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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Observations show that most of the cattle barns built
Received 2022/11/05 in Iran are in the form of sheds, and during their design phase, limited consideration
Revised 2023/01/06 §is given to ventilation conditions, despite the significant need for it, as well as the air
Accepted 2023/03/03 i circulation patterns within the barns. This oversight leads to numerous issues in the field,
Available Online  2023/08/06 with the well-being of the animals subsequently affected. The main goal of the article
iis to improve the ventilation of in cattle barns, through architecture, in such a way that
Keywords: §the optimal and uniform air flow is established throughout the environment, at the level
Ventilation iwhere animals live. According to the nature of the subject, the current research is an
Cattle Breeding {interdisciplinary research and a hybrid research method is applied using experimental
Barn Architecture iresearch strategies, simulation and case study. In the first stage, after identifying the
Indoor Air Flow gstatistical population (cattle barns in the cold region), their current situation was

{investigated empirically, and after scrutinizing the problem and finding the research

ivariables, the initial plan (case sample) was proposed and modeled. The desired model was

i first meshed with Gambit, subsequently undergoing simulation via the FLUENT software

i employing the CFD methodology. Adjustments were introduced to its architectural design,
and sondthe el amtine i followed by the analysis and formulation of conclusions. The results show that, by making
iminimal architectural changes to the barn and the openings, it is feasible to enhance the
fairflow pattern within it. This can effectively establish internal air circulation, diminish
§temperature disparities among various barn sections, minimize temperature fluctuations,
and lower energy consumption.

ETHODS: Considering its interdisciplinary nature, the research employs a hybrid
: approach that combines experimental research, simulation, and case study
i strategies. The research encompasses all cattle barns in cold climates as the statistical
i population. The chosen case study focuses on a cattle barn designed for approximately 250
cows in the city of Salmas. The research findings indicate that enhancing the architectural
ilayout and positioning of openings, along with their primary composition, can lead to
{improved ventilation in cattle barns and a more uniform airflow within them. The research
i utilizes numerical simulation, specifically in the case of a Salmas city cattle barn, validated
i previously through Olsen’s experimental methods (Rahaei, 2014, 2013). The validation

§:of this method is well-established and is based on Nagano’s (1990) validated technique,
S
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i utilizing a zero-equation method and model. The numerical calculations are conducted
i using the computational fluid dynamics method, employing the Gambit preprocessor for

Number of Figures : . .
:meshing and Fluent software for network analysis.

INDINGS: Considering the research goal of enhancing airflow and subsequently
i@ ventilation in cattle barns in climates similar to Salmas city (the cold climate), various
i scenarios of a common case study were examined in a two-dimensional manner. Initially,

Number of Tables i longitudinal sections were analyzed, followed by transverse sections of the cattle barn. In
2 i all scenarios, the energy equation was activated. The optimal condition involves a smooth
§:and favorable inward airflow through side windows. Afterward, this airflow undergoes
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?conditioning as it passes through the radiators installed in the windows and, if necessary,

i proper dehumidification is achieved with the assistance of mist sprinklers. Minimal energy
i is drawn from the lower part of the area occupied by the animals and is expelled through
i the roof opening.

ONCLUSION: Based on the above-mentioned resources, the following are suggested
in the case of longitudinal and transverse ventilation of cold climate cattle farms:
1. Unpredicted entry of outside air into the interior of cattle barns should be strictly
i avoided.
i 2. If the entire space of the barn is used, the use of a longitudinal one-way ventilation
i mechanism is required, while all the openings are closed. It is recommended to incorporate
a temperature control source, such as a radiator, positioned at a height of 3 meters above
i the main floor level, equipped with both hot and cold water supply, at one side of the barn.
i Simultaneously, a suction device (jet fan) should be installed at floor level on the opposite
i side, expelling air outward. In this setup, fresh outdoor air, having passed through the
radiator, becomes conducive and enters the enclosure. Following even distribution of this
air to achieve a desirable temperature within the environment, it exits through the suction
i system located on the opposite side. Additionally, a pressure regulating valve should be
{installed at the lower level of the side housing the radiator, which can be closed during
i colder seasons.
3 If it is possible to change the interior space of the cattle barn, lateral ventilation is
i suggested from both sides.
4 In general, transverse ventilation with a roof valve is more efficient than ventilation
along the cattle barn.

{ HIGHLIGHTS:

i - Position of openings and blowers and suckers in the inner architecture of Salmas city
i dairy farms with the aim of improving the ventilating condition.

i~ Combined research method (Experimental observations, simulation and case study);
%using Gambit and Fluent softwares for simulations with CFD method: intervention in
i simulations.

i~ Unifying the indoor airflow inside the sheds by making limited interventions in the
architecture.
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Fig. 1. Situation of placement of a sample cattle farm;
Top: Site plan and its details, Bottom: Perspective of
cattle breeding
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Fig. 2. The plan of the cattle farm under investigation;
Top: Ground floor plan and livestock accommodation,
Bottom: Roof plan of cattle breeding
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Fig. 3. Longitudinal section of the case sample and the position of its openings
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Fig. 5. Air flow speed guide in all relevant images in

Table 1 in m/s

Table 1. Simulation of different conditions to the test (Mode A) in the longitudinal section of the case study

Status Description of the situation

number

1 In this case, open roof vents, open shed
doors, and open windows under the roof
were assumed. The door and valve on
one side (right), in the role of a sucker,
sucks the air inside at a speed of 3
meters per second.

2 It is the same as situation 1, only the
roof vents are closed.

Velocity contours (top) and velocity
vectors (middle) in meters per second
and air temperature contours (bottom)
in Kelvin

-l

Airspeed contours

T

Air velocity vectors

Results

As can be seen in the pictures, the speed
of the air flow reaches its maximum near
the suction, at the level of the cows there
is a relatively favorable air flow and the
outside air enters the hall uncontrolled
through the ceiling vents and the window
under the left roof. Images are taken out
through the suction cups on the right.
There is not much pressure difference, but
due to unplanned and uncontrolled entry
of outside air, it will not be approved.

In this case, there is a turbulent flow in
the level of the cows, which flows
alternately from left to right. This model
is used in most cattle farms, which is not
desirable. The flow under the roof'is in
the form of a vortex, and hot air and bad
smells accumulate there.

3 It is the same as situation 2, but the
windows under the roof are closed on
both sides and it is only possible to enter
and suck through the doors.

Air velocity vectors

In this case, the quality of the stream does
not change significantly compared to the
previous state. Only its confusion
increases and the air stored under the roof
increases.

4 It is the same as situation 2, with the
difference that the energy equation is
activated and the temperature effect is

also seen: the outside temperature is
assumed to be 310 degrees Kelvin and
the inlet wind temperature is 296
degrees Kelvin. The suction is the same
as position 2 on the right side, and the
windows on the left side only have
temperature settings. Also, the presence
of cows was seen in the livestock farm
and they were considered as small
rectangles at the floor level (according
to the figure). The body temperature of
the cows and the temperature of the
walls is 310 degrees Kelvin (outside
isothermal) and its heating power is
assumed to be 100 watts according to
the standards.

5 This state is exactly like state 4 and only
the top valve (under the roof) on the
right side is assumed as a blower that

throws air in at a speed of 3 meters per
second and a temperature of 296 degrees
Kelvin (23 degrees Celsius). The body
temperature of the cows and the
temperature of the walls are assumed to
be 310 degrees Kelvin and its heating
power is assumed to be 100 watts.

"m/'t’ B

Airspeed contours

o o e L e g |

Air velocity vectors

Air temperature contours

Airspeed contours

(e s e

Air velocity vectors

According to the pictures (general
temperature distribution), the air
temperature among the cows on the right
side of the shed has increased, but the
conditions are tolerable. The left side of
the shed, where cool air is distributed, is
cold and the animals may not feel
comfortable. However, similar to this
method is done in some farms, which is
not very desirable.

The simulations showed that if the
thermal power of the walls and traps is
assumed to be close to zero, there is no

difference in the graphs and the
temperature reaches the equilibrium state.

In this case, despite the fact that a cooling
blower was added on the right side, it did
not have an effect on the interior air
conditions, and it may have worsened,
and the turbulence of the interior air flow
has increased. If, as before, the thermal
power of walls and traps is assumed to be
zero, there will not be much difference in
the structure of temperature distribution.
Only a little bit the air inside becomes
cooler at the level of the animal, which is
not very noticeable

6 This state is exactly like state 4 and only
the top valve (under the roof) on the
right side is assumed to be closed. The
body temperature of the cows and the
temperature of the walls are assumed to
be 310 degrees Kelvin and its heating
power is assumed to be 100 watts.

Airspeed contours

Air velocity vectors

.

R e —

Air temperature contours

In this case, by removing a blower or
suction valve, the level of cooler air is
slightly lower and it seems that the
animals are in a better condition. The air
is slightly more turbulent near the suction.

If the thermal power of the vents and
walls is assumed to be close to zero, there
will be no change in the flow pattern and

only a very small amount of air
temperature will decrease at the vent
level.
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Table 1. Simulation of different conditions to the test (Mode A) in the longitudinal section of the case study

Status Description of the situation Velocity contours (top) and velocity Results
number vectors (middle) in meters per second
and air temperature contours (bottom)
in Kelvin

In this case, according to the pictures, the
air turbulence is very high and the air
temperature difference on the left and

right side of the shed is large, so that the

animals on the left side, which are
exposed to cold air, are likely to get cold,
and the initial wind speed on the left side
is high. It has been and the whole flow is
right side act as pressure outlets: the chaotic. In this case, the heating power of

door and window are assumed to be livestock is considered to be 100 to 150

open. Air temperature contours watts. If the mentioned heating power
becomes zero, the temperature of the
environment at the level of the animals
will be slightly lower, which can be

7 These conditions are assumed to be the
same as condition 4, only instead of the

suction on the right side, the openings

on the left side are assumed to blow the

wind with a temperature of 296 degrees

Kelvin and a speed of 3 meters per

second to the interior space. The roof

vents are closed and the openings on the

ignored.
8 All settings are assumed to be the same — Regardless of the energy consumption,
. . - .
as mode 7, with the difference that the r 1{ the ambient temperature reaches a
upper left valve, the blower with a L’_@ balance in this situation and the indoor air
temperature of 296 degrees Kelvin, and Airspeed contours is relatively uniformly cool. The air
the lower right valve are assumed to be | disturbance was at the level of the animal,

a Eesiaa 5 which is normal. The air pressure is
open valve that acts as a pressure outlet S loci ) favorable and relatively balanced. The
and adjusts the internal pressure. It Air velocity vectors problem is the relatively high energy

should be noted that the heating power \ consumption due to the operation of all
of livestock is assumed to be 100 to 150 air inlet and outlet valves.
watts. Air temperature contours In a situation where the heating capacity
of animals is assumed to be close to zero,

almost no changes occur in the air flow
diagrams inside

the suction. The lower left valve is an

Roof hatch

[ I 1]

Window
i
1
E 1]
s~ Shed door
Fig. 6. Cross-section of the research case sample and the location of its openings
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Table 2 in Kelvin Table 2 in meters per second
Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study
Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
1 The valves on the right have According to the pictures, there is an

uncontrolled and constant air flow inside
the shed, and despite all the openings in
the middle of the shed being open, the air
flow is stagnant, which causes the
accumulation of unpleasant odors and
stagnant air in that area. However, due to

a suction role that sucks air
out of the shed at a speed of
3 meters per second, and the
rest of the valves are
assumed to be open. In this
case, the energy equation is

not active and only the Airspeed contours the lack of establishment of this air mass
shape of the air flow inside ; Y, at the level of employees and animals, it
is considered. : o does not have much effect on the
comfort conditions of animals and
people.

Air velocity vectors
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status
number

Description of the
situation

Velocity contours (top) and velocity vectors
(middle) in meters per second and air temperature

contours (bottom) in Kelvin

Results

2 In this situation, which is
somewhat similar to
situation 1, the energy
equation is activated, the
outside temperature is
assumed to be 310 degrees
Kelvin, the upper left
window is closed, and the
lower left window provides
a temperature of 300
degrees Kelvin (pressure
outlet). The assumed open
roof opening (pressure
outlet) and the openings on
the right side are sucking
(velocity inlet) and throw
the wind out at a speed of 3
meters per second..

3 This state, whose cross-
section is similar to state 1,
the energy equation is
activated, the ambient
temperature is assumed to
be 310 degrees Kelvin, the
upper left and lower right
windows are closed, the
lower left window provides
a temperature of 300
degrees Kelvin and acts as a
valve. Air supply (no
suction or blowing) is
assumed (pressure outlet).
The upper right window
acts as a sucker that sucks
the air out at a speed of 3
meters per second. Except
for the lower left air supply
valve, all other openings are
at ambient temperature.

Airspeed contours

Air velocity vectors

s

Air temperature contours

-

Airspeed contours

Air velocity vectors

Air temperature contours

The pictures show that there is a
balanced flow at the level of the animals,
and at the same time, the optimal
temperature is also established at the
level below 3 meters, which is the main
need of animal husbandry. Regardless of
the energy consumption, which seems to
be high, there is a favorable flow

Energy consumption in this situation is
lower than situation 2 due to the removal
of one of the suckers. The level of the
desired air flow is slightly higher
compared to situation 2, and of course
the air temperature of the people and
animals is still pleasant, although there is
a slight disturbance in the air flow inside.
The air pressure is favorable and the
accumulation of hot air is placed under
the roof of the suction side.

4 This state is exactly like
state 3 and only the roof
hatch is closed.

Airspeed contours

Air velocity vectors

Air temperature contours

<

Although there is apparently a better
temperature balance and because the roof
vent is closed, less energy loss occurs,
but the air flow inside is constantly
rotating in the form of an air vortex at
the level above 3 meters, and the
polluted air accumulates in the upper
half of the shed, which causes the
remaining Polluted air and unpleasant
smell in the interior. However, the
energy consumption in this state is less
and the air balance for animals and
humans is favorable and suitable. The
pictures confirm this.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
5 In this situation, which is

the same as situation 4, the
ceiling valve is assumed as
a sucker that throws air out
at a speed of 3 meters per
second. Both the lower
openings (right and left) are
assumed to supply cool air
inside (pressure outlet) and
do not have fans. That
means they are neither
sucking nor blowing. The
upper openings are also
assumed to be closed.

Air temperature contours

In this case, despite the fact that by using
more energy, we try to cool and supply
more favorable air, and the cool air is
supplied from both the right and left
sides of the animals, a favorable flow
does not occur in the interior space, the
disturbance of the air flow inside is high
and The air temperature inside also
increases, contrary to what it seems. This
model consumes more energy and
creates a turbulent internal flow. Its only
advantage is the non-accumulation of
polluted air under the roof, which is not
recommended due to its disadvantages.
The pictures confirm this.

6 Animals (cows) have been
added to the indoor
environment with a thermal
power of 200 watts and a
heat of 310 degrees Kelvin.
Assumptions: the ambient
temperature is 310 degrees
Kelvin, the roof vent and
the openings under the roof
of the shed, closed and the
lower left opening, as a
suitable air supply valve
that provides air with a
temperature of 300 degrees
Kelvin. The valve on the
lower right side is the
suction, which is the same
temperature as the
environment and throws the
air out at a speed of 3
meters per second.

Airspeed contours

Air velocity vectors

In this case, the disturbance of the
internal air flow is very noticeable in the
position of the animals, which is of
course normal. The favorable air level
has risen and the air level for animals is
warmer. Accumulation of pollution does
not happen under the roof, and instead,
due to the creation of a vortex flow at the
level of the animals, the accumulation of
polluted air at the level of the animals is
noticeable. In general, this model can be
favorable in terms of relatively favorable
temperature flow.

7 This situation is similar to
situation 5 of this section,
only cattle were added to it
according to the pictures:
like situation 6, cows with
thermal power of 200 watts
and heat of 310 degrees
Kelvin are assumed in the
environment (4 cows across
the shed). The lower air
supply valves provide a
temperature of 300 degrees
Kelvin, and the ceiling
valve has the role of a
sucker, which is the
temperature of the outside
environment.

Air velocity vectors

Air temperature contours

Due to the presence of animals, the air
turbulence is reduced and the shape of
the air flow inside is completely changed
compared to situation 5. Due to the
presence of animals, the desired air level
is higher and although the air disturbance
is reduced, however, due to the change in
the air movement model in this case, the
middle part of the shed is not ventilated
and the air accumulates there. In
addition, energy consumption is also
high in this mode. The pictures below
confirm this.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
8 It is exactly the same As the pictures show, the internal air

situation as 7, with the
difference that there are
conditions to lower the
desired air to the level of
the animal and practically
eliminate the air vortices
under the roof. In this
situation, this goal is
achieved by creating a floor
(for example, an office or
fodder warehouse) or a full
space under the roof, as
shown in the pictures
below.

9 This state is actually a
modified form of state 8,
while the energy equation is
not activated and the goal is
to analyze the motion of the
internal fluid. The ceiling
vent plays the role of a
sucker and throws the inside
air out at a speed of 3
meters per second, and the
rest of the openings (the 4
lower and upper openings
of the side walls are all
open) have the task of
supplying air (pressure
outlet).

i

Airspeed contours

Air velocity vectors

Air temperature contours

Airspeed contours

0 N

Air velocity vectors

flow has been modified in a strange way
and despite the traps, the turbulence of
the internal air flow has been greatly
reduced, the internal temperature is more
favorable and the comfort conditions
have been provided. With the removal of
air vortices, the accumulation of polluted
air and unpleasant odor under the roof
has practically disappeared. The pictures
below confirm this.

In this case, there is a more favorable
flow at the level of the animal, but the
main problem is the accumulation of air
in the empty spaces adjacent to the side
walls under the roof. However, the shape
of the air flow inside is such that it can
empty the polluted air under the roof
through the central suction. The fact that
the wall openings are open will cause a
better discharge of polluted air and its
non-stasis in the interior space, but it will
increase energy consumption to stabilize
the desired air in the interior space.
Therefore, a solution should be found to
reduce consumption.

10 This state is exactly like
state 9 (previous) with the
difference that the side
windows under the roof are
closed in the side walls and
only the lower openings
provide the desired air.

-

Airspeed contours

}

o : : ‘ -

i i 0 jj‘

Air velocity vectors

In this case, according to the pictures, the
desired flow of livestock is slightly
disturbed, which can be ignored, but we
will have the accumulation of pollution
under the ceiling in the empty space near
the side walls.

11 Considering that position 9
provides better conditions,
the energy equation was
activated for it, and in order
to reduce energy
consumption, the upper
openings of the side walls
are only responsible for
supplying air from the
outside, and the lower
openings provide fresh air.
Thus, a temperature of 310
degrees Kelvin and a power
of 200 watts were
considered for the body of
cows, the upper supply
valves were considered to
be the same temperature as
the outside environment
(310 degrees Kelvin) and
the lower supply valves
were considered as cooling
with a temperature of 300
degrees Kelvin.

Airspeed contours

3
2

} U |

- = =0

Air velocity vectors

SRR B o

Air temperature contours

According to the pictures below, the air
temperature at the level of the animals is
comfortable and the incoming air from
the upper wall openings (under the roof)
discharges unpleasant odors.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
12 If the upper openings of the There is thermal balance and comfort

side walls are assumed to be
closed in the section of
situation 11, the shape of
the air flow inside will be as
shown in the pictures.

—

Airspeed contours

I

!

conditions at the livestock level, energy
consumption is less compared to the
previous situations and only part of the
air is trapped under the roof next to the
side walls in the form of eddy currents,
which has no effect on the comfort
conditions. In terms of energy
consumption and providing comfort
conditions at the same time, this mode is
optimal. However, regardless of energy
consumption, position 11 is a better
option and there is a more effective flow
in the interior space.

Air velocity vectors

Air temperature contours
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1. Computational Fluid Dynamics (CFD)

2. Predicted Mean Vote (PMV)
3. Predicted Percentage of Dissatisfied (PPD)
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Fig. 9. Schematic composition of the revised model
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