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Abstract: Solar radiation is a natural heat source with
multiple uses on farms, for example, heating the air
used in drying fruit technology and for domestic hot
water or artificial drying of forage crops in order to
obtain the hay. The paper presents the results of
researches performed with a plane solar collector
particular type, which is made of common materials and
is designed to heat the air within special fodder
ventilating installations for obtaining high quality hay
and reducing conventional energy consumption. During
this research, it has been measured and continuously
monitored the following parameters: meteorological
parameters (solar radiation, temperature, humidity), the
temperature in the panel at various times of the day,
TPS, air velocity in the panel, VPS, temperature
variation during the panel ventilation, 4 T solar collector
efficiency, n.
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INTRODUCTION

Through harvesting, preparation and preserving

various forms of fodder on grasslands and fodder
crops it aims to achieve a final product with a
nutritional value as close as possible to the original
green fodder, starting from the premise that it fulfills a
high quality feed, both in terms of botanical
composition (balanced mix of perennial grasses with
vegetables) and in the harvesting phenophase [2], [3],
[5].
Harvesting, preparation and preserving as hay form
represents the traditional method used in our country to
capitalize the fields with feed and fodder crops, especially
in the hilly and mountainous areas. In the plain regions,
the hay is produced on agricultural land planted with
annual or perennial forage crops, natural grasslands
occupying smaller areas.

In order to reduce the drying time and implicitely the
losses of nutritive substances, many harvesting,
preparing and conserving methods of hay have been
developed, drying representing an operation of great
importance, with the biggest implications in the final
quality of hay. The most known fodder drying methods
are: traditional (natural) drying in stubble field; drying on
supports; fodder drying by cold air ventilation; fodder
drying by hot air ventilation; green fodder drying by
thermal dehydration in special drying and briquetting
stations, [4].

The biggest losses of nutritive substances are
determined by hay traditional drying in stubble. These
losses might reach, in bad weather conditions, even
50..60%, the drying period coming up to 6-8 days [7].

When hay of 35-45% moisture is gathered from the
field, it is stored in hay stores or platforms endowed
with drying installation, where is achieved cold or
warm air ventilation up to conservation humidity (under
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Rezumat: Radiatia solard este o sursd de caldura
naturald cu multiple utilizari in fermele agricole, spre
exemplu incélzirea aerului utilizat in tehnologia de uscare
a fructelor, pentru prepararea apei calde menajere sau
pentru uscarea artificiald a plantelor furajere in vederea
obtinerii fanului. Lucrarea prezinta rezultate ale cercetarilor
efectuate cu un tip special de captatoare solare plane,
construite din materiale uzuale, pentru incélzirea aerului
utilizat de instalatiile speciale pentru ventilarea furajelor
in vederea obtinerii unui fan de calitate si reducerea
consumului de energie conventionald. In cadrul
cercetdrilor au fost masurati si monitorizati permanent
urmatorii parametri: parametrii meteorologici (radiatia
solard, temperatura, umiditate), temperatura aerului din
panou la diverse ore ale zilei, Tps, viteza aerului in panou,
Vps, variatia temperaturii in panou in timpul procesului de
ventilare, AT, randamentul captatorilor solari, n.

Cuvinte cheie: fan, ventilare cu aer cald, radiatie solara,
captatori solari

INTRODUCERE

Prin recoltarea, pregatirea si conservarea sub diferite
forme a furajelor de pe pajisti si din culturile furajere se
urmareste realizarea unui produs final cu o valoare
nutritiva cat mai apropiatd de cea initiala a furajului
verde, plecandu-se de la premisa ca acesta indeplineste
conditiile unui furaj de foarte buna calitate, atat in ceea
ce priveste compozitia sa botanica (amestec echilibrat de
graminee cu leguminoase perene), cat si in cea
referitoare la fenofaza de recoltare [2], [3], [5].

Recoltarea, pregatirea si conservarea sub forma de
fan reprezintd metoda traditionala folosita in tara noastra
pentru valorificarea furajelor de pe pajistile si culturile
furajere, in special de pe suprafetele din zona colinara si
montana. In regiunile de campie, fanul se produce pe
terenurile agricole cultivate cu plante furajere anuale sau
perene, pajistile naturale ocupand suprafete mai mici.

Pentru reducerea timpului de uscare si implicit a
pierderilor de substante nutritive s-au dezvoltat mai multe
metode de recoltare, pregatire si conservare a fanului,
uscarea reprezentand o operatie de mare importanta, cu
cele mai mari implicatii in calitatea finala a fanului.
Metodele de uscare a furajelor cunoscute sunt: uscarea
traditionala (naturald) pe miriste; uscarea pe suporii;
uscarea furajelor prin ventilare cu aer rece; uscarea
furajelor prin ventilarea cu aer cald; uscarea furajelor
verzi prin deshidratare termica in statii speciale de
uscare si brichetare etc. [4].

Pierderile cele mai mari de substante nutritive se obtin
la uscarea ftraditionala pe miriste a fanului. Aceste
pierderi ajung, in caz de vreme nefavorabila (prin
mucegairea fanului), chiar la 50...60 %, timpul de uscare
crescand la peste 6...8 zile [7].

Atunci cand fanul strans din camp la umiditatea de 35-
45% este depozitat pe fanarele sau platformele
prevazute cu instalatie de uscare, unde se face
definitivarea uscarii fanului prin ventilare cu aer rece sau
cald, pana la umiditatea de pastrare (sub 17%), se pot
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7%) and consequently, losses may be reduced up to
15-20% [8].

Installations for hay warm air drying based on
conventional energy consumption: fossile fuels and
electric energy are complex, expensive and difficult to
redeem in small and medium-sized farms in
unfavourable areas. Because of necessity to reduce
conventional energy consumption, new solutions for
non-polluting and cheap air heating solar installations
have been sought [9], [10], [11].

MATERIALS AND METHODS

The hay drying installation tested comprises the solar
collector (fig.1), storage platform, technical equipment
with axial fan and two circuits for air absorbtion humidity
and temperature measuring sensors and a command
board equiped with micro PLS, where the venting
programs were set according to methodology elaborated
for the installation testing.

The paper presents solutions designed to heat the air
in solar collectors assembled as a panel placed on the
ground, next to the drying platform.

The constructive solutions allow the users to move
the drying installation from a store platform to another,
on the spot, where hay final drying is needed. Also, the
panel may be adapted for mounting on the roof
deposits.

The solar panel (fig.1) is a main assembly of air
ventilation installation of bulk hay and because it is built
as a modular structure, the users may adjust their
installation according to the farm needs [6].
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reduce pierderile cu pana la 15-20% fata de tehnologia
clasica de uscare naturala in brazda [8].

Instalatiile pentru uscarea fanului cu aer cald bazate
pe consumul de energie conventionala: combustibili fosili,
energia electrica sunt complexe, scumpe si greu de
amortizat in fermele mici si mijlocii din zonele
defavorizate. Din necesitatea reducerii consumului de
energie conventionala s-au cautat solutii pentru incalzirea
aerului n instalatii solare, cu pret{ de cost mai mic si
nepoluante [9], [10], [11].

MATERIALE SI METODE

Instalatia de uscare a fanului utilizata in cadrul
experimentarilor a fost construita din panoul solar (fig.1),
platforma de depozitare, echipament tehnic cu ventilator
axial si doua circuite pentru absortia aerului, senzori
pentru masurarea umiditatii si temperaturii si un tablou de
comada echipat cu micro PLS, in care au fost setate
programele de ventilare conform metodologiei elaborate
pentru testarea instalatiei.

Lucrarea prezintd solutii pentru incalzirea aerului n
captatoare solare asamblate sub forma unui panou
amplasat pe sol, in apropierea platformei de uscare.

Solutiile constructive permit utilizatorilor mutarea
panoului solar de la o platforma de depozitare, la alta,
acolo unde este necesara definitivarea uscarii fanului. De
asemenea, panoul poate fi adaptat pentru montarea pe
acoperisul depozitelor.

Panoul solar (fig.1) este un ansamblu principal al
instalatiei de ventilare cu aer a fanului vrac, si deoarece este
construit Intr-o structura modulara utilizatorii isi pot configura
instalatia de uscare conform necesarului din ferma. [6].

Fig.1 - Assembled solar panel
1 - End collector; 2 - Intermediary collector; 3 - Admission and pressing collector;
4 - Air intake hole in the panel; 5 - Air exhausting hole; 6 - Tubes

The solar panel of installation studied comprises five
solar collectors designed to heat the air, serially mounted
one after the other, on a frame made of metallic profiles.
The solar collectors are light, made of pressed wood. The
frontal wall through which the light passes is made of
transparent material. Within the space designed to heat
the air, in the relevant collectors have been mounted
intermediary longitudinal walls, creating this way, the
space to lead the air in a zigzag movement, on all the
collectors surface, in order to obtain a maximum heating
yield.

The air to be ventilated is heated in the panel
collectors by means of greenhouse effect. During the air
ventilating, the atmospheric air is absorbed through a hole
- 4, passes through the solar panel in a zigzag course, it is
heated and after that is exhausted through a special hole -
5 of solar panel, continuing its way through the flexible
tubing - 6 towards the fan admission hole to the drying
platform levelling chamber.

A very important performance indicator of solar plane
panel is given by the solar collectors yield, n., calculated
with relation (1), [1]:
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Panoul solar al instalatie studiate, este format din
cinci captatori solari de incalzire a aerului, montati in serie
unul dupa celdlalt pe un cadru din profile metalice.
Captatorii solari sunt de tipul usor, in cazul de fata cu
peretii din OSB. Peretele frontal de admisie a radiatiei
solare este din plexiglass transparent. In spatiul de
incalzire al aerului, in captatorii nseriafi s-au montat pe
lungime pereti longitudinali intermediari, creandu-se
trasee pentru dirijarea aerului in zig-zag, pe toata
suprafata captatorilor, pentru obtinerea unui randament
maxim de Tncalzire.

Aerul necesar ventilarii este incalzit in captatorii solari
ai panoului prin efectul de sera. In timpul ventilarii, se
absoarbe aerului rece atmosferic prin orificiu - 4, acesta
parcurge panoul solar pe traseul Tn zig - zag, se incalzeste,
si se evacueaza prin orificiul special - 5 al panoului solar,
continuand traseul prin tubulatura de aspiratie flexibila - 6,
catre orificiul de admisie al ventilatorului pana in camera
de uniformizare a platformei de uscare.

Un indicator de performanta important pentru panoul
solar plan este randamentul colectorilor solari, n, calculat
cu relatia (1), [1]:
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n=mn -~ 1)
Ig
where: unde:
e 10 - Optical yield; e 10 - randament optic;
e (o - density of thermal flow dissipated in e (p - densitatea fluxului termic pierdut in mediul
environment, from thermal agent, [W/m?]; ambiant, de la agentul termic, [W/m?];
« g - density of global solar radiation, [W/m?]; « lq- densitatea fluxului radiatiei solare globale, [W/m?;
e 1 and g, are determined from relations (2) * 7o i Gp se determina din relatiile (2), respectiv (3):
respectively (3):
=1« @
q, =k-At 3)
where: unde:

e 7 - transmission factor of transparent material, 7 =
0.8...0.87 values recommended for glass, plexiglass;
a - factor of absorbtion of absorbing material,

a ~ 0.9 value recommended for black enamel;

k - global coefficient of thermal transfer between
collector and environment, [W/m?® K]; usual known
values k = 2...4 [W/m?K];

At - difference between collector average temperature
and environment, [° C].

Introducing relations (2) and (3) into (1), results the

relation (4), used for determining the yield of installation

plane collectors, results:

n=mn,-k

expressing:
AT - growing indicator of panel air temperature [°C];
AT, - difference between panel air temperature before
venting and air temperature in the panel after hot
ventilation of hay stored for drying, [°C]:

AT and AT, depend on air temperature in solar panel,
respecivelly on air temperature in the panel, after fodder
venting, as one can see in relations (5) and (6):

e 7 - factorul de transmisie al materialului transparent,

=0,8...0,87 valori recomandate pentru sticla, plexiglass;

o - factorul de absorbtie al materialului absorbant,

a~ 0.9 valoare recomanda pentru email negru;

k - coeficientul global de transfer termic intre colector

si mediul ambiant, [W/m? K]; valori uzuale cunoscute

k =2...4 Wm?K];

At - diferenta dintre temperatura medie a colectorului

si mediul ambiant, [° C].

Introducand relatiile (2) si (3) in (1) rezulta relatia (4)

utilizata in determinarea randamentului captatorilor plani

ai instalatiei cercetate:

At

Ig

exprimand:

AT - indicatorul de crestere a temperaturii aerului in panou, [°C];

AT, - diferenta dintre temperatura aerului din panou solar

fnainte de ventilare si temperatura aerului din panou dupa

ventilarea cu aer cald a fanului depozitat pentru uscare, [°C].
AT si ATy depind de temperatura aerului in panoul solar,

respectiv de temperatura aerului Th panou, dupa ventilarea

furajului, asa cum se poate vedea si in relatiile (5) si (6):

(4)

AT =T, -T, (%)
AT, =T, -T,, (6)
where: n care:

Tp - air temperature in solar panel, [° C];

Tey - @ir temeperature in the panel after hot air venting
of fodder, [° C].

A digital thermometer with transducer measuring the
panel temperature, INMA Bucharest professional
agrometeorological station designed to control meteo
parameters and a TESTOVENT 4000 type anemometer
for determining wind speed in the panel when ventilating,
were all used for tests.

Tp - temperatura aerului in panoul solar, [° CJ;

Tey - temperatura aerului in panou dupa ventilarea
furajelor cu aer cald, [° C].

La experimentari s-au utilizat: un termometru digital cu
traductor pentru masurarea temperaturii in panoul solar,
statia meteo profesionald agro-meteoreologica pentru
monitorizarea parametrilor meteo, termohigrometru si
anemometru tip TESTOVENT 4000 pentru determinarea
vitezei aerului Tn panou in momentul ventilarii.

o

Fig. 2 - Measuring the temperature and the air speed
1 - Temperature inside panel; 2 - Air speed at the inlet in panel; 3 - Air speed at the outlet in panel
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RESULTS

Equipment for converting solar radiation, solar
collectors planar panel is covered with transparent
materials that are being crossed by solar radiation on the
road to conversion element represented by the absorbing
surface made of OSB material painted in black enamel.

Transparent cover panel was made of Plexiglas known
as acrylic glass or stiplex with high transparency such as
glass and has a high impact resistance.

The measurements were performed between the
hours 8 in the morning and 16 in the afternoon.
The parameters of atmospheric air and inside the
captors, determined by measurement or calculation, are
presented in Table 1, values measured being specific to
a cloudy day of June.
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REZULTATE

Echipamentul de conversie a radiatiei solare, panoul
cu captatori solari plani, este acoperit cu materiale
transparente, care sunt traversate de radiatia solara, in
drumul spre elementul de conversie reprezentat de
suprafatd absorbanta realizata din OSB vopsita cu email
negru. Capacul transparent al panoului a fost realizat din
plexiglass cunoscut si sub denumirea de sticla acrilica
sau stiplex, cu transparenta asemanatoare sticlei si
rezistenta la impact mare.

Masuratorile s-au efectuat in intervalul orar 8...16.
Parametrii aerului atmosferic si din interiorul captatorilor,
determinati prin masurare, sau prin calcule, sunt
prezentati in tabelul 1, valorile sunt specifice unei zile cu
cer variabil din luna iunie.

Table 1
Air solar panel parameters
Hour

Parameter UM 8 9 10 11 12 13 14 15 16
Solar radiation, Ig kw/m? | 0.425 0.562 0.525 0.219 0.798 0.203 0.159 0.073 0.055
Atmospheric humidity, Ua % 72.243 | 65.075 64 61.287 | 59.392 | 54.477 | 53.094 | 58.419 | 72.243
Atmospheric temperature, Ta, °c 23 24.89 26.31 26.5 27.36 27.44 27.78 26.89 23
Temperature in the panel, Tp °c 24.6 28 40 45 66 65 56 55 55
Indicator of panel temperature 0
increasing, AT C 1.6 3.11 13.69 18.5 38.64 37.56 28.22 28.11 32
Panel temperature after 15 0
ventilating min. Te, [°C] C 23 26 30 33 38 36 30 29 27
Temperature variation during 0
the ventilation, AT c 16 2 10 12 28 29 28 25 28

! \

The absoption process of solar radiation on absorbing
surface of solar collectors, is characterized by the
absorption coefficient of the absorbing material. Thus, the
black enamel in which the collector was peinted has an
absorption coefficient of & = 0.9 which means that 90% of
solar radiation that reaches this material is converted into
heat [1].

For the average yield calculation of the solar collector
it has been used the equations (1), (2), (3), (4) and the
following coefficient values [1]:

e transmission factor for glass or Plexiglas: z~ 0.835;

o absorption factor for black enamel: o =0.9;

o global heat transfer coefficient between collector and
the environment k = 2.5 W/m?K:

From Table 1 it have resulted the recorded average
values for the following parameters:

- difference between average temperature of the
collector and the ambient temperature: At = 22,27°C.

- Global solar radiation density flux during the
experiments: Iy = 335 W/m®.

From the calculation it has resulted:

- optical yield: 0 = 75%;
- average yield of solar
experimenting day: 7 =58%

collectors on the
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Procesul de absorbtie a radiatei solare pe suprafata
absorbanta a colectorilor solari, este caracterizat de
coeficientul de absorbiie al materialului absorbant. Astfel
emailul negru cu care a fost vopsit captatorir, are un
coeficient de absorbtie a=0,9 ceea ce inseamna ca 90%
din radiatia solara care ajunge pe acest material, este
transformata in caldura [1].

Pentru calculul randamentului mediu al colectorilor
solari s-au utilizand relatiile (1),(2),(3),(4) si urmatoarele
valori pentru coeficienti, [1]:

o factor de transmisie pentru sticla sau plexiglass: 7 ~
0,835;

o factorul de absorbtie pentru email negru: ¢ =0.9;

o coeficientul global de transfer termic intre colector si
mediul ambiant, k = 2,5 Wim? K;

Din tabelul 1 au rezultat valorile medii inregistrate
pentru urmatorii parametri:

- diferenta dintre temperatura medie a colectorului si cea
a mediului ambiant: At = 22,27°C.

- densitatea fluxului radiatiei solare globale n timpul
experimentérilor: 1y = 335 W/m’

Din calcul au rezultat:

- randament optic: 7 = 75%;
- randamentul mediul al
experimentarilor: 77 =58% .

colectorilor solari in ziua
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Fig. 3 - The air temperature variation in the atmosphere and solar sensors

The temperature and air humidity variation of the solar
panel according to the atmospheric parameters are
shown in Figures 3 and 4.

Variatia temperaturii si umiditatii aerului din panoul
solar in functie de parametrii atmosferici este aratata in
figurile 3 si 4.
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Fig. 4 — The atmospheric humidity variation and solar sensors

During fodder ventilation by air heated in solar
collectors studied, the installation axial fan absorbs the
air, leads it through tube system to the drying platform
levelling chamber, from where air penetrates into the
fodder mass through the grating of drying platform and
ventilating channels designed for this purpose.

The solar panel air velocities at different times of
ventilation are shown in Table 2.

Tn timpul ventilarii furajelor cu aerul incalzit in captatorii
solari studiati, ventilatorul axial al instalatiei absoarbe
aerul, 1l dirjeaza prin tubulaturi Tn camera de
uniformizare a platformei de uscare, iar de aici patrunde
in masa de furaje prin gratarul-plasa al platformei de
uscare si canalele de ventilare special amenajate pe
platforma de uscare.

Vitezele aerului in panoul solar in diverse momente ale
ventilarii sunt prezentate in tabelul 2.

Table 2
The panel air velocities during the ventilating process
Parameter Hour
8 10 12 14
Air speed [m/s/] 1.61 1.71 1.84 1.84
Air speed when entering the panel [m/s/] 2.4 2.5 2.4 2.4
Air speed when leaving the panel [m/s/] 25 2.5 2.4 2.5

CONCLUSIONS

After the researches, the following appreciacions and
conclusions can be formulated:

e In order to reduce hay qualitative and quantitative
losses, determined by long time exposure to sun and
atmospheric factors after mowing and leaves losses
by shaking, the technology of gathering the fodder
on field at 35-45% humidity, their storing in special
dryers or hay special stores and the final drying up to
appropriate conservation humidity (about 18%) by
warm air ventilation, were assured;
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CONCLUZII

In urma cercetarilor se pot formula urmétoarele
concluzii si aprecieri:

e Pentru reducerea pierderilor calitative si cantitative
ale fanului, datorate expunerii indelungate la factorii
atmosferici dupa cosire si pierderilor de frunze prin
scuturare s-a introdus tehnologia de strAngere a
furajelor din camp la umiditati de 35...40%, depozitarea
acestora in uscatoare sau fanare speciale si
definitivarea uscarii pana la umiditatea de pastrare
(cca.18%) prin ventilare cu aer rece sau cald;
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¢ For small farms has been achieved and studied the
hay drying installation by ventilating the air heated
in panel comprising the solar collectors, for
reducing the electric and mechanical energy
consumption;

¢ Temperature in panel is influenced by solar radiation
and atmospheric air temperature. Analyzing the
panel temperature increasing indicator, it has been
found that between 8..9 hours the temperature
raises up to 3°C, and between 10...16 hours the
temperature reaches up to 39°C. Maximum values
are registered within 14-16 hour interval;

e The solar panel construction and ventilation
installation make the air speed in the panel to be
almost steady during ventilation process;

e The average yield of the solar panel , n=58%, is
within the values indicated in the literature;

e The solar panel studied assures the heated air necessary
to achieve the hay dehydrating by ventilation
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¢ Pentru fermele mici s-a realizat si studiat instalatia
de uscare a fanului prin ventilare cu aer incalzit in
panou realizat din captatoare solare, pentru
reducerea costurilor sub aspectul consumului de
energie electrica sau mecanica;

¢ Temperatura din panou este influentata de radiatia
solara si temperatura aerului atmosferic. Analizand
indicatorul de crestere a temperaturii in panou, se
constatd ca intre orele 8..9 cresterea temperaturii
este de cca.3°C, iar intre orele 10...16 cu pana la
39°C. Valorile maxime s-au inregistrat in intervalul
orar 14...16;

e Constructia panoului solar si instalatia de ventilare
fac ca in panou viteza aerului sa fie aproape
constanta in procesul de ventilare;

¢ Randamentul mediu al panoului solar, n=58%, se
incadreaza in valorile indicate de literatura de specialitate;

e Panoul solar cercetat asigura aerul cald necesar
definitivarii uscarii fanului prin ventilare.

Recunoastere
Lucrarea este finantatd de catre MADR - Program
Sectorial ADER 2020, Contract de finantare nr.65/2011.
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