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Abstract: In Compost-Bedded Pack Barn (CBP) systems, air velocity is linked with the
thermal comfort of housed dairy cattle and bedding quality and, therefore, assessing
ventilation efficiency is essential. In this context, the objective of this study was to
evaluate and characterize dependence and spatial distribution of air velocity at the 1.5
m height (v,,,) and at bedding level (v, ) in an open CBP system with positive pressure
ventilation. The study was conducted in 2021, in a facility located in the Zona da Mata
region, Minas Gerais, Brazil. The facility area was divided into a mesh composed of 55
equidistant points, where v, and v, , data were collected in the morning (09:00 a.m.)
and afternoon (03:00 p.m.) periods, during three weeks in Brazilian winter. Geostatistics
techniques were used to assess dependence and spatial distribution. In both periods
evaluated, there were a strong occurrence of spatial dependence and non-uniformv,_,
and v, distributions. The v, and v, ; values were lower than recommended (1.8 m-s™)
in more than 65.0% of the area. Adequate ventilation levels were observed only in the
first 20.0 m of the facility, from Southeast to Northwest, because of the fan lines present.

Key words: dairy cattle confinement, ventilation efficiency, thermal comfort, geostatistics.

INTRODUCTION

The dairy cattle confinement in partially closed
facilities is one of the most used strategies
to improve the thermal environment of milk
production and, consequently, ensure greater
productivity, milk quality, rational use of natural
resources and control of greenhouse gas
(Perissinotto et al. 2009, Galama et al. 2020, Leso
et al. 2020, Mee & Boyle 2020). Among the feedlot
systems of dairy cattle used in Brazil, there has
been a recent growth in the implementation
of the Compost-Bedded Pack Barn (CBP). This
system is already consolidated in European and
North American countries (Damasceno 2020).

The first CBP systems built in Brazil
were designed following North American
recommendations but opting for the design of
facilities with open sides (Damasceno 2020). In
this case, mechanical ventilation systems are
usually employed, because it is not possible to
ensure, only with the natural ventilation use,
adequate conditions of comfort for the housed
animals and aeration for the bed composting
process (Pilatti & Vieira 2017, Caldato et al.
2020). Normally, mechanical positive pressure
ventilation systems are used, using low-volume
and high-speed (LVHS) or high-volume and low-
speed (HVLS) fans (Leso et al. 2018).
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Ventilation systems applied to CBP facilities
should ensure that the air velocity (v_,) is kept
close to 1.80 m-s™ throughout the facility area,
making it possible to bedding drying, remove
gases and encourage thermal exchanges (Black
et al. 2013). In the open facilities case, in which
there is no uniform control over ventilation
rates, it is essential that ventilation efficiency
assessment procedures be performed, to verify
whether it is adequate or if there is a need for
adjustments in the design and/or management.

In this system type, it is important that the
procedures for evaluating ventilation efficiency
are performed at different heights, preferably
at the 1.5 m height (v, ) and at the bedding
level (v, ). At the 1.5 m height (average height
of the mass center of dairy cattle), the interest
is to evaluate the thermal comfort degree of the
animals positioned standing, because the air
velocity has a direct influence on the surface
temperature and physiological responses of
these animals (Almeida et al. 2010, Pilatti et al.
2019). At bedding level, the goal is to measure
the air velocity magnitude experienced by the
lying animals and available for bedding drying
(Black et al. 2013, Damasceno 2020).

Thus, although a ventilation system is still
sized in the design phase of a new facility,
evaluations should be carried out in the field
later, permitting it to make the necessary
adjustments and refinements. Therefore,
appropriate computational methods and tools
should be used, capable of assisting in the
diagnosis of the real environment situation and
in decision-making to make improvements to
it. Among these evaluation processes, highlight
the geostatistics techniques use, which allow
evaluating dependence and spatial distribution
of different variables, as well as analyzing the
results based on the natural data structure
(Cambardella & Elliott 1992, Medeiros et al. 2014,
Oliveira et al. 2021, Andrade et al. 2022).

AIR VELOCITY IN OPEN COMPOST BARN SYSTEM

In view of the above, the objective of
this study was to evaluate and characterize
dependence and spatial distribution of the
variables air velocity at the 1.5 m height and
at bedding level in the internal facility area for
confinement of dairy cattle in production, in an
open Compost-Bedded Pack Barn system with
positive pressure ventilation (CBPPV).

MATERIALS AND METHODS

This study was conducted during the three-
week period of July 2021, in the Winter, climatic
season in which conditions of excessive bedding
moisture are observed in CBP systems, a factor
considered as a key point for the success of
the system and which, therefore, should be
controlled. Procedures were performed in
accordance with the guidelines recommended
by the Ethics Committee in Animal Use of the
Federal University of Vicosa (Process 04/2021).

Characterization of the Compost-Bedded Pack
Barn system and management practices

Experimental data were collected at a facility for
confinement of lactating dairy cattle in an open
Compost-Bedded Pack Barn system with positive
pressure ventilation (CBPPV). The commercial
property where the study was carried out is in
the mesoregion of Zona da Mata, in the following
coordinates: latitude 20° 46" 41" S; longitude
42° 48 51" W; and altitude 670 m. According to
Koppen's Climatic Classification, the climate of
the region is classified as Cwa — subtropical
mesothermal, with dry and cold winter, and
rainy and hot summer (Sa Janior et al. 2012).
The CBPPV system was built in July 2019,
had Southeast-Northwest orientation, and
presented as constructive characteristics: 60.0
m long, 27.6 m wide, 5.0 m right foot, two-water
roof, with structure and metal roof, presence of
central opening with overlap of 1.0 m, and eaves
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Figure 1. Schematic representation of the Compost-Bedded Pack Barn facility where the experimental data were
collected: (a) floor plan with collection points and (b) cross-sectional. *SV — sense of ventilation; i — roof slope; N

— North indication; dimensions in meters (m).

of 2.2 m. The interior of the system consisted of
864.0 m” of bedding area, 252.0 m” of feeding
alley, where four tipper drinkers (2.0 m long
each), 276.0 m’ of drive-through alley, with a
single feeder of 60.0 m in length, and 85.8 m’ of
service alley (Figure 1).

Around the entire bedding facility area, low
concrete wall (0.2 m high) was constructed, with
functions of avoiding loss of bedding material,
material passage to the feeding alley and/or
waste from the feeding alley to the bedding
area. In the places where tippers drinkers were
installed, there were protection walls (1.2 m),

to contain the animals, preventing them from
having access to water directly from the bedding
area, which could wet it. The feeding, service
and drive-through alleys had grooved concrete.

The ventilation installed in the barn was
positive pressure type, supplied by means of six
mechanical fans of low-volume and high-speed:
two three-blade fans, 1.52 m in diameter, 1.5 hp
of power and 86000 m*h™ of air flow, installed
on the Southeast facility face; and four six-blade
fans, diameter of 1.53 m, 2.0 hp of power and
55000 m*h™ of air flow, installed throughout the
facility (coordinates 12.0 and 36.0 m, with respect
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to the Southeast face). The fans were installed
at the 3.0 m height, with the 45° inclination in
relation to the horizontal, and remained on
without interruption (24 h-day™).

The facility had a lighting system provided
by eighteen LED lamps of 100 W, installed at the
4.8 m above the bed, and distributed throughout
the facility (nine in the central region of the
bedding area and nine in the border region
between feeding alley and drive-through alley).
The lighting system was activated only during
the night period (06:00 p.m. to 06:00 a.m.).

The bed consisted of a mixture of shaving
and sawdust, in the form of a mattress about
0.60 m thick, and the approximately time use of
four months (in the study beginning — July 2021).
For bedding composition, in the initial stage
was added a dry sawdust 0.30 m layer, which,
together with the feces and urine deposited
by the animals, started the semi-composting
process. Subsequently, dry materials (shaving
and sawdust) were inserted whenever the
bedding moisture increased too high, causing
increased animal dirtiness, compaction and
anaerobiosis bedding situation. During the
experimental period, the replacement or dry
material addition was performed twice, when it
was observed that the bed was over-moisture.

For the bedding material stirring, a hybrid
implement (bed rototiller with cultivator, 2.0 m
actuation width, 5 rods, 0.50 m maximum depth,
540 rpm maximum rotation, and 0.30 m rotation
effective depth) was used, driven by a tractor
(light line, 78 hp and 2400 rpm nominal rotation).
The revolving operation was performed twice
a day (09:00 a.m. and 04:00 p.m.), following
standard routine defined in the farm.

The dairy cows housed inside the barn
remained distributed in two lots, according
to their milk yield and following the routine
established in the farm. Animals with higher
productivity were housed in Lot 1, which had

AIR VELOCITY IN OPEN COMPOST BARN SYSTEM

518.4 m’ bedding area (36.0 x 144 m) and was
located near the Southeast facility face. In turn,
the animals with lower productivity remained
housed in Lot 2, which had 345.6 m” bedding
area (24.0 x 14.4 m) and was located near
the Northwest facility face. Throughout the
experimental period, 80 Holstein cows (Pure
of Origin, average weight of 600 kg, lactating)
remained housed in the barn, of which 45 were
housed in Lot 1(11.52 m*head™), and 35 remained
confined in Lot 2 (9.87 m*head™).

The standard routine of activities in
the facility was maintained throughout the
experimental period, so milking and feeding
were performed twice a day. The milking started
at 04:00 a.m. and 04:00 p.m., had an average
duration of 02h30min, and were executed in a
2x6 fishbone milking parlour, attached to the
facility. The animals’ access to the feeding alley,
where feed and water were available, was free
throughout the day. The floor of the feeding
alley was cleaned once a day in the morning,
using flushing.

Air velocity data acquisition

To the data collection, the zone occupied by the
animals (ZOA), consisting of the bedding and
feeding alley, was subdivided by means of a
regular mesh (6.0 x 4.5 m), with 55 equidistant
points. The points were distributed along the
bedding and feeding alley areas, according to
the facility characteristics (Figure 1).

Air velocity magnitude data were measured
using a hot wire anemometer (Instrutherm®,
model TAFR-190, with a scale between 0.1 and
25.0 m's”" and 5% accuracy). The data were
collected at two different heights: 1.50 m above
the bedding level (va‘.r'M, in m-s”), to verify air
velocity magnitude experienced by the animals
positioned standing; and 0.05 m above the bed
(v, in ms?), to simultaneously check the air
velbcity magnitude experienced by the animals
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and available for bedding drying. To perform
the collections, the hot wire anemometer was
positioned at each collection point, in the
bedding and feeding alley regions, totaling 55
and 44 collection points of v (ZOA — bedding
area + feeding alley) and Vaie (bedding area),
respectively. Because it is an open facility,
which is influenced by external wind currents,
V. @and v, . were measured six times during
the experimental period, in the morning (09:00
a.m.) and afternoon (03:00 p.m.). All collections
were performed with the ventilation system in
operation (six fans at maximum velocity) and
with the animals’ presence inside the facility.

airM

Descriptive statistics and geostatistics
analysis

The mean data of v, and v, were initially
evaluated by descriptive statistics. For each
variable and in each period (morning and
afternoon), values of mean, median, minimum,
maximum, standard deviation (SD), coefficient
of variation (CV), kurtosis (Kurt.) and asymmetry
(Ass.) were obtained. The dispersion assessment
of the experimental data was performed using
CV classification proposed by Warrick & Nielsen
(1980). Data with low dispersion were considered
when CV was less than 012, moderate dispersion
when CV was between 012 and 0,24 and, high
dispersion when CV was greater than 0.24.

The spatial variability evaluation of the v, |
and v, , levels inside the facility was performéd
using geostatistics techniques. The analyses
were carried out using the R Development Core
Team (2021) computer system, through the geoR
library (Ribeiro Junior & Diggle 2001).

The spatial dependence of the interesting
variables was evaluated by semivariogram
adjustments, using the Matheron estimator
(1962), according to Equation 1.

V(h> = W) Nz(h:) [206) - 2%, o) )

i=1
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where y(h) is the semivariance, N(h) is the
number of experimental observations pairs Z(X.)
and Z(X. + h) at locations X, and X, + h, separated
by the distance h.

To adjust the experimental semivariograms,
the Ordinary Least Squares (OLS) and the
Restricted Maximum Likelihood (REML) methods
were used. In all cases, Spherical, Exponential
and Gaussian models were evaluated (Equations
2, 3 and 4, respectively), as suggested by Vieira
et al. (2010a).

g =c,+c-[15-%)-05-(4)] ifh< a
y(n=c,+C,ifh > a (2)
p=c,+c - [1-exp(=31)] (3)

y(h=c, +C,- { 1- Exp[—3(%)2]} (4)

where C  is the nugget effect, C is the
contribution, and a is the range.

Cross-validation procedures were performed
to evaluate and choose the adjustments
obtained, and mean error (E,), mean error
standard deviation (SD,), reduced error (E,) and
reduced error standard deviation (SD,) were
calculated, as described by Ferraz et al. (2020).
For each variable, the adjustment in which the
closest to zero E, and E_ were obtained, lower
Sb,, and SD, closer to one were chosen, as
recommended by Isaaks & Srivastava (1989).
From the mathematical models y(h) chosen for
each variable, coefficients from the theoretical
model for the semivariogram were extracted:
nugget effect (C,), contribution (C), sill (C, + C),
range (a) and practical range (a’).

To evaluate spatial dependence, used
the Spatial Dependency Index (SDI), obtained
through the ratio between the nugget effect
(C,) and the sill (C, + C). The SDI analysis
was performed using the classification of
Cambardella et al. (1994), which lists spatial
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dependence as strong (SDI < 0.25), moderate
(0.25 < SDI < 0.75) and weak (SDI > 0.75).

Finally, after defining the best-adjusted
semivariograms and verifying the spatial
dependence occurrence, the ordinary kriging
technique was used to estimate the air velocity
magnitudes in non-sampled regions. From the
interpolated data, spatial distribution maps were
generated using the ArqGIS® computer program,
version 10.1, with license to use the Department of
Agricultural Engineering of the Federal University
of Vicosa. For detailed numerical information
about the area fractions occupied by each class
of the evaluated variables, histograms were
generated, as suggested by Oliveira et al. (2023).

AIR VELOCITY IN OPEN COMPOST BARN SYSTEM

RESULTS AND DISCUSSION

Tables I and Il list descriptive analysis data and
methods, models and parameters estimated
from experimental semivariograms adjusted
for the variables air velocity at the 1.5 m height
(v.. ., in m:s™) and air velocity at bedding level
(vair’B, in m-s™), in the CBPPV system internal area
(morning and afternoon periods).

It can be observed that in both periods
evaluated (morning and afternoon), the mean
values recorded forv_ , were close to each other
(15 + 04 and 14 + 0.3 m's™), an indication that
this variable had a profile with similar behavior,
regardless of the evaluated period (Table I).

air,m?

Table I. Descriptive analysis of the mean values of the variables air velocity at the 1.5 m height (vair’M, inm-s™)

and air velocity at bedding level (v

air,B!

pressure ventilation, during the Winter period.

Variable Period Mean Median Minimum
Morning 15 14 0.6
va\r.M
Afternoon 14 14 0.4
Morning 1.5 13 0.2
Va\rB
Afternoon 1.6 1.5 0.2

, in m-s™) inside the open Compost-Bedded Pack Barn system with positive

Maximum SD cv Kurt. Ass.
33 0.4 0.25 3.41 0.53
2.6 0.3 0.23 2.50 013
4.0 0.6 0.41 3.89 114
4.2 0.7 0.44 4.06 m

* SD - standard deviation; CV - coefficient of variation; Kurt - kurtosis; and Ass. - asymmetry.

Table II. Methods, models, and parameters estimated from the semivariograms adjusted for the mean values of

air velocity at the 1.5 m height (v

air,M

) and air velocity at bedding level (v

) inside the open Compost-Bedded Pack

air,B

Barn system with positive pressure ventilation, during the Winter period.

Variable Period Method Model C, C,
Morning REML Spherical | 0.0227 | 0.2968
Va\rM
Afternoon REML Spherical 0.0157 0.2317
Morning REML Gaussian | 0.0000 | 0.6892
Va\rl}
Afternoon REML Gaussian | 0.0000 | 0.8744

C,+C, a a SDI E, sD,, E, SD,

03195 | 54773 | 54773 | 0.0710 | -0.0005 | 0.5745 | -0.0004 | 1.0091
02474 | 57163 | 57163 | 0.0635 | -0.0007 | 0.5049 | -0.0007 | 1.0093
0.6892 | 6.0831 | 10.5288 | 0.0000 | -0.0120 | 04273 | -0.0116 | 0.8959
0.8744 | 72697 | 12.5825 | 0.0000 | -0.0146 & 03305 | -0.0183 = 09853

*C, - nugget effect; C, - contribution; C, + C - sill; a - range; a’ - practical range; SDI - Spatial Dependence Index; E, — mean
error; SD,, — mean error standard deviation; E, - reduced error; SD, - reduced error standard deviation; and REML - Restricted

Maximum Likelihood.
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Similar behaviors were observed for v_ .
(Table 1), in which mean values of 1.5 = 0.6 and
1.6 + 0.7 m-s” was recorded in the morning and
afternoon periods, respectively. The recording
of v, andv, ,mean values close to each other
is an indication that the mechanical ventilation
system used was being effective in maintaining
this constant attribute at different heights
throughout the facility.

As can be seen from Table I, in both the
evaluated periods (morning and afternoon)
the mean and median values obtained for
the variable’s V,.m @and v . were close to each
other. Therefore, it can be inferred that these
attributes are close to the normal distribution,
according to Little & Hills (1978). According to the
classification suggested by Warrick & Nielsen
(1980), it was found that the air velocity data
showed high variability (CV > 0.24), except for
V. IN the afternoon period, in which the data
dispersion was classified as moderate (CV =
0.23). According to Faria et al. (2008), air velocity
is an attribute with high spatial and temporal
variability, which can undergo abrupt changes
in magnitude and direction. Therefore, it is
common for this variable data to present high
dispersion, even in facilities with the mechanical
ventilation use.

Regarding semivariogram adjustments
(Table 11), the best results were obtained using
the Restricted Maximum Likelihood (REML).
This method has been used for adjustments of
small data clusters, as it results in less biased
estimates (Marchant & Lark 2007, Ferraz et al.
2019).

For v, the best results were obtained
using the Spherical model, while for v_, . were
achieved using the Gaussian model (Table II).
These two models are appropriate to describe
the spatial distribution of the variables
under study, because their functions are
conditional positive, a condition that ensures

AIR VELOCITY IN OPEN COMPOST BARN SYSTEM

that the calculated variances were also
positive (McBratney & Webster 1986, Vieira et
al. 2010a). Based on the data extracted from
cross-validations, it can be concluded that the
adjustments were satisfactory, since the E, and
E, values were close to zero, as well as the SD_
values were close to one, as recommended by
Isaaks & Srivastava (1989).

For both variables (v, , and v, ) and in both
periods (morning and afternoon), the values
of unexplained variability (C,) were low when
comparedtothesill(C,+C,) (Table Il). Considering
the classification suggested by Cambardella et
al. (1994), it was found that all values of Spatial
Dependency Index (SDI) were low (< 0.25),
characterizing the occurrence of strong spatial
dependence. The highest value was obtained
for the variable v, in the afternoon period,
in which SDI equal to 0.0710 was obtained.
Through these results, it can be concluded that
the use of ordinary kriging techniques returned
representative results of the variables, since the
contribution of the nugget effect to the sill was
low (Curi et al. 2017, Oliveira et al. 2023).

According to Andriotti (2003), another
important geostatistics parameter is the
range (a), which is used to determine the
spatial dependence limit, separating samples
correlated with each other from independent
samples. Through Table II, it can be observed
that in all cases the a values were higher than
the shortest distance between collection points
(4.5 m), reinforcing that the sampled points had
correlation with each other and that there was
an occurrence of spatial dependence (Andriotti
2003, Vieira 2000). The lowest values were
observed forv_, , inthe morning, where a = 54773
m. In view of this result, it can be concluded
that the distance between collection points was
adequate, considering all variables evaluated.

Once the occurrence of strong spatial
dependence was observed (Table I1), the
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Figure 2. Spatial distribution of air velocity at the 1.5 m height (v, ,, in m-s™): (a) morning and (b) afternoon
periods. *SV — sense of ventilation; Av, , — air velocity variation at the 1.5 m height; v, ,  — average air velocity
outside the facility; N — North indication; dimensions in meters (m).

interpolation techniques by ordinary kriging
could be used to estimate the data in unsampled
locations, allowing the production of spatial
distribution maps. These maps were used to
identify places with low and/or excessive air
speed, to offer solutions for improvements in
the environment (Faria et al. 2008, Oliveira et
al. 2022). The maps of v, in the morning and
afternoon periods, are illustrated in Figure 2.

As can be seen through the analysis of
Figure 2, the v, mean magnitudes presented
heterogeneous distributions inside the facility,
but were similar between the periods evaluated
(morning and afternoon). The mean range
of v, variation was higher in the morning
period (Avair’M = 2.7 m-s™), but the minimum
and maximum values were always recorded in
the same locations. The v minimum values

airM
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were observed in peripheral places, especially
in regions near the feeding alley, while v_,
higher values were recorded in the bedding
area, in the vicinity of tipper drinkers’ protection
walls (operation zones of the ventilation lines).
There was no occurrence of regions with v
excessively high (> 5.0 m-s™).

Through Figure 2, it can be observed that
along the feeding alley (Southwest face) average
magnitudes of low velocities were recorded (< 1.0
m-s”). It can be inferred that its occurrence was
due to the presence of protection walls between
the bedding area and the tipper drinkers’
present in the feeding alley (1.2 m height),
which, according to Mondaca et al. (2019), act as
a physical barrier to air flow, reducing and/or
preventing its passage to the feeding alley. If, on
the one hand, the presence of these protection
walls reduces and/or prevents the passage of
air flow currents to the feeding alley, on the
other hand it allows the increase of the average
magnitudes of air velocity in its vicinity, in the
bedding area. For instance, the v highest
values (> 3.0 m-s™) were recorded in the bedding
area near a protection wall, in the morning
(Figure 2a).

Studies conducted by Berman (2008) and
Mondaca et al. (2019) evaluated heat transfer and
physiological responses of lactating dairy cattle
under thermal stress conditions and observed
that air velocity magnitudes greater than 2.0 m-s™
improved the thermal comfort of the housed
animals. In CBP systems it is recommended to
keep air velocity close to 1.8 ms™ in the entire
zone occupied by the animals (ZOA, below 1.50
m), allowing to ensure the bedding drying,
gases removal and favoring thermal exchanges
(Black et al. 2013). Admitting the air velocity
magnitude recommended by Black et al. (2013)
as the minimum air velocity for cooling the
animals and bedding drying (MVCDB = 1.8 m-s™),
it was verified that in the morning and afternoon

ainM
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periods there were occurrences of regions with
V.. values lower than recommended (Figure 2).
At both times, it was noticed that the highest
air velocity magnitudes were recorded in the
fans action areas, indicating that they occurred
due to the mechanical ventilation presence.
However, it was also observed that there were
occurrences of zones with low v_ . in which
air velocity magnitudes were obtained close to
those recorded in the external environment (Vair,Out
mean equal to 1.0 and 0.7 ms™, in the morning
and afternoon periods, respectively). These zones
were observed in the initial, central, and posterior
facility regions, where it can be inferred that the
effect of mechanical ventilation was not noticed.

Fagundes et al. (2020) used computational
fluid dynamics (CFD) techniques to evaluate
the air flow generated by low-volume and high-
speed fans (LVHS). The authors verified that
in the region directly below the fans first line
occurred the formation of a zone with low air
velocity magnitude. As the fans were installed at
3.0 m high and with the 45° slope in relation to
horizontal, it is estimated that the air flow in the
immediately preceding region was suctioned
and directed by these equipments, forming an
area with low v, immediately below them. In
fact, through the results shown in Figure 2, it can
be inferred that the quantity and arrangement
of the equipment present in the facility were
not adequate.

Throughoutthe facility area, the formation of
regions with low v, also occurred in the central
and posterior regions (Northwest) (Figure 2). This
occurred because the distance between fan lines
was much longer than recommended (12.0 m,
according to Damasceno 2020). Therefore, there
was no evidence of the continuity occurrence of
ventilation air currents, which is necessary to
maintain the airflow uniformity.

According to Mondaca et al. (2019), in
facilities used for animal confinement, about
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Figure 3. Frequency distribution of air velocity at the 1.5 m height (vair’M, in m-s™): (a) morning and (b) afternoon

periods.

78.0% of the air flow occurs above or around ZOA.
Therefore, through the v, results portrayed in
this study (Figure 2), it can be inferred that the
smallest v, magnitudes observed are due to,
in part, to the load loss caused by the animals’
presence and other obstacles contained in the
ZOA, such as protection walls, pillars etc.

In the feeding alley region, where low v,
magnitudes were recorded (Figure 2), increasing
the overall ventilation rate inside the facility
would be ineffective in reducing the area with

V... lower than MVCDB, as stated by Mondaca et
al. (2019). To improve the microenvironment in
the region, it is recommended to use localized
ventilation solutions, through low static pressure
ventilation systems associated with evaporative

An Acad Bras Cienc (2023) 95(Suppl. 1)

adiabatic cooling, which can be triggered only
when identified conditions characterized as
thermal discomfort.

To obtain the fractions of area occupied by
each class of the variables evaluated, frequency
distribution graphs were generated. Figure 3
illustrates the v, charts in the morning and
afternoon periods.

As can be seen through Figure 3, the v,
magnitude in the morning and afternoon periods
was less than 1.75 m-s™ in about 78.40 and 82.85%
of the internal facility area, respectively. Through
these numbers, it becomes evident that the
mechanical ventilation system present at the
site was not able to ensure uniform, constant,
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and independent conditions of v_, distribution
inside the facility.

As already discussed, the maintenance of
V,.x @t adequate levels is important for favoring
thermal exchanges, because when adequate
levels of v, are not ensured throughout the
entire area of the facility, as observed in this
study (Figure 2), temperature gradients can
form, as observed by Oliveira et al. (2022). In the
hottest period of the day (afternoon), it can be
inferred that the regions with low v, observed
in this study (Figure 2b) were rejected by the
animals, as portrayed by Damasceno (2020). If
this occurred, the animals tended to group in
regions with more mild air temperatures and/
or with higher v_ , magnitudes, resulting in
increased risk of accidents due to trampling
of teat and tail, compaction and worsening of
bedding quality.

The spatial distribution maps of air velocity
at bedding level (vair’B, in m-s™), in the morning
and afternoon periods, are illustrated in Figure 4.

As can be seen in Figure 4, the v_ 4
distribution in the facility was heterogeneous
in the two periods evaluated, as can be
observed through the high variation amplitudes
(morning — A =38 m-s™: afternoon — AV,
= 4.0 m-s”). In the two periods evaluated, the
V,.s Magnitudes presented similar distribution
profiles, in evidence that this attribute does not
undergo abrupt changes between periods.

According to Oliveira et al. (2019), even in
CBP systems with open sides, in which natural
air currents are used, the use of mechanical
ventilation systems is indispensable. In the
present study, it was found that, even with
the mechanical ventilation use (LVHS), the v,
distribution was not uniform inside the facility
(Figure 4). In the morning and afternoon periods,
only in the first 20.0 m facility length (from
Southeast to Northwest) the v, , was equal to
or greater than that recommended for bedding

AIR VELOCITY IN OPEN COMPOST BARN SYSTEM

drying, removal of gases and favoring of thermal
exchanges (MVCDB). In the entire remainder
area, as well as in the initial region of Southeast
face, the v, , magnitude was lower than MVCDB.
Regions with excessive v, . (> 5.0 m-s™) were not
recorded.

Through the joint observation of Figures 2
and 4, it can be verified that the places with low
V. and v, in the bedding area are, in parts,
coincident (initial regions and from the second
half of the facility, from Southeast to Northwest).
At the ends of the bedding area, there was a
small wall (0.2 m), which functioned as an
impediment to air flow currents and, therefore,
caused the reduction of the v . immediately
close. On the other hand, in the second facility
half, near the Northwest face, it can be inferred
that the record of low v, . occurred due to the
ventilation lines absence, as observed forv_, .

The frequency distribution charts of v, are
illustrated in Figure 5.

It can be verified that the v . magnitude
was less than 1.8 m-s™ in about 70.6 and 68.2% of
the bedding area, in the morning and afternoon
periods, respectively (Figure 5). Although the
percentages of area with v, , lower than MVCDB
were lower at the bedding level, it is noted
that there was a predominance of sites with
low v, , magnitudes. Through the v_ . numbers
presented (Figures 4 and 5), it is evident that the
mechanical ventilation system present at the site
was not able to ensure uniform, constant, and
independent of the climatic conditions inside
the facility, as recommended by Damasceno
(2020).

Oliveira et al. (2019) analyzed the air velocity
spatial variability at bedding level in open CBP
systems with several ventilation types (natural,
low-volume and high-speed mechanical — LVHS,
and high-volume and low-speed mechanical —
HVLS) during the Spring period. Inside the LVHS
ventilation system (same type of mechanical
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Figure 4. Spatial distribution of air velocity at bedding level (v

*SV — sense of ventilation; Av,, .
meters (m).

ventilation present in the CBP evaluated in
this study), the authors observed that v, , was
less than 2.0 m-s™ in about 31.6% of the facility
bedding area and concluded that the amount
and disposition of the ventilation equipment
present were not satisfactory in ensuring
homogeneous v, . conditions.

Andrade et al. (2021) evaluated the spatial
distribution of v, and v, in the internal areas

of aclosed CBP system with evaporative adiabatic

w in m-s™): (a) morning and (b) afternoon periods.

air,

— air velocity variation at bedding level; N — North indication; dimensions in

cooling, during the Winter and Summer periods.
In the Winter period, the authors observed that
the v, , distribution had high spatial variability
(0.9 to 1.5 ms™), and V... Magnitudes below that
desired in the internal facility area. The v
results portrayed corroborate those achieved in
this study, in which v, , was lower than 1.8 m's™
(Figures 4 and 5).

In fact, through the results presented
(Figures 2,3, 4and 5), it can be concluded that the
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Figure 5. Frequency distribution of air velocity at bedding level (vm, in m-s™): (a) morning and (b) afternoon

periods.

amount and LVHS fans distribution throughout
the CBPPV system did not meet the need for
ventilationrequiredintheevaluatedfacility. Thus,
it is recommended that the ventilation system
employed be resized, changing the equipment
quantity and arrangement throughout the
facility area, to promote uniform conditions of
V. and v, . distribution, and ensure adequate

conditions for bedding drying, removing gases
and favoring thermal exchanges.

CONCLUSIONS

The geostatistics techniques application
allowed to verify and characterize the spatial

dependence occurrence of the variables air
velocity at the 1.5 m height (v, ,, in m-s”) and
air velocity at bedding level (v, , in m-s™) in the
internal area of the evaluated system (morning
and afternoon periods). In both periods
evaluated, a strong spatial dependence was
observed, enabling the interpolation techniques
application by ordinary kriging and generation
of spatial distribution maps.

Through the generated maps, it was
observed that the variables presented high
spatial variability along the internal facility
area. In both times evaluated, the Vi and Ve
distributions were not uniform, and air velocity
magnitudes were recorded between 0.25 and
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275 m-s™ at the 1.5 m height, and between 0.00
and 4.00 m-s™ at bedding level. At the two times
in which data were measured, and at both
times evaluated, the v_. . and v_ . magnitudes

airM air,B

were lower than that recommended (1.8 m-s™)
in more than 65.0% of the internal facility area.
Adequate ventilation levels were observed only
in the first 20.0 m of the facility, from Southeast
to Northwest, because of the fan lines present
in this region.
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