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1
"Signori, in un secolo in cui l'uomo intende così 

vittoriosamente a strappare dal seno della natura i 

suoi più riposti ed intimi segreti, era della più grande 

ed urgente importanza l'erezione di un Osservatorio 

deputato particolarmente allo studio attuale e pratico 

della meteorologia e della fisica terrestreé 

2
éSignori, noi abbiamo rapiti i fulmini al cielo; ma 

quel che è e quel che segue a poca profondità sotto 

questa terra che tutti calpestiamo e dove tutti 

abbiamo vita e morte, è 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 più vigorose sentirono 

pur troppo la loro impotenza!" 

(M. Melloni, 28 Settembre 1845: Discorso per 

l'inaugurazione dell'Osservatorio Meteorologico 

Vesuviano). 
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 Introduction  
 

Our survival instinct led always us to want to foresee the natural catastrophic 

events. The only way to do this had been, and is still nowadays, by observing 

nature in order to ñéfinally extort from natureôs stomach her most hidden and 

closest secretséò
1
 . On 28th of September 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 tower, 

saying that ñThe observatoryôs mission was to explore all the phenomena of the 

Vesuviusò. 

During last years in all world researches focused their attention on other 

catastrophic phenomena, not less serious than that of the Vesuvius observatory.  

The concern 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 with 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 and the 

dispersion of pollutants are 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 reasons: more than half of the world's population lives in 

urban areas (according to UN survey); areas account for the majority of the air 

pollutants' emission, mostly from motor vehicle exhaust; the particular 

geographical situation of urban areas generates distinctive meteorological 

phenomena which interact with other local- and global-scale phenomena, 

complicating the prediction of the pollutants' dispersion. 

Particularly, there are few data about this topic in the typical urban climate of 

Mediterranean cities, characterized by the interaction between Urban Heat Island 

(UHI), sea/land breezes and slope/valley flows.  

 Consequently, this PhDôs thesis describes the development of a meteoric-

climatic kytoon station for measurements of vertical profile of pressure, wind 

velocity (module and direction) turbulent spectrum, temperature, humidity and 

concentration of pollutants, very useful to study such phenomena. 

A brief introduction to Boundary Layer (BL) meteorology is given in chapter I, 

in order to introduce an inexperienced reader to the topic; on the same aim, chapter 

II deals about the air pollution, describing the most dangerous pollutants, their 

production mechanisms and effects. 



ix 

The bibliographical review (Chapter III) attests the originality of the thesisô 

work: using the developed kytoon station (Chapter IV), in addition to the classic 

meteorological vertical profiles (e.g. wind, virtual potential temperature. specific 

humidity), it is possible to calculate four air pollution concentration profiles (no 

publication about) and, thanks to the highest sampling frequency of 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), a field tests campaign was necessary.  

The results of the measurements made up during this flight tests (Caserta, Italy 

6
th
- 17

th
 September 2010) are discussed in Chapter VII. 
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Boundary Layer 

Meteorology  
 

Since the dispersion mechanisms depend on the circulation of air masses in the 

Planetary Boundary Layer (PBL), an understanding of the basic characteristics of 

the PBL is strictly due. 

 The chapter follows mainly the order as by R.B. Stullôs ñIntroduction to Boundary 

Layer Meteorologyò book (Stull, 1988); it  describes wind characteristics, 

transport mechanism (turbulence and buoyancy), structure and evolution of the 

PBL; particular attention is made on the description of the local microclimatic 

phenomena (as Urban Heat Island, sea breeze, and valley flows), underlining how 

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

I.1. Boundary Layer Definition  

The troposphere extends from the ground up to an average altitude of 11 km. So, the Earth's 

Planetary Boundary Layer (PBL) can be defined as ñthat part of the troposphere that is directly 

influenced by the presence of the earth's surface, and responds to surface forcings with a 

timescale of about an hour or lessò (Stull, 1988). The boundary layer thickness 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 atmosphere. Indirectly, the whole troposphere can change 

in response to surface characteristics, but this response is relatively slow outside of the 

boundary layer.  

I.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 the boundary layer, where transport of 

quantities 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 variables into a mean 

part and a perturbation part. The 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 wind (Fig. I-1). 

 

 
Figure I-1  Idealization of (a) Mean Wind alone, (b) waves alone, (c) turbulence alone. In reality 

waves or turbulence are superimposed on a mean wind (Stull, 1988). U is the component of 

wind along the dominant direction.  

I.3. Virtual Potential Temperature  

Buoyancy is one of the driving forces for turbulence in the PBL, causing thermals
1
 of warm air 

to rise due to the difference in density with the surrounding air. Virtual temperature is 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 pressure. Virtual potential temperature is 

                                                      
1
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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analogous to potential temperature in that it is independent from the changes in pressure 

altitude. It is defined as: 

 

 —ὺ= —1 + 0.61rίὥὸ ὶὒ                         (I.1) 

 

where —= Ὕ(
ὖ0

ὖ
)0.286 (p0 = 100kPa) is the potential temperature, ὶίὥὸ is the water-vapor 

saturation mixing ratio of the air parcel, and ὶὒ is the liquid-water mixing ratio.  

I.4. Turbulent Transport  

The turbulent flow is considered a condition of irregular flux in which the thermo-fluid 

variables show a random variation in both time and space. The 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 atmosphere. The turbulence is the main mechanism 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. Usually turbulence 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 eddies (between 100 and 3000 m in diameter, by covering all PBL 

depth). Frictional drag on the air flowing over the ground cause wind shears to develop, 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 quantities than is 

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 changes. The free atmosphere behaves as if 

there were no boundary to contend with, except in sense of mean wind flowing over the 

boundary-layer top height contours. 

 

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

temperature ( vJ ) and wind ( WVU ,, ) into a mean part ( WVUv ,,,J ) and a perturbation part     

( ',',',' wvuvJ ) 

 

WWw

VVv

UUu

vvv

-=

-=

-=

-=

'

'

'

' JJJ

               (I.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. 
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Note that for any variable A(t,s), function of time (t) and space (s) we can define two averages: 

 

Time average:     ὃὸ,ίὸ=
1

ὔ
В ὃ(Ὥ,ί)ὔ
Ὥ= 1    (I.3) 

 

Space average:     ὃὸ,ίί=
1

ὓ
В ὃ(ὸ,Ὦ)ὔ
Ὦ= 1   (I.4) 

 

The turbulence analysis requires the first definition. 

 

In agreement with scientific literature (Roth, 2000) we define: 

 

¶ U : ñlongitudinalò, that is the component of wind along the dominant direction; it is in 

the local horizontal plane; 

¶ V : ñtransverseò or ñcrosswindò, that is the component perpendicular to the longitudinal 

one; it is in the local horizontal plane too; 

¶ W: ñverticalò or ñdownò, that is the component along the local vertical direction. 

 

The following subsections will introduce the variables that characterize the turbulence. 

I.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. The turbulent kinematic 

flux is represented by following matrix: 

 

 

ù
ù
ù

ú

ø

é
é
é

ê

è

''''''

''''''

''''''

wwvwuw

wvvvuv

wuvuuu

       (I.5)  

 

The elements of the principal diagonal can be interpreted as variances (whose root square is the 

standard deviation):  

 

„ὃ
2 =

1

ὔ 1
В ὃὭ ὃӶ2ὔ 1
Ὥ= 0         (I.6) 

 

„ὃ
2 =

1

ὔ
В ὥᴂὭ

2 =  ὥᴂ
2ὔ 1

Ὥ= 0    ,   ὥᴂ= (ὃ ὃӶ)         (I.7) 

 

while the others as covariances: 

 

ὧέὺὥὶὃ,ὄ =
1

ὔ
В ὃὭ ὃӶ(ὄὭ ὄὔ 1
Ὥ= 0 )= 

1

ὔ
В ὥᴂὭ ὦ

ᴂ
Ὥ = ὥᴂὦᴂὔ 1

Ὥ= 0             (I.8) 

 

These quantities are presented purely as vertical profile in the PBL [e.g. (Ogawa Y., 1986) and 

(Ogawa Y., 1986)] or normalized [e.g. (Roth, 2000), (Hongstrom U., 2002) and (Zhang H., 

2001)].  
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I.5.1. Vertical Eddy Heat Flux  

The vertical eddy heat flux is represented from term 
'' vwJ  which is similar to the kinematic 

flux terms of the previous paragraph, except that the perturbation values are instead of the mean 

values of W and vJ .  

 

 
Figure I-2 Idealization of the small eddy mixing process, showing (a) net upward turbulent heat 

flux in a statically unstable environment and (b) net downward turbulent heat flux in a stable 

environment (Stull, 1988). 

 

Up/downward heat transport (Fig. I-2) is possible even if ύᴂ= 0 (no net transport of mass) with

0' ' ¸Jvw : turbulent eddies transport the heat up/downward to make the lapse rate more/less 

adiabatic when 0' ' >Jvw  / 0' ' <Jvw . 

 

Consequently, it is interesting to evaluate the vertical profile of this quantity [as made by (Ohara 

T., 1989)] , and to compare it with the turbulent kinematic flux components [e.g. (MacCready 

Paul B., 1953), (Ohara T., 1989), (Zhang H., 2001)] 

 

I.5.2. Turbulent Kinetic Energy  and Energy spectra of 

atmospheric Turbulence   

The usual definition of turbulent kinetic energy (TKE) is the following: 

 

 )(
2

1 2'2'2' wvuTKE ++=  (I.9) 

 

TKE is one of the most important quantities used to study the turbulent boundary layer. It is a 

measure of the turbulence. 
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The Energy spectrum of atmospheric turbulence allows to learn about the contribution of each 

different size eddy to the total turbulence kinetic energy. Peaks in the spectrum show which size 

eddies contribute the most of the turbulence kinetic energy [(Met Office, 2008), (Lovejoy, 

2010)]. 

I.6. Boundary Layer Structure and Evolution  

Over both land and oceans, the general nature of the boundary layer is to be thinner in high-

pressure regions than in low-pressure regions. The effect of synoptic
2
 high pressure is to move 

boundary layer air out of the high towards lower pressure regions. 

 

 
Figure I-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 with the diurnal cycle, shown in figure I-3. 

 

The three major 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 their magnitude. 

 

The Mixed Layer is present during the daytime hours, in which the ground is exposed to the 

solar heating. The ML is convectively driven by sources like heat transfer from a warm ground 

surface and radiative cooling from the top of the cloud layer. Starting from dawn and during the 

daytime, the ML depth continuously increases, and reaches its maximum in the late afternoon. 

  

The ML grows by entraining (mixing down into it) the less turbulent air from the free 

atmosphere. The resulting turbulence tends to mix heat, moisture, momentum and pollutants 

uniformly in the vertical direction. Virtual potential temperature profiles are nearly adiabatic in 

the middle portion of the ML, and often superadiabatic
3
 in the surface layer. Most pollutant 

sources are near the earth's surface, thus, pollutant concentrations can build up in the ML while 

concentrations in the free atmosphere remain relatively low. The inability of the thermals to 

                                                      
2
Synoptic: relative to a scale corresponding to horizontal lengths of 1000 km or more. 

3
A temperature profile is superadiabatic when the temperature lapse rate is greater than -10 °C/km. 
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penetrate very far into the free atmosphere also means that pollutants cannot easily disperse into 

the free atmosphere. 

 

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

formerly well-mixed layer.  

 

The resulting layer is sometimes called the Residual Layer (RL) because its initial mean-state 

variables and concentration variables are the same as those of the recently decayed mixed layer. 

The turbulence in the RL is of nearly equal intensity in all directions. 

 

Non passive pollutants may react with other constituents during the night to create 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 cooling rate is more 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 bottom, increasing in thickness. Thus, the remainder of 

the RL is not affected by turbulent transport of surface-related properties. 

 

The RL can exist for the while in the mornings before being entrained in the new ML. 

As the night progresses, a stable boundary 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 phenomenon that is called 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 layer disperse relatively little vertically, but they do 

it more rapidly in the horizontal direction (fanning). 

 

Knowledge of the virtual potential temperature profile is usually sufficient to identify the parts 

of the boundary layer, as shown in figure I-4. 

 

As the virtual potential temperature profile evolves with time, so must the behavior 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 top of the stable boundary layer. The 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 neutral air (lofting). 

 

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

plume from the previous night. At this time, the elevated pollutants are mixed down to the 

ground by ML entrainment, in a process that is called fumigation. 
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Figure I-4 Virtual potential temperature vertical profiles taken at different instants during the 

day, identified by S1-S6 in figure I-3. 

 

I.7. Urban Heat Island  

The particular terrain of an urban zone, in which concrete buildings and asphalted roads are 

present, usually has a greater heat capacity than 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 night, together with the heat generated by human activities. 

Consequently, the air temperature during the night increases near an urban area and reaches a 

maximum on it (Fig. I-6). This profile is similar to the one generated by a warm island 

surrounded by colder sea: hence the ñUrban Heat Islandò definition. 

 

The final configuration is a closed air circulation (Fig. I-5) between the urban area end 

surrounding areas. This phenomenon can radically modify temperature end speed in the flow 

field but can also modify the pollutants dispersion and production mechanism (03 production 

increases with temperature!). 

 
Figure I-5 UHI: air circulation. 
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Figure I-6 Urban Heat Island: profile of air/soil temperature during 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 characteristics of the BL overlying the UHI were discovered by Oke (Oke, 1971): the 

circulation is the same as rural areas, but the humidity decreases and the turbulence increases. 

The maximum temperature difference in relation to rural areas was measured to be about 2-3 °C 

(cities of a million or more inhabitants have been known to generate excesses of 8-12°C!), while 

the BL depth has been valued to be about 150-450 m. 

 

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 circulation (particularly in the urban 

canyon: space between buildings).  

 

The review about two decades of urban climate research (Arnfield, 2003) shows how 

ñMediterranean climates seem to have been particularly well served by heat island studies éò 

due probably to the not well known interaction phenomena with sea breezes and valley 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 hazardous mixing 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 breezes and 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 scales 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 of computer simulations are limited (Fig. I-7). 
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Figure I-7 CFD simulation of an urban canyon. 

 

The various difficulties in simulating the environment underline the importance of conducting 

field studies to enhance the comprehension of the Urban Heat Island. Usually, 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 processed and 

validated with statistical instruments. In particular, the measurements of vertical profiles of 

wind, pressure, humidity, and aerosol composition are of crucial importance in these studies, 

since they are direct information on the structure of the boundary 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. 

I.8. Land and Sea Breeze 

The influence of geographical characteristics on the behavior 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 

different values of the heat capacity between the land and the sea create a circulation system of 

horizontal winds (breezes) and series of sub-phenomena (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 greater heat capacity than the one of the land, its temperature is 

lower than the land's. 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 

convection cells. The cycle is closed by a return current, directed towards the sea, in the higher 

level of the boundary layer (Fig. I-8). 

 

This is first phenomenon is called sea breeze, because the wind keeps blowing from the sea 

during the whole day. Sea breeze progresses horizontally and is eased in its advance by the 

turbulence generated by the convective cells. 

 

The typical intensity of sea breezes ranges between 1-8 m/s [e.g. (Ogawa Y., 1986), (Winston 

Jeeva, 1992)] and its front can progress far inland (30 to 100km, if background synoptic flow is 

in the same direction as low-level sea breezes and no major barriers to the flow). Pollutants 

emitted into the sea breeze can thus be recirculated back further up the coastline.  

 



I. Boundary Layer Meteorology 

31 

 
Figure I-8 Land and Sea breezes circulations scheme. 

 

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 the sea's. A circulation 

pattern is generated with the same mechanism of the sea breeze, but in the opposite 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 turbulence. Consequently, land breeze does not penetrate as 

much as the sea breeze. Typically, the land breezes  velocity is 1-3m/s, but it is also measured 5-

6 m/s of maximum wind speed in the middle of Tokyo metropolitan area due to the presence of 

the Sagamyôs and  Tokyoôs bays (Ohara T., 1989).  

 

Both of the breezes have some phenomena in common. Weak return currents form in the upper 

levels of the BL, which closes the circulation pattern. An inversion of the wind speed exists 

where these return currents are generated, and the Kevin Helmholtz wave perturbations are 

produced by this wind gradient. The presence of such perturbations identifies the breeze front, 

which is the maximum penetration distance (Fig. I-9). The depth of the sea/land breezes has 

been observed to be an order of 100-500m, and the total circulation depth, including the return 

circulation, can range from 500-2000m. 

 

 
Figure I-9 Scheme of the sea breeze circulations. 
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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 Mediterranean ones. Mostly, field research 

campaigns have been conducted, due to the difficulties of obtaining adequate dimensionless 

numbers in simulating the environment in tanks or wind tunnels.  

 

Some information has been discovered by Yoshikaido (Crosman, 2010), 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 breezes. In addition, the breezes are displaced 

towards higher levels of the boundary layer, creating a downwind, low-level zone where the 

pollutants' dispersion is compromised. In the review of numerical studies about lake and sea 

breeze a scheme of the phenomenon is shown (Fig. I-10).   

 

 
 Figure I-10 recent topics of interest in high-resolution numerical modeling studies of sea 

breezes including: horizontal convective roll (HCR), convective boundary layer (CBL), Kelvinς

Helmholtz instability (KHI), and the thermal internal boundary layer (TIBL). 

I.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 exposure of the mountainsides. 

 

The phenomenon is three-dimensional, 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 sunset (Fig. 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 achieved (Fig. I-11f). At sunset, the reduction in solar heating 

causes the ground to cool. The difference in temperature between the ground and the air 

produces cold winds that descend in the valley, driven by gravity. 

 

In the valley the cold winds create a cool ñpoolò, which expands during the night (Fig. I-11b,c). 

The expansion continues, driven by the katabatic 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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Figure I-11 Katabatic and anabatic winds scheme with virtual potential temperature profiles. 

 

The layering of cold air in the valley ñpoolò can generate a high concentration of pollutants, 

possibly creating a pollution hazard for inhabitants in the valleys. At dawn, the circulation 

pattern changes directions: the mountain slopes get warmer due to solar exposure, and anabatic 

winds, directed uphill, are generated. 

 

The anabatic circulation pattern is not symmetrical due to the different solar exposures of the 

mountain slopes (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 top layer. 

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 expands the top layers by bringing fresh air from the valley floor. Different situations 

will be possible depending on the prevalence of the anabatic winds or the ML expansion. In 

most cases, a dynamic equilibrium is established in the morning hours. 

 

 
Figure I-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 night (Fig. I-13b), a valley wind transports fresh air from the top of the mountains to 

the plains. A 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 mountains (Fig. I-13a), while a 

cold return current is present at a higher level, which closes the circulation. 

 

The three-dimensional wind flow which results from the superposition of valley winds with 

anabatic and katabatic winds, can easily be described during the night (Fig. I-12a): 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 mountain winds 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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I-13 Valley winds scheme; (a) day; (b) night. 
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Air Pollution  
 

 

 

 

Every day, the average person inhales about 20,000 liters of air.  Every 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 deals about four dangerous substances (ozone, carbon monoxide, 

nitrogen dioxide and benzene) focusing on their production, dispersion, and 

showing the limits imposed by rules on their  concentrations.  

 

II 
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II  Air pollution  

II.1.  Air pollutants  

With reference to the Italian 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 and characteristics that affect or endanger human health or the 

environment or quality of such material property damage or compromise the legitimate uses of 

the environment.". Since atmospheric phenomena occur which 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. 

Alterations the composition of reference may be caused by: 

 

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

 

- Anthropogenic sources (burning hydrocarbons, traffic, etc.); in the last century, due to 

human activities, was undoubtedly prevailing over the natural one. 

 

Pollutants can be also distinguished according to their origin: 

 

- primary are produced in the combustion process, 

 

-  while other pollutants (secondary), produced directly into the BL by the reactions 

between primary pollutants and air. 

 

The more present and more harmful substances (those on which it is then focused the attention 

of the legislature to set limits, see table II-1) are: 

 

o CO 

o NO2(gas) 

o O3(ozone) 

o Sulfate (particulate) 

o Nitrate (particulate) 

o Volatile organic compounds 

 

Carbon dioxide, CO2, while the greenhouse produces no direct damage on living organisms and 

is not considered among the pollutants. 

 

The choice of the measured parameters was then made by considering two criterias: 

the first, based on the danger, and the second about the nature of the pollutants. According to 

these fees, the preference has fallen on the following: carbon monoxide (CO), ozone (O3), 

nitrogen dioxide (NO2), benzene (C6H6) as volatile organic compounds. 

 

Carbon monoxide is produced during the incomplete combustion of materials 

staff. It is a gas poisonous to humans 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 cause cough, but especially when taken 

for a long time, can cause serious lung damage. It is 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 volatile liquid, 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. 

II.1.1. Carbon monoxide  

Carbon monoxide is a colorless, odorless and tasteless compound, which is in a gaseous state 

for temperatures above -192 ° C. The main processes of formation are: 

 

- lack of oxygen in the combustion of carbon-containing compounds 

 

2ὅ+ ὕ2 ᴼ2ὅὕ 

2ὅὕ+ ὕ2 ᴼ2ὅὕ2 

 

- high-temperature reaction between CO2 and carbon-containing compounds 

 

ὅὕ2 + ὅᴼ2ὅὕ 

 

- dissociation of CO2 at high temperature 

 

ὅὕ2 ᴼὅὕ+ ὕ 

 

The most important source of CO is 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 monoxide interacts with hemoglobin in blood, reducing its oxygen-carrying capacity, 

thanks to a greater affinity with the organic molecule, producing effects on the central nervous 

system, heart and lung when its concentration is greater than 100 ppm (parts per million, 

measured usually in mg/kg). 

 

II.1.2. Nitrogen oxides  

Nitrogen oxides (indicated by NOx) are of biological origin and produced by reactions between 

nitrogen and oxygen in the air, at high temperatures (above 1210 °C) 

 

ὔ2 + ὕ2 ᴼ2ὔὕ 

2ὔὕ+ ὕ2 ᴼ2ὔὕ2 

 

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; by decreasing 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 leading to ozone 

production. 

 

The most significant production of the nitrogen oxides is that even if the bacterial anthropogenic 

emissions (cars, combustion plants) in limited areas result in high concentrations. 

The residence time of the nitrogen oxides in the air is because a few days turn into nitric acid 

(HNO3) and then into nitrates. 

 

Concentrations of nitrogen oxides, exceeding 13 ppm, can cause irritation of the mucous 

membranes of the eyes and nose. 

II.1.3. Ozone 

Ozone is a colorless gas that plays a positive role when it is in the stratosphere by absorbing a 

large proportion of ultraviolet radiation present in sunlight. Instead, his presence at the ground 

level has an adverse effect on human health. 

In the stratosphere, ozone is formed as a result of a photochemical reaction in the presence of 

solar radiation: 

 

ὕ2 + Ὤ‡ ‗< 242 ὲά ᴼ2ὕ 

ὕ+ ὕ2 ᴼὕ3 

 

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 produced by 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 (solar radiation, temperature, etc.). 

 

The oxygen released by the photochemical reaction 

 

ὔὕ2 + Ὤ‡‗< 242 ὲά  ᴼὔὕ+ ὕ 

 

gives rise to a series of reactions involving VOCs producing ozone as well as a number of the 

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. 
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Because of its high toxicity may cause adverse effects on the ecosystem is that the historical and 

artistic heritage. 

II.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, methyl alcohol, benzene, hydrocarbons, etc.). 

There are hundreds 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 hydrocarbons (e.g. Benzene) irritate the mucous membranes of the airways from a 

concentration of 25 ppm; 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. 

II.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 century have 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 have occurred regardless of weather conditions: 

high pressure, very little wind, height of temperature inversion near the ground. In these 

situations all the pollutants trapped in very limited areas resulting in high concentrations. 

 

For the assessment of the air quality, the directive
4
, 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 rules identified (in different ways for different pollutants) different values characteristic: 

 

¶ (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 given period of time (usually one year); 

 

                                                      
4
 Ministerial Decree No. 60 of  02/04/2002  , Transposition of Directive 1999/30/EC 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 monoxide. Remember also the UE directive 96/62/CE for ozone limits.  
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¶ (I.R.) 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; 

 

¶ (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; 

 

¶ (M.T.V.) target values for the protection of human health and the protection of 

vegetation: limit to be achieved in the medium term (by 2010); 

 

¶ (L.T.V.) values long-term objective for the protection of human health and the 

protection of vegetation limit to be reached in the long term (by 2020); 

 

Table II-1 shows the limits, the alarm thresholds and the period within which limit values are to 

be achieved for different pollutants. 

 

air pollutant classes average time value 

(Ⱨ▌/□ ) 

Nitrogen Oxides 

L.P.H.H. hour 200 

(Max 18 

exceedings 

allowed) 

L.P.H.H. year 40 

T.A. 3 consecutive hours  

(on 100 km
2
) 

400 

Carbon Monoxide L.P.H.H. mobile window 8 hours 10000 

Benzene L.P.H.H. year 5 

Ozone 

L.P.H.H. Moving average over 8 hours 

on hourly measurements 

120 

(Max 25 

exceedings 

allowed) 

I.R. 1 hour 180 

T.A. 1 hour 240 

Table II-1 !ƛǊ Ǉƻƭƭǳǘŀƴǘǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΩ limits (UE directives: 1999/30/EC, 2000/69/CE and 

96/62/CE) 

 

II.3.  Dispersion of pollutants  

It is very important to underline that the dispersion of pollutants strictly depends by the 

meteorological conditions; particularly: 

 

¶ wind speed influences the processes of dry deposition, resuspension, transport to 

distance of pollutants and the level of turbulence; 

 

¶ Cloud cover and humidity affects the amount of precipitation and solar radiation 

reaching the soil; 

 

¶ Rainfall determines the process of wet deposition;  
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¶ The radiation that reaches the ground, as well as the cloud cover, is linked to the 

presence of aerosols and photochemical reactions and affects the temperature in the 

atmospheric boundary layer; 

 

¶ The temperature trend in the atmospheric boundary layer determines the degree of 

stability, then the height of temperature inversion; 

 

¶ The level of turbulence is related to wind speed, atmospheric stability, the 

Site topography and roughness of the soil and affects the transport processes and 

dispersion. 

 

Using a mathematical model for the dispersion of pollutants (Leuzzi, et al.) is 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 average concentration 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 conditions. So the use of dispersion models 

requires a priori knowledge of the meteorology of the study area in terms of temperature, 

humidity, average speed and intensity of turbulent wind. 

 

This scenario shows how it is important to collect meteorological data; the review of published 

literature of 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 

scientific literature in the past fifty years, and the whole field of micrometeorology 

itself relies heavily 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 pollutants: 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 been fully understood 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 atmospheric quantities over vertical profiles; 

in spite of the importance they play,  no author has been founded publishing 

vertical profiles of air pollution and simultaneously complete turbulence 

characterization (Energy spectra and statistics), useful to study pollution 

dispersion, especially during nighttime.  

The chapter is divided in three parts: 

 

- A brief  overview of the micrometeorological research about UHI, sea/land 

breeze and valley flows;  

- Articles about the characterization of atmospheric turbulence, particularly over 

cities;  

- Experiments using kytoon station to collect vertical profile data. 

 

III  
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III  Bibliographic Review  

III.1.  Micrometeorology research (UHI, sea breeze, valley flows)  

There are a lot of study about micrometeorology effects, particularly about UHI, breezes [e.g. 

(Finkele, 1998), (Hinkel, 2003), (Winston Jeeva, 1992), (Edmilson, et al., 2007), (Shafran, 

2000), (Weber, et al., 2010), (Roulet, 2004), (Sailor, 2007)]. Here we remember those cited in 

chapter I: Oke, the discoverer of the BL overlaying the UHI (Oke, 1971), and the review work 

by Arnfield, that focalizes the attention on urban climatology as published on International 

Journal of Climatology from 1980 to 2000 year, emphasizing the aspect about UHI, turbulence 

and exchanges of energy and water in city (Arnfield, 2003). 

 

 As said by Arnfield: ñMediterranean climates seem to have been particularly well served by 

heat island studies during the periodéò of analysis but  the cited  authors, to reinforced this 

sentence, deal about only the effects of UHI, without no implication of sea breeze or slope 

winds. 

 

The flow structure on a gentle slope at Vallon dôOl in the northern suburbs of Marseille in 

southern France has been documented by means of surface wind and temperature measurements 

collected from 7 June to 14 July 2001 during the ESCOMPTE experiment (Bastin, 2005). The 

author tries to foresee numerically the combine effect of UHI, slope wind and sea breeze but she 

doesnôt validate the results with any profile measurement of meteorological quantities and 

neither considers the air pollutions 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 the micrometeorological phenomena as Tijm, who used 

wind profiler to investigate the vertical structure of the sea breeze with the accompanying return 

current at the North Sea coast in the Netherlands (Tijm, 1999). ñThe coastline of the 

Netherlands is nearly straight and orography is almost absentéTherefore the sea breeze can be 

studied almost in a pure form, undisturbed by orography and inhomogeneous vegetation coverò. 

 

The last review  (Crosman, 2010) about sea and land breezes, numerically studied, by Crosman, 

joint with the review work of Salmond (Salmond, 2005), about turbulence in the very stable 

nocturnal boundary layer and its implications on air quality, show  that the attempts to integrate 

in a single model all the micrometeorological effect are increasing; the will to validate the 

numerical results led to the necessity of more and more experiments, particularly modeling 

turbulence over cities. 

 

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

researches.  

 

III.2.  Overview of atmospheric turbulence studies over cities  

A good review of atmospheric turbulence over cities is provided by Roth (Roth, 2000). More 

than fifty studies are analyzed; no author has been founded studying completely turbulence 

statistics profiles with high accuracy and frequency (more than 20Hz) using kytoon station. As 

we will see in the following section only Ogawa (Ogawa Y., 1986) and Ohara (Ohara T., 1989) 

publish eddy fluxes and standard deviations of turbulent components (uô, vô, wô, qô), but no 
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spectra are reported in their respective works. In table III -1 are reviewed some authors, not cited 

by Roth, that have studied some atmospheric turbulence characteristics. 

Table III-1 Review of atmospheric turbulence over cities. 

 

Some authors focus the attention on friction velocity: this parameter, used by numerical modeler 

to characterize the small scales near the ground, is very variable with surface roughness, 

changing deeply over cities (Zhang H., 2001). 

 

Except for Burns (Burns, 1964), using measurements of turbulence by an airplane, no authors 

make vertical representation of turbulent statistics and spectra at high altitude or with more 

References City-Site z [m] Statistics 

reported 

Sensors & frequency 

Rudolf 

(1999) 

- 25 u* (definition) Sonic anemometer 

20Hz 

Van der 

Hoven 

(1957) 

USA 91-108-125 fSu    (plot 

semilog) 

Sonic anemometer 

0.25Hz 

Burns  

(1964) 

U.K. and 

N. Africa 

30-490 fSu,v,w (plot 

loglog) 

Airplane  

Busch 

(1968) 

Vancouver, 

Hanford 

Tower  

15-320 

ὪὛό,ὺ,ύ/ όz2 

(plot loglog) 

Sonic, hot-wire, thrust, 

thermistor 

anemometer; heated 

thermocouples wires. 

Kaimal 

(1972) 

Kansas Tower 

(32m): 

5.66-11.3-

22.6 (T); 2-

32 (8 level 

mean wind)   

Non dim 

Spectra, cross 

spectra: 

uô, vô, wô, Tô 

Sonic, cup and hot-

wire anemometers, 

platinum wire 

thermometers 

Grachev 

(1993) 

Coastal 

zone of 

Black Sea 

Tower 

(12m above 

s.l.) 

ὪὛό,ὺ,ύ,Ὕ,Ὄό 

(loglog also 

non dim.) 

0.01-10Hz 

Kaiser 

(1997) 

Karlsruhe 

university 

Wind 

tunnel 

Turbulence 

spectra:  uô, vô, 

wô, Tô 

Laser Doppler 

Hogstrom 

(2001) 

Lövsta 

(Sweden) et 

alii.9 sites. 

1.5-30 Theory for 

turbulence 

spectra 

 

Jiboori 

(2001) 

  ὪὛό,ὺ/ όz
2 (over 

different 

ground ) 

 

Zhang 

(2001) 

Gobi 

Desert 

Grassland 

Suburban 

urban 

4.90 

3.45 

43-75 

47 

„ό,ὺ,ύ/ όz 

function 

Sonic  anemometer, 

platinum wire 

thermometer 

Hiyama 

(2005) 

Loess 

plateau 

2-12-32 ὪὛό,ὺ,ύ/ όz2 Ultra-sonic 

anemometer, gas 

analyzers, 10Hz 
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vertical measurements. Moreover the maximum sampling frequency detected is about 20Hz 

(Weber, 1999) limiting the study of the smaller scales of motion.  

III.2.  Experiments  using kytoon station  

Follows the description of the founded research project using a kytoon station as atmospheric 

characteristics profiler. It can be noted that authors donôt publish turbulent spectra and vertical 

profile of any air pollutant. 

III.2.1.  Wallops Ȱ!ÅÒÏÐÁÌÙÎÏÌÏÇÉÃ 3ÕÒÖÅÙ 0ÒÏÊÅÃÔȱ 

In 1966 the ñAeropalynologic Survey Projectò (Silbert, 1967) was conducted at the Wallops 

Flight Center by NASA. The project had the purpose to monitor the presence of pollutants at 

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

micrometeorology. 

 

In the summer of 1966, three helium-filled kytoons were used to lift various pollution sensors. 

The sensors were adhesive slides fixed to Teflon tubes, which in 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 successful in collecting the required measurements and demonstrated the 

viability of the kytoon as a pollution sensor station, even if it presented some management 

issues. 

III.2.2.  Boulder Observatory Experiments  

Situated near the city of Denver, Colorado; the atmospheric observatory of Boulder greatly 

increased the comprehension of several pollutants dispersion mechanisms since its opening in 

1978 (Schotz, 1980). 

 

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 mathematical-statistical 

models of the dispersion of pollutants, which brought to partially correct predictions. 

III.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 27-28 January 1983 by (Ohara T., 1989). The 

meteorological data were obtained by three independent instruments: a big kytoon, a small 

tether-sonde and an acoustic sounder. (Ogawa, 1982) The first was about 70m
3
, has an available 

lift of approximately 20 to 30kg and lifted instrumentations up to 1000m height. The sensor 

package  (10kg heavy) could measure instantaneous velocity (u, v, w), instantaneous 

temperature, wind direction, mean potential temperature, humidity, pressure, and temperature 
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gradient, see table III -2. The sampling frequency was 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 recorder. In addition, a Teflon 

pipe, attached to tethering wire, sampled ambient air, to measure vertical profile of  NO and 

NOx. The small tether-sonde instead measured the vertical profiles of wind speed and direction, 

temperature, relative humidity, and oxidant concentration (Ox) from the ground to 600m height.  

 

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 nighttime. However, Ohara writes: ñ[é] to clarify the 

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

including turbulence measurements must be conductedò. The influence of valley winds in these 

phenomena has not been clarified. 

 

Item Method Range Sensitivity Accuracy 

Longitudinal 

Velocity 

Ultrasonic 

anemometer 
+/- 20 m/s 0.005 m/s 0.01 m/s 

Lateral velocity 
Ultrasonic 

anemometer 
+/- 20 m/s 0.005 m/s 0.01 m/s 

Vertical velocity 
Ultrasonic 

anemometer 
+/- 20 m/s 0.005 m/s 0.01 m/s 

Temperature 
Ultrasonic 

anemometer 
-10 / +40°C 0.025°C  0.05 °C  

Wind direction 
Magnetic-photo 

encoder 
0  /360 ° 360°/256 5° 

Mean 

temperature 

Transistor 

Thermometer 
+/- 50°C 0.05°C  0.3 °C  

Humidity 
High polymer 

sensor 
30/90 % RH 0.1% RH 4% RH 

Inclination           

(Yaw) 

Pendulum 

inclinometer 
+/- 5° 0.1° 0.5° 

                           

(Pitch) 

Pendulum 

inclinometer 
+/- 5° 0.1° 0.5° 

Pressure 
Dual-chamber 

barometer 
650/1050Mb 0.5mb 1.2 mb 

Velocity Gradient 
Photo pulse cup 

anemometer 
+/- 2.5 1/s 0.0025 1/s 0.005 1/s 

Temperature 

Gradient 
Thermocouples +/- 2.5 °C/m 0.0025 °C /m 0.005°C/m 

Table III-2 Characteristics of sensors (Ogawa, 1982). 

 

During the Nanticoke II shoreline diffusion experiment the turbulence kytoon described above 

was used by the same team research (Ogawa Y., 1986) to observe the lake breeze penetration 

and subsequent development of the thermal internal boundary layer .The study were carried out 

in Canada near lake Eire, during the first two weeks in June, 1982.  
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III.2.4.  ASCOT Field Study 

During September and October of 1984 W.E.Clements et al., under ASCOT ( Atmospheric 

Studies in Complex Terrain ) program  (Clements, et al., 1989), conducted 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 side-slope, and how these were affected by the free stream 

condition above valley. A tethered balloon was used to collect wind velocity and direction, 

using a small lightweight ultrasonic anemometer, temperature, wet-bulb temperature, 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 ground receiving station by an optical fiber cable. 

An on board AHRS corrected data for pitch and yaw. 

 

III.2.5.  Polar Experiments  

In the Weddell Sea region of coastal Antarctica, during January and early February of 2000,  

A.M.Rankin and W.Wolf  showed the difference in aerosol composition with height using, for 

first time, only a kytoon station (Rankin, 2002). A 11.32m
3
 blimp, 7m long supplied by 

Cameroon Balloons hoisted lightweight sampling system until 300m of altitude, 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 strength-to-weight ratio. The lightweight (2274g) meteorological sonde 

included pressure sensor, a small platinum resistance 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 (10.8V, 439g). The number of flights (12) was restricted by the 

suitable weather windows; the blimp manufacturer recommended a maximum wind speed of 12 

m/s, although in practice it was not flown in ground-level winds of greater than 8 m/s. The 

duration of each 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 an other polar experiment (in high Arctic) with tethered 

balloon were deployed (Tjernstorm, 2001). Alongside a Sodar system, a meteorological tower 

and other instrumentations, a kytoon was used to lift up to 200m three type of payload: a basic 

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 better 

understanding of the effects boundary-layer processes on atmospheric chemistry and aerosol 

processes relevant for the formation of low-level 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. 

III.2.6.  Lower Fraser V alley Experiment  

During summer of 2001 A.Maletto et al. tested a commercial miniature particle mass 

spectrometer against standard gravimetric ad optical instruments studying profile of particulate 

matter (Maletto, 2003). A 5m
3
 helium kytoon hoisted night/daytime to 1000m the 

instrumentation. The mini-aerosol-spectrometer, suspended approximately 1m below balloon, 

recorded data in on board memory card every 2 minutes and a tether-sonde, slug immediately 
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below, acquired and transmitted to a ground station, every 10s, the standard meteorological 

parameters (wind speed and direction, temperature, humidity and pressure). The two experiment 

sites were both located in the Lower Fraser Valley, in British Columbia (Canada), where 

pollutantsô dispersion  were conditioned by landïsea breeze and valley/slope winds.  

 

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 night-time case is more complex. In the 

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

 

However Maletto says: ñFurther research is required to investigate the role played by such 

layers and the extent to which they may be mixed to the groundò. 
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Kytoon Station  

Description   
The development of a kytoon station depends 

mainly from the selection of the sensors (section IV.3) that must satisfy such 

experimental requirements (as the measurement of wind speed vector, its turbulent 

spectrum and statistics, the virtual potential temperature, the concentration of the 

selected pollutants, all in their typical ranges, with some accuracy and with 

suitable sampling frequency and resolution; section IV.2).  

Size, weight and the functional mechanisms of the sensors are like a guide line to 

design the gondola (that integrates and hosts all the sensors and subsystems; 

section IV.4.2), consequently and parallel they help to choose the aerostat (section 

IV.4.1) and the ground trailer (that allows the transportability of all the kytoon 

station; section IV.4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV 



IV. Kytoon Station Description 

52 

IV. Kytoon Station  Description  

IV.1. Selection of Sensor Station  

The characteristics and 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 intensity of wind velocity vector; 

 

o static pressure; 

 

o static temperature; 

 

o relative humidity; 

 

o concentration of CO, O3, NO2, C6H6. 

 

In atmospheric measurements mainly two kinds of sensor platform exist: direct and remote. 

Direct sensor platforms make in situ measurements at a given location, whereas remote sensors 

measure wave signals that are generated or modified by atmospheric phenomena at some 

distance away (Tropea, 2007). 

 

 
Figure IV-1 Typical atmospheric flow sensor deployment in a field campaign. 

 

Both types have different advantages and disadvantages: 

 

Á Direct sensings have high space-time resolution, but they also modify local wind fields 

to yield potentially unrepresentative point values. 

 

Á Remote sensing offers wide-area coverage and physically nonintrusive measurements 

which are often more cost-effective 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 pollutants needs 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 acquiring date 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 Urban Heat Islands. 

 

The choice then relapses on direct sensor platforms. It is then appropriate to review the main 

direct sensor platforms (Fig. IV-1): 

 

o Masts and towers: they are used to place point instruments at various heights. There are 

different types of sensors associated with masts and towers, of which the most 

interesting ones for the aim of the project are: anemometers (sonic, cup, hot-wire and 

vane), thermometers, barometers, hygrometers, and pollutant sensors. However, this 

kind of sensor array is permanently 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 to 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. 

 

o Mesonet stations: they 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. 

However, they are confined to ground measurements. 

 

o Kytoons: they are a particular kind of tethered aerostat which has hybrid characteristics 

between those of a kite and of a tethered balloon; The configuration ñkite + balloonò is 

simply called ñkytoonò: a kytoon stays in flight by using the Archimedean lift generated 

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 tethering. A wide choice 

of sensors can be suspended under the kytoon at an appropriate height, or various sensor 

packs can be fixed to the kytoon tether line at intervals. A kytoon offers the possibility 

to acquire continuous vertical profiles (Profile mode) of data during the 

ascent/descendent due to its very nature  or operate also as tower, acquiring data at fixed 

altitude intervals. In addition, a kytoon can flight up to a height of 1000 m, it is 

relatively cheap and it can be launched from a mobile launch platform, permitting to 

acquire data over an area large.  

 

The good characteristics, demonstrated  also in field experiments (see chapter III) , jointly with 

the development of newest and most performing sensors, determined the choice of Kytoon 

station for the research target.   
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IV.2. Sensor  Requirements  

The development of a kytoon station starts from the selection of a suitable sensor, which 

depends strictly by four factors: 

 

¶ ranges of the measurements; 

¶ resolution; 

¶ accuracy; 

¶ sampling frequency. 

 

 The typical range of wind velocityôs intensity can be fixed by: 

 

- the knowing of the more general PBLôs characteristics, particularly  in presence of only 

one local effect (sea breeze [1-7] m/s, valley flows [1-5] m/s); 

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

site; 

- analyzing the experimental data recorded in similar conditions, such as Ohara (Ohara 

T., 1989) and Ogawa (Ogawa Y., 1986)[1-6] m/s. 

 

A good range of analysis for the present study would be [1-10] 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 speed is necessary to know its 

horizontal and vertical components.  High frequency of time sampling (10Hz or higher) and 

0.001m/s of resolution allows to capture the turbulent fluctuation velocities and the calculation 

of their turbulent spectra and statistics, as the standard deviations, cross-correlations, Turbulent 

Kinetic Energy (TKE). An accuracy of 0.01m/s is enough to estimate the module of mean wind. 

 

Variations of the temperature between 0 and 40°C are expected in a typical Mediterranean city 

while the humidity can reach in particular case 98%. A sampling frequency close to that of wind 

measurements would be preferable since the will to calculate particularly temperatureôs spectra, 

co-spectra between wind and temperature, and also the cross-correlations of their fluctuation 

components (resolution of 0.01°). Accuracy of 0.5°C would be preferable in temperature 

measurements, in order to evidence the thermal excursion of UHI. 

 

Static pressure measurements can be used both to calculate potential temperature (the sampling 

rate must be the same with which you acquired the temperature) and to good provide altitude 

(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 because of the time and the monitoring location. However, you 

can steer using, as appropriate, the values set by the UE directives 1999/30/EC, 2000/69/CE and 

96/62/CE (see table II-1, section II.2):   these values in fact are averaged on such period as year 

or hours and they canôt be directly used, because they donôt consider any possible oscillation 

over the top. Consequently it have been fixed enhance factors to all them so that the measuring 

ranges are [0-100] mg/m
3
 (CO), [0-500]  

‘ ᴍ
ά3 (O3 and NO2) and [0-100] 

‘ ᴍ
ά3 (C6H6). 

Desirable resolutions would be 0.1 
‘ ᴍ
ά3 (O3, NO2, C6H6) and 0.1 mg/m

3 
(CO).  
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In order to calculate good vertical profiles, all the sensorsô measurements must be collocated in 

time and space. If they are placed close, the instantaneous position (Latitude Longitude and 

Altitude) of them can be fixed respect to the World Geodetic System 84 (WGS-84) using a 

Global Positioning System (GPS). More than an accurate spatial (vertical and horizontal) 

resolution (estimated for the best devices in the order of less than one meter), a good 

measurement of the speed  in the WGS-84 is very useful to carefully calculate the wind vector 

in the Nord-East-Down (NED) reference system: in fact we must observe that a 3D anemometer 

measures three velocitiesô components in its own reference system that, subjected to the kytoon 

movement,  can rigidly translate but also rotate respect to the NED one. 

 

NED reference and the attitude of anemometerôs reference system can be obtained via an 

Attitude and Heading Reference System (AHRS) platform , using three magnetometers (fixing 

magnetic Nord), three gyroscopes (accurate measure of angular position and velocity) and three 

accelerometers (identifying  local vertical). 

 

Finally, together with the requirement defined below, there are two other very important ones in 

the design of any aircraft: 

 

o weight 

 

o size 

 

Small and light sensors are obviously preferable.  

IV.3. Sensors and Subsystems 

The sensors that best has fitted the requirements are: 

 

V Gill -Windmaster , 3D sonic anemometer; 

 

V Vaisala-HMP50 ,thermo-hygrometric probe; 

 

V UniTec-Sens3000 ,thick film solid state sensors for environment; 

 

V Sbg systems-IG 500N, miniature Inertial Navigation System (INS) with integrated 

barometer.  

 

These instruments must be aided by the following support systems: 

 

V Vortex86, on board XLinux computer; 

 

V Datex-MUX 3017, multiplexer; 

 

V ACCU Li -Ion battery 

 

V BeeLine-APRS (Automatic Reporting Position System). 
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IV.3.1. Gill Windmaster  ɀ 3D Sonic Anemometer  

The Gill WindMaster anemometer is an ultrasonic anemometer which senses the speed of the 

flow from the difference in the times of flight of ultrasonic pulses which are generated by the 

transducers (Fig. IV-2). 

 

 
Figure IV-2 Scheme of operation (left) of the Gill WindMaster anemometer (Right). 

 

At the same instant, the two transducers emit an ultrasonic pulse each. If a wind speed 

component on the line of flight is present, the two pulses will cover the flight path in different 

times of flight. By comparing these times of flight, the on-board systems of the anemometer can 

extract both the speed of the flow and the speed of sound of the gas. The last one allows the 

calculation of the sonic temperature (the formula does not account for the Humidity): 

 

╣ᶻ= ╒ Ͻ          (IV.1) 

 

The anemometer does not need a calibration before being used, since it is already executed by 

the supplier. It has a top operating wind speed of 45m/s. The declared resolutions regarding 

velocity |direction  (see appendix A) are: 0.001m/s | 0.1° with an accuracy of less than 1.5% 

RMS|2°. The velocity components are respect to the Cartesian reference system of figure IV-3; 

a reference spar on the mounting flanges identifies U
+
 direction (Fig. IV-4).      

 

The selected data output rate is 32Hz.  

 

The body of the anemometer is of aluminum/carbon fiber construction, which guarantees a low 

overall weight of 1kg; the dimensions are 750 mm (height) x 240mm (max diameter) and the 

power absorbed is low with 55mA required at 12Vcc. 
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Figure IV-3 Cartesian WindMaster reference system of velocities. 

 

 
Figure IV-4 Notches identifies the North Spar (U+ direction of the cartesian WindMaster 

reference system).   

IV.3.2. Vaisala HMP50 ɀ ThermoHygrometer  

The HMP50 is a small, lightweight, and low-power absorbent temperature and humidity probe, 

which makes it suitable for integration in the payload. 

 

The probe is capable of measuring relative humidity (RH) in the 0-98% range, and air 

temperature in the -10°C - +60°C with a resolution of 0.01° (see appendix A). The Accuracies 

are 0.6° (at 20°C) and 3-5% (in the ranges 0-90% and 90-98%). 
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Figure IV-5 Vaisala HMP50 temperature and humidity probe. 

 

Its body is in chrome coated aluminum (Fig. IV-5), and the sensor is protected by a membrane 

filter and plastic grid. Its total weight is 25g, including the 0.3 m cable. It absorbs 2mA in the 7 

to 28Vcc range. Its overall dimensions are 71 mm (length) x 12 mm (diameter). 

 

The sampling rate is 0.2Hz. 

IV.3.3. UniTech-Sens3000 ɀ 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: CO, NO2, O3, C6H6. 

 

 
Figure IV-6 UniTec SENS3000 pollutants sensor. 

 
 The sensible surface of the sensor is a semiconductor oxide made of nano-particles of the size 

of 200 ɛm. The first reaction which happens on the surface of the sensor is the absorption of the 

atmospheric oxygen and the consequent 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 

semiconductor. 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 signal from 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 gases (see Tab. IV -1). 
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Mixture Range  

( at 0°C ,1 atm)  

Accuracy  Resoluti

on  
Carbon monoxide 

(CO)  
0-100 mg/m

3 

 

0-80 ppm  

+/- 0.5 mg/m
3

 0.1 

mg/m
3

 

Nitrogen dioxide 

(NO
2
)  

0-500 ɛg/m
3 

 

0-400 ppb  

+/- 10 ɛg/m
3
  0.1 

ɛg/m
3

 

Ozone  (O
3
)  20- 500 ɛg/m

3 

 

10- 200 ppb  

+/- 10 ɛg/m
3
  1.0 

ɛg/m
3

 

Benzene  (C
6
H

6
)  0-100 ɛg/m

3 

 

0-30 ppb  

+/- 1 ɛg/m
3
  0.1 

ɛg/m
3

 

Table IV-1 Ranges, Accuracy and Resolution of Sens3000 sensors. 

 

The input of the sensor cell is 150 mA at 12Vcc, while the output ranges from 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 mm (more details in appendix A). 

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

The IG-500N is the 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 sensor, providing precise drift-free attitude and position (Fig. IV-7 left). 

  

This miniature (36x49x22mm, only 46g heavy) Inertial Navigation System (INS) runs a real 

time Extended Kalman Filter (Fig. IV-7 right) that computes orientation, position and velocity 

data at high update rates, up to 100 Hz. 

 

The attitude accuracy is also improved, compared to traditional AHRS, by removing transient 

accelerations measured with the GPS receiver. 

 

 
Figure IV-7 SBG IG 500N INU (left); Block diagram of the Kalman filter integration (right). 

 

A lot of data can be get connecting, via an USB interface, the device to a PC and installing the 

SbgCenter software, or using the low level protocol communication (Embedded CPU board 

application).  

 

 Table IV-2 shows the selected data (output mask, see appendix C): the first column is the name 

used by the low level protocol to identify a specific output data; the second gives its brief 

description. 

 

Details (measurement resolutions, accuracies and other information) about the device are in 

appendix A and in the user manual.  
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Low level protocol Item Description 

SBG_OUTPUT_GPS_POSITION Raw GPS position (WGS84): latitude [10
-7
°], 

longitude [10
-7
°], and altitude [mm above 

ellipsoid]. 

SBG_OUTPUT_GPS_INFO UTC timer [ms], number of satellites. 

SBG_OUTPUT_GPS_NAVIGATION Raw GPS 3D velocities [cm/s] (local NED 

reference). 

SBG_OUTPUT_GPS_ACCURACY Raw GPS Position accuracy (horizontal e 

vertical) [mm]; velocity accuracy  [cm/s]; 

heading accuracy [°]. 

SBG_OUTPUT_EULER Euler angle [rad] between device and local 

NED references (roll, pitch, e yaw).  

SBG_OUTPUT_GYROSCOPES Gyroscopes calibrated (Kalman, no BIAS 

errors) values [rad/s] around device reference. 

SBG_OUTPUT_TIME_SINCE_RESET Time since last reset of the device [ms]. 

SBG_OUTPUT_BARO_PRESSURE Absolute pressure [Pa]. 

SBG_OUTPUT_POSITION Calibrated (Kalman) position (WGS84): 

latitude [°] , longitude [°] , and altitude [m 

above ellipsoid] . 

SBG_OUTPUT_VELOCITY Calibrated (Kalman) 3D velocities (device 

reference system) [m/s]. 

SBG_OUTPUT_NAV_ACCURACY Position [m] and velocity [m/s] accuracies 

(Kalman filter).  

SBG_OUTPUT_TEMPERATURES Internal and external deviceôs temperature 

[°C]. 

Table IV-2 IG 500N : used output mask (data format in appendix C). 

 

The output data are classified as: 

 

¶ Control parameters; they are used to verify acquisition operation: 

o SBG_OUTPUT_GPS_POSITION 

o SBG_OUTPUT_GPS_INFO 

o SBG_OUTPUT_GPS_ACCURACY 

o SBG_OUTPUT_GYROSCOPES 

o SBG_OUTPUT_VELOCITY 

o SBG_OUTPUT_NAV_ACCURACY 

o SBG_OUTPUT_TEMPERATURES 

 

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

of the other kytoon sensors and to correct anemometerôs data: 

o SBG_OUTPUT_GPS_NAVIGATION 

o SBG_OUTPUT_EULER 

o SBG_OUTPUT_TIME_SINCE_RESET 

o SBG_OUTPUT_BARO_PRESSURE 

o SBG_OUTPUT_POSITION 

 

The device coordinate system is shown in figure IV-8. Note that the Euler angles are between 

this reference and the local NED one, which X axis is aligned with magnetic North (Fig. IV-9). 
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 True Nord can be obtained setting the value of the magnetic declination (function of date and 

location), is calculated via external software (we used GeoMag  

www.resurgentsoftware.com/geomag.html). 

 

 
Figure IV-8 IG 500N : Physical location of the 3D accelerometer (device coordinate system); 

dimension are in mm. 

 

 
Figure IV-9 IG 500N: Representation of the sensor in the fixed coordinate system (NED). 

 

Other configuration parameters of the INU are: 

 

¶ The gravity constant; 

 

¶ 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; 

¶ The output frequency (set to 50Hz); 

 

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

 

¶ The dynamic platform model: the GPS receiver has a built in filter which is able to get 

a very good precision by taking into account some dynamic constraints; we found 

appropriate for our application the ñAirborne <1gò model (higher dynamic range than a 

car and higher vertical accelerations; assuming intermediate process noise).  

 

 

 

 

 

http://www.resurgentsoftware.com/geomag.html
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IV.3.5. Vortex86 ɀ On board computer  

The single chipset, Vortex86 family (see appendix A), provides a high performance/low cost 

SoC (System on Chip) solution to acquire sensorsô data. It is small (180x122x135 mm), light 

(195g) and has low power consumption (360mA at 12Vcc). Embedded XLinux Operative 

System was installed.  

 
Figure IV-10 Vortex86.  

IV.3.6. Datex MUX 3017 V ɀ Multiplexer  

The device converts analogical to digital signal (appendix A). We need it mainly to convert the 

air pollution sensor output signal and use the analogical input port of the anemometer.  

 

 
Figure IV-11 Datex MUX 3017 V. 

 

Table IV-3 shows the power consumption budget of the station. 

 

Item Model N Tension 

[V]  

Consumption  

[mA] 

Performance 

DC/DC % 

Total [mA] 

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 

consumption 

     1.485,30 

Table IV-3 Power consumption table. 
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IV.3.7.  ACCU Li Ion battery  

The ACCU  Li -Ion battery  (8Ah, 600g heavy;  135x80x45mm) has been selected to power all 

the instruments, considering the will to obtain at less 4
h
,30ô of endurance. 

 

 
Figure IV-12 ACCU Li-Ion battery. 

IV.3.8. BeeLine APRS ɀ Automatic Reporting Position System  

Since it was not possible to transmit the real-time position using the tools described, a telemetry 

independent system (self powered) was adopted. The need for the information about the height 

reached is twofold: on one hand it allows a consistency check with the data acquired, on the 

other hand itôs essential for safety reasons. 

 

The BeeLine GPS Telemetry transmitter integrates a microcontroller, an FM radio transmitter, a 

GPS module and an active GPS receiver antenna onto a single, small, low power board (Fig. IV-

13 right). An on-board microcontroller converts the latitude, longitude and altitude 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 

required on the receiving end (Fig. IV-13 left). The Software decoder used is MIXW 

(http://mixw.net). 

 

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

 

The BeeLine APRS is a small (20x60x150mm) and light (220g) device, able to transmit the 

position data packets to 36km of distance (at clear view). The endurance declared is 10 hours. 

 

 

 

 

 

http://mixw.net/
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IV.3.9. Mass budget Table 

The following table lists the weight of all sensor and subsystems.  

 

Item Description Model Units weight            

(g) 

Wind  Ultrasonic  3D   

Anemometer  

GILL 

WINDMASTER 

1 1000 

Sonic 

temperature 

     Temperature  Thermo-Hygrometer Vaisala HMP50 1 25 

Relative 

Humidity 

Concentration 

of: CO 

Thick film solid  

state sensor  

UniTech- 

SENS3000 

4 220 

NO2 

O3 

C6H6 

Position/Velocity GPS SBG-IG500N 1 45 

Pressure Barometer 

Attitude  

AHRS Heading 

Local vertical 

-  GPS antenna + cable SBG 1 120 

Acquisition 

System 

- Vortex86 + 

Datex MUX 

 1 195 

Power supply Battery ( 12V ) ACCU 1 600 

Lights
5
  Led+Battery  NAVIled 1 300 

Varii Connections, Cable etc.. - 1 165 

  Payload Total weight   3330 

Table IV-4 LƴǎǘǊǳƳŜƴǘǎΩ Ƴŀǎǎ ōǳŘƎŜǘ. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
5
 Hella Marine Naviled 360 (www.hellamarine.com) was selected as possible led light for nocturnal 

flight; it is taken in to account in the mass budget since it was installed on the kytoon station even if no 

nocturnal launch was performed. 

 

http://www.hellamarine.com/
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IV.4. Kytoon station  

 

A kytoon station is mainly composed by three elements: 

 

Á The Kytoon; 

Á The Gondola; 

Á The Trailer. 

 

 
Figure IV-14 Kytoon Station: Kytoon blimp, gondola and trailer in a schematic representation 

(left) and in a photo (right). 

 

A schematic representation of the station comparing to a photo is shown in Fig. IV-14. 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 balloon is bound by the weight of payload, by the maximum altitude, and by 

the site of experiment (Urban), that led to prefer small balloons, because of the little launch 

areas.  

 

After the preliminary selection of Cameroon Helium blimp AB2000 lightweight (Panelli, 2009) 

able to lift up the payload to the prescribed maximum altitude, the smaller Floatograph Skydoc 

#18 has been selected.   

 

It is a helium blimp, made of aromatic thermoplastic polyurethane, having a maximum diameter 

of 4.33 m, and an height of 2.81 m (its shape is an ellipsoid of revolution around its vertical 
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axis); a volume of  27.44 m
3
 results. The six orange aviation stripes (0.30m wide; Fig. IV-15)   

satisfy the FAA OBSTRUCTION MARKING AND LIGHTING (AC No.: 70/7460-1K) rules, 

as required by ENAV (Ente Nazionale di Assistenza al Volo). 

 

A particular characteristic of this balloon is that it can generate dynamic lift by using a sail, 

made of porous material, which is sewn along half of its maximum circumference. This greatly 

increases both the total lift generated flying in wind conditions and the stability of balloon, due 

to the ñkiteò effect.  

 

 
Figure IV-15 Photo of Floatograph Skydoc #18. 

 

The kytoon envelope is contained in a harness which consists of three webbed straps made of 

polyester placed at about  120° from each other (Fig. IV-16). The straps extend from the "top 

ring" placed in the centered upward part of the kytoon, and terminate in rings on the centerline 

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/deflation 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, respectively (Fig. IV-16). 
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Figure IV-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 control lines (Right Control Line, Left Control 

Line, Keel Line) which are 10.9m long (Fig. IV-15). They are connected to the metal rings at 

the end of the harness straps of the kytoon via a self-stringent knot on the free end. The left and 

right control lines influence the lateral-directional attitude of the kytoon. Since a slight variation 

in their relative lengths can heavily influence the kytoon's lateral-directional stability, their 

length is accurately trimmed to 10.9m. 

 

  
Figure IV-17 Loops at the ends of the control line, which are connected to the payload (left). 

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

AoA of 0° (right). 

 

In addition, the keel line controls the pitch attitude of the kytoon (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 pre-measured knots at a pitch of 8cm. Since an AoA (Angle of Attach) 

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 variation of ±2° of AoA. Using the middle (5
th
) knot of 

the keel line gives the kytoon an AoA of -4°, which corresponds to the most stable flight 

behavior of the kytoon (as said by the sellers). 

 

All the control lines are made of Dynema Sky 75 Ultra by Gottifredi-Maffioli (DSK75 Ultra, 

see appendix A). Table IV-5 lists the main characteristics of the only two cables used for each 

line.  
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 Diameter 

(mm) 

Tensile strength 

(kN) 

Linear weight 

(g/m) 

Right/Left control line 3 9 4.7 

Keel line 5 27.9 14.1 

Table IV-5 Dynema Sky 75 Ultra cable characteristics. 

  

The kytoon possesses 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: 

 

¶ EDD land unit (Fig. IV-18 right) 

 

¶ EDD kytoon unit (Fig. IV-18 left) 

 

The land unit is composed by a battery housing and a single channel Linear XT-1 FM 

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 switch sends an FM 

signal to the kytoon unit which activates the device. 

 

The kytoon unit is composed by a circuit and battery housing, a Linear XR-1 FM receiver, an 

electric actuator, and an arm on which end an electrical resistance is located. If both the 

POWER and 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 and cause a major loss of helium, 

besides irreparable damage to the kytoon envelope. 

 

 
Figure IV-18 (Left) EDD kytoon 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 three plastic 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 Linear ANT-2 model, 

while the one used on the receiver is a Linear ñrubber duckò ANT-1. The antennas are 
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connected on the units through SO-239 connectors. The batteries of both units can be charged 

with the 12V DC charger. 

 

To evaluate the safety of the kytoon system  before flying (for example having  an idea of the 

flight envelope) and as tool design, the report  ñEquilibrium Configurations of Flying Cables of 

Captive Balloons, and Cable Derivatives for Stability Calculationsò (Neumark S., 1963) has 

been used. 

 
Figure IV-19 Typical two-dimensional cable configuration and forces acting on cable. 

 

The equilibrium of cable of a captive balloon is uniquely determined by (Fig. IV-19): 

 

Á x1  :  horizontal displacement of the balloon 

Á l1    : main tether line length 

Á j0 : inclination of main cable with the ground near latter 

Á j1   : 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 length dl: 

 

 tangential direction:     fwdlsendT=     (negligible)            (IV.2) 

normal direction :        ( )dlwnsenTd fff cos2 +=                (IV.3) 

 

and considering the McLoud equation: 

 

 ( ) f=fr 2222/1 nsendldsendVC cDc                                        (IV.4) 
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where CDc and dc are respectively the drag coefficient and the diameter of main tether line ; w is 

the weight-to-length ratio; n is main cableôs drag-to-length ratio; T is tether tension. 

 

A step procedures can be used to solve the problem. 

 

a) Fix the maximum altitude (z1). 

 

b) Calculate the areas of frontal impact of balloon (Sk);  for the SkyDocôs kytoon  Sk = 

9.55m
2
. 

 

c) Evaluation of balloonôs drag coefficient (CD); see step (f). 

 

d) Fix wind velocity (V); the present study would measure wind speed between 3 and 

10m/s. 

 

e) Fix the type of main tether line (w, dc, CDc); the DSK75 Ultra cable of 5mm diameter is 

used. CDc =1.025 (cylinder). Orange flags (0.3x0.6 m) stands along the main cable at 15 

m intervals beginning at 60m above the surface of earth, as required by the FAA 

OBSTRUCTION MARKING AND LIGHTING (AC No.: 70/7460-1K) rules. 18 flags 

assure the visibility at 300m of altitude. An additional weight of 0.37kg results. 

 

 
Figure IV-20 Obstruction Marking flags and stripes. 

 

f) Assess the value of balloon's reserve buoyancy  and aerodynamic lift (Z1); Reserve 

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, rigging, and payload but 
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excluding the cable weight). If the excess buoyancy is considerably greater than the 

cable weight, then T0 will be large (though always less than T1), and the difference (j1- 

j0) small under all conditions, the cable will then be 'highly tensioned'. In the opposite 

case T O may be small, and (T1 ï T0) may become quite large.  

 

The SkyDoc blimp, EDD valve, keel line and right/left control line weighs 11.84 kg. 

The gross lift, or total buoyancy , can be evaluated applying the Archimedesô principle, 

being known the weight of fluid displaced (air) and considering that gasesô density 

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

 

Altitude 

(m) 

0
 O

C S.L. 15
 O

C S.L.  35
 O

C S.L.  

Gross lift 

(kg) 

 Stable 

Free Lift  

(kg) 

Gross lift 

(kg) 

 Stable 

Free 

Lift  

(kg) 

Gross 

lift  

(kg) 

Stable 

Free Lift  

(kg) 

0 35.46 

5.31 

33.61 

5.04 

31.43 

4.71 300 34.41 32.62 30.5 

500   33.73 31.98 29.90 

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

gross lift at S.L. . 

 

Balloon sellers recommend for stable flight to leave always a ñfree liftò measured as a 

percentage of the ñstandard gross liftò i.e. the gross lift at Sea Level (S.L.): 10% is the 

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 tether strain wind tunnel 

tests on SkyDoc model #18 (Fig. IV-21) and the graphic of SkyDoc Height vs. wind 

speed (Fig. 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: 

 

( ) TSVC kT =r 22/1        (IV.5)    

 

Where CF is an unknown total force coefficient: 0.83 is the value that minimizes the 

difference of the wind tunnelôs measurements and that given by the formula (IV.5). This 

assumption is true only with big j1 . 

 

The graphic of the figure IV-22 allows to calculate the angle (90-j1) between the 

aerodynamic lift and the local vertical; the decomposition of CF gives a CD (0.35) and 

CL (0.74), with 5m/s of wind speed. Note that the total force coefficient has been used 

also at 7 m/s (at which would correspond different AoA of the kytoon), because a very 

small difference has been find. 
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Figure IV-21 Tether strain resulting by SkyDoc wind tunnel tests. 

 

 
Figure IV-22 SkyDoc Height (ft) vs. wind speed (mph) considering a fix cable length of 500ft. 

 

A brief summary about given definitions follows. 

 

GROSS LIFT (or TOTAL BUOYANCY) + AERODYNAMIC LIFT = PAYLOAD + 

RIGGING LINES + FLAGS + EDD + CABLE + FREE LIFT 

 

RESIDUAL LIFT (or NET LIFT) = GROSS LIFT ï (RIGGING LINES + FLAGS + 

EDD + PAYLOAD)   

CASE T O MAY BE SMALL, AND (T1 - 5O0) MAY BECOME QUITE LARGE. 

FREE LIFT = RESIDUAL LIFT ï CABLE + AERODYNAMIC LIFT 
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g) Calculate ( )cDc dVCn 22/1 r=  and ( )kD SVCX
2

1 2/1 r=  ; 

 

h) Calculate 
2

1

2

11 ZXT += and then )/arctan( 111 XZ=j  ; 

 

i) Calculate )2/(cot5.0 nwanarc=y ; 

j) Calculate ()11 jtt= , where ()
y

öö
÷

õ
ææ
ç

å

j+y

j-y
=jt

2cos

costan

coscot
;  

 

k) Calculate 0t from ( )01111 ttt -=Twz  and 0j (step j); 

 

l) Calculate ( )11 jl=l  and ( )00 jl=l  from ()ñ
j

f+f

ft
=jl

0

2 coswnsen

dn
 and so l1 from  

( )01111 llt -=Tnl   

m) Calculate ( )00 js=s  and ( )11 js=s  from ()ñ +
=

j

ff

fft
js

0

2 cos

cos

wnsen

dn
 and so x1 from    

( )01111 sst -=Tnx  

 

The results of the calculation (Tab. IV-7) show that: 

 

¶ 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; 

 

¶ The Free lifts are 3-3.5 times the stable free lift (Tab. IV-6); 

 

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

 

¶ The computed values of main cableôs strain are very close to the experimental 

measurements of SkyDoc #15; the dimension of the model #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 ratio (Tab IV -8), the results of calculation have been used.
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0°C 

   

Wind (m/s) 

Cable 

x1 (m) 

Free 

lift (kg) length (m) weight (kg) strain (kg) 

5 323.26 4.56 19.98 105.38 18.93 

7 372.86 5.26 21.92 211.84 18.23 

      

  

15°C 

   

Wind (m/s) 

Cable 

x1 (m) 

Free 

lift (kg) length (m) weight (kg) strain (kg) 

5 324.63 4.58 18.17 109.33 17.12 

7 378.16 5.33 20.05 220.63 16.36 

      

  

35°C 

   

Wind (m/s) 

Cable 

x1 (m) 

Free 

lift (kg) length (m) weight (kg) strain (kg) 

5 326.74 4,61 16.03 115.10 14.97 

7 386.38 5,45 17.84 233.81 14.13 

Table IV-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 19.98 142 

7 21.92 130 

Table IV-8  Safety Factor of the DSK75-Ultra cable; worst case (Temperature, 0°C). 

 

Note that the nomenclature used in this paragraph is exclusive and it isnôt used in the rest of 

thesis. 

IV.4.2. CATFISH gondola 

 

All the selected sensors, to be lifted up by the kytoon, are placed in the so called ñgondolaò, 

which satisfies the following requirements: 

 

¶ Compactness, in order to have all the measurements in the same point in the space and 

to help the portability of the system; 

 

¶ Lightness, to have the most free lift as possible (stable flight); 

 

¶ Minimal interference on the measurements; big attention has been done in the design of 

gondolaôs shape, in the positioning of the sensors respect to each other and to the 

kytoon. 
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The ñgondolaò is composed by two part (Fig. IV-23), each one made of Carbon Fiber 

Reinforced Polymer (CFRP), with fibers woven in the 0°, +45° and -45° to assure isotropic 

resistance, and epoxy matrix: 

 

¶ The CATFISH
6
 nacelle; 

 

¶ The cage. 

 

 

 
 Figure IV-23 3D CAD model of the CATFISH gondola; Maximum allowed rotation (30°) of 

CATFISH nacelle at 7 m/s of wind speed. 

 

The nacelle hosts all the atmospheric sensors, the AHRS-GPS, the data acquiring system and 

the battery to power the whole system. The body has a shape similar to an hull of Americans 

Cup with NACA 0032 airfoil cross-section: main chord is about 0.71 while the maximum width 

is 0.32m.   

 

The CATFISH nacelle is joined to the cage by means of an hollow tube (Nacelle support 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 chassis. A maximum 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-

boxôs wake (inclination is the angle of attach of CATFISH!). 

 

                                                      
6
 The name ñcatfishò belong from the shape of the box; the two protuberances on its the nose seem like 

fishôs mustache while the intake in the trailing its tail. 
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Figure IV-24 CATFISH gondola: ǘƘŜȅ ŀǊŜ ǾƛǎƛōƭŜ ǘƘŜ Dƛƭƭ ²ƛƴŘƳŀǎǘŜǊ ŀƴŜƳƻƳŜǘŜǊ ŀƴŘ ǘƘŜ Dt{Ωǎ 

ŀƴǘŜƴƴŀ όōƭŀŎƪ ǊƘƻƳōƻƛŘ ƻōƧŜŎǘύΤ ǎƛƭǾŜǊ ǘŀǇŜ ŎƻǾŜǊ ǘƘŜ /!¢CL{IΩǎ body to surely avoid over 

heating due to the sun light. It can be seen the cable to regulate AoA of the nacelle. 

 

The cage has the purpose to join the CATFISH payload to the riggingsô lines of the kytoon and 

to protect it in the hypothesis of any ground impact.  

 

Consequently, it is made of CFRP hollow tubes, and consists of: 

 

¶ 2 front tubes (Fig. IV-25); 

¶ 1 back tube (Fig. IV-25); 

¶ The nacelle support tube (Fig. IV-25); 

¶ Lower triangular chassis (Fig. IV-26); 

¶ Upper triangular chassis (Fig. IV-27). 



IV. Kytoon Station Description 

77 

 

 

The vertical tubes are engaged in three dedicated slots of the triangular chassises. The two front 

tubes have 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 tube. On the end of these there are two loops: one 

is knotted to a snap hook with a self-tightening knot, and allows to connect control lines to 

payload (Fig. IV -28); the other  one is linked to the main snap hook, which connect them with 

tether line (Fig. IV -29). 

 

Aluminum stoppers are placed under 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. Six circular plastic sleeves, put inside the end parts of 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 protecting the nacelle in the hypothesis of a 

ground impact by making the upper chassis impact on the ground before the nacelle itself. The 

distance of projection has been calculated with a 30° degrees rotation of gondola (Fig. IV-

23,24). 

 

  

Figure IV-25 From the top: left front tube, back tube, front tube. The 

nacelle support tube spans between the others. 

 
Figure IV-27 Upper triangular 

chassis. 

  
Figure IV-26 Lower triangular chassis. 

The elastic cable which is normally 

linked to the nacelle's back, can be 

seen. 
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Figure IV-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 of 1.27 m and a lateral overall dimension of 0.96 m (details in 

appendix B); its total weight (without any sensors mounted) is 4.09kg. The snap and the main 

hooks have respectively a maximum load of 1100 and 3000 kg. 

 

 
Figure IV-29 CATFISH gondola connections: scheme (left) and photo (right). 
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All the sensors are placed inside or outside the CATFISH nacelle despite of  the APRS, which 

has its own box, connected to the cage via a snap hook and to the keel line via adhesive tape. 

 

Watching the upper part of CATFISH nacelle, it can be seen: 

 

Á the anemometer ( the most evident sensor) placed on it (Fig. IV-24);  

 

Á the GPS antenna (Fig. IV-30); 

 

Á the location of battery (Fig. IV-30); 

 

Á the Ethernet port
7
, to configure (see section V.2.4) on board computer (Fig. IV-30); 

 

Á the ON/OFF switch (Fig. IV-31); 

 

Á the fuse (Fig. IV-31); 

 

Á the APRS-GPS external data input port, to configure and calibrate (see section VI.4)  

the device (Fig. IV-31); 

 

Á six warning leds (Fig. IV-31). 

 

 

 
 

Figure IV-30 Top part of CATFISH gondola: Battery, Ethernet port (set/warm-up phase), GPS 

antenna. 

 

 

                                                      
7
 Two Ethernet ports are 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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Figure IV-31 Top part of CATFISH nacelle: warning led, fuse, ON/OFF switch and AHRS-GPS 

external data input port (calibration phase). 

 

The meanings of the leds follow: 

 

(a) Anemometer diagnostic; 

 

(b) Power status alarm of the GPS; 

 

(c) Power status alarm of the air pollution sensors  (CO,O3); 

 

(d) Power status alarm of the air pollution sensors  (C6H6,NO2); 

 

(e) Power status alarm of the Anemometer; 

 

(f) Power status alarm of the acquisition system. 

 

Watching the lower part (belly) of the CATFISH nacelle are visible (Fig. IV-32): 

 

Á The Vaisala thermo-hygrometric probe; 

 

Á A led light (according to FAA OBSTRUCTION MARKING AND LIGHTING ,AC 

No.: 70/7460-1K): actually no permission of nocturnal  flight was given but in the 

future it should be; night dispersion of pollutions is the most critical! 

 

Á Six straight air intakes to cool on board computer (partially visible in the figure); 

 

Á Four circular air intakes to allow the suction of air on the thick solid state sensors. 
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Figure IV-32 Belly of the CATFISH nacelle; the 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 AHRS-GPS (IG500 N) and the four chemical sensors are fully inside the CATFISH 

nacelle; particularly the IG500 N device is linked to a circular plate just under the base of the 

anemometer; three screws allow the connection between the two sensors and the carbon surface 

of the nacelle (Fig. IV-33).  

 

 
 Figure IV-33 Position of the Sbg IG500-N, AHRS-GPS (yellow parallelepiped),  device and its 

support structure inside the cover of the CATFISH gondola; they are also visible: the chemical 

ǎŜƴǎƻǊǎ όǾƛƻƭŜǘύΣ ŀƴŘ ǘƘŜ ƭŜŘ ƭƛƎƘǘΩǎ ōŀǘǘŜǊȅΦ 

 

All the sensors and subsystems are placed around the vertical axis of the anemometer so that the 

center of gravity of the CATFISH gondola is near the origin of AHRSôs reference system. 

 

Finally note that silver tape (Fig. IV-24,30) covers the upper hemisphere  of the nacelle: during 

a static laboratory set-up 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° around the 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 is a compromise 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 the balloon (without the sail) has shown that a distance of about 

10m (considering the length of the inclined control lines: 10.9m) between the belly of the 

balloon and the anemometer head gives an error of less than -1% on the wind measurements 

(Fig. IV-34).  

 

 
 Figure IV-34 !ŜǊƻŘȅƴŀƳƛŎ ƛƴǘŜǊŦŜǊŜƴŎŜ ƻŦ ǘƘŜ ōŀƭƭƻƻƴ ƻƴ ǘƘŜ ŀƴŜƳƻƳŜǘŜǊΩǎ ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

DV  is the difference between the velocity module, calculated with RANS simulation, and the 

value of free wind stream (7m/s). The stream lines are shown, too. 

 

The NACA 4-digit series provides itself negligibly influencing the readings of the anemometer : 

3D RANS simulations has stated that the measurement o the anemometer, acquired  0.60 m far 

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

 

In conclusion the resulting aerodynamic effect (CATFISH plus balloon) doesnôt affect the 

readings of the anemometer.  
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IV.4.3. Trailer   

The trailer used as the mobile launch platform is the Umbra Rimorchi TM100B/D. It acts as the 

base for the inflating and power plants, and there is also free space on which other systems can 

be fixed and transported. 

 

The trailer dimensions are 1460 x 3055 x 350 mm and the maximum fully charge  weight is 750 

kg. 

 
Figure IV-35 Umbra Rimorchi TM100B/D. Front connection trunk is on the right. 

 

The trailer is mechanically and electrically (due to the position lights) joined to the towing 

vehicle via the front connection trunk (Fig. IV-35), on which both the towing hook and the 

electrical plug are present. 

 

The front connection trunk also hosts the emergency brake and supports the front wheel leg, 

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 from the towing vehicle while in travel. The trailer's weight when stationary is 

distributed by three (2 lateral and 1 frontal; Fig. IV-36) removable supports. 

 

The front support is placed under the front connection trunk, at the front end of the trailer, while 

the lateral ones are placed just before the position lights. 

 

 
Figure IV-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 plant are supported on the trailer. 

 

To better distribute 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. 

 

 
Figure IV-37 View of the ensemble trailer.  

 

The trailer transports five principal objects: 

 

Á The inflating plant; 

 

Á The winch plus the tension inverter; 

 

Á The power plant; 

 

Á The collapsible balloon cradle. 

 

The inflating plant consists in: 

 

Á 4 compressed helium gas cylinders, 

 

Á the gas cylinder cage,  

 

Á the pressure regulator, 

 

Á 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 increase safety. 
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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 table IV-9. 

 

Diameter 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 9.384 m
3
 

Table IV-9 Gas cylinder specifications (per cylinder) 

 

The cage houses the four gas cylinders which are needed for inflation, and occupies the rear 

portion of the trailer, as shown in figure IV-38; it assures  safe way to transport the gas 

cylinders.  

 

 
Figure IV-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 x 40 mm section bars made of iron and it is permanently bolted 

on the trailer through 4 support platforms. The gas cylinders are housed in suitably dimensioned 

ñCò supports, which are welded on the central cross bars of the cage base. When the cylinders 

have been inserted, they can be permanently blocked by bolting on them the upper blocking 

bars (Fig. IV-39). 

 

 
Figure IV-39 Loaded gas cylinder cage. The upper blocking bars are visible. 
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 ñCò supports are also welded on these bars, and, together with the lower ñCò supports, 

completely constrain the cylinders in place for safe transport and usage. A back 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 planking (Fig.  IV-41) is screwed on the top of the cage, 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 accidental openings by two butterfly screws (Fig. IV-40). 

 

 
Figure IV-40 Detail of the closing butterfly screw. 

 

 
Figure IV-41  Open back end of the gas cylinder cage. 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 in table IV-10. 

 

Length 1690 mm 

Width 1148 mm 

Height 380 mm 

Weight 77 kg 

Table IV-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 and control the output pressure of the helium cylinders.  

 

The ID pressure regulator (Fig. IV-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 regulator has two connections on its side, of which one is screwed on the cylinder valve and 

the other one is joined to the inflating hose (Fig. IV-43). 

 

 
Figure IV-42 Pressure regulator mounted on the cylinder valve during inflation. 

 

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

kytoon envelope. 

 

 

Figure IV-43 Inflating wand and hose. 
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The hose-pressure regulator joint and the hose-wand 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 and has 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. 

 

Operators can control the launch, retrieval and flight height of the kytoon by activating the 

winch (Fig. IV-44) and releasing or withdrawing the tether line.  

 

 
Figure IV-44 SKYDOC winch. 

 

Using a control pendant connected to electrical inverter (Toshiba VF-S11), it is possible  to 

operate at three-speed winding: 2 (slow), 20 (fast) and 40 (emergency recover) m/min (Fig. IV-

45. 

 

 
Figure IV-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 roller fair lead, which moves 

along the upper shaft to keep the tether line uniformly wound on the drum (Fig. IV-46). 

 

 
Figure IV-46 Winch in operation during a test flight. The roller fairlead is in the center. 

 

The specifications of the electrical winch motor, the speed reducer and the winch are listed in 

tables IV-11 and IV-12. 

 

Motor model Neri-Motors 

Horsepower 2 HP 

Full load RPM 3396 RPM 

Full load torque 4.22 Nm 

Full load frequency 60Hz 

Speed reducer model Dayton 4Z730 

Nominal output RPM 29 

Nominal gear ratio 60 

Table IV-11 Winch motor and speed reducer specifications. 

 

 

Length 530 mm 

Width 1175 mm 

Height 546 mm 

Body Aluminum 

Weight 165 kg 

Drum shaft torque 200 Nm (nominal load) 

Line pull speed 17 m/min 

Table IV-12 SKYDOCTM 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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Figure IV-47 220 V motor plug. 

 

The winch is permanently fixed on the trailer with 4 bolts placed on the mounting flanges. 

 

The power plant for the station consists in a Honda EU30is portable gasoline generator; it 

supplies electrical 12Vcc  and 220V power for every other electrical appliance on the field. 

 

  
Figure IV-48 Honda EU30is power generator. The control panel with the DC cable is clearly 

visible (Left). (Right) fixing bracket (connection with trailer).  

 

The generator runs on automotive unleaded gasoline fuel with Research Octane Number of 91 

or higher, and it uses SAE 10W-30 oil. The specifications of the generator are listed in table IV-

13. 

 

Model Honda EU30is 

Length 658 mm 

Width 482 mm 

Height 570 mm 

Dry weight 61.2 kg 

Engine model GX200 

Displacement 196 cm
3
 

Fuel tank capacity 13.3 L 

Battery 12V, 8.6 Ah 

AC rated output 230 V, 50 Hz, 12.2 A 

AC rated output power 2.8 kVA 

AC max output power 3.0 kVA 

DC rated output 12 V, 12 A 

Table IV-13 Specifications of the Honda EU30is power 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 figure IV-48.  When the generator is operated, 








































































































































































































































