range Accuracy Resoluti
(at 0°C,1 atm) on
Carbon monoxide 0-100 mg/m +/-05 mg/m 0.1
3
(CO) 0-80 ppm mg/m
Nitrogen dioxide 0500 &g/ +-10 &g/ r 01
(NO,) 0-400ppb egl
Ozone (O,) 20500 eg/ +-10 &g/ r 10
10- 200ppb €g 13 n
Benzene(CH,) 0100 eg/ +-1 €3/ m 01
0-30ppb €g 13 n

TablelV-1 Ranges, Accuracy and Resolutioneis3000 sensors.

The input ofthe sensor cell is 150 mA at 12Vaehile the output rangefsom 0 to 5 Vcc
Each sensor cell weighs 220 g, and the sensor pack is contained inside an anodized aluminum
cylindrical enclosure. Each cell measures 55 x 94(more details in appendi).

IV.3.4. Sbg Systems IG 500N Navigation System/Barometer

The IG500N isthe world smallest GPS enhanced Attitude and Heading Reference System
(AHRS). It includes a MEMS based Inertial Measurement Unit (IMU), a GPS receiver and a
pressure sensgprovidingprecise drifffree attitude and positiaffrig. 1V-7 left).

This minigure (36x49x22mm, only 46g heavypertial Navigation System (INS) runs a real
time Extended Kalman FiltgFig. IV-7 right) that computes orientation, position and velocity
data at high update rates, up to 100 Hz

The attitude accuracy is also improvedmpared to traditional AHRS, by removing transient
accelerations measured with the GPS receiver.

: Barometric
[GPS receiver t Altimeter

/ 3D Orientation
| Euler, Matrix, Quaternion

3D Navigation

Position
Welocity
Sensors

3D Angular velocity

3D Accelerations

\__ 3D magnetic field /

FigurelV-7 SBG 1G 500U (left); Block diagram of th&alman filter integration (right)

[ 12 bits AID J[ 16 bits A/ID ]

A lot of datacan be geconnecting, via an USB interface, the device to aaRdinstalling the
SbhgCentersoftware, or using the low level protocol communicat{&@mbedded CPU board
application).

Table IV-2 shows the selected data (output masleappendix ¢. thefirst column is the name
used by the low level protocol to identify a specific output data; the second gives its brief

description.

Details fneasurementesolutions accuracies and other information) about the device are in
appenix A and in the user maial.
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Low level protocol Item

Description

SBG_OUTPUT_GPS_POSITION
SBG_OUTPUT_GPS_INFO
SBG_OUTPUT_GPS_NAVIGATION

SBG_OUTPUT_GPS_ACCURACY

SBG_OUTPUT_EULER
SBG_OUTPUT_GYROSCOPES
SBG_OUTPUT_TIME_SINCE_RESET
SBG_OUTPUT_BARO_PRESSURE
SBG_OUTPUT_POSITION
SBG_OUTPUT_VELOCITY

SBG_OUTPUT_NAV_ACCURACY

SBG_OUTPUT_TEMPERATURES

Raw GPSposition {VGS89: latitude [107],
longitude [107°], and altitude[mm above
ellipsoid|.

UTC timer[mg], number of satellite

Raw GPS3D velocities [cm/s] (local NEC
reference)

Raw GPS Position accuracy(horizontal e
vertica) [mm]; velocity accuracy [cm/s];
heading accurady].

Euler angle [rad] between device and lo
NED referencegroll, pitch, e yaw.
Gyroscopescalibrated (Kalman no BIAS
errors)values[rad/s]around device reference
Time since last reset of the device [ms]
Absolutepressure [Pa]

Calibrated (Kalman) position (WGS84):
latitude [°], longitude [°], and altitude[m
above ellipsoid]

Calibrated (Kalman)3D velocities (device
reference systenjjn/g.

Position [m] and velocity [m/sfaccuracies
(Kalman filter),

I nternal
[°C].

and exter.

TablelV-2 IG 500N usedoutput mask(data format in appendix)C

Theoutput data are classified as:
1 Control parameters; they are used

o SBG_OUTPUT_GPS_POSI
SBG_OUTPUT_GPS_INFO

SBG_OUTPUT_VELOCITY

O O O o o o

to verify acquisition operation:
TION

SBG_OUTPUT_GPS_ACCURACY
SBG_OUTPUT_GYROSCOPES

SBG_OUTPUT_NAV_ACCURACY
SBG_OUTPUT_TEMPERATURES

1 Navigation parameters they are used to localize in space and time the measurements

of the other kyt
SBG_OUTPUT_GPS_NAV

SBG_OUTPUT_EULER

SBG_OUTPUT_BARO_PR
SBG_OUTPUT_POSITION

O O O O O

oon and to

IGATION

sensors

SBG_OUTPUT_TIME_SINCE_RESET

ESSURE

correct

The devicecoordinatesystem is shown in figure P8. Note that the Euler angles are between

this reference and the local NED omdhich X

axs is aligned with magnetic Nortfrig. IV-9).
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IV. Kytoon Station Description

True Nord can be obtained settifigetvalue ofthe magnetic declination (function of date and
location) is calculated via external software (we used GeoMag
www.resurgentsoftware.com/geomag.html

Q7 N\© Lo gl
| X i Jﬂ

{ [

ey
J Wy

- |._

FigurelV-8 IG 500N Physical location of the 3D accelerometer (device coordinate system)
dimension are in mm.

Device coordinate frame \‘

0

East

X
Magnetic north '\

A4
Fi

ertical, Down

Fixed coordinate frame

FigurelV-9 IG500N Representation of the sensor in the fixed coordimaystem (NED).
Other configuration parameters of the INU:are

1 The gravity constant;

1 The lever arm: the raw GPS position and velocities are that of the GPS antenna; it is
possible to set the distance between the device coordinate origin and the antenna;

1 Theoutputfrequency(setto 50H2);

1 The kalman filter frequency: used the default settings (100Hz);

1 The dynamic platform modethe GPS receiver has a built in filter which is able to get
a very good precision by taking into account some dynamic eamstr we found

appropriate for our applhigheadynamiorangettand Ai r bor
car and higher vertical accelerations; assuming intermediate process noise).
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IV. Kytoon Station Description

IV.3.5. Vortex86 z On board computer

The sihgle chipset, Vortex86 familysee appendixd), provides a high performance/low cost
SoC (System on Chip) solutidno acqui r e s ens b80x422x13banmpight
(195¢g) and has low power consumptioB60mA at 12VcE EmbeddedXLinux Operative

System was installed.

FigurelV-10Vortex86.

IV.3.6. Datex MUX 3017V z Multiplexer

The device convestanalogical to digital signgdbppendixA). We need imainly to convertthe
air pollution sensooutput signahndusethe analogicainput port of the anemometer.

FigurelV-11 Datex MUX3017 V

Table IV-3 shows the power consumption budggthe station

It

Item Model N Tension Consumption Performance Total [mA]
\Y| [mA] DC/DC %

Temp. e Humid.  HMP-50 1 12 2 0,82 2,44

Data Acq. Vorext86 1 12 360 0,8 450,00

Anemometer Windmaster 1 12 102 0,82 124,39

MUX 3017 1 12 47 1 47,00

AHRS-GPS IG-500N 1 5 105 0,62 70,56

Air pollutant Sens3000 4 12 174 0,88 790,91

Total 1.485,30

consumption

TablelV-3 Power consumption table.
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IV. Kytoon Station Description

IvV.3.7. ACCU Li lon battery

The ACCU Li-lon battery (8Ah, 600g heavy; 135x80xd®) has been selected to power all
the instruments, considering the will to obtailess4 306 of endurance.

FigurelV-12 ACCUWFHlon battery.

IV.3.8. BeelLine APRS Automatic Reporting Position System

Since it was not possible to transmit the #@ak position using the tools describedekemetry
independensystem(self poweredwas adopted. The need for the information about the height
reached is twofold: on one haitdallows a consistency check with the data acquired, on the
otherh a n desgentidé for safety reasons.

The BeelLineGPS Telemetry transmitter integrates a microcontroller, an FM radio transmitter, a
GPS module and an active GPS receiver antenna onto a single, small, low pow€Figo#vd

13 right) An onboard microcontroller converts the latitude, longitude andudki from the

GPS module into an AX.25 data packet. This AX.25 data packet is then modulated and
transmitted at 1200 baud over a radio link. A suitable receiver and packet decoder (TNC) are
requirel on the receiving end (Fig. ¥3 leff. The Software dedwr used isSMIXW

(http://mixw.nej.

. ]
FigurelV-13 Altitude monitoring system: land receiver (left) and APRS transmitter (right).

The BeeLine APR$ a small 20x60x150mmh and light (220g) device, able to transmit the
position data packets to 36km of distance (at clear vieg.endurance declared is 10 hours.
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IV. Kytoon Station Description

1V.3.9. Mass budget Table
The following table lists the weight of all sensor and subsystems.

Item Description Model Units  weight
(9)
Wind Ultrasonic 3D GILL 1 1000
Anemometer WINDMASTER
Sonic
temperature
Temperature ThermaHygrometer Vaisala HMP0 1 25
Relative
Humidity
Concentration Thick film solid UniTech 4 220
of: CO state sensor SENS3000
NO,
Os
CeHs
PositioriVelocity GPS SBGIG500N 1 45
Pressure Barometer
Attitude
Heading AHRS
Local vertical
- GPS antenna + cable SBG 1 120
Acquisition - Vortexg6 + 1 195
System Datex MUX
Power supply Battery (12V) ACCU 1 600
Lights’ Led+Battery NAVlled 1 300
Varii Connections, Cable etc.. - 1 165
Payload Total weight 330
TablelV-4L y & G NHzYSy GaQ Yl aa o6dz2R3ISG

® Hella Marine Naviled 360(www.hellamarine.conwas selected as possible led light for nocturnal
flight; it is taken in toaccount in the mass budget since it was installed on the kytoon station even if no
nocturnal launch was performed.
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IV. Kytoon Station Description
IV.4. Kytoon station

A kytoon station is mainlgomposed by three elements

A TheKytoon;
A TheGondola
A TheTrailer.

Trailer

-

. . 'I‘-\. S et

FigurelV-14 Kytoon Station: Kytoon blimp, gondola and trailer in a schemeagicesentation
(left) and in a photo (right).

A schematic representation of the station compgatina photo is shown in Fig. {¥4. More
details about design process and details of the three elements are given in the following
subsections.

IV.4.1. Floatograph SkyDoc#18 - Kytoon

The selection of balloors boundby the weight ofpayload, by the maximum altitudand by
the site of experiment (Urban), that lem prefersmall balloons, because of the little launch
areas.

After the preliminary selection &€ameroon Helium blimp ABO0O0lightweight(Panelli, 2009)
able to lift up the payload to the prescribed maximum altjttriessmallerFloatograph Skydoc
#18has beemselected

It isahelium blimp, made of aromatic thermoplastic polyurethlaging amaximum diameter
of 4.33 m,and anheight of 2.81 m (its shape is an ellipsoidre¥olution around its vertical
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IV. Kytoon Station Description

axi9); a volume of 27.44 fresults.The six orange aviation strip¢8.30m wide Fig. IV-15)
satisfy the FAA OBSTRUCTION MARKINGAND LIGHTING (AC No.: 70/74601K) rules,
as required by ENAV (Ente Nazionale di Assistenza al Volo).

A particular characteristic of thigalloonis that it can generate dynamic lift bging a sail,
made of porousnaterial whichis sewn along H&aof its maximum circumferencelhis greatly
increases both the total lift generated flying in wind conditions and the stabiliigllobn, due
to the Akiteo effect

TOP RING

KEEL LINE

RIGHT CONTROL LINE
e w"'

e = ,

FigurelV-15 Phot ofFloatograph Skydoc #18

The kytoonenvelope is contained in a harness which consistisreé webbedtraps made of
polyester placed at about 120° from each ofRrég. 1V-16). The strapgxtend fromthe "top

ring" placed in theeenteredupward parof the kytoon, and terminatin rings on theenterline

seam of the kytoon.

Also, three sewn handles are located in correspondence of the end of the straps on the centerline
of the kytoon, to help the operators in keeping the kytoon stable while it is on the ground
(inflation/deflaion phase).

On the back of the kytoon envelope, in correspondence of the end of the back harness strap, a

filling sleeve and three helium release valves are present. They are used in the inflation and
deflation of the kytoon, respective(lyig. IV-16).
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IV. Kytoon Station Description

DIRECTION OF
STRAPS

s T ——"

FigurelV-16 Front view of the upper surface of the kytoon. The direction of harness straps are
put in evidence. The helium valves can be seen.

The kytoon is connected to the payload via three contra [iRegght Control Line, Left Control
Line, Keel Line) which are 10.9m lonig. 1V-15). They are connected to the metal rings at
the end of the harness straps of the kytoon via ssg@ifyent knot on the free enthhe left and
right control lines influeoe the lateratlirectional attitude of the kytoon. Since a slight variation
in their relative lengths can heavily influence the kytoon's latirattional stability, their
lengthis accurately trimmed to 10.9m.

T o i A / = - '« | ‘l'

FigurelV-17 Loops at the ends of the control line, which are connected topiindoad [eft).

Detail of the keel line and its knots. Notice that the line is set on the 3rd knot, which gives an
AoA of 0right).

In addition, the kedine controls the pitch attitude of the kyto(Fig. IV-17). By lengthening or
shortening the keel line, the angle of attack of the kytoon respectively decreases or increases.
The keel line has 9 pmmeasured knots at a pitch of 8c8ince an AoA (Angle ofAttach)
variation of 1° is caused by a variation of 4cm of the keel line's length, changing the keel line's
length by one knot corresponds to a variationt3f of AOA. Using the middle (8) knot of

the keel line gives the kytoon an AoA et°, which coresponds to the most stable flight
behavior of the kytoon (as said by the sellers).

All the control lines are made of Dynerfsky 75 Ultra by GottifrediMaffioli (DSK75 Ultra,
see appendi). TablelV-5 lists the main characteristics of the only teables used for each
line.
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IV. Kytoon Station Description

Diameter Tensile strength Linear weight

(mm) (kN) (g/m)
Right/Left control line 3 9 4.7
Keel line 5 27.9 14.1

TablelV-5 Dynema Sky 75 Ultrable characteristics.

The kytoonpossesses an Emergency Deflating Device, which has the purpose of rapidly
deflating the kytoon in case of failure of the main components of the system.
The device consists of two units:

1 EDD land unit (Fig. 1V-18 right)
1 EDD kytoonunit (Fig. IV-18left)

The land unit is composed by a battery housing and a single channel LineharFXT
transmitter.It has a POWER and a BURN switch, of which the last one is protected by a cap
which prevents accidental activation of the device: turning on the BURN switdls aenFM
signal to the kytoon unit which activates the device.

The kytoon unit is composed by a circuit and battery housing, a Linedr KR receiver, an

electric actuator, and an arm on which end an electrical resistance is located. If both the
POWER ad ARM switches on the casing are turned on, on receiving the activating signal from
the transmitter the resistance heats itself and the actuator lowers the arm to place the resistance
against the kytoon's surface, in order to burn a hole through it asd aanajor loss of helium,
besidesrreparabledamage to the kytoon envelope.

HARNESS STRAPS

FigurelV-18 (Leffy EDkytoon unit. The actuated arm with the circular electrical resistance is
shown on the left. EDD land unit (Right).

The kytoon unit is fixed at the center of the top ring of the kytoon through a Velcro pad and a
harness linked to the kytoon through thpésstic clips.

The land transmitter broadcasts a 10W, 27.255MHz, digital encoded, signal modulated FM

signal to the kytoon receiver. The antenna used on the transmitter is a Linedt Awddel,
while the one wused on the ANleleThe aentennassare a Li
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IV. Kytoon Station Description

connected on thenits through SE39 connectorsThe batteries of both units can be charged
with the 12V DC charger.

To evaluate the safety of the kytoon systémforeflying (for example having an idea of the
flight envelope)ad as t ool d €&guilibgium, Cortfigurations ef g-lgimg tCablexfi
Captive Balbons, and Cable Derivatives f&tability Calculations (Neumark S., 1963has
been used.
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FigurelV-19 Typical twedimensional cable configuration and forces acting on cable.
The equilibrium of cable of a captive balloon is uniquely determinggigy I\VV-19):
A x, : horizontal displacemerf the balloon
A 1 :main tether line length
A j, inclination of main cable with the groumear latter
A

j 1 :inclination of main cable with ground at the maximum altitude

The parameters can be calculated using some formulas obtained by solving the equilibrium
equation of infinitesimal cable lengtt

tangentialdirection: dT =wdlserf (negligible) (IV.2)
normal direction :  Tdf = (nser’rf +WCOSf)d| (IV.3)

and considering the McLouwhuaton:

(CDcll 2rvV 2dc)senzdf dl =nser’f (IV.4)

69



IV. Kytoon Station Description

whereCp. andd. are respectively the drag coefficient and the diameter of main tethemliise ;
theweightto-length ratipni s mai n edcddndtherdticT isdathargension.

A stepprocedures can be used to solve the problem.
a) Fix the maximum altitudez().

b) Calculate the areas of frontal impact of ballo&) (; for the SkyDocbs |
9.55nt.

c) Evaluation of balQ)pseeses(f.drag coefficient (

d) Fix wind velocity {); the present study would measure wind speed between 3 and
10m/s.

e) Fix the type of main tether linav( d., Cp.); the DSK75 Ultra cable of 5mm diameter is
used. G.=1.025 (cylinder). Orange flags (0.380M) stands along the main cable at 15
m intervalsbeginning at60m above the surface of earts required bythe FAA
OBSTRUCTION MARKING AND LIGHTING (AC No.: 70/746601K) rules. 18 flags
assure the visibility at 300m of dlide. An additional weight of 87kg results.

FigurelV-20 Obstruction Marking flagand stripes

f) Assess the value of balloon's reserve buoyancy and aerodynamic)iifR€serve
buoyancy(or net lift) is defined as the excess of total buoyancy over the entire weight
of balloon (including its envelope, gas and air contents, riggengyd payloadbut
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IV. Kytoon Station Description

excluding the cable weight). If the excess buoyancy is considerably greater than the
cable weight, thenglwill be large (though always less thag),Tand the differencq ¢-
j o) smal under all conditions, the cable will then be 'highly tensioned'. In the opposite
casel o may be small, andl{ 1 Ty) may become quite large.

The SkyDoc blimp, EDD valve, keel line andht/left control line weighs 184 kg.
The goss lift, or total buoyancy

being

known

t he

can
wei ght

be

eval

of

fl

uated
ui d

(helium and air) changes because the altitude and the temperature.

applying

t h

di spl aced

0°C SL. 15°C S.L. 35°C S.L.
Altitude ) Stable ) Stable Gross Stable
(m) Gross lift . Gross lift Free . .

(kg) Free Lift (kg) Lift lift Free Lift

k ki ki
(ko) @ @ |69

0 3546 3361 3143
300 3441 531 3262 5.04 305 471
500 3373 3198 2990

TablelV-6 Gross lift versus altitude and sea Level temperature; Stable free lift is 15%

gross liftat S.L. .

Balloon sellers recommend for stalflight to leavealways aii f r e e

percentage oftt e

fistandard

i fto

g r tftsasSed Lievelt(Rl): 10% s the t h e

measur
gro

bare minimum required for stable flight. 15% is a much more comfortable level at
which to fly, especially if the air is turbulent (thermals etc).

The aerodynamic lift can be computed using the measured wthar windtunnel

tests on SkyDoc modell8 (Fig. 1V-21) and the graphic of SkyDoc Height vs. wind

speedFig. IV-22). Subtracting to all values of table the value of tether strain in calm air
condition (gross lift), the aerodynamic lifts follows; the latter can be compared to that
obtained with the formula:

Where G is an unkown total force coefficient0.83 is the value that minimizes the
t he

C,U2rV?S, )=T
( )

di fference
assumption is true only with bjg; .

of

wi nd

(IV.5)

tunnel 6sIVEeThisur ement

The graphic of the figure N22 allows to calculate the angle Q) between the
aerodynamidift and the local vertical; the decomposition Gf givesa G, (0.35) and

C. (0.74), with 5m/s of wind speed\ote that thetotal force coefficient has been used
also at 7 m/s (at which would correspond different AoA of the kytoon), becaiesg a

small difference has been find.
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800
700 ,
600 /
500
400 yd
/

300

200
100 //
0

Tether Tension [kg]

Wind [m/s]

FigurelV-21 Tether strain resulting bgkyDoavind tunnel tests.

SkyDoc Height versus Wind Speed

600
500 0—0—-0--.._4,__‘—

400 =

Height
(4]
o
o

200

100

0 b 10 15 20 25 30 G 1
Wind Speed

FigurelV-22 SkyDoc Height (ft) vs. wind spef@adph) considering a fix cable length of 500ft.
A brief summary about given definitions follows.

GROSS LIFT ¢r TOTAL BUOYANCY) + AERODYNAMIC LIFT = PAYLOAD +
RIGGING LINES + FLAGS + EDD + CABLE + FREE LIFT

RESIDUAL LIFT (or NET LIFT) = GROSS LIFTi (RIGGING LINES + FLAGS +
EDD + PAYLOAD)

FREE LIFT = RESIDUAL LIFTT CABLE + AERODYNAMIC LIFT
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g) Calculaten = (CDC1/2rV2dC) and X, = (CDll 2rV 2Sk) ;

h) CalculateT, =4/ X/ +Z? and thery , = arctani, / X,) ;

i) Calculatey = 0.5arccotan(w/2n);

o . LO0S2y
) s . acoty - cog Q )

Calculatet, =¢ , wheret = ;
J) 1 Ol) (l ) (; any +C0ﬂ. @

k) Calculatd , from|(WZ[, :Tl(l‘l - l‘o) and/ , (step );

j
) calculatel ,=I(j,)andl o =I (i o) from1 ()=p ntaf

= andsol, from
E‘ hser?f +wcosf '

nI11‘1 :Tl(/l - /0)

/_ nt cosfdf

m) CalculateS :S(j )ands =s(j )froms(/)=
° ’ ' ! E"nseﬁf +wcosf

andso x from

nxf, :Tl(sl' 50)

The results of the calculation (TdW.-7) showthat:

1 All the parameters grow with the air temperature (obviously except the free lift) but
there is little difference between the data at 0 and 15°C;

1 The Free lifts ar8-3.5 timesthe stable free lift (TalV -6);

1 Increasing in wind led to growing of all the parameters, except free lift that decreases;

T The computed values of mai n eceaperimentak st r ai
measurements &kybc #15 the dimension of #nmodl #18 differs little from#15.

Consequently, in order to estimate the Safety Factor (S.F.) of tether line, defined as max
load line to tether tension ratfdablV -8), the result®f calculationhave been used.
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0°C
Cable Free
wind (m/s) |length (m) |weight (kg) |strain (kg) |x1(m) lift (kg)
5 32326 456 1998 10538 1893
7 37286 526 2192 21184 1823
15°C
Cable Free
Wind (m/s) |length (m) |weight (kg) |strain (kg) |x1 (m) lift (kg)
5 32463 458 1817 10933 17.12
7 37816 533 2005 22063 16.36
35°C
Cable Free
Wind (m/s) |length (m) |weight (kg) |strain (kg) |x1 (m) lift (kg)
5 32674 4,61 1603 11510 1497
7 38638 5,45 1784 23381 1413

TablelV-7 Cable characteristics, horizontal displacement and Free Lift of the kytoon, at 300m
of altitude, changing temperature.

wind (m/s) Tether tension(kg) S.F.
5 1998 142
7 2192 130

TablelV-8 SafetyFactor of the DSK78Itra cable; worst casd émperature0°C).

Note that the nomenclature used in this paragr
thesis.

IV.4.2. CATFISH gondola

All the selected sensors, to be lifted up by the kytoon, are placin isoc a | Igandb | ,a o
which satisfies the following requirements:

1 Compactness, in order to have all the measurements in the same point in the space and
to help the portability of the system;

1 Lightness, to have the most free lift as possible (stéigh)f
1 Minimal interference on the measuremerig attention has been done in the design of

gondol aés shape, in the positioning of t he
kytoon.
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The g osnawodosed by two part (Fig. 1¥3), each onemade of Carbon Fiber
Reinforced Polymer (CFRP), with fibers woven in the 0°, +45° &&d to assure isotropic
resistance, and epoxy matrix:

1 The CATFISH nacelle;

1 The cage.

Cage
7my/s —
CATFISH W -
nacelle
Right control Keelline
line . _—
"\-\.H i

FigurelV-233D CAD model dhe CATFISH gondola; Maximum allowed rotation (30°) of
CATFISH nacelle at 7 m/s of wind speed.

The nacelle hostall the atmospheric sensors, the AHREPPS the data aguiring system and
the battery tgpowerthe whole systemlhe body has shapesimilar to an hull of Americans
Cupwith NACA 0032 airfoilcrosssection: mairchord isabout 0.7 while the maximum width
is 032m.

The CATFISH nacelle is joined to the cage by means of an hollow tube (Nacelle suppport tube
which passes through a support near its the nose. The nacelle is virtually free to rotate around
the nacelle support tube, but its dynamic of pitch is blocked by a regulating cable, which links
the back end of the nacelle to the upper part of the chassisximum angle of rotation of 30
degrees has been calculated for the equilibrium configuration of the balloon at 7 m/s of wind
speed(Fig. IV-23). Prerotation is essential to avoid that the anemometer is in the CATFISH
boxés wake (i ncofattaclacf CAOFISHI).s t he angl e

® The name bdiongfrom thesshape of the box; the two protuberances on its the nose seem like
fi shds must ac hehetnallingltsgailt he i ntake in t
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IV. Kytoon Station Description

FigurelV-24 CATFISH gondoiaK S& I N3 @A aAotS GKS DAff 2AyRYFAQd
FyadSyyl o0o0fl O]l NK2YO02AR 20 a08dpibsuiely avdido@S NJ I LIS (¢
heating due to the sun lightt can be seen the cable to regulate AoA of the nacelle.

The cage hasthepuget o j oin the CATFI SH payload to the r
to protect itin the hypothesis ofrey ground impact

Consequently, iis made of CFRP hollow tubes, and consists of:

2 front tubegFig. IV-25);

1 back tubdFig. 1V-25);

The nacelle support tul§gig. 1V-25);
Lower triangular chassiig. 1V-26),
Upper triangular chass{fig. 1V-27).

=A =4 =4 =4 =2
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IV. Kytoon Station Description

FigurelV-26 Lower triangular chass

The elastic cable which normally

linked to the nacelle's back, can k
seen.

FigurelV-27 Upper triangular
chassis.

The vertical tubes are engaged in three dedicated slots of the triangularesh@iksigwo front
tubeshave two tubular protrusions in which nacelle support tube is inserted.

The payload is attached to the control lines and the main tether line by means of holding bridles,
which are passed through each hollow vertical t@rethe end of these there are@tlwops:one

is knotted to a snap hook with a stffhtening knot,and allows to connect control lines to
payload (FiglV-28); the otherone is Inked to the main snapook, whichconnect them with

tether line (FiglV -29).

Aluminum stoppers are placadhder the upper loop of the bridles to block them in position
respect to the vertical tubes.

The payload rests on three knots at fixed and equal distance from the bottom end of the holding
bridles. Sixcircular plastic sleess,put insidethe end pagof vertical tubes, prevent cutting of
the holding bridles due to the carbon fiber shards.

Notice that the housings of the front tubes are placed in a rear position on the upper triangular
chassis. This feature is designed on the purpose of protectingdbie in the hypothesis of a
ground impact by making the upper chassis impact on the ground before the nacellEhigself
distance of projection has been calculated with a 30° degrees rotation of gondol®/ {Fi
23,24.
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IV. Kytoon Station Description

FigurelV-28 (Right) Holding bridle in position: the stopper blocks the bridle, while the snap
hook links the bridle to the control lines (bottom left); circular plastic sleeves (top left).

The structure has a height of2Z. m anda lateral overall dimension of @ m (details in
appendix B) its total weight (without any sensonsounted) is A9kg. The snap and the main
hooks haveespectively a maximum load of 1100 é8@DOkg.

Snap hook CATFISH
gondola

Holdings .~

bridles Main

snap

o hook

Main cable

FigurelV-29 CATFISH gondola connections: scheme (left) and photo (right).
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All the sensors are placed inside or outside the CATFISH nairdjgite ofthe APRS, which
has its own box, connected to the cage via a snap hook dralkeel line via adhesivape

Watching the upper part of CATFISH nacelle, it can be seen:
A the anemometer ( the most evitisensor) placed on it (Fig. 124);
A the GPS antenna (Fig. 180);
A the location of battery (Fig. R80);
A the Ethernet poftto configure (see sectiah2.4) on board computer (Fig. F80);
A the ON/OFF switch (Fig. I\81);
A the fuse (Fig. IV31);

A the APRSGPS external data input port, to configure aatlbrate see section/1.4)
the device (Fig. IV31);

A six warning led (Fig. IV-31).

Ethernet port

FigurelV-30 Top part of CATFISH gondola: Battery, Ethernet port (set/wariphase), GPS

antenna.

" Two Ethernet pogare easily visible in fig#F; only one is connected to on board computer; originally
there were two different data acquisition cards.
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. AHRS-GPS external
data input port

N

.f_x;‘, (a.) (b) © (d) (e) (f
N Warning led

<

FigurelV-31 Top part of CATFISH nacellerning led, fuseON/OFF switch and AHRE®S
external datainput port (calibration phase).

Themeaning®f the led follow:
(a) Anemometer diagnostic;
(b) Power status alarm of the GPS;
(c) Power status alarm of tlaér pollution sensors (CO4D
(d) Power status alarm of tlar pollution sensors (§e,NO,);
(e) Power status alarm of the Anemometer;
(f) Power status alarm of the acquisition system.
Watching the lower part (belly) of the CATFH nacelle are visible (Fig. F22):
A The Vaisala thermbyygrometric probe;
A A led light (according toFAA OBSTRUCTION MARKING AND LIGHTING ,AC
No.: 70/74601K): actually no permission of nocturnal flight was given but in the
futureit should be; night dispersion of pollutions is the most critical!

A Six straight air intakes to cbon board computer (partially visible in the figure);

A Four circular air intakes to allow the suction of air on the thick solid state sensors.
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Thermohygrometer / o Led Light

FigurelV-32 Belly of the CATFISH nacelle; thermo-hygrometer probe , the led light, the
four circular air intakes of the chemical sensors and the six straight intakes for the inside
cooling are visible.

The AHRSGPS (G500 N) and the four chemical sensors are fully inside the CATFISH
nacelle; particularly théG500 N device is linked to a circular plajest under the base of the
anemometer; three screvallowthe connection between the two sensors and the carbon surface
of the nacell€Fig. 1V-33).

|
|
|
L
S pl
desi

|
; AHRS-GPS

FigurelV-33 Position of theSbg IG500N, AHRS5PS (yellow parallelepiped), device and its
support structure inside the cover of the CATFISH gondola; they are also visildleethieal

aSyaz2zNa o60QA2tSG0x YR GKS SR fAIK(GQ

All the sensors and subsystems are placed around the vertical axisoéthemeter sthat the
center of gravity of the CATFISH gondola is ne:

Finally notethat silver tape (Fig. 24,30 covers the upper hemisphere of the nacelle: during
a static laboratory seip test very high temperature (65°) were reached on its nose despite of the
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low emissivity of the covering paint; the system, inclined of 30° afdhe support tube, lied on
the sun at 35°C of air temperature. Even if the extreme no flight conditions, with no cooling
wind coming inside air intakes, it has been preferred to protect the instrumentation.

The distance between balloon and nacelle ¢gsrapromise between the desire to maintain the
rigging lines short (for stability reason) and to reduce the influence of balloon on the
anemometer's measurements. The result of a RANS (Reynolds Average Navier Stokes) CFD
simulation of flow field around thballoon (without the sail) has shown that a distance of about
10m (onsidering the length ahe inclined control lines: 19m) between the belly of the
balloon and the anemometer hagides an error of less that% on the wind measurements

(Fig. IV-34).

FigurelV-34! SNRPReyYy Il YAO AYyGSNFSNBYyOS 2F (KS ol ftt22y :
DV is the difference between the velocity module, calculated with RANS simulation, and the
value of free wind stram (7m/s). The stream lines are shown, too.

The NACA 4digit seriesprovidesitself negligibly influencingthe readings of the anemometer :
3D RANS simulations has stated that the measureméme anemometer, acquired6@.m far

from the body of CATFISH, are overestimated of less than 1%.

In conclusion theresulting aerodynamic effect (CATFISH plus balloaho e s n 6 the af f ect
readings of the anemometer.
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IV.4.3. Trailer

The trailer usecsthe mobile launch platform is thémbra Rimorchi TM100B/Dit acts as the
base for the inflating and power plants, and there is also free space on which other cgstems
be fixed and transported.

The trailer dimasions are 1460 x 3055 x 350 mm and the maximum fully chewegjghtis 750
kg.

FigurelV-35 Umbra Rimorchi TM100B/[Bront connection trunk is on the right.
The trailer is mechanically and electricallyuédto the position lights) joined to the towing
vehicle via the front @nnection trunk (Fig. I¥35), on which both the towing hook anbet

electrical plug are present.

The front connection trunk also hosts the emergency brake and supports the fronegheel

which can be used in moving the trailer by hand. The height of the wheel leg can be adjusted by

using the crank on the front connection trunk.

The trailer is equipped with a safety braking system which brakes the trailer in case of
disconnection fromhe towing vehicle while in travelhe trailer's weight when stationary is
distributed by three (2 lateral and 1 fronfilg. 1V-36) removable supports.

The front support is placed under the front connection trunk, at the front end of the traiker, whil
the lateral ones are placed just before the position lights.

FigurelV-36 Front support of the trailer
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The lateral supports' height is adjustable via a clamp, while the front supports' height is
adjustable by inserting a bar into a hole on the supports’ moving part.

A spare tire is provided with the trailer, which is mounted on its left side in a dedicated housing.
Both the inflating and the power plagre supported on the trailer.

To better dstribute their weight, the trailer has been reinforced during the setup phase by fixing
two crossbars, which span through the whole planking width, at the lateral chassis.

FigurelV-37 View of theensembletrailer.

The trailer transpostfive principal objecs:
A The inflating plant;
A The winch plus the tension inverter;
A The power plant;
A The collapsible balloon cradle.
The inflating plant consists:in
A 4 compressed helium gas cylinders,
A the gas cylinder cage,
A the pressure regulator,
A the inflating hose fixed to the inflating wand.

The helium cylinders contain the helium used to inflate the kytoon. They are blocked in the gas
cylinder cage during transport and operation to increafay.
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Each cylinder has a threaded cap on its top which has the function of protecting the cylinder
valve. The caps are always screwed on the cylinders, apart when the cylinder is being used.
The cylinder specifications are listed in tabfe9.

Diameer 230 mm

Height 1620 mm (with cap)
Weight 80 kg (filled)
Helium type 4.6

Cylinder volume 50 L

Gas pressure 200 bar

Gas volume 9.384m°

TablelV-9 Gas cylinder specifications (per cylinder)

The cage houses the four gas cylinders which are needed for inflation, and occupies the rear
portion of thetrailer, as shown in figure P38 it assures safe way to transport the gas
cylinders.

FigurelV-38 Gas cylinder cage after welding of the bars. The support platforms and the gas
cylinders supports are still missing at this stage of setup.

The cage is made of welded 40 & shm section bars made of iron anésipermanently bolted

on the trailertirough 4 support platform$he gas cylinders are housed in suitably dimensioned
ACO supports, whi c hblcress lers of¢hk dagechagéhen the bykndecse n't r
have been inserted, they can be permanently blocked by bolting on them thélopkieig
bars(Fig. 1V-39).

FigurelV-39 Loaded gas cylinder cage. The upper blocking bars are visible.
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ACO supports are also welded on these bars,
completely onstrain the cylinders in plador safe transport and usageback stopper bar is

then bolted at the back end of the cage to constrain the horizontal movement of the cylinders
(Fig. IV-41).

A support plankingFig. 1V-41) is screwed on the top of thege, both to provide a usable
surface and as an additional protection for the cylinders. The back end of the planking can
swivel around a hinge to permit access to the cylinders during inflation. The swiveling end of
the planking is secured against acctdénpenings by two butterfly screwsig. IV -40).

FigurelV-41 Open back end of the gas cylindmge. The stopper bar is visible and the
cylinder caps are pushing against it. The swiveling back end of the planking is open to permit
access to the cylinders.

The gas cylinder cage dimensions and weight are listed inltatle.

Length 1690 mm
Width 1148 mm
Height 380 mm
Weight 77 kg

TablelV-10 Gas cylinder cage specifications
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Since an excessive pressure surge in the inflation can damage the kytoon fabric, a pressure
regulator is used to decrease aondtrol the output pressure of the helium cylinders.

The ID pressure regulatdFig. 1V-42) presents 2 high and low output pressure manometers
(one with 300 bar and the other with 25 bar F.S.). A crank permits to adjust the pressure output.
The regulatohas two connections on its side, of which one is screwed on the cylinder valve and
the other one is joined to the inflating hdbey. 1V-43).

FigurelV-42 Pressure regulator mounted on the cylinder \eabtluring inflation.

The hose conveys the helium from the pressure regulator to the wand, which brings it into the
kytoon envelope.

FigurelV-43Inflating wand and hose.
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The hosepressure regulator joirgnd the hosgvand connections are by means of metal clips
suited for gas use. In particular, the clip connecting the hose to the wand has been covered with
duct tape to avoid damage to the kytoon fabric when inflating.

The hose has a diameter of 20 mm &ad a length of 15 m, which is enough to inflate the
kytoon at a safe distance from the launch platform.

The wand is plugged at its end and has several holes along its length to reduce the pressure
output, in order to avoid fabric damage.

Operatorscan control the launch, retrieval and flight height of the kytoon by activating the
winch (Fig. IV-44) and releasing or withdrawing the tether line.

FigurelV-44 SKYDO®inch

Using a controlpendantconnected to electrical invertefdshibaVF-S1)), it is possible to
operate at threspeed winding: 2 (slow), 20 (fast) and 40 (emergency recover) nifignlV-
45,

P

FigurelV-45 Toshiba inverter

The tether line is wound on the drum of the winch and has one end which is fixed in the tether
line junction box. When the winch is activated through the control pendant, the tether line
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comes off the bottom part of the drum and passes through the aitlédedd, which moves
along the upper shaft to keep the tether line uniformly wound on the(&igmV-46).

FigurelV-46 Winch in operatiorduring a test flight The roller fairlead is in the center

The specifications of the electrical winch motihre speed reducendthe winchare listed in
tablesIV-11 and I\M12

Motor model Neri-Motors
Horsepower 2 HP

Full load RPM 3396 RPM
Full load torque 4.22 Nm

Full load frequency 60Hz

Speed reducanodel Dayton4Z730
Nominal output RPM 29

Nominal gear ratio 60

TablelV-11Winch motor and speed reducer specifications.

Length 530 mm

Width 1175 mm

Height 546 mm

Body Aluminum

Weight 165 kg

Drumshaft torque 200 Nm (nominal load)
Line pull speed 17 m/min

TablelV-12 SKYDO® Winch specifications

The motor and speed reducer are housed in the casing on the right side of the winch, as shown
in figure IV-44, and the electrical power is supplied by the generator through the 220 V plug
(Fig. IV-47).
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FigurelV-47 220 Vmotor plug

The winch ispermanentlyiixed on the trailer with 4 bolts placed on tineunting flanges.

The power plant for the station consists irHanda EU30is portable gasoline generatdt
supplies electrical2Vcc and220V powerfor every other electrical appliance on the field.

FigurelV-48 Honda EU30igower generator. The control panel with the DC cable is clearly
visible(Left). (Right)fixing bracke{connection with trailer).

The generator runs on automotive unleaded gasoline fuelReisearch Octane Number of 91
or higher, and it uses SAE 1080 oil. The specifications of the generator are listed in tAble

13.

Model

Length

Width

Height

Dry weight

Engine model
Displacement

Fuel tank capacity
Battery

AC rated output

AC rated output power
AC max output power
DC rated output

HondaEU30is
658 mm

482 mm

570 mm

61.2 kg
GX200

196 cni
13.3L

12V, 8.6 Ah
230V,50Hz, 12.2 A
2.8 kVA

3.0 kVA

12V, 12 A

TablelV-13 Specifications of thelonda EU30isower generator

The generator is placed on the left front side of the trailer platform, and it is fixed to the
planking with four removable brackets, shown in figive48. When the generator is operated,
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