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Abstract:

The air conditioning of vehicle cabins is now standard equipment for vehicles. Increasing the consumption
of fuel, the air conditioning also raises difficulties and costs with its integration in the electric and hybrid
vehicles, because of the continuous or punctual absence of hot source as is the internal combustion engine. In this
paper, we study the interest of the techniques of adiabatic cooling to cooling down a cabin of an agricultural
machine. Recordings of the activity of a tractor in real situation are used for studying the temperatures inside the
cabin along a typical working day. From these observations, we adapted a model to estimate the thermal
exchanges of the cabin with the environment. The solar incomes are estimated under various countries in France
and the ventilation rate is taken into account. We substitute then the air conditioning by a system that mists water
droplets on the air admission for the cabin. The efficiency of this cooling system depends mainly of the
atmospheric conditions and we establish, for various weather situations, the cooling capacity of this process. So
the temperatures inside the cabin are assessed, as well as the water consumption. These results add to efficiency
assessment about adiabatic cooling systems for industrial vehicles.

Keywords: adiabatic cooling, vehicle compartment, thermal balance, fuel savings

1. Introduction

Since years, attention is paid to the air conditioning
systems used in automotive application because of
their costs in fuel [1-4]. With the development of
hybrid and electric vehicles PEV (Plug-in Electric
Vehicles), the power costs related to air conditioning
are more building: indeed, the energy required to
provide cabin cooling for thermal comfort can reduce
the range of PEVs from 35% to 50% depending on
outside weather conditions [5]. New cooling systems
are studied in order to reduce the energy needs for
thermal comfort [6, 7].

This paper aims to study an alternative cooling
system based on the adiabatic cooling: water droplets
are sprayed in air and refresh it along their
evaporation. The principle has been studied elsewhere
for air conditioning in buildings [8, 9]. For transposing
the system to vehicles, it is necessary firstly to
describe it efficiency and pay attention to the
autonomy regarding water. As the power consumption
of HVAC (Heating, Ventilation and Air-Conditioning)
systems directly depends on the thermal load of the
vehicle cabin, the temperatures is of first importance.
Field measurements of cabin temperature have been

made in a tractor during one year. A specific
behaviour is observed for this highly powered and low
speed automotive application. From the analysis, we
adapt a model to estimate the thermal exchanges of the
cabin with its environment. Based on the model in
[10], modifications have been proposed to account for
the ventilation rate in the cabin. Our static model can
then be used to assess the solar incomes in the cabin
and resolve the dissipation of the thermal load inside.
A sub model is added to describe the evaporative
cooler and its effective cooling power.

2. Typical daily thermal load of the cabin of an
agricultural vehicle

A tractor (Massey Ferguson 6480) was equipped
with embedded sensors monitoring temperatures at
different locations: three measurements are used in
this analysis: a temperature sensor is located behind
the driver seat to check for the tractor cabin
temperature Ty Another one is based in the
admission pipe just after the air filter and gives an idea
about the air temperature Ty, A shell temperature T,
is also monitored: the corresponding sensor is put in a
thermo gum bath and fixes under the engine
compartment.
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This Ty value was compared with some
meteorological data gathered at a meteorological
station in the vicinity: a good agreement was found
when the engine speed is high and air flows around the
thermocouple. More discrepancies are observed on
idling and starting periods, when the sensor undergoes
the influence of high engine’s temperature. The
experiment ran one year, so it is possible to extract the
thermal data over various weather conditions
encountered in rather temperate region near Paris.
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Figure 1. Principal component analysis results for temperature data
of air, cabin and shell

A principal components analysis was made for 46
operations and Figure 1 shows the 2 first principal axis
explaining 56% of data variance. The first axis is
linked with a seasonal effect: the temperature of air
increases, at the initial start as well as in average, when
the season is hot. Both engine and cabin temperature
undergoes the influence of the engine and tend to be
higher when engine power is high or when operation
duration is long. This trend is underlined when looking
at the gradient between cabin and air temperature,
which is highly correlated with operation duration. Hot
starts ((Tven-Tar) > 12.5 °C) are often linked with
transport operation with high speeds. These latest
seem uncorrelated with high average of temperature
for engine and cabin. Low gradient between inside and
outside is also found when the idling ratio (idling time
/ total time) is elevated. The explanation is found when
we look at the temperature evolution, reported in
Figure 2. Black (ploughing) and red (sowing) curves
correspond to winter operations and air temperature is
around 15°C for both days. During ploughing, the
cabin temperature increases slowly but continuously
along the work. When sowing, temperature growing is
often interrupted and then, the cabin is sharply cooled
down: this is because the driver needs to get outside
for operating manually: each temperature drop is
linked with a period of idling. In Dblue, the air

temperature is sweet (25°C) when the rollers were
crossed. Although it is a sunny day, solar incomes are
limited because work was done early in March. The
temperature inside remains quite steady at 28°C and
temperature drop on opening exists, but it is smoothed
and very hard to detected. On the green curves, the air
temperature is under 20°C but the day is in June, so
that the cabin temperature increases above 30°C,
showing the important effect of solar incomes.
Temperature drops on this day are related to windows
opening and not door.

From these measurements, it comes out that, as for
cars, the high glass surface, needed to operate with
tractors, results in high solar income in sunny days. A
positive correlation is found between the power
delivered by the engine and temperatures in both cabin
and engine compartment.

High solar incomes - traction tests

Low solar incomes - rollers

Air temperature

| Winter, heating on -ploughing

Winter heating
off - sowing

Temperature ("C)

Air temperature
Stop door opening

0 50 100 150 200 250 300 30 400 450
Time (minuts after start )

Figure 2. Measured temperatures versus time use in various and
contrasted weather situations (winter w/o heating: red, winter
heated: black, summer cloudy: green, summer sunny: blue, thin
lines for air temperatures, thick lines for cabin temperatures)

But power has less effect than the impact of
ventilation in the cabin. The ventilation rate is affected
by windows and doors opening and sudden drops of
the temperature cabin show that the thermal inertia of
the cabin might be of less importance than the
ventilation rate. Therefore, to study air conditioning in
the cabin, we have first to adapt a static thermal model
for cabin temperature and then modelling the cooling
system, what is done in the next section.

3. Cooling effect of the adiabatic system on the
cabin temperature

Air conditioning aims to offer driver good
conditions for operation, by dehumidifying the air,
heating in cold weather and cooling in hot climate.
Cooling is the unique function that can achieve an
adiabatic cooling system. This latest is indeed
proposed, mainly for used vehicles, and recommended
by the French Agency for Energy. As this system is



poorly documented, we aim to study its beneficial
impact and its water and energy consumption. That’s
why our attention is focused on cabin temperature
control in hot climate. The assessment of temperature
inside the cabin is based on the thermal balance of
driver compartment between convection losses at
walls and solar incomes through windows.

3.1 Thermal exchange between tractor cabin and
ambient air

The thermal balance is inspired from the Marcos’s
work [10] but adaptations have to be made for dealing
with agricultural vehicles. Changes are concerning the
following items:

- Thermal equilibrium is supposed at each time step
and the thermal inertia of the cabin base is
neglected.

- Cabin ventilation is taken into account by
introducing a ventilation flux that acts on the
convection exchange coefficients.

- Thermal conduction within thin walls (windows) is
neglected

- We distinguish the radiative contribution according
to its wavelength. The long wave radiation (LWR)
fluxes are neglected with regard of the solar
contribution (short wave length (SWR). The total
solar income is then equally distributed over
surfaces according to their area.

Rex
Mo, R Rim
Puim l Tew l Tem
F | &
Hr;'a’-:q”b ?;;b‘iqcan 1 \ / Temo
) T

Base level

HVAC cooling: 90 m*/h
TCBD < 5DC Tairamb

Adiabatic cooling: 30 m%h T
Hr, = 100%

Figure 3. Thermal balance for the air flowing through the cabin

The radiative balance is simplified, so that the
surface temperatures are not explicitly computed.
These assumptions are made to provide a better fit
with our field observations that underlines the role of
ventilation. For SWR, the approximation is suitable
for summer case where solar incomes are high, i.e.,
where air conditioning has to cool the cabin. It is also
related to the high amount of glasses of cabin walls,
that traps solar fluxes inside like a sunroom. The
schema in Figure 3 describes both assumptions and
notations used to assess the thermal balance inside the
cabin. Radiation incomes are balanced with the
convection on the entering air flow rate Qg What

increases the air temperature along its travel inside the
cabin.

Each of the exchange surfaces (internal, external) is
supposed to be at the equilibrium, so that no heat is
stored. The base level is adiabatic. Thermal
equilibrium is written respectively for the external
surface, internal surface, base level and also air, that is
heated along its cabin travel through the convective
transfer on solid surface. Conduction in solid walls is
neglected and internal surface are equal to external
surface due to the small thickness of both metal and
glass. The cabin temperature is the average between
air inlet and outlet temperatures. Rearranging terms
leads to the following equation for the cabin
temperature:

Tcab =
zq c T AT (An B Ahase )h|'he + (hl'All - heAhase )
cab ~ p,air " cab i air (hl + he ).Ait t (hl " he )-Ait
A - A h..h
rac,, - P AL,
(h; +h,)A, Q)

Windows transmit the whole incoming radiation
directly to the internal surfaces. We assumed that
opaque external surfaces also transmit the absorbed
radiative fluxes to the internal surface: this
contribution should be in fact in conductive/convective
form rather than radiative. But by this way, the total
incoming heat is transferred into the cabin and this
avoids making the radiative balance for the shortwave
radiation. This expression means that all the radiative
flux is converted into convective heat evacuated by the
air flow.

The radiative incoming flux at each wall is the sum
of the direct solar flux (Idn), solar flux diffused by the
atmosphere (Rpr) and solar diffused flux on the
agricultural soil for vertical surfaces (Dpf, albedo=0.2)
[11]. These fluxes are computed for each cabin side,
considering the tractor works around on main direction
Swork With respect to South. The standard methodology
used to assess the solar income is detailed in [11] and
gives the incoming fluxes one each faces according to
their orientation:

Rface = Rdlrect (ehce ’IB) + RRpr + def (ﬂ)

RI = aglass z Rface 'Afaoe + aRuof Smof 'RmoV Aroof

vertixcal

)

The transmission coefficient for glass is assumed at
0.86, what is a typical solar gain for simple windows.
For the opaque wall, the absorbed flux (R:n) is
completely re-emitted, by one part inside and one
complementary outside. The part trapped inside is
estimated using the solar gain of an opaque wall (see



[11]), with the description of roof layers in [10]. The
total transmittance factor o, iS then about 0.19:

[ 1

L|1/h +1/h + S e 12, |
gzam I_ layers J (1)
h h

e e

oot = Ay
Side surfaces are represented on the Figure 4,
which shows that the geometry is somewnhat
simplified: the metallic structure is not included and
the base level is smoothed and treated as a completely
plane surface made of 2 panels. The tractor cabin is
nearly cubic with 1.5 m width, 1.4 m high and 1.5 m
long. Its volume is about 3.74 m® and its surface of
11.85 m? is made of glass for 55%. The base surface is
multiplied by 2 to account for the cabin equipment.

Figure 4. Schematic design of the tractor cabin and dimensions (m
2): Apon=1.70, Arear=1.46, Ay=1.73, Arpo=2.1, Aee=2.86

The air inflow gy iS assessed from the directive
2009/144/CE (or EN 15695-1:2009), that imposes a
minimal rate of 30 m%h of fresh air in order to protect
drivers from pesticide emissions during crop
treatments. The additional air flow related to door
opening is not taken into account for comparison of
cooling systems. When the tractor is parked, there is
no airflow inside the cabin.

The convective exchange coefficient drives the air
temperature in the cabin: when there is no ventilation,
the h; (internal side) is a low reference value taken for
fixed walls in building: 10 W/m?K. For the external
side, the h is set at 25 W/m?K: this takes into account
that the tractor speed exists, even if it is rather low (5-8
km/h when working), and wind in open land also has
an additional beneficial effect so that the external
transfer coefficient is higher than inside. When the
ventilation is switched on, air speed significantly raises
due to the high air renewal rate imposed by tractor
legislation. In this case, turbulent flows are
encountered outside as well as inside the cabin. Then,
the h; is then increased up to the external value h, At
the end, when cold air is provided inside the cabin,
large temperature gradients are observed. The

correlation provided in [1], for free convection, shows
that the exchange coefficient rises up to 35 W/m?K.

3.2 Adiabatic cooling system

Cooling systems are acting on the air temperature
at cabin entry Ty Without any air-conditioning
equipment, T.p; IS set at Ty. Adiabatic cooling
consists in spraying water in the admission air: Fine
water droplets are evaporated in the air generally
within few ten centimeters after spray emissions [8]
and air temperature decreases to reach the ideal value
of the adiabatic saturation temperature:

0.2735

T, n =0.2831 hr, °7® T +0.0003018 hr, °

@
+0.01289 .hr,, — 4.0962

In this relation, T; is the air temperature, expressed
in °C and hry; is the relative humidity of air, expressed
in %. Assuming that the adiabatic saturation
temperature is reached without any water losses, the
required water flow rate is deduced from:

T.
Meau = M_ yalir qcab (3)
pref

The equilibrium vapor pressure is assessed using
the Nadeau and Puiggali formula, where Ty is in
Kelvin:

2
3802.7 (472.68
P = exp(23.3265 - ( ] ) 4)

L ol )

The cooling power introduced with this fresh air is
given by:

air

Pc lim = qcab Cp air (Tair - Tsat,in) (5)

3.3 Conventional cooling system

HVAC is used both to cool and dehumidify the air
inside the cabin. That’s why is switched on very often,
even if the air and/or cabin temperature is low. The
dehumidification function of HVAC is out of interest
here, because the adiabatic cooling works on contrary
to the HVAC and introduces huge amount of water
vapor inside the cabin. Instead usual strategy of
HVAC control, a simplify approach was used to
approach cooling power.

The conventional system offers the advantage to
keep the cabin cool even in case of high temperature
outside. Therefore, the cooling system is supposed to



work here only when the outside temperature is above
30°C. Then, the equation (1) is inverted in order to
assess T, SO that it maintains T, five degrees under
Tar This is a simplified way to estimate the thermal
comfort linked with HVAC. It is not exactly a comfort
temperature as it doesn’t take into account for
humidity and air speed.

But the resulting temperature at the inlet Tcy,; Was
found very often under zero what is still unrealistic.
This means that it is impossible to maintain the cabin
five degrees above ambiance with a conventional air
conditioner because inside the cabin, convection with
the imposed flow of fresh air is not enough to
overcome radiative heat. Therefore, an additional
constraint on the air flow rate g.;, was introduced to
ensure that the inlet air temperature is above usual
evaporator temperature (3°C). That’s why the qeap IS Set
at 90 m*%h with HVAC.

Then, the cooling power is assessed using the same
formula than for the adiabatic system. Extra fuel
consumption related to HVAC for cars are detailed in
[1]. The global performance of the air conditioning
system is the ratio between the cooling power and
power for the HVAC compressor. But on contrary to
cars, the HVAC condensers for agricultural equipment
are often supplied by electricity and not by the engine
shaft. Therefore, conversion efficiency is introduced to
reflect losses for converting fuel into electricity for the
compressor supply. Extra fuel consumption is then
written:

P, 1 1
C:fuel = Pventil + S : : (6)
COP N LHV

HVAC fuel

Following [6, 7] , COP is about 2 and 1y iS Set at
0.33 and Py = 50 W corresponds to the power
needed for fans [4].

4. Results

The static model is used to compute cabin
temperature under various weather conditions:
meteorological data (T, Yan 1dn and Rpr) are taken
from [11] for 8 French countries identified by the
name of their biggest cities. The time step of input data
is one hour and the whole year (8760 h) of the typical
climate is available for each country. Temperature
cabin is computed under 4 conditions:

- T is the value obtained without any ventilation
(9e = 0 m*h and hy, hye are minimal). The Tmax
value represent the temperature that can be
achieved when the tractor is parked outdoors.

T i the cabin temperature when air flows

without any cooling system: this is the normal
temperature in operating mode. (Qep = 30 mM¥/h
and hy, hy are intermediate)

- Tuimt is the cabin temperature when air is cooled
with the adiabatic cooler before going inside (Qcap
=30 m*h and hy, he are high)

- Tuim is the cabin temperature when air is cooled
by an HVAC system so that Tejimy = Teir -5 (Qean =
90 m*h and hg, he are high)

As the input data were also given during night, we
had to select only the most interesting results with
regard for air cooling. Therefore, in the following,
results are selected using 2 criteria:

- hot diurnal situations (HDS): this criteria is
proposed to exclude night and select the
situations where cooling might be required

Toentit > 25 °C and (Idn+Rpr) > 100 W

- Critical situations (CS): for this following
criteria, no ventilation could achieve satisfactory
conditions

Tair > 30 °C and (Idn+Rpr) > 100 W

First, the radiative solar incomes are computed. As
they depend upon the main orientation, a specific
analysis is made to check for the directional impact.
Then, cabin temperatures are studied in HDS. Inlet air
temperature and water consumption corresponding to
the adiabatic cooler are examined. At least, both
adiabatic and conventional cooling systems are
compared for the critical situations.

4.1 Radiative solar incomes

The solar contribution is made of 2 components:
direct and diffused flux, that sum varies from 0 up to
1200 W/m®. Near zero flux is mainly for nights.

For a given direction of the tractor front, the solar
incident flux on walls get inside the cabin and the
global transmitted flux are reported on the Figure 5 as
a function of the solar incident fluxes. The more
elevated the solar specific flux is, the more incomes
get inside. Solar incomes start at 500 W and can reach
more than 2500 W (in South of France). Under hot
diurnal situations, its average is about 1700 W.

For sunny days in North of France, the transmitted
irradiance is about 2100 W, three times more what is
measured in [10] for a car. The window area is also
three times higher, what justifies such an elevated flux.
The incoming radiative heat comes essentially from
the windows, which contribute for 80% to the global
income.
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Figure 5. Solar income entering the cabin (W) versus solar incident
radiation (W/m?)

The Figure 6 shows average and maximal value of
the solar income according to the position of the
tractor with respect to the South: the most sensitive
variable is the maximal flux that varies of less than 4%
according to the tractor position. The average
fluctuates less than 2% with the tractor main direction.
As windows areas are quite equally distributed over
each face, the solar income is rather independent of the
tractor position.
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Figure 6. Solar incomes according to the vehicle front position with
regards to the sun (square: maximal annual value, triangle: average
value of percentile75)

4.2 Cabin temperatures

The solar incomes in tractor cabin are somewhat
elevated and the temperature inside are therefore more
elevated than air temperature. That is shown on the
Figure 7 where the temperatures are averaged on each
day for all countries and HDS: these conditions
represent about 18% of the annual time. Even if
summer’s temperatures are higher, conditions for
cooling needs exist all year round. Looking at T, the
parking temperature is the highest: it can reach 55°C
but its average stays near 38°C.

Hot cabin temperatures are found even with low
ambient temperatures (15°C). As soon as the
ventilation starts, the cabin temperature decreases and

stays half of the time under 30°C. In the middle of the
year, cabin temperature increases more frequently
above 30°C.

The ventilation is not enough to dissipate the solar
heat. With the adiabatic cooling, a significant decrease
of the temperature is observed in the cabin: in average,
the temperature falls of 3 °C compared to the case
“ventilation only”, but it is always higher than 20°C
and the median is even above 28°C.

We didn’t find any situation where the temperature
cabin is below the air temperature, although the inlet
temperature always is. This means that the cooling
power introduced with air is insufficient and higher air
flow rates should be used to increase the cooling
capacity of the system.

The inlet temperature is represented in Figure 8,
part a. In average, the air flowing out of the adiabatic
system is 5°C less than ambient air: if the ambient
humidity is high, the ambient temperature is near the
adiabatic  saturation temperature. Hence, the
temperature gradient between air and inlet fluctuates
accordingly with the humidity of more than 5 degrees.
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Figure 7. Cabin temperature averages in hot diurnal situations for
each day under various climates and related average of air
temperature

Tmax,cabine > 25 °C — Rsolaire > 100 W/m2

,_b)

W)

Inlet air temperature (°C)

Water flow rate (|

2 % El 5 15 2 2% 2
Air temperature (°C)

Air temperature (°C)
Tair>30°C

Cooling power - HVAC (W)

150 200

Cabin temperature - HVAC (°C)

Cooling power — Evaporative (W) Cabin temperature - Evaporative (°C)

Figure 8. In the upper part, a) - air inlet temperature and b) water
consumption of the adiabatic system according to ambient air
temperature for common situations — In the lower part, c) cooling
power of the conventional HVAC versus adiabatic system in critical
situations, d) cabin temperature with HVAC versus adiabatic system
in critical situations



In the part b of the Figure 8, is reported the water
flow rate needed by the cooling system: water needs
increase with the air temperature and can reach 1.2 I/h
for 30 m3/h of air flow. Ambient humidity also
explains the fluctuations of water rate for a given
ambient temperature. Minimal flow rate are found at
low ambient temperature (0.1 — 0.4 I/h). As standard
human, working light, produces 60 g of water / h and
50 W of sensible heat it is shown that the adiabatic
cooling introduce much more water in the cabin than
the driver does.

The lower part of the Figure 8 is dedicated to
extreme conditions, when air is above 30°C outside. In
these conditions, outside air is very dry and the water
flow rate need by the adiabatic cooler is high and
above 0.75 I/h. The cooling power of the adiabatic
system is generally about 130 W and levels out 200
W. The cabin temperature rises up to 36-40°C and the
adiabatic system is overwhelmed; 900 W would be
needed by a conventional HYAC to maintain the cabin
five degrees below the ambiance. This value is rather
constant and is corroborated by measurements in [5].
The corresponding extra fuel consumption is about
0.14 I/h. This is one third less than the estimated for
diesel cars in [1]: a finer assessment of the COP in
high ambient temperature should be required for a
better estimate extra fuel consumption.

Table 1. Hours per year of hot common situations (HCS) and
critical situations (CS) in different cities of France and average
functioning of adiabatic cooling — AT = Tgjim1 — Tvenii @nd HVAC in
CSonly (- AT’ =Tg-Teim = 5°C])

T,  Humidity

s -
H B . clim
Hours * Evapor. "::‘" HVAC “ﬂfh') c) Air
Per year s, (W) (W) (%)
year
Rennes 1286 79 68 794 068 223 057
Trappes 1328 40 72 789 067 216 053

3
3
Nancy 1396 99 3 74 775 0,72 22,7 0,53
Macen 1520 120 -3 75 777 0,76 23,4 0,54
La Rochelle 1601 68 -3 61 807 0,64 22,1 0,61
Agen 1706 120 3 73 786 0,72 229 0,55
Carpentras 2172 356 3 94 808 0,88 24,7 0,45
Nice 2174 20 9 57 803 0,65 22,9 0,63

In Table 1 are summarized the average cooling
power developed by the adiabatic system and
compared to the cooling power of conventional
HVAC. These, as well as the temperature drop with
the adiabatic system, depend weakly of the local
climate. The variable that is the most sensitive to the
climate is the water consumption, increasing of 30% in
arid region. The most significant change with climate
is not the way of functioning of the system, but the
probability to find hot or critical situations.

5. Conclusion

Field measurements of the temperature inside a
tractor are analysed and suggest that conduction could

also enhance the temperature near the driver.
Observations also stress that the driving in tractor is
often interrupted: opening and other constraints for
implement monitoring disrupt the thermal comfort and
temperature drops suggest that the thermal inertia of
the cabin seems weak. Further, the temperature inside
is mathematically described by the thermal balance
between convection losses at walls and solar incomes
through windows.

An idealised system of adiabatic cooling is added
and equations are given for estimating the air
temperature after the cooler, as well as the water flow
rate needed to cool in function of ambient condition.
An additional equation is proposed for assessing the
equivalent fuel cost of HVAC, so that fuel gains can
be established.

Solar incomes are higher in the tractor cab than in
cars because of the biggest window area. Radiative
incident fluxes are 1.6 kW in average and it is
independent of tractor front direction. Roof
contribution represents 20% of the incoming energy.
The maximal temperature in the cabin is achieved
when the tractor is parked outside under the sun. Its
average is reached 30° and 55°C is observed on
adverse conditions. The ventilation, used alone, is
sufficient to drop temperature of 10°C in winter and
5°C in summer. In hot diurnal situation, adiabatic
cooling removes 3°C more, by introducing an inlet air
being 5°C under the ambiance. The system is
sufficient to maintain cabin temperature above 30°C in
average, but with an high humidity. Such a system
doesn't provide an effective cooling in critical
situations. Under high ambient temperature, both
significant air cooling and high ventilation rate are
required to maintain the cabin above the ambiance.

Producing a cooling power 7 time higher, HYAC
can lower the temperature inside the cabin under
critical ambient temperatures and the estimated for
extra fuel consumption are found very low compared
to the hourly consumption of these heavy diesel
engine. On the annual basis, the probability of critical
situation is mainly dependant on the climate and it
gives more contrast on gains that functioning
assessment.

The water consumption is about 0.3 I/h and jump
up to 1.2 I/h in adverse conditions. A higher efficiency
of this system could be found by increasing the air
flow rate inside the cabin, but water need would
increase in proportion with the air flow rate. It would
also lead to elevated air velocity inside the cabin that
could also modify comfort acceptance, making cooling
need of less importance.
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Nomenclature

Symbol

o: tranmission coefficient

f3: wall slope (degree)

d: tractor orientation with respect to South (degree)
n: efficiency

0 wall orientation with respect to South (degree)

Letters

A: aera (m2)

Cp: specific heat capacity (J/kgK)

COP: coefficient of performance

h: convective exchange coefficient (W/m?K)

hr: relative humidity (%)

Idn: directionnal solar incident flux (W/m?)

Rpf: diffused by atmosphere solar incident flux (W/m?)
Dpf: diffused by soil solar incident flux (W/m?)
LHV: low heating value (J/kg)

M: water flow rate (I/h)

p: pressure (Pa)

P: power (W)

q: air flow rate (m*h)

R: incoming short wave irradiance

T: Temperature (K or °C)

U: overall heat transfer coefficient (W/m’K)

y: absolute humidity (kg water vapor /kg dry air)

Subscript

- air: ambiant air

- cab: cabin

- conv: conversion
- e: external

- HVAC: conventionnal air conditionner
- iz inlet or internal
- it: total internal

- m: metal

- 0: outlet

- ref: reference

- sat; saturation

- 1: total
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K/IMMATHYHA CUCTEMA BMECTO KOHBEHIIMOHAJIHA 3A KABUHA HA TPAKTOP
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Pe3iome:

KimumatndauTe cucteMu ca cTaHIApTHO 000pyIBaHE 3a TPAHCIIOPTHUTE CPEACTBA B HAIIH AHU. Te BOIST
JI0 YBEIMYaBaHE HA pa3xo/a Ha TOPUBO, a MHTETPHUPAHETO UM TIPH €ICKTPHUUCCKUTE W XUOPHUIHUTE aBTOMOOWIN
Ch3/1aBa IOMBJIHUTEIHN TPOOJIEMH C JWIICATa Ha aBTOHOMEH HM3TOYHHK Ha €Heprus. B Ta3m myOnmkanus e
M3CIIe[IBaHa BH3MOJKHOCTTA 3a M3IIOJI3BaHE Ha aanabaTHA KIMMAaTHYHA CHCTEMa 3a OXJaXKJAaHe Ha KaOWHATa Ha
TpakTop. 3a M3CIIeBaHE HAa TeMIlepaTypaTa B KaOMHATa ca W3IMOJN3BAaHHM SKCIICPUMEHTANHHU JAaHHU 10 BpeMe Ha
peatHa eKCIUToaTalys Ha TPaKTopa B TUIMHYCH paboTeH neH. C moMoInTa Ha Te3H JaHHH € aJalTHpPaH MOZICT 3a
W3YHCIsIBAHE HA TOIDIOOOMEHa MEXAy KaOWHaTa W OKONHAaTa cpenma. llocThIBamaTa CI'bHYCBA CHEPTHS €
W3YHCIICHA 32 PAa3IMIHU PETHOHU BHB DpaHIs, KaTO CTEICHTa Ha BEHTHIANWSA HAa KaOWHATa CHINO € B3€Ta IO
BHUMaHHUE. [Ipn cCUMyTaIMOHHAUTE U3CIICBAHUS € 3aMEHEHa KOHBEHIIMOHATIHATA KIIMMAaTHIHa CHCTEMa C TaKaBa,
KOSITO Pa3lphCcKBa BOJA Ha MaJIKM KallK{ Ha BXOJa HA BEHTWIAMOHHATA CHCTeMa Ha KabmHaTa. EdexTinBHOCTTA
Ha W3CJIe[]BAHATa CHCTEMa 3aBHCH OCHOBHO OT aTMOC(EpHUTE YCIOBHS, KaTo € HalpaBeHa OIICHKAa Ha
BB3MOKHOCTTA 33 OXJIaXKIaHE MPH Pa3iIMYHU KIMMAaTHIHU ycioBus. OmpererieHa e TeMIepaTypara B kKabuHarta
KakTO M pa3xoJa Ha BOJa OT CHCTeMaTa. [e3W pe3yiTaTH IOKa3BaT BB3MOXKHOCT 3a IOAOOpsIBaHE Ha
eHepruiiHaTa eQEeKTHBHOCT Ha WHAYCTPHAIHA TPAHCIOPTHH CpEACTBA IPH W3ION3BaHE Ha anuabaTHa
KJIIMIMaTHYHA CUCTEMA.

KiawuoBu nymu: aduabammno oxnasicoane, agmomoouiHo ob3agedcoane, moniuHeH 6aianc, pasxoo na
20puso
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