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Abstract: Curtain-sided barns with circulation fans above stall are commonly used to house dairy cows in China. Many farms
equipped with circulation fans are unable to provide appropriate cooling, especially for the naturally ventilated shed, which can
result in decreasing feed intake and milk production. For alleviating heat stress and improving animal comfort, a system
consisting of an air cooler and a 30 m perforated air duct (PAD) was integrated to evenly distribute cooling air. The air was
cooled by underground water and delivered to targeted zones above stall bed. The system was evaluated in an open sided
dairy barn in Tianjin, China. For the stalls equipped with PAD system, air velocity reached above 1.1 m/sat 0.5 m height
plane of the stall space, and was more uniformly distributed. Compared to the stalls equipped with circulation fans, the PAD
system lowered air temperature by 1.5<C, and increased relative humidity by 8.1%. On average, Temperature Humidity Index
(THI) and Equivalent Temperature Index (ETI) were decreased by 0.5 and 0.6, respectively. After a 15 days’ operation of the

system, rectal temperatures of the treated dairy cows were significantly lowered. The results also showed that the cows under
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PADs had a higher milk production.
ventilated dairy barns to alleviate heat stress.

These findings suggest the PAD can be an effective cooling alternative for naturally
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1 Introduction

Milking dairy cows can adapt to a wide range of
climatic condition without significant decline in milk

production. However, hot and humid climate easily
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leads to heat stress for dairy cows, which typically
increases respiration rate, decreases feed intake and alters
feeding behavior, and ultimately results in declines of
milk yield with reduced production efficiency™®.

Furthermore, heat stress in summer lowers the fertility
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affects the
[7-9]

rate  and consequently reproductive
performance of dairy cows as well

In order to relieve heat stress, strategies from primary
non-evaporative cooling (conductive, convective and
radiation) to evaporative cooling are widely investigated
and applied to different housing system in varied

st Tucker et al! found a positive

climate
relationship between shade usage and ambient solar
radiation in all treatments, and a significant reduction of
body temperature of dairy cows under shading.
Compared to conventional fans, high volume low speed
fans were estimated to be more effective in saving the

energy in a freestall barn®.

With the increasing of
ambient temperature, non-evaporative cooling becomes
less effective. Thus the cooling system combining
mixing fans and sprinklers or foggers is broadly applied
in dairy barns, and has been proved to be one of the most
effective methods in alleviating heat stress for dairy

COWS[lA, 19-24] )

However, cooling efficiency of the system
strongly depends on the relative humidity (RH) of the
ambient air, and its effectiveness is compromised under
humid climate. Brouk et al.”® reported that temperature
humidity index (THI) could be only lowered by less than
10% with an evaporation cooling system under high RH
conditions.

Climates in China vary greatly from different zones.
It is typically characterized by hot and humid weather in
summer even in northern China, which represents a really
big challenge for dairy production. In China, open or
curtain sided barn with outdoor excising yard where the
animals may freely access to is very typical for housing
dairy cows. A cooling system combining sprinklers or
foggers and circulation fans above stall is currently used,
which is normally unable to provide appropriate cooling
in hot and humid days, and can result in a fairly big
reduction in feed intake and milk productiont*.

Dairy cows usually rest for around 10-14 h a day on
the beds in the freestall system. In order to improve the
thermal condition for comfort and alleviate heat stress of
the animals, a cooling system consisting of an air cooler
and a perforated air duct (PAD) was integrated to directly
distribute cooled air into the stall space. In this paper, a

field test on such cooling system was conducted, and its

performance was evaluated via thermal environment
assessment and the cow production performance

investigation.
2 Materials and methods

2.1 Dairy cow barn

Field tests of the cooling system were carried out in a
commercial dairy farm during the period of July 27 to
August 20, 2013 in Tianjin City, China. The farm had
two naturally ventilated barns to house milking cows, and
a milking parlor was located in between the two barns.
The tests were conducted in the northern barn, which was
174 m in length, 27 m in width, and oriented east-west.
An opening was set along the ridge of the curtain-sided
barn, and the height of the curtain was adjustable
depending on the climates to regulate indoor thermal
environment.  During the experimental period, the
curtains in the sidewalls were all rolled up, making the
barn fully open in two sides. The barn was connected to
a fully open exercising yard with a width of 10.0 m in the
south, where the cows may have a free access to it. The
barn was divided into four sections by the central feeding
(drive-through) alley and a cross alley to milking parlor,
which was perpendicular to the feeding alley (Figure 1).
In each section, two-row head to head freestalls were
equipped, and the size of the stall was 1.2 m (width) by
2.4 m (length).

The experiment was conducted in the southwestern
section (Section 1) of the barn with a total of 90 freestalls,
and 86 Holstein milking cows were housed during the test.
There were two groups of freestalls in this section, which
were separated by a 12 m cross alley. Two water
troughs were placed on the cross alley for the cows. The
west one, where 50 stalls were placed, was installed with
the air cooler and perforated air duct cooling system as a
treatment area, and the east with 40 stalls was as a control
area.

In the control area, circulation fans were hung about
2.5 m above the floor surface at an interval of 18 m to
accelerate the air speed for the resting cows on the stalls
(Figure 1).
combining the circulation fans hanging above were

Sprinklers mounted on the feeding fences

applied to cool all the animals during feeding.
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Figure 1 Layout of the open-sided dairy barn surveyed, being divided by the feeding alley and pathway to milking parlor into 4 sections
(All dimensions are in mm)

2.2 Air cooler and PAD cooling system

A unit of the surveyed cooling system mainly
consisted of a PAD and an air cooler, which worked
under a similar mechanism of the evaporative pad cooling
system. The configuration of the air cooler was 1.17 m
(width) > 1.17 m (length) <0.96 m (height), with a power
of 1.5 kW, and its maximum airflow rate was 20 000
m3/h at zero static pressure. Underground water from a
well in the farm was pumped and circulated inside the air
cooler. The PAD made by permanent flame retardant

polyester (Figure 2), a light-weighted material, was 30 m

a. Distribution of the orifices

long and 0.8 m in diameter, connected to the outlet of the -

air cooler for conveying and dispersing cooling air to Duct ‘

body surfaces of the dairy cows when resting on the stalls.
Each row of the stalls in the treatment area was installed
with a PAD, and the lower edge of the duct was 2.0 m
above the bedding surface.

In each PAD (Duct A and Duct B), four-row of
orifices with different diameters along the length of the ' 2400 [ B +

duct were designed. Distributions of the orifices and its
specification as well as the airflow rate of the system are
shown in Figure 2 and Table 1, respectively. For Duct
A, the diameter of the outer orifice was 3.5 cm, and
3.2 cm for inner orifice, while they were 2.6 cm and
2.3 cm for Duct B. Theoretical airflow rates were
around 14 680 m*h and 14 050 m*/h for the two PADs,
respectively. The designed air velocities at 0.5 m height
above the bedding, which was documented as the height
of the milking cows when lying down™!, were 1.0 m/s
and 1.5 m/s for PADs A and B, respectively. And the
cooling air jetted from the duct was expected to cover the

entire area of the bedding surface (Figure 2).

b. Air jetting from the duct to the resting spaces of the head to head stalls for
dairy cows (dimension in m)
Figure 2 Schematics of the PAD system

Table 1 Specifications of the orifices, theoretical jetted air
velocity and airflow rates of two PADs

Jetted air  Orifice Orifice  Airflow per

. - Orifice ; e Airflow

PAD v;er:lqz!gy d|7rrr]n§1ter numbers spz;llcfr:ng z:f}t:g Jmht
35 140 0.214 28.6
32 140 0.214 23.9

A 8.25 14 680
32 140 0.214 23.9
35 140 0.214 28.6
26 250 0.120 15.8
23 250 0.120 123

B 8.25 14 050
23 250 0.120 123
26 250 0.120 15.8
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2.3 Data collection

2.3.1 Temperature, RH and air velocity measurement
and RH
automatically monitored at an interval of 1 min by using
HOBO data loggers (Model U14-001, Onset Computer
Corporation, MA, USA), which were installed on the

Temperature inside the barn were

neck rails of the stalls, and 1.2 m above the bedding.
Measurement range and accuracy of the sensor were
-20<C to 50<C, 0.2<C for temperature, and 0 to 100%,
+2.5% for RH, respectively. Air velocities of the stall
space and inside PAD as well as the air temperature
inside PAD were measured by using a handled
anemometer (Model KA41L, Kanomax, Japan). The
accuracy for temperature and RH measurement were
0.5<C and 3% measured value, respectively.

In order to specify spatial distribution of air velocities,
thirteen stalls (S1-S5, Figure 1) were selected for
measurement including five under each PAD in treatment
area and three under the circulation fans in the control
area. The measured stall was at an interval of 6 m.  For
each of the stall, air velocity distributions were
determined at three planes at the height levels of 0.5 m
(lying height of the cow), 1.0 m and 1.5 m (standing
height) above the bedding. At each plane, air velocities
at 28 locations were sampled in a stall area of 1.2 m by
2.4 m. The measurements were replicated three times at
each sampling location, and the values were averaged as
the air velocity of each point.

Water temperature in air cooler was measured using a
thermometer (Model Temp-5, Oakton, USA) with a
measuring accuracy of 0.2<C. Air temperature, RH and
velocity outside the barn were automatically recorded at
an interval of 1 min using a HOBO weather station
(Model U21, Onset, MA, USA), and the accuracy were
#).2<C, #3.5% and #.5 m/s, respectively.

2.3.2 Rectal
measurement

temperature and  respiration rate

For each area, five dairy cows resting on the stall for
more than 10 min were selected to measure the rectal
temperature (Tr) and respiration rate (RR), and the
measurement started at 16:00. Tr was sampled using a
handled thermometer (Model Temp-5, Oakton, USA),
and RR was artificially determined.

2.3.3 Milk yield recording

Milk yield of the cows was automatically recorded by
the milking system (Afimilk Ltd., Israel), and the data
was used for production comparison.
2.4 Data treatment and analysis
2.4.1 Distribution of air velocity at different height
planes

In order to assess the uniformity and distribution of
the stall
non-uniformity (K,) was applied in this project. A

air velocities in spaces, coefficient of

smaller K, indicates that air velocity is more evenly
distributed in the plane. K, is determined by using the
following equation’?”:

K =2i=
v

v

1)

where, ;i is root mean square error of air velocity, m/s;
v is average air velocity of all the locations measured in
the plane, m/s; v; is air velocity at a location, m/s; and n is
the number of the locations for air velocity measurement.

2.4.2 THI and equivalent temperature index (ETI)

THI and ETI predicted by meteorological variables
are the common indicators to evaluate the degree of
thermal stress for animals, and both indexes were also
applied in this research to assess the performance of
cooling effect of PAD system. THI calculation is based
on'??!:

THI=0.81t+(0.99t-14.3)RH+46.3 2
where, THI is temperature and humidity index,
dimensionless; t is the dry bulb temperature, <C; and RH
is the relative humidity, %.

Compared to THI, ETI is a commonly less used
alternative, while it incorporates the effect of air velocity
along with air temperature and RH.  ETI is considered to
have outperformance in evaluating heat stress for dairy

1 Baeta et al.*”? gave

under hot and humid climates
the following equation to calculate ETI by using dry bulb
temperature (t, <), RH (%) and air velocity (v, m/s) as:
ETI1=27.88-0.456t+0.010754t°~0.4905RH+0.00088(RH)?
+1.1507v—0.126447v*+0.019876tRH—0.046313tv (3)
Baeta et al.®” reported the alert levels of dairy cattle

based on ETI were safe (16-26.5), caution (26.5-31.5),
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extreme caution (31.5-37.5), danger (37.5-43.5) and
extreme danger (>43.5). While based on a survey
carried out in Brazil, Silva et al.”® suggested four alert
categories using ETI, including safe (<30), caution
(30-34), extreme caution (34-38) and danger (>38) for
dairy cattle in tropical regions.
2.4.3 Statistical analysis

Statistical analyses were conducted using SPSS
software (version 20.0; IBM, Armonk, NY, USA).
Results were expressed as MeanSD, and statistical
significance was based on p<0.05.

3 Results and discussion

3.1 Performance of the PAD system
3.1.1 Temperature of the air jetted from PAD

Before being pumped into the air cooler, underground
water from a well was stored in an outside tank, and the
water in air cooler

temperature changed within

20C-27<C during the experimental period. Results
showed that the temperature of the air emitted from the
duct was significantly correlated with water temperature
(R*>0.87).

coolers A and B were slightly different, resulting in a

During the test, water temperatures of air

difference of the air temperature going throw the PADs.
In summer time, relative lower air temperature of PAD
system was able to achieve a better cooling effect and
increased thermal condition of the animals conform.
Normally, the temperature of the air emitted from the
duct increased as increasing of the distance from the air
cooler (Figure 3). Air temperatures from the beginning
to the end of the duct, were averagely raised by 1.7<C and
2.2<C for PADs A and B, respectively.

27
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Figure 3 Temperature of the jetted air from the Ducts A and B,
increased as the increasing of the distance to air coolers

In general, lower temperature of the incoming water

to the air cooler was helpful in having a better cooling
effectiveness. As the jetted air temperature increased
along the length of the duct, the cooling effect was
compromised at the end of the PAD, which constrains the
length of the PAD system. At the end of the system,
both the airflow rate and air temperature were adversely
affected, making the system could not achieve the
expected cooling effect.
3.1.2 Velocity of the air jetted from and inside the
Ducts

Air velocities in the center of the ducts and jetted
from orifices versus the distance to the air cooler were
plotted in Figure 4. Longitudinal air velocities in the
center of the ducts decreased from 10-12 m/s to less than
0.5 m/s from the beginning to the end. Air velocities of
the air jetted from PAD systems were kept relatively
The size of the
orifice impacted the jetted air velocity, while no

stable, varying from 11 m/s to 15 m/s.

significant difference was found. Commonly, jetted air
velocity from the ducts was related with the arrays and
sizes of the orifices. The smallest orifice had the highest

jetted speed, and vice versa.
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Figure 4 Velocities of the air inside and jetted from Ducts A and
B, decreased along the length of the ducts

3.2 Spatial distribution of air velocities above the stalls
3.2.1 Air velocity distribution

As reported, dairy cows rest 12 h a day or even
longer®!, among which the majority is for lying on the
stalls. Thus a good spatial thermal environment at the
stall space, air velocity at lying height level in particular,
is critical in improving thermal comfort of the animals,
and consequently beneficial to milk production. Air

velocities at three different height levels (0.5 m, 1.0 m
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and 1.5 m) of the stalls in the control and treatment areas
are shown in Table 2. In hot climates, recommended
minimum wind speed cross the body surface of the dairy
was 1 m/s. At the lying height of 0.5 m, air velocities in
the stall space under the Duct A and Duct B were

averaged at 1.1 m/s and 1.3 m/s, which were close to

requirements recommended. The velocities distributed
above the stall were slightly bigger than the control area
Field test also found that
air velocity above the bedding was easily affected by the

with circulation fans (p>0.05).

wind outside the barn because of the open system, and
Duct B, closer to the feeding fence, was also impacted by

theoretical values and satisfied the minimum the circulation fans hung above.
Table 2  Air velocities at three different heights above stalls in treatment and control areas, m/s
1.5 m height 1.0 m height 0.5 m height
Stall #

Duct A Duct B Control Duct A Duct B Control Duct A Duct B Control
s1 0.940.3% 1.840.3 0.840.5 0.940.2 1.440.3 0.820.2 0.920.3 0.940.1° 0.740.4
S2 1.440.1° 1.640.1 1.040.5 1.340.0 1.440.1 1.240.6 1.040.1 1.440.0° 1.84.1
S3 1.140.0° 1.740.2 1.040.1 1.140.1 1.540.4 0.740.2 1.040.1 1.540.1° 0.420.1

S4 1.120.0° 1.840.0 1.140.1 1.440.1 - 1.240.3 1.340.0° -

S5 0.940.1° 1.540.2 1.240.1 1.340.2 - 1.240.3 1.240.1° -
Mean +£SD 1.140.2 1.740.1 0.920.1 1.140.1 1.440.1 0.940.3 1.140.2 1.340.2 1.040.7

Note: In the same column, values with different superscripts are significant difference at p<0.05 level.

Compared to Duct A, air velocities at both heights of
1.0 m and 1.5 m were greater for the stalls under Duct B,
due to the difference in array and size of orifices. At
these two heights, air velocities were also significantly
different from the control area (p<0.05). Generally, air
velocities of Duct A were all approximately 1.1 m/s at the
three different heights, which were relatively stable in the
space, while for Duct B they gradually decreased from
1.7 m/s to 1.3 m/s at the heights from 1.5 mto 0.5 m.
3.2.2  Air velocity uniformity

Table 3 shows the coefficient of non-uniformity (K,)

of the air velocities in the spaces of the stalls investigated.
Duct B had the smallest K,, while it was the biggest for
the stalls equipped with circulation fans in the control
area, representing Duct B had the best uniformities of air
At the heights
of 1.0 m and 1.5 m, no significant difference was found
While at the lying
height of milking cows (0.5 m), K, for Duct B was

velocity and the control had the lowest.
for the treatment and the control.
dramatically smaller, compared to Duct A and circulation

fans, indicating the air velocities for the stall spaces
underneath Duct B was much more uniformly distributed.

Table 3 Coefficient of non-uniformity (K,) of different height levels above stalls under Duct A, Duct B (treatment) and circulation
fans (control)

1.5 m height 1.0 m height 0.5 m height
Stall #
Duct A Duct B Control Duct A Duct B Control Duct A Duct B Control

S1 0.6040.23 0.360.03% 0.4440.16° 0.5140.14 0.47+40.01% 0.4440.11° 0.3310.08 0.3440.07% 0.4140.06

S2 0.4640.50 0.430.02° 0.5040.07% 0.3740.03 0.3240.06™ 0.3940.12° 0.3640.02 0.2240.01™ 0.3240.26

S3 0.60+40.06 0.3240.04° 0.8240.12% 0.5040.11 0.3640.08" 0.8340.28% 0.4040.12 0.2420.06™ 0.5140.04

S4 0.7040.05 0.3240.04 - 0.5040.11 0.2640.01 - 0.3340.05 0.1840.03° -

S5 0.6940.13 0.4240.09* - 0.4040.03 0.3940.04* - 0.2740.05 0.3040.06* -
Mean =SD 0.6140.10 0.3740.05 0.5940.20 0.46190.07 0.3640.08 0.5540.24 0.3440.05" 0.2640.06% 0.4240.10"

Note: Values with different superscripts are significant difference at p<0.05 level.

3.3 Effects of PADs on thermal environment of stall
spaces
3.3.1 Airtemperature, RH and THI

Field test was carried out in the hottest days in the

summer of 2013. Usually, THI inside the barn reached
above 80 before 10:00 and lasted around 10 h a day to
20:00, suggesting heat stress for the cows was under a
danger level during the period®. The highest THI
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commonly occurred at 14:00-16:00, while it was seldom
excess 90, which was treated as the critical point of an
emergency state.

Average thermal indexes (air temperature, RH and
THI) for the period of 0:00 to 20:00 inside the barn
during the field test are shown in Table 4. Results
showed that the ambient temperature averaged at 28.1<C
during the test, which were greatly higher than air
temperature of the treated stall spaces under the Ducts A
and B. Compared to the control area, air temperatures
of the stall spaces equipped with Ducts A and B were
decreased by 0.6<C and 0.9<C, respectively. Average
RH (75.5%, 75.8%) was approximately increased by 6%
because of the evaporative cooling process via the air
coolers, while no significant difference was observed
(p>0.05).  THI for the treated stall spaces was
significantly lowered by 1.4 compared to ambient air
(p<0.05).
difference on THI was found for the treatment and

Although air temperature was reduced, no

control areas due to the offset of RH increasing.

Cooling effect and animal comfort were also

compromised.

Table 4 Average temperature, RH and THI of stall spaces
under Duct A, Duct B (treatment)and circulation fans (control)

Index Outdoor Circulation Fan Duct A Duct B
(control) (treatment)  (treatment)
Temperature/ C  28.140.7 27.540.6 26.940.5 26.640.6
RH/% 71.936.0 69.745.7 75.545.5 75.844.9
THI 78.010.3 77.140.3 77.040.4 76.610.4

As the increase of air temperature in the afternoon,
dairy cows are usually more stressful. Thermal indexes,
including air temperature, RH and THI, are illustrated in
Table 5 for the mostly challenged period of 12:00 to
18:00.

reached 35.3<C, and air temperature of the stall spaces in

In this period, the average outdoor temperature

PAD system was substantially decreased by some 4<C to
31.4<C, which was also 1.5<C lower than that of the
control area (under circulation fans). Comparing the
stall space under circulation fans, RH was raised by 8.1%
to 52.3% for the PAD stall space (p<0.05). THI of the
stall spaces in both the treatment and control areas were
much lower than outside, which were reduced by 2.9 and
2.3, respectively. Compared to the daily average THI

reduction (1.2), it suggested that the air cooler and PAD

system had a better cooling efficiency in the hottest
period of a day, during which the outdoor RH was
relatively smaller.

Table5 Average temperature, RH and THI of stall spaces

under Duct A, Duct B (treatment) and circulation fans (control)
for the period of 12:00 to 18:00

Thermal index Outdoor Circulation Fan Duct A Duct B
(control) (treatment)  (treatment)
Temperature/ T~ 35.3+1.2° 32.94.7° 313#4.1°  314#.1°
RH/% 41.3436° 44,344 .2° 52382.7%  52443.0°
THI 83.320.6° 81.041.3° 80.441.1°  8054.0°

Note: Values with different superscripts are significant difference at p<0.05
level.

Yan et al.*! assessed the effect of sprinkler and fan
cooling system on alleviating heat stress of dairy in
eastern China, and found the inside THI of naturally
ventilated barns was slightly lowered by the system.
Due to the differences on cooling systems and tested
ambient environment (RH in particular), the PAD system
surveyed in this paper showed a better result in THI
reduction.

3.3.2 Equivalent temperature index (ETI)

Although ETI is commonly less used, it incorporates
the effect of air temperature, RH along with air velocity.
Based on a survey of 413 dairy cows in tropical regions,
Silva et al.”! concluded that ETI had significant
correlations with rectal temperature and respiratory rate
of the animals, while the correlation for THI was the
lowest, and ETI was suggested to be a best thermal
stress indicator among five indexes for dairy in hot
climates. It also categorizes dairy cow in a safe state
when ETI is less 30, while in a caution state when it is
30-34.

In the period of 12:00-18:00, average ETI for the
treatment area was majorly within the range of 30-31,
showing that the dairy cow was still under a slight heat
stress even with the air cooler and PAD system.
Average ETI reached 31.1 for the control area with
circulation fans, which was 0.6 higher than the treatment
area (Figure 5), while no statistical difference was found
(p>0.05). ETI peak typically occurred around
13:00-14:00, and dramatically decreased after 17:00,
stating the thermal comfort of the cows increasing
afterwards.



8  November, 2017 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 10 No.6

32 O DuctA A DuctB 4 Circulation fans
L
L J
31 4 ¢« * »
[
B a ¢ ¢
30
(@]
A
2() 1 1 1 1 1 J
12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time

Figure 5 Average ETI for the treatment (Duct A and Duct B) and

control (circulation fans) areas for the period of 12:00-18:00
3.4 Effects of PAD system on respiration rate and
rectal temperature

Compared to the control, respiration rate (RR) for the
treatment cows was about 67 bpm (breaths per minute)
(Table 6), which was 6 bpm less and showed no
significant difference. Rectal temperatures (Tr) of the
dairy cattle rested on the stalls under Duct A and Duct B
were 38.7°C, and 38.8°C, respectively, which were
lowered by 0.3°C and 0.2°C. Significant difference on
Tr was observed for the control and treatment cows
(p<0.05), shown in Table 6.

Table 6 RR and Tr of the cows in treatment and control areas

Respiration rate Rectal temperature

Areas

/bpm /T
Treatment, Duct A 6746 38.740.2°
Treatment, Duct B 6746 38.840.1°
Control, Circulation Fan 7344 39.040.1%

Note: Values with different superscripts are significant difference at p<0.05
level.

Because the system was installed in a naturally
ventilated barn with fully open sides, the jetted velocity
of the cooling air was affected by the wind speed of the
outdoor ambient air, and drifting may happen.
Furthermore, constrained by the underground water
temperature and capacity of the air coolers, the cooler and
PAD system was unable to significantly cool down the
entire spatial environment of the barn. The system
provided a better resting environment for the cows by
retaining the ‘cooling properties’ and relative evenly
distributing the cooler air to the body surfaces and hence
to improve thermal comfort of the cows.

3.5 Effects of PAD system on milk yield

Milk vyield of the cows housed in Section | and

Section 1l (Figure 1) was recorded and analyzed during
the experiment. In Section I, air cooler and PAD
systems were installed and 86 milking cows were housed,
Prior to the field

test, 3 d average milk yields were 24.0 kg/d-cow and

while there were 70 cows in section 1.

21.6 kg/d-cow in Section | and Section Il, respectively.
After a 15 d operation of the air cooler and PAD system,
milk vyield for the cows in Section | increased to
24.7 kg/d-cow, while it was almost unchanged in
Section I1.

4 Conclusions

A cooling system consisting of an air cooler and a
perforate air duct was developed to evenly distribute
cooling air to the dairy cattle on the stalls, in order to
alleviate heat stress. Field experiment showed that air
velocity reached 1.1 m/s and 1.3 m/s for Duct A and Duct
B at the 0.5 m height plane above the bedding, and was
more uniformly distributed for the stalls equipped with
PAD system.

circulation fans, the PAD system averagely lowered air

Compared to the stalls equipped with

temperature by 1.5°C, and increased RH by 8.1%.
During the period of 12:00-18:00, THI of the treatment
area was decreased by 2.9 compared to outdoor ambient
air, which was also 0.6 lower than control area.
Average ETI for the treatment area was majorly within
the range of 30-31, about 0.6 lower compared to the
control, and no significant difference was found. After a
15 d operation of the system, rectal temperatures of the
treated dairy cows were significantly lowered. The
result also showed that the treated area had a higher milk
production. These findings suggest the PAD can be an
effective cooling alternative for naturally ventilated dairy

barns.
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