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Abstract — A ventilation system is used to control the
physical micro-environment within a livestock and
agricultural building. | nformation about ventilation systems
in livestock and agricultural building is presented in this
review, this review covers:

1) Information about air ventilation systems including
contribution of the ventilation system to control mcro-
environment, methods for ventilation rate control,principles
of modulating ventilation control, ventilation efficiency,
ventilation effectiveness, ventilation for animal's houses
ventilation for greenhouses and ventilation paramedrs;

2)Ventilation system performance covering natural
ventilation, supplemental cooling fans and tunnel entilation;

3) Methods used to reasure the ventilation rate through &
ventilated space. The distinction between direct ahindirect
measuring methods was clarified.

The following findings were obtained by thisreview: For
continuous and accurate measurements under fiel
conditions, the nethod of a free running impeller gives higt
accuracy. Methods based on velocity point measuremis (eg.
pitot tubes, hot wire anemometers, vane anemometgr
require a large number of sensors and therefore caidered
costly methods. Pressure based methodike orifices and
nozzles need expensive pressure transducers and canly
operate in relatively long ventilation ducts with dean air.
Indirect methods (eg. tracer gas method, G -balance
method) for measuring ventilation rate give only ar
indication of the ventilation rate over an extended period ¢
time (e.g. several hours). Besides the problem otauracy,
the relatively high cost of a reliable gas monitorsnakes the
tracer gas method not suitable as a continuous fe-back
sensor in a ventilation rate controller.

Keywords — Natural Ventilation, Mechanical Ventilation,
Tunnel Ventilation, Impeller M ethod, Hot Wire, Van,
Ultrasonic, Anemometers, Pitot Tube, Tracer Gas.

I. INTRODUCTION

1. Air Ventilation

Ventilation can be defined as the intentio
introduction of air from the outside into the burlg [1].
Moreover, ventilation system can be used to paditi
control the environmental parameters within a bogc
1.1. Contribution of Ventilation Bstem tcControl Micro-
Environment

The ventilation system consists of all elements t
contribute to the air exchange level and the distion of
fresh air within the building. In most applications
agriculture, the ventilation system consists ofaaminlet
and distribution system, an air outlet tem and some
control equipment.

Ventilation plays a main role in sustaining the faed
and performance of farmed livestock, by affectingrimal
exchanges between the animal’'s body surface an
environment and by removing aerial pollutants, \ut

originate from animals and their excreta. Indeed, |

ventilation can lead to increased airborne pamwigulanc

gaseous pollutant concentrations, which can pres¢

significant burden to the respiratory tract of humsmand

livestock [2]. Previous studies te shown that poor
ventilation is responsible for increased ae

concentrations of viable microbes, zand CQ, reduced
feed efficiency, and enhanced aggressive intemtia

cattle, in pigs, and in broiler chickens [3]. Indéebn, it is

known that irfficient ventilation systems result in anim

avoiding more contaminated areas of livestock lngjs

[4]. This may lead to an uneven use of space vetly low

and highly densely stocked areas in animal ho

According to Bruce [5], the role of thventilation
system is to control the gas concentration, thatixe air
humidity and the temperature within acceptable [kve
the animal. The major purpose of a ventilationesysts to
provide an aerial environment in which animal Hea#
maintainedand productivity is satisfactory. The need
ventilation is governed by two requirements.
maximum ventilation rate is necessary to pre
hyperthermia, while the minimum ventilation rateset to
provide an acceptable thermal and aerial enviroit for
animal performance [6].

The purpose of ventilation is to supply fresh airand
meet the heating/cooling and air quality requiretsesf,
occupants within an indoor environment. It fulfilbis
purpose by bringing fresh air into the airspace«eplace
and dilute the heat, moisture, and gaseous anitylate
contaminants that eventually build up indoors.
effectiveness of this dilution process depends be
ventilation system design and air distribution wvittthe
airspace. Ventilation ef@diveness has been increasin
used in studies of ventilation and air quality cohi
Contaminant  concentrations, especially partict
contaminants, vary widely within a ventilated aasp
[71,[8]. Because the contaminant spatial distributionat
uniform, it is possible to improve the contaminagnoval
efficiency by properly designing the ventilationdaair
distribution systems. One of the commonly u
assumptions in livestock building ventilation desibas
been that the location of air outl or exhaust fans has
little effect on the air distribution and cominant
removal. Klooster et al[9] compared two differer
ventilation systems with different air inlet and tlet
locations and showed a 40% difference in dust ren
Wang [10] showedhiat the mean dust removal rate for
room airspace was improved by 196% only by prog
positioning the air outlet. Ventilation control $gms are
critical element of modern animal production syseget
they are often misunderstood and mismanagFor
example, mismanagement can result in excessiveye
usage for heating due to improper heater or minir
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ventilation settings, an uncomfortable environmehtch
reduces swine productivity, or animal heat strd43.[The
measurement of gas, dust amdbr concentrations can
achieved, with adequate accuracy, by using a wadiety
of techniques [12]. However, measuring the airflate in
an animal house is one of the main challenges
1.2.Methods to Control Ventilation

Two basic principles cabe used to achieve the desi
ventilation rate of any building. These are: ndtusa
mechanical (forced) ventilation, or a combinatidioth.
1.2.1Natural Ventilation

Natural ventilation of buildings is the flow gentza by
temperature differencesnd by the wind. The governit
feature of this flow is the exchange between aeriot
space and the external ambient. Although the wiray
often appear to be the dominant driving mechanisn
many circumstances temperature variations pla
controlling feature on the ventilation since the directic
buoyancy force has a large influence on the flottepas
within the space and on the nature of the exchavite
the outside [14].

The driving forces for natural ventilation are wiadd
buoyancy. Diffeences in wind pressure along the fac
and differences between indoor and outdoor tempers
create a natural air exchange between indoor atabor
air. The ventilation rate depends on the strengtd
direction of these forces and the resistancehe flow
path. These physical processes are complex,
predicting ventilation rates is difficult. Hencet is
challenging to control natural ventilation in orderobtain
the required indoor environment conditions |
1.2.2Mechanical Ventilation

In mechanical ventilation, a fan used to createeaqure
difference over the building envelope, resultingaim air
stream through the building. At constant voltagee
ventilation rate increases when fan static pres
decreases. The obtained ventilatrate is a function ¢
both the applied voltage and the static pressiiference
over the ventilation opening in which the fan igqdd.
Consequently, to modify the ventilation rate in
mechanical ventilation system different basic mdthoar
be applied [16]:

- keeping fan voltage constant and recirculatin
proportion of the building air,

- keeping fan voltage constant and changing the pre
difference by restricting these throughout of the

- varying the voltage applied to the fan ang the
number of fans in operation.
1.3.Principles of Modulating ¥ntilation Control

A temperature controller is mostly used to conboth
the cooling and heating system (on/off control) dhd
voltage applied to a fan (proportional control)tbe <ze
of a ventilation opening in the case of naturaltifation.
Modulating control means that the control forceltage
applied to the fan) is continually changing withmdi,
mostly dependent on the difference between thereatk
and the measured indommperature, and consists in m
cases only of proportional control. Instead of agé
control, frequency control is sometimes used toy \the
fan speed because this makes the rotational spfetitd
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fan less dependent on the pressure difference,hvis a
major problem with voltage controlled fans. Howey
because of the higher investment costs of this tyf
power control and the use of more expensive fapgjllu
now voltage based controllers are used more
modulating fan control. A study by 'n Cuyck et al. [17]
showed that the extra cost for a frequency transo
compared with a trial controlled fan in a pig ho
compartment was about 100 Bft per pig place, apebaly
energy saving of 2.4 Bft/pig place. This results di
payback period ofmore than 40 years. Field research
shown that voltage control is used in more than @0%il
investigated mechanically ventilated buildings ielddum
[18] due to its relatively low cost and its widentwl
range.
1.4 Ventilation Efficiency

Ventilation efficiency is a criterion for energy and 1
performance, not directly related to ventilat
effectiveness and air quality control. It referstite mas:
of air delivered per unit of power consumed by
ventilation system, in kg of air per waff power (kg/W),
at a given pressure. The more air delivered pet, vz
more efficient the ventilation system. It is algderred tc
as the ventilation efficiency ratio (VER) or enel
efficiency ratio (EER) [19]. The ventilation effancy
ratio is not a nordimensional term and has a value gre
than zero. Ventilation effectiveness is a criterior
contaminant removal in the air space of concernefad
qualitative methods, including air exchange efficig
purging flow rate, and purging time, ve been used to
study the ventilation effectiveness [20]. Those ligatave
methods can be further analyzed and representetthe
mean age of air concept [21], which describes
relationship among the contaminant concentrationthé
airspaces of conce and the ventilation rate. Liddame
[22] proposed a relative ventilation effectiveness
evaluate the ventilation effectiveness for a |aatiof
concern or an overall room airspa
1.5.Ventilation for Aiimal'sHouses

The influence of the physical icroenvironment
(temperature, humidity, light intensity, air veltygietc.)
on animal physiological responses and rel
performance has been demonstri [23]. Controlling the
physical microenvironment in animal production hesigs
an important elementin optimizing the productio
process. For instance, ventilation flow in lives
buildings is related with two important aspects thé
animal production. Firstly, it determines indooinwte
and air quality inside the house, and so it affabis
comfat of the animals. Secondly, ventilation rate iso:
connected with environmental issues, as it has eat
influence on gas emission rates from animal ho[®&8s

The response of the animal to its environment &
most important part [25]. Howeverhis is neither
routinely measured in production facilities noreakinto
account for climate control purposes. In pract
automatic control actions are based on feedbadkside
air temperature, generally measured at one or |
positions within thedtal building and rarely on ventilatic
rate [26]. An improvement in controller efficiencpuld
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be obtained by taking responses of the animaldhédr
physical microenvironment into account in the clie
control actions [23].

Using model-based contrdbgory, two conditions mu:
be fulfilled [27]:

(1) The process responses must be meas
continuously and this information fed back to
controller.

(2) A mathematical model of the system is requite
predict the dynamic process response to the cdetr

The success of this approach is demonstrated iry |
applications (mechanical systems, transport sygte
However, for most animal systems, te conditions of
model based control theory have not been develdped
of the main problems is the lack of accurate dyme
models, which describe the static and dynamic nespof
animals to their process environment in a form cach
enough to be imphaented in a digital process controll
In practice, most of the time static responsesaseribec
which are often outdated [27].
1.6.Ventilation for Agricultural Poductior

The best way to meet the needs of comme
agricultural production is an dptal management of tt
greenhouse climate. It should include the effectige of
solar energy, air and soil heating, ventilation andling,
humidity control, CO2 enrichment, nutrient supphdaso
on. An essential process is the air exchange betwls
inside and outside of the greenhouse |

Greenhouse ventilation is a necessary processriove
solar radiation heat, to control the level of nela
humidity, and to replenish carbon dioxide that (s
consume during the daylight hours in the prs of
photosynthesis [29].

1.7. Ventilation Parameters
1.7.1Air Distribution

Good air distribution implies that fresh air
consistently delivered to all animals, or more $utity, to
all interior regions of a barn. This parameter isr@
gualitativethan is air exchange, which is readily define
using a single number. A common way of assessin
distribution is to compare air properties (Spe
temperature, RH, etc.) at various interior locagic
Uniform flow of air through a building is usual
considered ideal. Over the years, on farm improves
have eliminated dead spots by removing exterior
interior obstructions to airflow. For all buildingsuilding
dimensions, shape and layout are major factorsimo
distribution, as are interior anal density and roor
construction. Additionally, interior layout (stallsoof
slope and design, 2 ceiling) and cow density affieet air
moves within a facility, with the resulting chaningl
effect increasing with airflow length [3!

1.7.2 Air velocity

Basic heatransfer theory specifies that the rate
convective heat transfer from an object within dn
stream to the air is a function of the velocitythé air
flowing past the object. For a fairly wide range
airspeeds (Reynolds number) anduaitons, the rate ¢
heat transfer is roughly proportional to the squa of
the velocity [31]. That is, the rate of heat tramsfoubles
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for a fourfold increase in air velocity past the object [
confirmed that this relationship holds for dry ewet hair
coats of dairy cattle. One of the purposes of@irfpattern
control is to provide a suitable air velocity iretbccupiec
region of ventilated livestock buildings [33]. Their
velocities near the floor are the result of intéiac
between thesupply air jet and the geometry of i
confined space. To predict floor velocity, its degency
on inlet jet momentum and room geometry has tc
established. Ogilvie et al. [34] studied the relaship
between floor air velocities, jet momentum numbnd
the ratio of airflow rate per floor area. Their bsis
indicated that a good correlation exists between dhr
velocity at floor level, the energy of the suppliai jet,
and the airflow rate per unit floor ar

Hoff [35] carried out a set of meerements to quantify
the spatial variability in air velocity levels ifé animal
zone of an empty swine building. He found that Iiis
specific building a correlation existed between #ie
velocity at floor level and the square of the injet
velocity. Nielsen [36] presented a method to predict
floor velocity on the basis of the velocity decayuation
for a jet.
1.7.3Rate of Air Exchange

Air exchange is the basis for maintaining air oye
inside a building. In its definition of a ventilati system,
ASAE EP270.5 [37] specifically addresses the cdrifc
interior temperature, relative humidity (moisturevel),
and contaminant levels (ammonia, carbon dioxidest,
etc.). Each of these ajuality parameters is addressec
the design of ventitioon systems through consideration
air exchange. As an example of the effectivenes
plentiful summertime air exchange[38] documentest
elevated rates of air exchange (in this case, aetidy
full-wall natural ventilation) were able to keep
temperatures within a stocked freestall barn at elov
ambient outdoor temperature during the heat otithe

Air-exchange rates are usually specified on the ba:
total animal weight or, if the animal size is spieci, per
head. Current recommendats [39] for hot weather ce
for at least 220 L/s (470 cfm) per mature Holstgie.
14004b animal). In some cases, rates twice this am
are being considered the minimum acceptable for
facilities.

Some ventilation systems may be designed on asis
of achieving a specified number of ‘air changesr
minute or per hour. In these cases, one air chghge) is
the volume of the ventilated air space inside alzard is
not directly dependent on the number or size aiats in
the facility. Air-exchange rates upwards of 1 air cha
per minute (600 A.C. per hour) are commor
recommended for summer conditic
1.7.3.1Factors Afecting theRate of Air Exchange
1.7.3.1.1Air Inlets and Qitlets

The function of openings in a building; particuy in
naturally ventilated buildings, is not always kno\
Therefore, criteria are needed to identify thean&ineou:
function of any opening at the time of measuremeat
either it is an air inlet or an air out|

Three measurements are available distinguish
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between inlets and outlets:

- Pressure difference over the oper

- Temperature gradient over the oper

- Concentration gradient of the tracer over the apg

The pressure different measurement is the mostic
and depends only on wis for the driving force c
ventilation. However, it can therefore not be udac
mechanically ventilated buildings. Use of the terapgre
gradient over the opening as a criterion for
determination of its function is suitable as long the
sensors & not affected by radiative heat from the sui
building, either of which could cause the openingbe
wrongly identified as an air outlet. Use of thecta gas
concentration gradient has the disadvantage thatiri
which has previously left from anah opening r-enters
the building, e.g. because of eddies, then an agémhay
be wrongly identified as an air outlet [4

The size of an air inlet opening must be suffic
enough to allow adequate air volumes to enter @
without having to overame excessive resistance to fli
from friction and turbulence. Higher resistance atee
increased static pressure within a barn and dezs
effective fan capacities. Inlets are best sizegrtwvide 8
minimum of 930 cm2 (1 sq. ft.) of area for everyd
m3/sec (400 cfm) of fan capacity. With less thaf 82
(1 sq. ft.) of inlet area per 0.33 m3/sec (700 ctrhfan
capacity, increased static pressure reduces
performance and provides less-thadequate air exchan
[41].
1.7.3.1.ZFactors Affected bydte ofAir Exchange

Based on literature, it was illustrated that thatiation
rate is one of the most important variables in ati
control in agricultural buildings. It was found thin one
way or another, the ventilation rate does :

- The indoor climate and the mi-environmental
conditions around the animals, as a result of gnangl
mass transfer throughout the building [-

- The spatial distribution of these internal envireamtal
conditions in a nonperfectly mixed fluic as a result of
the obtained air flow pattern [43],

- The resulting response of the living organism ame
impact on animal welfare, the health and behawvat the
technical production results such as growth rated
conversion ratio, etc. [44],

- The energy costs for heating and ventilation [

- The emission of pollutants form livestock buildin
such as ammonj@arbon dioxide, methane, ¢ [46].

The advantages of an adequate control of the agotil
rate through livestock buildings have been proveany
times in literature. Field analysis show howevédiatta
lack of control of the ventilation rate is one d&tmajoi
causes of ventilation rekd health problem:
Consequently, a lack of improvement in the proaur
results and animal welfare was found in houses
automatic ventilation control, compared to low ¢
manually operated naturally ventilated ones. Nei
naturally ventilated, momechanically ventilated syster
have succeeded in controlling ventilation rate prbp

These findings suggest that one precondition
improving animal production results, their welfathe
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reduction of the energy costs for heating and latidn,
and the reduction of environmental pollution, is
improve and simplify the control of the ventilatioate in
livestock buildings [26].

[1.V ENTILATION SYSTEM PERFORMANCE

Several methods are being used in an attempt twod:
the ventilation rate iragricultural buildings but most «
these have proved inadequate, resulting in poooar
climatic conditions [47], 48]. Data from literature an
field research have demonstrated that the posiséiiefits
of highly sophisticated control algorithms, imved
ventilation and heating systems, improved builc
envelope or higliech equipment will only be realized
the ventilation rate can be controlled in a morécient
way. Berckmans et al. [49] concluded in their resiedhat
the three dimensional emgy and mass transfer in a 1-
perfectly mixed ventilated space, which is respalesfor
the resulting micrenvironmental conditions in the anin
occupied zone, can be modeled and controlled or
condition that the ventilation rate through thelding can
be controlled properly.
2.1.Natural Ventilation

In an evaluation of several naturally ventilateeeftall
barns, Stowell and Bickefb0] found that, those exposing
large amounts of open wall area to cows (on ~cow
basis) provided a more suile environment with les
interior variation. Barrington et al. 1] assessed the rate of
air exchange of naturally ventilated barns as &tfan of
orientation.

Zappavigna and Liberati 2] demonstrated that
ventilation is by far the dominant factor environmental
control, representing the effects of wind actionr
naturally ventilated buildings.
2.2.Supplemental Coolingans

In a controlled setting, initiation of fan coolimgsulted
in a rapid reduction in previously elevated coredyo
temperaturein lactating dairy cattle under moder:
continuous heat stress [53alling more than 0.5 of
within four hours.

Lin et al. [54 attributed a milk production response
dairy cattle to use of upgraded fans that increaseibw
past the cows.

A study by Bottcher et al. B determined that vertically
directed (downward) airflow from ax-flow fans was
alleviated heat stress in broilers. Feed convel
efficiency was better and mortality lower in a bavith
vertically directed airflow compared to ¢ with airflow
directed horizontally. Bottcher et al.6] determined that,
over a range of tilt angles and fan heights, plepéans
produced areaveraged velocities that were mostly be
1.2 m/s (240 ft/min).

Meanwhile, maximum velocities exceeded m/s (750
ft/min), which may be problematic in some setti

Meyer et al. [5Y determined that a row of 0.9 m
inch) axialflow fans directing air over the freestalls -
performed a poly tube adtelivery system or ceiling far
for maintaining milk peoduction, maintaining lov
respiration rates, improving body condition. Thedat-
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flow fans also were the most cost effective anduireq
the least amount of water for supplemental coc

This wall effect would likely impact local air vediies
in barnswith adjacent fans and interior obstructions (
cows and free stalls). Higivlume, lov-speed (HVLS)
fans are a recent innovation on dairy operations
producing air movement at cow level. A typical sys
rotates long blades (resulting diameter.5-6.5 m or 8-24
ft) about a vertical axis at a relatively slow spge5(-60
rom). Aynsley [58 reports on airflow and ener-
efficiency characteristics of HVLS fans. Aynsley de
Thain [59 reported that airflow from HVLS fans shot
have additional beni$ because gusts velocities oc
within a desirable range of 0(B5 Hz. Based upon fiel
tests, about 75% of air velocities §6eond averages)
0.1 m above the floor are greater than 2 m/s, coedptn
only about 25% at 1.1 m off the floor. Sinceial velocity
decreases with height above the floor, due to gnleges
to turbulence, cattle may not benefit as much dn
animals such as floor-raised poultry.
2.3. Tunnel Ventilation

In a comparison of naturally ventilated freestadirris
with suppkmental cooling fans and tunnel ventila
barns, Stowell et al. [§Geported that interior airspeeds
cow level were similar within barns with the t
ventilation systems based on several summer
sampling events. The spatial variation in airspees
similarly high in both systems, meaning that thes@eec
at cow level is greatly affected in both systemsahere
and when measurements are taken. The directio
airflow and average interior airspeed were both &
consistent in the tunnel-ventilatédrns, which may hel
explain why these barns maintained a slightly san
average temperature differential (0.32 C vs. 0.7/
between indoor and outdoor air when THI

In the same study, Stowell et al.l]6reported that no
consistent differences mted between activity levels
cows within naturally ventilated and tun-ventilated
barns.

[ll. M ETHODS FOR MEASURING VENTILATION
RATE

Measuring the airflow rate in an animal house is of
the main challenges when estimating these emiss
Airflow rates can be determined using several naglh
According to Phillips et al. [§2they can be classified
two main groups regarding to their nature: indiraotd
direct measurement methods [13]. Samer et 3] also
stated that measuring the véation rates and the
qguantifying the gaseous emissions from natui
ventilated barns is a particularly difficult tasknck
associated with large uncertainties; where no atey
reliable, and online method is available for vextidn rate
measurements.

Several techniques are described in literaturedasure
the ventilation rate through a ventilated spacebl@dl
presented by [26] summarizes the techniques the¢
been reported for livestock buildings.

Since there is a lower air speed level ie outlet section
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of naturally, compared to mechanically ventila
buildings, techniques that do require minimal geed
(e.g. vane anemometers) or a certain pressuregic@we
(e.g. orifice plates) cannot be used for naturatilagtion.

Table 1. Oveview of ventilation rate measureme
techniques used in livestock buildings [.

Measuring principle Ve R
9p P system Accuracy Reference
Mechanical | [64], [65],
Tracer gasses natural 10 - 30% [66]
Hot wire anemometer Mechanical, 25% (67, (68,
natural [69]
Orifice plates. ; o
Nozzles Mechanical 1-5% [70]
Vane anemometers Mechanical [71]
Natural /
CGO; - balance mechanical 20 — 40% [72], [73]
Mechanical , o
Heat balance hatural 20 — 40% [74]
Free running impeller . 30% [75], [76]
(commercial) Mechanical 60% [26]

3.1.Direct Methods

Direct measurement methods are based on detern
the airflow rates through all openings in a buitdif his
second group of techniques is generally more ateubat
they can be used only imechanicall-ventilated houses
and when all openings of the farm can be asse4$}:

Measuring ventilation in  mechanice-ventilated
buildings may be a challenging task due to the rtiecth
difficulties associated (e.g. calibrating the famesy disturk
their normal operation procedure). In additions ttask is
time-consuming [77].
3.1.1.Impeller Method

A method for continuously measure fan airflow rate
livestock buildings (fig. 1) was demonstrated b8]. The
method involved measurement of tlotational speed of a
freely rotating impeller, which was mounted in aumd
duct.

Duct ——m

A~ A

fa

Blade

.
ART )

Fig. 1. Measurihg_the Flowadge bylmpeller Method as
Presented by [8].

The principle of a free running impeller was fi
introduced in 1983 [79 The sensor was used a
ventilation chimney in combination with an axialni
covering the whole duct section. The first venidlatrate
sensor was constructed as an impeller mounted foeei
rotating axis (radial turbine principle). The sense
placed in a circular duct ventilation opening and
directly measures the air stream through it. Thesck
blade starts to rotate along a central axis asualtref the
flow stream over the blade.
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The first sensor used the impeller of an axial &auul
was placed in the outlet sat in an upstream position
the fan. In this design, it was found that the tioteal
speed of the sensor was not only a function of
ventilation rate, but also of the static pressuféerence
over the building. The impeller receives energynfrtre
air movement and transfers this into rotational rgye
This ventilation rate sensor is used in a chimnéh &
diameter of 0.5m and a length of 1m and per
measuring the ventilation rate with an accuracy+60
m*h in a range from 200 to 5000 m3for pressure
differences from 0 to 120 Pa. The relationship leetwthe
rotational speed and the flow rate was highly 1ir{80].
3.1.2.Hot Wire Anemometers

Hot-Wire Anemometry (HWA) has been used for mi
years as a research tool in turbulent air/ctudies. It is
still applied in many application areas owing
improvements of electronic technologyl]. This method
measures air velocity by placing a small heate@ wirthe
air stream. The wire loses heat by convection, aotion
and radiation, andts electrical resistance changes. 1
variation is measured by using a Wheatstone bridg
second principle is to try to keep the wire tempae
constant by controlling the electrical supply t@ thire.
The power is measured and is proportional te air
velocity over the sensor. Although the relations
between the air speed and the heat loss of the isie
very complex process, a good calibration allowsyfast
and accurate point measurements of the air veldtigy
2). However, a correctionfor the changes i
environmental temperature is necessary and malke
system quite expensive.

hat wire made by
platinum or tungsten

Fig. 2. Testo ® 425 HatYire Anemometer Kit, Schemat
diagram of conventional hatire anemomete[96]

Furthermore, hot wire anemometers are very freand
cannot be used for a long time in polluted air. #heo
disadvantage of hot wire anemometers is the fattttey
only measure in a single point. Since in most Vatibin
ducts, certainly in the neighborhood of a fan, Hie
velocity profile is notuniform in space and time an arn
of many sensors will be required to perform aca
measurements of the overall ventilation rate. Feingle
measurement at a constant ventilation rate oneos&as
be positioned at different places in the duct on (ISO
7145) [83, but for continuous measurements suc
measuring technique would be too complex
expensive.
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3.1.3.Vane Anemometers

In most applications, this technique uses si
windmill-like turbines with diameters varying between
mm and 150 mm to measure the airspeed within the ra
of 0.5 to 10 m/s. The diameter of these systenmush
smaller than the diameter of the ventilation chignriehe
system is calibrated in such a way that me rotatispeec
of the impeller is a measure of thespeed (fig. 3).

Fig. 3. Testa® 417 Vane Anemomett

The available design only allows accurate measunes
where there is no static pressure difference dwesénso
and on condition that the sensor is placed perpetatito
the air streamdirection. In most ventilation chimne
these conditions are not valid because of statsgure
differences over the measuring section and changin
velocities and directions within the chimney. Altigh
this type of sensor is commonly used by iners of
ventilation equipment and by extension servicegir
accuracy cannot be guaranteed |
3.1.4.Ultrasonic Anemomet

The speed of sound propagation in cair is
superposed by the velocity components of a-flow in
wind direction. A wind velocity component in th
direction of the propagation of the sound suppoiis
speed of propagation, thus leading to an increbspeaec
(fig. 4). A wind velocity component opposite to 1
direction of propagation, on the contrary, leads at
reduction of the speed of propagation. The speec
propagation resulting from the supper position $e&ol
different propagation times of the sound at différeind
velocities and directions over a fixed measurenpath
[83].

After the rectangular velocity compents have been
measured over the measurement path, they are
transformed by the microprocessor of the anemonietie
rectangular coordinates and output as sum and af
wind velocity [83. Tammelin [¢4] stated that ultrasonic
anemometers have albaproven to perform well eve
under severe icing conditions.
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Fig. 4. Gill® Ultrasonic Anemometers (Precision Wi
Speed & Direction, 2, 3xis ultrasonic anemomete

3.1.5.Pitot Tube

The accurate measurement of both air velocity
volumetricairflow can be accomplished using a Pitot t
(fig. 5), a differential pressure transducer, antbmputel
system which includes the necessary hardware
software to convert the raw transducer signals ihim
proper engineering units [85].

-

Fig. 5. Topac.con® Pitot Tube Anemomet

3.2.Indirect Methods

The principle of the method is to monitor the irdetd
outlet concentrations of a tracer gas with a knoglaase
rate. The airflow can then be calculated by apglya
mass balance. The ideal chagaistics of a tracer incluc
low and stable background level, no hazard, acbédipya
ease of measurement, stability and low cost |

According to Phillips et al. [61] indirect measuremh
methods consist of using a tracer, which all
determiningthe ventilation flux both in mechanically a
naturally ventilated houses. The indirect method
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measuring the ventilation rate consist of usingeagdr,
which allows determining the ventilation flux both
mechanically and naturally ventilated hou[13]. Indirect
methods arise then as a useful alternative, whickwais
to determine airflow rates in most situations. Phiaciple
of the method is to monitor the inlet and ou
concentrations of a tracer gas with a known relgase
[13]. The airfow can then be calculated by applyin
mass balance. The ideal characteristics of a tiackrde
low and stable background level, no hazard, acbéditya
ease of measurement, stability and low (62].
3.2.1.Tracer Gas Method

One of the mosimportant techniques for measuri
ventilation and leakage rates is the tracer galsnigae,
which has been used by [8687], [88], [89], [90]. The
technique is based on a mass balance of a trasén glae
air. There are two main methods of measuventilation
and leakage rates with a tracer gas, the contin
injection or static method and the pulse injection
dynamic method. In both methods, selection of theer
gas is very important. It should have the charisttes of
being easy to measurat low concentrations, inert, r-
toxic, nonflammable, not a natural component of air i
with a molecular weight close to the average wedajhhe
air components. Many gases have been used ase&
gas, such as sulfur hexafluoride ¢), methane (Ch,
carbon dioxide (C¢), hydrogen (L), nitrous oxide (NO),
argon 41 and krypton 85.

A very important aspect of the tracer gas techniigt
the possibility to test occupied buildings. Thisnist only
more convenient but also much more accurate sit
takes into consideration the large effect of ocoggaon
the ventilation rate, and for instance the effeicbpenec
and closed doors and windows. This can represes
normal working conditions that are important in tr
cases. In fact, there are foknown tracer gas injectic
methods [63] which are:

(1) Constant tracer gas injectic

(2) Variable tracer gas injectio

(3) Fan duct constant flow,

(4) Concentration decay.
3.2.1.1. Static method {Rateof Accumulation method
(ROA)}

In this method, thénjection rate of gas into a space
held at a constant value until an equilibrium coricgtion
is reached. The gas supply and sampling system ba
distributed around the ventilated area (e.g. greesé) in
order to obtain good dispersion of the @nd uniform
sampling of the air. The advantage of this metlsoithat it
provides continuous information, and a range ofdv
speed and directions can be covered during
measurement. The disadvantage is the high consomr
of tracer gas [91].
3.2.1.2. Dynamic Method{Rate of Decay Method
(ROD)}

In this case, the tracer gas is injected and Histed
uniformly in the ventilated space until a certaine-
determined concentration is reached and then stbgpe
decay in the concentration of the tracers is then
measured. When the concentration has decreaset—
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90% of the initial value, another pulse of gasnigdted,
and another decay is measured [92].

The advantages of the decay method over the :
method are that it uses less tracer gas an be used to
measure over a wide range of ventilation rates ewtiie
continuous injection method requires an approp
flowmeter to measure the injection rate. The disatige:
are the difficulty in obtaining a uniform concentoa of
the tracer gashtoughout the ventilated space and for t
ventilation rates, the concentration of the gasrehese:
rapidly and the data obtained for analysis can
Insufficient.
3.2.2.CO, —Balance Method

The CQ-balance method is comparable to the tracel
method as it also requires the assumption of per
mixing within the building. The only difference that a
natural gas (produced by the animals) is usedadsté
an inert gas that is injected into the ventilaterice.
Besides the limitations of the techo& the accuracy ¢
this indirect method is highly dependent on theusacy
of the estimation of the G&production rate. The accura
of this method has become a subject of intensausiéson
[93].

The accuracy of carbon dioxide balance methods \
detemining ventilation rates has been demonstratec
most farm species, such as poultry [985].
3.2.3.Heat Balance Method

The estimation of ventilation flow by indirect metts
based on balance equations avoids drawbacks
calculating the ventilation flow from some spec
parameters of the indoor and the outdoor air, wl
measurement is not so complicated and-consuming as
the direct measure of ventilation rate [Z

IV. CONCLUSIONS

A ventilation is used for active control of the gioal
micro-environment within a livestock and agricultu
building. A literature review covering informaticabout
ventilation systenin livestock and agricultural building
presented where this review covers:

» Information about air ventilation systems includ
contribution of the ventilation system to contracro-
environment, methods for ventilation rate cont
principles of nodulating ventilation control, ventilatic
efficiency, ventilation systems for animal's houy:
ventilation systems for greenhouses; and ventik
system performance.

» Methods for measuring ventilation rate includi
0 Methods based on velocity point measurem

(pitot tubes, hot wire anemometers, Vi
anemometers) where thesethods requil a large
number of sensors. For this reason, they are
expensive to be used in a commercial cor
system.

0 Since there is wer air speed level in the outl
section of naturally, compared to mechanic
ventilated buildings, techniques that do req
minimal air speed (e.g. vane anemometers)
certain pressure to overcome (e.g. orifice ple

International Journal of Agriculture Innovations an d Researcl
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cannot be used for natil ventilation.

o Indirect methods for measuring ventilation ratee
only an indication of the ventilation rate over
extended period of time (e.g. several hot

o Besides the problem of accuracy, the relativelyl
cost of a reliable gas monitt makes the tracer gas
method not suitable as a continuous -back
sensor in a ventilation rate control
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